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Preface

The main purpose of this report is to document, for the first time, the compilation
of a Norwegian KLEMS Growth and Productivity Accounts database, the richness
of which allows its wide application for many economic studies, including
productivity analysis, both over time and across countries.

The author wants to thank Adne Cappelen, Terje Skjerpen, Arvid Raknerud,
Thomas Von Brasch, Taran Fahn, Brita Bye, Ann Lisbet Brathaug, and Steinar
Todsen in an internal seminar at Statistics Norway for their valuable comments.

Statistisk sentralbyrd, 7 November 2017

Lise Mc Mahon
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Abstract

This paper documents the theoretical methodologies and practical compilation
procedures for constructing the Norwegian KLEMS database 1997-2014. This
database comprises output, intermediate input, labor, capital, and multi-factor and
labor productivity accounts for each disaggregated industry, all being organized
within the modern growth accounting framework.

For each account, some results and analyses are presented with the purpose of
showing the richness of the whole database. The database can be used not only for
productivity analysis, but also for undertaking empirical and theoretical research in
many other areas, such as skill creation, capital development, technological
progress, R&D activities, as well as economic growth more generally.
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1. Introduction

This paper aims to describe the general methodologies and the practical
compilation procedures that have been employed for constructing the Norwegian
KLEMS Growth and Productivity Accounts database. The Norwegian KLEMS
database provides detailed production input measures including various categories
of capital (K), labor (L), energy (E), materials (M) and services (S), as well as the
output measure, at the disaggregated industry level, for the period of 1997-2014.
Based on these measures, useful statistical indicators are further derived as regards
economic growth, productivity, employment creation, capital formation and
technological change in the Norwegian economy.

The variables in the Norwegian KLEMS database are organized by means of the
modern growth accounting methodology, which has a long history dating back to a
seminal article by Jorgenson and Griliches (1967), and was further grounded in
economic theory by Diewert (1976) and Caves et al. (1982). Later, the modern
growth accounting methodology was placed in a more general input-output
framework by Jorgenson et al. (1987), and was applied more recently in Jorgenson
et al. (2005). The framework of the modern growth accounting also becomes an
international standard now (see Schreyer, 2001, 2009).

The major advantage of the modern growth accounting methodology is that it is
well-founded in the neo-classical production theory, and therefore offering a clear
conceptual framework, within which the interactions among different variables in
the growth accounts can be analyzed in an internally consistent way.

In addition, by recognizing that productivity, and therefore one-hour labor services
from various types of labor (such as low- versus high- skilled labor) differ, the
KLEMS database takes account of this heterogeneity of labor force in measuring
contribution of labor to output growth. However, the current productivity statistics
as published at Statistics Norway do not account for such differences and measure
labor input only by the total hours worked, regardless of the labor type.

Moreover, in the Norwegian KLEMS database, the Tornquist index, one of the
superlative indices (see Diewert, 1976), is widely applied for aggregation across
products and industries, which offers the possibility for making less-biased
measurement of the contribution from input factors to output growth. On the
contrary, aggregation to higher levels in the current productivity statistics as
published at Statistics Norway is carried out by merely summing up the Laspeyres
volumes from lower levels.

The Norwegian KLEMS database is meant to be used primarily for analyzing
productivity trend over time in Norway at the detailed disaggregated industry level.
However, since this database is almost fully comparable with the well-known EU
KLEMS database (see O’Mahony and Timmer, 2009; Timmer, et al. 2010), it can
be well utilized for comparative analyses with other EU member countries, and
even with non-EU countries by making use of the WORLD KLEMS Initiative!.

Besides productivity analysis, the Norwegian KLEMS database can also serve for
undertaking empirical and theoretical research in many other areas, such as in skill
creation, capital development, technological progress and R&D activities, as well
as in economic growth more generally. Arguably, policy interventions that are
drawn upon the research results from these studies should be more fact-based and
thus target-oriented.

' See http://www.worldklems.net/index.htm.

6 Statistics Norway
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Last but not the least, the construction of the Norwegian KLEMS database will also
facilitate the systematic production of high quality statistics in general, and of
national accounts, growth and productivity statistics in particular, by following the
methodologies of national accounts and input-output analysis, which is of more
significance for routine works at Statistics Norway.

The rest of the document is structured as follows. Section 2 describes the coverage
of the current Norwegian KLEMS database in terms of the time span, the detailed
industry classification and the corresponding aggregation levels. Section 3 gives
out the general growth accounting methodology that is the organizing principle
underlying the construction of the whole database.

Then, the compilation of the various component accounts in the database is
discussed, i.e. the output and intermediate input account (Section 4), labor input
account (Section 5) and capital input account (Section 6) are discussed in turn. In
Section 7, decomposition of labor productivity growth into detailed components is
presented. Section 8 describes the methodology for aggregation and for identifying
the industry origin of economic growth in Norwegian economy. In each of the
above-mentioned sections, except for Section 2, a number of analysis results will
be provided as well. Section 9 concludes.

2. Database coverage

The time span for the current, also the first, version of the Norwegian KLEMS
database only covers the period 1997-2014,2 which is determined primarily by the
availability of data, in particular, of the detailed labor inputs data at Statistics
Norway. Before 1997, it is hard to find the data of labor inputs that can be cross-
classified by various types needed for our purpose, although labor inputs (actual
hours worked in total and by gender, labor compensation in total) are available. On
the contrary, all other inputs (such as intermediate inputs and capital inputs) and
output data needed are available back to 1970 in the current annual Norwegian
National Accounts (NNA) database.

In the annual NNA database, the classification of industries is an aggregated
version of NACE rev.23, specifying around 150 industries (see Simpson and
Todsen, 2012), while in the quarterly NNA, these 150 industries are further
aggregated to a total of 79 industries (see Korsnes, 2014). Due to data limitation,
the 79 industries are considered as the lowest disaggregated industry level in the
Norwegian KLEMS database.

In the current version of the Norwegian KLEMS database, the focus has been put
on the market economy, with non-market activities being excluded.* Non-market
activities consist mainly of the central and local government activities, which are
typically non-market services, such as education, health, defense, and public
administration etc.

To mitigate the impact on the analysis of Norwegian economy due to price
volatility of raw oil and natural gas in the international market, three industries, i.e.
the Norwegian offshore industry extracting raw oil and natural gas (KNR2306), the

2 In the current version of the Norwegian KLEMS database, all source data were drawn before July 2017, after when
changes/updates may take place for the databases applied. For instance, annual Norwegian National Accounts
database will be updated in August 2017 for data of the period of 2007-2014.

3 The term NACE is derived from the French Nomenclature statistique des activités économiques dans la
Communauté européenne, which is the Statistical classification of economic activities in the European Community.
NACE rev.2 is a (second) revised classification and was adopted at the end of 2006.

4 This does not mean that non-market activities are not important for productivity analysis; it only reflects data limitation
at the current stage. Non-market activities may be taken into account in the next version of the KLEMS database.
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pipeline transport of raw oil and natural gas (KNR2348), and the maritime
transport (KNR2349), are usually excluded from the total Norwegian economy,
leading to a term of the so-called mainland-Norway economy.

Table 2.1 Industries/Sectors in market economy in mainland Norway (without housing services)

Industries Sectors
Code Description Abbreviation Description

KNR2326 Computer and electronics ICT production (including
KNR2327 Electrical equipment ELECOM Electrical machinery
KNR2353 Post and distribution manufacturing and post and
KNR2361 Telecommunication communication services)
KNR2362 Information services
KNR2310 Food products, beverages and tobacco
KNR2312 Fish farming
KNR2313 Textiles, wearing apparel, leather
KNR2315 Manufacture of wood and wood products
KNR2316 Wood processing
KNR2317 Graphic production . .
KNR2318 | Production of coal and refined petroleum MexElec Manufacturing (excluding
KNR2319 Chemical raw goods Electrical machinery)
KNR2320 Chemical products
KNR2321 Production of pharmaceutical products
KNR2322 Rubber and plastic products
KNR2323 Other chemical and mineral products
KNR2324 Metal raw goods
KNR2325 Metal products
KNR2328 Machinery and equipment
KNR2329 Production of transport equipment
KNR2330 Building of ships
KNR2331 Building of oil platforms and modules
KNR2332 Other industry production
KNR2333 | Repair/installation of machinery/equipment
KNR2301 Agriculture, Hunting
KNR2302 Forestry
KNR2303 Fishing
KNR2304 Aquaculture
KNR2305 Mining and quarrying OtherG Othgr product[op (inchQing
KNR2335 Production of electricity Agriculture, mining, utilities
KNR2336 Transport and sale of electricity and construction)
KNR2337 Other energy, district heating and gas
KNR2341 Building development
KNR2342 Construction
KNR2344 Wholesale/retail trade, repair of motor v.
KNR2346 Passenger transport
KNR2347 Goods transport DISTR Distribution (including Trade
KNR2350 Domestic maritime transport and transportation)
KNR2351 Air transport
KNR2352 Services connected to transport
KNR2307 | Service activities incidental to oil and gas
KNR2358 Publishing business
KNR2364 Financial services
KNR2367 Managing real estate FINBU Finance and business
KNR2370 | Architecture/legal/accounting/consulting services (excluding housing
KNR2372 Research and Development services)
KNR2373 Marketing/veterinary and other services

Leasing, travel and other business
KNR2377 services
KNR2338 Water supply, sewerage, waste
KNR2356 Hotel and restaurant
KNR2385 Education/training PERS Personal services (including
KNR2386 Health services Hotels, restaurants and
KNR2387 Social welfare services community, social and
KNR2390 Cultural/sports/leisure activities personal services)
KNR2394 Membership and other private activities
KNR2397 Paid household works

Source: Statistics Norway and EU KLEMS database (www.euklems.net)

Since residential properties do not contribute in any direct way to production
productivity gains, the industries that provide owner-occupied housing services
(KNR2368), as well as private renting (KNR2369), are also excluded from the
current version of the KLEMS database.

Statistics Norway
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Finally, we end up with a market economy in mainland Norway (without housing
services) as our focus. And the market economy defined as such comprises 57
industries (with codes like KNR23xx). The names and the corresponding codes of
these 57 industries (which are also used in the quarterly NNA) are listed in Table
2.1.

Quite often, aggregating the disaggregated industries to higher level sectors or even
to the total economy is needed. To this end, the 6 sectors that make up the total
market economy in mainland Norway are defined as follows: ICT production (5
industries), Manufacturing (20 industries), Other production (10 industries),
Distribution (6 industries), Finance and business services (8 industries), Personal
services (8 industries).

Roughly speaking, the last three sectors, i.e. Distribution, Finance and business
services, and Personal services, are so-called service sectors. However, there are a
few industries that are usually considered as service industries are nonetheless
allocated in the non-service sectors. For example, the industry of Information
services (KNR2362) is in ICT production sector, and that of Repair/installation of
machinery/equipment (KNR2333) is in Manufacturing sector. With this in mind,
the services sectors include in general around 40% industries in total.

In order to be useful for comparable analysis, the sector classification applied in the
Norwegian KLEMS database is in accordance with that applied in the EU KLEMS
database (see O’Mahony and Timmer, 2009; Timmer, et al. 2010). The detailed
description and the corresponding abbreviations of these sectors are listed in Table
2.1.

3. Multi-factor productivity

3.1. Methodology

This section will introduce the general methodology used to develop the measures
of industry-level multi-factor productivity (MFP) growth, both of gross output-
based and of value added-based. As mentioned, this methodology follows the
modern growth accounting framework as developed by Dale Jorgenson and
associates as outlined in Jorgenson, ef al. (1987, 2005). It is based on production
possibility frontiers where industry gross output is a function of capital, labor,
intermediate inputs and the level of technology, the latter being indexed by time, 7.

Each industry, indexed by j, can produce a set of products and purchases a number
of distinct intermediate inputs, capital service inputs, and labor service inputs. The
production function is given by:

(1) Y = F(X;,K;, L, T),

where Y} is an index of output, X; is an index of intermediate inputs (either
purchased from domestic industries or imported), K; is an index of capital service
flows, and L; is an index of labor service flows. Under the assumptions of constant

returns to scale and competitive markets, the value of output is equal to the value of
all inputs:

@) PIY) = ) + B + BL,
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where PjY, PjX , P]-K , and PjL denote the price (index) of output, intermediate inputs,
capital services and labor services, respectively. For the brevity of notation, the
time subscript in all variables in (1) and (2) is suppressed, and we will do so in all
the following equations whenever possible, so long as there is no

misunderstanding.

Under the standard assumptions of profit maximizing behavior, competitive factor
markets, full input utilization, and using the translog functional form common in
such analyses, the gross output-based MFP (A4Y) growth can be defined as follows:

3) AlnAf = AlnY; — g jAInX; — vk ;AlnK; — 9] ;AlnL;,
i.e. the MFP growth is derived as the real growth of output minus a weighted
growth of different inputs.

In equation (3), Ax = x; — x;_4 denotes the period change of variable x between #-
I and ¢ such that A ln x indicates logarithmic growth rates of variable x, and ¥ is the
two period average share of the corresponding input (indicated by subscript X, K,
and L) in the nominal value of output (indicated by superscript Y). The value share
(v) of each input is defined as follows:

X
oy =B
X,] = pYy.
J P/Y;
K
4) vl = P!
J = pYy.
J P/Y;
L
e _ FjLj
Lj — pYy.o
] Py

and the period average share as

~y _ 1 Y Y
Uxj=3* (Vxje + Vxje-1);

sy _ 1 Y Y
(5) Vkj=3* (VK,j,t + vK,j,t—l)ﬂ

sy _ 1 Y Y
Upj=3* (Wije + 0 je-1)-

Under the assumption of constant returns to scale to all inputs, the value share of
all inputs adds up to unity:

(6) v§,]+v,¥’]+v{,]=1

Equation (6) allows the observed value shares to be used in the estimation of MFP
growth in equation (3). This assumption is common in the growth accounting
literature (see e.g. Schreyer, 2001). Alternatively, one can undertake the growth
accounting without the imposition of constant returns to scale and use cost shares,
rather than revenue shares to weight input growth rates (see, e.g. Basu, Fernald,
and Shapiro 2001).

Rearranging (3) yields the standard growth accounting decomposition of output
growth into the revenue-share weighted growth of inputs and the residual MFP
growth:

Statistics Norway
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(7) AlnY; = Uy ;AInX; + Uk ;AInK; + 7] ;AlnL; + Aln A}

J

Each item of the right-hand side of (7) indicates the proportion of output growth
accounted for (contributed by) growth in intermediate inputs (X), capital services
(K), labor services (L) and the MFP growth (representing technical change). The
latter (MFP growth) cannot be directly measured and is derived as a residual as in

3).
In order to decompose growth at higher levels of aggregation, a more restrictive

industry value-added function should be defined, giving the quantity of industry ;’s
value added (Z;) as a function of only capital (Kj), labor (L;) and technology (T) as:

@®) Zj = Gi(Kj, Lj,T).

The nominal value of value added is:

©) PfZ; = P{K; + Pf'L;,

where PjZ is the price (index) of value added. The crucial assumption made here is
that the gross output production function as shown in (1) is separable between

value-added (generated by using the primary inputs only, i.e. capital and labor),
and intermediate inputs such that (1) can be rewritten as:

(10) Y =F (Xj» Gj(Kj'Lj'T))-

Under the same assumptions as for gross output, industry value added growth can
be decomposed into the contribution of capital, labor and the value added based
MFP (A?%), which is defined as:

(11) AlnA? = AnZ; — v¢ ;AInK; — 7 ;AInL;,

where 17,%’ j»and ﬁLZ_ ; are the period average share of capital and labor in nominal
value added, respectively. The value share of each input is defined as follows:

K.

(12) vE; =L
J o Piz)

L.

Ly ptzy

such that they sum to unity. In order to define the quantity of value added and
remain consistent with the gross output function (1), the quantity of value added
needs to be defined implicitly from a Tornqvist expression for gross output:

(13) AlnZ; == (AInY; — (1 -} ;)AIn X)),
Zj
where 17;_ j is the period average share of value added in gross output. The

corresponding price index of value added (PjZ ) is also defined implicitly to make
the following value identity hold:

(14) PPZ; = BfK; + BfLy = PV — BX,

11
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If the value added quantity and price are defined in this way, the MFP measured for
gross output by (3) (i.e. gross output based MFP), and the MFP as measured for
value added by (11) (i.e. value added based MFP) are proportional to each other
with the ratio of gross output over value added as the factor of proportion (Bruno,
1984):

1
(15) AnAf = S-AIn 4],

Note that the MFP growth measured on a value added function is essentially based
on the assumption that technical change only has an impact on the use of capital
and labor. Put simply, any improvements in the use of intermediate inputs will thus
end up in the measure of value added-based MFP, which is quite a restrict
assumption.

3.2. Some results

For better understanding, it is useful to provide some results generated by applying
the modern growth accounting methodology as discussed above. We pick up one
industry (KNR2310: Manufacturing of food products, beverages and tobacco) as an
example, showing that how the MFP growth of this industry between 1997 and
2014 is calculated by following (3), which derives the MFP growth rate as a
residual.

In Table 3.1, the gross output growth in KNR2310 is decomposed into the growth
of factor inputs and the MFP growth, by means of equation (7). Moreover, Table
3.1 also provides further decomposition (of factor inputs into respective detailed
components) results, i.e. intermediate inputs are decomposed into Energy,
Materials, and Services, labor inputs into Hours worked and Labor composition,
and capital inputs into ICT (Information and Communication Technology), R&D
(Research and Development), and Others (including all other capital assets
excluding ICT and R&D).

The methodology of these further decompositions will be described in the
following sections (Section 4 on intermediated input, Section 5 on labor inputs and
Section 6 on capital inputs).

Table 3.1 Gross output based MFP growth for industry KNR2310 (manufacturing of food
products, beverages and tobacco), 1997-2014

Average share in Volume growth rate Contribution to growth
gross output (%) (%) rate in gross output (%)
Gross output 100.0 1.1 1.1
Intermediate inputs 80.0 0.3 0.2
Energy 0.6 -0.5 0.0
Materials 59.8 0.4 0.2
Services 19.6 -0.7 -0.1
Labor input 15.2 -0.4 -0.1
Hours worked 15.2 -0.3 -0.1
Labor composition 15.2 -0.1 0.0
Capital input 4.8 1.7 0.1
ICT 0.4 6.0 0.0
R&D 0.4 2.9 0.0
Others 3.9 1.0 0.0
MFP (gross output 0.9 0.9
based)

Notes: Contribution of inputs is calculated as the value share of input times the volume growth rate. Shares are
averaged over 1997 and 2014. Volume growth rates are annual compound growth rates over the period 1997-2014.
Numbers may not sum exactly due to rounding.

Source: Calculations are based on the Norwegian KLEMS database, July 2017.

Statistics Norway
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The first column in Table 3.1 gives the average share of each input in gross output.
In the industry KNR2310, intermediate inputs, in particular, Materials play a
dominant role, taking up more than half of the total cost. Labor input is also
important, while the cost share of capital input is relatively low, only accounting
for around 5% of the total cost.

The cost shares are used to weight the volume growth rate of each individual input
given in the second column in Table 3.1. Between 1997 and 2014 production in
this industry has increased by an average annual growth rate of 1.1 percent, but
labor input has declined during the same period. Both the growth rates of Hours
worked and Labor composition are negative, implying that the contracting labor
force was composed of less productive workers by the end of the period in this
industry.

Although intermediate inputs in total has increased, its components of Energy and
Services have decreased, which, however, are counterbalanced by increased use of
Materials, the dominant input in the industry.

Over the period 1997-2014, total capital input including all its detailed components
(i.e. ICT, R&D, and Others) has increased. In particular, the use of ICT capital
increased strongly.

The estimated positive MFP growth indicates that all inputs (intermediate, capital
and labor) were used in a more efficient way in the production process in this
industry over the observed period. As mentioned, the average annual growth rate of
0.9 percent is calculated as the growth of output minus the weighted growth of
inputs (see equation (3)).

The rightmost column in Table 3.1 provides the contribution of each input and
MFP to the growth in output, which is the product of the corresponding component
in the first and second columns. In general, the increase in output is mainly due to
the more efficient use of inputs, represented by the positive MFP growth. The
contribution of labor input is roughly counterweighed by that of capital input over
the observed period 1997-2014.

Table 3.2 Value added based MFP growth for industry KNR2310 (manufacturing of food
products, beverages and tobacco), 1997-2014

Average share in Volume growth rate Contribution to growth
gross output (%) (%) rate in value added (%)
Valued added 100.0 4.4 4.4
Labor input 76.5 -0.4 -0.3
Hours worked 76.5 -0.3 -0.3
Labor composition 76.5 -0.1 -0.1
Capital input 23.5 1.7 0.4
ICT 2.1 6.0 0.1
R&D 2.1 2.9 0.1
Others 19.3 1.0 0.2
MFP (value added 43 4.3
based)

Notes and Source: See Table 3.1.

Using the same industry (KNR2310), Table 3.2 provides a decomposition of
growth in value added, and the corresponding value added based MFP growth by
means of equation (11). Value added is dominated by labor input, accounting for
almost 80 percent of total value added. The volume growth rate of value added is
derived on the basis of growth in intermediated inputs and output, as represented
by equation (13).

Similar with Table 3.1, Table 3.2 shows that growth in labor input is negative,
while that in capital input is positive, and their contributions to the overall growth

13
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of value added are almost offset with each other, leading to the estimated growth
rate of MFP almost equal to that of the total value added.

Figure 3.1  Growth rates of MFP (gross output based) by industry, market economy in
mainland Norway, 1997-2014

KNR2361
KNR2303
KNR2301
KNR2320
KNR2321
KNR2364
KNR2313
KNR2331
KNR2347
KNR2329
KNR2316
KNR2304
KNR2335
KNR2312
KNR2344
KNR2327
KNR2362
KNR2326
KNR2350
KNR2310
KNR2328
KNR2305
KNR2323
KNR2337
KNR2324
KNR2356
KNR2330
KNR2353
KNR2358
KNR2325
KNR2352
KNR2315
KNR2394
KNR2322
KNR2336
KNR2332
KNR2319
KNR2333
KNR2346
KNR2373
KNR2318
KNR2397
KNR2370
KNR2342
KNR2377
KNR2302
KNR2351
KNR2367
KNR2341
KNR2338
KNR2390
KNR2317
KNR2372
KNR2387
KNR2307
KNR2385
KNR2386

30 -20 -10 00 1,0 2,0 3,0 4,0 5,0

Notes: Annual compound growth rates.
Source: Calculations are based on the Norwegian KLEMS database, July 2017.
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Note that the calculation of value added based MFP growth follows (11), which
relies on the assumption that all technical change only takes place in the use of

labor and capital, and not in the use of all inputs as is the case for gross output
based MFP calculation.

As reflected by (15), due to the low share of value added in output (roughly 20
percent), value added based MFP growth is much higher than gross output based
MFP growth, i.e. 4.3 versus 0.9 percent, as shown in Table 3.1 and Table 3.2.

In Figure 3.1, we provide a ranking of technical change in the 57 industries in the
market economy in mainland Norway, measured by growth in gross output based
MEFP over the period 1997-2014. It shows that 41 out of 57 industries have positive
MFP growth rates, and 29 industries with positive MFP growth rates belong to
Manufacturing/Other goods production sectors, and the rest 12 are from service
sectors.

As shown in Figure 3.1, MFP growth rates are highest in industries such as
KNR2361 (Telecommunication), KNR2303 (Fishing), KNR2301 (Agriculture,
Hunting), KNR2320 (Chemical products), KNR2321 (Production of
pharmaceutical products), KNR2364 (Financial services), and KNR2313 (Textiles,
wearing apparel, leather), with annual average growth rates all being larger than 2
percent. Among these industries, only one (KNR2364) is service industry.

Also shown in Figure 3.1, one industry (KNR2397: Paid household works) has
zero MFP growth rate by construction.s In total, there are 15 industries having
negative MFP growth rates, among which, 4 industries belong to either Other
goods production sector (i.e. KNR2342: Construction; KNR2302: Forestry; and
KNR2341: Building development) or Manufacturing sector (KNR2317: Graphic
production), and the rest 11 industries are from service sectors.

For instance, the 5 industries with lowest (negative) growth rates (at the bottom of
Figure 3.1) are all service industries, i.e. KNR2386 (Health services), KNR2385
(Education/training), KNR2307 (Service activities incidental to oil and gas),
KNR2387 (Social welfare services), and KNR2372 (Research and Development).

That negative MFP growth rates are frequently found in service sectors may reflect
the inherent limitation to innovation in these service sectors, as suggested by
Baumol’s cost-disease hypothesis (Baumol, 1967), but it may also be due to
measurement problems that are notoriously associated with the measurement of
services output (e.g. Griliches, 1992; Sichel, 1997; Triplett and Bosworth, 2004).

5 For KNR2397 (Paid household works), it is assumed that labor is the only input and equals the output from this
industry, thus leading to the productivity growth in this industry being zero.
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4. Output and intermediate input

4.1. Methodology

In order to make a coherent set of industry-level productivity estimates which
cover the aggregate economy, one needs a consistent set of inter-industry
transaction accounts. This methodology was introduced by Jorgenson, et al. (1987).

We define the quantity of output in industry j as an aggregate of a number of
distinct outputs (indexed by 7). Using the Tornqvist index as before yields:

(16) AlnY; =¥, 7} ;AlnY,

i,j»

where 171-}” j 1s the period average share of product  in the total nominal value of
output, and Y; ; is the volume of product i produced by industry ;.

The value share of the product i is defined as follows:

Y Y

y _ PiYij _ PiiYij

(17) Vi = oYy T e
S BYy NiPYig

where Pl-’_’j is the price received by industry j for selling product i.

Note that the weight applied to each product i produced by industry j should be
seen from the producer’s perspective, i.e. it should reflect marginal revenue
products. This means that the value share as shown in (17) should be evaluated
from the producer’s point of view and thus excludes all taxes from the value of
output, but includes product subsidies. This is the basic prices concept as defined
and recommended in the System of National Accounts (e.g. United Nations, 2009;
Eurostat, 2013).

The aggregate intermediate input quantity index for industry j, X; as shown in (1),
is defined analogously as a Tornqvist volume index of various individual
intermediate inputs (indexed by x):

(18) Aln X; =Zx17,)f’jAlnXx,j,
where the weights are given by the period average shares of each individual input x
in the value of total intermediate input compensation, such that the sum of shares

over all individual intermediate input is unity. The term Aln X, ; indicates the
volume growth of intermediate input x used by industry j over the period.

The value share of each individual input x used by industry j is defined as:

X X
X Px,ij.j Px,ij,j

(19) Uyj = 5xy. — X >

+J PiX; Y Py X,

where P,f j 1s the price paid by industry j for using intermediate product x.

Different from output evaluation, the inputs used by industry j should be valued at
purchasers’ prices and should reflect the marginal cost paid by the user. Therefore,
the prices as shown in (19) should include taxes, and exclude subsidies, on
products paid by the user (non-deductible VAT included). Margins on trade and
transport should also be included.
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For many applications it is useful to group intermediate inputs into different broad
groups. For example, total intermediate inputs can be classified into three
subgroups, energy (E), materials (M) and services (S), such that

(20) AlnX; = 7 ;AInXF + Uy ;Aln XM + 58 AIn X7

This breakdown of intermediate inputs can be used for extending the growth
accounting exercises, but also convey interesting information as regards changing
patterns in intermediate consumption (see e.g. Jorgenson et al., 2005).

In (20) ﬁg_ j is the period average share of energy products (E) in total intermediate
input costs in industry j, and 171\),?_ Iz ﬁéf ; are similarly defined for materials (M) and

services (S), respectively. The input volume growth of E, M and S is defined in
terms of their respective components as:

AlnX]E =Y ek ﬁf_jAlnXx,j,
(21 AlnX]M = erMﬁ,’f_’jAlnXx,j,
AlanS = ersﬁ)f’jAlnXx,j,

with weights 175, ; being the period average share of energy product x in total energy
costs (E) in industry j, summing to unity over all energy input products. Weights
for materials (M) (17,’:_']-) and services (S) (ﬁ,f, ;) are defined analogously.

4.2. Compilation

In the Norwegian National Accounts (NNA) compilation system, around 950
products are defined according to the European Union’s main product standard
CPA (Classification of Products by Activities), either with a link to the CPA-codes
or as aggregates of the CPA-codes. As an integral part of the NNA system, the
time-series of Norwegian Supply and USE Tables (SUTs) in both current and
constant prices provide a consistent set of inter-industry transaction accounts for
our purpose (Simpson and Todsen, 2012).

In addition, detailed valuation classes employed by the Norwegian SUTs include
information for each product on product’s basic value (code 10), taxes on products
(code 11), subsidies on products (code 12), retail and wholesale trade and transport
margins in basic value (code 14), taxes on product related to trade margins (paid by
the traders) (code 15), subsidies on product related to trade margins (paid to the
traders) (code 16), non-deductible value added tax (code 17), investment levy or
sales tax (if relevant) (code 18), and product’s purchaser’s value (code 19).

The last valuation class (code 19) for a product is equivalent to the product’s
purchaser’s price which reflects the marginal cost paid by the user (see e.g. United
Nations, 2008; Eurostat, 2013). It is calculated as the sum of all the other value
classes as mentioned above, i.e. 19 value = 10 value + 11 value + 12 value + 14
value + 15 value + 16 value + 17 value + 18 value.c Clearly, information drawn
from the Norwegian SUTs allows the calculation of the output from industry in
basic prices and the inputs used by industry in purchaser’s prices.

As mentioned before, the 57 industries we choose as the lowest disaggregated
industry level in the Norwegian KLEMS database are simply aggregated from

8 Note that subsidies (i.e. 12 value, and 16 value) enter the summation with negative sign.
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about 150 industries in the Norwegian SUTs. Ideally, for each of the 57 industries,
decomposing gross output should be carried out on a sectoral output measure
which excludes intra-sectoral deliveries of intermediate inputs (see Gollop, 1979).7
Due to data limitation, however, the exclusion work has not been done for the
current version of the Norwegian KLEMS database.

In the Norwegian KLEMS database, total intermediate inputs are also grouped into
three broad groups: Energy (E), Materials (M) and Services (S). Energy inputs are
defined as all energy mining products (code 050000 to code 060058), oil refining
products (code 191000 to code 192420) and electricity and gas products (code
351107 to code 353000).

All services (products from code 33xxxx and above) are included in S, as well as
some of the (technically) aggregated products (code 000016, code 000026 to code
000050, code 000150 to code 000379).¢ As a result, all the remaining products are
classified as materials (M).

Strictly speaking, trade and transport margins (14 value + 15 value + 16 value)
which are included in product’s purchasers’ prices (19 value) are one type of
services product, i.e. trade and transportation product. If trade and transportation
product is treated as a separate product, the trade and transportation margins on all
other products should be reallocated to this product. Notice that the reallocation
will only affect the relative contributions of E, M and S to gross output growth, but
not the other growth accounting variables.

Formally, the following approach is taken in the Norwegian KLEMS database. We
make a distinction between the intermediate products as delivered by the producing
industry to the use industry, valued at purchasers’ prices minus trade and
transportation margins (i.e. 19 value — 14 value — 15 value — 16 value = 10 value +
11 value + 12 value + 17 value + 18 value), and the trade and transportation
services, valued at the margins (i.e. 14 value + 15 value + 16 value). This approach
is the same as taken in Jorgenson, et al. (1987, 2005).

There are a few exceptions. For four industries (KNR2328, KNR2330, KNR2331
and KNR2333), and over a number of years (from 2002 to 2014), because trade
and transportation margins cannot be separated, we still use purchase prices
including trade and transportation margins as the prices of the products used by
these industries for the specified years.

4.3. Some results

In Figure 4.1 we have ranked the 57 industries in the market economy in mainland
Norway on the basis of growth of gross output volumes over the period 1997-2014.

Among the 57 industries, there are 10 industries that have negative gross output
growth rates. Ranked from the lowest growth rates up, they are KNR2316 (Wood
processing), KNR2317 (Graphic production), KNR2397 (Paid household works),
KNR2332 (Other industry production), KNR2331 (Building of oil platforms and
modules), KNR2353 (Post and distribution), KNR2313 (Textiles, wearing apparel,
leather), KNR2336 (Transp