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The Role of Production Organization, Infrastructure, and
R& D in the Catching-up Process of Japanese

to German Industries

1. Introduction

Innovations and productivity advances of Japanese manufacturing industries have attracted various
scholarly interests to Japanese economy and inditutions. Many economigts, business leaders, and
policy makers in industridized countries are concerned that their manufacturing indudtries are losing
too much productivity advantage to their Japanese counterparts. This warrants more serious empirical
comparisons of manufacturing productivities among Japan and other indudridized countries. In
particular, the current debate is whether the Japanese productivity advantages come from the public
source such as infragtructure capita or from the private source such as private R&D spending.
Previous studies have identified various innovative features of lean production methods, such as
manufacturer-supplier networks, automation, team work, and flat hierarchy. Using the examples of
these innovations as guiddines, this study investigates the contribution of priveate innovations (R&D)
and public investments (infrastructure) to Japanese production organization and productivity
advantage. Japanese and German firms compete world-wide on goods markets for export market
shares. Their government compete on internationa factor markets for mobile capitd and mobile
know-how. The decline in the cost of communication, the success of the newly developed countries,
and the ongoing integration of Eastern Europe and Asa into the internationd division of |abor have

resulted in the so-cdled globdization of markets. On the background that Germany, the richest and



most powerful economy in Europe, isin acrigs, it is of interest to andyze the relative development of
two industries which are important branches in the Japanese and German manufacturing industries —
the motor vehicle industry and the dectricd engineering industry. World market shares used to be or
are dill rdatively high for those industries and some of their companies are among the world-wide
mogt active patentees. In 1993, Siemens was ranked top with 1606 patents, Robert Bosch third
(1026), Canon eight (728), Mitsubishi nine (606), Sony deven (478) and Matsushita Electrica
Industrid was ranked fourteen (465). The fact tha in spite of the high potentia for innovation many
German firms lose market shares to Japanese firms could be interpreted as a falure of the
management. Japanese firms of the motor vehicle industry and of consumer eectronic goods were
successful with the dtrategy to fill market gaps. For example, they have achieved ther advantages in
compsetition by concentrating on smaler, less powerful compact models. For keegping an once gained
competitive advantage, it hasto be consequently extended. Therefore, Japanese automobile producers
invested in modern large scale technologies to exhaust economies of large scde. Then they renewed
their process technique by just in time-production and arangements to increase qudity and
productivity (Porter 1990, p. 103 f.). Besides of these private economic R&D efforts, productivity of
an economy is aso influenced by a modern public infrastructure. An efficient infradtructure is generdly
seen as a prepogtion for growth, competitiveness and as a means to reduce high unemployment.
Transportation infrastructure, logistics and telecommunication are essentia presumptions for the use of
new technologies and for the success in internationa competition. In countries like Japan, Singapore,
and Korea the voluminous investment in infrastructure has had advantageous impacts on their
economic development (Porter 1991, p. 655). A variety of empirica studies— a prominent exampleis
the world development report of the World Bank in 1994 — support the hypothess that a good

infrastructure is a necessary athough not a sufficient condition for economic prosperity.



Infrastructure has two supply effects. As it is production of production provison, it is
fundamentd for private investment. And second, infrastructure is complementary to private investment
and raises its rate of return. Infrastructure, related to the economic performance of an economy, is
“core infragtructure’, which conssts of dreets, highways, tdecommunication, arports, eectricity
networks, public transportation, water ways, and sewage disposa plants. In Europe, especidly in
Germany, traffic congestions make it impossible to estimate travel time. For Germany, the time cost of
congestion amounts to 100 billion dollar/a Therefore, an extensgon of road infrastructure would
improve mobility and raise productivity by lowering average cost of production. Outsourcing, just-in-
time production and globalization require a good road infrastructure and trangportation System.
Therefore, provison of infrastructure for a region or country as a means in drategic interregiond
competition moved recently in the center of interest. Aschauer (1989) initiated this discusson by
pointing out a correation between the observed decline in expenditure on core infrastructure and
between a dowdown in productivity growth in the OECD countriesin the 80th.

While empirica work on the quantification of productivity effects of infrastructure (Aschauer
1989, Ford and Poret 1991, Nadiri and Mamuenas 1994, and Conrad and Seitz 1994) up to now
has focused on nationd sectors, in this paper we want to investigate its role in reducing internationa
differences in costs. We take up the issues of innovation and infrastructure from the viewpoint of
traditiond productivity andyses. Thus, the topic of this paper is a description of internationd
productivity gaps and an econometric andysis of their causes We andyse the sectord cost
differences, i.e. cost gaps, and their development over time between Japan and Germany for the
sectors of eectrical engineering and motor vehicles between 1970 and 1990. To explain the catching-

up process of the Jgpanese sectors we do not only use changes in relative prices for labor, capitd, and



materia but dso draw into the impacts from the extenson of infrastructure, and research and
development.

2. Measuring Sectoral Cost Efficiency with Infrastructure and R& D Capital

We start with the dual concept of measuring sectoral cost gaps.* Point of departureis the joint variable

cos function for both countries;

@) \VC = VC(q, , KI,KF, D),

where q is the vector of factor prices, x the sectora output, K1 the infrastructure capital stock, KF the
stock of R&D capitd and D a dummy variable. Instead of a time trend varigble, in this sudy R&D
capital represents the role of technical change? We assume the varigble cost function to be linear
homogeneousin x, Kl, and KF. Because output levels, capital stocks and factor prices are expressed
relaive to Germany, the dummy variable takes on the value O for Germany (G) and 1 for Japan (J).
The dummy varidble catches country specific deviations from the joint cost function. It shifts the cost
function inwards or outwards. The difference in cost between Japan and Germany at a given point in
timeis caculated as the totd differentiad of the cost function (1). In form of logarithmic derivatives we

get?

dInVC:éS1 ding +'|]InVC dlnx+ﬂInVC dInKl +ﬂInVC dIn KF +‘ﬂ|nVC
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where s = InVC/fIng =qv. /VC (i = K, L, M) are the cost shares (Shephard's Lemma). In

equation (2) the partial derivatives of the variable cost function with respect to the capital stocks Kl



and KF represent the savings in cogts from a marginal increase in those stocks. These savings in costs
are the shadow prices of the capita stocks. In logarithmic partid derivatives with respect to Kl and

KF, they are the cost shares (multiplied by -1). In case of Kl e.g. we have:

o IVC g GK finve
TKI VC  fInKI

Under the additional assumption of profit maximizing supply decisons, we have p = TVC/1x. The
logarithmic partia derivative with respect to output then corresponds to the revenue cost-share. By

rearranging (2) we get:

finvC _ dInvC 2 ding p>xdinx g Kl dinKl g KF dInKF
1D dD i dD vVC dD VC dD VC dD

3)

Equation (3) shows the sectora difference in costs between Jgpan and Germany if the costs were
adjusted for the differences in the levels of production, capital stock, and factor prices a a given point
in time. If there is a disadvantage in costs of a Japanese sector, then InVC/ D is podtive. This
means that a hypothetical trandfer of resources from Germany to Japan ceteris paribus would result in
anincreasein variable costsby @linVC/ IDI:100 percent. Therefore, in Germany the resources are
used more efficiently. By including infrastructure and the R&D variable, the cost difference between
the Japanese and German sector is adjusted for the productivity effects of these variables. A more
infrastructure-intensive production in Japan results ceteris paribus in lower Japanese costs so that the
difference in costs will be reduced. By a better provison of infrastructure a Japanese disadvantage in

costs is reduced, an advantage is expanded. An analogous consideration holds for the R&D capital. A



neglect of the last two terms would underestimate a disadvantage in costs and overestimate an
advantage in costs.
As adiscrete gpproximeation of the Divigaindex (3) we use the Térngvist index. Then the cost

gap s, can be calculated as.

s, =Invedl- invedl- § 5, [Bqdl- inq @Y
. swaaf- In xafgsq Bk af- ink afg§KFmeFaf- In KFan

(4)

with

S]:

N |-

(S@+S(G)  for j=0,0y, Gy, X KI, KF.

To make the levels of production and of factor quantities comparable we use purchasing power
parities (PPPs). The PPPs for capita (K), labor (L), material (M) and output are taken from Conrad
(1985). They are expressed in DM per Yen, * but were only available until 1979. We extended the
PPPs up to 1990 by multiplying the PPPs of inputs and output of the year 1979 by the relative prices.
The assumption of perfect competition permits an economic interpretation (Conrad 1989, p.
1144) of the PPPs. Changes in the PPPs can then be interpreted as changes in the rdative margina
productivities of capitd, labor and materid. This follows from the firs order condition for profit
maximization. By dividing the firsg order condition of a Jgpanese indugry by the one of the

corresponding German sector we get

TFAKI, KF Al

qdl_ pd v -
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If we labdl the relation of the margind productivities in (5) by RMP(JD) and if we rearrange, we

obtan:

PPPy,

RMP. A, of- .
PPPx

If the relative margind product of afactor i is greater (smdler) than 1 because of PPPVi/PPPx > 1,
then the margina product of this factor isin the Japanese industry grester (smaller) than in the German
one.

To caculate countrywise differencesin costs we employed user cost of capital prices ¢, and

q,, for R&D and infrastructure capital.”

3. Results of Measuring the Sectoral Cost Efficiency

In Table 1 we present the sectord cost differences s, and the relative margind products for the
eectricd engineering indudtry. Table 2 shows in addition index numbers for an internationd
comparison in terms of reative output (Japan in rdation to Germany), reative variable inputs, and
relaive capita stocks. RXX isthe output ratio, Rii (| = K,L,M) are the input ratios for capital, labor,

materiad, and RKIKI and RKFKF are the ratios for the capita stocks of infrastructure and R&D.



Tablel: Sectord cost efficiency (production of G produced at location J) and relative margind

productivities (J over G) in the dectricd engineering indudtry.

Year [s, RVP, | RMP_ | RVIP,
1970 [0.159 [1.230 [0.762 [0.956
1971 [0.132 [1.190 [0.813 [0.976
1972 [0.110 [1.333 [0.834 [0.967
1973 [0.105 |1.326 [0.874 [0.966
1974 [0.118 [1.100 | 0.913 [1.000
1975 [0.411 [0.931 [0.931 [1.042
1976 [0.086 |1.157 [0.931 [0.988
1977 [0.079 |0.953 [0.955 [1.027
1978 [0.057 [0.792 [0.979 [1.052
1979 [0.033 [1.079 [0.881 [1.052
1980 [0.002 [1.225 [0.843 [1.103
1981 [-0.015 |1.351 [0.883 [1.092
1982 [-0.035 |1.239 [0.940 [1.128
1983 [-0.062 |1.353 [0.939 [1.153
1984 [-0.081 |1.461 [0.934 [1.161
1985 [-0.075 [1.161 [1.015 [1.179
1986 |-0.101 |1.071 [1.060 [1.245
1987 [-0.140 [1.186 [1.086 [1.290
1988 [-0.190 [1.445 [1.165 [1.302
1989 [-0.184 |1.262 [1.206 [1.315
1990 [-0.185 [1.251 [1.164 [1.302

The comparison of the Jgpanese and the German industry "electrica engineering” shows that the
Japanese sector had a disadvantage in productivity, respectively in cogts, from 1970 until 1980 (first
column of Table 1). This means that in 1970 the Japanese industry would have produced the German
output level a higher costs of about 15%. The difference in costs decreases steadily, and in the
eighties it changes its 9gn into an advantage in codts. The closure of the cost gap is induced by
increases in the productivity of the private factors.

If productivity of capitd, |abor, and materid increases, output can be produced at lower costs.

The devdlopment of rdative margind productivities over time indicates that. It shows that margind
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productivity of labor was lower in the Jgpanese industry until the eighties. However, it increased over
the whole period. The same holds for the margind product of materia, whereas the development of
the productivity of private cgpita is ambiguous.

The increases in productivity are in their turn the result of process innovation and of a better
provison of infrastructure. This can be concluded from the development of the relative capita stocks
of infragtructure and R&D (column 5 and 6 of Table 2). The provison of public infrastructure in Japan
was higher in nearly dl years In paticular in the eghties this better provison has increased
ggnificantly. In contrast, the R&D reation decreased to 1.0 in 1980. However, (after an initid
increase) the eighties are characterized by an essentidly stronger innovation activity in the Japanese

indudtry.

Table2: Output and input relations in the industry dectricd engineering (Jover G).

Year |RXX |RLL |RKK |RMM |[RKIKI | RKFKF
1970 [1.124 [1.610 |1.359 [1.985 |[0.906 |1.589
1971 |1.152 [1.597 |1.433 |1.897 [0.936 |1.675
1972 [1.231 [1.639 |1.270 [1.945 |1.076 |[1.792
1973 [1.261 [1.663 |1.305 [1.964 |1.101 |1.709
1974 11.025 [1.592 |1.547 |1.517 |1.068 |1.547
1975 [0.938 [1.579 |1.828 [1.245 |1.015 |1.390
1976 |1.097 [1.663 |1.424 |1.506 |1.094 |1.335
1977 |1.170 [1.683 |1.883 |1.526 |1.162 |1.280
1978 [1.322 [1.692 |2.392 [1.618 |1.353 |[1.321
1979 |1.459 [1.736 |1.904 |1.782 |1.273 |1.092
1980 [1.683 [1.908 |1.858 [1.893 |1.302 |1.006
1981 [1.956 [2.109 |1.869 [2.212 |1.721 |1.246
1982 |2.164 [(2.222 |2.325 |2.252 |1.715 |1.191
1983 [2.659 [2.506 |2.463 [2.673 |[1.964 |[1.331
1984 |3.300 [2.824 |2.739 |3.278 |2.267 |1.531
1985 |3.448 [2.762 |4.098 |3.289 |2.403 |1.605
1986 [3.891 [2.7/0 |4.950 [3.412 |25/7 |1.730
1987 |4.184 [2.659 |4.716 |3.412 |2.583 |1.675
1988 [4.201 [2.732 |4.310 [3.906 |3.048 |1.862
1989 [4.385 [2.754 |5.405 [4.032 |3.205 |1.897




1

11990 [4506 [2.770 |5.291 |4.016 [3.257 [1.926 |

Technicad progress and infragtructure are two sources of explaining regiond differences in factor
dlocation. A further sourceis (besides factor prices) the quantity of production. The growth of output
in the Japanese sector is essentidly stronger than in the German sector, particularly in the eighties
(column 1 of Table 2). The output relation Japan to Germany decreased initialy (1970 until 1975), but
has increased congderably from then on. The development of |abor and materia pardles the output
relation. Since about 1980, the relation of the private capital stock is increasing, too.

In Tables 3 and 4 the index numbers for the motor vehicles industry are presented. The
development of the cost gap is about the some as in the dectricd engineering industry. The
disadvantage in productivity in the Japanese industry during the seventies has changed into an

advantage in productivity during the eighties.



Table 3: Sectord cogt efficiency (production of G produced at location J) and relative margina

productivities (J over G) in the motor vehicles indudtry.

Year s, RVIP, | RMP. [ RVP,
1970 [0.247 [1.225 [0.819 [0.975
1971 [0.162 [1.602 [0.675 [0.978
1972 [0.230 [1.869 [0.623 [0.984
1973 [0.137 [1.432 [0.736 [1.018
1974 [0.080 [1.118 [0.821 [1.035
1975 [0.089 [0.615 [0.952 [1.122
1976 [0.053 |0.740 [0.930 [1.100
1977 [0.050 [0.725 [0.896 [1.135
1978 [0.100 [0.953 [0.854 [1.088
1979 [0.118 [1.223 [0.740 [1.096
1980 |-0.036 [1.388 [0.708 [1.150
1981 [-0.030 |1.531 [0.741 [1.140
1982 [0.012 [1.402 [0.790 [1.176
1983 [0.005 [1.533 [0.789 [1.201
1984 [-0.038 |1.655 [0.785 [1.210
1985 [-0.006 |1.315 [0.852 [1.230
1986 [0.015 [1.213 [0.891 [1.298
1987 [-0.090 |1.344 [0.913 [1.345
1988 |-0.150 [1.636 [0.979 [1.358
1989 [-0.125 [1.430 [1.014 [1.371
1990 [-0.156 |1.531 [1.007 [1.383

This outcome accords with a report by the German Association of the motor vehicles industry.
According to this andyss, the compstitiveness of the German motor vehicles industry a the world
market has worsened continuoudy since the beginning of the eighties. The reasons are an above the
average internationd increase in labor costs and a lag in productivity progress compared to foreign
competitors (Association of the motor vehicles industry eV., Jahresbericht 93/94, p. 15). The
reduction of the Japanese cost disadvantage can be attributed - as shown by the development of the

relative margind productivities - to a raise in the productivity of private capitd, labor, and materid.
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The Japanese R& D capita formation has aso contributed to the better performance: its ratio increases

asinthedectricd engineering industry, though from alower sarting leve.

Table 4. output and input rdations in the motor vehicles industry (Jover G).

Year |[RXX |RLL |RKK |RMM |RKIKI| RKFKF
1970 |1.223 [1.855 [1.492 |1.390 [0.906 | 1.140
1971 [1.369 [1.886 |1.215 [1.597 [0.936 | 1.242
1972 |1.497 [2.032 [1.082 |1.745 [1.076 | 1.436
1973 |1.557 [2.114 |1.560 |1.663 |[1.101 | 1.517
1974 [1589 [2.217 [1.964 [1.628 [1.068 | 1.533
1975 |1.733 [2.109 |4.201 |1.661 |[1.015 | 1.497
1976 (1552 [2.074 |3.521 [1.438 [1.094 | 1.564
1977 (1592 |[2.053 [3.968 [1.466 |1.162 | 1.567
1978 |1.470 [1.984 |2.832 |1.436 [1.353 | 1.686
1979 (1459 [1.897 |2.257 [1.396 [1.273 | 1.443
1980 |1.730 [2.070 |2.061 |1.564 |[1.302 | 1.314
1981 |1.845 [2.057 |1.953 |1.712 [1.721 | 1.607
1982 [1.886 [2.040 |2.272 [1.706 |[1.715 | 1.503
1983 |1.976 [2.028 |2.173 |1.730 [1.964 | 1.612
1984 (2192 [2.173 |2.109 [1.901 [2.267 | 1.754
1985 [2.309 [2.114 |3.003 [1.968 |[2.403 | 1.769
1986 |2.481 [1.930 |3.703 |2.016 [2.577 | 1.851
1987 [2.659 [1.984 |3.558 [1.988 [2.583 | 1.773
1988 [2.985 [2.012 [3.134 |2.178 [3.048 | 1.901
1989 |3.225 [2.087 |3.816 |2.375 [3.205 | 1.862
1990 [3.086 |[2.070 |3.717 [2.283 [3.154 | 1.879

The dynamics of growth of the Japanese motor vehicles indudtry is expressed by the increasing output
ratio RXX, which - gpart from a few exceptions - continuoudly rose. In contrast to the eectrica
engineering industry, the labor input-ratio RLL increases only dowly in spite of the strong Japanese
expangon of output. The input ratios of private cagpita and of materid increase rgpidly like in the

electrical engineering industry. The process of growth of the Jgpanese motor vehicles indudry is
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therefore characterized by a bias effect compared to the German sector, namely a relatively labor
saving but capitd and materid using way of production.
To determine the quantitative sgnificance of the productivity effects of infrastructure and R&D

capita we caculate the conventiona cost gap S, from the equation

s,= Invcdl- invcal- S [Dq Al- Inqia]g 5 [DxaAl- Inxa]!

and compare it with the cost gap in (4). The equations differ by the terms for infrastructure and R&D:

©® s =5 +5 0kdl- nki@lQ s, BkFdl- InkF@TC

As infragtructure and R&D capitd result in cost savings, the conventiona sectora cost difference has
to be modified by the differences in these variables. Thear incluson implies that a cost disadvantage
due to the productivity gap Q( turns out to be higher if the levd of infrastructure and R&D capitd
gock is higher in Jgpan. For R&D capitd this is the case over the whole period. The leve of
infrastructure capitd is only in the firs two years somewhat higher in Germany. The results for the
electrica engineering industry are summarized in Table 5. The cost gap correction is an average vaue
of the difference s, - S,. It reflects the impact from infrastructure and R&D. The contributions of
R&D and infragtructure capitd are shown in the rows underneeth. They are the averages of the

second and third term in equation (6).



Table5: Theimpact of infrastructure and R&D capitad stocks on codt efficiency in the

eectricd engineering indudtry.

1970- 1980 | 1981 - 1990
cost gap correction 0.011 0.020
dueto KF 0.010 0.017
dueto Kl 0.001 0.003

In the first period (1970 - 1980) the Japanese sector shows a disadvantage in costs (see column one
in Table 1). By taking infrastructure and R&D capital stocks into account, it appears that the average
conventiona disadvantage in costs during this period would have been underestimated by 12%.° The
next two rows show the contribution of infrastructure and R&D to the correction of the cost gap. As
can be noticed, the contribution from R& D capitd to this cost adjusment term is much higher than the
contribution from infrastructure. For the period 1981 to 1990, the inclusion of infrastructure and R& D
capita corrects average conventiona cost saving by 0.02. Again, the increase in cost saving can be
attributed mainly to changesin R&D capita (0.017).

Table 6 presents the adjusments in the motor vehicles industry. The average cost gap in this
sector in the first period amounts to 0.114 without KF and K, and to 0.127 with KF and KI. In the
second period the average cost gap is -0.068 and -0.06, respectively. Compared to the eectrical
engineering indudtry, the contribution of infrastructure is dightly higher (in percentage terms).

Nevertheless, dmost the total cost correction is due to R&D capital.
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Table6: Theimpact of infrastructure and R&D capital stocks on the cogt efficiency in the motor

vehidesindudry.
1970 -1979 | 1980 -1990
cost gap correction 0.013 0.008
dueto KF 0.011 0.007
due to Kl 0.002 0.001

Our decomposition has shown that in the first period the productivity lag in both Japanese sectors was
greater than "assumed thus far”. Taking into account a better provison of KI and KF, the gep actudly
was greater. The catching - up process was induced by increases in productivity of the private factors
and by an impressive increase in K1 and KF. For the second period the conclusion is that the lead in
productivity from a superior dlocation of K, L, and M has been smdler than "assumed so far”. The
increase in productivity of K, L, and M to gain the lead has been supported significantly by higher Kl

and KF.

4.  TheSignificance of Infrastructure and R& D Capital for the Explanation of Cost Gaps

Regiond differences in the cogt dructure of two indudtries result from differences in the
quantities of inputs which in turn are determined by the level of production, by factor prices, provison
of infragtructure, and by technica progress. The descriptive andysis of the previous section indicated
which components are accountable for the differencesin costs but did not determine their contribution
in explaining the differences in factor demand. In this section, the causes for the changes in the cost

gaps are determined by employing an econometric model. Since the Tornquist-index is exact with
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respect to atrandog function, we use this flexible functiona form to specify our variable cogt function

in (1).

The empiricd model consds of the joint variable cost function for an indugtry, of the  cost

shares of the variable factors derived from Shephard'sLemma, i.e.

ﬂInVC:M
filng VC

=s i=KLM

of the equation for the supply of outpt,

ﬂInVC:p>x
finx VC

=%

of the cost shares of the capita stocks,

Ve _ Gar o 1InVC _ g, "
= S o g -.

qnKl _ VvC TInKE Ve

and of the equation for the country-wise difference in codts,

invC s
1D

D*
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The trandog specification of the variable cost function is

InVC =a,+Inq, +a_Inq, +a,1nq, +a,Inx+a, InKF +a, InKI +a,D
+%><G_Lln2 G, + by IN? qu‘-lbxx|n2x+bKFKF In? KF + by, IN?KI

@) +b Inq, Anq,, +b,, Inq Inx+Db, . Ing, INKF +Db_,,Inq, InKI
+b,Ing,_ xD +b,, Inq, Inx+b,,  Inq, INKF +b, ,, Ing,, ¥nKI
+b,p INq, XD +b, - INXINKF +b, , INXInKI +b InxxD
+bye  INKFINKI +b, , INKF XD +by, , ¥nKI xD.

Itisg =q,/qc, i=L,M, becausewe have imposed dready the parameter restrictions due to the
linear homogeneity of the cost function in the input prices. Due to additivity of the cost shares to one
for the variable factors, one of the cost share equations must be dropped. Otherwise, the residuas of
the econometric model would not be independently distributed. We therefore dropped the equation
for the cost of capitd. Hence the modd conssts of the variable cost function (7) and of the following
equations.

InKF +b

(8 s =a_+b, Ing +b, Ind,+b, Inx+b InKIl +b, D,

L,KF LKl

9 sy =ay +byy,Ina, +b,, Ing, +by, Inx+b,  INKF +b, , InKI +b,,D,
(10) s, =a,+b,Inq, +b, Inq, +b,Inx+b . INKF +b,,, INKI +b,,D,
(11) %(F =" a(F +bL,KF In(-:TL +bM,KF lnaM + bx,KF lnX+ Q<FKF anF + bKF,KI anI + bKF,DDI’

(12) sy =a,+bylIng +by,Ing, +byInx+b, o INKF +b,, ; InKI.
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The linear homogeneity of the variable cost function in x, KI and KF implies (Euler’ s theorem):

e+ IVC o s VCkove
KF

x TKI

Therefore, the following adding-up condition has to be satisfied:

P>X g Kl gee KF -1
vVC VC VC

Hence, the resduds of the revenue cost-share and of the cost shares of infrastructure and R&D
capitd are not digtributed independently. We have to exclude one of these equations from the
estimation; we dropped the equation for infrastructure. The mode (7) - (12) was estimated by the

maximum likelihood method under the parameter restrictions

o +b|,KF +bi,KI =0, i=L,M
b, + bz,KF +bz,KI =0, z=X,KF,KI

The parameters of the excluded equations

13) s =a +byInq, +hb,, Ing, +b, Inx+b,  INKF +b, ,, INKI +b,,D

(14) SKI =" aﬂ +bL,KI lnaL +bM,KI lon +bX,KI Irlx-l_bKF,KI anF +bKIKI anI +bKI,DDl
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can be determined by the parameter redtrictions

a +a +ay =1, a, +ag +a, =1, by +b +by =0, =K, LM
b, =b;, b, +b , +b,, =0, z=x,KI,KF.

We next interprete the meaning of the parameters of the dummy variable. They represent ceteris
paribus the effect of input prices, capital stocks, and production on input quantities, output, and on the
sectord difference in costs. By means of these parameters the catching-up process of the Japanese
sectorsisto be explained in the next section.

The parameter b, shows on the one hand the difference in the cost sructure of the
corresponding sector. If b, >0, then the cost share of factor i ishigher by b, in Jgpan. If, however,
b, <0, then the cost share of labor in the Japanese sector issmdler by b, ;. Since differences in the
cost structure can be attributed to differences in factor prices as well as in factor quantities, we write

the cost shares as

VC - -
V, :—Ia +b; Ing +b; Ing; + b, InXx+Db, . INKF +b , INKI +bD 1

and differentiate logarithmicaly with repect to D:

'”'”Vith,S_
m s °

Therefore, the Parameters b, aso indicate a country bias under a ceteris paribus comparison of

the input quantities. Is the country bias factor saving BD < OS, then the used quantity of factor i is
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lower in Japan by the rate b, /s than the overdl rate s,. If there is a cost disadvantage for a
Japanese sector Q >0§, the use of dl inputs will be higher by s *100%, given a neutra country
bias BD = Og. However, the use of factors is modified by the rate b, /s, S0 that with a factor i

saving (using) country bias the use of this factor is lower (higher) than the rates,. If, in contragt, the
Japanese sector has an advantage in codts, then it requires from al factors less by s, *°100%, if the
biasis neutrd. The factor useis even lessin percentage termsiif the country biasis factor i saving.

The parameter b, appears on the other hand aso in the regresson (12) for the country-wise
cost gap. There it indicates the change of the difference in costs caused by an increase in the price of
input i. With a factor i saving country bias, a generd increase in the price of factor i reduces the

difference in costs. Since the Jgpanese industry uses under afactor saving country bias laD < OS from

this input relatively less compared to its competitor, given a cost disadvantage, it is therefore less
affected by a generd increase in the price of this factor.

The parameter b, indicates the difference in the revenue cost-share of the corresponding
sector. It this parameter is positive, then the revenue cost-share in the Japanese sector is higher than in
the German one. Since differences in the profit margin can be attributed to differences on the supply
Sde, we rearrange the revenue cost-share for x and differentiate logarithmically with respect to D. This

yidds

o 4 s
Minx _ S,

1D o &+sx-1




The derivative expresses the rate of change in output if it would be produced in the Japanese sector.
For an esser interpretation we assume a homogenous production  function, i.e

h,=b, =0 d=xKI,KF]l. Hence the equation of the revenue cost-share is s, =a, +hD.

1X

Under this assumption, we get:

be+s
finx _ &, >
D a-1"

If this expresson is negative, a German firm would supply less in the Japanese environment. Since
revenue under a homogeneous production function is a congtant share of costs, namely I/r (r - degree

of homogeneity), we can dso write a,+b,,D=1/r. Now b,, can be interpreted as a scae
parameter. If b, is postive, the degree of homogeneity is less in the Japanese sector than in the
German one. This implies that the Japanese margind cogt function lies above the German one.
Therefore, the profit maximizing supply of output is lower than it would have been under German
supply conditions. Given a disadvantage in codts (S, > 0), a positive parameter b, therefore leads to
an additional decrease in supply when production is shifted from the German to Japanese indudtry.

The parameter by, , measures theimpact of KI on the sectord differencein costs:

Tso _

TnKl B.o-

A negative parameter means that the difference in costs will decrease under a better provision of

infragtructure. A better trangportation infrastructure and more efficient telecommunication ingdlations
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increase productivity of the private factors. As a result, the Jgpanese sector achieves cost savings
compared to the German one. In the cost share equation (14) for infrastructure in turn a negative by,
implies that the cogt share of infrastructure increases when production switches from the German to
the Japanese indudry. Findly, interpreted as a country bias, it shows the change in the leve of

infrastructure when production switches from the German to the Japanese sector:

Given a Japanese disadvantage in costs Q >OS and a neutrd country bias, one would need dso
more infrastructure to produce the German output in the Japanese sector. If the country bias is factor

usng CbK,'D > OF, then the Japanese sector needs more than the rate s,, namely additiondly the

rate - bKI,D/SKI'

For the parameter b, ,, the interpretation is anaogous. In the regression (12) for the cost

difference it takes into account the impact of the R&D ceapitd. A negative parameter implies a
decrease in the cost difference when R&D activities are extended. In the corresponding equation (11)
of the cost share s,, however, it shows the country bias of the R&D activities.

To estimate the model, we add to each equation an additive error term which are assumed to
be independently and jointly normaly distributed. Altogether, there are 20 parameters to be estimated.
The modd is estimated smultaneoudy by theiterative ZdIner method. For the endogenous variable of

the last equation Q( we used the vaues cadculated from the Torngvist index. For each of the Six

regression equations we have 42 observations. Therefore, the number of degrees of freedom is 252.

In Table 7, we present the values of the estimated parameters of the modd ®.
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Table7: Reaults of the modd estimation ((7) - (14)).

Coefficients Coefficients
EE MV EE MV
8y *0.002| -0.076| b« 0.042| -0.025
a, 0.262| 0.232|b, -0.125| -0.044
. 0.626| 0.663| b, -0.044| -0.038
a, 0.112| 0.105| by, 0.062| -0.034
a, 1.035| 1.063| by ke *0.001| 0.015
e -0.064| -0.065| by« -0.063| 0.019
ay, 0.029| 0.002| b, 0.055| 0.038
a, 0.037| 0.062| by, -0.036| -0.010
b, 0.043| 0.023| by k¢ 0.015 0.004
By 0.062| 0.040| b 0.021| 0.006
B 0.069| 0.059| b, 0.070| 0.006
b -0.056| -0.066| b« 0.019| 0.023
Byerr -0.013| -0.018| b, 0.037| 0.043
By -0.026| -0.170| b, 0.105| 0.073
by, -0.018| -0.002| bye k -0.006| -0.005
b -0.025| -0.021| bye o -0.030| -0.016
b, -0.026| 0.044| by o -0.075| -0.057
by ke -0.016| -0.019

Parameters marked with * are not sgnificant a alevd of significance of 2%.

EE — dectricd engineering, MV —motor vehicles.

5. I nter pretation of theresults

For an additiond utilization of the estimated parameters we calculae the impact of the provison of
public infrastructure and of R&D capitd on private factor demand. The dadticities of factor demand
with respect to infrastructure and R&D capitd are summarized in Table 8. An extenson of

infragtructure affects the motor vehicles industry in a labor and capitd saving way.and in a materid



usng one. The intuition for this result provides the manufacturer-supplier network: with a better

trangportation network, part of materia input is not produced in the plant but bought from intermediate

goods manufacturers. Lean production presumes a good infrastructure since a just-in-time delivery of

intermediate goods is important if those parts are not produced within the plant. Infrastructure in the

eectricd engineering indudtry is, however, labor and capitd using and materid saving.

Table8: Average edtimated dadticities of factor demand with respect to infrastructure and R&D

capitd.

Electrical Enginesring Motor Vehicles
D J D J
€ 0.108 0.207 -0.112|] -0.130
€ ke -0.185| -0.345 -0.238| -0.380
€.k 0.034 0.018 -0.047| -0.030
€ kr 0.025 0.113 0.018 0.056
Cyv.ki -0.110| -0.093 0.014 0.024
€ kr 0.009| -0.096 0.049| -0.004

Asfor the effect of technica progress on factor demand, Table 8 shows that R&D is in both
sectors labor saving and capital using. Labor saving technicad progress can be explained by the
characteristics of lean production, that is by short ways of information and decentrdization, flat
hierarchies, team work, an effort for smplified process organization and perfection, but dso by an
extengve integration of the producers of intermediate goods. With respect to materid input, technical
progress has a country specific effect. In the German sectors it is materid using, but in the Japanese
sectors it is materid saving. The German sectors try to set up production processes which are based

on assembling intermediate goods within the plant in a better and less costly way. The Japanese
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sectors, on the other hand, use their R& D activities to switch over to production processes based on
roboters and integrated production processes.

A comparison of the countrywise economic development of the sectors can aso be carried out
by usng the parameters of the dummy varigble from Table 7. They cover the difference in factor
quantities due to technica progress. First, we note that in both Japanese sectors the share of labor
costsis lower than in the corresponding German sectors HD < OS. But anegetive parameter b, aso
indicates, that labor input decreases by the rate b, / s, when production is shifted to the Japanese
sector. This result can be explained by the Japanese way of organizing work input. In the motor
vehidles indudry, eg., the time of production per manufactured vehicle lies evidently below the
European effort. Also, the quaity of the manufactured products in Japanese plants, measured in terms
of 65 defects per 100 vehicles versus 97 defects for the European competitors, is better. Therefore,
labor input for expensive repairs can be saved Daum and Piepd 1992, p. 40). In addition, the
Japanese intermediate goods sdllers are more included in the planning and production process of the
producer and to a greater extent directly responsible for the quality control of their products.

The Japanese sectors produce relatively materid intensive ﬂm >0(,i.e, they use in their
production process more materid in terms of finished intermediate goods instead of producing them
within the plant. The lean organization on the producer Sde is therefore characterized by assgning the
production of intermediate goods to the intermediate goods industries. This reduces the verticad stages
of production and permits to concentrate only on the core of the production process.

Since b, >0 for both indudtries, the shares of capitd codts are higher in Japan. Given a
neutrdl effectfa),, = 0( and a disadvantage in costs, the output is produced with a higher capital input

when shifting production to the Japanese indusiry. Because of the capita using country bias, capita
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input even increases in addition by therate b, / S, . This result reflects the higher degree of automation
in the Japanese sectors.

The parameters by , and by, , show tha the R&D and infrastructure shares are higher in the

Japanese sectors. Their negetive vaues in the regresson of the difference in codts, s, underline the
advantageous effect of a higher stock of infrastructure and R& D capitd in the catching-up process of
the Japanese indugtry. In the domain of microdectronics and communication techniques, Japan has
overcome its image as a technologica imitator and improver and is now a worldwide market |eader.
One reason for that performance could have been the growth in Japan in the number of persons
employed with a degree in technicd and natural science. Their number is about three times as high as
in Germany. In addition, the number of employees in R&D departments as well as their average
working time are sgnificantly higher in Jgpan's economy.

The ceteris paribus andlyss of the difference in input alocation for two spatidly separated

industries 9 nv, /‘ﬂDg has only shown one aspect for an explanation of the difference in the levd of

input demand. A totd differentiation of the factor demand with respect to D shows the difference in

the input quantities as aweighted sum of thelr determinants:

(15) o 2% %o S Tp " dD D

J

diny, _ o _ dlIng; dinx dinkKl dIinKF _ Tinv,
e +e +e +e + :

We can explain therefore the difference in input deployment by differences in factor prices, in the leve
of production, in the capitd stocks, and by technology. The calculation of each component in (15)
should finaly shed some light upon which quantitative impact can be attributed to the individud
sources in - explaining differences in factor deployment. We calculated the average vaues (1970 -

1990) of thefirst Sx componentsin (15) according to
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%lazaﬁ eizafg&zaf. mzafg 2= 0, Gy, Ak, X, KI, KF

and then determined the effect of technology fIinv, / D as aresdud. The figures in Table 9 can be

interpreted as follows: if in the Japanese dectronicaly engineering industry German factor priceswould
have been paid and if no differences in infragtructure, R& D capital stock and technology would exig,
then a difference in labor input, e.g., could only be attributed to differences in the level of production
(the production effect in Table 9). However, as factor prices, capital stocks and technology differ
regiondly, the difference in labor input due to production is modified by the quantity effects of the
other sources. Due to the higher production leve, the average labor input in the Japanese eectrical
engineering industry is higher by 42%. Because the Japanese wage rae is lower than the German one,
the Japanese demand for |abor is higher by about 4%. The higher Japanese materia prices result in an
increased use of labor by 1.4% (a subgtitute). The difference in capita costs has dmost no effect on
employment, but the differences in the stock of infrastructure and R&D capita do have a sgnificant
impact. The labor using effect of Kl is 6.9%, the labor saving effect of KF is 5%. The technology
effect finaly reveds that the Japanese production process, which concentrates more on the core

business, is much more labor saving.

Table9: Sources of the differences in factor quantities in the dectricd engineering industry

(average values 1970 - 1990).

labor input | materid input | cgpita input

difference in input quantities 0.264 0.791 1.092
production effect 0.423 0.799 0.827
wage effect 0.041 -0.017 -0.004

materia price effect 0.014 -0.007 0.004
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capitdl price effect -0.003 -0.005 0.026
K| effect 0.069 -0.049 0.064
KF effect -0.050 -0.025 0.025
technology effect -0.230 0.095 0.150

The regiond difference in the level of production aso explains to a large extent difference in the
demand for materid and capital. The effect of the factor prices is reatively low, but the effects from
infrastructure and R& D are about as important asin the labor demand equation. The technology effect
draws attention to the fact that the production process in the Japanese dectrica engineering industry
is oriented towards materid and capitd usng. As mentioned before, externa procurements among
Japanese manufactures shift the factor inputs from labor to materid and capitd.

Table 10 presents the results for the motor vehicles industry. The difference in the leve of
production is the most important cause for the difference in the input deployment, followed by the
technology effect which is materid and capita using and labor saving. The lower Japanese wage rate
gives rise to a higher labor input by 1.8%. The higher Japanese materiad price has a labor input
increasing effect; the impacts from differences in capita prices are quantitatively minor. Labor saving
effects come dso from the better provison of infrastructure and from the higher R&D capita stock.
The difference in input quantities due to regiondly different factor prices is very smdl in the equation
for materid demand. In the composition of capita input, the higher Japanese user cost of capitd has a
quantitatively more important impact on capitd input. It results in a by 8% lower Japanese capitd

usage.



Table10: Sources of the differences in factor quantities in the motor vehicles industry (average

values 1970 - 1990).

labor input | materid input | capita input
difference in input quantity 0.472 0.624 0.576
production effect 0.673 0.539 0.513
wage effect 0.018 -0.003 -0.001
materid price effect 0.053 -0.025 0.029
capita price effect 0.004 0.015 -0.088
Kl effect -0.053 -0.010 0.026
KF effect -0.052 -0.004 0.000
technology effect -0.171 0.112 0.097

Finaly, the technology effects reveds that the Japanese production process is based on externd

procurements by purchasing material in order to save labor and capital.

6. Conclusons
The reversd of the productivity advantage from Germany to Japan in some key indudries is
consdered to be an empirical fact. The objective of this study was to investigate whether the lossin
international competitiveness is caused by an above the average increase in labor costs and by a
dow-down in productivity, and whether the productivity effects of infrastructure and R&D has helped
Japanese indudtries to catch-up. According to our measurement concept, the foreign industry has a
disadvantage in productivity, or in cogts respectively if - given the same prices as in the domestic
industry - alower isoquant is reached with the same input combination. The caculation of cost gaps

for the industries dectrica engineering and motor vehicles has shown that the Japanese sectors have
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had a cogt disadvantage in the seventies, during the eighties this disadvantage turned into a cost
advantage. As the descriptive anadysis has shown, the productivity increase in Jgpan of the private
factors capita, labor, and materid were supported by a relatively stronger increase in private R&D
efforts and in public infrastructure. The conjecture of higher [abor coefficients in Japan due to a lower
wage level could not be supported by the data anadysis. The Japanese process technique focuses on
externd procurement among manufactures and on assembling product components in a capitd usng
and labor saving way.

The econometric andyss supported this view because technicd progress had a country-
specific effect with characterigtics for Jgpan that match with lean production. The country bias in the
dructure of production dso shows that output in the Jgpanese sector is produced with higher
infrastructure and R&D provison. Findly, the decompaosition of the difference in labor input into
differences in factor prices, output leve, infrastructure capitd, and R&D activity as well as into a
technology effect, reveded that differences in factor prices do not explan much compared to the
technology effect, and the effects of infrastructure and R&D. Insders have known this before when
vigting Japanese plants. In this paper we have shown that a careful andysis of an internationd data set

permitsto reved differencesin technology without visiting foreign plants.
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Appendix: Data Description

The nationd account data for the German indugtries are taken from the publications of the atistical
office (Fachserie 18, Reihe 1.3) and the Satistical year books. The period of observation is 1970 -
1990. Under the assumption of linear homogeneity of the variable cost function in x, KI and KF, the

price of capitd g, to be caculated from the following equation:

p>x=gyK +q_ L +qgyM + g, KF +q,,KI.

The data for the costs of capita, materid and labor from the Statistical office contain the codts of
R&D. R&D expenditures condst of internd R&D expenditures of the firms and externd R&D
expenditures (R&D orders placed outsde the firm) 9, which are presented in the publications
"Forschung und Entwicklung in der Wirtschaft der SV-Gemennitzige Gesdlschaft for
Wissenschaftsstatistik mbH".10 Since total R& D expenditures are not separated into capital, materia
and labor cogts, we used for a composition the alocetion of the internd R&D expenditures into its
categories labor material and capita™. The purpose of this procedure was to avoid double counting.
From the totdl interna expenditure for R&D in eectrical engineering are 60 % labor expenditure, 27
% material expenditure and 13 % capital expenditure. The figures for motor vehicles are 56%, 34%

and 10%, respectively. The variable costs were calculated as

ve=[g LQ+@3,MQ+a.K - 02xR& D

where the subscript n denotes the net costs and R& D the R& D expenditures.



The R&D capital stocks for the German industries have been caculated by accumulation. The
source of the German stock of infrastructure are the red public net capital formation figures from the
DIW (Stille 1993). We are grateful to Shinichiro Nakamura, Waseda University, Japan for providing
us with the Japanese data. Since the Japanese data et is essentially more detailed than the German
data set, we have been able to achieve a high degree of comparability with respect to the demarcation

of sectors and the comparability of KI and R&D capita stocks.
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Endnotes

" We are indebted to the referee for her/his valuable suggestions.

! The primal concept to the measurement of productivity gaps was introduced by Jorgenson
and Nishimizu (1978) for a two country-comparison. Sectoral cost gaps as dua measure of
productivity gaps have been caculated by Denny, Fuss and May (1981), Denny and Fuss (1983),
and Conrad (1987, 1989).

2 Technica progress is included in this moded (exogeneoudy) by the R&D capitd. The time
variable is therefore neglected when R&D capitd is included, see eg. Mohnen, Nadiri and Prucha
(1986, p. 752).

® Denny and Fuss (1983) have shown that the discrete variable D can be viewed as
continuous by applying Diewert's (1976) Quadratic Lemma.

* It is shown in Conrad (1985), that the PPPs of the inputs and of output are not independent
of each other in case of ajoint cost or production function: the PPP of output has to be a Divisa index
of the PPPs of the inputs. Because we didn't have the PPPs to convert the Yen vaues for Kl and KF,
we took the exchange rate. The Divisa index of the PPP of output has been modified due to the
incusion of infrestructure and R&D.

> These shadow prices were calculated by estimating national transog models andoguoudy to
section 4. They conssted on the one hand on the cost function without KF, and on the other hand on
the cogt function without Kl as well as the corresponding cost shares for K, L, and M. From the
partial derivatives of the estimated cost function we then got g, and g, respectively.

® The average cost gap (1 970 bis 1979) amounts to 0. 079 without KF and KI and to 09
with KF and KI.

’ The minus sign results from equation (14).



8 The data description can be found in the appendix.

® See "Forschung und Entwicklung in der Wirtschaft", 1989, p. 87. All of the German
R&D data are taken from the publications "Forschung und Entwicklung in der Wirtschaft'.

19 The vaues for those years for which no figures from the "Stifterverband" were available, had
to be cdculated by interpolation asin Horn (1993).

" This procedure is judifisble because internd R&D efforts include more than 90% of the

total expenditures.



