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Abstract

Decomposition of C@data of the Netherlands shows that much prograsd&en made with
reduction of C@emissions by changing to less £6tensive technologies. Demand also
shifted to more products that are produced with &8, emission. Further, shifts in the inputs
needed in the production process also managectteake the CLOemissions. These effects,
however, were more than compensated by increasge@@sion due to economic growth.
Especially growth in exports led to substantial @G, emissions. Consequently, emissions of
CO, remain a persistent environmental problem in gpiitarge improvements in the field of
energy efficiency and carbon content of energy Bséicy measures affecting marginal costs of
‘dirty’ products, like an international system ehissions trading, could affect the demand for
these products, and hence decrease emissiongeffjciA different policy may affect the

Dutch competitive position, since the emission 5@ closely related to exports. In any way,
action needs to be taken since the analysis sugtiedtotherwise the aims of the Kyoto-

protocol may not be reached.

Keywords: input-output analysis, decomposition gsial indirect effects, COemission,

climate policy
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Introduction

In 1997 many countries, including the European dnsigned the Kyoto treaty. According to
the agreement made within the European Union, tfisstons of greenhouse gases in the
Netherlands in the years 2008-2012 should be oragee% below the level of 1990.
However, the emissions of GQwhich is the main greenhouse gas, still shownareasing
pattern. Part of this increase will be compenshied decline in the emissions of other gases.
Projects abroad by means of the Kyoto mechanisims liaplementation (JI) and Clean
Development Mechanism (CDM) will also contributethe realisation of the Dutch climate
goal. The effectiveness of these projects is howdwabtful. In addition, the Dutch
government decided to realise at least 50 perdehteaeductions domestically. As a
consequence, the inland emissions of, @nain important for the achievement of the Dutch
Kyoto obligation.

Adequate information regarding the sources of tle@sissions will contribute to the
effectiveness of policies to reduce them. Whicharsalo emit large volumes of carbon
dioxide? Which sectors are responsible for thesesoms? What is the contribution of factors
like carbon intensity and growth of output to timeigsions of a particular sector? This paper

addresses these questions.

The first question is easier to answer than thestipre as to who is responsible for the emission.
For example, if the electricity sector produces,@order to satisfy the demand for electricity
of another sector, both sectors are at least pareresponsible for the emission. Likewise, both
sectors are able to decrease the amount gfe@ttted in this case. Electricity companies can
switch to new technologies or less gtensive inputs to generate electricity, whileadticity
consuming firms can adopt technologies which deserélae use of power.

This paper contributes to the existing analysat®Emission of CoOby analysing which
sectors are responsible (directly and indirectty)the emission and by quantifying the
magnitude of the theoretical factors expected flaémce the emission. These factors generally
include a scale effect, a technological effect andomposition effect. In order to find out who
and what causes G@mission, this paper uses two methodologies, based on input-output
analysis. First, the direct and indirect emissiohsach sector are analysed in order to answer
the question who emits the g@nd for whom this COwas emitted. Afterwards, we analyse
which factors contributed in which sectors to chemin the emission of GOIn this respect,

we distinguish the following factors: level of esisns per unit of output (called ‘emission
coefficient’, this is the intensity effect), mix ofputs in the production process (together with
the intensity effect this is the technological effecomposition of final demand (the



composition effect), and the level of final demdtiee scale effect). This analysis is called
decomposition analysis.

We focus our analysis on the emissions of, @ad ignore the other greenhouse gasses, because
the former is the most important greenhouse gawisigoan increasing pattern while the level

of the other gases is declining. Another demaropaticthe research is that we ignored

emissions of consumers due to the fact that therdposition method enables only analysis of
producers.

The structure of the paper is as follows. Sectige&cribes the goals set in the Kyoto protocol
for the Netherlands. Then, Section 3 describesnidnod used to compute the effects of
several factors on the emission of £@nd Section 4 describes the data used in thgsanal
The results of the analyses are discussed in ®€gtiSection 6 concludes and compares the
outcomes with the goals and the instruments otliheate change policy.



The Kyoto protocol

In 1997, the European Union (EU) became a parthie¢d<yoto protocol. The EU committed
itself to reduce its emissions of greenhouse gagem average 8 percent in the years 2008-
2012 compared to the level of 1990. The membeestaitthe EU allocated this common
obligation to the separate countries. For the Nkthds, the outcome of this allocation was that
the average emission of greenhouse gasses inahe 3@08-2012 has to be at least 6% lower
than the emission in 1990, which comes down toraisgon of 199 Mtonnes (millions of
kilograms) CQ equivalents. Since the expected emission in 20239 Mtonnes CO
equivalents, the emission has to be reduced byt#dmés. The EU countries agreed that the
reduction achieved abroad may be at most 50% peoféne total reduction. Further, about
30% of the reduction will be achieved by reducing €émission of non-CQyreenhouse gasses.
All'in all, this means that the domestic reductidremission of C@gas in the Netherlands has
to be at least 8 Mtonnes compared to the basedieearic- Domestic emissions of GQre
however allowed to rise in comparison to the 199@l. Since the emission of G 1990

was 212 Mtonnes whereas the average emission yetrs 2008-2012 may not be higher than
231 Mtonnes, an increase of on average almost 1 ko year is the maximum increase

allowed.

Between 1995 and 2000, the emission of greenhaasseg has increased. Since the emission in
1995 was already higher than the emission in 1§8@ls set by the government to reach the
1990 level in the year 2000 were not met. Furtheemmost progress was made by the
reduction of the emission of non-g@eenhouse gasses whereas the emission pinc@ased
substantially. These developments raise doubt aheytossibilities to reach the targets in the
Kyoto protocol. In order to see whether they cédhist reached and where policy may have the
most effect, this paper analyses which factorsexditise emission of CQo increase and which
factors decreased the @@nission. Answering this question gives insightthmeffects of

policy measures and may help to develop new padiagach the Kyoto goals.

* Since 50% of the emission reduction can be reached with projects abroad and 30% by decreasing the emission of non-
CO2 gasses, only 20% of the reduction has to take place by actually reducing the emission of CO2. The total emission
reduction was estimated to be 40 Mtonnes, hence 20% of this figure amounts to an actual reduction of 8 Mtonnes. The
figures in this section are obtained from Ministry of Housing, Spatial Planning and Environment (2002).
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Decomposition methods

The questions put in the section above will be amed by a decomposition analysis, which
shows how much changes in certain factors cong&ibtd changes in a specific variable.
Decomposition analyses are widely used in enengyiess; Ang (1995) provides an extensive
literature review. Hoekstra and Van den Bergh (2@0@8nmarise fundamental differences
between different decomposition methods. The muopbrtant difference shows the existence
of two different types of methods: Index DecompositAnalysis (IDA) and Structural
Decomposition Analysis (SDA). The main differeneveen these two methods is the model
used: SDA uses a full input-output table, wher& lises indexes, generally computed at a
sectoral level. Due to the data it uses, SDA is &blinclude technological effects and indirect
effects. However, since the data are more diffitutibtain, IDA is more easy to apply and
better capable of using more refined methods ane metailed data.

Generally, decomposition analyses use sectoraldete to explain which factors contributed
how much to the total change in a certain variabte.example, increases in the emission of
CGO, can be attributed to increased energy levelseas®d emission per unit of energy
generated and changes in the composition of theéugesl goods in a country. Some studies,
however, use the methodology in a different apgro&cin (1999) does not use sectoral data,
but uses country data. Hence, he cannot computepthposition effect of the goods produced
in the countries, but since he includes many caéemtris analysis includes a large part of
world-wide emissions and he can analyse the coesegs of shifts in the production of certain
goods between countries. To reduce the level of @filssions, a country can simply start
importing goods that cause a lot of the emissigitough this reduces the emissions of a
country, the world as a whole will not be better dihalyses that focus on one country may
suffer from this drawback; an intercountry studyttesone of Sun (1999) does not have this

disadvantage and even enables the analysis obttseguences of such shifts.

Another way to include intercountry effects is lmpstituting the time-dimension for a region-
dimension. Schipper, Murtishaw, and Unander (2Q3%)sectoral data of different countries.
This analysis shows how differences in countriesl @ different levels of emissions, which
may open the possibility to get the best of allld®and reduce the levels in all countries by
adapting the factors (such as technologies) wieal to lowest emissions. Luukkanen and
Kaivo-oja (2002) include all dimensions: they asalyhanges over time in sectoral data of
several countries. Since the decomposition methoat suited to include three dimensions,
they can only compare the outcomes of each cowithput analysing the reasons for the

differences between countries.
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An important difference, also recognised by Hoekaimd Van den Bergh (2003), between
decomposition methods is whether or not they anepbete. An incomplete method does not
assign the entire change in a variable to the fadételuded in the analysis. The result is a
residual which sometimes is substantial. For mathouds, a revised version can be derived
which attributes the residual to the other factrd turns an incomplete method into a
complete method (see, e.g., Ang and Choi, 1997@ngfand Ang (2001) apply several
(complete and incomplete) decomposition methodedsame data. They choose an
intercountry approach instead of a, more usuayt@imporal approach, which generally
worsens the problem of the residual since interggudata have greater variation than
intertemporal data. Indeed, they find that for acific incomplete method “the results (...)
contain residuals that are so large that this @ffely makes the method unsuitable for cross-
country / region decomposition analysis” (Zhang ang, 2001, p. 185). Although the
residuals of an other incomplete method are muclemthey remain considerable. The
comparison of different methods shows that thegt teadifferent outcomes. However, the
methods do find the same order of importance ofitfierent factors and they generally
(although not always) agree on the signs of thtofa.

There has been some debate in decomposition asabfezring to the emission of G@s to
whether the actual emission of €@ energy intensity should be the variable that is
decomposed (Ang, 1999). Both variables are impoftarunderstanding the developments in
the emission of C® New technologies may change the energy inteisipyoduction process

as well as the Cgntensity of energy, although the former may bearlikely than the latter.
Since our focus will be on technological changes whether or not these changes happen fast
enough to reach the Kyoto goals, we choose a sgegtaiin that will fit our need best. The

Kyoto goals are stated in terms of C&nission. Therefore, we choose a method thatthses
emission of C@as the prime variable, and we include the effetthanges in energy intensity
in one of the explanatory factors.

This brings us to the question of which factorsweaat to include in the analysis and what
specification we choose. Clearly, the nature ofptablem we want to analyse is intertemporal:
it tries to explain which factors and sectors dboted to changes in the emission over time for
one country (The Netherlands). As mentioned abaeeywant to explicitly include the effects

of technological changes. Further, we want to idelthe effects of economic growth, since
most analyses show that this factor is respon$illmost of the changes in G@mission (see,
e.g., Sun, 1999, Schipper, Murtishaw, and Unar#1, Albrecht, J., D. Francois, and K.
Schoors, 2002). Many theoretical analyses alsindisish these two effects, together with a
third effect, the composition effect. For exam@@epeland and Taylor (2001) use a scale effect,
a composition effect and a technique effect in @xphg the growth of pollution. They define
the scale effect as the factor that “measuresitrease in pollution that would be generated if
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the economy were simply scaled up, holding congtenimix of goods produced and

production techniques” (p. 38), and the compositifiact as “the change in the share of the
dirty good in national income” (p. 38). The techreéceffect measures the effect of changes in
the intensity coefficients, since “(h)olding alkelconstant, a reduction in the emission intensity
will reduce pollution”. These three effects cangoantified empirically by applying an SDA.

We are aware, however, that the exact specificatidghe SDA influences the results. In order
to neutralise this effect, we choose a completédatkethat leads to results which are most likely
to be close to the average of several differenbaposition methods (Dietzenbacher and Los,
1998).

The general form of an SDA is described by, amahegrs, Skolka (1989). The principle can
best be described by a relation with two factous,itiis easily extended to more factors.
Suppose that a variable x depends on two varidbegl f in a multiplicative relation:

x = Lf (3.1)

Changes in variable x can now be expressed asvi&illo

AX = Xa1 =Xt = Laafrag —Lify S ALF +L g Af 3.2)

Which shows how much changes in variables L and f comébio changes in variable x. This
relation, however, is not unique, since it can also be wrate

AX =Xy4q =Xt = Ligqfrag —Life =ALF g + L Af (3.3)
or as
AX = X149 =Xt = Ligafaq —Lif¢ =ALf g + L Af —ALAS (3.4)
or as
AX =Xy4q =Xt = Lqfreq —Lify =ALF + L Af + ALAF (3.5)

The last factor in the last two equations is interpreted astaraction effect. The main
differences between the decomposition equations are the wefighésfactors and the
interaction effect. The first two equation show inconsisteights, since one factor is
weighted with yeat+1 and the other factor with yearThe last two methods have consistent
weights, but they also have interaction effects. If the numbfactors increases, the number of
possible decomposition methods increases even further.ugjlthbheoretically none of the
methods is preferred to the other methods, the outcomeslifferysubstantially. To solve this
problem, usually an average of several methods is used. Diattear and Los (1998) try
several methods and averages of these methods. They fithetlzaterage of two special cases,

13



the so-called polar decomposition methods, are close to thelaestdts. Since this method
keeps the number of necessary computations within reasonalttedirdiis likely to lead to
meaningful results, this paper will also use the averagesqidgtar decomposition methods.

A polar decomposition method is an equation in which alghts on the right hand side of
each factor are from the same year, and all weights on the teftside of each factor are from
the other year. In the example with only two factors aboesfiitst two possibilities are the

polar decomposition methods.

The analysis of the Cmission in this paper is based on SDA, which uses-mpput tables
to separate the effects of economic growth from technologieaitefon changes in GO
emission. Both factors are relevant for climate change p@mynomic growth is often named
as the most important reason why the emission of gresatgasses keeps increasing, and
technological changes are often suggested for decreasing thlsoes{seee.g., Ministry of
Housing, Spatial Planning and Environment, 2002). Theeethe derivation of the
decomposition equation starts with the input-output maddput output analysis establishes a
direct relation between total output and final dendand

X = Lf, (3.6)
in which

X = a vector with total output per sector,

L = the Leontief inverse matrix,

f = a vector with total final demand per sector.

The Leontief inverse is calculated as
L=(1-A)" 3.7)

in which

I = an identity matrix

A = the matrix with inputcoefficients: each elemeptianotes total intermediate
deliveries from sectdrto sectoj divided by total output of sectprand can be interpreted as
the amount of produdtneeded to produce one unit of the product of sé¢ctor

The columns with input coefficient are often interpreted asetienology to produce the
product of the sector belonging to the column. Hence, changleis imatrix can be interpreted

2Fora description of input-output analysis, the reader is referred to Miller and Blair (1985).
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as technological changes. They may, however, also denotelmirigpor substitution of
domestic production for imports.

The vector with total final demand, f, is often writtereamatrix, F, with final demand split up
in certain categories, usually private consumption, goverhomsumption, investments, and
exports. The row totals of this matrix correspond to #etor with total final demand. There is
another way to obtain the vector with total final demandfthe matrix with final demand per
category. First, divide the elements of F by their coluneigo

B=Fy! (3.8)

where a » above a variable indicates a matrix with the elemetfts véctor on its main
diagonal and zeroes everywhere else, and

B = matrix with final demand coefficients,

y = vector with total final demand per category.

Then

f= By (3.9

With the use of this relation, total output can be computed as

X = LBy (3.10)
The relation between G@nd input-output analysis can be achieved by expressrentission
of CO, per unit of total output:

c'=co,'x} (3.11)
in which a " indicates a row vector instead of a column veatut,

CO, = vector with emission of C(per sector,

c = vector with emission of GQper sector divided by total output of that sector.

Total emission of C§) co,, can be obtained by summing over all sectors, or as

co, =C'X =C'LBy (3.12)
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With the last equation, changes in the total emissic@®fcan be attributed to changes in the
factors c, L, B and y. Although changes in the input ¢ciefit matrix can be interpreted as
technological changes, changes in the Leontief inverse are iffangtdo interpret. Therefore,
the Leontief inverses of periotiandt+1 are rewritten according to the following equations:

Lisg =L (I =A Ly =L (1-A )L (3.13)
and
Le =Len(l Al =L - Al (3.14)

With these equation, the first polar decomposition expreksa®lation as

Acoy =ACL Byt +Cta1'Li+a AA LBty +Crag'L 14 AB Yt +Crag'L141Braly (3.15)
and the second polar decomposition becomes

Acoy; =ACLBtyt +Criq Lt+g AA LBty +Criq' L1 AB Yt +Crig' L141BrAy (3.16)

The average of these two methods yields the final equatitre @ecomposition method that
will be used in the analysis:

Aco,

= %AC(LI+1Bt+1Yt+1 +LByyy)
+2(craal 11 AA LBy +CLy AAL1Brayia) (3.17)
+%(Ct+lL t+1 AFBy +CiLy AFBy)
+%(Ct+1|—t+1Bt+1 +cL(B¢)Ay

This equation expresses the change in the emission pd€the result of four factors,
respectively:

- changes in C@intensity (emission coefficients)

- changes in input coefficients

- changes in the composition of final demand

- changes in the level of final demand (economic growth)

The first factor denotes the effects of technological changg¢sltianged the emission of €O
per unit of output. The second factor denotes the effecezbhblogical changes that change
the products needed as inputs in the production process déin cexctor. It reflects how much
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the emission of C@decreased due to a shift from Q@tensive inputs to COextensive inputs.
However, this factor also reflects changes based on outsguned import substitution. The
third factor denotes the effects on the emission of @@ to changes in the composition of
final demand. If final demand of G@xtensive inputs increased relative to demand of CO
intensive products, it shows a decrease in the total emigkio@,, even if final demand of
both sorts of products went up, since it only takes acaafithe composition of final demand.
The effects of the level of final demand are denoted by théletsr.
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Description of the data

The analysis uses input-output tables of 1995 and 20@0data are obtained from the National
Accounts of the Dutch national statistical office (Statistieshidrlands, 2002). The original
1995 table is issued at 105 sectors. Since &fission data are issued at 36 sectors, the
original tables were aggregated to these sectors. The traaspdrade margins were added as
the 37th sector. Since there are no emission data of this,dbetanalysis starts with an
emission by this sector of zero. Appendix A describes theeggtion scheme and the sector
classification of the 37 sectors used in the analyses.

Statistics Netherlands issues all data in current prices getas of the former year. A series
of these data for all years between 1995 and 2000 was usqarésethe 2000 table in 1995
prices with the use of chain indices. Since this deflatiomaakyields inconsistent results with
respect to the totals (totals deflated in this way diffemftbhe aggregation of the deflated
elements), the totals were recomputed by aggregating theediedl@iments in the input-output
tables. The figures for imports were aggregated with the ingoties, subsidies and taxes.
Then, deflated value added was computed as the difference betweew tb&al of a sector,
the total of the intermediate deliveries in its column amdhiports. The figures for final
demand were aggregated into four categories: private consungivernment consumption,
investments and exports, according to the scheme in Appan®eflation took place at the
most disaggregated level, after which the data were aggregatedl3ad sectors.

Finally, two changes were made to the input-output tabist, For statistical reasons the
transport and trade margins are recorded as final demandiaradypcosts. However, since
these margins have important economic feedback effects, theyl sfeowicluded in the
intermediate deliveries for the current analysis. The totdlisfsector is zero, which is caused
by a negative main diagonal element equal to the total ofredl elements in the row or
column. Since this is unwanted in input-output analykis,element on the main diagonal was
put to zero. Second, the sector ‘Electricity Supply’ has a gty delivery to itself. Statistics
Netherlands explained that this element contains the delivdradsgenerated electricity to the
electricity distribution sector, which delivers it to otectors. However, in the input-output
table the sectors Electricity Supply and Electricity Distitrutare aggregated, by which all
electricity is counted twice and ends up in the main diagoeaiezit of the electricity sector.
This large element leads to an overestimation of the use ofi@tgdiy the electricity sector.
According to figures of Statistics Netherlands, the elerskatld be about 5% of the current
value. Hence the main diagonal element of the sector ‘ElectBaojpply’ was divided by 20 for
both 1995 and 2000.
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Finally, it is important to note that the figures of timeigsion of CQ are not yet final. They are
estimates of Statistics Netherlands and will possibly chanfigure editions of the National
Accounts. Former experiences with similar data allow for safedyming that the conclusions

of the analysis are robust to these changes.
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Empirical results

Table 5.1 shows some basic features of the emission pp&Gector. The second column
indicates how much Mtonnes G@ach sector emitted in 2000 (the first column contains the
names of the sectors). Not surprisingly, most &@mitted by the electricity sector,
transportation, the oil industry and the chemical indu§€tigtumn three of Table 5.1 shows the
emission figures divided by total output of the sectAlthough Fishery now has the first place,
the list does not change much. Again, the electricity secamsportation, the oil industry and
the chemical industry have most €@mission. Much of the emission of these sectors was done
in order to produce intermediate goods. Hence, although tt@sda emit the Cg) the
emission took place in order to enable another sector to ggatduproduct. For example,
electricity used by a farmer causes &mission by the electricity sector for the agricultural
sector. Indirectly, agriculture can be held responsible ferdhiission. Total C£emission may
decrease if the buying sectors use inputs with low €®issions instead of inputs with high

CO, emission.

Input-output tables allow for the computation of indireifects. These indirect effects are
included in the elements of the Leontief inverse. If denfanthe product of a certain sector
increases, the initial increase in total output of an econothysi:ncrease in final demand.
However, to produce the extra demand, the sector needs intateriaguts produced by other
sectors, which increases the demand of other sectors as lglis Talled the direct effect of
the initial increase in demand. In order to produce the irt@iate inputs of the direct effect,
these sectors also need inputs, which further increases deamdngh on. These effects are the
indirect effects. The direct effect of the increase in demand casgebdrsthe columns of the
matrix with input coefficients. The direct and indirect effets included in the Leontief
inverse: an elemetf of the Leontief inverse denotes the total increase in totalibatp

producti if the final demand of produgincrease by exactly one unit. Hence, a column sum of
the Leontief inverse denotes the increase in total outpbeddrtire economic system due to an
increase in final demand of prodydiy exactly one unit. This is also known as the backward
total output multiplier of sectgr Since the vector ¢ contains the emission per total output of
each sector, the vector c'L denotes the total extra emissio@oih the economic system,
directly and indirectly, due to the increase in final demdrsctorj with one unit. These
figures are denoted in the fourth column of Table 5.1.
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Table 5.1 Basic emission data, 2000, prices of 1995

Sector CO, CO, Indirect CO, emission
emission by emission/ CO, emission / for sectors
sectors  total output final demand

Mtonnes kg / guilder kg / guilder Mtonnes
Agriculture and foresty 8.9 0.19 0.35 7.6
Fishing 2.7 2.89 3.01 2.3
Crude petroleum and natural gas production 1.9 0.10 0.12 11
Other mining and quarrying 0.3 0.15 0.27 0.3
Manufacture of food products, beverages and tobacco 4.6 0.05 0.18 12.7
Manufacture of textille and leather products 0.4 0.04 0.11 0.8
Manufacture of paper and paper products 2.0 0.17 0.25 1.7
Publishing and printing 0.3 0.01 0.05 0.5
Manufacture of petroleum products 12.0 0.67 0.74 8.9
Manufacture of chemical products 22.2 0.33 0.45 23.6
Manufacture of rubber and plastic products 0.3 0.02 0.11 0.8
Manufacture of basic metals 6.5 0.49 0.62 5.1
Manufacture of fabricated metal products 0.8 0.03 0.13 1.8
Manfacture of machinery n.e.c. 0.4 0.01 0.07 15
Manufacture of electrical equipment 0.4 0.01 0.06 1.8
Manufacture of transport equipment 0.3 0.01 0.06 15
Recycling industries 0.4 0.23 0.38 0.2
Manufacture of wood and wood products 0.2 0.03 0.09 0.1
Manufacture of construction materials 3.0 0.23 0.34 11
Other manufacturing 0.2 0.02 0.07 0.9
Electricity supply 48.0 191 2.00 22.9
Gas and water supply 0.0 0.01 0.09 0.2
Construction 1.8 0.02 0.09 6.0
Wholesale trade 0.7 0.03 0.07 0.6
Retail trade, repair (excl motor vehicles) 2.1 0.02 0.06 0.5
Hotels and restaurants 2.4 0.03 0.10 21
Land transport 8.3 0.29 0.36 4.5
Water transport 7.4 0.79 0.85 7.0
Air transport 12.0 0.83 0.91 10.1
Supporting transport activities 0.4 0.02 0.16 2.3
Financial, business services and communication 4.2 0.01 0.04 6.3
Public administration and social security 3.0 0.03 0.11 8.5
Educaton 0.9 0.03 0.06 2.0
Health and social work activities 1.6 0.02 0.07 4.2
Sewage and refuse disposal services 6.6 0.55 0.81 1.7
Other services 11 0.02 0.09 25
Trade and transport margins 0.0 0.00 0.11 12.6
Total 168.1 0.10 0.17 168.1

Source: Statistics Netherlands (2002) and own computations

If the diagonalised matrix of the vector ¢ were used, the resulld be a matrix with elements
denoting the extra emission of gy sectoii due to an increase of final demand of seftor
with one unit. Therefore, the matrdtf shows how much CQwas emitted by sectddue to
final demand of sectqr or, in other words, how much G@as emitted by sectoifor sectotj.
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The row totals of this matrix add up to the totaigsion of each sector, the column totals show
how much indirect C@emission the sector can be held responsiblé.é&ohow much CQis
emittedfor the sector instead bf the sector. These figures are displayed in colfinenof

Table 5.1. Both column four and five of Table Shbw that the sectors with most indirect
emission of CQare about the same as the sectors with most @ingission, even though the
direct emission of the electricity sector is abiite as large as the indirect emission.
Interestingly, the transport and trade margins shpwith large emissions, reflecting the fact
that transportation is responsible for a large pathe CQ emission. Due to lack of data,
however, this could not be seen in the direct enniss

The analysis above actually assigns the emissi@Opfto final demand of the sectors. After
all, intermediary products are only used in ordefutfil the final demand to a sector’s product.
Hence, the analysis above registers how muchi€@mitted in the entire economic system in
order to fulfil the final demand of a sector. Sificeal demand is distinguished at four
categories, it is possible to calculate for eachgay how much COwas emitted in order to
produce it. This does not only depend on the sbiilee categories in total final demand, but
also on the sectoral compositions of the four aaieg. The relevant figures can be obtained by
using the final demand matrix rather than totahffilemand. The vector c'LF contains 4
numbers indicating how much G@as emitted for private consumption, government
consumption, investments and exports. This shoatsetkports generated most £€mission: it

is responsible for 55% of the entire emission of, G{2000. Private consumption is
responsible for 28%, government consumption for Hofb investments for 8 %. The shares of
the categories in final demand are respectively ,328%6, 18% and 13%.

Although much CQis emitted for foreign users, imports have theagite effect, since they
generate C@emission in foreign countries for Dutch users.Wiite National Accounts data, it
is possible to compute the G@ade balance, analogue to Machado, Schaeffevarcell
(2001). In the case of the Netherlands, howeverréBult is predictable: since there is a trade
surplus, exports contain more gthan imports. A more interesting analysis is thmputation

of the CQ intensity per unit of export and import. If e dea®the export coefficientse.

exports per sector divided by total exports, anthenmport coefficients, the Glntensity of
exports respectively imports can be computed as altd c¢’'Lm. This exercise shows that in
1995 every guilder of export generated 0.30 kilo, E@ission, whereas every guilder of import
incorporates 0.28 kilo COExports are not only larger than imports, they@so more CO
intensive. Hence, the trade balance position ofNé&herlands is unfavourable for domestic
CGO, emission. In 2000, however, the numbers have adrgpth exports and imports
incorporated 0.24 kilo COThe decrease in the Gitensity of exports as well as the levelling
of CO, intensity of imports and exports are favourabletfie Dutch C@trade balance, but the
CO, trade balance will still show a surplus.
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Table 5.2 Decomposition of changes in CO2 emission between 1995 and 2000, Mtonnes

Emission
coefficients
Agriculture and foresty -1.8
Fishing -0.5
Crude petroleum and natural gas production 0.3
Other mining and quarrying 0.1
Manufacture of food products, beverages and
tobacco -0.6
Manufacture of textille and leather products 0.0
Manufacture of paper and paper products -0.2
Publishing and printing 0.0
Manufacture of petroleum products 0.8
Manufacture of chemical products -6.6
Manufacture of rubber and plastic products -0.1
Manufacture of basic metals -1.4
Manufacture of fabricated metal products 0.0
Manfacture of machinery n.e.c. -0.1
Manufacture of electrical equipment -0.3
Manufacture of transport equipment -0.2
Recycling industries 0.2
Manufacture of wood and wood products 0.0
Manufacture of construction materials -0.7
Other manufacturing 0.0
Electricity supply 1.0
Gas and water supply 0.0
Construction -0.1
Wholesale trade -0.3
Retail trade, repair (excl motor vehicles) -0.4
Hotels and restaurants -0.9
Land transport -0.1
Water transport 0.3
Air transport -0.5
Supporting transport activities -0.4
Financial, business services and communication -0.7
Public administration and social security -0.1
Educaton 0.0
Health and social work activities -0.3
Sewage and refuse disposal services -0.2
Other services -0.1
Trade and transport margins 0.0
Total -13.8

Source: own computations based on Statistics Netherlands 2002

Input Composition Level of
coefficients final demand final demand

-0.5 -1.1 2.4
-0.4 -0.8 0.8
-0.3 -0.2 0.4
0.0 0.0 0.1
-0.1 -0.7 1.2
0.0 -0.1 0.1
0.0 -0.2 0.5
0.0 0.0 0.1
-0.9 -2.0 2.9
-0.2 2.1 6.2
0.0 0.0 0.1
-0.1 -0.8 18
0.0 0.0 0.2
0.0 0.0 0.1
0.0 0.1 0.1
0.0 0.0 0.1
0.1 0.0 0.0
0.0 0.0 0.0
0.2 -0.1 0.7
0.0 0.0 0.0
-2.3 -4.2 9.1
0.0 0.0 0.0
0.0 0.0 0.4
0.0 0.0 0.1
0.2 0.1 0.4
-0.1 0.1 0.5
0.0 -0.3 1.6
-0.1 -0.5 1.7
0.4 0.3 2.6
0.0 0.0 0.1
0.3 0.4 0.7
0.0 0.0 0.3
0.0 0.0 0.1
0.0 0.0 0.2
11 0.0 0.9
0.0 0.0 0.2
0.0 0.0 0.0
-2.7 -12.2 36.8

Total

-1.0
-0.9
0.2
0.2

-0.2
0.0
0.1
0.0
0.9

-2.7
0.0

-0.5
0.1
0.0

-0.1

-0.1
0.4
0.0
0.0
0.0
3.6
0.0
0.2

-0.1
0.3

-0.4
1.2
14
2.9

-0.3
0.7
0.2
0.1

-0.1
1.8
0.1
0.0
8.1
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Table 5.2 shows the results of the decompositi@hyais. Technological and composition
changes decreased the emission of Qstantially, with 14 Mtonnes due to technolobica
changes that influenced the emission coefficiemectly, 3 Mtonnes due to technological
changes that affected the input structures, aridtd®nes due to changes in the composition of
final demand. These effects are more than nullifigdhe effects of increasing economic
growth: changes in final demand caused the emigdi@®©, to increase by almost 37 Mtonnes.
Since the total increase between 1995 and 200 Wétesnnes, the increase was larger than the
maximum allowed increase of 1 Mton per year congbirteSection 2. Hence, the increases in
this period have to be compensated for in the &uitmiorder to reach the aims of the Kyoto

protocol.

The sectoral results in Table 5.2 show an interggiattern for the changes in €émissions
due to technological changes with respect to thisstam coefficients. Most sectors developed
cleaner technologies with less €€mission per unit of output. However, a few secktand

out with technologies that became more,@tensive. The most important effects take place
in the electricity sector and the oil industry. #dtgh this seems to imply that the electricity
sector switched to more emission generating teclesigthe results may be due to data errors.
To analyse whether this is the case, we checkerbthestness of the results by repeating the
analysis for the period 1995-1999. This showed iast conclusions did not change, except
for the effect of changes in the g@tensity for the electricity sector; instead eirg
responsible for 1 megaton extra £@® decreased the emission of O@ith 2 megatons
according to the 1999 figures. Clearly, the dethflector specific results are not always very
robust, which makes it dangerous to draw far-reachbnclusions on these datahe
conclusion for the oil industry, however, was theng for the 1999 and the 2000 data. Table
5.3 displays the results of the 1999 analysis.

Since many decomposition analyses conclude thateedse in the energy intensity contributes
substantially to lower COemission (see.g., Ang, 1999, Sun, 1999, Schipper, Murtishaw, and
Unander, 2001, Albrecht, J., D. Francois, and Kadecs, 2002), it is interesting to take a look
at the outcomes in Tables 5.2 and 5.3. The redudaiithe input structure due to changes in
inputs from the electricity sector are in both casdatively large. Although it is tempting to
conclude that these results confirm that the dser@aenergy intensity is an important factor in
reducing the emission of GQthey may also be due to an increase in impoitestreeity.

% In 1995, the Dutch electricity sector produced 58,350 million kWh electricity, using several primary energy carriers amongst
which 262 PJ coal. In 1999, the respective figures were 52,994 and 211. This implies that for each million kWh the electricity
sector used 0.0045 PJ coal in 1995 and 0.0040 PJ coal in 1999. The coal intensity of the (central) generation of power in the
Netherlands declined thus with more than 10% in this period. (source: CBS).
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Indeed, a look at the import data shows that ingpofelectricity increased by 73% between
1995 and 2000.

Table 5.3 Decomposition of changes in CO2 emission between 1995 and 1999, Mtonnes

Emission Input Composition Level of  Total
coefficients  coefficients final demand final demand

Agriculture and foresty -1.7 -0.3 -0.7 1.6 -1.0
Fishing -0.4 -0.2 -0.5 0.6 -0.4
Crude petroleum and natural gas production 0.2 -0.1 -0.2 0.3 0.2
Other mining and quarrying 0.0 0.0 0.0 0.0 0.1
Manufacture of food products, beverages and

tobacco -0.1 0.0 -0.5 0.8 0.2
Manufacture of textille and leather products -0.1 0.0 -0.1 0.1 -0.1
Manufacture of paper and paper products -0.7 0.0 -0.1 0.3 -0.5
Publishing and printing 0.0 0.0 0.0 0.0 0.0
Manufacture of petroleum products 0.9 -0.5 -1.6 2.0 0.8
Manufacture of chemical products -2.6 0.5 -2.4 4.3 -0.2
Manufacture of rubber and plastic products 0.0 0.0 0.0 0.1 0.0
Manufacture of basic metals -0.9 0.2 -0.7 1.2 -0.2
Manufacture of fabricated metal products 0.0 0.0 0.0 0.1 0.1
Manfacture of machinery n.e.c. 0.0 0.0 0.0 0.1 0.0
Manufacture of electrical equipment -0.3 0.0 0.0 0.1 -0.2
Manufacture of transport equipment -0.2 0.0 0.0 0.1 -0.1
Recycling industries 0.2 0.1 0.0 0.0 0.3
Manufacture of wood and wood products 0.0 0.0 0.0 0.0 0.1
Manufacture of construction materials -0.6 0.2 -0.1 0.5 0.0
Other manufacturing -0.1 0.0 0.0 0.0 0.0
Electricity supply -2.0 -1.4 -4.1 6.8 -0.7
Gas and water supply 0.0 0.0 0.0 0.0 0.0
Construction -0.1 0.0 0.0 0.3 0.2
Wholesale trade -0.3 0.0 0.0 0.1 -0.1
Retail trade, repair (excl motor vehicles) -0.4 0.2 0.0 0.3 0.1
Hotels and restaurants -1.1 -0.1 0.1 0.4 -0.8
Land transport -0.4 0.1 -0.1 1.2 0.8
Water transport -0.5 0.0 -0.2 1.1 0.4
Air transport -0.6 0.5 0.5 1.7 2.1
Supporting transport activities -0.4 0.0 0.0 0.1 -0.3
Financial, business services and communication -0.7 0.3 0.3 0.6 0.4
Public administration and social security 0.3 0.0 0.0 0.3 0.6
Educaton -0.1 0.0 0.0 0.1 0.0
Health and social work activities -0.5 0.0 0.0 0.2 -0.3
Sewage and refuse disposal services 0.4 1.0 0.0 0.7 2.1
Other services -0.1 0.0 0.0 0.1 0.0
Trade and transport margins 0.0 0.0 0.0 0.0 0.0
Total -12.6 0.3 -10.2 26.2 3.7

Source: own computations based on Statistics Netherlands (2002)
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Table 5.4 Changes in CO, emission due to final demand between 1995-2000, Mtonnes

Private Government
consumption consumption

Agriculture and foresty 0.3 0.0
Fishing 0.1 0.0
Crude petroleum and natural gas production 0.1 0.0
Other mining and quarrying 0.0 0.0
Manufacture of food products, beverages and tobacco 0.2 0.0
Manufacture of textille and leather products 0.0 0.0
Manufacture of paper and paper products 0.0 0.0
Publishing and printing 0.0 0.0
Manufacture of petroleum products 0.3 0.0
Manufacture of chemical products 0.2 0.1
Manufacture of rubber and plastic products 0.0 0.0
Manufacture of basic metals 0.0 0.0
Manufacture of fabricated metal products 0.0 0.0
Manfacture of machinery n.e.c. 0.0 0.0
Manufacture of electrical equipment 0.0 0.0
Manufacture of transport equipment 0.0 0.0
Recycling industries 0.0 0.0
Manufacture of wood and wood products 0.0 0.0
Manufacture of construction materials 0.1 0.0
Other manufacturing 0.0 0.0
Electricity supply 4.4 0.4
Gas and water supply 0.0 0.0
Construction 0.0 0.0
Wholesale trade 0.1 0.0
Retail trade, repair (excl motor vehicles) 0.1 0.0
Hotels and restaurants 0.2 0.0
Land transport 0.5 0.1
Water transport 0.1 0.0
Air transport 0.3 0.0
Supporting transport activities 0.0 0.0
Financial, business services and communication 0.3 0.0
Public administration and social security 0.0 0.3
Educaton 0.0 0.1
Health and social work activities 0.1 0.1
Sewage and refuse disposal services 0.1 0.4
Other services 0.1 0.0
Trade and transport margins 0.0 0.0
Total 7.9 1.7

Source: own computations based on Statistics Netherlands (2002)

Investments Exports

0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.1
0.0
0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.3
0.0
0.8
0.0
0.3
0.0
0.1
0.1
0.1
0.0
0.1
0.0
0.1
0.0
0.0
0.0
0.1
0.0
0.0
2.7

2.0
0.6
0.3
0.0
0.9
0.1
0.4
0.0
2.6
5.8
0.1
15
0.1
0.1
0.1
0.1
0.0
0.0
0.3
0.0
3.4
0.0
0.0
0.1
0.2
0.2
0.9
1.6
2.2
0.1
0.3
0.0
0.0
0.0
0.3
0.1
0.0
245

Total

2.4
0.8
0.4
0.1
12
0.1
0.5
0.1
2.9
6.2
0.1
1.8
0.2
0.1
0.1
0.1
0.0
0.0
0.7
0.0
9.1
0.0
0.4
0.1
0.4
0.5
1.6
1.7
2.6
0.1
0.7
0.3
0.1
0.2
0.9
0.2
0.0
36.8
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Because the effect of final demand is by far thgdat effect, it is split up in its four
components. These figures are displayed in Taldleltsshows that most emission was
generated by changes in exports. This is for a&lpagt explained by the increase in exports
(about 30%, against private consumption 20%). Againissions of C@in the Netherlands are

for a large part caused by foreign users.
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Conclusions

The decomposition of the G@ata of the Netherlands gives clear answers tgulestions
posed in the introductory section. The electrisitgtor, the transportation sector, the oil
industry, and the chemical industry together engsnof the Dutch carbon dioxide. As these
sectors produce mainly intermediate products, #reynot ‘responsible’ for these emissions.
The emissions follow largely from production diregtto exports: approximately 55% of the
total domestic emission of carbon dioxide resutienf foreign demand for goods. Private
consumption within the Netherlands is responsibieabout one quarter of the Dutch

emissions.

Much reduction of C@emission has been achieved by decreasing theeen@tf} per unit of
output. This points at new technologies that admmwith the intentions of the climate change
policy. However, the data per sector show thathhs mostly been achieved in the industry,
especially in the chemical sector. Whereas redostitue to less C{&xtensive technologies
have also been achieved by many service sectaisultigre and fishery, one industry has
become more Cgntensive, namely the oil industry.

Shifts in the input structure did cause a decr@atige emission of C&by the electricity sector.

A closer look at the figures reveals that this maydue to an extreme increase in the imports of
the electricity sector: between 1995 and 2000, msgacreased by 73%. Since importing
electricity decreases the emissions in the domestiatry and increases the emission o, @0O
foreign countries, these observations mean thagsom of CQ by the Dutch electricity sector
has been shifted to foreign countries rather tremehsed by new technologies.

Knowing these factors behind the Dutch emissionsadfon dioxide, the remaining question to
be answered refers to the policy implications hia tecent history, the government introduced
several policy measures in order to decrease danegaissions. Those measures comprise
mainly of subsidies for investments in energy sgyvimluntary agreements with firms to
increase their efficiency of the use of energy, anergy taxes (Ministry of Housing, Spatial
Planning and Environment, 2002). Most of these mnessaim at reducing the level of energy
use per unit of output. Other measures are meag@nerate substitutions within the energy
mix, such as granting subsidies for renewable gnengd obligating power producers to use
more non-fossil energy carriers. Although the omtes of the analysis above do not compute
the effects of those climate measures, it is péssibanalyse whether the outcomes are in line
with the desired developments. The aggregate figimdicate that this policy works, since
technological changes led to a reduction in, E@issions by 18%.
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Economic growth in general and growth of energgristve sectors in particular, however,
neutralises the effect of improvements in enerdigieficy and in the emission coefficient. This
fact makes emissions of carbon dioxide a persistevitonmental problem. The latter effects
are so strong that the total increase in emissi@ in the period 1995-2000 was 8 Mtonnes,
whereas the maximum allowed increase for reachiaddrgets in the Kyoto protocol is less
than 1 Mton per year. Hence, the developmentsrsaréaunfavourable for reaching the targets
in the Kyoto protocol. Forecasts of Dutch carbornssions in the year 2010 also suggest a gap
between expected level of emissions and the ptdiget (CPB/RIVM, 2002). In order to
achieve more results in bringing down emissiongreEnhouse gases, additional measures are
needed. Those measures should affect the margist of products produced by sectors
emitting significant amounts of carbon dioxidetitat case, firms and consumers will
reallocate their expenditures towards productsyced with fewer emissions.

Since much of the emission of €8 related to exports, meeting the targets okiyato

protocol poses an extra threat to the Dutch cortipetbosition. Therefore, the key issue in
establishing a C&policy is how to minimize economic losses whichuldbhappen due to
international competition. This holds especially dpen economies like the Netherlands.
Recently, a Dutch Commission studied the feasjhilfta national scheme of emissions trading.
This Commission proposed to introduce a domestisgans trading system giving
internationally 'exposed' firms a special treatm{@®, Trading Commission, 2002). According
to that proposal, those firms should be subjeetitelative cap, while other sectors sheltered
from international competition should be subjecatoabsolute ceiling on their aggregate
emissions. Kuik and Mulder (2004) conclude thahsaitiybrid emissions trading scheme
generates high administrative costs because dfitfezent treatment of firms. If all domestic
firms are subject to a cap on the aggregate emissimansaction costs would be much lower
but the overall macroeconomic costs would be sicgnit due to deterioration of
competitiveness on international markets. Emissitaging within an international scheme
appears to be the most efficient way to reduce ®ams. De Groot et al. (2002) show that an
international system of emissions trading reducasroeconomic costs of Kyoto by more than
50%. For the Netherlands, the costs of realisiegaingets of Kyoto by means of an
international emissions trading scheme are estuatt@.2% NNI in 2010. One can conclude,
therefore, that an international system of emissioading generates sufficient incentives for

changes towards less polluting products withousiteumuch economic costs.
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Appendix A: Sector classifications

Sectors according to the 106 sector classification

1 Arable farming

2 Horticulture

3 Live stock

4 Other Agriculture

5 Service activities related to agriculture

6 Forestry and hunting

7 Fishing

8 Crude petroleum and natural gas production

9 Other mining and quarrying

10 Manufacture of meat

11 Manufacture of fish products

12 Manufacture of vegetable and fruit products

13 Manufacture of dairy prod.

14 Manufacture of animal feeds

15 Manufacture of other food products

16 Manufacture of coffee and tea

17 Manufacture of beverages

18 Manufactuure of tobacco products

19 Manufacture of textiles

20 Manufacture of wearing apparel

21 Manufacture of leather and leather products

22 Manufacture of wood and wood products

23 Manufacture of paper

24 Manufacture Paper products

25 Publishing and printing

26 Manufacture of recorded media

27 Manufacture of petroleum products; cokes andeanduel
28 Manufacture of other basic chemicals and manenfiades
29 Manufacture of inorganic basic chemicals

30 Manufacture of petrochemicals

31 Manufacture of fertilisers and nitrogen compaund
32 Manufacture of chemical products

33 Manufacture of rubber and plastic products

34 Manufacture of other non-metallic mineral praguc
35 Manufacture of basic metals

33



36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

34

Manufacture of fabricated metal products
Manufacture of other machinery and equipment
Manufacture of domestic appliances
Manufacture of office machinery and computers
Manufacture of electrical machinery n.e.c.

Manufacture of radio, television and commun@agquipment

Manufacture of medical and optical equipment
Manufacture of motor vehicles

Manufacture of ships and boats

Manufacture of trains, trams and aircraft
Manufacture of other transport equipment
Manufacture of furniture

Manufacturing n.e.c.

Recycling

Electricity supply

Gas, steam and hot water supply

Collection, purification and distribution of veat
Site preparation

Construction of buildings

Other civil engineering

Building installation

Building completion

Renting of construction equipment
Wholesale trade of motor vehicles/cycles
Retail trade of motor vehicles/cycles

Repair of motor vehicles/cycles; retail saléued
Wholesale trade (excl. motor vehicles/cycles)
Retail trade and repair (excl. motor vehiclesles)
Hotels and restaurants

Passenger transport by road; railway transport
Freight transport by road

Transport via pipelines

Sea transport

Inland water transport

Air transport

Other supporting transport activities
Supporting water transport activities
Supporting air transport activities

Activities of travel agencies



75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

Post and telecommunications

Banking

Insurance and pension funding

Activities auxiliary to financial intermediation
Letting services for leeses and own property
Other real estate activities

Renting of movables

Computer and related activities

Research and development

Legal and economic activities

Architectural and engineering activities
Advertising

Activities of employment agencies
Building-cleaning activities

Other business activities n.e.c.

Public administration; central government
Public administration; communities

Other public administration; compulsory soc&d\gity activities
Defence activities

Subsidized education, universities
Subsidized education on a religious basis
Other subsidized education

Human health and veterinary activities

Social work activities

Sewage and refuse disposal services; corposatio
Sewage and refuse disposal services; govetnmen
Other recreational, cultural and sporting atitis
Lotteries and the like

Other service activities n.e.c.

Private households with employed persons
Manufacturing and services n.e.c.

Trade and transport margins
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Sectors according to the 37 sector classification:
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Agriculture and foresty
Fishing

Crude petroleum and natural gas production

Other mining and quarrying

Manufacture of food products, beverages and tbac
Manufacture of textille and leather products

Manufacture of paper and paper products
Publishing and printing

Manufacture of petroleum products
Manufacture of chemical products

Manufacture of rubber and plastic products

Manufacture of basic metals
Manufacture of fabricated metal products
Manfacture of machinery n.e.c.
Manufacture of electrical equipment
Manufacture of transport equipment
Recycling industries

Manufacture of wood and wood products
Manufacture of construction materials
Other manufacturing

Electricity supply

Gas and water supply

Construction

Wholesale trade

Retail trade, repair (excl motor vehicles)
Hotels and restaurants

Land transport

Water transport

Air transport

Supporting transport activities

Financial, business services and communication

Public administration and social security
Educaton

Health and social work activities
Sewage and refuse disposal services
Other services

Trade and transport margins

Included sectors
1:6
7

10:18
9:21
23:24
25:26
27
28:32
33
35
36
37:38
39:42
43:46
49
22
34
47:48
50:51
52
53:58
59:61
62
63:64
65:67
68:69
70
7174
75:89
920:
94:96
97:98
99:100
101:105
106



Final demand categories included in the analysis

Private consumption Final consumption expenditfrieouseholds
Non-profit institutions serving households
Government consumption Final consumption experelitd general government
Social security in kind by the government
Investments Fixed capital formation (gross)
Changes in inventories (incl. acquisitions lespatsils of
valuables)
Exports Exports of goods (fob) and services
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