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Abstract:

In 1997 many countries, including the Netherlands, signed the Kyoto treaty. Aagtrdhis
protocol, the emission of CO2 in the Netherlands in the years 2008-2012 should beaga &%&r
below the level of 1990. However, the emission still shows an increadtegp®art of the increase
may be compensated by supporting projects abroad, hence the goals mayestidhled if domestic
emission does not increase too far. All in all, it is not sure whether therdNatds will meet the goals
of this protocol.

Several factors contribute to changes in the emission of CO2. Thesfigh€0O2 emission only show
the net effect. In order to see whether technological changes de¢hsaspsssion of CO2 and
whether the increase in CO2 is mainly due to economic growth, this paper usemaastion
analysis to compute the effect of these factors.

In order not to complicate the analysis too much, it was decided to focus onisemesof CO2 and
ignore the other greenhouse gasses. The emission of CO2 is the most ingmréarttecause CO2 is
the most important greenhouse gas and because the emission of the other gpagadsms is
decreasing whereas the emission of CO2 is increasing. Policy i®thdikely to be most effective if
it focuses on CO2. Further, the decomposition method can only be used to anadysissiwn of
producers. Emission by consumers is therefore ignored.
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1. Introduction

In 1997 many countries, including the Netherlands, signed the Kyoto treaty. Aagtrdhis
protocol, the emission of CO2 in the Netherlands in the years 2008-2012 should beaga &%&r
below the level of 1990. However, the emission still shows an increadtegp®art of the increase
may be compensated by supporting projects abroad, hence the goals mayestidhled if domestic
emission does not increase too far. All in all, it is not sure whether therdNatds will meet the goals
of this protocol.

The guestion whai €. which sector) emitted CO2 is much easier to answer than the question who is
responsible for the emission. For example, if the electricity produc@srCadder to satisfy the

demand for electricity for an other producer, both sectors are atdeaspért responsible for the
emission. Likewise, both sectors are able to decrease the amount of Gted anthis case: the
electricity company can switch to new technologies or less CO2 ingeingiurts to generate

electricity, while the other producer can adopt a less energy intendiveotegy. In order to find out
who and what causes CO2 emission, this paper uses two methodologies, both baseeatpinput
analysis. First, the direct and indirect emissions of each swetanalysed, in order to answer the
guestion who emits the CO2 and for who this CO2 was emitted. After thispmplesition analyses

is used to analyse which factors contributed in which sectors to chemidpe emission of CO2.

The structure of the paper is as follows. Section 2 describes the gaaltheeKyoto protocol for the
Netherlands. Then, Section 3 describes the method used to compute the efiatsadffactors on
the emission of CO2, and Section 4 describes the data used in the anhfysesults of the analyses
are discussed in Section 5, after which Section 6 compares the outcomthe \githls and the
instruments of the climate change policy. Section 7 concludes.

In order not to complicate the analysis too much, it was decided to focus onishmesof CO2 and
ignore the other greenhouse gasses. The emission of CO2 is the most ingmrégaitecause CO2 is
the most important greenhouse gas and because the emission of the other gpagads®s is
decreasing whereas the emission of CO2 is increasing. Policy ifothdikely to be most effective if
it focuses on CO2. Further, the decomposition method can only be used to anatysessiwn of
producers. Emission by consumers is therefore ignored.

2. The Kyoto protocol

In 1997 the Kyoto protocol was signed. For the Netherlands, this means thatrdigeaemission of
greenhouse gasses in the years 2008-2012 has to be at least 6% lower thasitre iarh990,

which comes down to an emission of 199 Mtonnes (millions of kilograms) CO2 eqtsva&erce the
expected emission in 2010 is 239 Mtonnes CO2 equivalents, the emission hasdiackd by 40
Mtonnes. The EU countries agreed that the reduction achieved abroad mayoke%0%n percent of
the total reduction. Further, about 30% of the reduction will be achievedibgimg the emission of
non-CO2 greenhouse gasses. All in all, this means that the domestimredfiemission of CO2 gas
in the Netherlands has to be at least 14 Mtonnes

Between 1995 and 2000, the emission of greenhouse gasses has increased. &inissidinein 1995
was already higher than the emission in 1990, goals set by the governmenh theek@90 level in
the year 2000 were not met. Furthermore, most progress was made by the redtioti@nmigsion of
non-CO2 greenhouse gasses whereas the emission of CO2 increasedaliybstarse
developments raise doubt about the possibilities to reach the tartietdiymoto protocol. In order to
see whether they can still be reached and where policy may have thefewistte$ paper analyses
which factors caused the emission of CO2 to increase and which factaasgetthe CO2 emission.
Answering this question gives insights in the effects of policy meaancemay help to develop new
policy to reach the Kyoto goals.

! The figures in this section are obtained from Miini of Housing, Spatial Planning and Environm@aoR).



3. Decomposition methods

The guestions put in the section above will be answered by a decompositiorsandlici shows
how much changes in certain factors contributed to changes in a spetifiteiaDecomposition
analyses are widely used in energy studies; Ang (1995) provides an exidéashiure review.
Hoekstra and Van den Bergh (2003) summarise fundamental differences béiffezent
decomposition methods. The most important difference shows the existéncedifferent types of
methods: Index Decomposition Analysis (IDA) and Structural Decomposition $iadlyDA). The
main difference between these two methods is the model used: SDA ubéspat-output table,
whereas IDA uses indexes, generally computed at a sectoral level. thealada it uses, SDA is able
to include technological effects and indirect effects. Howevecedhe data are more difficult to
obtain, IDA is more easy to apply and better capable of using more refined mettiodera detailed
data.

Generally, decomposition analyses use sectoral time data to explain vaaek tGontributed how
much to the total change in a certain variable. For example, incragbesamission of CO2 can be
attributed to increased energy levels, increased emission per umitrgf gyenerated and changes in
the composition of the produced goods in a country. Some studies, however, usiduelogy in a
different approach. Sun (1999) does not use sectoral data, but uses country datdneHzaro®ot
compute the composition effect of the goods produced in the countries, but sincleitesi many
countries his analysis includes a large part of world-wide emissimhkeacan analyse the
consequences of shifts in the production of certain goods between coditrieduce the level of
CO2 emissions, a country can simply start importing goods that cause theafissions. Although
this reduces the emissions of a country, the world as a whole will not bedfeténalyses that focus
on one country may suffer from this drawback; an intercountry study as the one @BS@ndoes
not have this disadvantage and even enables the analysis of the consequesteshifts

Another way to include intercountry effects is by substituting the tdimension for a region-
dimension. Schipper, Murtishaw, and Unander (2001) use sectoral data ohti¢taratries. This
analysis shows how differences in countries lead to different levelmigbions, which may open the
possibility to get the best of all worlds and reduce the levels in all caubtriadapting the factors
(such as technologies) which lead to lowest emissions. Luukkanen anddfaifa®02) include all
dimensions: they analyse changes over time in sectoral data of ssaraies. Since the
decomposition method is not suited to include three dimensions, they can onlyetmepautcomes
of each country without analysing the reasons for the differencesdretountries.

An important difference, also recognised by Hoekstra and Van den Bergh (2@d8ken
decomposition methods is whether or not they are complete. An incomplete method @dssgynot
the entire change in a variable to the factors included in the andlgsisesult is a residual which
sometimes is substantial. For most methods, a revised version can bd ddrieh attributes the
residual to the other factor and turns an incomplete method into a comptbtEntseee.g., Ang and
Choi, 1997). Zhang and Ang (2001) apply several (complete and incomplete) decompasitiotism
to the same data. They choose an intercountry approach instead of a, mgiiatesigghporal
approach, which generally worsens the problem of the residual since inteyaata have greater
variation than intertemporal data. Indeed, they find that for a specifimjpiete method ‘the results
(...) contain residuals that are so large that this effectively snddeemethod unsuitable for cross-
country / region decomposition analysis’ (Zhang and Ang, 2001, p. 185). Although the residunals of
other incomplete method are much smaller, they remain considerable. Theisomphdifferent
methods shows that they lead to different outcomes. However, the methods te ade order of
importance of the different factors and they generally (although notglagyee on the signs of the
factors.

There has been some debate in decomposition analyses referring to #ieneofi€O2 as to whether
the actual emission of CO2 or energy intensity should be the variabls ttecomposed (Ang, 1999).
Both variables are important for understanding the developments in iggamof CO2. New



technologies may change the energy intensity in production process as thellGO2 intensity of
energy, although the former may be more likely than the latter. Since oumiticos on
technological changes and whether or not these changes happen fast enougithe #egoto goals,
we choose a specification that will fit our need best. The Kyoto goaltated i terms of CO2
emission. Therefore, we choose a method that uses the emission otl@J)fime variable, and we
include the effects of changes in energy intensity in one of the exgtafattors.

This brings us to the question of which factors we want to include in thesesrand what
specification we choose. Clearly, the nature of the problem we wanalgse is intertemporal: it tries
to explain which factors and sectors contributed to changes in the emisgidimevior one country
(The Netherlands). As mentioned above, we want to explicitly include #etsf technological
changes. Further, we want to include the effects of economic growthpsist@nalyses show that
this factor is responsible for most of the changes in CO2 emissior.(e8un, 1999, Schipper,
Murtishaw, and Unander, 2001, Albrecht, J., D. Francois, and K. Schoors, 200Bpes#l| t
requirements can be reached by applying an SDA. We are aware, howevhg thatct specification
of the SDA influences the results. In order to neutralise this effecthoase a complete method that
leads to results which are most likely to be close to the avefagveral different decomposition
methods (Dietzenbacher and Los, 1998).

The general form of an SDA is described by, among others, Skolka (1989). Thelgaaijpest be
described by a relation with two factors, but it is easily extetmletbre factors. Suppose that a
variablex depends on two variablésandf in a multiplicative relation:

X =Lf.
Changes in variable x can now be expressed as follows:
AX = Xt+1 — Xt = Lt+1ft+1 - Ltft = ALft + Lt+1Af

Which shows how much changes in varialilesndf contributed to changes in varialxeThis
relation, however, is not unique, since it can also be written as

AX =Xi4+1 =Xt = Li+afi+1 —Lift = ALfi4q + L Af

or as

AX =Xi4+1 =Xt = Li+afi+1 —Lift = ALfi4q + L1 p1AF — ALAS
or as

AX = Xt4+1 =Xt = Lis+1fe+1 —Lft = ALf +L{Af + ALAS

The last factor in the last two equations is interpreted as andtiberaffect. The main differences
between the decomposition equations are the weights of the factors amdrdnetion effect. The first
two equation show inconsistent weights, since one factor is weighted witt+§eand the other
factor with yeat. The last two methods have consistent weights, but they also have ioteedfetcts.
If the number of factors increases, the number of possible decomposition matinedséds even
further. Although theoretically none of the methods is preferred to therattthods, the outcomes
my differ substantially. To solve this problem, usually an averagevefal methods is used.
Dietzenbacher and Los (1998) try several methods and averages of these.niéiptiad that the
average of two special cases, the so-called polar decomposition methadgsarto the overall
results. Since this method keeps the number of necessary computationsesisoinable limits and is



likely to lead to meaningful results, this paper will also use theageesf the polar decomposition
methods.

A polar decomposition method is an equation in which all weights on the right hand satghdactor
are from the same year, and all weights on the left hand side of etmtafacfrom the other year. In
the example with only two factors above, the first two possibilities anediae decomposition
methods.

The analysis of the CO2 emission in this paper is based on SDA, which uses ipptitatles to
separate the effects of economic growth from technological effects ngeshan CO2-emission. Both
factors are relevant for climate change policy: economic growties ahmed as the most important
reason why the emission of greenhouse gasses keeps increasing, and teahnblgies are often
suggested for decreasing the emissions é&sgeMinistry of Housing, Spatial Planning and
Environment, 2002). Therefore, the derivation of the decomposition equatiowishaitse input-
output énodel. Input output analysis establishes a direct relation betwdeayutpta and final

demand

X = Lf,

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=(-A)"

in which

I = an identity matrix

A = the matrix with inputcoefficients: each elementlenotes total intermediate deliveries from

sectori to sectolj divided by total input of sectgyand can be interpreted as the amount of prdaduct
needed to produce one unit of the product of sgctor

The columns with input coefficient are often interpreted as theddady to produce the product of
the sector belonging to the column. Hence, changes in this matrix can peetekias technological
changes. They may, however, also denote outsourcing or substitution of dgmashiiction for
imports.

The vector with total final demantfl,is often written as a matrif, with final demand split up in
certain categories, usually private consumption, government consumptiotments and exports.
The row totals of this matrix correspond to the vector with total iamand. There is another way to
obtain the vector with total final demand from the matrix with final demand pegag. First, divide
the elements df by their column totals:

B=Fy !

where a ~ above a variable indicates a matrix with the elemetits wéctor on its main diagonal and
zeroes everywhere else, and

B = matrix with final demand coefficients,

y = vector with total final demand per category.

2 For an excellent and thorough description of inputput analysis, the reader is referred to Mitled Blair
(1985).



Then

f =By

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

The relation between CO2 and input-output analysis can be achieved by expressinigsien of
CO2 per unit of total output:

c'=coy' g1
in which a * indicates a row vector instead of a column vector, and

Cco, = vector with emission of CO2 per sector,
c = vector with emission of CO2 per sector divided by total output of thiatrsec

Total emission of COZ;0,, can be obtained by summing over all sectors, or as
Cop =C'X =C'LBYy

With the last equation, changes in the total emission of CO2 can be attriboltesh¢es in the factors
¢, L, B andy. Although changes in the input coefficient matrix can be interpreted as lizgicab
changes, changes in the Leontief inverse are more difficult to ietefrerefore, the Leontief
inverses of periodsandt+1 are rewritten according to the following equations:

Lisr =Leaa(l -AL =L (- AL 141

and

Ly = I—t+1(| _At+1)|—t = Lt(l _At+1)|—t+1

With these equation, the first polar decomposition expresses the rekation a

ACOoy =AC'L¢4+1Bt+1Yt+1 +Ct'Lt AAL(41Brs1Yi+1 +Ct'Lt ABYiig +Ci'L By Ay
and the second polar decomposition becomes

Acop =AC'L Bty +Ci4n'Li+1 AAL Byt +Cra1'Li+1 AB Yt +Crap'L1+1Br+1AY

The average of these two methods yields the final equation of the dectiomposithod that will be
used in the analysis:



AC02
= JAc(L +1Br+1Yt+1 +LBiYy)
+2(Caal t+1 AAL(Byyt +Cilt AA L41Br41Vie1)

+5(Ctaal t+1 AF By +ciL g AF Byyg)

1
+ Q(Ct+1|—t+1Bt+1 +ciLBy)Ay
This equation expresses the change in the emission of CO2 as thefresulfaxctors, respectively:

- changes in CO2 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 changes thegadhéhe emission of CO2 per unit
of output. The second factor denotes the effects of technological clihagesange the products
needed as inputs in the production process of a certain sector. bisrelecmuch the emission of
CO2 decreased due to a shift from CO2 intensive inputs to CO2 extensive inpuéver this factor
also reflects changes based on outsourcing and import substitution. Thectoirdiémotes the effects
on the emission of CO2 due to changes in the composition of final demand. dfdinahd of CO2
extensive inputs increased relative to demand of CO2 intensive produoetsy# & decrease in the
total emission of CO2, even if final demand of both sorts of products wenhae,isonly takes
account of the composition of final demand. The effects of the levaialifdemand are denoted by
the last factor.

4. Description of the data

The analysis uses input-output tables of 1995 and 2000. The data are obtained Katiotied
Accounts of the Dutch national statistical office (Statistics N&thds, 2002). The original 1995 table
is issued at 105 sectors. Since CO2 emission data are issued at 36tbeatoiginal tables were
aggregated to these sectors. The transport and trade margins vestasitlie 37th sector. Since there
are no emission data of this sector, the analysis starts with agsi@niy this sector of zero.

Appendix A describes the aggregation scheme and the sector classifafatie 37 sectors used in
the analyses.

Statistics Netherlands issues all data in current prices and in gfittesformer year. A series of these
data for all years between 1995 and 2000 was used to express the 2000 table in 198k ptive

use of chain indices. Since this deflation method yields inconsistitsravith respect to the totals
(totals deflated in this way differ from the aggregation of the aeflatements), the totals were
recomputed by aggregating the deflated elements in the input-outpst Eirefigures for imports
were aggregated with the import duties, subsidies and taxes. Theredleflate added was computed
as the difference between the row total of a sector, the total aftémenediate deliveries in its column
and its imports. The figures for final demand were aggregated intaditegories: private
consumption, government consumption, investments and exports, according to theischeme
Appendix A. Deflation took place at the most disaggregated level, afteh i@ data were
aggregated to the 37 sectors.

Finally, two changes were made to the input-output table. First, fatis@treasons the transport and
trade margins are recorded as final demand and primary costs. Howssethsise margins have
important economic feedback effects, they should be included in the idtatendeliveries for the



current analysis. The total of this sector is zero, which is caused lgativeemain diagonal element
equal to the total of all other elements in the row or column. Since tisvianted in input-output
analysis, the element on the main diagonal was put to zero. Second, the $ectdcitE Supply’ has
a very high delivery to itself. Statistics Netherlands explainedhismelement contains the deliveries
of all generated electricity to the electricity distribution sectdicivdelivers it to other sectors.
However, in the input-output table the sectors Electricity Supply and iElgcBistribution are
aggregated, by which all electricity is counted twice and ends up in the mgamalizzlement of the
electricity sector. This large element leads to an overastamof the use of electricity by the
electricity sector. According to figures of Statistics Nethetta the element should be about 5% of
the current value. Hence the main diagonal element of the sectorittieSupply’ was divided by
20 for both 1995 and 2000.

Finally, it is important to note that the figures of the emission of C&®2atryet final. They are
estimates of Statistics Netherlands and will possibly change irefatlitions of the National
Accounts. Former experiences with similar data allow for safely amgutimit the conclusions of the
analysis are robust to these changes.

5. Empirical results

Table 1 shows some basic features of the emission of CO2 per seetsecbimd column indicates
how much Mtonnes CO2 each sector emitted in 2000 (the first column contains tiseofidmee
sectors). Not surprisingly, most CO2 is emitted by the electricitpisdcansportation, the oil industry
and the chemical industry. Column three of Table 1 shows the emissiors filivicked by total output
of the sectors. Although Fishery now has the first place, the list doebar@e much. Again, the
electricity sector, transportation, the oil industry and the chenmidaktry have most CO2-emission.
Much of the emission of these sectors was done in order to produce integngedids. Hence,
although the sectors did emit the CO2, the emission took place in oraeble another sector to
produce its product. For example, electricity used by a farmer causes CGeisthe electricity
sector for the agricultural sector. Indirectly, agriculture can lkrbeponsible for this emission. Total
CO2 emission may decrease if the buying sectors use inputs with low COBesisstead of inputs
with high CO2 emission.

Input-output tables allow for the computation of indirect effects. Thekeat effects are included in
the elements of the Leontief inverse. If demand for the product of a cextéim micreases, the initial
increase in total output of an economy is this increase in final demand. Hotwemarduce the extra
demand, the sector needs intermediate inputs produced by other sectorsnevhates the demand
of other sectors as well. This is called the direct effect oiinitial increase in demand. In order to
produce the intermediate inputs of the direct effect, these selsonseged inputs, which further
increases demand, and so on. These effects are the indirect &fieatirect effect of the increase in
demand can be seen in the columns of the matrix with input coefficientdirébeand indirect
effects are included in the Leontief inverse: an elemeftthe Leontief inverse denotes the total
increase in total output of produdf the final demand of produgtincrease by exactly one unit.
Hence, a column sum of the Leontief inverse denotes the increase wutptatl of the entire
economic system due to an increase in final demand of prpdyexactly one unit. This is also
known as the backward total output multiplier of seft&ince the vectar contains the emission per
total output of each sector, the ve@o denotes the total extra emission of CO2 in the economic
system, directly and indirectly, due to the increase in final demand of gaéth one unit. These
figures are denoted in the fourth column of Table 1.

If the diagonalised matrix of the vectowere used, the result would be a matrix with elements
denoting the extra emission of CO2 by settue to an increase of final demand of secwith one
unit. Therefore, the matriRLf shows how much CO2 was emitted by secthre to final demand of
sectolj, or, in other words, how much CO2 was emittgcgector for sectolj. The row totals of this
matrix add up to the total emission of each sector, the column totals show how ditedt DO2



emission the sector can be held responsiblé.&ohow much CO2 is emittefdr the sector instead of
by the sector. These figures are displayed in column five of Table 1. 8lathre four and five of
Table 1 show that the sectors with most indirect emission of CO2 arethb@ame as the sectors
with most direct emission, even though the direct emission of the dlgcidctor is about twice as
large as the indirect emission. Interestingly, the transport andriradgns show up with large
emissions, reflecting the fact that transportation is responsibelérge part of the CO2 emission.
Due to lack of data, however, this could not be seen in the direct emissions.

The analysis above actually assigns the emission of CO2 to final demaedsettbrs. After all,
intermediary products are only used in order to fulfil the final demanddotars product. Hence, the
analysis above registers how much CO2 is emitted in the entire ecorysigit sn order to fulfil the
final demand of a sector. Since final demand is distinguished at four categasipssisible to
calculate for each category how much CO2 was emitted in order to prodiitis iloes not only
depend on the share of the categories in total final demand, but also ortah& sempositions of

the four categories. The relevant figures can be obtained by using freefimend matrix rather than
total final demand. The vect@' LF contains 4 numbers indicating how much CO2 was emitted for
private consumption, government consumption, investments and exports. Thislstosyports
generated most CO2 emission: it is responsible for 55% of the entir@mi$ CO2 in 2000. Private
consumption is responsible for 28%, government consumption for 10% and investm&rits. fbhe
shares of the categories in final demand are respectively 39%, 29%, 18% and 13%.

Although much CO2 is emitted for foreign users, imports have the opposite siffieetthey generate
CO2 emission in foreign countries for Dutch users. With the National Accdatzsit is possible to
compute the CO2 trade balance, analogue to Machado, Schaeffer and Worrelll{20@&lyase of

the Netherlands, however, the result is predictable: since thetaeasurplus, exports contain more
CO2 than imports. A more interesting analysis is the computation of then@D2ity per unit of
export and import. [é denotes the export coefficient®. exports per sector divided by total exports,
andm the import coefficients, the CO2 intensity of exports respectively itmpgan be computed as

cLe andcLm . This exercise shows that in 1995 every guilder of export generated 0.30 Rilo CO
emission, whereas every guilder of import incorporates 0.28 kilo CO2. Exporistannly larger than
imports, they are also more CO2 intensive. Hence, the trade balantenpaisihe Netherlands is
unfavourable for domestic CO2 emission. In 2000, however, the numbers have changeqdstgh e
and imports incorporated 0.24 kilo CO2. The decrease in the CO2 intensifyootiseas well as the
levelling of CO2 intensity of imports and exports are favourable for the Dut@ti@@e balance, but
the CO2 trade balance will still show a surplus.

Table 2 shows the results of the decomposition analysis. Technologicalrapdsition changes
decreased the emission of CO2 substantially, with 14 Mtonnes due to techadatbgirges that
influenced the emission coefficients directly, 3 Mtonnes due to technal@tianges that affected the
input structures, and 12 Mtonnes due to changes in the composition of final demandffébtssare
more than nullified by the effects of increasing economic growth: chamdjesl demand caused the
emission of CO2 to increase by almost 37 Mtonnes. The sectoral reSidtsén? show an interesting
pattern for the changes in CO2 emissions due to technological chatiyesspect to the emission
coefficients. Most sectors developed cleaner technologies wit{@2smission per unit of output.
However, a few sectors stand out with technologies that became more @@2vextThe most
important effects take place in the electricity sector and thirdiktry. Although this seems to imply
that the electricity sector switched to more emission generatihgitees, the results may be due to
data errors. To analyse whether this is the case, we checked theeebud the results by repeating
the analysis for the period 1995-1999. This showed that most conclusions did not chamdpexc
the effect of changes in the CO2 intensity for the electricity saogiead of being responsible for 1
megaton extra CO2, it decreased the emission of CO2 with 2 megatordiragtothe 1999 figures.
Clearly, the detailed sector specific results are not alwaysobust, which makes it dangerous to
draw far-reaching conclusions on these data. The conclusion for the oil inthestgyver, was the
same for the 1999 and the 2000 data. Table 3 displays the results of the 1999 analysis



Since many decomposition analyses conclude that a decrease in the me@gityicontributes
substantially to lower CO2 emission (seg,, Ang, 1999, Sun, 1999, Schipper, Murtishaw, and
Unander, 2001, Albrecht, J., D. Francois, and K. Schoors, 2002), it is interediakg & look at the
outcomes in Tables 2 and 3. The reduction in the input structure duentiesha inputs from the
electricity sector are in both cases relatively large. Althotightémpting to conclude that these
results confirm that the decreases in energy intensity is an empéot reducing the emission of CO2,
they may also be due to an increase in imported electricity. Indeed, a looknapdnedata shows

that imports of electricity increased by 73% between 1995 and 2000.

Because the effect of final demand is by far the largest effecgptiisup in its four components.
These figures are displayed in Table 4. It shows that most emisssogewarated by changes in
exports. This is for a large part explained by the increase in expbast(30%, against private
consumption 20%). Again, emissions of CO2 in the Netherlands are for a largaysed by foreign
users.

6. Policy implications

The Dutch climate change policy aims at reducing the emission of CO2. Fedtlation of domestic
CO2 emission, several policy measures were introduced which mainlyrcdheemission of CO2
by the electricity sector: an energy tax and fiscal advantages shotddsiethe use of energy, and
generation of less CO2 intensive energy is supported (Ministry of HougiatialSPlanning and
Environment, 1999). Although the outcomes of the analysis above do not computedtedafthe
climate change policy, it is possible to analyse whether the outcomiediaswith the desired
developments. Table 2 shows that much reduction of CO2 emission has beesadslshidgcreasing
the emitted CO2 per unit of output. This points at new technologies ¢t lave with the intentions
of the climate change policy. However, the data per sector show that thissthsbraen achieved in
the industry, especially in the chemical sector. Whereas reductions ldiss CO2 extensive
technologies have also been achieved by many service sectors, agrignttdishery, a few industries
have become more CO2 intensive, among which the electricity sector andinldestry. The result
of the first sector is due to data problems, the negative efféoe @il industry is more robust.

Shifts in the input structure did cause a decrease in the emissi@R2dfyCthe electricity sector. A
closer look at the figures reveals that this may be due to an extreraase in the imports of the
electricity sector: between 1995 and 2000, imports increased by 73%. Spwrérnmelectricity
decreases the emissions in the domestic country and increases #iereafi€O?2 in foreign
countries, these observations mean that emission of CO2 by the Dutchislesgtdior has been
shifted to foreign countries rather than decreased by new technologies.

Other policy goals that have not been achieved concern the totaloenoE€02 in years past 2000.
According to the climate change policy before Kyoto, the emission of Qé&x22&00 should be 3%
less than the emission in 1990 (Ministry of Housing, Spatial Planning and Engingrit899). Since
most increases in CO2 emission are due to economic growth, the reasoagfiicthto fail may be
that economic growth was higher than expected.

New policy measures that decrease the general level of CO2 emipgi@xing the emission or by
selling emission rights, especially hurt sectors for which much CO2 feedntince exports include
much CO2, this kind of policy will probably hurt the Dutch export position.

7. Conclusions

Decomposition of CO2 data shows that already much progress has been made atitnretiGCO2

emissions by changing to less CO2 intensive technologies. Changes in fresitiom of final
demand show that demand also shifted to more products that may be produced with less CO2
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emission. Further, shifts in the inputs needed in the production présessamaged to decrease the
CO2 emissions. These effects, however, were more than compensated bgdnCi@aemission due
to economic growth. Especially growth in exports led to substantial more Cieg@amin 2000 than
in 1995.

The Dutch climate change policy tries to reduce the emission of CO2 mairddiging the demand
for energy and by supporting the production of energy with methods that have lo@en@€3ions.
Of course, other sectors are also supported to shift to other production m&tiedggregate figures
indicate that this policy works, since technological changes led to eti@din CO2 emissions by
18%.

Both the analysis of the indirect effect and the decomposition anshmiged that much of the CO2 is

emitted for exports. Hence, a strict CO2 policy is likely to hurt #poe positions of the sectors for
relatively much CO2 is emitted.
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Table 1. Basic emission data, 2000, prices of 1995

Sector CO: CO2 emission/ Indirect CO2
emissionby total output CO2 emissio emissior
sectors / final demandfor sectors
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 1.9 0.10 0.12 1.1
production
Other mining and quarrying 0.3 0.15 0.27 0.3
Manufacture of food products, 4.6 0.05 0.18 12.7
beverages and tobacco
Manufacture of textille and leather 0.4 0.04 0.11 0.8
products
Manufacture of paper and paper 2.0 0.17 0.25 1.7
products
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 0.3 0.02 0.11 0.8
products
Manufacture of basic metals 6.5 0.49 0.62 5.1
Manufacture of fabricated metal 0.8 0.03 0.13 1.8
products
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 0.2 0.03 0.09 0.1
products
Manufacture of construction materials 3.0 0.23 0.34 1.1
Other manufacturing 0.2 0.02 0.07 0.9
Electricity supply 48.0 1.91 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 2.1 0.02 0.06 0.5
vehicles)
Hotels and restaurants 2.4 0.03 0.10 2.1
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 4.2 0.01 0.04 6.3
communication
Public administration and social 3.0 0.03 0.11 8.5
security
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 1.1 0.02 0.09 2.5
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
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Table 2: Decompoaosition of changes in CO2 emission between 1995 and 2000, Mtonnes

emission input composition level of Total
coefficients coefficientdinal demandfinal
demand

Agriculture and foresty -1.8 -0.5 -1.1 24 -1.0
Fishing -0.5 -0.4 -0.8 0.8 -0.9
Crude petroleum and natural gas production 0.3 -0.3 -0.2 04 0.2
Other mining and quarrying 0.1 0.0 0.0 0.1 0.2
Manufacture of food products, beverages -0.6 -0.1 -0.7 1.2 -0.2
and tobacco
Manufacture of textille and leather products 0.0 0.0 -0.1 0.1 0.0
Manufacture of paper and paper products -0.2 0.0 -0.2 0.5 0.1
Publishing and printing 0.0 0.0 0.0 0.1 0.0
Manufacture of petroleum products 0.8 -0.9 -2.0 29 0.9
Manufacture of chemical products -6.6 -0.2 2.1 6.2 -2.7
Manufacture of rubber and plastic products -0.1 0.0 0.0 0.1 0.0
Manufacture of basic metals -1.4 -0.1 -0.8 1.8 -05
Manufacture of fabricated metal products 0.0 0.0 0.0 0.2 0.1
Manfacture of machinery n.e.c. -0.1 0.0 0.0 0.1 0.0
Manufacture of electrical equipment -0.3 0.0 0.1 01 -0.1
Manufacture of transport equipment -0.2 0.0 0.0 0.1 -0.1
Recycling industries 0.2 0.1 0.0 00 04
Manufacture of wood and wood products 0.0 0.0 0.0 0.0 0.0
Manufacture of construction materials -0.7 0.2 -0.1 0.7 0.0
Other manufacturing 0.0 0.0 0.0 0.0 0.0
Electricity supply 1.0 -2.3 -4.2 91 36
Gas and water supply 0.0 0.0 0.0 0.0 0.0
Construction -0.1 0.0 0.0 04 0.2
Wholesale trade -0.3 0.0 0.0 01 -0.1
Retail trade, repair (excl motor vehicles) -0.4 0.2 0.1 04 03
Hotels and restaurants -0.9 -0.1 0.1 05 -04
Land transport -0.1 0.0 -0.3 1.6 1.2
Water transport 0.3 -0.1 -0.5 1.7 14
Air transport -0.5 0.4 0.3 2.6 2.9
Supporting transport activities -0.4 0.0 0.0 01 -03
Financial, business services and -0.7 0.3 0.4 0.7 0.7
communication
Public administration and social security -0.1 0.0 0.0 0.3 0.2
Educaton 0.0 0.0 0.0 0.1 0.1
Health and social work activities -0.3 0.0 0.0 0.2 -01
Sewage and refuse disposal services 02 11 0.0 0.9 1.8
Other services -0.1 0.0 0.0 0.2 0.1
Trade and transport margins 0.0 0.0 0.0 0.0 0.0
Total -13.8 -2.7 -12.2 36.8 8.1

Source: own computations based on Statistics Netherlands (2002)
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Table 3: Decompoaosition of changes in CO2 emission between 1995 and 1999, Mtonnes

emission input composition level of Total
coefficients coefficientdinal demandfinal
demand

Agriculture and foresty -1.7 -0.3 -0.7 16 -1.0
Fishing -0.4 -0.2 -0.5 06 -04
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 -0.1 0.0 -0.5 0.8 0.2
and tobacco
Manufacture of textille and leather products -0.1 0.0 -0.1 01 -01
Manufacture of paper and paper products -0.7 0.0 -0.1 0.3 -05
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 43 -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 01 -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 01 -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 04 -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 01 -03
Financial, business services and -0.7 0.3 0.3 0.6 0.4
communication
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 -03
Sewage and refuse disposal services 04 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 4. Changes in CO2 emission due to final demand between 1995-2000, Mtonnes

Private

Government InvestmeriEgports Total
consumption consumption

Agriculture and foresty

Fishing

Crude petroleum and natural gas production
Other mining and quarrying

Manufacture of food products, beverages
and tobacco

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

Total

0.3
0.1
0.1

0.0
0.2

0.0
0.0
0.0
0.3
0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.0
4.4
0.0
0.0
0.1
0.1
0.2
0.5
0.1
0.3
0.0
0.3

0.0
0.0
0.1
0.1
0.1
0.0
7.9

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.4
0.0
0.0
0.0
0.0
0.0
0.1
0.0
0.0
0.0
0.0

0.3
0.1
0.1
0.4
0.0
0.0
1.7

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
24.5

2.4
0.8
0.4
0.1
1.2

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

Source: own computations based on Statistics Netherlands (2002)
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Appendix A:  Sector classifications

Sectors according to the 106 sector classification:

O©CO~NOUIAWNPE

Arable farming

Horticulture

Live stock

Other Agriculture

Service activities related to agriculture

Forestry and hunting

Fishing

Crude petroleum and natural gas production
Other mining and quarrying

Manufacture of meat

Manufacture of fish products

Manufacture of vegetable and fruit products
Manufacture of dairy prod.

Manufacture of animal feeds

Manufacture of other food products
Manufacture of coffee and tea

Manufacture of beverages

Manufactuure of tobacco products

Manufacture of textiles

Manufacture of wearing apparel

Manufacture of leather and leather products
Manufacture of wood and wood products
Manufacture of paper

Manufacture Paper products

Publishing and printing

Manufacture of recorded media

Manufacture of petroleum products; cokes and nuclear fuel
Manufacture of other basic chemicals and man-made fibres
Manufacture of inorganic basic chemicals
Manufacture of petrochemicals

Manufacture of fertilisers and nitrogen compounds
Manufacture of chemical products

Manufacture of rubber and plastic products
Manufacture of other non-metallic mineral products
Manufacture of basic metals

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 communication equipment
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
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52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
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

Collection, purification and distribution of water
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 sale of fuel
Wholesale trade (excl. motor vehicles/cycles)
Retail trade and repair (excl. motor vehicles/cycles)
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
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 social security a@gviti
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; corporations
Sewage and refuse disposal services; government
Other recreational, cultural and sporting activities
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:

O©CoO~NOOITAWDNPEF

Agriculture and foresty

Fishing

Crude petroleum and natural gas production
Other mining and quarrying

Manufacture of food products, beverages and tobacco
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

Final demand categories included in the analysis

Included sectors
1:6
7
8
9
10:18
19:21
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
71:74
75:89
90:93
94:96
97:98
99:100
101:105
106

Private consumption

Government consumption

Investments

Exports

Final consumption expenditure of households
Non-profit institutions serving households
Final consumption expenditure of general government
Social security in kind by the government
Fixed capital formation (gross)
Changes in inventories (incl. acquisitions less disposals ofblaf)a
Exports of goods (fob) and services
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