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Abstract:

This paper deals with the job of moving away from the Domestic Technology Assumption (DTA) saying that the amount of emissions embodied in imports is the same as if the imported products had been produced domestically. The problems behind this assumption have been discussed and dealt with in the literature for decades, but nevertheless it is still used by Statistics Denmark for published statistics. It is a very convenient but rather unrealistic assumption that most likely will lead to wrong results when the economic structures represented by the domestic input-output model and the emission intensities are very different from those in the import countries. Based on conclusions in recent research a full global multi-regional input-output model (MRIO) has been approximated by a unidirectional trade model including 50 countries plus the rest of the world and 59 sectors and country specific emission intensities. Most important source of foreign emission data as well as input-output data is EUROSTAT. Results show that estimates of CO2 emissions embodied in Danish imports was 87 percent larger in 2005 when country specific models are used as compared to using the Danish technology represented by the Danish input- output model. Not surprisingly, emissions embodied in imports from China are underestimated the most, and the only emissions that are overestimated are the ones embodied in the Danish imports from Norway and Sweden.
1. Introduction

International trade is an absolute prerequisite for fulfilling the needs and demands of the modern consumer. The production of the traded goods and services leads to emissions of greenhouse gases where ever it takes place. In the national inventories of greenhouse gases reported to international bodies under the Kyoto protocol these emissions are tied to the production processes, but in the end emissions are generated by the domestic final demand; private and government consumption and gross fixed capital formation
. Therefore another solution would be to tie the emissions to domestic final demand instead of production. In order to be able to compile domestic final demand based emission statistics it is necessary to keep an exact account of emission embodied in trade, because emissions tied to production of the goods for final use may have taken place anywhere in the world. 

A domestic final demand based account of emissions in a country is made by subtracting the export related emission from the traditional production based accounts and adding the emissions embedded in imports.

Emission content of exports is relatively easy to calculate on the basis of national emission inventories and an input-output model. However, the content of imports is quite a bit more difficult. 

Therefore the very convenient Domestic Technology Assumption (DTA) has most often been applied. It is not really clear in the literature whether the DTA per definition also includes the domestic intensities (employment-, energy- or emission intensities). This is of some importance, because as it is shown in this paper, the most important first step in practice (at least when measured on the Danish data) away from the DTA is the use country specific import data together with country specific emission intensities. The use of country specific input-output models also adds significant information but not as much as the country specific emission intensities. However, in the case of countries that are more average on a global scale than Denmark in terms of emission intensities, this might not be as important as introducing the country specific input-output models. In the following when referred to DTA it means also the domestic intensities. 
If it is assumed that the emissions embedded in all imports are just as if the imports had been produced domestically, it is not necessary to know anything at all about emission intensities and production technologies in other countries or international trade apart from the total import from the ROW. Domestic emission inventories and the domestic input-output table can be applied to give an estimate of emissions embedded in imports. The defence for using this assumption apart from ease of use often is that imports from some countries are overestimated and some are underestimated, so probably “it levels out” and so in general it is “probably not a very misleading estimate”. However it may only be true by coincidence in some very average countries and no one really knows how far it really is from the truth before an assessment comparing with alternative methods has been made. 

Nevertheless, for many years Statistics Denmark has been using input-output models to calculate so-called “global” multipliers using this assumption. That is, what are the total employment, energy consumption and emission effects in Denmark plus the rest of the world as a consequence of Danish final demand?
In the light of the ever present uncertainty about the soundness of this calculation and the rapidly growing bulk of research on emissions embodied in trade, Statistics Denmark applied EUROSTAT for a grant to do some research and to test what would happen if specific and detailed information about the Danish import were applied. The final report (Rørmose Jensen, Peter et al. (2009)) is the background for this paper. 
The best alternative to DTA is probably a global multiregional input-output model with all countries at a detailed sectoral aggregation level, but it is also the most comprehen​sive way in terms of data work. However, Lenzen et al. (2004) showed that the ad​ditional information gained from a multidirectional trade model compared to a unidirectional model is almost negligible looking at Danish data. More recently Andrew et al. (2009) have come to the same conclusion. Therefore, in this paper we seek a shortcut or approximation to the full global model by looking only at unidirectional trade.

This report is structured in the following way. In Section 2 the methodology behind the report is presented stepwise. The idea is to prepare data on imports by the P60 products classification (See appendix 4) and by countries. Applying these data the intention is to show three calculations of emissions embodied in imports. 

· The traditional calculation by 51 countries based on Danish emission intensities and the Danish input-output table 
· The same calculation applying country specific emission intensities

· A third calculation applying country specific emission intensities as well as country specific input-output tables 

In the beginning of the chapter formulas are given step by step with only a short explanation in order to cultivate a certain overview of what has been done. Later some more discussion is provided.

In Section 3 the data and methods applied for the generation of the database for the calculations are described. First the calculation of the emission intensities by 50 countries and the Rest Of the World (ROW) is explained. The supply table compiled annually as a part of the Danish National Accounts consisting of the supply of approximately 2350 products by 130 Danish industries are applied in the calculation of the table of imports by industry and country. Secondly, the input-output data from countries with available data are presented. 

In chapter 4 the empirical results are presented and conclusions are drawn.

2. Methodology

The first step is to isolate the emission content of imports for domestic final demand according to the DTA method. 


[image: image1.wmf]))]

(

)

((

))

(

(

))

(

[(

exp

1

exp

,

exp

1

2

y

y

A

I

y

y

y

y

A

A

I

c

e

imp

imp

imp

CO

-

-

-

+

-

+

+

-

=

-

-



(1)

where 

eCO2 
Vector of CO2-emissions by industry 

c
Vector of domestic emission intensities (Emissions divided by output)
A , Aimp 
Matrices of intermediate deliveries – domestic and imported respectively. 

y, yimp
Column vectors of the row sums of final demand by delivering industry, domestic and imported
yexp, yimp,exp
Column vectors of export demand, domestic and imported (re-export)
Equation (1) is a calculation of the CO2 emissions in ROW as a consequence of domes​tic final demand in Denmark, thus excluding exports. Thus, the DTA makes such a calcu​lation possible without applying any information at all about Danish trading part​ners apart from total import.
In order to improve the calculation and to relax the assumption about the use of Danish emission intensities and Danish technology the following steps have to be carried through. They are presented here in a first short version in order to keep the overview of the procedure and then elaborated in more details and formulas below.
1. Calculate a vector of direct import to Denmark, excluding all imports that are directly and indirectly related to Danish exports (130*1) (There are 130 industries in the Danish national accounts and input-output tables).

2. Compile a matrix of imports by products and the most important countries and a ROW (Rest Of World) countries (2365*51)

3. Compile a supply matrix (130*2365)

To continue from (3) to make a (59*51) industry by country matrix classified according to A60 (NACE Rev. 1.1 classification of industries (see appendix 3), the 60 industry level, which in practice has only 59 industries) the following steps must be taken.
4a.
Compile a coefficient supply matrix (130*2365) by dividing with the column sums and update it with information about characteristic industries for those imported products that are not produced in Denmark.

5a.
Multiply the adapted coefficient supply matrix with the matrix from (2) of imports by products and get an industry by country matrix of total imports (130*51) and aggregate it to A60 (59*51).

6a.
Make a coefficient matrix by dividing all elements by their row sums (59*51) and distribute the import vector from (1) over the countries to get a (59*51) matrix that has a sum equal to the original vector from (1). 

To make a (59*51) product by country matrix classified according to P60 (the 60 products classification)
4b.
Compile a coefficient supply matrix (130*2365) by dividing with the row sums.

5b.
Multiply the new supply coefficient matrix with the import vector column by column to get a (130*2365) and calculate the column sums to get a (1*2365) vector of the relevant imports (1) by products. 

6b.
Make a coefficient matrix from (2) by dividing with the row sums, and then use it to distribute the vector from (5b) over countries to get a (2365*51) matrix of the relevant import and aggregate it to the P60 level using a year specific Danish key between the 2365 products and the P60 classifi​cation. A (59*51) matrix of im​port at the P60 by countries is now ready.

For each country three different calculations are made to get an assessment of the CO2 emissions embodied in the import from each of these countries. 
7a.
The first approach uses only the DTA to calculate the indirect effects by industry to calculate the emission effects.

7b.
The second still uses the input-output part of the DTA approach but now takes account of country specific emission intensities.

7c.
The final approach incorporates country specific input-output models as well as country specific emission intensities.

In 6a and 6b above the direct import to Denmark is distributed by countries. This will in those particular countries be production of export and as such it will have direct as well as indirect effects on production in those countries as well as on import to those countries. The indirect effects in those countries as well as the effects abroad from producing the imports they require are covered in 7a and 7b by the Danish input-output model and in 7c by the countries own input-output models. Thus, even though the DTA is avoided in 7c generally, the 51 country specific DTA’s are still used to calculate the indirect effects embodied in the import to those countries. Thus, the DTA has only been avoided in the first round of effects, but it is still a major step forward. 
2.1. Step 1

The first job here is to compile a vector of imports by industries excluding imports that are directly or indirectly used for the production of exports. This information can be drawn from the input-output tables which are illustrated in a schematic way in Appendix 1. One of the results of the compilation of the Danish input-output tables is explicit tables of imports by supplying foreign industry at the Danish 130 industry level for intermediate consumption as well as for final demand. The final demand part of imports by supplying industry is to be included totally, since it is pure direct import for domestic final demand. The import for export, also called re-export must, however, be omitted. For the part of imported intermediate consumption that is not related to the production of export we have to go through the following steps
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where 

xdom
Output related to domestic final demand

and the rest of the variables are defined under equation (1).  Now xdom represents that part of output that is devoted to domestic final demand, and the assumption now is that the same part of the import will be devoted to domestic final demand. Therefore we apply the following equation, where the domestic final demand part is added  
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where

mdom
Column vector of import related to domestic final demand

M
Matrix of imported intermediate deliveries

MFD
Matrix of imported final demand

mexp
Vector of imported export (re-export)

i
Summation vectors (ones)

#
Element by element multiplication

The remaining part of total Danish import sits in the matrices of “Other import” in the input-output-table (see appendix 1.). They consist mainly of two items 

· Tourist expenditures abroad by Danish industries and Danish private consumers. 

· Expenditures in foreign harbours by Danish ships 

The latter item is left out of the calculation because it is almost entirely used for export production. Thus, more than 99 percent of the output from Danish shipping is exported.

The former item must be included. Expenditures are found as a sum of what Danish businessmen (somehow related to domestic final demand) and government officials spend abroad when travelling, plus expenditures by Danish private tourists on holiday. This amounted to 40 billion DKK (approximately 5.4 billion Euros) in 2005. This is 6 percent of the total Danish import or 12 percent of the direct import for domestic final demand. 

The following equation accounts for the (tourist or) travel expenditures abroad by Danish industries. 
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(4)

where 

TEXindustry
Matrix of deliveries by 130 foreign industries related to travel expendi​tures abroad by 130 Danish industries producing domestic final de​mand.

texindustry
vector of total travel expenditures abroad by Danish industries

tr( )
transpose of  

The first bracket expresses the share of output related to the production of domestic final demand. The second bracket is the transpose of a matrix with the vector of total travel expenditures abroad by industries in the main diagonal. The rest of the equation is a coefficient matrix where all columns sum to one how input by each industry is supplied by industries.
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(5)

where 

TEXhousehold
Matrix of deliveries by 130 foreign industries related to tourist expendi​tures abroad by Danish private consumers by 73 categories of private consumption.

ctourist 
Total tourist expenditures abroad by Danes as a part of total private consumption.

export
Distribution key by 73 categories of private consumption of the export of tourism  i.e. the expenditures in Denmark by foreign tourists. This key has been compiled by “VisitDenmark” which is the official Danish agen​cy for tourism. They carried out a careful investigation of how tourists spend their money in Denmark. In this project it has been decided to suppose that Danish tourist spend their money abroad in the same relative way in respect to the 73 categories of private consumption as the foreign tourists in Denmark spend their money. Thus, the export-distribution has been used to distribute the import. 

C, Cimp
Coefficient matrices of private consumption by delivering industries, domestically produced as well as imported.
Thus, the final equation for calculation of the direct import for domestic final demand is 


[image: image6.wmf]private

turist

indistry

turist

FD

dom

dom

m

m

m

i

M

x

Mi

m

+

+

-

+

=

exp

#

 

(6)

where

mturist
Column vectors of expenditures by Danes travelling abroad as a part of expenditures by industries (related only to domestic final demand) or as a part of final consumption by private households.
2.2. Step 2

In order to compile the huge import matrix with the full number of products one must turn to the National Accounts. Compilation of the Danish National Accounts and Input-output tables is based on a commodity flow system which comprises a set of supply and use matrices containing a very detailed list of products. In 2005 this list consisted of 2365 different products (goods and services), which is the foundation of the Danish National Accounts. The list differs slightly from year to year, but a strict account is being kept of the NAno (National Account numbers) from year to year.   

Imports and exports are very important components of National Accounts, but normally the country of origin of imports play no role in the compilation of the accounts. Nevertheless, for various analytical purposes there has been a demand for statistics on the geographical dimension of imports and exports as it is laid out in the national accounts. Foreign trade statistics, where transactions are recorded according to their HS (Harmonised System), can be aggregated into the NAno list and, thus, a matrix in the dimension (2365 products by country) can be compiled.

In section 4.1 below the availability of emission intensity data is discussed and one result is that for this purpose it is chosen to consider 50 of the most important Danish trading partners explicitly and to bundle the rest of the countries as Rest Of the World (ROW). 

Thus with the classifications in place it is possible to compile a product by country matrix IM in the dimen​sion (2365*51).

2.3. Step 3

On the basis of the basic data for the Danish National Accounts it is possible to compile a supply matrix in the dimension (130*2365). This paper will not go into any detail about the technique behind this compilation. Some of the 2365 products are not produced in Denmark and so the supply matrix could be presented with a reduced number of columns, but they are all important as we shall see under step 4 below. The supply matrix is important for this project in the sense that it is required for the transformation of the product dimension in the import data to the industry dimension that is required for the further processing into CO2-emissions by country.

The basic idea behind the use of the supply matrix in this sense is same as lies behind the compilation of the Danish industry by industry input-output tables. Imported products are supposed to be used in the exact same relative share between industries as the domestically produced intermediate products are. 

Here and in the following paragraphs the supply matrix is referred to as V.  

2.4. Step 4a

In order to be able to distribute the import by industries a coefficient supply matrix must be calculated
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where

Vcoef
Supply coefficient matrix 

V
Supply matrix

^
Means that the vector of column sums iV is diagonalised

Among the 2365 product are approximately 630 products that are only supplied through import and, thus, not produced in Denmark. Automobiles and bananas are two examples. These 630 columns of the supply matrix are empty and, thus, the Vcoef matrix only contains zeros. But because the Vcoef matrix is going to be used to distribute import it is necessary to have every one of the columns of the Vcoef matrix sum to one. That is secured by inserting a 1 in all of the empty columns by the so-called characteristic industry. The list of characteristic industries are maintained every year and it indicates in which Danish industry a product would most likely have been produced if it had been produced in Denmark. Thus, imported bananas are registered under agriculture etc.
2.5. Step 5a

So now it is time to multiply our two matrices and to aggregate them to the A60 level
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where

Mall
Matrix of all import 59 industries by 50 countries and ROW

KA60
Aggregation matrix (59*130)

Vcoef
Supply coefficient matrix (130*2365)

Im
Import matrix (2365*51) 

The matrix Mall contains all Danish import 

2.6. Step 6a

Next, we need to distribute our direct import by country using the Mall matrix. 


[image: image9.wmf]Ù

-

Ù

÷

÷

ø

ö

ç

ç

è

æ

=

dom

A

all

all

direct

A

m

K

i

M

M

M

60

1

,

60

 

(9)

where

MA60, direct
Matrix of direct import 59 industries by 50 countries and ROW

So now our original vector direct import for domestic final consumption has been split by the 50 countries plus ROW from where it originates.  

2.7. Step 4b

This is almost like step 4a except that here we need the coefficient matrix to be calculated row-wise instead
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The section about characteristic industries also applies to this step.

2.8. Step 5b

Now it is time already to use the initial vector of direct import from (1). It should be distributed across all the 2365 products using the Vcoef matrix from (9). At the same time column sums should be calculated
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where

mprod
vector of import by 2365 products

2.9. Step 6b

Now what is needed is a distribution of this vector of import by products over countries and to aggregate it to the P60 classification
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where

MP60, direct
Matrix of direct import by 59 products and 50 countries plus ROW

KP60
Aggregation matrix (59*2365) from 2365 products to the P60 classi​fication 

One reason to create MP60,direct as well as MA60,direct is that the two matrices are some​what different . One obvious example on the difference is that there is no extraction of coal in Denmark and therefore there are no entries in the coal mining industry row of the MA60,direct matrix. Imports extracted from foreign coal mining goes in the row of oil extraction, because Denmark do have oil extraction as opposed to coal mining. Thus, oil extraction is the characteristic industry for imported coal. The problem with this is that the Danish coal import is placed under countries from where Denmark imports oil products.  

That is why the matrix MP60, direct is the one that is preferred in the rest of the calcu​lations.  
2.10. Step 7a

Now we are ready to attach some emissions to the import figures. In this first step only Danish information is used
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where

mjA
Vector of CO2 emissions by 59 products in country j after the method A, which is Danish input-output table and Danish emission intensity

cDK
Danish emission intensity (CO2 by output)

mjP60,direct
The j’th vector from the MP60, direct matrix 
2.11. Step 7b

In this second step the Danish emission intensities are replaced by the country specific intensities 
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where

mjB
Vector of CO2 emissions by 59 products in country j after the method B, which is Danish input-output table and country specific emission intensity

cj
Country specific emission intensity (CO2 by output)

2.12. Step 7c

In the last step the Danish input-output model is replaced by the country specific model
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where

mjC
Vector of CO2 emissions by 59 products in country j after the method C, which is country specific input-output table and country specific emission intensity

3. Description of data and the methods applied
There are three major sets of data required for the calculations in this project. The first one is imports by industry and country. The availability and compilation of these data has been described in detail in the methodological chapter 2 as well as in the review of Danish import in chapter 3. This chapter focuses on the two remaining sets of data. The first is data on emission intensities or emissions by output. Final set of data is input-output data and models for the countries involved in the calculations.

3.1 Calculation of actual emission intensities in origin countries
The emission intensities are measured as emissions compared to output (production value). The emission intensities in the countries, from where the imports origins, are based on information from three sources. Emission intensities related to the imports from member states of the European Union is obtained from Eurostat, whereas emission intensities related to imports from other countries are based on information, which have been provided by the German research center Gesellschaft für Strukturforschung mbH (GWS) as well as information obtained from the World Resource Institute (WRI).

The information prepared for the purpose of this project covers the time period 1995 -2005. However, only data and results regarding 2005 are presented here. It is also important to emphasize that in order to get a complete set of emission intensities some assumptions and adjustments with relation to the coverage of industries and years in the dataset have had to be made. For instance, if information in year YYYY was not available but it was for year YYYY-1, we have used that instead. Furthermore, if information for a specific industry was not available, we have used the emissions intensity for a similar industry in that country or the emission intensity for the same industry, but in a country, which is as similar as possible in terms of economic structure.
The information obtained from Eurostat is first of all data on emissions (NAMEA-Air data) and secondly on output at current prices (national accounts data), which cover all members of the EU as well as Norway and Switzerland. This information is for each country by 60 NACE industries, i.e. the A60 level. The emission data obtained from Eurostat covers energy-related emissions as well as non-energy related emissions.

The emission intensities are calculated by combining the above mentioned information. Emission intensities have been calculated for CO2, N2O and CH4 as well as for GWP, where we have weighed CO2, N2O and CH4 into the global warming potential. However, due to the fact that N2O and CH4 emissions by industry are only available for EU member states as well as Norway and Switzerland, it is only the CO2 emissions, which are looked at in this project. 

The countries covered by EUROSTAT emission data represent more than 75 %.of the Danish imports of goods and services in 2005. The emission intensities related to the imports from other trading partners among the countries outside the EU are based on information obtained from the GWS as well as WRI. The information from GWS is the most important source to emission intensities for the group of countries outside the EU.

The emission intensities from GWS cover the most significant trading partners. These are among others, countries like United States of America (6.7%), China (3.8%), Russia (1.6%), Japan (1.3%) and Turkey (1.0%). When adding this group of countries to the EU countries together with Norway and Switzerland more than 90 % of the total Danish imports of goods and services in 2005 is covered. The percentages in brackets indicate the share of the total Danish imports in 2005 originating from these countries.
The intensities obtained from GWS are based on data from the International Energy Agency (IEA) and is broken down by the OECD Input-output industry classification, which is 48 industries. In order to use this information for the purpose of this project this information has been linked to Eurostat’s A60 classification by establishing a con​version table. Most industries, however, are directly comparable with the A60 classi​fication. For some countries, the coverage was not complete. One way of dealing with this, has been to use emissions intensities for the same industry in a similar country.

The GWS emission intensities for the sea and air transport industries is to some extent based on IEA’s energy balances, which are inconsistent with the boundary of the national accounts especially with regard to international transport. Therefore they are likely to be of a poorer quality than the figures obtained from Eurostat. Furthermore, initially, the intensities were measured in CO2 per million USD. For the purpose of this project, the intensities have been converted into CO2 per million Euros. This conversion might have a miner influence on the results.

Finally, the information from WRI is used as source for the emission intensities for the remaining group of countries. Unfortunately, the information obtained from the WRI is not available by industries. Instead, the emission intensities are measured as CO2 per Gross domestic product (GDP) (million PPP international 2005 dollars). 

It has not been possible to find emission data by industries for countries not covered by the EU and GWS data. So for the remaining trading partners, data have been established by assuming an input structure similar to a European country’s but scaled with the pro​portion between the emissions per GDP in the two countries as given in the WRI data. 

That is, we take the vector of emission intensities we have calculated for a European country and scale it with the proportion between the CO2 per GDP in the WRI data. Emission intensities based on the WRI data related to imports from countries outside the EU are estimated in two ways. Emission intensities for the group of countries covering other significant trading partners, among others, countries like Hong Kong, Saudi Arabia, Singapore, Thailand and Malaysia, are estimated using the method outlined above. When adding this group of countries close to 95 % of the total Danish imports of goods and services in 2005 are covered. When estimating the emission intensities related to the imports from this group of countries, we have used the following assumptions: (The share of the total Danish imports of goods and services in 2005 is given in brackets).

· For Hong Kong (0.9 %) we assume an input structure similar to the Netherlands.

· For United Arabic Emirates (0.9 %) we assume an input structure similar to the Netherlands.

· For Singapore (0.7 %) we assume an input structure similar to the Netherlands.

· For Thailand (0.5 %) we assume an input structure similar to Portugal.

· For Malaysia (0.3 %) we assume an input structure similar to Portugal.

The main criteria used to link the input structure in the economy of the significant trading partners to one of the European country’s input structure, has been to look at the characteristics of the electricity supply industry in each country. More specifically, we have calculated the shares of the production of electricity based on hydropower and nuclear power compared to the total production. The countries have thus been linked with similar countries with an electricity supply industry sharing the same characteris​tics, i.e. the extent to which the production of electricity causes emissions.

For the rest of the imports of goods and services (5.2 %) we assume a common input structure similar to Argentina’s even though the imports originates from different coun​tries. The emissions are thus available for 50 specific countries and a group containing the rest. Intensities are measured in 1000 tonnes of CO2 per million Euros output.

Denmark’s ten most important trading partners, in terms of imports stand for very close to 70 pct. of the total Danish imports of goods and services.
Table 2. Average emission intensities. 2005

	
	
	Share of total imports
	MAX
	MEAN
	STD

	
	
	Pct.
	

1000 tonnes CO2 / Mill. Euros output



	
	All countries
	68,8 
	      7,9829 
	      0,2059 
	      0,5466 

	DE
	Germany
	18,0
	      4,1429 
	      0,1903 
	      0,5588 

	SE
	Sweden
	12,7
	      1,6813 
	      0,1600 
	      0,3565 

	UK
	United Kingdom
	7,0
	      1,7026 
	      0,1723 
	      0,2694 

	US
	United States
	6,7
	      4,8979 
	      0,2133 
	      0,6698 

	NL
	Netherlands
	5,6
	      2,0151 
	      0,2201 
	      0,4273 

	NO
	Norway
	4,6
	      0,7609 
	      0,0968 
	      0,1848 

	FR
	France
	3,9
	      1,7225 
	      0,1974 
	      0,3341 

	CN
	China
	3,8
	      7,9829 
	      0,3936 
	      1,1084 

	IT
	Italy
	3,6
	      2,1637 
	      0,1565 
	      0,3366 

	BE
	Belgium
	2,8
	      3,3420 
	      0,2776 
	      0,6097 

	 
	 
	 
	 
	 
	 

	DK
	Denmark
	 
	      3,0642 
	      0,1865 
	      0,5238 


One very overall way of getting an idea of whether the carbon content in the goods and services imported from those countries differs from that caused by the Danish pro​duction technology is to take a closer look at each of the ten countries average emission intensities like in table 2. It can be seen that on average, the CO2 emission intensities in the ten countries does not differ that much, with China and Norway being the exceptions. However, looking at just the average intensities is too simple, since of course the emission intensities varies a great deal across the industries in each country and that the imported goods from a country with a high average emission intensity may come from an industry that actually have a low emission intensity. 
Table 3 compares the intensities at the industry level for the 10 countries that export the most to Denmark. 

[image: image16.emf]
Especially the emission intensity of the E40 industry – the energy supply industry – varies a great deal when compared country by country. This of course, has a huge impact on the carbon content embodied in the goods and services imported from the specific countries, especially when we account for all the indirect effects as well.

3.2 Input-output data 
There are at least two different providers of collections of input-output tables. One is OECD, where tables are provided at the 48 sector level, and the other is Eurostat, where tables are provided at the 60 products/sectors level. Thus input-output tables that are necessary for the calculations in this project are available from EUROSTAT’ at this page 

http://epp.eurostat.ec.europa.eu/portal/page/portal/esa95_supply_use_input_tables/data/workbooks
As can be seen in Appendix 7 Symmetrical Input-Output Tables (SIOT’s) for 2005 are available for most EU countries. Only for Bulgaria, Cyprus and Latvia there is nothing available. For the UK and Belgium only older tables are available. 

Product by product tables are supplied by all countries except for just a few including Denmark and Finland. Tables are compiled in accordance with the CPA product classification P60 and thus cover 60 aggregated products. Emission data are most often related to some industry classification, which is also the case for the NAMEA AIR emission data also supplied by Eurostat. Here emissions are classified according to the A60 classification based on NACE. 

The disagreement between input-output data classified according to the P60 CPA classification and emission data classified according to NACE A60 classification does in principle pose a problem for input-output based analyses of the emissions in the European economies. Unless every one of the 60 products has a unique link to the 60 industries there will be differences between the two types of tables, and results of analyses will vary depending on which of the two types of tables is applied.

However, the magnitude of the problem has not been assessed within this project and furthermore it has been decided to use the two types of tables interchangeable and together with the emissions classified by industry as if there was no problem with the coherence between the two.

In accordance with the theoretical chapter the input-output data that have been drawn from Eurostats database are the 59 by 59 products or industries matrices in basic prices that contains domestically produced intermediate deliveries as well as imported intermediate deliveries. Along with these the vectors of output at basic prices have been downloaded. 

Available matrices from EUROSTAT, T are supplied in levels so for the input-output analyses in this project the matrices have been divided row by row by the output vector in order to create the necessary coefficient matrices
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where A is the matrix of domestic production of intermediate consumption and the matrix Aimp is the imported intermediate consumption. These two matrices are available separately for most countries as well, but in the project we need the sum of them anyway. 

The tables from EUROSTAT represent countries which supplies about 72 percent of the Danish import. There are no other readily available sources from where it is possible to get tables for countries outside the EU at the 60 industries or 60 products level. So to get tables for the countries representing the remaining 28 percent of the Danish import it has been decided that for each of theses remaining countries to a EUROSTAT table that in some senses is expected to the best representation of the economic structure of that particular country.  

Two parameters have been applied to make the choices. The first one is common sense or general knowledge about the stage of economic development; thus for the USA the German IO table has been used because both countries are large well developed industrial economies. There are probably major differences between the real USA IO table and the German one, but after all it seems a better choice than to use the Romanian or Slovenian table. The second parameter has been to take a glance at the size of the CO2 emission intensity in the power supplying industry and to choose a table from an EU country that is somewhat similar in that respect. Thus for China the table from the Czech Republic has been chosen under the influence of both of those parameters. 

Table 4. Input-output model used for the ten countries with the largest import to Denmark
	
	
	Share of total imports
	Input-output model used
	Year
	P-P or I-I

	
	
	Pct.
	

	DE
	Germany
	18,0
	      Own 
	2005
	      P-P 

	SE
	Sweden
	12,7
	      Own 
	2005
	      P-P 

	UK
	United Kingdom
	7,0
	      Own 
	1995 
	      P-P 

	US
	United States
	6,7
	      Germany 
	2005
	      P-P 

	NL
	Netherlands
	5,6
	      Own 
	2005
	      P-P 

	NO
	Norway
	4,6
	      Own 
	2005
	      P-P 

	FR
	France
	3,9
	      Own 
	2005
	      P-P 

	CN
	China
	3,8
	      Czech Republic 
	2005
	      P-P 

	IT
	Italy
	3,6
	      Own 
	2005
	      P-P 

	BE
	Belgium
	2,8
	      Own 
	2000 
	      P-P 


The full list of countries and the input-output model applied for them can be seen in Appendix 8. It appears from the list that there is a quite good coverage by own input-output model among the ten most important countries. All of the top-ten countries are covered by product by product tables. Two countries in this list have an older version of their input-output table. One is Belgium with the year 2000 table and the other one is the UK with its 1995 table. Especially the UK table is old, and the economic structures have changed since then, but unfortunately there is not really anything to do about in the framework of this project.  

4. Empirical results

On the basis of intermediate results of the calculation it is possible to measure the production multipliers due to Danish demand for export from various countries. 
Table 5. Direct and indirect production by foreign countries exporting to Denmark. (sorted after column (2))
	
	Export to Denmark (Danish import for domestic final demand)

(1)
	Direct and indirect "global" production caused by export to Denmark

(2)
	Export production multiplier

(3)

	
	

DKK millions




	Total
	325,186
	807,324
	2.5

	Germany
	62,008
	150,863
	2.4

	Sweden
	47,388
	113,515
	2.4

	United Kingdom
	24,593
	53,407
	2.2

	Netherlands
	20,642
	52,503
	2.5

	China
	12,255
	39,161
	3.2

	ROW
	12,899
	38,477
	3.0

	United States
	17,808
	36,353
	2.0

	France
	13,063
	34,250
	2.6

	Italy
	12,068
	32,532
	2.7

	Norway
	17,059
	31,337
	1.8

	Belgium
	10,685
	31,064
	2.9

	Finland
	7,312
	17,199
	2.4

	Spain
	5,971
	16,954
	2.8

	Poland
	6,186
	16,634
	2.7

	Russian Federation
	4,671
	12,733
	2.7

	Switzerland
	4,855
	10,981
	2.3

	Japan
	3,545
	8,811
	2.5

	South Korea
	3,139
	8,282
	2.6

	Ireland
	3,162
	8,037
	2.5

	Austria
	3,007
	7,334
	2.4

	Turkey
	2,839
	7,267
	2.6

	Czech Republic
	2,178
	7,058
	3.2

	Taiwan
	1,860
	6,695
	3.6

	India
	2,220
	5,811
	2.6

	Hungary
	1,531
	4,655
	3.0

	Argentina
	1,549
	4,532
	2.9

	Hong Kong
	1,722
	3,928
	2.3

	Canada
	1,571
	3,684
	2.3

	Portugal
	1,328
	3,535
	2.7

	Lithuania
	1,676
	3,457
	2.1

	Singapore
	1,545
	3,311
	2.1

	Latvia
	1,070
	3,008
	2.8

	Estonia
	996
	2,928
	2.9

	Thailand
	1,019
	2,806
	2.8

	Luxembourg
	1,213
	2,785
	2.3

	Brazil
	1,018
	2,678
	2.6

	Malaysia
	985
	2,490
	2.5

	Slovenia
	764
	2,211
	2.9

	Greece
	1,128
	2,151
	1.9

	Slovakia
	694
	1,945
	2.8

	New Zealand
	731
	1,913
	2.6

	Australia
	816
	1,845
	2.3

	Indonesia
	651
	1,783
	2.7

	South Africa
	377
	1,041
	2.8

	Israel
	392
	1,035
	2.6

	Mexico
	336
	833
	2.5

	Romania
	226
	506
	2.2

	Bulgaria
	162
	371
	2.3

	Saudi Arabia
	143
	354
	2.5

	Cyprus
	95
	197
	2.1

	Malta
	34
	84
	2.5


The highest multipliers are those for Taiwan and China meaning that the type of export demanded from these countries together with the production technology in these countries result in the highest amount of indirect effects.
These indirect effects clearly differ in magnitude and they differ from the ones that result from using the Danish input-output model as a proxy. Thus, this is an important aspect in the calculations side by side with the emission intensity aspect.

Until now any statement about the balance between emissions embodied in Danish import and exports has been based on the DTA. The con​clusion has generally been that a lot more emission is embodied in Danish exports on behalf of other countries than other countries emit on behalf of Denmark embodied in the Danish import.

The first column of table 6 show that there is a 7.3 million tonnes surplus on the Danish CO2 balance with the rest of the world when the Danish input-output table as well as the Danish emission intensity data are applied in the calculation. Surplus here only means that Denmark seemingly has more emissions embodied in exports than in imports, but “surplus” does not necessarily mean that it is a positive situation.
Table 6. General results. CO2 emissions embodied in Danish foreign trade, 2005.

	
	Approach A

Danish I/O model, Danish emission intensity
	Approach B

Danish I/O model, own emission intensity
	Approach C

Own I/O model and own emission intensity

	
	

1000 tonnes CO2



	Emissions embodied in exports
	20,368
	20,368
	20,368

	Emissions embodied in imports
	15,321
	23,375
	26,795

	Surplus on CO2 balance
	5,047
	-3,007
	-6,427


The results of the calculations in this project are applied in columns 2 and 3 in the table. Firstly, it is obvious that the first step of applying country specific emission intensities instead of just using the Danish makes a huge difference. The sum of emissions em​bo​died in imports increases by 53 percent from 15.3 million tonnes to 23.4 million tonnes.
Approach C the results of also applying country specific input-output models are revealed. It turns out that another 3.3 million tonnes of embodied CO2 are added on this account. The Danish CO2 balance with the rest of the world has now changed completely and now we are in a 6.3 million tonnes deficit instead of the 5 million tonnes surplus calculated under the domestic technology assumption. 

Thus, although the Danish energy sector may have slightly higher emission intensity than some of our neighbouring countries because it is neither based on hydro-power nor on atomic power, it does seem to be low enough to keep Denmark as a very CO2 efficient economy. Other Danish industries also seem to be more CO2 efficient than their foreign counterparts indicated by the further increase in embodied emissions when country specific input-output models are also applied in the calculation. 

In table 7 below the total CO2-content in Danish import is presented by country and in table 8 below that some more analyses are attached to the 10 largest of these. 

Table 7. CO2 emissions embodied in Danish imports for domestic final demand, 2005.

	
	Approach A

Danish I/O model, Danish emission intensities
	Approach B

Danish I/O model, own emission intensities
	Approach C

Own I/O model and own emission intensities

	
	

1000 tonnes CO2



	Total
	15,321
	23,375
	26,795

	Germany
	2,871
	3,780
	3,806

	China
	497
	2,060
	2,721

	ROW
	695
	2,244
	2,626

	Sweden
	2,676
	2,031
	1,983

	Russian Federation
	341
	1,347
	1,830

	Poland
	310
	1,107
	1,478

	Netherlands
	887
	1,255
	1,374

	United Kingdom
	860
	1,112
	1,148

	Belgium
	447
	710
	927

	Italy
	572
	621
	757

	United States
	571
	783
	724

	France
	561
	656
	649

	Spain
	315
	412
	580

	India
	132
	418
	571

	Finland
	301
	434
	524

	Norway
	1,075
	546
	499

	Estonia
	39
	225
	399

	Czech Republic
	106
	265
	392

	Argentina
	102
	235
	271

	Taiwan
	65
	157
	247

	Ireland
	103
	250
	212

	Lithuania
	74
	250
	212

	Austria
	124
	186
	203

	South Korea
	127
	175
	169

	Hungary
	58
	138
	162

	Hong Kong
	94
	162
	154

	Slovakia
	32
	113
	151

	Turkey
	121
	139
	151

	Greece
	84
	136
	140

	Indonesia
	30
	106
	140

	Switzerland
	214
	142
	139

	Latvia
	47
	98
	134

	Japan
	166
	134
	131

	Thailand
	45
	95
	130

	Portugal
	70
	108
	128

	South Africa
	19
	81
	111

	Canada
	68
	113
	103

	Malaysia
	45
	93
	100

	Luxembourg
	52
	101
	90

	New Zealand
	46
	90
	72

	Slovenia
	25
	39
	66

	Singapore
	87
	66
	66

	Brazil
	58
	81
	60

	Bulgaria
	7
	28
	52

	Australia
	35
	49
	50

	Romania
	10
	32
	47

	Israel
	16
	25
	45

	Mexico
	16
	27
	27

	Saudi Arabia
	9
	22
	27

	Cyprus
	9
	11
	14

	Malta
	2
	3
	3


Now let us look in some more detail on what has caused this rather dramatic change in conclusion. Table 7 displays the top 12 countries ranked in terms of the share of total imports to Denmark as a starting point. Then the rank of the countries under Approach A, B and C are added to the table together with the actual size of embodied emissions in imports from those particular countries.

Table 8. CO2 emissions embodied in imports. Top importers to Denmark 2005.
	
	
	Rank according to share of total imports
	Rank according to approaches
	Approach A

Danish I/O model, Danish emission intensity
	Approach B

Danish I/O model, own emission intensity
	Approach C

Own I/O model and own emission intensity

	
	
	
	A
	B
	C
	

1000 tonnes CO2



	
	Total
	
	
	
	
	15,321
	23,375
	26,795

	DE
	Germany
	1
	1
	1
	1
	2,871
	3,780
	3,806

	SE
	Sweden
	2
	2
	4
	4
	2,676
	2,031
	1,983

	UK
	UK
	3
	5
	7
	8
	860
	1,112
	1,148

	US
	USA
	4
	8
	9
	11
	571
	783
	724

	NL
	Netherlands
	5
	4
	6
	7
	887
	1,255
	1,374

	NO
	Norway
	6
	3
	14
	16
	1,075
	546
	499

	FR
	France
	7
	9
	11
	12
	561
	656
	649

	CN
	China
	8
	10
	3
	2
	497
	2,060
	2,721

	IT
	Italy
	9
	7
	12
	10
	572
	621
	757

	BE
	Belgium
	10
	11
	10
	9
	447
	710
	927

	ROW
	ROW
	N.A.
	6
	2
	3
	695
	2,244
	2,626

	RU
	Russia
	14
	12
	5
	5
	341
	1,347
	1,830

	PL
	Poland
	15
	13
	8
	6
	310
	1,107
	1,478


Germany is by far the most important country in terms of Danish import, both in terms of value and in terms of CO2 content no matter how it is measured. Sweden is number two when measured in direct value terms as well as under the DTA in Approch A. Sweden drops down to fourth position when the country’s own emission intensity data are applied. The reason for the Swedish drop is of course the much less CO2 intensive electricity generation based on hydro-power and nuclear power to some extent. The emission intensity coefficient is about one fifth of the Danish.

Number three and four on the list that rank Danish imports in terms of value, UK and the USA, drops down to positions around 5-11 in terms of CO2 emissions. Theses drops - and especially the one for USA - is a consequence of the relatively larger share of services in the Danish import from these countries. In fact, the USA is the largest foreign supplier of services to Denmark, which normally by its natures is a lot less CO2 intensive than manufactured goods. The same goes to some extent for the UK. 

In economic terms the Netherlands is number 5, but due to the rather CO2 intensive product in the Danish import its rank raises to number 3, when the Danish data are used. But due to very CO2 efficient technologies it drops down to 5 and 7 when Dutch data on emission intensities and I/O model are applied.

Norway has close to zero CO2 emissions from generation of electricity, so it is only natural that Norway drops from the sixth position in economic terms to position 13-16 when their own data are introduced in the calculations.

Examples of countries going in the opposite direction i.e. up the list are Poland and Russia who are somewhat less CO2 efficient than suggested by the Danish data. Both countries have a production structure and emission intensity that lift them from places 14 and 15 in economic terms to 5 to 6 in terms of emissions.

China can be found as number 8 on the list in economic terms and even drops to number 9 when the Danish emission data and I/O model is used. But when Chinas own emission data is applied it raises to a second place and when another I/O model is used it gets quite close to the overall leader Germany. 
It should be noted that it is not the Chinese I/O model which is used for the calculation, but the model from the Czech Republic. Naturally this choice can be criticised, and therefore the same calculation have been carried through using each and every one the I/O models available in the database for this project.

As the results in table 8 show the choice of I/O model in the calculation has a huge impact on the result.  The outcome varies from 1.2 million tonnes with the Irish I/O model to 3.8 million tonnes using the Slovakian model. The result using the Danish model is in the lower third and the Czech model raises it to the upper third, but not all the way to the top. it would be interesting to see though what the figure would be if the real Chinese model were used.

Table 9. 
CO2 emissions embodied in Danish import from China, calculated with Chinese emission intensities and each of the available I/O models respectively
	I/O model from country
	1000 tonnes CO2

	Slovakia
	3,660

	Romania
	3,254

	Estonia
	3,130

	Spain
	2,870

	Turkey
	2,862

	Hungary
	2,809

	Portugal
	2,792

	Slovenia
	2,750

	Czech Republic
	2,721

	Belgium
	2,659

	Poland
	2,584

	Lithuania
	2,486

	Italy
	2,430

	Austria
	2,290

	Netherlands
	2,181

	United Kingdom
	2,108

	Denmark
	2,060

	France
	2,012

	Finland
	2,011

	Greece
	2,000

	Germany
	1,990

	Sweden
	1,850

	Norway
	1,779

	Ireland
	1,527


An overview of what happens when the domestic technology assumption is relaxed is pictured in figure 4 below. What is most striking in the figure is the huge difference in the numbers for China between Approach A (the domestic technology assumption) and Approach B (using the country specific emission intensities). 

Figure 1. Difference between Approach A (Danish I/O model and emission intensities) and Approaches B and C respectively (including country specific intensities and I/O models)
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The Chinese emission intensity is so different from the Danish that the estimates so far have been very far from right. Because the Chinese production technology represented by the input-output model is also quite different from the Danish Approach C is even further away from the original estimate than Approach 2.  

At the top of the figure we find Sweden and Norway which are generally less emission intensive than Denmark and therefore overestimated in the initial calculations.
The final table has taken its departure in a ranking of the total emission content in imported products. For the top 10 products in terms of embodied emissions the top 10 countries supplying these products to Denmark have been listed.

Not surprisingly it turns out that the top products with the most CO2 embodied are electricity and other energy products but also heavy industry products like metal etc. and transport are on the top list.  

What is more surprising is that China is the second largest supplier of embodied CO2 in direct and indirect imported electricity. But this of course is due to the I/O model calcu​lation of the indirect effects of production of the Danish import from China in general.

Table 10. 
Top 10 emitters of CO2 embodied in the top 10 CO2 intensive products in Danish import. Data from the Approach C model.
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Emissions embodied in products

	Electrical energy, gas, steam and hot water
	DE
	CN
	PL
	RU
	ROW
	NL
	BE
	US
	IT
	GB
	  6 019 

	Basic metals
	DE
	CN
	RU
	SE
	ROW
	NL
	PL
	FR
	NO
	FI
	  2 981 

	Chemicals, chemical products and man-made fibres
	DE
	ROW
	NL
	BE
	PL
	GB
	SE
	FR
	CN
	CZ
	  2 015 

	Coke, refined petroleum products and nuclear fuel
	ROW
	SE
	EE
	RU
	DE
	CN
	IN
	NL
	PL
	GB
	  1 743 

	Land transport and transport via pipeline services
	ROW
	DE
	PL
	SE
	US
	RU
	LT
	GB
	LU
	CN
	  1 564 

	Fabricated metal products, except machinery and equipment
	CN
	PL
	ROW
	GB
	DE
	US
	SE
	FR
	AR
	TW
	  1 417 

	Other non-metallic mineral products
	DE
	SE
	IT
	RU
	ES
	CN
	PL
	FR
	BE
	GB
	  1 327 

	Products of agriculture, hunting and related services
	NL
	ROW
	DE
	SE
	PL
	AR
	ES
	BE
	IT
	GB
	   709 

	Rubber and plastic products
	CN
	RU
	IT
	GB
	DE
	ROW
	US
	LT
	SE
	PL
	   666 

	Crude petroleum and natural gas; 
	DE
	NO
	ES
	FR
	NL
	GB
	GR
	AT
	US
	SK
	   526 


From the Netherlands Denmark imports huge amounts of vegetables the have been grown in greenhouses and therefore are rather more energy and CO2 intensive than vegetables are grown in Denmark. Argentina turns up a little surprisingly on the sixth place in agricultural products. One explanation could be beef imported from Argentina, probably together with wine. 
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Appendicies
Appendix 1: Schematic of the Danish input-output table
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Appendix 2: Statistics on average emission intensities by trading partners. 2005
	
	
	Share of total imports
	MAX
	MEAN
	STD

	
	
	Pct.
	

1000 tonnes CO2 / Mill. Euros output



	99
	All countries
	100,00
	21,2286
	0,3621
	1,1790

	DE
	Germany
	18,00
	4,1429
	0,1903
	0,5588

	SE
	Sweden
	12,70
	1,6813
	0,1600
	0,3565

	UK
	United Kingdom
	7,00
	1,7026
	0,1723
	0,2694

	US
	United States
	6,70
	4,8979
	0,2133
	0,6698

	NL
	Netherlands
	5,60
	2,0151
	0,2201
	0,4273

	NO
	Norway
	4,60
	0,7609
	0,0968
	0,1848

	FR
	France
	3,90
	1,7225
	0,1974
	0,3341

	CN
	China
	3,80
	7,9829
	0,3936
	1,1084

	IT
	Italy
	3,60
	2,1637
	0,1565
	0,3366

	BE
	Belgium
	2,80
	3,3420
	0,2776
	0,6097

	ES
	Spain
	2,50
	2,7183
	0,2514
	0,5168

	FI
	Finland
	1,90
	4,2605
	0,2631
	0,6344

	CH
	Switzerland
	1,80
	1,5551
	0,1315
	0,3043

	PL
	Poland
	1,60
	10,9812
	0,5133
	1,4598

	RU
	Russia
	1,60
	12,4871
	0,7229
	1,9770

	JP
	Japan
	1,30
	2,6287
	0,1418
	0,3764

	AT
	Austria
	1,00
	1,0651
	0,1572
	0,2625

	IE
	Ireland
	1,00
	3,3927
	0,2634
	0,5578

	TR
	Turkey
	1,00
	2,2535
	0,1389
	0,3647

	HK
	Hong Kong
	0,90
	10,7305
	0,5049
	1,4677

	SA
	Saudi Arabia
	0,90
	4,1811
	0,5104
	0,9074

	GR
	Greece
	0,80
	8,8807
	0,5930
	1,4757

	IN
	India
	0,80
	11,4248
	0,5250
	1,5257

	KR
	South Korea
	0,80
	5,7314
	0,1995
	0,7492

	SG
	Singapore
	0,70
	5,6359
	0,2652
	0,7709

	TW
	Taiwan
	0,70
	8,7918
	0,2766
	1,1461

	CZ
	Czech Republic
	0,60
	6,9237
	0,4575
	1,1909

	HU
	Hungary
	0,50
	7,2416
	0,4760
	1,1341

	TH
	Thailand
	0,50
	3,8261
	0,3607
	0,7303

	AR
	Argentina
	0,40
	5,9722
	0,4500
	0,9786

	BR
	Brazil
	0,40
	15,0638
	0,5170
	2,2028

	CA
	Canada
	0,40
	2,9780
	0,2623
	0,4963

	LT
	Lithuania
	0,40
	5,6481
	0,5283
	1,0028

	LU
	Luxembourg
	0,40
	2,6923
	0,2120
	0,4755

	PT
	Portugal
	0,40
	2,3427
	0,2149
	0,4493

	AU
	Australia
	0,30
	8,7170
	0,2497
	1,1318

	LV
	Latvia
	0,30
	3,2920
	0,3664
	0,6214

	MY
	Malaysia
	0,30
	3,5842
	0,3379
	0,6842

	ZA
	South Africa
	0,30
	20,2116
	0,6391
	2,6133

	EE
	Estonia
	0,20
	21,2286
	0,8474
	3,6561

	ID
	Indonesia
	0,20
	9,1618
	0,4775
	1,2813

	MX
	Mexico
	0,20
	4,4892
	0,2264
	0,6434

	NZ
	New Zealand
	0,20
	9,7784
	0,5257
	1,5742

	SI
	Slovenia
	0,20
	4,9128
	0,1874
	0,7109

	SK
	Slovakia
	0,20
	11,2491
	0,6758
	1,5748

	BG
	Bulgaria
	0,10
	11,1862
	0,5677
	1,4890

	CY
	Cyprus
	0,10
	8,3115
	0,7814
	1,5349

	IL
	Israel
	0,10
	11,3792
	0,2733
	1,4741

	RO
	Romania
	0,10
	6,0255
	0,6876
	1,3569

	MT
	Malta
	0,00
	5,1065
	0,3345
	0,8837

	OT
	Other Countries
	5,20
	5,9722
	0,4500
	0,9786

	 
	 
	 
	 
	 
	 

	DK
	Denmark
	 
	      3,0642 
	      0,1865 
	      0,5238 


Appendix 3: The A60 industry classification
	A60
	
	Label

	A01
	
	Agriculture, hunting and related service activities

	A02
	
	Forestry, logging and related service activities

	B
	
	Fishing

	CA10
	
	Mining of coal and lignite; extraction of peat

	CA11
	
	Extraction of crude petroleum and natural gas; service activities incidental to oil and gas extraction excluding surveying

	CA12
	
	Mining of uranium and thorium ores

	CB13
	
	Mining of metal ores

	CB14
	
	Other mining and quarrying

	DA15
	
	Manufacture of food products and beverages

	DA16
	
	Manufacture of tobacco products

	DB17
	
	Manufacture of textiles

	DB18
	
	Manufacture of wearing apparel; dressing; dyeing of fur

	DC
	
	Manufacture of leather and leather products

	DD
	
	Manufacture of wood and wood products

	DE21
	
	Manufacture of pulp, paper and paper products

	DE22
	
	Publishing, printing, reproduction of recorded media

	DF
	
	Manufacture of coke, refined petroleum products and nuclear fuel

	DG
	
	Manufacture of chemicals, chemical products and man-made fibres

	DH
	
	Manufacture of rubber and plastic products

	DI
	
	Manufacture of other non-metallic mineral products

	DJ27
	
	Manufacture of basic metals

	DJ28
	
	Manufacture of fabricated metal products, except machinery and equipment

	DK
	
	Manufacture of machinery and equipment n.e.c.

	DL30
	
	Manufacture of office machinery and computers

	DL31
	
	Manufacture of electrical machinery and apparatus n.e.c.

	DL32
	
	Manufacture of radio, television and communication equipment and apparatus

	DL33
	
	Manufacture of medical, precision and optical instruments, watches and clocks

	DM34
	
	Manufacture of motor vehicles, trailers and semi-trailers

	DM35
	
	Manufacture of other transport equipment

	DN36
	
	Manufacture of furniture; manufacturing n.e.c.

	DN37
	
	Recycling

	E40
	
	Electricity, gas, steam and hot water supply

	E41
	
	Collection, purification and distribution of water

	F
	
	Construction

	G50
	
	Sale, maintenance and repair of motor vehicles

	G51
	
	Wholesale trade and commission trade, except of motor and motorcycles

	G52
	
	Retail trade, except of motor vehicles, motorcycles; repair of personal and household goods

	H
	
	Hotels and restaurants

	I60
	
	Land transport; transport via pipelines

	I61
	
	Water transport

	I62
	
	Air transport

	I63
	
	Supporting and auxiliary transport activities; activities of travel agencies

	I64
	
	Post and telecommunications

	J65
	
	Financial intermediation, except insurance and pension funding

	J66
	
	Insurance and pension funding, except compulsory social security

	J67
	
	Activities auxiliary to financial intermediation

	K70
	
	Real estate activities

	K71
	
	Renting of machinery and equipment without operator and of personal and household goods

	K72
	
	Computer and related activities

	K73
	
	Research and development

	K74
	
	Other business activities

	L
	
	Public administration and defence; compulsory social security

	M
	
	Education

	N
	
	Health and social work

	O90
	
	Sewage and refuse disposal, sanitation and similar activities

	O91
	
	Activities of membership organization n.e.c.

	O92
	
	Recreational, cultural and sporting activities

	O93
	
	Other service activities

	P
	
	Activities of households as employers of domestic staff

	Q
	
	Extra-territorial organizations and bodies


Appendix 4: The P60 product classification
	P60
	
	Label

	01
	
	Products of agriculture, hunting and related services                                                             

	02
	
	Products of forestry, logging and related services                                                                

	05
	
	Fish and other fishing products; services incidental to fishing                                                   

	10
	
	Coal and lignite; peat                                                                                            

	11
	
	Crude petroleum and natural gas; services incidental to oil and gas extraction, excluding surveying               

	12
	
	Uranium and thorium ores                                                                                          

	13
	
	Metal ores                                                                                                        

	14
	
	Other mining and quarrying products                                                                               

	15
	
	Food products and beverages                                                                                       

	16
	
	Tobacco products                                                                                                  

	17
	
	Textiles                                                                                                          

	18
	
	Wearing apparel; furs                                                                                             

	19
	
	Leather and leather products                                                                                      

	20
	
	Wood and products of wood and cork (except furniture); articles of straw and plaiting materials                   

	21
	
	Pulp, paper and paper products                                                                                    

	22
	
	Printed matter and recorded media                                                                                 

	23
	
	Coke, refined petroleum products and nuclear fuel                                                                 

	24
	
	Chemicals, chemical products and man-made fibres                                                                  

	25
	
	Rubber and plastic products                                                                                       

	26
	
	Other non metallic mineral products                                                                               

	27
	
	Basic metals                                                                                                      

	28
	
	Fabricated metal products, except machinery and equipment                                                         

	29
	
	Machinery and equipment n.e.c.                                                                                    

	30
	
	Office machinery and computers                                                                                    

	31
	
	Electrical machinery and apparatus n.e.c.                                                                         

	32
	
	Radio, television and communication equipment and apparatus                                                       

	33
	
	Medical, precision and optical instruments; watches and clocks                                                    

	34
	
	Motor vehicles, trailers and semi-trailers                                                                        

	35
	
	Other transport equipment                                                                                         

	36
	
	Furniture; other manufactured goods n.e.c.                                                                        

	37
	
	Secondary raw materials                                                                                           

	40
	
	Electrical energy, gas, steam and hot water                                                                       

	41
	
	Collected and purified water; distribution services of water                                                      

	45
	
	Construction work                                                                                                 

	50
	
	Trade, maintenance and repair services of motor vehicles and motorcycles; retail trade services of automotive fuel

	51
	
	Wholesale trade and commission trade services, except of motor vehicles and motorcycles                           

	52
	
	Retail trade services, except of motor vehicles and motorcycles; repair services of personal and household goods  

	55
	
	Hotel and restaurant services                                                                                     

	60
	
	Land transport and transport via pipeline services                                                                

	61
	
	Water transport services                                                                                          

	62
	
	Air transport services                                                                                            

	63
	
	Supporting and auxiliary transport services; travel agency services                                               

	64
	
	Post and telecommunication services                                                                               

	65
	
	Financial intermediation services, except insurance and pension funding services                                  

	66
	
	Insurance and pension funding services, except compulsory social security services                                

	67
	
	Services auxiliary to financial intermediation                                                                    

	70
	
	Real estate services                                                                                              

	71
	
	Renting services of machinery and equipment without operator and of personal and household goods                  

	72
	
	Computer and related services                                                                                     

	73
	
	Research and development services                                                                                 

	74
	
	Other business services                                                                                           

	75
	
	Public administration and defence services; compulsory social security services                                   

	80
	
	Education services                                                                                                

	85
	
	Health and social work services                                                                                   

	90
	
	Sewage and refuse disposal services, sanitation and similar services                                              

	91
	
	Membership organization services n.e.c.                                                                           

	92
	
	Recreational, cultural and sporting services                                                                      

	93
	
	Other services                                                                                                    

	95
	
	Services of households as employers of domestic staff                                                             

	99
	
	Services provided by extra-territorial organizations and bodies                                                   


Appendix 5: Availability of Symmetrical Input-output tables from Eurostat
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Appendix 6: List of the input-output model used by country

	ISO
	NAME
	Input-output model used
	Year
	P-P or I-I

	AT
	Austria
	Own
	2005
	P-P

	BE
	Belgium
	Own
	2000
	P-P

	BG
	Bulgaria
	Romania
	2005
	P-P

	CY
	Cyprus
	Greece
	2005
	P-P

	CZ
	Czech Republic
	Own
	2005
	P-P

	DE
	Germany
	Own
	2005
	P-P

	EE
	Estonia
	Own
	2005
	P-P

	ES
	Spain
	Own
	2005
	P-P

	FI
	Finland
	Own
	2005
	I-I

	FR
	France
	Own
	2005
	P-P

	UK
	United Kingdom
	Own
	1995
	P-P

	GR
	Greece
	Own
	2005
	P-P

	HU
	Hungary
	Own
	2005
	P-P

	IE
	Ireland
	Own
	2005
	P-P

	IT
	Italy
	Own
	2005
	P-P

	LT
	Lithuania
	Own
	2005
	P-P

	LU
	Luxembourg
	France
	2005
	P-P

	LV
	Latvia
	Estonia
	2005
	P-P

	MT
	Malta
	Denmark
	2005
	I-I

	NL
	Netherlands
	Own
	2005
	P-P

	PL
	Poland
	Own
	2005
	P-P

	PT
	Portugal
	Own
	2005
	P-P

	RO
	Romania
	Own
	2005
	P-P

	SE
	Sweden
	Own
	2005
	P-P

	SI
	Slovenia
	Own
	2005
	P-P

	SK
	Slovakia
	Own
	2005
	P-P

	NO
	Norway
	Own
	2005
	P-P

	CH
	Switzerland
	Norway
	2005
	P-P

	US
	United States
	Germany
	2005
	P-P

	CN
	China
	Czech Republic
	2005
	P-P

	RU
	Russia
	Poland
	2005
	P-P

	JP
	Japan
	Germany
	2005
	P-P

	TR
	Turkey
	Turkey
	2005
	P-P

	KR
	South Korea
	Germany
	2005
	P-P

	IN
	India
	Poland
	2005
	P-P

	TW
	Taiwan
	Czech Republic
	2005
	P-P

	CA
	Canada
	Germany
	2005
	P-P

	BR
	Brazil
	Poland
	2005
	P-P

	AR
	Argentina
	Poland
	2005
	P-P

	ZA
	South Africa
	Poland
	2005
	P-P

	AU
	Australia
	Germany
	2005
	P-P

	ID
	Indonesia
	Poland
	2005
	P-P

	IL
	Israel
	Poland
	2005
	P-P

	MX
	Mexico
	France
	2005
	P-P

	NZ
	New Zealand
	United Kingdom
	1995
	P-P

	HK
	Hong Kong
	United Kingdom
	1995
	P-P

	SA
	Saudi Arabia
	Poland
	2005
	P-P

	SG
	Singapore
	United Kingdom
	1995
	P-P

	TH
	Thailand
	Poland
	2005
	P-P

	MY
	Malaysia
	United Kingdom
	1995
	P-P

	OT
	Other Countries
	Czech Republic
	2005
	P-P


� In the international literature on this subject the alternative to the production based approach is most often called the consumption based approach. However, as it was also pointed out by Serrano and Dietzenbacher (2008) it is more correct (but less catchy) to refer to the domestic final demand than just consumption, because “consumption” here refers to private consumption as well as government consumption and gross fixed capital formation.  
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