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In this paper first preliminary results of the GamSystem of Environmental-
Economic Accounting (SEEA) on the development ofbedied environmental
pressures of imports and exports in the period 1898004 are presented for the

variables energy, carbon dioxide emissions and gitrathsport performance.

The results on energy and carbon dioxide presentetis report are based on a
methodologically improved IOT approach. Among other so called expanded

hybrid 10T was applied, which was tailor-made floe £nergy calculations.

The causes of the development of embodied presanesstudied on basis of
detailed results of the German SEEA by homogenboarsches of production. It is
a main purpose of the study to investigate whethervariables included show a
significant difference in the development betwedre tproduction and the
consumption perspective. And subsequently it issdskhether the hypothesis is
supported for Germany that there is a tendencyetdcating environmentally

intensive production activities to the rest of tierld.

It is suggested to establish an EU-wide system ohitaring the embodied
environmental pressures of external trade flowsbasis of a systematic and

harmonised statistical approach.

1. Introduction
Globalisation is at first hand an economic phenamemhich is above all characterized by an

increasing integration of national economies to wuweld market. That comes along with a
growing mobility of the production factors laboundacapital and an increasing division of
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labour between the national economies. The inangadivision of labour comes along with a
disproportionate expansion of international traddev$.

From an environmental point of view, beside the a¢he production factors labour and

capital, the pressure on the natural capital isp#cific interest. Economic production and
consumption activities are the driving forces fbe tuse of natural capital and for the

development of environmental pressures. Depletfagubsoil resources, structural pressures,
like the use of area for settlement and traffiqqeses or for intensive agricultural practices as
well as the disposal of residuals like waste an@missions to the environment belong to the
environmental pressures.

Environmental pressures in principal can be vieWeth two perspectives. One can look at
their direct generation by domestic producers angaholds. This is the so-called production
perspective. On the other hand pressures can bsuneelafor the domestic use (consumption)
of goods and services. That is the so-called ussppetive. Both perspectives are relevant for
policy making. A policy that is aimed at influengithe extent of environmental pressures can
either tackle the level or the environmental effi@y of certain production or the level and
the pattern of consumption. Therefore, informatfoom both perspectives is basically of
interest at the national as well at the internatidevel.

The statistical indicators which are used for emwnental policy or for policy on sustainable

development — for instance the indicator on greamsh gas emissions that is applied in the
framework of the Kyoto-protocol — as a rule refethe production perspective. That is: to the
observation of direct environmental pressures ennidttional territory predominantly caused

by domestic production activities. Examples fortthgoe of indicator can be found in the

European indicator system on sustainable developasemell as in the indicator set of the

German national strategy on sustainable developnidre respective environment related

indicators of the German national strategy on suebde development refer to the use of
energy and raw materials and their efficient useeiation to the GDP, emissions of green
house gases, other harmful air emissions, landasseell as goods transport performance,
which is used as a yardstick for different transpelated environmental impacts.

In contrast to that the use perspective enablebdoy the amount of environmental pressures
embodied in the goods and services consumed witieirdomestic economy. The embodied
pressures are equal to the total amount of pressioae were generated by the production of a
product over the whole production chain.

Due to the increasing international relationshipsnational economies the proportion of
goods and services is growing that are not consumethe country where they were
produced. Insofar it becomes increasingly importamegard not only the production but also
the consumption perspective for analysing the agrmént of environmental pressures.

The user perspective is more in line with the cpha# global responsibility. According to
that concept the environmental pressures of impoatgee to be assigned to the domestic
economy. On the other hand pressures that areedelat the production of exports are
attributed to the economies importing these goods.

Monitoring the development according to both coteeapay be of special importance if the
pressures related to imports and exports do nanbal each other. A special study on
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embodied carbon dioxide of imports and exports weadertaken by the OECQvhich refers

to the situation in the mid ninetieth and which es/the OECD member states as well as
important threshold countries. The study arrivedhat conclusion that most industrialised
countries have an excess of imports over exportenms of embodied C&emissions. In
contrast to that mainly threshold countries likarah Russian and India had a considerable
excess of embodied exports over embodied impotat might be a hint that industrialised
countries had already relocated a part of the cadbaxide emissions to the rest of the world
until the mid nineties.

Moreover in the OECD study the hypothesis was powdrd that the trend of shifting direct
COs-emissions from industrialised countries to develgpcountries may have continued for
the signatory countries of the Kyoto-protocol ird@r to observe limits of the treaty (carbon
leakage).

With growing globalization a demand for a systematatistical monitoring of environmental
pressures has emerged, especially for the measnremheembodied energy and carbon
dioxide emissions of import and exports. The airaudth be to supplement the production
related indicators that have predominantly beeunl gsefar. The methodological approach and
the data used within the System of Environmentaremic Accounting (SEEA) offer the
opportunity to generate data on these embodiedanwiental pressures.

In this paper first preliminary results of the GanmSEEA on the development of embodied
energy and carbon dioxide of imports and expontgtfe period 1995 to 2004 are presented.
In a second section results on transport of implcaited exported goods are shown.

The causes that lie behind the observed resultaradysed on basis of data for homogeneous
branches of production respectively for the commiesliwhich they produce. It is a main
purpose of this study to investigate whether theabées included show a significant
difference in the development between the prodoctad the consumption perspective.
Subsequently it is scrutinised whether the hypashisssupported for Germany that there is a
tendency of relocating environmentally intensivedarction activities to the rest of the world.

After a short description of the methodological m@eh for estimating embodied
environmental pressures (indirect effects) of tin@arts and exports in a following chapter
the results of the calculation are presented anthzented. Finally it is suggested to establish
an EU-wide system of monitoring the embodied emmmental pressures of external trade
flows on basis of a systematic and harmonisedssitz! approach.

2. The methodological approach of the System of Enviromental-Economic Accounting
for the estimation of embodied environmental presses of exports and imports

In the System of National Accounts (SNA) the ecomoprocess is described from the

generation or production perspective (Gross DomeBtoduct) as well as from the use
perspective (especially Final Domestic Use). ThesGiDomestic Product (GDP) differs from

the Final Domestic Use by the balance of exportrefjamports. The generation perspective
deals with the question what goods and services werduced in the domestic economy and
how much value added was created by that produclibe use perspective shows what
products were consumed in the domestic economy cgdident economic units.

! OECD: Carbon dioxide emissions embodied in intéonal trade of goods, OECD, Paris 2003
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The SEEA follows both concepts of the SNA. Thathg, environmental pressures caused by
economic production activities are reported in gpal from the production as well as from
the consumption perspective. Of course, a crucedgndition for showing both perspectives
is that the difference can be quantified reliably.

Due to the type of available primary data the @xgsenvironmental reporting systems, like
the air emission inventories of the environmentnages or the energy balance, provide data
referring to the production perspective. Accordyntle SEEA, which uses those data as a
starting point, at first provides results followittge production perspective. That is, the direct
environmental pressures that are generated in ctanewith the production activities are
shown in a breakdown by homogeneous branches afuption. Additionally also direct
pressures related to consumption activities — almvéhe energy consumption of private
households for heating, electric appliances, lightind private cars - is included.

However, the use perspective does not require avitadout a product view. That is, the
embodied environmental pressures of the consumedsgand services have to be calculated
by accounting for all pressures that accrued wheh groduction of these products over the
whole production chain. The embodied or indiregsgures can be estimated on the basis of
different methodological approaches. The most a@ecepre the life-cycle analysis and the
input-output analysis.

The life-cycle analysis, which represents a bottgrmapproach, is suitable for investigating
environmental pressures for certain individual picid, which preferably belong to the early
steps of the production chain, with a rather higigrde of accuracy. On the other side the
input-output analysis, which is a top-down approawhy offer less accurate results in detalil.
But this approach has the advantage of being amsyic and comprehensive method which
covers the total economy and the results are coheiigh the other figures of the accounting
system. The input-output analysis enables to coentiia monetary input-output tables (IOT)
with figures of the SEEA in physical units. The huad utilizes the information of the IOT on
the intertwining of the production branches on dasdithe so-called Leontief-inver&isThe
utilization of monetary 10T for that type of phyaltmonetary (hybrid) analysis can be
viewed as an important area for application of I0T.

However, the results of that type of calculationd@ladepend on the concrete methodological
approach and on the degree of detail of the aJaildéata. In order to increase the degree of
accuracy the German Federal Statistical Officetaksn considerable efforts for refining the
methodological approach and to enhance the datafbashat type of calculation during the
last years. Among others the efforts were focussedmnproving the method of estimating
embodied energy use and embodied air emissidie work on that was concentrated on two
points:

2 As an early example for calculating embodied ep@rghe Federal Statistical Office Germany reter t
Schoer, Karl: Energy use of private householdsurp@ses of final consumption, paper submitted ¢oJihint
ECE/Eurostat Work Session on Methodological Isafdsnvironment Statistics, Jerusalem, 11-14 October
1999. Online Veréffentlichung, Statistisches BuraesWiesbaden 1999.
http://www.destatis.de/jetspeed/portal/cms/Sitestates/Internet/DE/Navigation/Publikationen/Facloedfentli
chungen/UGR,templateld=renderPrint.psml__nnn=true

® See: Mayer, Helmut: Calculation and analysis bylarid energy input-output table for Germany wittie
Environmental-Economic Accounts (EEA), Paper far 1i6-th International Input-Output Conference,ribta
Turkey, 2-6 July 200, Online publication, Statisties Bundesamt, Wiesbaden 2007.
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- Construction of an expanded hybrid IOT (HIOTexp)
- Modification of the standard approach for calcuigtembodied imports.

A hybrid 10T comprises mixed information eitherrmmonetary or in physical terms. Starting
point is the monetary IOT. For the constructioradcfpecific HIOT on energy monetary data
on the use of the different energy carriers weptaceed by more adequate physical use data.
The approach of an energy related HIOTexp is tagtjeegate production processes that are
specifically relevant to energy use. For that psga number of homogeneous production
branches of the 10T were subdivided further: braschelated to the extraction or
transformation of energy carriers, like coal minicgokeries and refineries, electricity, gas
and water supply as well as some energetically rtapb branches, like chemical industry,
manufacturing of non-ferrous metals. The chemicmlustry was further subdivided in
pharmaceutical industry, basic chemical industrgl ather chemical industry. In a special
project that is carried out at present an even ndetailed disaggregation of the chemical
industry will be provided. Moreover, a further proj conducted for calculating indirect
imports and exports of raw materials (raw matee@livalents), which among others will
make available detailed physical supply and uséesalor the production and primary
processing of raw materiélsAnother project of the SEEA of the Federal Stati$ Office
deals with the detailed disaggregation of agrigeltbranch in 10T, These projects will
further improve the calculations in future.

The second point of methodological improvement reef® the calculation of embodied
emissions of imports. The input-output approacthatfirst hand is suitable for the estimation
of embodied environmental pressures of productchviare manufactured in the domestic
economy. That also covers exported goods and ssrvis imported products are concerned
such an estimation — as far it is not based onutaions with the IOT relationships of the
country of their origin — can be in principle ordgrried on the assumption that the domestic
production relationships hold also for imported qucis. As the foreign production
techniques can differ significantly from the donresines, the results on embodied pressures
of a specific imported product can properly only ibterpreted as the pressures that were
avoided in the domestic economy by the import.

In order to depict the energy use and the carboxidk emissions related to the production of
imported goods and services more adequately cestatimes of the German HIOTexp were
substituted by specific information on productiongesses abroad. The modification refers to
a number of energetically highly relevant productmocesses, like electricity generation and
the production of steel, aluminium and cellulos€sr that purpose different external
information like data from the energy balances dountries with significant exports to
Germany was collected on the respective produdigchniques. Especially electric power
and steel play an important role as intermediatedgoin the production chain of many

“ See: Schoer, Karl: Calculation of direct and iadirmaterial inputs by type of raw material andrecoic
activities, Paper presented at the London GrouptikgeNew York, 19 — 21 June 2006, Online
Veroffentlichung, Statistisches Bundesamt, Wiesha@606
http://www.destatis.de/jetspeed/portal/cms/Sitestates/Internet/DE/Content/Publikationen/Fachveiedfichu
ngen/UmweltoekonomischeGesamtrechnungen/CalcuatimmomicActivities,property=file.pdf

® Thomas Schmidt, Bernhard Osterburg: Aufbau de&Besmoduls ‘Landwirtschaft und Umwelt'in den
Umweltdkonomischen Gesamtrechnungen, Abschlusstiet@®95. Bundesforschungsanstalt fir Landwirtschaft
und Statistisches Bundesamt,

Braunschweig und Wiesbaden
http://www.destatis.de/jetspeed/portal/cms/Sitestates/Internet/DE/Content/Publikationen/Fachveiergfichu
ngen/UmweltoekonomischeGesamtrechnungen/Landwatddmwelt,templateld=renderPrint.psml
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imported goods. That is, especially differenceghe production techniques of those two
product groups tend to have a broad and consideiaipact on the energy and emission
intensity of many imported goods and services. Moee a tuning of the results was made
with respect to the trade flows in physical terrhthe external trade statistic.

The carbon dioxide emission intensity of electyigeneration in Germany is higher than for
the most important trade partners, due to a cortipaha high proportion of brown coal and
hard coal as well as a comparatively low shareesiewable sources and nuclear fuels.
Against that the efficiency factor of power plamis well as the proportion of less carbon
intensive fuels developed more favourable in Gegnthan abroad in the last decade, which
tended to result in a stronger de-burdening eftectarbon dioxide emissions for exported
than for imported products. However, differencethim development of the energy efficiency
of steel production tended to result in a diamatrieffect. The energy intensity of steel
production of the trade partners started with aéigevel, but showed a stronger decrease
than in Germany.

The described methodological improvements enhatioedjuality of the results presented
below considerably compared to earlier calculations

3. Results
3.1 Embodied energy and carbon dioxide emissions of imports and exports
3.1.1 Macroeconomic development

Between 1995 and 2004 the international integrabbrthe German economy increased
considerably. Whereas the Gross Domestic ProdubtiPjCgrew price adjusted by 13 %

during that period of time the exports (withoutepgports) showed an increase of 83 % and
the imports (without re-exports) grew by 55 % (t&®e 1). That development continued also
in 2005. Such the globalization process is refldig a considerable intensification of the
German external trade in the last decade.

The exports accounted for 25 % of the total firg¢ in 2004. The imports had a share of 20
%. The external trade surplus in current priceseiased from 33 Billion EUR in 1995 to 141
Billion EUR in 2004. As a result of the substantiatrease of the trade surplus the
consumption of goods and services — measured agindledomestic use of products —
increased by only 7 % (price adjusted), which wagreciable lower than the growth of the
production (GDP)

The domestic direct energy use (primary energy mseg¢ased in the period 1995 to 2004 by
rather 1 % up to 14300 Petajoules (PJ). Such tbetgrof energy consumption was below
the growth of GDP. That lead to an increase ofethergy productivity by 10 %. The direct

domestic energy use (consumption of primary energfyfws how much energy was

consumed by the production activities and additigriay the (direct) energy consumption of

private household.

Due to the strong increase of external trade toevir of the embodied energy consumption
of imported and exported products was considerhlglger than the domestic energy use. In
2004 energy embodied in exports accounted for 700The energy content of exports
exceeded the embodied energy of imports by ne&M) PJ. The embodied energy of exports
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increased by 39 % since 1995 and the embodied yoéigiports grew by 15 %. As a result
of the growing export surplus of embodied energg #mbodied energy of domestic
consumption, which is measured by the cumulatedggnese of the final domestic use of
products, fell by a little more than 8 % betweef3.and 2004.

Such the development of energy use shows a coabidedifferent tendency for the
consumption perspective compared to the produgi@spective. The use of energy for the
production of the goods and services that wherswoed domestically decreased, whereas
the energy consumption for manufacturing the exgmbgproducts increased substantially.
Therewith it can be stated that a considerableganding proportion of the direct domestic
energy consumption was used for the productionxpbeed products which benefited the
final use in the rest of the world.

Table 1
Gross Domestic Product, Imports and Exports in monetary and physical units
Values Change
1995 | 2000 | 2004 | 1995 | 2000 | 2004
Monetary values
Bn. EUR (at current prices) 1995 = 100 (deflated, chain
index, ref. year 2000)
Gross Domestic Product, 1,848.5 12,0625 2,207.2 100.0 110.4 113.0
Balance: exports - imports 33.0 37.9 141.3 X X X
Exports 428.7 669.8 822.5 100.0 154.9 193.9
of which.:exports without re-exports 374.6 576.6 696.6 100.0 149.8 1827
Imports 395.7 631.9 681.3 100.0 151.8 172.2
of which: imports without re-exports 340.2 537.9 554.8 100.0 1445 1547
= Final domestic use 1,815.5 2,024.6 2,065.9 100.0 109.4 107.4
Energy consumption
PJ 1995 = 100
Primary (direct) domestic energy consumption (SNA concept) 14,156 14,213 14,278 100.0 100.4 100.9
Production 10,245 10,373 10,373 100.0 101.3 101.3
Private households 3,911 3,839 3,905 100.0 98.2 99.9
Balance: embodies energy of exports - embodied energy of imports -35 293 1,261 X X X
Embodied energy of exportsl) 5,348 6,865 7,449 100.0 128.4 139.3
Embodied energy of imports? 5,383 6,572 6,188 100.0 122.1 115.0
= Cumulated energy of final domestic use 14,191 13,920 13,018 100.0 98.1 91.7
Embodied energy of goods for final domestic use 10,280 10,080 9,113 100.0 98.1 88.6
Direct energiy consumption of private households 3,911 3,839 3,905 100.0 98.2 99.9
Memorandum item:
Direct Exports 1,165 1,715 1,795 100.0 147.3 154.1
Direct Imports 11,007 12,119 12,463 100.0 1101 113.2
Balance: direct exports - direct imports -9,843 -10,404 -10,668 100.0 105.7 108.4
Balance: direct and embodied energy of exports - direct and embodied
energy of imports -9,878 -10,111 -9,407 100.0 102.4 95.2
CO, emissions
Mn. tons 1995 =100
Direct domestic CO,emissions (SNA-concept) 938.0 901.4 903.2 100.0 96.1 96.3
Production 718.2 693.0 699.7] 100.0 96.5 97.4
Private households 219.8 208.4 203.5 100.0 94.8 92.6
Balance: embodied CO, emission of exports - embodied CO, emission of
imports 24.3 46.6  103.8 X X X
Embodied CO, emission of exports® 3337 4027 4412 1000 1207 132.2
Embodied CO, emission of imports” 3095 3561 3374 1000 1151  109.0
= Cumulated CO, emissions of final domestic use 913.7 854.8 799.4] 100.0 935 875
Embodied CO, emissions of final domestic use 693.9 646.4 595.9 100.0 93.1 85.9
Direct CO, emissions of private households 219.8 208.4 203.5 100.0 94.8 92.6

1) Without re-exports

The difference in the change of primary energy asd embodied energy of domestic
consumption is to a certain extent simply mirrorihg difference between GDP and domestic
final use.
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When looking at the external trade balance of endub@&nergy of German imports and

exports it has to be regarded, that Germany isiglyodependant on direct energy imports.
The share of direct imports of energy carriers he total primary energy consumption

increased from 78 % in 1995 to 87 % in 2004. Thiarke of direct energy imports over

exports increased during the period of observétiom 9800 PJ to 10700 PJ. However, if one
also includes the international trade flows of edibd energy still a considerable access of
the imports over the exports of 9400 PJ is obtaine@004, but it is remarkable that in that

perspective the deficit decreased by nearly 508ifeg 1995.

In the OECD study that was mentioned at the oudfehis paper the expectation was put
forward that after 1995 there would rather be alémey of relocating energy and emission
intensive production activities from industrializeduntries to threshold countries. For energy
that presumption is clearly refuted by the datas@néed for in Germany referring to the

period 1995 to 2004.

That result for energy is widely confirmed by loofiat the CQ related balance between
embodied imports and exports. That is not surgyigis the C@ emissions predominantly
result from combustion of fossil energy carrierstfddences between the development of
energy consumption and G@missions can mainly be explained by a changaemiix of
energy carriers, like an increase of emission feeewable energy sources.

In 2004 the share of embodied £€missions of exports on the total final use (108¥tons)
in Germany was 43 %. The share of the embodiedritmjamounted to 33 %.

The direct domestic CQOemissions decreased between 1995 and 2004 by nrké&fl. The
embodied emissions of exports rose by 32 %. Theodetd emissions of imports grew by 9
%. The growing export surplus resulted in a decbh¢he cumulated COemissions of the
final domestic use by 12 % %. That is, the ;Gfnissions according to the consumption
perspective showed a decrease that was nearlyc@rmiguoints higher than of the emissions
according to the production perspective.

The energy and emission intensities — measuredhasrelationship between energy
consumption or C@emissions and the respective price adjusted mignegterence figures —
generally decreased in the period 1995 to 2004et8h The direct domestic energy use
(primary energy use) per GDP went down by 11 %. i#spective C@intensity decreased
by -15 %. Compared to that the g@tensities of imports (-28 %) and exports (-29 %)
decreased even stronger.
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Table 2
Intensity of primary energy consumption and CO,emissions

Values Change
1995 | 2000 | 2004 | 1995 [ 2000 | 2004
Energy
PJ/bn. EUR 1995 = 100 (deflated, chain
index, ref. year 2000)

Primary domestic energy consumption per GDP 7.7 6.9 6.5 100.0 90.9 89.3
Embodied energy of exports per value unit 14.3 11.9 10.7 100.0 85.7 76.3
Embodied energy of imports per value unit 15.8 12.2 11.2 100.0 84.5 74.3
Cumulated energy of final domestic use per value unit 7.8 6.9 6.3 100.0 89.7 85.4
Of which: embodied energy of final domestic use per value unit 5.7 5.0 4.4 100.0 89.7 82.5

CO, emissions
Tons /1000 EUR 1995 = 100 (deflated, chain
index, ref. year 2000)

Direct domestic CO2 emissions per GDP 0.51 0.44 0.41 100.0 87.0 85.2
Embodied CO, emission of exports per value unit 0.89 0.70 0.63 100.0 80.5 72.4
Embodied CO, emission of imports per value unit 0.91 0.66 0.61 100.0 79.6 70.5

Cumulated CO, emissions of final domestic use per value unit 0.50 0.42 0.39] 100.0 85.5 815
Of which: embodied CO, emissions of final domestic use per valu unit 0.38 0.32 0.29] 100.0 85.2 80.0

The change in the macroeconomic emission intemggigs back to changes in the intensities
of the individual product groups as well as to cinal changes (change of the share of
emission intensive product groups compared to hiaeesof less emission intensive product
groups). A decrease of the emission intensity dividual product groups can have different
reasons:

- improvement of the direct intensity of the prodantbranch which manufactures that
product by introduction of energy or emission sgyanoduction techniques

- improvement of the direct intensity of the respeetproduction branch by a shift in
the composition and quality of the products witthiat product group

- diminishing the intensity of intermediary producetsed as an input in the product
group either by substituting them by less emissm@nsive intermediary products or
by a decrease of the emission intensity in eastigps of the production chain.

The following description in the next section camtcates on analysing the background for
the reasons for the change of embodied €@issions of imports and exports.

3.1.2 Decomposition analysis of embodied carbon dioxide emissions for imports and exports

The embodied COemissions of exports increased in the period 202904 by 107 mn tons.
The rise of the import related emissions was camaialy lower with only 28 mn tons.

In the following the substantial influencing factdor the development for both variables are
guantified by using the mathematical tool of decosifion analysis. That tool can be applied
for decomposing the change of a variable, like ¢éngbodied exports of CGOemissions,
arithmetically into influencing factors. Each ofetleffects isolated by that approach shows
how the emissions would have changed, if only thdtvidual factor had changed. The
individual effects may have a positive or negatsign and negative effects may be
compensated by positive effects. For the interfietaof the results some limitations that are
inherent to this type of analysis should be regardespecially the influencing factors are
defined externally and it is assumed that the iddial factors are independent from each
other.
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The decomposition analysis carried out for embodi€d emissions of imports and exports
considers the following influencing factors:

- Scale effectprice adjusted development of the total valusmgforts or exports

- Structural effect: change of the product structure (price adjusted)

- Intensity effect change of the emission intensity (£€missions per value unit (price
adjusted) of the individual product groups

The availability of integrated data on the valuetlod imports and exports as well as the
related embodied CCemissions in a detailed breakdown by product gsas@ precondition
for carrying out those calculations by includingteuctural effect. Those data are provided by
the SEEA.

Figure 1 shows that the total increase of the emaldo@QG, emissions of exports by 107 mn

tons in the period 1995 to 2004 is the result afdbning and de-burdening influences. The
scale effect amounted to +233 mn tons. Therewith fdctor had a considerable burdening
influence. The effect of the increased level of @xp was partly compensated by the de-
burdening influence of the structural effect (36 tons) and of the intensity effect amounting
to 89 mn tons.

Figure 2 shows for comparison the components fer rike of the import related GO
emissions by 28 mn tons. The price adjusted ineredshe total value of imports (scale
effect) had a burdening influence of 146 mn tortgatTeffect was considerably alleviated by
an antagonizing structural effect (-35 mn tons) arde-burdening intensity effect of 83 mn
tons.

A comparison of the magnitude of the respectivluerfcing factors for imports and exports
shows the following picture:

- The burdening scale effect for exports exceededdhte effect for imports by 87 mn
tons

- The de-burdening structural effect was nearly etpramports and exports

- The de-burdening intensity effect was about 6 nms tagher for exports than for
import
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Figure 1

Embodied CO, - exports
Changes 1995 - 2004 by effects

(results of the decomposition analyses)
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Statistisches Bundesamt
Umweltdkonomische Gesamtrechnungen 2007

Figure 2
Embodied CO, - imports
Changes 1995 - 2004 by effects
(results of the decomposition analyses)
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Statistisches Bundesamt
Umweltékonomische Gesamtrechnungen 2007

Therefore the results for the scale effect show tha growth of the export surplus for
embodied C@emissions can be explained nearly completely byiribrease of the monetary
export surplus.

The negative sign of the structural effect for edibd imports and exports shows that the
share of emission intensive products decreasediaAss the exports are concerned that
would be in accordance with the above mentionedocseting hypothesis” of shifting
emission intensive production activities to the mdshe world. However, in return according
to that hypothesis for the imports there shouldekpected rather a burdening effect, i.e. a
growing emission intensity of the imports. At leéist intensity effect should be significantly
less de-burdening for imports than for exports. &bwal development with rather equal de-
burdening structural effects for imports and expotherefore clearly contradicts the
“relocation hypothesis”.
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The emission intensities went down considerablyifgoorts and exports, but slightly more
pronounced for exports. Insofar the increase okttport surplus was somewhat retarded.

Both, the decrease of the emission intensities els a8 the shift to less emission intensive
demand structures might have been boosted by thiel wide strong increase of the energy
prices during the period of observation. With relgar the German imports the price for crude
oil rose by 136 % between 1995 and 2004 againsh@wease of the total price index for
imports by only 5 %.

3.1.3 Embodied CO, emissions of imports and exports by product groups

The summary results of the decomposition analysisidate the most important influencing
factors that where behind the development of theexsurplus for C@ In this section the
contribution of the individual product groups tceticthange of the export surplus will be
analysed for further illustration of the resultsioé decomposition analysis.

The average CLntensity of exports — measured as embodied €fissions per value unit —
was 0.63 tons per 1000 EUR (imports: 0.61 tons ¥¥#0 EUR) in 2004. The average
intensity of externally traded goods and servicas wonsiderably higher than the average for
the products for final domestic use with 0.29 tpes 1000 EUR (table 3). The difference is
attributed to the fact that the basket of commedifor external trade is dominated by goods
against a dominance of services for domestic copiom For German exports the share of
goods stood at 92 % in 2004. Thereof vehicles (J8%achinery (13 %) and chemicals (8 %)
alone accounted for about two fifths.

The increase of the export surplus of embodied &@@issions by 79.5 mn tons between 1995
and 2004 is closely related to the contributionpobduct groups with high or medium
emission intensity. For table 3 the underlying @8lbgeneous product groups were assigned
to the categories high, medium and low emissioansity according to the GOntensity of

the exports. The average intensity of final dontesise was taken as a yardstick for
classifying the product groups.

In relation to the total value of exports in 2004 products with high emission intensity had a
share of 20 %. That is, this category of good plagequite important role for the German

portfolio of exported goods and services. The partdof products with medium emission

intensity came to 61 %. For products with low irsignthe share amounted to 19 %.

In 2004 the German economy showed an export sugdl&8.8 mn tons for products with
high emission intensity. For products with mediurtensity the surplus amounted to 66.3 mn
tons. Against that the goods and services withitgensity showed a deficit of 16.3 mn tons.
As a result he total export surplus was 103.8 ms.to

The products with high emission intensity contréz0.0 nm tons to the total increase of the
export surplus of 79.5 nm tons between 1995 andt.2U@e highest contributions in this
category of products was rendered by the prodwaipy ,iron and steel” with 15.1 nm tons,
followed by ,petroleum products” (8.0 mn tons), gelricity” (5.3 mn tons), ,construction
materials“ (4.4 nm tons), ,air transport servic€s:5 mn tons), ,basic chemicals* (1.2 nm
tons) and ,pulp and paper” (1.1 nm tons). The atersible increase of the G@&xport surplus
for iron and steel can mainly be explained by atradase of the monetary surplus (price
adjusted). However that effect was intensified bguastantial convergence of the foreign
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emission intensities to the lower German level sTimprovement of emission intensities was
reached among others through the increasing impigtien of the continuous casting
method by many important trade partners duringldbe decade, whereas that approach had
been implemented in Germany rather exhaustivelgadly in the mid nineties. The
development for construction materials was strorigluenced by a distinct increase of
cement exports accompanied by a decrease of thertsngfhe downturn of the domestic
construction activities should have played an irtgodrrole for that development.

Table 3
Embodied CO, emissions by homogeneous product groups
Mn tons
Exports Imports Exports minus Imports | Memo.: CO,
intensity of
CPA Homogeneous product groups 1995 2004 | Change | 1995 2004 | Change | 1995 2004 | Change |€XPorts 2004
2004 to 2004 to 200410 | tonsper
1995 1995 1995 | 1.000EUR
Products with high CO,intensity 1854  230.4 45.0] 1715 176.6 5.1 13.8 53.8 40.0
27.1-3 Basic iron, steel and tubes, semi-
finished products made from steel 52.2 63.6 11.4 47.3 43.6 -3.7 4.9 20.0 15.1 3.16
23.2 Refined petroleum products 5.1 8.3 3.2 16.0 11.2 -4.8 -10.9 -2.9 8.0 0.84
40.1 Electricity 221 28.9 6.8 18.0 19.6 1.6 4.0 9.3 5.3 4.55
26.2-9 Non-refractory ceramic goods, treated
stone and earths 5.8 9.5 3.7 7.6 6.9 -0.8 -1.8 2.6 4.4 1.97
62  Air transport services 7.7 9.0 1.4 6.1 6.0 -0.1 1.6 3.1 1.5 1.71
24.1 Basic chemicals 40.6 47.7 7.1 26.6 325 5.9 14.0 15.2 1.2 1.38
21.1/9 Pulp, paper and paper products 11.0 12.0 1.0 13.7 13.5 -0.1 -2.6 -1.5 1.1 1.44
Other 1) 40.9 51.3 10.4 36.3 43.3 7.1 4.6 8.0 3.3
Products with medium CO,
intensity 133.2 187.4 54.2] 1022 1211 18.9 31.0 66.3 35.3]
34 Motor vehicles, trailers and semi-
trailers 30.8 56.9 26.1 14.7 23.6 8.8 16.1 33.4 17.3 0.44
29  Machinery 28.4 33.8 5.4 9.3 11.2 1.8 19.1 22.7 3.6 0.37
25.2/9 Plastic products 7.3 11.9 4.6 4.3 5.6 1.3 2.9 6.3 3.4 0.69
28  Fabricated metal products 10.8 15.0 4.2 7.2 8.0 0.8 3.6 7.0 3.3 0.67
Other 2) 55.8 69.7 13.9 66.6 72.7 6.1 -10.8 -3.0 7.8
Products with low CO,intensity 15.2 23.5 8.2 35.7 39.7 4.0 -20.5 -16.3 4.2
11 Crude petroleum and natural gas; 0.1 0.1 0.0 224 19.8 -2.6 -22.3 -19.7 2.6 0.10
51  Wholesale trade and commission
trade 4.1 6.6 25 0.4 0.5 0.1 3.7 6.1 2.4 0.16
33 Medical, precision and optical
instruments, watches and clocks 3.6 5.8 2.2 2.1 2.8 0.7 1.4 3.0 1.5 0.26
22.1  Publishing, printed matter and record
media 0.9 1.7 0.8 0.5 0.7 0.2 0.4 1.0 0.6 0.22
Other 3) 6.6 9.3 2.6 10.3 15.9 5.6 -3.7 -6.7 -3.0)
Total 333.7 441.2 107.5] 309.5 337.4 28.0 24.3  103.8 79.5 0.63
Memo item: final domestic use X X X| X X X| X X X| 0.29

1) CPA 275, 27.4R, 24 R, 27.42, 12/13/14, 26.1, 60.1, 40.3, 23.3, 40.2, 23.1, 21.2
2) CPA 20, 15.1-8, 18, 01, 22.2+3, 17, 24.4, 19, 31, 36, 25.1, 45.1/2, 32, 05, 15.9, 63, 60.2/3, 61, 35
3) CPA 55, 74, 50, 75.1/2, 72, 10.2/3, 16, 66/67, 02, 45.3-5, 37, 41, 71, 75.3, 80, 85, 91, 52, 93/95, 64, 70, 73, 92, 65, 30, 10.1

The general increase of export surpluses for pitoghazips with high energy and emission intensities
shows that those industries widely succeeded imtaiaing their international competitiveness during
the last decade. Increased efforts for improvingrgy efficiency and high recycling rates for

iron, glass, paper and the intensified energetcaisvaste by incineration, e.g. in the cement
industry, may have played a role.

For products with medium emission intensity the,@port surplus increased by 35.3 mn
tons to 66.3 mn tons for products from 1995 to 200% highest contribution to the export
surplus in that category of products was providgdiie product group ,Motor vehicles”
(+17.3 mn tons), followed by ,Machinery* (+3.6 maons), ,Plastic products® (+3.44 nm
tons) and ,Fabricated metal products” (+3.3 mrsjon

For the product category with low emission intensiite export deficit decreased by 4.2 mn
tons.

14 DGINS 2007/93/111/2



3.2  Environmental pressures by the transport of imported and exported goods

Transport activities may cause considerable enmiarial pressures by using area and eco-
systems, creating noise pollution and due to copsiom of fossil energy carriers and
different types of air emissions. Therefore the T national strategy on sustainable
development has formulated among others the goalegbupling economic growth and
goods transport performance.

The statistical indicator of the strategy on got@sisport intensity serves the purpose of
performance controllify However, that indicator only refers to the goolansport
performance on the national territory. That medms,considerable activities for transporting
the German import and export goods outside theomaltiterritory are excluded. As the
existing indicator can reflect the growing trangp@quirements caused by the increasing
integration of the German economy into the worldkaaonly in an insufficient manner, it
has to be supplemented by appropriate data.

In response to that requirement a new module ordgydansport was developed in the
framework of the German SEEA in order to closedhta gap in a systematic manner. The
new module provides comprehensive information am tilansport of German import and
export goods outside the national territory. Far period 1995 to 2005 data are calculated for
the variables transported goods (tons), goods goahsperformance (tonne kilometres),
energy use and carbon dioxide emissions in a boxakdy mode of transport (and energy
carriers), product groups and country groups. Nlogbrtant data sources for the calculations
are the foreign trade statistic on imports and espm physical units and type of good,
country and mode of transport. In addition resolftghe national transport statistic about
cross-border transports by land, sea and air a&® as well as information from various data
banks on transport distances, energy coefficiegtenbde of transport and carbon dioxide
emission coefficients by type of energy carrier.

Table 4 shows first preliminary aggregated resoftghe calculations. The direct goods
transport performance outside the German natiaratdry - which covers for imports the
transport ex-factory to the German border and f@ods the transport from the German
border to the recipient - amounted for imports axgorts together to 2726 billion tonne
kilometres in 2005. Thereof the imports account@d2023 tonne kilometres. The exports
contributed 703 tonne kilometres. Compared to dked transport performance on the national
territory, which was 581 billion tonne kilometres R005, the performance outside the
national territory was almost four and a half tinleégher. The results demonstrate that the
major part of the transport activities that are sesliby the German economy take place
outside the national territory.

Under the perspective of global responsibilityfeg tlomestic consumers at least the transport
performance used for transporting the imports exefy to the national border should be
added to the domestic transport performance. Fur tagether that would yield roughly a
magnitudé of 2600 billion tonne kilometres.

The freight tonne kilometres outside the territtmythe transport of exported goods increased
by 36 % in the period 1995 to 2005. The performdocémported goods rose by 25 %.

The direct energy use (including transformatiorséssby the manufacturing of fuels or by
generating the electric power from primary energpyiers) for the transport of external trade

® See: Federal Statistical Offce: Sustainable Derakmt in Germany, Indicator Report 2006S, Wiesbaden
2007, Chapter on mobility.

"It has to be noted, that the calculated figuresdmmceptually not fit fully to the term final dosiie use of the
SNA. Major differences result from the transit sport and the transport of exported goods fronfabtory to
the border. At present the conceptual differeneemot be quantified exactly. But those figures bl
calculated in the course of the planned projecdemestic goods transport from the use perspective”
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Table 4
Transport of imported and exported goods outside the

national territory
1995 2004 2005 Change
2005
against 1995
%

Value

Bn. EUR (at current prices) adjusted prices
Exports 428.7 822.5 890.8 107.8
Imports 395.7 681.3 745.6 84.9
Sum 824.4 1,503.8 1,636.3 96.6
Memo item: Tot. Supply of products

3,624.5 4,711.1
Transported aoods?
Mn. Tons

Exports 245 381 390 59.1
Imports 491 595 599 22.1
Sum 736 976 989 34.4
Memo item: transport of goods on
the national territory”) 4,016 3,720 3731 -7.1

Material intensitv of transported products®
Tons / 1000 EUR

Exports 0.57 0.46 0.44 -23.5
Imports 1.24 0.87 0.80 -34.0
Sum 0.89 0.65 0.60 -31.6
Memo item: transport of goods on

the national territory® 1.11 0.79

Transport Derformancez)

Bn. tonne kilometre

Exports 532 682 703 32.1
Imports 1,622 2,043 2,023 24.7
Sum 2,154 2,725 2,726 26.6
Memo item: transport of goods on
the national territory” 431 564 581 34.8
Memo item: transport of goods on
and outside the national territory” 2,585 3,290 3,307 27.9
Average distance per unit of transported goods
Kilometer
Exports 2,169 1,789 1,802 -17.0
Imports 3,304 3,435 3,377 2.2
Sum 2,926 2,792 2,755 -5.8
Memo item: transport of goods on
the national territoryl) 107 152 156 45.1
Memo item: transport of goods on
and outside the national territory” 644 884 886 37.7
Primarv enerav consumntion®
Petajoule
Exports 169 249 246 455
Imports 424 567 610 43.8
Sum 593 815 855 44.3

Energy intensity of transport
Kilojoule per tonne kilometres

Exports 317 364 349 10.1
Imports 261 277 301 15.3
Sum 275 299 314 14.0
CO,emissions?
Mn. tons

Exports 12.7 18.5 18.3 44.4
Imports 30.1 39.8 42.5 41.1
Sum 42.8 58.3 60.8 42.1
Memo item: transport of goods on

the national territory™? 50.2 56.2 56.4 12.4

1) Incl transit, ex pipelines within the territory
2) Incl.carrying cases
3) incl energy losses from transformation of energy

4) Source: Road transport, Inland navigation, Rail transport (Federal Environment Agency), Air traffic, pipelines (Estimation: Federal
Statistical Office)

16 DGINS 2007/93/111/2



goods outside the national territory amounted t®& &J in 2005. Thereof the exports
accounted for 246 PJ and the imports for 610 Pfhdnperiod 1995 to 2005 the energy use
for the transport of exported and imported goodseased by 44 %.

The direct carbon dioxide emissions (including sfarmation losses) for the transport of
imported and exported goods outside the natiomdatdey amounted to 61 mn tons in 2005.
The emissions outside the territory for 2005 swspdsthe respective value for domestic
transport (56 mn tons). Also the increase of thessions during the period 1995 to 2005 was
with 42 % outside the territory considerably higtiean on the territory (12 %).

These results on the transport outside the teyritbeke clear that the usually applied
indicators that cover the transport activities be territory only, depict the size and the
development of transport activities that are cadmethe domestic economy in an insufficient
manner.

Table 5 shows results on goods transport by modean$port. In 2005 maritime navigation
accounted for 73 % of total goods transport peréoroe for imports. Pipelines (oil and gas)
had a share of nearly 15 %. The shares of roaggoahand rail transport came to about 5 %
each. The energy consumption for the transportngibrted goods shows a different picture:
Due to considerably different energy intensitiepepines accounted 33 % of the energy
consumption. Maritime navigation had a share of%80and road traffic stood at 16 %.
Maritime navigation had the lowest energy intensifith 124 KJ per tonne kilometre. The
intensity for road transport was about seven titnigker than for sea transport. The intensity
for air traffic exceeded the ratio for maritime rgation by 90 times.

For exports the goods transport performance of tmeinavigation plays a dominant role
with a share of nearly 80 %. For energy the rakhghn share of air traffic amounting to 31 %
is remarkable compared to its rather low importanderms of tonne kilometres (1%).

As far as emissions of carbon dioxide are conceithedrelation between the modes of
transport are very similar to energy.

Table 5
Transport of imported and exported goods outside the national territory
by mode of transport

2005
Mode of transport Transport Energy CO, Memo item: energy
performance consumptionl) emissions? consumption per
transport
performance
Share % Kilojoule per tonne
kilometre
Exports
Total 100.0 100.0 100.0 349
Rail transport 3.3 3.4 3.3 359
Road transport 135 34.0 33.7 879
Inland navigation 1.8 2.3 2.3 441
Maritime navigation 79.6 27.2 28.5 119
Air traffic 1.0 31.3 30.8 10,653
Pipelines 0.8 1.7 1.4 801
Imports
Total 100.0 100.0 100.0 301
Rail transport 5.1 6.4 6.7 374
Road transport 5.3 15.8 16.7 888
Inland navigation 1.7 2.5 2.6 433
Maritime navigation 72.8 29.8 334 124
Air traffic 0.3 12.3 13.1 11,102
Pipelines 14.7 33.3 27.4 681

1) incl energy losses from transformation of energy

17 DGINS 2007/93/111/2



4 Summary of results and conclusions

Due to the increasing integration of national ecoi@s into the world market the proportion
of goods and services not being consumed in thatogpwf production is rising. That is, a
growing spatial divergence of production and constion can be observed. In terms of
environmental pressures this increasing divergemag lead to a situation were the pressures
linked with the production activities of a counttiffer considerably from the pressures that
are embodied in the products consumed in that cpunt

At least for Germany the results on energy andaraidioxide emissions presented in this

report show considerably different trends for tasults based on the production perspective
on the one hand and the consumption perspectiteeonther. The embodied environmental

pressures related to the imported and exporteduptatb not balance. Above all the German

export surplus of embodied carbon dioxide incredsedearly 80 mn tons between 1995 and
2004. As a consequence the embodied €issions of final domestic use (consumption
perspective) decreased by 12 ¥2 %. In contrast ptanturelated emissions dropped only by 4

% (production perspective).

A decomposition of the trends of embodied ;Gfnissions of imports and exports into the
influencing factors namely scale, structure aneénsity using the decomposition analysis
shows that the increase of the German trade sugdlésnbodied CQ missions is caused
mainly by the rise of the German export surplusléseffect). The relieving influence of the
structural effect with a decrease of the sharenEgion intensive products was nearly equal
for imports and exports. That is, there was no algendency of relocating emission
intensive production activities from Germany to tlest of the world. The influence of a
decrease of the emission intensity of productsrater equal for imports and exports.

Another important result refers to goods transperformance. It is shown that the major part
of the transport activities caused by the Germamemy takes place outside the national
territory. The freight tonne kilometres for trangjoy the German import and export goods
outside the national territory amounted to 2726dwilin 2005. That is almost four and a half
times higher than the total goods transport perémwe on the territory (581 tonne

kilometres).

These results show that the development of emboelieitonmental pressures of external
trade flows have to be monitored by a systemagiissical approach on a regular basis, with
the aim of at least supplementing the currentlydusdicators.

The methodological frame and the data of the Syst@mEnvironmental-Economic
Accounting (SEEA) offer the opportunity of genengti information on embodied
environmental pressures preferably by an input«tiapproach.

The results on energy and carbon dioxide presemtedhis study are based on a
methodologically improved input-output approach. &g other a so-called expanded hybrid
input-output table (HIOTexp) was applied, which vaitor-made for the energy calculations.

Comparable EU-wide data on environmental pressfrmma the consumption perspective

could be quite useful in the political context,.efgr the discussion between the member
countries on burden sharing of green house gastiedu
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As a precondition for launching those EU-wide ckltons on energy and air emission in a
co-ordinated and comparable manner all membersstteuld strengthen the regular and
frequent calculation of 10T and of SEEA results emergy and air emission in a detailed
breakdown by branches (NAMEA format). In order thiave a high quality of estimates the
compilation of HIOTexp should be strived for.

Moreover, efforts should be made to carry out thoaleulations on a regular basis also for
other industrialised and threshold countries. Tdleutations should be done preferably with a
uniform method and by using harmonized classificegj as only that might guarantee that a
coherent description of the environmental pressfir@® the consumption perspective is

obtained.

The national calculations on embodied environmentessures of imports are based at least
partly on the assumption that the production refeghips of the country of delivery are
identical with the country of destination. The patl calculations on imports could be
improved and harmonised considerably by using te$tdom input-output analysis from the
countries of delivery. The mutual use of respectia&a could be supported by establishing a
data bank for country and product specific coegfits on embodied environmental pressure
of product groups.

The following measures are suggested for improthegstatistical coverage of environmental
effects of globalization at the EU-level:

- Regular compilation of monetary IOT in EU membeumiies

- Regular compilation of results on energy and aiissions in a detailed breakdown by
economic branches in the framework of SEEA

- Regular compilation of specific expanded hybrid 1&8Ta basis for calculation of
embodied environmental pressures

- Regular calculation of embodied environmental pressfrom exports and imports in
the EU member states and on EU level. Eurostatidaldk at least a coordinating
function by establishing and operating a coeffitdata bank

- Inclusion of further industrialised and threshotdiotries into the compilations.
OECD or UNSD could play a role in that matter.
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