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Abstract

This paper simultaneously explores trends in enexgyg labour productivity for 14 OECD
countries and 13 sectors over the period 1970-1A%fincipal aim of this paper is to trace
back macroeconomic productivity developments tcettgyments at the level of individual
sectors, in order to correct trends in technolodyesh productivity improvements for the
impact of structural effects. First, we documeantfs in macroeconomic energy- and labour
productivity performance, examining the role of Menufacturing, Services, Transport and
Agricultural sector. Second, we take a closer labthe role of 10 Manufacturing sectors in
driving aggregate Manufacturing energy- and labmaductivity performance. A cross-country
decomposition analysis reveals that in some camsiructural changes contributed
considerably to aggregate energy-productivity ghowhile in other countries they partly offset
energy-efficiency improvements. In contrast, sutaitchanges only play a minor role in
explaining aggregate labour-productivity developteeWe identify for each country the
percentage contribution of each sector to aggresjatetural and efficiency changes.
Furthermore, we find labour productivity growthiie higher on average than energy
productivity growth. Over time, this bias towardddbur productivity growth is increasing in the
Transport, Agriculture and aggregate Manufactusegtors, while it is decreasing in Services
and most Manufacturing sectors.

Keywords: energy productivity, labour productivibgnvergence, sectoral analysis
JEL-codes: 013, 047, 05, Q43






Introduction?

Economic growth depends on a number of interrelfgetbrs such as an increase in labour
force and labour productivity, accumulation of kdeslge and capital, the availability of natural
resources and energy, the quality of governmenisidutions and — probably most of all —
technological change (see, for example, OECD 2B3r since Solow (1957) held his famous
‘residual’ responsible for most of the observedneenic growth, broad consensus exists that
long-run economic growth is caused by technologyedr (total) factor productivity growth.
This led economists to focus on the role of protitgtand technology in their quest for
understanding economic growth. The quest has ret benfined to economic theorizing about
growth and technological change, but includes afapirical work on the sources of economic
growth. Over the last decades, a growth accoumttadjtion emerged measuring the
contribution of various determinants to output- @nolductivity growth (see, for example,
Kendrick 1961, Denison 1967, Jorgenson and Griict#57, Maddison 1991, Jorgenson 1995,
Wagner and van Ark 1996, van Ark 1997, Barro 199W)s empirical research on productivity
growth has focused almost exclusively on labowapjtal- and total factor-productivity growth.
However, over the last decades increasing atteigipaid to the role of energy in
production processes and economic growth. Energg isssential factor that fuels economic
growth and serves human well-being. Along with @medented economic growth, world
primary energy use has grown enormously since ideleof the 18 century. The energy
crisis of the 1970s and, more recently, the envirental problems associated with economic
growth and increasing energy use have induced @apiesearch on energy-productivity or
energy-intensity developments and its determingsss, for example, Jorgenson 1984, 1986,
Howarth et al. 1991, Morovic et al. 1987, 1989;iphr and Meyers 1992, Rosenberg 1994,
Miketa 2001). Moreover, it made most government®HCD countries to strive explicitly for
sustainable development, aiming to decouple ecangnewth and environmental pressure. In
a more operational sense this implies that not dgur productivity, but also energy
productivity should increase. Against this backgmbuhis paper offers international
comparisons of energy- and labour-productivity dements for the period 1970-1997,
distinguishing 13 sectorsincluding 10 Manufacturing sectors, Services, $pamt and
Agriculture— and 14 OECD countries. In doing so, we build upsights from the traditional
empirical growth literature as well as from theiéture on energy-intensity developments.
The level of sectoral detail in our dataset allewgo trace back macroeconomic energy-
and labour-productivity developments to developrmeattthe level of individual sectors, in
order to correct as much as possible for the impBstructural effects’ on productivity trends.
This is important since observed aggregate prodtictrends are not directly attributable to

1 We gratefully acknowledge useful comments by Jeroen van den Bergh, Frank den Butter, Kornelis Blok, Reyer Gerlagh,
Marjan Hofkes, Ton Manders, Hein Mannaerts, Machiel Mulder, Peter Nijkamp, Sjak Smulders, Paul Tang and Herman
Vollebergh on earlier versions of this paper.



technological change in individual sectors, bub @l result of changes in the distribution of
production factors among sectors. The latter istdube fact that some sectors produce more
value added per unit of input (energy or labouantbthers, because some activities require
more capital, higher labour skills and/or techngltitan others. Hence, understanding
technology-driven productivity performance requia@sassessment of productivity
performance in individual sectors (see also, f@ameple, Dollar and Wolff 1993, Wagner and
van Ark 1996, Jorgenson 1984). In order to identifyvhat extent aggregate productivity
trends are to be explained from, respectivelytsiifthe underlying sector structure and
efficiency improvements in individual sectors, wecdmpose per country changes in overall
productivity performance into a so-called ‘sectafiéct’ and an ‘efficiency effect’. In several
respects, our decomposition differs from most otleromposition studies (see, for example,
van Ark 1996, Unander et al. 1999), most notablyh®ycombination of a relatively high level
of sectoral detail with a wide range of countriad a simultaneous exploration of productivity
performance along the two dimensions of energylainolur.

By documenting the relation between energy- anduaiproductivity growth rates we touch
upon the issue of the direction of technologicarde. The idea that the nature of technological
progress might be factor-augmenting, dependingetative factor prices and substitution
possibilities, goes back to Hicks (1932) and reegiattention in the theoretical and empirical
literature on technological change and factor petidity developments ever since (see, for
example, Kennedy 1962, Binswanger 1974a,b, Acem2@02, Ruttan 2001). Recently, the
issue has also been addressed in the context mbrmental policy and energy use, examining
a price- or product-standard induced bias towangsgy-saving technological change (see, for
example, Newell et al. 1999, Smulders and de N2@)3, Taheri and Stevenson 2002). An
important hypothesis in this respect is that itedhnological efforts are directed towards an
increase in labour productivity, energy producyivinprovements might slow down because of
lack of resources devoted to increasing energgieffcy— and vice versa. In this paper, we
provide some empirical evidence on the existendedavelopment of a potential bias towards
either energy- or labour productivity, which migkflect biases of technological change at the
level of individual sectors.

The paper proceeds as follows. In section 2 we gitarief description of the data used in
this study. In section 3 we document several ggligcts on the levels and trends in
macroeconomic energy- and labour productivity penémnce, examining the role of the
Manufacturing, Services, Transport and Agricultseetors. In section 4 we take a closer look
at the Manufacturing sector, not only becauseanismportant sector within the OECDstill
responsible for about 40% of total final energysianption and 25% of total employment — but
also because it is a very heterogeneous secterrirstof production structure. Therefore, we
further disaggregate the Manufacturing sector Iftsub-sectors and examine their role in
driving aggregate Manufacturing energy- and labmaductivity performance, following the
same research strategy as we will use in secti@e&ion 5 concludes.



2 Data

The analysis presented in this paper is basednemly constructed database that merges
energy data from the Energy Balances as they diéshad by the International Energy Agency
(IEA) and economic data from the International SedtDatabase (ISDB) and the Structural
Analysis Database (STAN), both published by the OEThe main idea behind the
construction of this database is to establishlabigtween economic and energy data at a
detailed sectoral level. This results in the seclassification as described in Table 2.1.

Table 2.1

Sector Abbreviation ISIC Rev. 2 code

1 Food and Tobacco FOD 31
2 Textiles and Leather TEX 32
3 Wood and Wood Products WOD 331°
4 Paper, Pulp and Printing PAP 34
5 Chemicals CHE 351+352 "
6 Non-Metallic Minerals NMM 36
7 Iron and Steel IAS 371
8 Non-Ferrous Metals NFM 372
9 Machinery MAC 381+382+383 °
10 Transport Equipment MTR 384
11 Construction CST 50
12 Services SRV 61+62+63+72+81+82+83+90 °
13 Transport TAS 71
14 Agriculture AGR 10

% WOD excludes furniture since the sector WOD in the IEA Energy Balances excludes furniture

® CHE includes non-energetic energy consumption, i.e. using energy carriers as feedstock.

¢ MAC = Metal Products (BMA, 381) + Agricultural and Industrial Machinery (MAI, 382) + Electrical Goods (MEL, 383);

9 SRV = Wholesale and retail trade, restaurants and hotels (RET) + Communication (COM) + Finance, insurance, real estate and

business services (FNI) + Community, social and personal services (SOC).

The database covers the period 1970-1997 and el following countries: Australia
(AUS), Belgium (BEL), Canada (CAN), Denmark (DNKjnland (FIN), France (FRA), West-
Germany (WGR), Italy (ITA), Japan (JPN), NetherlafdLD), Norway (NOR), Sweden
(SWE), United Kingdom (GBR) and the United StatdSA4). For a detailed description of the
database we refer to Mulder (2003). In the remainfl¢his section we briefly highlight a few
important characteristics as well as limitation®of dataset.

We measure energy productivity by gross value ageedinit of final energy consumption
and labour productivity by gross value added petken(in full time equivalents) Value
added is the net economic output of a sector, meddy the price differential between the

2 Alternatively, one can also make use of physical productivity indicators to measure energy- and labour productivity. We
refer to Appendix B for a brief discussion on the use of physical versus economic indicators of output and, hence,
productivity.



price of output and the cost of input and compris®@apensation to employees, operating
surplus, the consumption of fixed capital and theess of indirect taxes over subsidies (OECD
1998). Following the IEA, energy use is definediaal energy consumption in kilo tonnes of
oil equivalence (ktoe) with sectoral data excluding transformation los3@sal employment is
measured in full-time equivalent number of persamduding self-employed.

The value added data have been converted to cod€8@ US$, using 1990 expenditure
purchasing power parities (PPP) as given by the @HR principle the theoretically most
appropriate conversion factors for productivity garisons at the sectoral level are to be based
on a comparison of output prices by industry ofjioxi rather than on expenditure prices (see,
for example, van Ark and Pilat 1993). ExpendituRPB exclude the part of output that is
exported, while they include imported goods produelsewhere; they take account of
differences in trade and transport margins andéatitaxes between countries; and they do not
cover intermediate products. The main problem inguthe production or industry-of-origin
approach, however, is the limited availability edgucer-price based PPPs, in particular for
non-Manufacturing sectors (van Ark 1993)ence, most studies including cross-country
productivity comparisons use expenditure PPPs. Mane for an international comparison the
main issue is whether there are substantial crosstry differences with respect to the
drawbacks of expenditure PPPs as outlined aboveha¥e no a priori reason to presume that
these cross-country differences are substanti@refbre, in this study we use expenditure
PPPs, enabling a systematic cross-country anal/sisergy- and labour-productivity
performance at a high level of sectoral detail.

In general it holds for each analysis of produtyidevelopments that the lower the level of
aggregation the better, but that an adequate distinbetween factor-intensive and factor-
extensive sectors is even more important. In #spect, it is to be noted that our Chemicals
sector is defined at a rather aggregated level.Gtffemicals sector is built up from the energy-
intensive sub-sector Industrial Chemicals (ISIC,3B&luding basic industrial chemicals,
fertilizers, pesticides and main plastic produets) the energy-extensive sub-sector Other
Chemical Products (ISIC 352, including paints, dgragd medicines, cosmetics and cleaning
products). Until consistent and internationally garable energy and economic data become
available for a more detailed breakdown of the dhahsector, this problem will persist and
energy-productivity figures for the sector Chenscsthould be interpreted with caution.

Unfortunately, for the USA the IEA Energy Balangeevide no sectoral breakdown for the
consumption of oil products and natural gas witfisnufacturing until 1995. Instead, these
volumes are included in the sector Non-Specifietlistry (NSI) and, hence, they are available

% Hence, we do not analyze explicitly the impact of changes in fuel mix on overall energy-efficiency improvements.

“ This limited availability is due to some problems inherent to the industry-of-origin approach: producer prices (i.e. production
values divided by output quantities) may not properly account for cross-country quality differences and imply aggregation
problems for they are available only for a sample of goods (partly because of confidentiality problems), and because the
production structure among countries tends to be less comparable than the consumption structure due to specialization
tendencies in production according to comparative advantage (Pilat 1996).
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only at the level of the aggregate Manufacturinggae For this reason, for the different USA
Manufacturing sub-sectors, we neither include ffata 1995 onwards nor do we reptavels

of energy consumption. We do, however, calculagggyrproductivity growth rates for the
different USA Manufacturing sub-sectors, with firsdergy consumption defined as the sum of
only Coal and Electricity consumption, under theuasption that the share of the sum of oil
and gas in final energy consumption is more or ¢essstant over time. Hence, the documented
growth rates of energy productivity for the breakdmf the USA Manufacturing sector should
be interpreted with caution.

11
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3 Macroeconomic developments

In this section we explore levels and trends inne@conomic energy- and labour-productivity
performance, examining the role of the Manufacmr®ervices, Transport and Agricultural
sectors. We start with a brief overview of theictseal shares in macroeconomic energy
consumption, employment and GDP. The Manufactusexjor used to be the most important
sector from an energy-point of view, accountingrfmre than 40% of the world’s energy use
(Schipper and Meyers 1992). In the OECD the Trarisgetor is nowadays at least as
important as Manufacturing in terms of energy comstion. For the sum of the 14 OECD
countries included in this study, the share ofltiial energy consumption in Transport
accounted for 42% in 1990, closely followed by Miamturing with 40%, while Services

accounted for 15%, Agriculture for 2% and Consinrcfor 1% (see Figure 3.1).

Figure 3.1 Percentage shares of non-residential final energy consumption, total employment and value
added by sector in 1990. Sample of 14 OECD countries.

Energy
Labour Value Added
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In Figure 3.1 we compare those shares with the@sshares of total employment and value
added. Our data confirm the well-known fact thatifmlustrialised countries the highest share
of total employment and value added can be fourtddérService sector (55-60%), followed by
Manufacturing (25%), while Transport, AgricultunedaConstruction are responsible for the
remaining 15-20%. These shares are more or leslasior all of the 14 OECD countries
included in this study (see Table Al in Appendix l)sum, the Service sector plays a major
role in terms of value added and total employmehile most energy is consumed in Transport
and Manufacturing. For the Transport in partictlere is a large contrast between the share of
total energy consumption on the one hand and taee sif total value added and employment

on the other hand.
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3.1

Within the OECD, the absolute level of energy congtion and employment grew over the last
decades, but so did economic activity. In this papetake this volume effect into account by
using energy- and labour productivity as indicatoreelate, respectively, final energy
consumption and employment to the level of econativity.” In the remaining part of this
section we provide a cross-country comparison efgyr and labour-productivitevels

followed by a cross-country comparison of energyd Ebour-productivitygrowth rates.

Comparing energy- and labour-productivity levels

To compare cross-country energy- and labour-pradticperformance at the macroeconomic
level, we calculated for each country the energyt labour-productivity levels for the sum of
the Manufacturing, Transport, Services and Agrimeltsector§.In Figure 3.2 and 3.3 we plot
the development of these macroeconomic energyladomair-productivity levels over time.

Figure 3.2 reveals a diverse picture for energylpetivity with substantial cross-country
differences. The highest energy-productivity lexas to be found in Italy and Japan while
Canada, Finland, Norway and Sweden show the lolereslts of energy productivity. All other
countries form a medium group. The USA tends tudehe group with low levels of energy
productivity over time to catch-up with the medignoup. Figure 3.3 shows the well-known
picture for labour productivity with a leading ptish for the USA and other OECD countries
showing a tendency to catch-up.

® Note that most studies analysing energy-efficiency developments use energy intensity as an indicator, being the inverse of
energy productivity. We prefer to use energy productivity simply because it establishes a direct link with (the empirical
literature on) labour-productivity developments.

® Hence, in this paper ‘macroeconomic’ refers to the sum of the Manufacturing, Transport, Services and Agriculture sectors
and thus excludes Construction, Households and the Energy Production sector.

14



Figure 3.2

Trends in macroeconomic energy productivity development
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Figure 3.3

Trends in macroeconomic labour productivity development
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These macroeconomic pictures raise the questiothehsimilar cross-country productivity
pattern can be found at a lower level of aggregatiowhether a country’s performance differs
substantially across sectors? To answer this qureste present in Table 3.1 a cross-country
comparison of the energy- and labour-productiétyels relative to the USA for the years 1976
and 1990, for the Manufacturing, Transport, Servied Agriculture sector.
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Table 3.1 Energy- and labour productivity main sectors relative to USA (USA=100)

Manufacturing

Energy

1976 1990
USA 100 100
AUS 105 71
BEL 84 93
CAN 67 51
DNK 188 185
FIN 57 55
FRA 214 172
WGR 209 175
ITA 150 166
JPN -- 169
NLD -- 75
NOR 75 42
SWE 90 78
GBR 157 159
SD log 447 528

Transport

Energy

1976 1990
USA 100 100
AUS 183 175
BEL 481 372
CAN 115 125
DNK 333 316
FIN 319 268
FRA 256 242
WGR 252 209
ITA 370 313
JPN 662 555
NLD -- 272
NOR 570 488
SWE 182 221
GBR 368 266
SD log .55° AT°

2 excl. JPN and NLD, ® excl. NLD and SWE, © excl. NLD, ° excl. CAN and NLD

Labour

1976

100
57
59
74
54
43
76
78
55

22°

Labour

1976

100
57
94
63
52
65
55
53
60
78
35
47

28"

1990

100
54
84
69
49
64
85
73
74
75
86
52
56
62

21°

1990

100
74
124
74
76
67
87
73
67
84
7
114
52
58

.25¢

Services
Energy
1976 1990
100 100
413 244
149 130
61 52
183 94
321 141
74 123
106 104
1481 598
192 151
- 305
102 61
- 63
152 152
.84° 61°
Agriculture
Energy
1976 1990
100 100
165 91
114 81
146 50
34 63
145 64
176 135
142 103
288 124
- 66
- 38
196 114
120 89
124 154
49% .32°

Labour

1976

100
70
86
81
66
50
91
77
90
50
65
67
62

21°

Labour

1976

100
83
79
89
41
57
52
39
41
30
84
66
59
66

.35

1990

100
72
91
7
7
69

106
98
93
72
89
67
73
61

A7°

1990

100
58
88
63
64
61
74
49
37
27

102
50
62
72

.35
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3.2

Concerning energy-productivity performance we finat the high energy-productivity level of
Italy is mainly due to its high energy productivityServices. Japan shows a relatively high
level of energy productivity in all four sectors fehCanada, having an overall low level of
energy productivity, displays a relatively low I&woé energy productivity in all four sectors.
The overall picture, however, is that within mostintries the energy-productivity performance
can differ substantially among sectors. For exanffildand has a low energy-productivity
level in Manufacturing, while the opposite is tfoe Services. Moreover, we find the USA to
have an average level of energy productivity in Manoturing while in Transport, Services and
Agriculture the USA faces an energy-productivitgativantage relative to most other OECD
countries. Concerning labour productivity, Tablé S8hows that the leading position of the USA
holds for all four sectors, and although less pumeed than for energy productivity, there are
also substantial cross-sectoral differences witnirst countries in terms of relative labour
productivity performance.

The standard deviation of the log of relative egesmnd labour-productivity performance in
Table 3.1 confirms that the cross-country dispersibenergy-productivity levels is
substantially larger than the cross-country didparsf relative labour-productivity levefsin
terms of energy productivity the largest cross-toudifferences are to be found in Services,
while Agriculture exhibits the largest spread ingg-country labour-productivity levels.

Finally, cross-country dispersion of both relatéreergy- and labour-productivity levels is
decreasing over time, with two exceptions: aggedédnufacturing shows a pattern of
increasing cross-country differences in energy-peotiglity levels while in Agriculture the
relative cross-country differences in labour-prddity levels remain constant (see Mulder and
de Groot 2003 for a further exploration of thisuiss

Decomposing energy- and labour-productivity growth rates

As noted previously, overall productivity perfornearis not only the result of technology-
driven productivity performance in individual sextdut also of the distribution of production
factors among sectors. Therefore, we will corresmds in aggregate energy- and labour-
productivity performance for the impact of shifiissectoral energy- and employment shares, to
get a better view on the role of sector-specifiht®logy-driven productivity improvements in
driving aggregate productivity growth.

7 Although we have some reason to believe that this result might be due to poor data (see section 3.2) the relatively good
energy-productivity performance of Italy in Services is also found by Schipper and Meyers (1992: 185) who document for
Italy in 1973 and 1988 an energy intensity level in Services that is substantially lower than in 8 other OECD countries.

8 The SD log of productivity (y) measures variation across countries i according to:

n
‘/ Z logy; —logy)?, Iogy=lzlogy. :
i=1 i=1

See Mulder and de Groot (2003) for further discussion.
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We do so by using a decomposition- or shift-shagdyais, which is based on the following
definitions of, respectively, aggregate energy potidity and labour productivity:

Y. E
ﬁzz;t'it (3.1)
E "Bt B
Y Yit Lit
Tt = _ht ALt 3.2
Lt zi Lit Lt -2

with Y;, E; andL, being respectively GDP, final energy consumptiod #otal employment, and
the subscript denoting the sub-sector. So, equation (3.1) datsaggregate energy
productivity is the sum of the energy productiwatyeach sub-sector (the first term at RHS)
multiplied by the energy share of each sub-sether fecond term at RHS). Equation (3.2)
defines the same relationship in terms of laboadpctivity. Building upon equation (3.1) and
(3.2), we decompose aggregate energy- and laboduptivity growth into a structural effect
and an efficiency effect. The structural effeatligained by calculating aggregate energy- and
labour-productivity growth insofar as it is caudsdshifts in sectoral energy- and employment
shares (the second term at RHS), keeping the lef@sergy- and labour-productivity
performance for each individual sub-sector (thst erm at RHS) constant. Vice versa, the
efficiency effect is obtained by calculating aggrgenergy- and labour-productivity growth
insofar as it is caused by changes in the enemyg{abour-productivity performance within
each individual sub-sector, keeping the sectoratggr and employment shares constant.
Hence, the structural effect indicates the efféahanges in the structure of production on
aggregate productivity growth while the efficiereffect points to the role of technology-driven
efficiency improvements.

In this paper, we perform a decomposition analgstsvo levels of aggregation. In this
section we decompose for each of the 14 OECD ciegritie average annual macroeconomic
energy- and labour-productivity growth rate intstauctural and an efficiency effect, examining
the role of the sectors Manufacturing, Serviceangport and Agriculture. In section 4 we
repeat the analysis to decompose average annualfsanring energy- and labour-
productivity growth rates, examining the role ofMl@nufacturing sub-sectors in driving
energy- and labour-productivity trends in aggreddsamufacturing. Many studies measure the
relative contribution of structural and technola@gichange to aggregate productivity growth,
using so-called index number decomposition or stifire analysiThe studies differ from

° For early applications of this methodology to measure the impact of technological change and changes in labour and/or
capital shares on aggregate (total factor productivity) growth see, for example, Maddison (1952) and Massell (1961). For
recent applications, including cross-country comparisons, see Dollar and Wolff (1993), Van Ark (1996) and Fagerberg
(2000). Cross-country decomposition analyses of energy use can be found, for example, in Morovic et al. (1987, 1989),
Greening et al. (1997), Howarth et al. (1991), Schipper and Meyers (1992), Park et al. (1993), Eichhammer and Mannsbart
(1997) and Unander et al. (1999). From these studies, only van Ark (1996) and Schipper and Meyers (1992) include non-
manufacturing sectors, while with the exception of Fagerberg (2000) and Park et al. (1993) all other studies focus on OECD
countries.
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each other in several dimensions, including thebamof sectors and countries included, the
methodology (Laspeyeres, Paasche, Divisia, ete)atea of application (TFP, capital, labour,
energy), the type of indicator (quantity, intensftyoductivity or elasticity) and the type of
analysis (time-series or period-wise). For a lwigosition of the methodology and a survey of
studies we refer to Ang (1995a,b; 1999) and AngAmahg (2000) concerning energy studies,
and to Syrquin (1984) concerning macroeconomicistuihcussing on aggregate (total factor)
productivity. The main value added of our study lie a simultaneous exploration of
productivity performance along the two dimensiofisreergy and labour. Moreover, compared
to most existing studies our analysis comprisedatively high level of sectoral detail for a
relatively large number of countries, in particutaterms of energy-productivity developments.
As a result, the changes in technology driven petidity performance at the level of individual
sectors reported in this paper are relatively wedcified and informative. Furthermore,
contrary to most studies, in particular those fets on energy productivity, our
decomposition analysis is not confined to the Mantufring sector, but applies also to the
macroeconomic level, identifying the role of Marttfaing, Services, Transport and
Agriculture in driving macroeconomic productivityogvth rates. Finally, our data set enables
us to apply a time-series approach whereas moss$-cmuntry studies conduct a period-wise
approach, using only data for the first and theyaar of a specified time period. Compared to
a period-wise approach, a time-series approactsy/mbre insight into energy-productivity
development over subsequent years and, moreoeedettomposition results are less sensitive
to the exact functional form used and to the vaineke initial- and final year.

Several functional forms can be used for the actaabmposition. We use the so-called
Refined Divisia Index method and refer to Appen@ifor a motivation as well as technical
details and a brief discussion of alternative dgmosition methods. In Figures 3.4 and 3.5 we
present the results of the decomposition of theraggonomic energy- and labour productivity
growth rates into a structural effect and an efficly effect. Figures 3.4 and 3.5 plot for each
country, respectively, the average annual macragoanenergy- and labour-productivity
growth rate as the sum of an efficiency effect artiructural effect. It is to be noted that one
has to be careful with comparing the results betwamrintries due to the different time periods
used (because of data availability).
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Figure 3.4 Decomposition of average annual growth rate of macroeconomic energy productivity
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Figure 3.5 Decomposition of average annual growth rate of macroeconomic labour productivity
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From Figure 3.4 it can be seen that, except fogiBel, Sweden, the United Kingdom and the
United States, structural changes explain a sutistg@art of average annual macroeconomic
energy-productivity growth rates. Structural effeeeven dominate efficiency effects in
Australia, Denmark, Finland, Italy, the Netherlaiagisl Norway. In most countries, the
efficiency effect is positive, except for Finlarthly and the Netherlands.

Figure 3.5 shows on the contrary, that althougdilioountries the effect of structural
changes on macroeconomic labour-productivity granaths is positive, it is also relatively
small, implying efficiency improvements to be thaimsource of macroeconomic labour-
productivity growth. The latter result confirms wlieas been known from the macroeconomic
empirical growth literature (see, for example, vak 1996). Moreover, it can be concluded
that considerable cross-country differences eigtarticular in terms of energy productivity.
Finally, the figures reveal that on average maanemic labour-productivity growth is higher
than macroeconomic energy-productivity growth, @tder Canada, the United Kingdom and
the USA. Using the data underlying Figures 3.4 2uaq we calculated the average annual
growth rates of energy productivity and labour prctivity for the 14 OECD countries
combined, weighted for each country’s share in 6@P. We found average annual growth
rates of both energy- and labour productivity taabeut 1.8% before correcting for structural
changes, while they are, respectively, 1.7% an®olaBer correcting for structural changes.

To see which sectors are responsible for theseeggtg results, in Tables 3.2 and 3.3 we
split the percentage contribution of the total@éincy effect and the total structural effect te th
aggregate productivity growth rates, as presemétdgures 3.4 and 3.5 respectively, into the
percentage contribution of individual sub-sectors.
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Table 3.2

Manufacturing
Transport
Agriculture
Services

Total %
Total g

Manufacturing
Transport
Agriculture
Services

Total %
Total g

Manufacturing
Transport
Agriculture
Services

Total %
Total g

Manufacturing
Transport
Agriculture
Services

Total %
Total g

Manufacturing
Transport
Agriculture
Services

Total %
Total g

Percentage contribution of efficiency effect (EFF) and structural effect (STR) by sector to average

annual growth rate (g) of aggregate energy productivity per country

Australia 1974-96

STR

-20.9
4.1
0.7

EFF Total
5.6 -15.3
8.4 12.4
0.2 0.9

-24.3 101.9
-10.2 100.0
-0.09 0.86

Denmark 1972-95

STR

EFF Total
65.5 18.1
10.0 14.9
11.7 8.1
-53.0 58.9
34.1 100.0
0.47 1.37

West Germany 1970-90

STR

-24.3
4.9
-0.9

EFF Total
38.7 14.4
-0.6 4.2

1.9 1.0
94.1 80.3

Netherlands 1986-95

STR

-41.3
8.7
14.4

EFF Total
46.9 5.6
6.8 155
-4.5 10.0
-141.4 69.0
-92.1 100.0
-1.05 1.14

United Kingdom 1970-90

STR

-34.7
9.6
-2.0

EFF Total
47.1 12.3
2.4 7.3

4.4 2.4
75.4 78.0

Belgium 1971-97

STR EFF
-27.6 53.6
13.1 -9.7

9.0 -8.9
12.6 57.9

7.1 92.9
0.08 1.01

Finland 1971-95

STR EFF
-19.6 89.9
5.9 1.8
-9.9 -27.1
259.0 -200.0
2355 -1355
1.53 -0.88
Italy 1970-97
STR EFF
-30.1 62.4
6.5 0.5
3.9 -7.4
178.9 -114.7
159.2 -59.2
2.36 -0.88

Norway 1976-97

STR EFF
-29.7 -4.7
22.0 38.4
28.9 -29.8
47.1 27.7
68.4 31.6
0.48 0.22

United States 1970-94

STR EFF
-12.1 29.6
1.6 2.5
-0.6 3.0
7.5 68.5
-3.5 103.5
-0.10 2.81

Total
17.5

Canada 1980-97

STR EFF
-1.1 18.9
-1.2 4.6

5.3 -5.0
24.1 54.3
27.1 72.9
0.42 1.14

France 1985-97

STR EFF
-103.8 61.4
20.2 6.9
-27.9 10.9
2.0 130.2
-109.4 209.4
-0.26 0.50

Japan 1982-96

STR EFF
-38.7 67.0

9.8 -1.0

3.3 -14.0
68.3 53
42.7 57.3
0.37 0.50

Sweden 1973-94

STR EFF
-1.9 25.4
2.6 9.7
-11.3 10.6
8.6 73.6
-19.2 119.2
-0.30 1.84
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In Table 3.2, for each country the first column akes per individual sector its shift in energy
share, expressed as a percentage contributioe totél effect of shifts in sectoral energy
shares on aggregate productivity growth (i.e. tital structural effect). The second column
denotes per individual sector its change in en@rgygluctivity performance, expressed as a
percentage contribution to the total change ingneroductivity performance at a constant
sector structure (i.e. the total efficiency effedife third column denotes per individual sector
its total relative contribution to aggregate praiity change, being the sum of the structural
and efficiency effects. From Table 3.2 it can beateded that the largest effects of shifts in
sectoral energy shares on macroeconomic energytigily growth are to be found in
Manufacturing and Services, with the energy shadining in Manufacturing and increasing
in Services (except for West Germany and SwedenjebVer, it can be seen that the
extraordinary positive effect of structural changasnacroeconomic energy-productivity
growth in Finland, Italy and the Netherlands id&explained from a strongly increasing
energy share in Servicé€SFinally, the effect of shifts in the energy shaf&@ransport and
Agriculture on macroeconomic structural changesiatively small, with small increasing
energy shares in Transport and a mix of increaaifydecreasing energy shares in Agriculture
(decreasing in Denmark, Finland, France, West Geynfaweden, United Kingdom and USA
and increasing in other countries).

Concerning energy-efficiency improvements, TabRshows that they are mainly
realised within Manufacturing. For Services, howetee picture is highly diverse with a mix
of positive and negative percentage contributioraggregate energy-efficiency improvements.
Most notable is again the exceptional negative gnaate of energy productivity in Finland,
Italy and the Netherlands, which drive the negatiffieiency effects in these countries as
plotted in Figure 3.4. The percentage contributibfiransport and Agriculture to
macroeconomic energy-efficiency improvements iatiedly small (except for Norway), with
energy efficiency improving in Transport (except Belgium, West Germany, Japan, Norway
and the United Kingdom) while energy efficiencyAigriculture (slightly) improves in
Australia, Denmark, France, West Germany, Swedeitetd Kingdom and the USA and
(slightly) decreases in the other countries.

19 A closer look at the data reveals that this result is due to an exceptionally low initial level of energy consumption in
Services in these countries, which then increases relatively fast over time to converge to an average level. Since we have no
breakdown of energy data for the underlying sub-sectors we cannot explore this issue any further, but it might just be due to
poor quality of the data. See also Ramirez et. al. (2002), who found in a detailed analysis of the Dutch Service sector for the
period 1984-1998, a minor increase of energy productivity, which has been hardly affected by structural changes.
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Table 3.3

Manufacturing
Transport
Agriculture
Services

Total %
Total g

Manufacturing
Transport
Agriculture
Services

Total %
Total g

Manufacturing
Transport
Agriculture
Services

Total %
Total g

Manufacturing
Transport
Agriculture
Services

Total %
Total g

Manufacturing
Transport
Agriculture
Services

Total %
Total g

Percentage contribution of efficiency effect (EFF) and structural effect (STR) by sector to

average annual growth rate (g) of aggregate labour productivity per country

Australia 1974-96
STR EFF Total

-32.4 28.8 -3.6
-3.0 13.2 10.2
-4.6 6.6 2.0

54.6 36.9 91.4

14.6 85.4 100.0
0.19 1.12 131

Denmark 1972-95
STR EFF Total

-3.7 25.6 21.9

2.2 11.2 13.4
-7.6 14.8 7.3
19.6 37.8 57.4

10.6 89.4 100.0
0.24 2.04 2.29

West Germany 1970-90
STR EFF Total

-12.6 38.0 25.3
0.6 3.8 4.3
-3.7 5.1 14
28.8 40.1 68.9

13.0 87.0 100.0
0.35 2.32 2.67

Netherlands 1986-95
STR EFF Total

-49.6 55.0 53
-1.1 16.7 15.6
-11.2 21.2 10.0
60.0 9.1 69.1

-1.9 101.9 100.0
-0.02 1.14 1.12

United Kingdom 1970-90
STR EFF Total

-57.4 64.2 6.7
-4.5 11.8 7.3
-3.6 6.0 2.4

83.7 -0.1 83.6

18.1 81.9 100.0
0.29 1.32 1.61

Belgium 1971-97
STR EFF Total

-23.7 50.0 26.3

Finland 1971-95
STR EFF Total

Italy 1970-97
STR EFF Total

Norway 1976-97
STR EFF Total

-19.0 19.2 0.1
-6.9 415 34.5
-8.0 113 3.3

United States 1970-94
STR EFF Total

-45.3 52.2 6.9
-1.8 5.3 3.5
-4.0 6.0 2.0

Canada 1980-97
STR EFF Total

-50.9 49 -46.0
-11.1 153 4.2

France 1985-97
STR EFF Total

-24.2  45.0 20.8

Japan 1982-96
STR EFF  Total

-49 36.3 31.4

Sweden 1973-94
STR EFF Total

-21.1 497 28.6
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In Table 3.3 we present a similar breakdown oftthal structural- and efficiency effects as in
Table 3.2, but now for labour productivity. Tabl& 3hows that the relatively small impact of
total structural change on macroeconomic laboudipetivity growth does not imply that
employment mixes have been constant over timeh®wrantrary, the employment mix
changed considerably with a substantially decrgasimployment share in Manufacturing and a
substantially increasing employment share in Sesvi@ he fact that the net effect of this shift
on macroeconomic labour-productivity growth is aj@gositive confirms an employment shift
from a relatively low- towards a relatively highlwva-added sector. Moreover, Table 3.3 also
shows that in terms of shifts in employment shatesyelative contribution of Transport and
Agriculture to macroeconomic structural changenalf with decreasing employment shares in
Agriculture and a mix of increasing and decreasingployment shares in Transport (decreasing
in Australia, Canada, Netherlands, Norway, Unitéagdom and USA, constant in Belgium

and increasing in other countries). Concerninggfifieiency effect, Manufacturing is not only

an important source for energy-efficiency improvemeéut also for labour-efficiency
improvement (i.e. labour productivity corrected $tructural changes). Moreover, unlike
energy efficiency, Services is also an importantrse for labour-efficiency improvement in
most countries, except for the Netherlands. Sinbdagnergy efficiency, the percentage
contributions of Transport and Agriculture to masronomic labour-efficiency improvements

are small, although positive in all countries.
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3.3

Figure 3.6

1970-82

Labour Productivity

1982-97

Sectoral biases in productivity growth rates

So far, we found macroeconomic growth rates oflalpsoductivity in general to be
substantially higher than macroeconomic growthsrafeenergy productivity. Does this pattern
hold also for Manufacturing, Services, Transpod Agriculture? In this section we take a
closer look at the relationship between sectoran rates of energy- and labour productivity.
Are they positively or negatively correlated to @mther among the different countries? In
other words, do they complement each other, othene substitutes? And is the observed
relationship between energy- and labour-produgtigibwth changing over time?

To assess these issues, we calculate the averagal gmowth rates of energy- and labour
productivity for each sector and country for theigpe 1970-1997 They are presented in
Figure 3.6 together with 2 regression lines throtighorigin, estimating the cross-sectional
relationship between energy- and labour produgtiyrbwth rates for, respectively, the periods
1970-1982 and 1982-1997.
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1 Note that the exact period differs per country due to data restrictions. We refer to Table A.2 in Appendix A for an overview
of the periods used for each country as well as the sectoral growth rates per country (the same as in Figure 3.6 but then in
table format).
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Figure 3.6 leads to the following conclusions. lamMfacturing all countries show a positive
correlation between energy- and labour-productigitywth rates, suggesting manufacturing
energy- and labour-productivity growth to be compdats rather than substitutes. For most
countries, this conclusion holds also for Serviged Transport. In Agriculture, however, 7 out
of the 14 countries combine a positive labour-potidity growth with a negative energy-
productivity growth, suggesting energy- and labproductivity growth to be substitutes rather
than complements in these countries. Of coursdjdhee shows again that labour-productivity
growth is in general substantially higher than ggesroductivity growth. Comparing the
regression lines for the period 1982-1997 and #réod 1970-1982 suggests that this bias
towards labour productivity growth is increasingaigigregate Manufacturing, Transport and
Agriculture, while it is decreasing in Servicessdfar as the observed sectoral productivity
growth rates are driven by technological progréss (increasing) bias towards labour
productivity growth suggests the existence of aréasing) bias towards labour-augmenting
technological progress in aggregate Manufacturimgnsport and Agriculture.

In the remainder of this paper we move beyond theroeconomic level by taking a closer
look at the Manufacturing sector. As already argsexkral times, a first prerequisite for
understanding technology-driven productivity pemfiance is to assess productivity
performance at a sufficiently disaggregated sdetal. Therefore, we continue by identifying
cross-country productivity developments within 1@mdfacturing sub-sectors, following the

same research strategy as we applied so far.
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Figure 4.1
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The Manufacturing sector in detail

In this section we further explore levels and teimdManufacturing energy- and labour-
productivity performance, examining the role ofM@nufacturing sub-sectors: Food, Textiles,
Wood, Paper, Chemicals, Non-Metallic Minerals, |somd Steel, Non-Ferrous Metals,
Machinery and Transport Equipment (see Table 2VE) start with a brief overview of their
sectoral shares in Manufacturing energy consumpémployment and GDP (see Figure 4.1).
For the 14 OECD countries included in this studketatogether, the sub-sector Chemicals
consumed by far most energy with a share of 408&anufacturing final energy consumption
in 1990, followed by Iron and Steel (16%), PapatpRand Printing (11%) and Non-Metallic
Minerals (9%)"?

Percentage shares of manufacturing final energy consumption, total employment and value
added by sector in 1990. Sample of 14 OECD countries.

Energy Labour Value Added
WOD
LEO;() 1% 6% FOD
12%
FOD
CHE  PAP IAS  NMM 13%
40% 9% 4% 4%
4% 2% 5%
NFM
2%
IAS Fob '\1"1T5 MAC MAC
16% 6% 0 37% 35%

In Figure 4.1 we compare those shares with theeshafrtotal employment and value add&d.
This yields a different picture, with Machinery acating for the largest share of
Manufacturing total employment and value added33%) followed by Food and Transport
Equipment (each around 12%). In the previous seati® found the shares of total energy
consumption, employment and value added for agtgdganufacturing to be more or less
similar among the 14 OECD countries (see Tablem®pendix A). Within Manufacturing,
however, these shares differ substantially amoaegdlifierent Manufacturing sub-sectors. For
example, in the Netherlands, the energy-intensivendicals sector is responsible for 67% of

2 These percentages are in line with IEA data of total OECD in 1997: Chemicals: 39% ; Iron and Steel: 11% ; Paper:10% ;
Non-Metallic Minerals: 9%.

3 Note that Manufacturing sector shares of value added are calculated for the sum of 12 OECD countries (excluding
Australia and Canada due to lack of data).
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4.1

Manufacturing energy consumption, while in the ott®untries this share lies between 14%
and 38%. In Finland and Sweden, Paper consumesdr® of Manufacturing energy
consumption, while in the other countries this sHaas in between 3% and 14%. Contrary to
other countries, in Italy Textiles is responsitie & large share of total employment and value
added. For a detailed overview of Manufacturingaeshares per country we refer to Table A3
in Appendix A.

Comparing energy- and labour-productivity levels

To compare cross-country energy- and labour-pradticperformance at the Manufacturing
level, we show in Figure 4.2 and 4.3 the aggreliteufacturing energy- and labour-
productivity levels over time, for each of the 1ECD countries. Figure 4.2 shows that in
aggregate Manufacturing two groups of countrieshmidentified in terms of observed levels
of energy productivity. Denmark, Italy, West-GermaRrance, Japan and the United Kingdom,
show a high level of energy productivity while tH8A, Netherlands, Belgium, Sweden,
Australia, Finland, Canada and Norway display atie low energy-productivity levef.

Figure 4.3, confirms again the well-known leadimgifion of the USA in terms of labour
productivity, with — contrary to the macroecononeeel — no clear pattern of catching-up by
other OECD countries.

 For the same sample of countries but using energy consumption data from partly different sources, Unander et al. (1999)
distinguish 3 groups of countries for Manufacturing energy-intensity, which differs slightly from our picture in classifying the
Netherlands, Sweden and the USA in a medium-group.
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Figure 4.2

Trends in manufacturing energy productivity development
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Figure 4.3

Trends in manufacturing labour productivity development
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In order to see which Manufacturing sectors areimlyithese aggregate trends, we provide in
Table 4.1 for all 10 Manufacturing sub-sectorsa@ssfcountry comparison of the energy- and
labour productivity level relative to the weighteéCD average in 1976, 1982, 1990 and
1997 The table reveals that the energy-productivitglén Germany and Japan lies above
the OECD average in most Manufacturing sectorslewhe opposite is true for Norway. For
all other countries, the table shows a diverseupgctvith considerable cross-sector variation in
relative productivity performance. For example, Netherlands has a relatively low level of
energy productivity in Chemicals, but a relativllgh level in Paper and Wood. The high
energy-productivity level in Denmark, as shown igufe 4.2, is due to an extremely high
energy-productivity level in Chemicals and Papdrilavits energy-productivity level in Food is
relatively low. A few other remarkable facts arel&nd, Norway and Sweden have low levels
of energy productivity in Paper and Wood; the Uthikéngdom has a relatively high level of
energy productivity in Chemicals, Iron and Steel &aper, while this is relatively low in
Machinery; and Italy has a very high level of erygpgoductivity in Wood. Concerning labour
productivity, Table 4.1 again confirms the well-kvioleading position of the USA for most

5 Note that we do not take the USA as the reference country because the USA lacks a sectoral breakdown of oil and natural
consumption at this level of disaggregation (see section 2).
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Manufacturing sectors. Exceptions, however, are-Nemous Metals and Non-Metallic

Minerals where the USA is lagging behind some otoemtries.

Table 4.1

USA
AUS
BEL
CAN
DNK
FIN
FRA
WGR
ITA
JPN
NLD
NOR
SWE
GBR

SD log

USA
AUS
BEL
CAN
DNK
FIN
FRA
WGR
ITA
JPN
NLD
NOR
SWE
GBR

SD log

Energy- and labour productivity manufacturing sectors relative to OECD average (OECD=100)

Chemicals
Energy
1976 1990
100 100
97 149
96 64
269 434
68 88
149 168
202 175
54 141
155 176
48 66
55 58
101 147
166 230

0.54% 0.56*

Iron and Steel

Energy
1976 1990
100 100
76 58
121 55
74 96
83 50
169 129
163 127
165 128
155 154
120 70
38 18
7 85
169 130

0.45°% 0.58%

Labour
1976

100
70
96
70
47
63
84
32

132
79
47
73
66

113

0.36

Labour
1976

100
46
96
31
39
57
67
72

139
97
43
31
42

115

0.48

excluding USA ® CAN, USA° CAN, JPN, NLD, USA ¢ NLD

1990

100
78
92
53
55
77
63
62

113
89
64
53
73

124

0.27

1990

100
80
76
54
69
63
65
96

137
85
55
48
62

100

0.28

Food and Tobacco

Energy
1976 1990
100 100
116 115
171 -
40 67
49 74
125 120
135 162
87 168
240 226
59 76
57 54
78 90
84 114
0.50° 0.42°
Machinery
Energy
1976 1990
100 100
98 118
201 -
89 116
59 94
205 100
299 215
72 102
-- 179
-- 100
69 61
57 68
64 68
0.55° 0.36°

Average OECD is weighted with each country’s 1990 GDP share of total GDP per sector.

Labour
1976 1990
100 100
85 97
103 87
45 61
51 65
95 89
92 86
84 107
92 76
70 89
69 48
73 67
68 81
125 129
0.27 0.25
Labour
1976 1990
100 100
98 94
99 86
84 55
58 82
102 98
111 85
83 95
40 91
- 90
81 66
65 64
71 65
123 125

0.30° 0.22°
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Table 4.1

USA
AUS
BEL
CAN
DNK
FIN
FRA
WGR
ITA
JPN
NLD
NOR
SWE
GBR

SD log

USA
AUS
BEL
CAN
DNK
FIN
FRA
WGR
ITA
JPN
NLD
NOR
SWE
GBR

SD log

Continued

Transport Equipment

Energy
1976 1990
100 100
153 134
92 -
76 91
131 161
198 193
91 111
319 335
252 171
195 106
83 69
86 96
79 142

0.49° 0.41°

Non-Metallic Minerals

Energy
1976 1990
100 100
46 97
157 138
93 76
68 63
222 143
148 139
119 136
121 135
115 118
65 88
86 96
123 128

0.41% 0.26*

Labour

1976 1990

100 100
81 106
92 93
65 54
-- 63
81 90
99 89
63 91
66 102
65 74
60 58
-- 57
51 83

135 113

0.26° 0.22°

Labour
1976 1990
100 100
79 119
136 103
92 70
65 86
126 137
107 100
93 98
63 88
-- 111
100 79
84 82
79 75
118 105
0.23 0.19

excluding ®USA  CAN, USA® FIN, SWE ' DNK, USA ¢ JPN, USA

Non-Ferrous Metals

Energy

1976 1990
100 100
143 156
87 31
111 77
133 125
196 163
113 108
249 193
111 51
35 20
112 72
100 98

0.47' 0.68'

Paper, Pulp and Printing

Energy
1976 1990
100 100
265 227
54 30
611 322
33 33
341 182
290 188
229 262
-- 185
360 288
83 56
37 31
290 374
0.97° 0.97°

Average OECD is weighted with each country’s 1990 GDP share of total GDP per sector.

Labour

1976

100
126
171
46
80
174
117
99
227
256
137
92
67
140

0.47

Labour

1976

100
55
88
74
47
82
68
59
66
72
56
58
65

126

0.24

1990

100
165
113
48
103
159
78
102
152
168
96
72
66
113

0.37

1990

100
84
85
61
84
93
76

103
98
93
62
71
82

112

0.18
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Table 4.1

USA
AUS
BEL
CAN
DNK
FIN
FRA
WGR
ITA
JPN
NLD
NOR
SWE
GBR

SD log

continued (2)

Textiles and Leather Wood and Wood Products

Energy Labour Energy Labour
1976 1990 1976 1990 1976 1990 1976 1990
100 100 100 100 100 100 100 100
328 124 82 108 145 145 39 44
-- - 107 91 130 - 100 86
130 112 95 74 129 102 95 56
176 145 66 69 41 56 65 77
151 170 118 116 - - 83 91
149 108 107 98 185 217 111 75
191 216 115 109 803 756 89 80
85 115 55 46 - - 48 52
131 134 108 108 402 300 134 89
90 95 62 66 87 62 90 66
112 64 105 82 76 67 109 87
106 139 91 83 -- - 88 59
- - 99 110 - - 124 106
0.36" 0.30° 0.24 0.26 0.89" 0.85" 0.34 0.25

excluding ® CAN, USA" CAN, FRA, JPN, GBR, USA
Average OECD is weighted with each country’s 1990 GDP share of total GDP per sector.

4.2

Looking at the standard deviation of the log o&tiee energy productivity in Table 4.1 leads to
the conclusion that also at the level of Manufdotyisub-sectors the cross-country differences
in energy productivity are substantially largerrtttioss-country differences in labour
productivity. In the previous section we found thhess-country dispersion of energy
productivity to be increasing over time at the lesfeaggregate Manufacturing. From Table 4.1
it can be concluded, however, that this result dadspply to all Manufacturing sectovge

find cross-country dispersion of energy producfitd be increasing only in the energy-
intensive sectors Chemicals, Iron and Steel andMNamous Metals, while it is (more or less)
constant in Chemicals, Paper and Wood and decteasthe other sectors. Overall, the cross-
country differences in labour-productivity perfonnca seem to be slightly decreasing. Again,
we refer to Mulder and de Groot (2003) for a furteeploration of this issue.

Decomposing energy- and labour-productivity growth rates

To get a more precise view of the role of sectaeffir technology driven productivity
improvements in driving the observed trends in Maatwring energy- and labour-productivity
performance, we have to correct the latter foritfygact of shifts in sectoral energy- and
employment shares. Hence, in this section we deosenpverage annual Manufacturing
energy- and labour-productivity growth rates intstraictural- and an efficiency effect,
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examining the role of the 10 Manufacturing sub-@ectAgain, we use the Refined Divisa
Method for the actual decomposition (see AppendiXT@e results are presented in Figures 4.4
and 4.5 Figure 4.4 shows that in all 12 OECD countriesrgpefficiency improvements are
the main driving force behind aggregate Manufaotygnergy-productivity growth, although in
most countries there is also a substantial effech fshifts in sectoral energy shares on
aggregate Manufacturing energy-productivity growthis structural effect is mixed: it is
positive in Belgium (41%), Denmark (11%), Franc@y®, West-Germany (20%), Italy (37%),
Japan (33%) and the USA (35%), indicating a shiftards a less energy-intensive
Manufacturing structure, while it is negative imkind (-50%), the Netherlands (-30%),
Norway (-960%) and Sweden (-12%), indicating atgbifvards a more energy-intensive
Manufacturing structure. In Norway the large stowat change even dominates the energy-
efficiency improvements.

This overall picture accords well with other crassmtry studies decomposing
Manufacturing energy use in OECD countries (Gregeinal. 1997, Howarth et al. 1991,
Eichhammer and Mannsbart 1997 and Unander et @8)18lthough our structural effects in
Finland, France and Italy are relatively high aspared to these studies. This might well be
due to differences in data, period and decompasitiethod between the other studies and
ours?’ Concerning labour-productivity growth, Figure 4Hows that in all 12 OECD countries
the effect of shifts in sectoral employment shamesggregate Manufacturing labour-
productivity growth is positive, but also very sipalmost all aggregate Manufacturing labour-
productivity growth is to be explained from labquioductivity improvements in individual
sectors. This result confirms what has been knaam mpirical labour-productivity analyses
for the Manufacturing sector (see, for example |J&adnd Wolff 1993 and Fagerberg 2000).
Similar to the conclusions drawn at the macroecaadevel, considerable cross-country
differences also exist at the level of Manufactgyiim particular in terms of energy
productivity. Moreover, except for Denmark and theA, the average manufacturing labour-
productivity growth is again higher than manufaittgrenergy-productivity growth. We
calculated that for the 12 OECD countries takermtiogr the weighted average annual growth
rates of Manufacturing energy- and labour proditgtizre, respectively, 2.25% and 2.69%,
while they drop to, respectively, 1.57% and 2.538rdeing corrected for the impact of

structural changes.

1 Dye to limited data availability, Australia and Canada are excluded from the analysis. Moreover, for the same reason in
France, Japan, United Kingdom and USA the sector Wood and in Denmark the sector Non-Ferrous Metals are excluded
from the decomposition analysis.

* The results depend to some extent also on the level of aggregation. As noted in section 2, the higher the level of dis-
aggregation the better, but even more important is an adequate distinction between factor-intensive and factor-extensive
sectors in order to reduce the likelihood of efficiency-performance figures being biased by the impact of intra-sectoral
structural changes. However, in a European cross-country decomposition analysis of energy-efficiency in the Manufacturing
industry, Eichhammer and Mannsbart (1997) concluded that, apart from data-related methodological problems, an analysis
at a 2-digit level suffices to isolate the main structural effects on aggregate productivity developments. After disaggregating
several energy-intensive sectors to a 4-digit level, they found intra-sectoral structural changes to be responsible for at
maximum 10% of the observed aggregate energy-intensity changes.
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Figure 4.4 Decomposition of average annual growth rate of macroeconomic energy productivity

Average annual growth rate

5 -
4,5 4
4

3,5 1

I N
aoN U w
1 1

[
1

0,5 A1

|1971-97

ITA USA

DNK FIN 1970-97 1970-94

1971-97
1972-97

NLD SWE GBR

1982-97 1973-971970_97

BEL

WGR
1970-90

FRA
1973-97

NOR
1976-97

M efficiency effect O structural effect

Figure 4.5 Decomposition of average annual growth rate of macroeconomic labour productivity
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To see which sectors are responsible for theseeggte results, in Table 4.2 we split the
percentage contribution of the total efficiencyedatructural effects to aggregate
Manufacturing energy-productivity growth ratespassented in Figure 4.4, into the percentage
contribution of individual sub-sectors for each otvy. The interpretation of the figures is
similar to Table 3.2.

Table 4.2 Percentage contribution of structural effect (STR) and efficiency effect (EFF) by sector to
average annual growth rate (g) of aggregate energy productivity in manufacturing per country

Belgium 1971-97 Denmark 1972-97 Finland 1971-97

STR EFF Total STR EFF Total STR EFF Total
CHE 135 14.9 28.5 -2.7 20.7 18.0 14 5.2 6.6
FOD 15.6 -3.8 11.8 10.9 10.6 21.4 -13.6 13.5 -0.1
IAS -4.8 4.7 -0.1 -1.3 2.8 15 2.1 4.6 6.6
MAC -24.4 39.2 14.7 7.3 31.1 38.5 -17.0 88.2 71.2
MTR 16.5 -5.4 111 -4.8 1.5 -3.3 -11.6 12.0 0.4
NFM -1.7 5.5 3.8 - - - 0.6 1.3 1.9
NMM -3.6 5.9 2.3 -3.1 1.5 -1.7 -5.3 5.8 0.5
PAP 12.6 -6.6 6.0 1.0 5.7 6.7 5.3 9.9 15.2
TEX 10.2 -12.4 -2.2 -7.1 6.7 -0.4 -12.4 4.7 -1.7
WOD 1.0 0.2 1.2 3.1 -0.3 2.9 -6.2 7.2 1.0
NSI 5.9 17.0 22.9 7.8 8.6 16.4 5.9 -1.4 4.4
MAN % 40.8 59.2 100.0 111 88.9 100.0 -50.8 150.8 100.0
MAN g 0.78 1.13 1.91 0.30 243 2.74 -0.98 2.90 1.93

France 1971-97 West Germany 1970-90 Italy 1970-97

STR EFF Total STR EFF Total STR EFF Total
CHE 8.4 25.3 33.7 12.6 3.4 16.0 -0.8 10.8 10.0
FOD 17.8 2.2 20.0 0.1 5.0 5.1 4.7 55 10.2
IAS -12.5 9.6 -2.9 9.1 9.3 0.2 -1.0 1.6 0.6
MAC 66.7 -36.4 30.3 16.3 20.0 36.3 9.8 225 32.3
MTR -10.9 13.9 3.0 9.6 15.7 25.2 6.4 -3.5 2.9
NFM 5.1 7.9 2.8 15 2.7 4.2 0.1 0.4 0.5
NMM 0.3 -2.9 -25 -3.2 5.2 2.1 2.1 8.8 6.7
PAP 20.1 -13.1 7.0 4.2 0.0 4.2 3.8 3.8 7.6
TEX -37.4 17.5 -19.9 -4.3 -0.8 -5.0 4.7 9.7 14.4
WOD - - - -1.0 1.6 0.5 1.8 -1.4 0.4
NSI 0.1 28.4 28.5 -6.9 18.1 11.2 9.8 45 14.4
MAN % 47.6 52.4 100.0 19.8 80.2 100.0 37.2 62.8 100.0
MAN g 0.40 0.45 0.85 0.29 1.16 1.45 1.14 1.92 3.07

38



Table 4.2

CHE
FOD
IAS
MAC
MTR
NFM
NMM
PAP
TEX
WOD
NSI

MAN %
MAN g

CHE
FOD
IAS
MAC
MTR
NFM
NMM
PAP
TEX
WOD
NSI

MAN %
MAN g

continued

Japan 1982-97

STR EFF Total
8.4 11 9.4
-6.1 -7.5 -13.6
-5.5 9.2 3.7
45.2 52.6 97.9
12.4 -3.2 9.2
-0.5 0.6 0.1
-2.7 4.0 1.3
0.3 0.6 0.9
-17.6 6.2 -11.4
-0.6 13.0 2.4

Sweden 1973-97

STR EFF Total
12 10.6 11.9
-2.1 7.1 5.0
-2.4 6.6 4.2
-22.5 80.7 58.2
4.0 1.2 51
-0.1 1.7 1.6
-5.3 3.4 -1.8
3.1 7.1 10.2
-5.0 0.8 -4.1
6.4 -5.1 1.4
11.0 -2.7 8.3

Netherlands 1982-97

STR EFF Total
-3.3 32.9 29.6
-2.8 15.3 12.5
3.5 -3.5 0.0
17.8 10.4 28.3
-3.4 5.7 2.3
-0.2 0.2 0.0
1.2 25 3.7
-3.1 13.8 10.7
-1.5 0.3 -1.2
-0.6 15 0.9
-37.0 50.2 13.2

United Kingdom 1970-97

STR EFF Total
6.2 14.3 20.5
5.4 10.0 15.4

-3.1 3.4 0.3

-2.2 29.0 26.8

-3.3 13.2 9.9
0.0 0.6 0.6

-3.7 5.8 21
2.9 8.6 11.5

-2.7 3.5 0.8
14 10.6 12.1

Norway 1976-97

13.8 55.6 69.4
-126.6 80.6 -46.0
90.6 22.7 113.3
-117.8 39.0 -78.8
63.5 -106.1 -42.6

United States 1970-97

STR EFF Total
8.3 6.6 14.9
2.7 5.0 7.7

-4.4 4.8 0.4

27.0 19.3 46.3

-1.3 7.9 6.6
0.1 0.9 1.0
2.3 -0.7 1.6
3.3 6.2 9.4
0.7 4.3 51
-3.9 10.9 7.0
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From Table 4.2 it can be concluded that, excepEfance, the aggregate Manufacturing
energy-productivity improvements are to a largepitealised within the Machinery sector,
followed by Chemicald®Looking into the sources of structural changesdgiel more diverse
picture. In Belgium, the substantial positive stanal effect on aggregate Manufacturing
energy-productivity growth is mainly caused by #tsif energy share from Machinery, Iron
and Steel, Non-Ferrous Metals and Non-Metallic Matetowards Chemicals, Food, Transport
Equipment and Paper. The small positive strucefifact in Denmark is mainly the result of a
relatively small increasing energy share in Foodl lslachinery and decreasing energy shares in
Textiles, Transport Equipment, Non-Metallic Mineralnd Iron and Steel, while the role of
Non-Ferrous Metals is unclear due to lack of date substantial negative impact of structural
changes on aggregate Manufacturing energy-prodycgixkowth in Finland is to a large extent
caused by a shift in energy share from Machineopd; Transport Equipment and Textiles
towards Paper, Non-Specified Industry, Iron aneiSted Chemicals. In France the positive
structural effect is mainly due to a shift of enespares from Textiles, Iron and Steel and
Transport Equipment towards Machinery, Paper amatiFlim West Germany the positive
structural effect is mainly caused by an increagingrgy share in Machinery and Chemicals at
the cost of a decreasing energy share in Iron &eel, S extiles and Non-Metallic Minerals. The
positive structural effect in Italy has been maidle to a shift of energy shares from Non-
Metallic Minerals and Iron and Steel towards Maeiyn Non-Specified Industry, Food and
Textiles. In Japan the structural changes towatdssenergy-intensive Manufacturing
structure were mainly driven by a shift towards Kkiaery and Transport Equipment, while
energy shares decreased in Textiles, Foods, Irdrsteel and Non-Metallic Minerals. The
negative structural effect in the Netherlands ésrésult of a shift in energy shares from Non-
Specified Industry, Chemicals, Transport Equipnaerd Paper towards Machinery and Iron
and Steel. The major negative structural effeddanway is mainly driven by a shift in energy
shares towards Chemicals and Paper at the costodaking energy shares in Machinery,
Food, Transport Equipment and Non-Metallic Minerdlse negligible impact of structural
changes in the United Kingdom is mainly due toftw that a slight increase in energy shares
in Chemicals, Food and Paper outweigh a slightesse in energy shares in Non-Metallic
Minerals, Transport Equipment and Iron and Steethé USA a shift in energy share from Iron
and Steel towards Machinery and Chemicals has theemain driving force behind the role of

structural changes in improving aggregate ManufaugLenergy-productivity improvement.

8 Note that in France, Norway and in particular in the Netherlands a substantial part of the efficiency improvement is
realised within the sector Non-Specified Industry (NSI). The same holds for structural changes in Italy, Norway and, again
particularly, in the Netherlands. NSI contains rubber (355) and plastic products (not classified elsewhere) (356), furniture
(332) and professional, scientific, measuring and controlling equipment (not classified elsewhere), photographic and optical
goods (385). Furthermore, it contains energy consumption for which no sectoral breakdown can be given. Whereas NSl is
rather unimportant in most countries with an average share of 2% of total energy consumption, in the countries mentioned
before the share of NSI in Manufacturing GDP is on average about 12%. In sum, one should read the results with caution
since an efficiency improvement and a changing energy share in NSl is partly due to developments in the above mentioned
sectors (ISIC 355, 356, 332 and 385) and might be partly due to data inaccuracy.
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These findings confirm that in general a positiffect of total structural change on aggregate
Manufacturing energy-productivity growth is to age extent driven by a shift in energy shares
from low-value added (energy-intensive) sectoraehsas Iron and Steel, Non-Ferrous Metals
and Non-Metallic Minerals — to higher value addedlpftal- and/or technology-intensive)
industries — such as Machinery, Transport Equipmigsttile and Food — while the opposite is
true in case of an overall negative structural@ff®ur results suggest, however, a few
exceptions to this picture. For example, Belgiualises an overall positive effect of structural
changes on aggregate Manufacturing energy-prodtyctixowth in spite of a substantial
decreasing energy share in the high value addediiery sector, while the same applies for
France and Japan with respect to Textiles. More®&gium, West Germany, Japan and the
USA, combine an increasing energy share in theggriatensive Chemical sector with an
overall positive structural effect while the Netlaeds combine a decreasing energy share in
Chemicals with an overall negative structural dffécsimilar story is true for the Paper sector:
Belgium and France combine a substantial increaseérgy share in the energy-intensive
sector Paper with an overall positive structurédetf while the opposite is true for the
Netherlands, which realises an overall negativgctitral effect in spite of a shift away from
Paper. Of course, these counterexamples can baiegglfrom the simple fact that shifts in
energy shares in one sector are sufficiently cosgten by shifts in other sectors. Moreover,
they might be due to data limitations, partly bessain some countries (in particular Italy and
the Netherlands) a significant role is played byhMN8pecified Industry and partly because of
the fact that the 2- and 3-digit sector definititinat were used hide heterogeneity in production
structure at the 4-digit levéy.

Finally, In Table 4.3 we present a similar breakdafthe total structural- and efficiency
effect as in Table 4.2, but now for labour produityi

*° Recall that the Chemicals sector is built up from the energy-intensive sub-sector Industrial Chemicals (ISIC 351) and the
energy-extensive sub-sector Other Chemical Products (ISIC 352). Similarly, the Paper sector is built up from the energy-
intensive Paper and Pulp sector (ISIC 341) and the energy-extensive Printing sector (ISIC 342. Hence, the observed shifts
in energy shares might be characterised as intra-sectoral shifts (see footnote 16). For example, it is known that in the
Netherlands the share of Industrial Chemicals in the Chemical industry has been substantially reduced over time (CPB
2000: 63-68). As noted before, until consistent and internationally comparable energy and economic data become available
for a more detailed breakdown of these sectors, the decomposition results should be interpreted with caution.
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Table 4.3

CHE
FOD
IAS
MAC
MTR
NFM
NMM
PAP
TEX
WOD
NSI

MAN %
MAN g

CHE
FOD
IAS
MAC
MTR
NFM
NMM
PAP
TEX
WOD
NSI

MAN %
MAN g

Percentage contribution of structural effect (STR) and efficiency effect (EFF) by sector to

average annual growth rate (g) of aggregate labour productivity in manufacturing per country

Belgium 1971-97

STR EFF Total
7.8 13.2 20.9
3.0 115 14.5
-3.5 6.3 2.8
-0.2 17.9 17.7
4.0 6.3 10.3
-1.2 4.2 3.0
-1.2 5.5 4.3
14 5.0 6.5
-5.8 9.6 3.7
0.1 0.9 0.9
3.2 12.0 15.3

0.33 3.96 4.29

France 1971-97

STR EFF Total
2.1 13.7 15.8
5.8 9.7 15.5
-1.6 3.5 1.9
2.1 25.3 27.4
0.1 9.0 9.1
-0.3 2.4 21
-1.4 3.8 2.3
3.1 4.2 7.3
-6.8 6.0 -0.9
3.0 16.4 19.4

Denmark 1972-97

STR EFF Total

6.4 14.3 20.7
-5.3 27.9 22.6
-0.7 2.3 1.6
16.3 24.3 40.7
-3.3 -2.6 -5.9
-5.3 1.3 -4.0
-1.6 6.6 5.0
-8.8 6.8 -2.0

11 1.7 2.7

5.8 12.9 18.7

0.10 2.00 2.09

West Germany 1970-90

STR EFF Total
1.8 11.6 134
-1.3 8.7 7.4
-4.2 6.5 2.3
7.9 27.6 35.5
11.7 8.2 19.9
0.9 2.5 3.4
-2.4 5.2 2.8
0.0 4.4 4.4
-8.3 6.9 -1.4
-0.8 1.7 0.9
4.2 7.4 11.6

Finland 1971-97

STR EFF
2.0 41
-0.9 7.9
05 3.9
11.4 35.1
2.2 55
0.3 1.2
-0.7 3.3
2.3 20.0
-4.6 4.2
-1.9 6.6
5.0 1.7
6.6 93.4
0.32 452
ltaly 1970-97
STR EFF
-0.6 9.6
0.1 10.4
-15 3.1
2.7 28.2
-0.9 4.9
-0.7 1.3
-0.6 7.3
0.7 6.6
0.1 15.0
1.2 2.0
1.6 11.8
03 1003
-0.01 3.94

Total

6.1
7.1
4.5
46.5
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Table 4.3 continued

Japan 1982-97 Netherlands 1982-97 Norway 1976-97

STR EFF Total STR EFF Total STR EFF Total
CHE 0.3 8.8 9.2 -1.8 25.9 24.1 0.2 20.9 21.0
FOD 4.5 -7.1 -2.7 -2.0 16.5 14.6 10.9 -3.3 7.6
IAS -2.8 7.7 4.9 -1.5 2.6 1.1 -4.3 6.7 2.4
MAC 4.0 66.7 70.6 2.8 24.7 27.5 10.0 35.5 455
MTR -0.7 10.1 9.4 -1.0 4.4 35 -12.9 8.1 -4.8
NFM -0.2 1.1 0.9 -0.7 1.1 0.5 -0.7 9.4 8.6
NMM -1.6 3.9 2.3 0.2 35 3.6 -2.1 4.2 2.0
PAP 1.2 25 3.6 34 7.5 10.9 10.8 11.0 21.8
TEX -8.3 3.7 -4.6 -1.0 1.4 0.4 -5.8 4.5 -1.2
WOD - - - 0.4 0.7 11 -3.6 6.9 34
NSI 25 3.8 6.4 0.7 12.2 12.8 2.3 -8.6 -6.3
MAN % -1.2 101.2 100.0 -0.5 100.5 100.0 4.7 95.3 100.0
MAN g -0.04 3.94 2.98 -0.01 3.04 3.03 0.08 1.52 1.60

Sweden 1973-97 United Kingdom 1970-97 United States 1970-97

STR EFF Total STR EFF Total STR EFF Total
CHE 4.6 6.0 10.6 0.4 18.3 18.7 1.0 15.9 16.8
FOD -0.3 6.8 6.5 1.2 13.9 15.1 -0.4 7.1 6.7
IAS -2.5 6.6 4.0 -3.2 4.1 1.0 -4.5 3.8 -0.7
MAC 4.5 45.4 49.8 2.1 24.8 26.9 0.8 52.2 53.0
MTR 1.2 6.2 7.4 -2.6 13.0 10.3 1.4 4.0 54
NFM -0.4 1.9 1.6 -0.8 1.4 0.7 -0.3 1.0 0.7
NMM -1.3 0.9 -0.4 0.0 24 24 -0.6 1.9 1.2
PAP 0.9 10.6 115 5.2 6.2 114 6.4 2.4 8.8
TEX -4.1 2.2 -1.9 -4.2 6.1 1.9 -3.0 8.0 5.0
WOD -1.9 4.8 2.8 -- -- - - - --
NSI 2.8 53 8.1 5.9 5.9 11.7 5.1 -2.0 3.1
MAN % 34 96.6 100.0 4.0 96.0 100.0 5.8 94.2 100.0
MAN g 0.11 3.08 3.19 0.11 2.70 2.82 0.14 2.25 2.39

Table 4.3 shows that, as for energy productivhg, aggregate Manufacturing labour-
productivity improvements are to a large extenlised within the Machinery sector. Moreover,
the table shows that, although in all countriesehg only a very limited impact of structural
changes on aggregate Manufacturing labour-prodtictivowth, this does not imply that there
were no changes in employment mix. It can be destthe main structural change consisted of
a decreasing employment share of the labour-interssctor Textiles (except for Italy) and an
increasing employment share of the capital/techgintensive sector Machinery (except for
Belgium). Moreover, in most countries this shifaiscompanied by a shift in employment from
Iron and Steel towards Chemicals, Food and Paper.
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4.3

Sectoral biases in productivity growth rates

For aggregate Manufacturing we found in the previsection that although growth rates of
labour productivity are substantially higher thaowgth rates of energy productivity, they
nevertheless complement each other and that teedyards labour productivity growth is
increasing over time. Do these conclusions alsdyapphe individual Manufacturing sectors?
To examine this issue we provide below some engligeidence on the existence and
development of potential sectoral biases towarth&eenergy- or labour productivity for each
Manufacturing sector.

For each Manufacturing sector we calculated aveaageal growth rates of energy- and
labour productivity per country for the period 197897. They are presented in Figure 4.6
together with 2 regression lines through the origstimating the relationship between energy-
and labour-productivity growth rates for, respesijy the periods 1970-1982 and 1982-1897.
This leads to the following three conclusions. frieserall a positive correlation exists between
energy- and labour productivity growth rates, susigg energy- and labour-productivity
growth to be complements. There are, however, ategceptions. In several sectors, most
notable in Transport Equipment, and Paper and Wem¢kral countries combine a positive
labour-productivity growth rate with a negative wth rate in energy productivity. Second, also
at this disaggregated level labour-productivityvgitois in general higher than energy-
productivity growth, suggesting the existence bfas towards labour-augmenting
technological change. Third, over time, this b@asards labour-productivity growth is
decreasing in all Manufacturing sectors excepPfaper: in this sector the regression line for
the period 1982-1997 is steeper than those fopéhied 1970-1982. This result is in contrast
with the increasing bias towards labour-produgtigtowth which we found at the level of
aggregate Manufacturing and, hence, underlinesstbgance of productivity analysis at a
disaggregated level.

% Note that the exact period differs for each country due to data restrictions. We refer to Tables A4 and A5 in Appendix A for
an overview of the periods used per country, the sectoral growth rates per country (the same as in Figure 4.6 but then in
tabular format) as well as the weighted average sectoral growth rates for the sum of the OECD countries included in this
study.
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Figure 4.6 Energy- and labour productivity main sectors. Average annual growth rate
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Conclusions

Technological change plays a crucial role in detioagpeconomic growth and environmental
pressure. Technology-driven productivity growtlaisimportant source of economic growth
and plays an important role in realising this deximg, for example, through increasing energy
productivity. In this paper, we empirically examinghe energy- and labour-productivity
performance in 14 OECD over the last decades. Acjpal aim of this paper was to trace back
macroeconomic productivity developments to develepis at the level of individual sectors, in
order to correct as much as possible for the impbstructural effects on productivity trends.
Our analysis covered the period 1970-1997 andndjsished 13 sectors, including 10
Manufacturing sectors, Services, Transport anddMfrire. The research has been split into
two parts: one focusing on the macroeconomic laudlthe other taking a closer look at the
manufacturing sector.

At the macroeconomic level, we found a diverseypefor trends in energy productivity
with substantial cross-country differences. Itatgldapan show a high energy-productivity
level while Canada, Finland, Norway and Swedenlaysp relatively low level of overall
energy productivity. All other countries form a m&d group. The USA tends to leave the
lagging group over time to catch-up up with the medgroup. At the level of aggregate
Manufacturing two groups of countries can be idatti Denmark, Italy, West-Germany,
France, Japan and the United Kingdom all showatively high energy-productivity level,
while the opposite holds for the USA, Netherlarisigium, Sweden, Australia, Finland,
Canada and Norway. For labour productivity we fotimelwell-known leading position for the
USA, with other OECD countries showing a clear &gy to catch-up at a macroeconomic
level, while the latter is less clear cut at thenafacturing level.

A decomposition analysis revealed that, both abaroeconomic level and at the
manufacturing level, in most countries structutamges explain a substantial part of energy-
productivity growth rates while they explain onlgall part of labour-productivity growth
rates. At the macroeconomic level the dominatingcstiral change consists of a shift in
energy- and employment shares from Manufacturimgtds Services, while at the
manufacturing level the positive structural effests to a large extent driven by a shift of
energy shares from low-value added (energy-intefsgctors (such as Iron and Steel, Non-
Ferrous Metals and Non-Metallic Minerals) to higkialue added (capital- and/or technology-
intensive) industries (such as Machinery, Transpquipment, Textile and Food) — while the
opposite is true in case of an overall negativecstiral effect. Macroeconomic energy-
efficiency improvements are mainly realised witManufacturing, while for Services the
picture is highly diverse with a mix of positivecanegative percentage contributions to
aggregate energy efficiency improvements. In tesfiabour-productivity improvements, the
main macroeconomic efficiency improvements areamdy realised within Manufacturing, but
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also within Services. Within Manufacturing, the Matery sector is the main source for both
energy- and labour productivity improvements. Hinallthough the total structural effect on
aggregate Manufacturing labour-productivity grovglsmall, there have been changes in
employment mix, the main shifts include a decre@asimployment share of the labour-intensive
sector Textiles (except for Italy) and an incregg@mployment share of the capital/technology
intensive sector Machinery (except for Belgium)rtRarmore, in most countries this shift is
accompanied by a shift in employment from Iron &bekl towards Chemicals, Food and Paper.

An exploration of the relationship between eneiayd labour-productivity growth rates
revealed this relationship, with some exceptiondid positive in most sectors, suggesting
energy- and labour-productivity growth to be compdats rather than substitutes. For most
countries, this conclusion holds also for Servimed Transport. This may suggest that
technological change is embodied in new capitatigoshich perform better than older capital
goods in multiple dimensions, including a betterf@@nance in terms of both labour- and
energy productivity. This hypothesis assumes thattedge is more or less a public good as a
result of which the most recent capital goods emistdte-of-the art technology in different
dimensions. If this is true, firms and sectors stirgg in new capital goods in order to expand or
replace existing production facilities or to incsedabour productivity, invest at the same time
in energy-saving technological change. However enpwecise conclusions concerning these
issues require a better insight in the nature dirielogical change through microeconomic
research (see, for example, Newell et al. 1999ichvis beyond the scope of this paper.

Furthermore, we found labour-productivity growtktesain general to be substantially higher
than energy-productivity growth while this bias trds labour-productivity growth increased
in aggregate Manufacturing, Transport and Agriceltand decreased in Services as well as in
most manufacturing sectors. The latter result umder the relevance of productivity analysis at
a disaggregated level.

Finally, we found that at several levels of aggtiacross-country differences in energy-
productivity levels are substantially larger thaoss-country differences in labour-productivity
levels. However, our results suggest that whethesse cross-country productivity differences
tend to be decreasing or increasing over time, mpen the level of aggregation.
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Appendix A

Table A.1 Percentage shares of total Energy Consumption (E), Employment (L) and GDP (Y) by sector in 1990
AUS BEL CAN DNK FIN FRA WGR
E L Y E L Y E L Y E L Y E L Y E L Y E L Y

MAN 40 19 16 50 26 26 42 21 22 27 30 25 61 27 29 38 27 28 46 40 37

SRV 7 63 67 13 56 57 18 60 61 17 45 53 5 42 44 17 50 57 16 42 50
TAS 48 5 6 35 6 8 36 5 5 48 8 9 27 7 7 41 5 5 37 5 4
CST 2 7 7 -- 9 7 1 8 9 2 10 8 1 12 12 1 10 7 - 9 7
AGR 3 6 4 2 3 2 3 5 3 7 8 6 6 12 8 3 8 4 2 4 2

TOT 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

ITA JPN NLD NOR SWE GBR USA

E L Y E L Y E L Y E L Y E L Y E L Y E L Y

MAN 49 27 28 49 26 29 55 22 24 50 21 18 50 31 29 39 26 28 33 20 22

SRV 4 46 55 14 47 50 5 57 59 15 51 54 17 46 51 12 55 54 16 66 66
TAS 43 6 5 31 6 7 30 6 5 31 9 16 31 7 6 a7 7 7 50 4 4
CST - 9 8 2 11 1 1 9 7 2 10 7 - 10 10 1 9 9 - 7 5
AGR 4 12 4 4 10 3 9 6 5 2 9 5 2 6 4 1 3 2 1 3 2

TOT 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Table A.2 Average Annual Growth Rates of Energy Productivity (E) and Labour Productivity (L) in 5 sectors
AUS BEL CAN DNK FIN FRA GBR ITA JPN NLD NOR SWE GBR USA OECD
70-97 71-97 70-97 72-97 71-97 73-97 70-90 70-97 82-97 82-97 76-97 73-97 70-97 70-94

MAN E 041 191 045 274 193 085 145 307 171 187 -008 219 228 3.19 2.25
L 106 429 179 209 484 292 226 393 298 303 160 319 282 239 2.69

74-96 70-96 73-97 70-95 70-96 70-97 70-90 70-97 82-96 86-95 76-95 70-94 70-96 70-96

TAS E 118 -117 060 050 022 016 -033 0.16 -0.06 131 131 209 -015 1.02 0.39
291 1.56 - 184 275 247 213 229 276 314 403 335 256" 1.11 2.03

SRV E -027 0.67 178 -1.050 -2.82°* 052° 243 -253 012 -256 076 218 185 261 1.45
L 064 096 049 163 287 154 216 097 212 018 048 163 022" 052 0.98

AGR E 004 -258 -3.78 218 -116 036 150 -1.75 -342 -094 -407 058 219 268 0.18
L 221 441 121 622 437 534 612 364 280 440 265 356 382 221 3.23

CST E -034 051 - - 117 - -159 -489 -0.37 -0.31 - 441 117 - -0.42
L 153 130 046 -032 223 149 141 0.74 143 0.07 - 270 - -1.25 0.39

*1986-1994 1 1970-1990 ~1972-1995 “1970-1995 °1985-1997. The OECD average is weighted w ith each country’s 1990 GDP share of total GDP per

sector.
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Percentage shares of total Manufacturing Energy Consumption (E), Employment (L) and GDP (Y) by sector, in

Table A.3
1990

AUS

E L Y
CHE 17 4 -
FOD 12 12 -
IAS 12 3 -
MAC 2 19 -
MTR 8 -
NFM 33 2 -
NMM 12 4 -
PAP 7 10 -
TEX 2 8 -
WOD 1 5 -
NSI 0 25 -
MAN 100 100 100

ITA

E L Y
CHE 34 5 7
FOD 5 8 10
IAS 14 2 3
MAC 7 26 27
MTR 1
NFM 2
NMM 18
PAP 5
TEX 5 23 16
WOD 0 3 2
NSI 9 13 13
MAN 100 100 100

BEL

35

27

100

10
14

24
10

100

JPN

31

20

W 0 O w N O

14

100

10

36

W NN B~ PP

22

100

14
15

21
11

BN ~N O W

10

100

11

38
11

P N W B~ DN

13

100

CAN

100

12

20

11

15

16

100

NLD

o]
]

O O Fr W Ul W Kk W o

100

17

31

100

100

15
16

26

11

2
14

100

Sum sectors might differ slightly from 100 due to rounding.

DNK
E L
14 5
27 17
5 1
8 34
2 5
3 0
21 4
7 10
3 7
4 3
4 13
100 100

NOR
E L
27 5
6 18
19 2
3 25
1 8
23 4
4 3
14 16
0 4
3 6
0 10
100 100

21

30

11

12

100

10
16

25

100

FIN
E L
17 5
4 12
11 3
3 26
0 6
2 1
9 5
41 18
1 8
6 8
8 9
100 100
SWE
E L
15 5
4 9
9 3
6 35
2 13
3
5
44 14
1 3
6 6
4 8
100 100

12

27

100

100

FRA
E L
37 7
9 13
14 4
8 29
2 12
4 1
10 3
8 8
3 10
2 2
3 11
100 100

GBR
E L
32 6
10 11
12 3
10 32
3 10
3 1
9 4
5 10
3 10
0 2
12 12
100 100

13

26
11

N O 0 DN

16

100

11
13

26

12

11

11

100

WGR

37
11

~N Rk, NO©O©DNBMD
N O o0 DN

11

100 100

USA

- 27
- 10

- 12
- 10

100 100

10
11

34
12

=~ 00BN

12

100

11
11

27

10

12

15

100
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Table A4 Manufacturing sectors Energy Productivity Average Annual Growth Rates

AUS BEL CAN DNK FIN FRA WGR ITA JPN NLD NOR SWE GBR USA OECD

70-97 71-97 70-97 72-97 71-97 73-97 70-90 70-97 82-97 82-97 76-97 73-97 70-97 70-94

MAN 041 191 045 274 193 085 145 307 171 187 -0.08 219 228 3.19 2.25
CHE - 24 -131 617 102 279 053 6.61 022 404 168 316 3.08 294 2.26
FOD - -0.52 - 144 213 012 056 147 -116 163 065 138 162 1.42 0.64
IAS - 14 -109 648 332 193 232 069 247 -238 097 433 216 4.48 2.67
MAC - 3.09 - 323 562 -1.11 083 305 254 091 333 582 182 1.86 1.80
MTR - -0.80 - -017 404 101 240 -1.37 -053 214 -1.33 0.09 1.9 259 1.35
NFM - 361 -03 - 174 372 158 101 072 022 083 217 117 1.23 1.31
NMM - 109 139 059 305 -037 187 374 183 120 130 238 3.46 -1.05 1.30
PAP - -273 -054 169 117 -1.12 -005 314 016 266 0.14 1.04 208 1.89 1.31
TEX - -2.90 - 306 123 156 -016 192 134 -0.05 106 1.07 0.87 246 1.59
WOD - 0.2 - 014 207 - 154 -1.87 - 169 -1.64 -1.70 - - -0.01

The OECD average is weighted with each country’s 1990 GDP share of total GDP per sector.

Table A5 Manufacturing sectors Labour Productivity Average Annual Growth Rates.

AUS BEL CAN DNK FIN FRA WGR ITA JPN NLD NOR SWE GBR USA OECD
70-97 71-97 70-97 72-97 71-97 73-97 70-90 70-97 82-97 82-97 76-97 73-97 70-97 70-94

MAN

106 429 179 209 484 292 226 393 298 303 160 319 282 239 2.69
CHE - 370 374 361 355 512 306 741 316 519 504 216 4.80 4.40 4.22
FOD - 299 134 321 312 199 163 346 -1.79 281 -031 204 267 1.65 1.25
IAS - 463 156 483 6.77 280 244 244 353 282 4.05 6.22 344 272 3.03
MAC - 374 190 170 647 286 185 434 6.07 281 228 487 261 5.05 4.40
MTR - 270 254 -108 505 223 197 237 319 261 158 153 296 1.00 2.02
NFM - 707 29 428 485 370 326 503 168 286 262 389 366 1.35 2.41
NMM - 410 143 039 402 258 276 415 321 308 177 108 180 171 2.71
PAP - 314 100 109 460 166 220 437 102 207 119 222 171 056 1.27
TEX - 484 273 232 446 247 306 352 238 141 3.02 3.00 247 381 3.28
WOD - 581 198 117 482 410 252 346 031 160 222 260 0.66 0.95 1.53

The OECD average is weighted with each country’s 1990 GDP share of total GDP per sector.
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Appendix B

Essentially, one can use two types of indicatorséasure energy productivity, each measuring
economic activity (output or production) in a difet way. Aneconomic indicatomeasures
economic activity in monetary values, whilplaysical indicatormeasures economic activity in
terms of physical production. The most common ahinonetary value is value added (GBIP)
while physical production is usually expresseceimts of physical volume of production
(weight and number of products). Both types oféatbr have their advantages and
disadvantages (see, for example, Phylipsen ef8l,11998). The main advantage of using a
physical indicator, or so-called Specific Energyn€amption (SEC), is that it measures a direct
relationship between the volume of production amergy consumption (e.g. MJ/tonne). An
economic indicator does not measure such a dieéationship, since it measures not only SEC
but also changes in the mix and characteristigg@ducts and feedstock as well as changes in
market-based product prices. In addition, sincesyuay indicators are necessarily developed at
a lower level of aggregation than economic indicatobecause of the use of physical units of
production — the influence of the structure of afitpn the aggregate energy productivity
performance is by definition of less importancet Blaysical indicators also have their
problems. The three most important disadvantagemberent difficulties of aggregation (how
to add up different levels of energy services iggital terms), lack of useful physical
indicators of economic activity (in particular imet energy-extensive sectors), and limited data
availability. Especially in sectors with a largeiesty of products and a large degree of
processing, using physical indicators requiresgelamount of data.

Although not many systematic comparisons betwegsipal and economic indicators have
been made so far, there is some evidence of sutastdifferences between the two indicators
at the sector level, especially in the short ruarig-and Blok 2000, Freeman et al. 1997,
Worrell et al. 1997). It is to be noted, howevlattin general a value added based energy
intensity seems to follow the SEC better than odmemomic indicators (Worrell et al. 1997).
An important criterion in choosing between the thifferent approaches is the research
guestion at hand. If one is primarily interestedhia relationship between energy consumption
and volume of production at the process level,roag not want to use economic indicators
since they do not always adequately capture phydg@alopments at such a micro level. If one
is primarily interested in the relationship betweswrrgy use and economic growth (measured
in terms of GDP), an economic indicator might bestrguitable to examine energy productivity
developments.

We have chosen in this study to use an economicatat, measuring energy productivity
by gross value added per unit of final energy consiion. The main reason is that lack of

2 Alternative, and less common, value-based measures for economic activity are gross output, value of shipments and
value of production. Apart from the fact that these measures are not reported in the ISDB or STAN databases, value added
is an appropriate measure of economic activity because it measures incremental value added by a sector and thus avoids
double counting of production.

56



physical production data would prevent us from aatithg a systematic cross-country analysis
for a broad range of sectors. Moreover, we adapaeroeconomic view, examining the role of
two production factors in driving aggregate prodlitt developments. In addition, since we
compare trends in energy- and labour productivising gross value added to measure
economic activity establishes a link with the arigtempirical literature focussing on labour-
and total factor productivity developments. Whamisre, our disaggregated level of analysis
includes sufficient sectoral detail to accounttfeg main part of structural changes on aggregate
productivity growth and, hence, provides a reastniidication of energy-efficiency
developments. Furthermore, the latter is alsole@use we perform a long-term analysis,
which is not so much biased by short-run fluctuaion value added figures. Finally, our
analysis does not include developing countriescaamdrally planned economies, limiting
measurement errors for the value added indicatertablack, grey or missing markets.
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Appendix C

This Appendix provides technical details and afldiscussion of alternative decomposition
methods and their relation to one another. Moredherchoice for the decomposition method
used in this paper will be motivated. Index numibecomposition analysis is a methodology to
decompose changes in an aggregate indicator imtoilwations from several specified factors.
In this paper we decompose changes in the aggregatgy- and labour productivity into a
contribution from an ‘efficiency effect’ and a cabution from a ‘structural effect’. The
efficiency effect captures the net effect of chanigesectoral energy- or labour productivity on
the change in aggregate energy- or labour prodtytholding the sector mix constant. The
structural effect captures the net effect of charnigesector mix on the change in aggregate
energy- or labour productivity, holding sectoraéegy- or labour-productivity levels constant.
Therefore, this methodology is sometimes referoegistshift-share analysis.

In the context of decomposing aggregate energydabalr productivity the methodology
is based on the following definitions:

Y. E
ﬁzz;t'it (C.1)
E "Bt B
Y Yit Lit
_t = .7’7’ C2
Lt Z' Lit Lt (€2

with Y, , B, and L, being respectively GDP, final energy consumptiod total

employment of sectar Similar, Y;, E, and L, are respectively aggregate GDP, aggregate
final energy consumption and aggregate total enmpéoyt. So, equation (C.1) says that the
aggregate energy productivity is the sum of eactoss energy productivity levet the first

term at RHS- multiplied by its energy sharethe second term at RHS. Equation (C.2) defines
the same relationship in terms of labour produttivi

For convenience we definig: :E, I :% and Sg; :%, SLi :% , such that (C.1) and

(C.2) can be summarized by

lpt = 1 piSpit Withp=E,L (C.3)

which says that the aggregate productivity indethésproduct of the sum of each sectors’
energy-productivity level multiplied by its factehare. For the actual decomposition of
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aggregate productivityinto an efficiency indek and a structural inde§ several methods and
functional forms can be used, requiring a choic wéspect to four issues (Ang 1995a).

1. Additive or multiplicative technique

An additive technique builds upon the equatitin= Al; + A§ with Al =1+ =1,

Alj =lj1 =lj o andA§ =§ 1 - § o. A multiplicative technique builds upon the eqaati
Al =Al; IAS with Al =11 /lg, Al =11 /lipandAS =§1/S -

2. The decomposition method

To actually calculate the Efficiency Effect and 8teuctural Effect, essentially three methods
exist: (1) the General Parametric Divisia Methogd2)},the General Parametric Divisia Method
2 and (3) the Refined Divisia Method. An importdigtinguishing feature of the RDM is that it
leaves no residual term, i.e. there is no parhefchange in aggregate change left as
unexplained. Below, we present the three methasetiergy-productivity), applying the
additive technique and with 0 as the initial yead @ as the final year of the decomposition
period:

a. General Parametric Divisia Method 1 (PDM 1)

ol A

Y, Yr Yol .[S
o5zl {2 ) (3]

b. General Parametric Divisia Method 2 (PDM 2)

Al =Z{S,o+a(si: ‘S,o)}* ('i,T "i,o)

AS =Z{|i,o+/3(|i,T ~lioh(s7-50)

C. Refined Divisia Method (RDM)

N

lio
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(;TT_;OOJ ST
A —z ’ : *In| =
e =

3. The functional form

For the RDM no additional specification has to kedm The exact form of the decomposition
method in case of PDM1 and PDM2, however, dependh® parameter values chosen. The
choice of the parameter value implies giving weighthe start and end year of the
decomposition period. Three parameter values ast widely used, specifying three
decomposition methods:

a. Laspeyres indexi£p=0), giving all weight to base year 0:

=N Yo Lyl tiT =N Yo e ST
PDM1A|i_Z{Eif;} In('no} PDML1 Al _Z{Ei(,)o} |n(%j
PDMZA'iZZS,O*('i,T‘H,O) PDMZAS:ZH,O*(S,T‘S,O)

b. Marshall-Edgeworth of Divisia-Tornqvisi¥p=0.5), giving equal weight to base 0
and end year:

PDM2 Al; = 2{0-5* (So+srhlir-1i0)

PDM2 A5 = > {05+ (1, o+ 17} (8.7 - 5 0)

C. Paasche index£p=1), giving all weight to end yedr.
Y, | T Y S T
PDM1Al; = ) {—T-t*In -1 | PDM1AS =) {1 t*In| =
I Z{Em} ('i,o] Z{Em So

PDM2 Al; :ZS,T*(ILT "i,o) PDM2AS :ZH,T*(S,T ‘3,0)
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Alternatively, it has been proposed that the patamelue are made ‘endogenous’ by equating
the formula of PDML1 to that of PDM2 for each estietheffect, a method referred to as the
Adaptive Weighting Parametric Divisia Method (AWDM). This ‘smoothing’ process makes
the decomposition results independent of a (somearbitrary) choice for PDM1 or PDM2.

4. A period-wise or a time-series analysis
A time-series approach uses yearly data to defase lyear 0 and end yéawhile a period-
wise approach uses data for the first and theyksst of a specified time period only.

In this study we have chosen for time-series aiglifse additive technique and the Refined
Divisia Method. The latter implies that no additbhoice needs to be made with respect to
the parameter valuesandp. We have chosen to use a time-series approachdeetayields
more insight into energy productivity developmemigr subsequent years - and our database
contains yearly data. Moreover, the decompositesults given by time-series analysis are less
dependent on the decomposition method used, asatethfo period-wise decomposition. We
have chosen to use the additive technique becasisgeninterested in decomposing the
absolute change in energy- and labour productixéiher than a relative change. Finally, we
have chosen to use the RDM because this method, gigatrary to the other methods, perfect
decomposition irrespective of the pattern exhibligdhe data and leaving no residual term.
Moreover, this method has the advantage that iheawlle the value zero in the data set
effectively, while the other methods cannot. FatHar details on decomposition methodology
and a systematic survey in energy studies we tefAng (1995a, 1999) and Ang and Zhang
(2000).
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