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ABSTRACT

International agreements on reducing greenhouse gas emissions are often criticised because they are not exhaustive, vis-à-vis country-coverage, and, so, are undermined by “carbon leakage” – that is, (a rise in) emissions generated in the production of goods and services, destined for export to countries within the agreement, by countries outside it. These agreements generally require countries to reduce domestic production of greenhouse gas emissions below a certain level. This objective can be achieved in many ways, for example, by encouraging ‘cleaner’ domestic production processes but it can also be done by substituting (emission producing) domestic production with imports from countries not covered by the agreement. The latter may indeed successfully reduce domestic greenhouse gas emissions but could come at the cost of increasing emissions elsewhere, rendering the global situation no better off. This paper investigates how important these flows are for a number of OECD countries to estimate their size and significance. It uses the OECD Input-Output and Bilateral Trade databases, together with data from the IEA showing carbon dioxide emissions by industry, to estimate the total (direct and indirect) carbon dioxide embodied in the imports of manufactured goods in each country. 

1. Introduction

1.1 The Kyoto Protocol of December 1997 called for greenhouse gas emissions in developed economies to be reduced by at least 5% by 2008-2012 compared to 1990
 levels. The policy instruments encouraged by the Protocol are varied, for example emissions trading and joint implementation projects, in addition to domestic fiscal policies designed to discourage the generation of these gases
.  The Protocol recognises that economies are at different stages of development and that developed economies produce the majority of emissions, and so the burden of reducing or stabilising emissions is placed on developed economies (and transition economies), these are known as Annex I countries
. Developing economies (non-Annex I countries) are also encouraged to reduce emissions but, given their different stages of economic development, are permitted to increase emissions relative to their 1990 position. 

1.2 A number of studies
 have pointed to potential loopholes in agreements where action required at a global level is only effected by participating countries. In this context the role of international trade, especially in products where high emissions are generated, is of particular importance, especially for open economies, where small changes in the terms of trade may lead to significant changes in exports and imports. For example an appreciation in the terms of trade is likely to lead to higher imports (displacing some domestic production) and lower exports (directly reducing domestic production), and so domestic emissions of greenhouse gasses (all other things equal) would decrease, but emissions elsewhere would have increased. 

1.3 Seen in this context, emissions’ indicators and policy measures that focus exclusively on the production of carbon emissions could have adverse results in a global context. For example, an Annex I country with significant carbon intensive industries (eg steel) may introduce taxes that raise the costs of carbon use (eg coal) to reflect environmental concerns, in order to reduce domestic production and emissions. Alternatively, measures may be introduced that encourage the take-up of cleaner production processes. In both cases prices of the carbon intensive products are likely to rise. However if the price increases open up new markets to foreign manufacturers, their output is likely to rise, and so the net impact on global emissions will be higher if the production processes in these countries are more carbon intensive. As international trade increases, as it continues to do, so too will the potential magnitude of this problem. Particularly when one also considers the increase in foreign direct investment and the tendency to create global production networks.  

1.4 One way of allaying these difficulties is to focus on the domestic consumption of greenhouse gas emissions, as well as domestic production. In other words by measuring total greenhouse gases embodied
 within products consumed domestically, whether imported or produced domestically, and so putting the burden of accountability onto the final-use consumer rather than the producer. Policy measures could then be developed that reflected the impact on global emissions from the behaviour of consumers.    

1.5 The focus of this paper is to estimate the significance of imported and exported emissions, to determine whether its importance has grown and whether it is significant enough to warrant policy consideration. It does this by estimating the amount of CO2 (the main greenhouse gas) from fuel combustion, embedded within the imports and exports of ‘manufactured’ goods for seven OECD countries in 1990 and the mid-90s: Australia, Canada, Denmark, France, Japan, the UK and the USA. In this way we are able to show CO2 emissions’ generated by the demands of consumers, rather than the output of industries. For countries with relatively large exports of carbon-intensive goods, such as steel, this distinction is important. Comparisons of domestically produced CO2 emissions as a proportion of GDP or per capita can be misleading, since they may only reflect export markets and the manufacturing base (e.g. a relatively high proportion of carbon intensive industries). The possibility of extending the analysis to include other greenhouse gases is under consideration and will require further investigation.   

1.6 Because bilateral trade data is only presently available for ‘manufactured
’ goods (ISIC 01-40), the analysis only investigates imported and exported CO2 emissions embodied within these products. This analysis is still at an early stage, and so the results should be viewed at this stage as experimental, although this caveat does not apply to the broader conclusion that can be drawn, namely that imported and exported embodied emissions are significant. Future analysis will extend to most OECD countries and important non-OECD countries, as the coverage of the OECD IO database increases, and possibly trade in services.

2. Methodology

2.1 The analysis uses three distinct datasets: input-output tables (showing production technologies in each country); international trade flows in manufactured products, and estimates of CO2 emissions by industry and country (from the International Energy Agency, IEA). 

2.2 The approach is to calculate, for each country: 

(1) Domestic CO2 emissions embodied within goods and services and used by domestic consumers, and exports of services.

(2) Domestic CO2 emissions embodied within exports of manufactured products.

(3) Imported CO2 emissions embodied within manufactured products used by final consumers (and exports of services).

(4) Imported CO2 emissions embodied within exports of manufactured products.

In this way it is possible to define the domestic consumption of CO2 emissions as the sum of (1) and (3) above, as opposed to domestic production of CO2 emissions, which can be shown to be equal to (1) + (2).  

Emissions related to trade in services

Ideally, embodied CO2 emissions embodied in imports of services should also be recorded in the consumption account with corresponding reductions for emissions embodied in the exports of services. The lack of bilateral trade data in services means that this has not been possible here and so any emissions associated with trade in services (e.g. air travel) are assumed to remain within the producing country, correspondingly no emissions embodied in imports of services are included in a country’s overall consumption total. 

One way of estimating these flows is to assume that the emissions’ ratios (embodied CO2 per unit of monetary value) are the same for exports and imports of services for any particular country. However this analysis needs to proceed with caution as input-output tables usually record imports on a c.i.f. basis and exports on a f.o.b. basis. Globally this means that exports of services measured f.o.b. are higher than imports of services measured c.i.f. Although exports of services are relatively small, compared to total exports, usually less than 20%, transport services form a significant component, and these usually embody high CO2 emissions as a per cent of value, relative to manufactured products. However transport services represent a much smaller proportion of imports (measured on a c.i.f. basis) since these services are usually included in the value of manufactured imports. As such, if imported emissions are calculated by multiplying imports on a c.i.f. basis by the emissions ratios emanating from exports on a f.o.b. basis, total imported embodied emissions are likely to be understated.    

In this analysis it is assumed, in effect, that the net balance of these flows is zero. Future work will attempt to more accurately estimate these flows. 

The Input-Output Framework

2.3 Let the production function (input-output table) for a country be defined as A, with components, aij that represent the ratio of domestic inputs from industry i to the output of industry j (known as the Leontief matrix) where n is the number of industries, and industries 1 to k (<n) are manufacturing. Further let the import matrix (with dimension k*n) be defined as Mc, with components mcij representing the ratio of manufactured imports from industry i in country c (the exporting country) to the output of domestic industry j at. f.o.b. prices. Total CO2 consumed within this economy (assuming no imports of services) can be shown to be equal to:
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Where E is a 1*n vector of the ratio of CO2 emissions per monetary value of domestic output by industry; D is an n*1 vector of domestic consumption
 of domestic production; mEc  is a 1*k vector of CO2 emissions per unit of country c exports (converted into the importing country’s currency), and known here as the export emission ratio; and mDc is an n*1 vector of imports from country c directly purchased as domestic final consumption (not intermediate).   

2.4 The first term in equation (I) can be shown to be equivalent to (1) above, (domestic emissions consumed domestically), and the second term can be shown to be equivalent to (3) above, (imported embodied emissions in manufactured products consumed domestically).

2.5 One important point to note is that mEc includes both domestically produced and imported emissions. The ‘j’th component of which can be shown to be equal to: 
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Where Exp is a n*k matrix with components expij, where expii = exports by domestic industry i in country c, and all other entries are zero, and mExpd is an k*k matrix, where expdii exports of imports from country d by country c of product i and all other entries are zero; w is the number of countries/regions which export to country c.  (For most countries all entries of mExpd are zero). 

2.6 The first term in equation (III) can be shown to be equivalent to (2) above, (domestic emissions embodied within manufactured exports) and the second term to be equivalent to (4), (imported emissions embodied within manufactured exports).

2.7 It should be evident from equations (II) and (III) that the export emission ratio mEc, involves an iterative process, since it is a function of the export emission ratios in other countries, which are in turn dependent on mEc. In the analysis conducted here this iterative process was started by setting (4) above in equation (III) to zero
. 
 Data 

Input-Output Tables

2.7 Two time periods are covered in the analysis, 1990 and the mid 1990s, using production functions (input-output tables) for 19 countries from the OECD input-output (IO) database
: Australia 1989 & 1994/95; Canada 1990 & 1997; Czech Republic 1995; Denmark 1990 & 1997; France 1990 and 1995; Finland 1995; Germany 1995; Greece 1994; Hungary 1998; Italy 1992; Japan 1990 & 1995; Korea 1995; Netherlands 1995; Norway 1997; 1995; Poland 1995; Spain 1995; Sweden 1998; UK 1990 & 1995; US 1990 & 1997.  Tables for earlier years (1990 and earlier) have been produced on an ISIC Revision 2 basis and later years are on an ISIC rev 3 basis. This has required a transformation of the earlier tables into an ISIC rev 3 basis but because the industrial classifications of ISIC 2 and 3 are similar at the 17 industry detail used here this is not believed to have adversely affected the results presented below.

2.8 Most of these tables have been produced by the OECD Secretariat, largely by converting existing country supply and use tables, and are under continued development. This transformation process uses varying degrees of assumption depending on the country, and the aim is to reduce the scale of these assumptions, as more data becomes available. Tables for a number of countries have been produced exclusively for the purposes of the investigative analysis presented in this paper. As such, these tables are considered experimental and indicative only, and for this reason the results for 7 countries only are shown. In due course, as the coverage and quality of the database increases, the analysis presented below will be repeated and extended to more countries.  

2.9 For those countries/regions where input-output tables are not available, export emissions’ ratios have been estimated on the basis of the emissions ratios of countries that are believed to have similar emissions profiles and production processes. 

2.10 Although this introduces a potential source of error, most trade within the 7 countries studied is conducted within the 19 countries where there is OECD IO data, limiting the extent of errors from this source, see Table 1 below.

Table 1: Per cent of imports from (19) IO countries

Australia
Canada
Denmark
France
Japan
UK
US

70
88
81
70
59
69
60

2.11 Indeed for the US and Japan, the countries most sensitive to these assumptions, total imported emissions would be about 30% lower than the figures shown below if an OECD average emission ratio were used. However, because OECD economies are amongst the most technologically advanced countries in the world this should be viewed as an extreme lower bound position. The estimates presented in the results that follow attempt to reflect a more realistic assessment of emissions’ ratios and should be viewed as central estimates. As the coverage of the OECD IO database expands so to will the ratios shown above rise. In this context the inclusion of IO tables for high trade, high emission non-member OECD countries, such as China, Brazil, Singapore, Malaysia, India, Indonesia, and Chinese Taipei is as important as the inclusion of other OECD  member countries, such as Mexico. 

2.12 The OECD input-output tables are produced on a 41 industry by industry basis but for the purposes of this analysis they have been collapsed to a 17-industry basis, described in Table 2 below. The sensitivity of the results to the level of aggregation has not been fully tested but this is an area for further research. 

Table 2:  Industry Classification

Industry
ISIC Industries

AGRICULTURE, HUNTING, FORESTRY AND FISHING
01-05

MINING AND QUARRYING & PETROLEUM REFINING
10-14, 23

FOOD PRODUCTS, BEVERAGES & TOBACCO
15-16

TEXTILES, APPAREL & LEATHER
17-19

WOOD & WOOD PRODUCTS
20

PULP, PAPER, PRINTING & PUBLISHING
21-22

CHEMICALS
24

OTHER NON-METALLIC MINERAL PRODUCTS
26

IRON & STEEL
271 2731

NON-FERROUS METALS
272 2732

FABRICATED METAL PRODUCTS,  MACHINERY & EQPT
28-32

MOTOR VEHICLES, TRAINS, SHIPS PLANES
34, 35

PLASTICS,  OTHER MANUFACTURING & RECYCLING
25, 33, 36-37

ELECTRICITY, GAS
40

CONSTRUCTION
45

TRANSPORT AND STORAGE
60-62

ALL OTHER SERVICES
41, 50-99, ex 60-62

IEA CO2 emissions 

2.13 This classification of industries is based on the industry classification used in the International Energy Agency’s database, where CO2
 emissions by each industry group shown above are readily available. The estimates of CO2 emissions from fuel combustion are calculated using the IEA energy balances together with default methods and emission factors from Revised IPCC Guidelines for National Greenhouse Gas Inventories, using the IPCC Tier 1 Sectoral Approach.  For the purposes of this analysis a number of caveats should be added: 

· IEA estimates of CO2 emissions from fuel use and countries own estimates may differ, although in general these are not significant. This occurs for a number of reasons but in the main it reflects the fact that countries may have more detailed information on fuel use than is available at the IEA. For example the IEA uses an average net calorific value (NCV) for coal, whereas countries may have specific NCVs for production, imports, exports etc. Equally IEA estimates include emissions from coke inputs into blast furnaces
, whereas countries may have included these emissions in the IPCC Industrial Process category, and not the Fuel combustion category used here. 

· One industrial sector of IEA data warrants specific mention since emissions in this sector have not been included in the analysis presented below; Unallocated Autoproducers. This sector includes emissions from industries that generate their own electricity or heat, wholly or partly, for their own use as an activity that supports their primary activity. Ideally these emissions should be allocated to the actual ISIC industry but it has not been possible to do that here. That said these emissions are not particularly significant in the context of the estimates presented below, for example in the US  (where the percentage is the highest of the 7 countries studied) emissions were about 5% of total emissions. 

· In the IEA data all emissions from transportation have been allocated to the transport industry. This means that any emissions relating to the secondary production of transport by non-transport sectors will be allocated to the transport industry and not the producing sector. In the analysis presented below ½ of the emissions from transport are assumed to be emissions’ directly emitted by consumers. We have not been able to fully evaluate the significance of this discrepancy although it is not expected to seriously distort the analysis presented here, since on average only about 5% of emissions from the transport industry are embodied in exported manufactured goods, about 1% of total domestic emissions.

· The analysis assumes coherence in industrial classifications. Both the IEA data and Input-Output data are based on ISIC rev 3 classifications but it is difficult to ensure, without further investigation, that establishments in both data sets have been allocated consistently.    

2.14 Future work will focus on investigations into these areas in conjunction with a greater disaggregation of industries than those shown in Table 2, particularly in the important areas of ‘Mining and Quarrying’ and ‘Petroleum’ production. 

Bilateral Trade 

2.15 The OECD Bilateral Trade database
 shows imports into and exports from 41 countries/regions
, by producing country and destination country, for all 2 digit products within ISIC 01-40.  The countries/regions covered are: All OECD countries, Argentina, Brazil, China, Hong Kong, India, Indonesia, Malaysia, Philippines; Singapore, Thailand, Taiwan, and the Rest of the World (ROW). 

2.16 There are some data quality issues concerning the bilateral trade database. The first relates to the fact that imports by country A from country B are not always consistent with exports from country B to country A. This is partly because of the f.o.b./c.i.f. recording difference but other factors play a part too. For example some trade is often recorded under ‘other’ within the accounts of one (exporting/importing) country but allocated to products in the accounts of the (importing/exporting) country. Equally the bilateral trade data is not always consistent with the equivalent country totals shown in the corresponding input-output tables.

2.17 To ameliorate these problems, (in particular the cif/fob difference) the embodied emissions in exports by a country and by industry, (the second part of equation (1) above), have been allocated to countries using the proportions given in the Bilateral Trade database.  In addition, embodied emissions imported into country A from country B, by product, are set equal to the exports from country B to based A, meaning that only export flows in bilateral trade are used in this analysis. These emissions are then allocated to industries and final users (including exports) in country A, on a pro-rata basis using the information available in the import flows IO matrix for country A. In effect this process replaces the ‘ mEc * Mc‘, ‘ mEc * mDc‘, and ‘mEc * mExpc‘ terms shown above.  

Deflators

2.18 Because not all input-output tables cover the same year, emissions’ exports from country A to country B in year t, have been converted to imported emissions into country B from country A by assuming that the emission ratio is constant in constant prices. The deflators used are US implied output deflators and have been applied to bilateral trade data in dollar prices. Further planned work, aimed at improving the relevance of the deflators used,  is intended to improve this process.  

2.19 For two main reasons the quality of estimates shown below is more robust for 1995 and later data than it is for 1990 data, so the main focus of the analysis is on the later years:  

(I) Most input-output tables are available for 1995 and later (reflecting production functions in use at the time), and which are likely to have changed since 1990;

(II) Export emissions ratios in 1995 and later are likely to have changed since 1990, particularly given the global push to introduce cleaner production processes; meaning that imported emissions in 1990 are likely to be understated. 

3. Preliminary Results 

3.1 Direct CO2 emissions by the seven countries covered in this analysis represented over ⅓ of global emissions in 1995. 

Trade in embodied emissions is significant

3.2 Total CO2 embodied in manufactured imports to these seven countries was equivalent to about 1½ billion tonnes of CO2 in 1995, just under 7% of global emissions (¼ of total domestic emissions), of which ¼ of a billion tonnes were subsequently exported; embodied in manufactured products for export. Domestically produced CO2 embodied in manufactured exports accounted for about ¾ of a billion tonnes. The net position for these seven countries therefore (total imports consumed domestically minus total exports (including re-exported imported emissions) was ½ billion tonnes of CO2. To put this figure into perspective, only 7 countries in the world produced more direct emissions in 1995: the US, China, Russia, Japan, India, Germany and the UK. Looked at another way, the net position (import-export) of CO2 embodied in manufactured goods in these 7 countries, represents about 2½ per cent of global emissions of CO2 from fuel combustion in 1990, and over 3½ per cent of Annex-I emissions. 

Imported emissions form a significant part of domestic consumption

3.3 Figure 1, supplemented by Table 3, below illustrates the importance of imported emissions to individual countries by showing total imported emissions embodied in manufactured goods as a percent of total domestically produced emissions14, ranging from 15 to over 60 per cent. 

Table 3:  Emissions – CO2 million tonnes

Country

Year
Australia 94/5
Canada 97
Denmark 97
France

 95
Japan 

95
UK 

95
US 

97

Imported Emissions
38
126
24
175
336
179
801

Total Production

264
439
55
276
948
442
4664

3.4 The high emissions for France reflect two points, the first, a relatively low domestic production of emissions (using nuclear production for over ¾ of electricity production), the second, the relatively large role trade plays in France’s economy. Australia’s relatively low figure on the other hand reflects the fact that its produces, and exports, relatively high amounts of carbon-intensive goods and imports goods with relatively low carbon requirements from countries with less carbon-intensive production processes. For example in 1995 one sixth of Australian imports of manufactured goods came from Japan, which, like France, generates much of its electricity using nuclear power. Figure 2 below shows domestic emissions (excluding household emissions14) as a per cent of GDP in 1995. It shows that Japan has a ratio less than half that of Australia’s, reflecting in part the high use of nuclear power in Japan and the fact that proportionally more of Australia’s production is on relatively high carbon-intensive goods.
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Table 4 below partly explains the pattern in Figure 1. For example, any country that exported mainly iron, steel and non-metallic products but imported all of its cars say may have a deficit in its trade balance but a surplus in CO2 emissions. Thus, high CO2 emissions’ ratios as a per cent of GDP and low imported embodied emissions as a per cent of domestic production. 

Table 4:  Emissions’ ratios  - Tonnes CO2 per 1000 US $ 

Industry
Imports
Exports

AGRICULTURE, HUNTING, FORESTRY AND FISHING
0.8
0.5

MINING AND QUARRYING & PETROLEUM REFINING
0.9
1.3

FOOD PRODUCTS, BEVERAGES & TOBACCO
0.6
0.5

TEXTILES, APPAREL & LEATHER
0.8
0.4

WOOD & WOOD PRODUCTS
0.8
0.6

PULP, PAPER, PRINTING & PUBLISHING
0.6
0.5

CHEMICALS
0.9
0.8

OTHER NON-METALLIC MINERAL PRODUCTS
1.4
0.9

IRON & STEEL AND NON-FERROUS 
2.5
1.4

FABRICATED METAL PRODUCTS,  MACHINERY & EQPT
0.6
0.4

MOTOR VEHICLES, TRAINS, SHIPS PLANES
0.5
0.4

PLASTICS,  OTHER MANUFACTURING & RECYCLING
0.8
0.5

ELECTRICITY, GAS
4.4
2.5

3.6 Because the seven countries analysed here are amongst the most technologically advanced in the world it comes as little surprise that the emissions’ ratios for exports are, with one exception, lower than the ratios for imports. The exception is mining, quarrying and petroleum refining and further work is needed in this area. In particular the analysis would benefit from the inclusion of an IO table from a large oil producing (OPEC) country, as well as a disaggregation of this industry into smaller industry groups, e.g. coal, refined oil; as it is very likely that the detailed components of the larger industry grouping have different CO2 emissions’ ratios. In the analysis presented here the emissions’ ratio for this industry (mining, quarrying and petroleum refining) for R.O.W producers has been set equal to the Norwegian ratio; which is significantly lower than the equivalent ratios for the US and Canada, which make up about ½ of all exports in this seven country analysis; (which in turn assumes that most trade of this industry’s output by ROW countries is in oil, rather than coal.). 

3.7 That said, the picture with regard to total imported embodied emissions is largely unaffected by changes in this ratio; net exporters of embodied emissions remain net exporters and net importers remain net importers. For example using a ratio 3 times greater than the Norwegian ratio only increases total imported embodied emissions for this group of seven countries by 5%. This is no small part reflects the fact that most imports into these seven countries come from the countries where IO data has been used (see Table 1 above). An alternative data source that could be investigated to proxy CO2 embodied in imports from countries where IO tables are not available, is data for carbon embodied in energy, where the IEA has expertise, although these estimates do not include any indirect embodied emissions.

Most trade is within the OECD but significant and increasing emissions are from R.O.W

3.8 Table 5 below shows the origin of CO2 emissions embodied in imports for each of the seven countries.

Table 5: Distribution of CO2 emissions embodied in imports of manufactured goods by destination country

Exports from:
Australia
Canada
Denmark
France
Japan
UK
US
Other OECD
R.O.W

Imports to:

Australia 95

1.7
0.1
1.2
6.0
4.5
14.9
18.1
53.4

Canada 97
0.5

0.0
0.9
1.4
1.3
64.0
9.2
22.7

Denmark 97
0.3
0.4

3.7
0.8
7.4
3.7
57.3
26.4

France 95
0.3
0.7
0.4

0.9
7.4
4.2
49.8
36.3

Japan 95
3.9
2.4
0.2
0.6

0.9
10.8
9.2
72.0

UK 95
0.8
1.4
0.6
5.3
2.1

7.9
38.7
43.2

US 97
0.4
16.6
0.1
0.9
3.9
2.1

28.4
47.7

3.9 It shows that significant imports of embodied emissions are from outside of the OECD, ranging from over 25% in Denmark to over 70% in Japan. This largely relates to the fact that trade is likely to be conducted with neighbouring countries. However of interest to policy makers is how this relationship has changed over time. Since ROW economies tend to be less technologically advanced than OECD economies (see Table 6) an increase in trade with the ROW may be an indication that CO2 embodied in trade from non Annex 1 countries has increased, particularly if this is coupled with a deteriorating trade balance. 

Table 6: Emissions ratios of total imports of manufactured goods by destination country; tonnes per US $ Thousands

Exports from:
Australia
Canada
Denmark
France
Japan
UK
US
Other OECD
R.O.W

Imports to:

Australia 95

0.8
0.2
0.4
0.3
0.5
0.6
0.5
1.5

Canada 97
1.7

0.3
0.4
0.3
0.6
0.6
0.7
1.5

Denmark 97
0.8
0.7

0.4
0.3
0.6
0.5
0.5
1.4

France 95
0.8
0.9
0.3

0.3
0.6
0.6
0.5
1.6

Japan 95
1.2
0.9
0.4
0.4

0.5
0.6
0.6
1.7

UK 95
1.1
0.9
0.3
0.4
0.3

0.6
0.5
2.0

US 97
0.9
0.8
0.2
0.4
0.3
0.6

1.0

1.5

3.10 Table 7 indicates that this may in fact be occurring. It shows the origin of CO2 embodied in imports for each of the seven countries in 1990. Comparing Table 7 and with Table 5 in  nearly all countries ROW emissions as a proportion of total imported emissions rose significantly, nearly doubling in Canada for example, illustrating the increasing importance of trade from ROW countries, particularly as a source of embodied CO2. 

Table 7: Distribution of  CO2 emissions embodied in imports of manufactured goods by destination country

Exports from:
Australia
Canada
Denmark
France
Japan
UK
US
Other OECD
R.O.W

Imports to:

Australia 90

2.9
0.2
1.5
11.8
5.0
23.3
16.3
39.0

Canada 90
0.2

0.1
0.9
3.6
2.4
72.6
7.3
12.9

Denmark 90
0.3
0.6

4.0
2.0
8.3
5.7
54.1
25.1

France 90
0.3
0.7
0.5

1.5
7.1
6.8
49.0
34.0

Japan 90
4.9
3.0
0.2
0.6

1.0
16.3
9.9
64.1

UK 90
1.3
1.9
1.1
5.8
3.0

12.3
41.5
33.2

US 90
0.7
19.5
0.1
1.3
8.5
3.0

24.0
42.8

3.11 Finally, Figure 3 below compares the domestic production of emissions14 with the domestic consumption of emissions as a per cent of the domestic production of emissions. It shows that Canada and Australia were net exporters of CO2 emissions embodied in manufactured products and all other economies net importers. The figures shown below should be viewed in the context of the 5% reduction envisioned in the Kyoto Protocol, since they demonstrate the potential of trade in this context.     
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4. Policy implications

4.1 Although still experimental and preliminary, the estimates reveal that the embodiment of CO2 emissions in imported manufactured goods is significant, and is increasing at a faster rate than the growth in international trade (as ROW economies, with less technologically advanced production processes, increase their share of world trade).  Moreover these estimates are likely to underestimate the actual size of imported CO2 emissions, since they exclude CO2 embodied in services, in particular, transport services, and any indirect emissions related to the use (capital consumption) of imported capital goods embodied in exports, and because they lack IO data from less advanced economies.

4.2 It is difficult to say how these estimates are likely to change in the future. However it seems more likely than not, that domestic policies predicated on reducing production by domestic industries will exacerbate the growth in imported emissions, since they provide an incentive to companies to outsource CO2 intensive production processes to countries with less stringent tax regimes. If this is done in tandem with a transfer of more efficient production processes, then the impact on global CO2 emissions may still be downwards but if imports merely displace domestic production the outcome is likely to be different.

4.3 Ideally the Kyoto Protocol would be exhaustive in its country coverage, and in time this may occur. Partly because of this, an oft made criticism of the Protocol is that it does not actively encourage economies to increase the production of goods (and so emissions) where their production processes are amongst the least carbon-intensive in the World. In fact, because Annex 1 economies are amongst the most technologically advanced in the World, it imposes additional costs on these countries, inadvertently providing an incentive to outsource production elsewhere where the production process may generate higher emissions. Indeed this process has been occurring long before Kyoto, as developed economies continue to shift economic activity from manufacturing to services. Although the Protocol tries to mitigate this by encouraging the transfer of cleaner technologies providing credits in the process, (Joint Implementation and Clean Development Mechanisms
).
4.4 This points to an expansion of the accounting framework, that complements the Kyoto Protocol and statistical measures, so that policy measures that focus on CO2 emissions consumed domestically can be developed. In such a way Annex 1 Governments can reduce the risk of enacting policies that eventually prove counter-productive, in so far that they inadvertently encourage manufacturers to outsource production to countries with ‘dirtier’ production process. From a practical perspective such measures may, on their own, illicit reductions in global emissions since they identify, and provide an incentive for economies to purchase goods from, clean producers. As demand for cleaner goods increases this might in turn encourage manufacturers to introduce the abatement measures that Kyoto actively promotes. Although realistically this is some way off, as the data requirements to do this meaningfully are severe and not readily available at present.

4.5 The development of consumption based indicators is also important in another context. Production based indicators are frequently criticised because emission reductions targets are usually made with a base year in mind. If the base year occurs in a year when the trade balance has an unusually significant influence on domestic emissions, emission reduction targets might be relatively easy or hard to achieve. Consumption based indicators tend to be less affected by changes in trade however.

4.6 In much the same way that consumers increasingly make purchases based on whether products are organic, dolphin friendly, energy efficient, etc, the information provided here could also prove useful. With more detailed information, consumers would be able to make spending decisions based on the global contribution of greenhouse gas emissions that result from their purchases
. For example consumers might purchase aluminium rather than steel framed bicycles, despite the extra costs, because they are more environmentally friendly; in the same way that consumers were once encouraged to buy CFC-free refrigerators, before they became ubiquitous. Or indeed, more realistically, (since less information is required) to estimate their personal greenhouse gas budget
. This might in turn encourage manufacturers to introduce cleaner manufacturing/engineering processes, to transfer clean-technology processes to non- Annex 1countries, or to make products that are less carbon-intensive. 

4.7 In the coming months the OECD will continue to work in this area in an effort to improve the coverage of countries and the consistency of the three databases, with a view to producing a more comprehensive report towards the end of 2003. 

NOTES
� Some economies in transition have baselines that differ from 1990.	


� P. Hoeller & M. Wallin, Energy Prices, Taxes and Carbon Dioxide Emissions, OECD Economic Studies, No 17, Autumn 1991, pp-99-100.


� Annex 1 countries:  Australia, Austria, Belarus, Belgium, Bulgaria, Canada, Croatia, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Latvia, Liechtenstein, Lithuania, Luxembourg, Monaco, Netherlands, New Zealand, Norway, Poland, Portugal, Romania, Russian Federation, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, Ukraine, UK, US.  Not all Annex 1 countries have ratified or acceded to the Kyoto convention.


� A. Wyckoff & J.M. Roop, The embodiment of carbon in imports of manufactured products, 1994, Energy Policy March 1994; Munskgaard & Pedersen, CO2 accounts for open economies: producer or consumer responsibility, Energy Policy 29, 2001.	


� Embodied emissions within a product reflect the total indirect and direct greenhouse gasses emitted during the complete production process. Direct emissions relate to those emissions generated by the industry that supplies a product to a final consumer. However any intermediate products used in the production process also generate emissions and these are known as indirect emissions.  For example a car manufacturer may purchase all its parts from abroad, and only assemble the vehicle domestically. The direct emissions in this process are likely to be small. However indirect emissions, the manufacturing of the parts, are likely to be higher, involving the production of steel, rubber etc. From a consumers’ accounting perspective these indirect emissions are also embodied within the car.	


� Including agricultural products, mining and quarrying products, and electricity. In summary industry groups 1 to 40 of the International Standard Industrial Classification system, ISIC, are covered.


� ‘Domestic consumption’ includes household final consumption, general government final consumption, changes in inventories, gross fixed capital formation and valuables, and exports of services but not exports of manufactured products (ISIC 1-40).	


� It is interesting to note that the same results could be achieved by defining an input-output table with dimension (n*w) by (n*w), where w is the number of separate countries (or regions) defined in the system, and where sales of services across countries (imports of services) are set to zero


� .  N. Ahmad, The OECD Input-Output database, 2002, Paper presented at the 14th International Input-output Conference, Montreal 2002.


� Further information can be found at  www.IEA.org


� In the reduction of iron in a blast furnace through the combustion of coke, the primary purpose of coke oxidation is to produce pig iron and the emissions can be considered as in industrial process, as is the practice in some countries, these emissions are included in fuel combustion emissions in the IEA statistics.


� Source: OECD Bilateral Trade database, Science Technology and Industry Directorate. 


� Bilateral trade between non-member countries is not covered however,  for example Brazil’s exports to Argentina are not shown in the database.


� Excludes all emissions from fuel combustion in households, (see IPCC,  2A4 b) 


� Over ⅓ of US imports from other OECD economies came from Mexico, where the emissions’ profile is assumed to be similar to that of the Czech Republic, whose emissions’ profile is significantly above the OECD average. Using an OECD ‘average’ emissions’ profile would make the emissions’ ratio of total imports from R.O.W to the US, comparable to that seen in other countries. Emissions from Mexico make up about 20% of total US imported emissions. Using an OECD ‘average’ emissions’ profile for Mexico would reduce total US imported emissions by about 10%.


� Joint Implementation allows Annex 1 parties to implement projects that reduce emissions, or increase removals by sinks, in other Annex 1 countries. Emission reduction units ERUs generated by such projects can then be used by investing Annex 1 parties to offset their own emissions. However ERUs may only be issued after 2008.  Clean Development Mechanisms are similar but work between Annex 1 and non-Annex 1 countries. Certified emission reductions can then be used to offset domestic emissions, starting from 2000.   


�  In turn it might be necessary to introduce a slightly different (satellite) concept of household expenditure that take into account the (different) longevity of products.


� M. Lanzen, Individual Responsibility and Climate Change, Paper presented at the International Academic Conference on Environmental Justice, Melbourne, October 1997.
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