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Abstract

There is a need for a proper indicator in ordeagdsess the environmental impact of
international trade, therefore using the carbortpioet as an indicator can be relevant and
useful. The aim of this study is to show, from ammoeological perspective, how the Carbon
Footprint combined with input-output models can umed for analysing the impacts of
international trade on the sustainable use of naticesources in a country. The use of the
input-output approach has the essential advantbigeing able to track the transformation of
goods through the economy.

The study examines the environmental impact of wonmion related to international
trade, using the consumer responsibility princiglethis study the use of the carbon footprint
and input-output methodology is shown on the exangblthe Hungarian consumption and
international trading impact.

Moving from a production-based approach in clinmadécy to a consumption-perspective
principle and allocation, would also help to in@eahe efficiency of emission reduction
targets and the evaluation of the ecological ingpatinternational trade.

The research is part of the “Sustainable ConsumptRyoduction and Communication”

Project financed by the Norwegian Fund.
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1. Introduction

It has been widely accepted that one of the maasans for climate change, is the
increasing concentration of greenhouse gases iatthesphere, and there is a consensus that
anthropogenic carbon emissions contribute to gmrtsally [IPCC, 2007]. In order to evaluate
the impact of the emissions and to implement effeaneasures, there is a need for a proper
indicator. Therefore the carbon footprint can hesaful indicator helping decision-makers to
define in which sector there is a high need torfate.

Countries of the world tend to become more and nugpendent on each other in
economic terms in the process of globalization. aBee of this, the production and
consumption of goods and services and their enwisstial impact have become fairly
separated from each other in time and space as bugd to international trade, nowadays it
has become possible for countries to import biocié&ypand become dependent on other
countries’ ecological stock (Pronay-Malovics 2008).

It is highly essential to investigate what are ithpacts of this phenomenon on the natural
stock and sustainability of a country, and to mdemvard towards an approach where
consumer responsibility is dominant.

This paper quantifies Hungarian households’ carmmtprints from a consumption
perspective, calculating and examining the enviremial pressures associated with imports
and domestic consumption. The importance of anajythe domestic emissions is that the
current National Emission Inventories are productased, thus it is important to know what
the environmental impact of international tradénisrder to satisfy domestic demand. In the
Kyoto agreement this principle is presumed as Wéle aim of the study is to examine the
role of international trade, how the delocalizatmiproduction affects the structure of the
carbon footprint. The findings can highlight theolplem decision-makers are faced when

trying to reduce C®@emissions in a country embedded in a global tgadystem.

2. Theoretical background

In this section a brief overview is given about tagbon footprint and its origin, followed by
a literature review of the relevant studies.

Originally, the carbon footprint was one componeftthe full ecological footprint
analysis, but it can be calculated and discusspdrately as well, and because of climate

change it has risen to prominence in a very notailg



The ecological footprint is an indicator, introddcand developed by Wackernagel and
Rees [1996]. It is defined as “the correspondingaaof productive land and aquatic
ecosystems required to produce the resource usddpassimilate the waste produced, by a
defined population at a specified material standdid/ing, wherever on Earth that land may
be located” [Rees, 1996]. The ecological footpgah be compared to the biocapacity of a
nation on an aggregate basis and if the ecolodmatprint of that nation exceeds the
biocapacity then there will be an ecological defici

During the calculation of the carbon footprint, £€mission data are translated into the
area, measured in global hectares, which accoontabisorbing the carbon emissions. The
carbon footprint is the area of annual forestryumnesl to sequester the G@missions
[Monfreda, 2004]. According to Knaus et al. (20@6¢ carbon footprint refers to the land
appropriated by fossil energy use or land requicedbsorb the Cor the land required to
generate the amount of fuel crops equivalent tddbgil energy consumption.

The methodological root of the carbon footprint gdeack to the concept of “the energy
cost of living” developed in the 1970s, and to tie¢ energy analysis [Herendeen, 1976].

The carbon footprint can be made up of the sunwof parts. The direct or primary
footprint is a measure of our direct emissions @,Grom the burning of fossil fuels
including domestic energy consumption and tranggiort (e.g. car and plane). The indirect
or secondary footprint is a measure of the indif@0t emissions from the whole lifecycle of
products and services we use including those assaocwith their manufacture and eventual
breakdown [Tukker and Jansen, 2006].

The carbon footprint is often associated with ¢dfsindirect impact, stemming from
the production phase and imports. Due to increagedhational trade much of the proportion
of the CQ emission occurs outside the country. Internatidrale is not only a major factor
in forging a country’s economic structure, butagied have a significant impact on the carbon
footprint and on the ecological impact of consumptiThus it is highly essential to reveal the
impacts of foreign commerce on the sustainableofisational resources in a country.

In the following section a brief summary is giveroat studies examining the
environmental impact and footprint of internatiotralde, using input-output models.

Van Vuuren et al. [1999] were among the first omd® analysed the relation of the
ecological footprint and international trade. THeynd that the Netherlands uses three to four
time as much land as it is geographically comprisetbr sustaining its economic activities.
Much research examined the regional scale; Fer@@2Ranalyzed the energy footprint of

international trade in 14 producing sectors, Ansi@nsand Nevalainen [2003] conducted a



study on Finnish international trade. Ahmad and Ké§ic[2003] examined the impact of GO
emissions of international trade in 24 countrigernborg (2005) carried out a historical
research on the agricultural trade and its impadise United Kingdom. Peters and Hertwitch
[2006] used input-output analyses and structurath panalyses for examining the
environmental impact of international trade in NaywTurner et al. [2007] gives a detailed
insight into the methodology of the ecological foatt of international trade, using input-
output tables. Peters [2007] developed this megamining 87 countries in a 57- sectoral
model and Wiedmann [2008] produced a comparatiudystibout using the input-output
tables of MRIO (Multi-Regional Input-Output) analkysor the Product Land Use Matrix of
the Global Footprint Network. A recent study of [Bsband Csutora (2010) highlights the
calculation of dynamic ecological footprint by ugidynamic input-output models. Kocsis
(2010) analyses the relationship between GDP, gmabfootprint and subjective well-being
from a macro perspective highlighting the needdematerialization of economic activities
and human well-being.

The calculation using the input-output analysis pgufs the principle of consumer
responsibility, as it allocates environmental intpdo final consumption categories, so in this

study that kind of analysis is used.

3. Producer or consumer responsibility?

The current National Emission Inventories are potidn-based, as commonly known.
Therefore its drawback is that the emissions irelalll greenhouse gas emission and removal
taking place within the country borders, so thessmns due to production for exports are
included as well. Many critiques suggest using aam®ion-based inventories which include
imports but subtract exports.

According to Peter and Hertwich (2008) the consuompbased National Emission
Inventories (NEI) would have a number of advantagesl it would be consistent with the
current logic of international trade:

» Covering more global emissions with limited papation

* Increasing mitigation options

= Encouraging cleaner production

» Supporting the spread of environmental policieshsas Clean Development
Mechanism (CDM).



It has to be noted that the consumption-based apprbas several pieces of disadvantages as
well, as it would require more complex calculatiotieis it would increase uncertainty.
Lenzen et al. (2007) suggest sharing responsiliokttyveen producers and consumers, where

the responsibility would amount to weighting theigsions embodied in imports and exports.

Allocation of national emissions
Production-based NEI Consumption -based

Criteria (territorial-based NEI) NEI
Emissions covered Administered territory Global
: . Domestic
. Domestic production .
Allocation consumption
Includes exports, not Includes imports, no
Allocation of trade imports exports
. Consistent with GDP (_30n3|stent W'th.
Comparability national consumptiom
Consistent with trade
. No Yes
policy
Complexity Low High
Transparency High Low
Uncertainty Lower Higher
e . DTG gl Global mitigation
Mitigation analysis only

Table 1.: A comparison of the production-based armhsumption-based National
Emission Inventories (NEI)
Source: Peters (2008)

Table 1. gives an overview of the major differenbetween the production-based and

consumption-based National Emission Inventories.

4. M ethodology

In the analyses an environmentally extended inptd table was used combined with
carbon footprint calculations. When analysing tlagbon footprint, the use of input-output
tables in the methodology is essential, as it eaeal the inter-industrial dependencies in the
economy (e.g. services indirectly require the usalloother sectors) and by it the emissions
and environmental impacts can be allocated to itred €Eonsumption categories. The input-
output approach has the essential advantage of béie to track the transformation of goods
through an economy, tracing impact from final prctdoack to raw resources. It also captures
the impact of exchanged goods and services. ThpBcapion is used after Leontief, whose
studies (Leontief [1936] and [1970]) can be a stgrpoint for the methodology.



The use of the (I-A} Leontief inverse matrix in the calculation is akgt importance in
the sustainability evaluation of trade. Wackernagjehl. [2006] propose the application of
input-output analysis to allocate footprint intdalked consumption categories.

For calculating the carbon footprint of interna@btrading activities, regarding the footprint
of domestic and import consumption, the methodolpgyposed by Wackernagel [2006],
Munksgaard [2001] and Peters [2008] was used.

Year 2005 was chosen for the analyses, as the nexstt data was available for this year.
The Hungarian Central Statistical Office (KSH) psbés symmetric, industry by industry
input-output tables once in five years time. Thensyetric input-output matrix from the
Hungarian Central Statistical Office’s database wasd, and the carbon footprint values
were from the database of the Global Footprint Metw used in the environmentally
extended matrix, also for year 2005. In the databaf the Global Footprint Network
emission data were given in product level.

The standard input-output accounts begin with @owating balance of monetary flows:

z=Az+y+e—m

Where x is the vector of total output in each sectgris a vector with each element
representing final consumption (households, govemnis) capital) in each industry secter.
is the vector of total exports and is the vector of total importsA is the matrix for
intermediate consumption, wheh is the vector of total intermediate consumption.

The general formula calculating the carbon footpsrihe following:

CF = F(I — A)~lyeom

Where:

\F: is a row vector, each element representing thbocafootprint value (domestic and
imported environmental load together) per unitnofustry output

(1-A)-1 represents the direct and indirect requirementiratlculated from the symmetric
input-output (industry by industry) tables. This tlee so-called Leontief inverse matrix,
showing the input requirements in case of one amidit unit of output

Ycom IS the vector of the domestic consumption’s fimEmand, in the consumption
categories

Ay—1
F(I= A s often referred to as the multiplier or totatleinsity matrix



The aim of this study is to quantify the environtanload generated by household
consumption. According to the principle of consumesponsibility, it can be calculated by

utilizing the following formula:

CFEEIH.S = F[I_ A,}I_l dla'g[y)

The vector of the domestic final demand needs tdidgonalised in order to obtain
the consumer’s environmental load. The resultnsatrix which shows the individual carbon
footprint values of the industrial sectors in tmalgsed category.

The carbon footprint of the household’s final cangtion can be decomposed into two parts.
1. The Carbon Footprint of domestically produceddpicts and services (@F which has
been emitted because of the domestic consumer dkeramssions due to exported products

are not included.

CF&' = F[I — Ad)_lyd
Where A is the matrix of domestic industry requirementsiomestically produced products,

calculated from the 10 table, anglig the vector of final demand of domestic consuaompt

2. The Carbon Footprint of imported goods and sesii which can be further divided

according to the origin of the footprint.

CF.=F[(I-A7 - (- A) Nya+ (I - A) 7y
- ~ _/ ——

Inputs for imports Inputs for imports

used for domestic production consumed directly
The carbon footprint of direct imports show the iemwvmental load of imported products
immediately and directly used for final domestianded. The input which is needed for

direct imports is the following:
“r - A) _lym

where ¥, is the vector of import consumption.

The import used for inputs in domestic productionfinal demand is:



(1= A = (I — A) 7 ye

In the calculation of the import footprint, the lrdi@f inverse is used and it is assumed
that each commodity imported is produced by usirapgrtionally the same kind of inputs
(materials, intermediates, labour and energy) ad usthe domestic production sector.

As the last step of the calculation, the carboridont of final demand was reallocated to
final consumption categories, using the COICOP rin@tonal classification tables. The
contribution to the carbon footprint of 12 finalnsmmption categories was analysed.

Decomposing the carbon footprint allows us to idgr@ind analyse the environmental load
generated by domestic production or by imports,civitan be a new and also politically

relevant methodology.
5. Results and Discussion

In this section, | would like to analyse tlearbon footprint of domestic household
consumption and the carbon footprint of importeddpicts First, the carbon footprint of
domestic household consumption has been analysé#tkra is an increasing awareness of an
individual’'s behaviour or lifestyle as a sourcecafbon emissions [Bin and Dowlatabandi,
2005]. Thus it is essential to get a clear pictufréhe consumer habits and its environmental
impacts, related to domestic emissions.

The empirical results of the carbon footprint ofukehold consumption (Figure.l.)
show that the housing and utilities (water, eledyrj gas and other fuels), are highly
responsible for a significant part of tdemestic carbon footprint. It has to be noted tha
direct carbon emissions were allocated to this wanion category, thus accounting for
almost 50% of the carbon footprint in this categofjre consumption category with the
second largest footprint is the transportation,lofeéd by the food and beverages
consumption, where especially the animal produotdribute to the footprint with a great
extent. Comparing the environmental impacts with éxpenditures, it can be seen that the
different consumption categories have differentehaf expenditures and shares of footprint,
the carbon intensities vary. Transport and houstutijties, and furnishings consumption
generate higher footprint after each spent curremcy, while recreational and cultural

services have a less polluting nature.



Figure 1: Final consumption expenditure (2005) ar@hrbon footprint (gha/yr) from final
household consumption of domestically produced pots and services, in 12 consumption
categories, author’s own calculation
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In order to get a detailed picture of the emissientbodied in international trade, the
carbon footprint has been decomposed accordingetonethodology and Figure 2. shows the
structure of the Hungarian carbon footprint.

Figure 2: Hungarian household carbon footprint (ghayear) according to origin of
environmental load — author’s own calculation
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As the total consumption of Hungary cannot be ceddry domestic production, there
is a need for imports. We can see the differencevden the impact of household
consumption of products produced domestically, taedimpact including imported products
as well. It can be seen that the carbon footpiimtirect imports is the most significant in the
consumption category of Furnishings, household ppgant and maintenance, followed by
Transportation. A major part of the energy use ahgharian households is also covered by
imports, thus the Housing and utilities consumpseuwtor is also very carbon-intensive one,
in the final consumption sector. The impact of dinenports is also notable in the Clothing
and footware category. The impact of indirect imtpas significant in the Healthcare and in
the Other products and services category.

The footprint related to imported materials or pretd does not have an environmental
load where the products are consumed, but rathénenproducing country, thus Hungary
imports a great part of biocapacity from its comecredrpartners.

Because of the results above, there is a needftotreer and more detailed examination of
the consumption categories where the carbon foutsivery high and international trade

plays an important role. First, the carbon footpohTransportation is analysed.

Table 2.. The carbon footprint of the Transportath consumption category- author’s
own calculation

Carbon Footprint of Transportation

(gha) Domestic production Indirect import | Direct import

Purchase of vehicles 86 232 185929 154 605

Operation of personal transport

equipment 226 211 148 568 416 962

Transport services 2 156 556 81 762 133 828
including Land transport 644 052 58 673 106 744

Total 2 468 998 416 259 705 395

Taking a closer look at the environmental load cériEportation, it can be seen that the
Transport services are a major part of the carlwatpfint. More precisely, it is the road
transport which is the reason for a great parhefémissions (Table 2.).

In case of the Operation of personal transportpgant, it is the fuel used for operating
the equipment which causes the environmental loatda major part of this kind of emission
does not appear in the producing country - the parthe footprint derived from direct

imports is rather significant.



Table 3: The structure of the carbon footprint dfi¢ Furnishings, Household equipment

and maintenance consumption category — author’s ogalculation

Carbon Footprint of Furnishings,

Household equipment and Domestic

maintenance (gha) production Indirect import  Direct import
Furniture and furnishings 296 037 15633 178 173
Chemicals, household utensils and

equipment 691 545 38 231 628 297
Household appliances 151 494 23 409 119 567
Other goods for household

maintenance 360 277 74 363 567 171
Total 1499 353 151 636 1493 208

The carbon footprint of Furnishings, Household pmént and maintenance needs to be
analysed as well. Table 3. shows that the Chemibalssehold utensils and other household
products category have the highest carbon footpiot only half of it is produced

domestically. So, we can say in case of the chdmiatensils used for households, Hungary
imports biocapacity as the emissions do not imgeetdomestic environment, but that of the
producing country. The domestic carbon footprinsignificant in the cases of Furniture and
furnishings. We can conclude as well that indireaports are not really noteworthy.

Summarizing the results, it can be concluded thahis consumption category the impacts of

the imported products and materials exceed thtteoflomestic ones.

6. Conclusions

As international trade increases, it becomes mmgortant to include the impact of it in
environmental analyses, as partly it can be a coatpig factor driving and also masking
unsustainable consumption patterns. The focusisfstndy was to investigate the impact of
domestic and imported emissions, using the carbotpfint as an indicator.

We could see that there are such consumption a&sgo which Hungarian households
cause great environmental impact outside of thatrpuorders, in the producing countries.
Using the methodology, which has been introduced applied here, the impact of
international trading activities can easily be gead.

Not only the impacts of the final demand and constisn can be revealed, but also
indirect impacts — which play an important rolethre structure of the carbon footprint,

important to deal with.



It is an important observation that those consuomptiategories that are responsible for the
highest carbon footprint of Hungarian householdsthose where consumption patterns can
directly be influenced by individual consumer beabav. The consumer lifestyle has an
extremely great impact on the environmental load ihwhy it is important to make analyses
using the consumer responsibility principle. Fig8reshows that in the first two consumption
categories (Housing and utilities and Transporimg the highest footprint, there is direct
consumer influence, so it can be modified thoughscmus consumption decisions. This
would be desirable, but unfortunately the politic#fforts do not entirely support this
direction, — they tend to favour carbon emissioduntions from the production side, not

promoting efficiently the possibilities of reduatiby consumers.

Figure 3: The carbon footprint of households’ consption — author’s own calculation
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A further investigation of international trade-rteld environmental impacts is needed in
order to analyse the cross-effects of imported peted The methodology of carbon footprint
calculation can also be refined in the future. @egelopment of footprinting calculation of
shared responsibility principle can be a promisamgl useful issue, as there is increasing
recognition that the impact of international trasleuld be allocated to the country which

generated the demand and where it is consumed.
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