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Introduction 
Following the recent Copenhagen Climate Change 

conference, there has been discussion of the methods and 

underlying principles that inform climate change targets. 

Climate change targets following the Kyoto Protocol are 

broadly based on a production accounting principle (PAP). 

This approach focuses on emissions produced within given 

geographical boundaries. An alternative approach is a 

consumption accounting principle (CAP), where the focus is 

on emissions produced globally to meet consumption 

demand within the national (or regional) economy1. 

Increasingly popular environmental footprint measures, 

including ecological and carbon footprints, attempt to 

measure environmental impacts based on CAP methods. 

The perception that human consumption decisions lie at the 

heart of the climate change problem is the impetus driving 

pressure on policymakers for a more widespread use of 

CAP measures. At a global level of course, emissions 

accounted for under the production and consumption 

accounting principles would be equal. It is international trade 

that leads to differences in emissions under the two 

principles.  

 

 

____________________ 
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This paper, the second in this special issue of the Fraser 

Commentary, examines how input-output accounting 

techniques may be applied to examine pollution generation 

under both of these accounting principles, focussing on 

waste and carbon generation in the Welsh economy as a 

case study. However, we take a different focus, arguing that 

the ‘domestic technology assumption’, taken as something 

of a mid-point in moving between production and 

consumption accounting in the first paper, may actually 

constitute a more useful focus for regional policymakers 

than full footprint analyses.  

 

PAP, CAP and environmental accounting 
methods within an input-output framework 
As explained in the previous paper, the issues involved in 

developing carbon accounting methods have been the 

subject of a two year ESRC Climate Change Leadership 

Fellowship (CCLF) programme led by Dr Karen Turner at 

the University of Stirling (previously at the University of 

Strathclyde) and involving collaboration with the co-authors 

of this paper. The work of the CCLF has involved examining 

different perspectives on pollution accounting methods 

using input-output tables as a means of examining the 

structure of pollution problems. Input-output tables are 

commonly constructed as part of national government 

accounting and provide a view of economic activity, in 

particular the sales and purchase relationships between 

industries, government and households. Such input-output 

tables are produced regularly in Wales by the Welsh 

Economy Research Unit. When combined with data on the 

carbon produced by different industries, and by households, 

these tables provide a means through which one can 

examine how different demands create environmental 

consequences up the supply chain.  

 

In short, the production of goods and services generates 

pollution, but this pollution is ultimately only generated to 

meet final consumption demands. An environmentally 

extended input-output system takes data on the emissions 

generated in production and attributes them according to the 

underlying pattern of final consumption. By attributing 

pollution to different types of final consumption demands 

(such as households, local government, capital formation 

and export demand) we can better understand which actors 

in the economy are driving the pollution. The following 

example may help to illustrate the underlying issue. 

 

As part of the CCLF programme, a series of knowledge 

exchange events have been held. One anecdote from an 

ESRC Festival of Social Science event highlights the issues 

under consideration here. The event at the University of 

Strathclyde involved pupils from high schools in Glasgow. At 

the beginning of the session the following question was 

posed: who is responsible for emissions generated as a 

result of a pupil drinking a glass of Spanish orange juice at 

breakfast? Is it the pupil, or those who made the orange 

juice in Spain?  The immediate answer was that it was the 

pupil’s (the consumer’s) responsibility. This answer was 

very much in line with the consumption accounting principle 
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approach discussed above. At the end of the session, and 

having taken the pupils through a discussion of international 

climate change negotiations and the various aspects of 

international pollution abatement, the response to this 

question was not as overwhelmingly one-sided as pupils 

took more of a ‘shared responsibility’ view.  

 

This anecdote helps to demonstrate why it is necessary to 

consider a range of different perspectives to fully 

understand pollution accounting issues.  It perhaps also 

explains why there is a lack of agreement at international 

and national levels on how we should attribute emissions 

across jurisdictional boundaries. However, while there is a 

lack of institutional agreement, there has been increasing 

public interest in consumers taking responsibility for the 

emissions embodied in their behaviour. In turn, this has led 

to increased interest in CAP based footprint measures, 

arguably the most popular of which is the carbon footprint 

(Wiedmann, 2009).  

 

Carbon footprint analyses have recently been carried out for 

a range of different organisations, activities, and countries. 

Notable non-state level examples include carbon footprint 

estimates for Irish households (Kenny & Gray, 2009), and 

for the Scottish Parliament (Weidmann et al, 2008). National 

level carbon footprint estimates are reported in Pan et al 

(2008) for China, Peters and Hertwich (2006) for Norway, 

Druckman & Jackson, (2009) for the UK, Maenpaa & 

Siikavirta (2007) for Finland, and many others.  Almost all of 

these studies utilise input-output data to generate their 

carbon footprint estimates. 

 

A full carbon footprint measure requires detailed information 

about the pollution embodied in trade. Due to globalisation, 

an accurate estimate of such a measure, in almost all 

cases, would require a vast and complex database detailing 

the pollution embodied in hundreds of different trade flows. 

Such a database would be akin to a world input-output 

system. Given these often prohibitive data requirements, 

simpler measures are frequently adopted to estimate carbon 

footprints. In using these simpler measures, there is a loss 

of ‘purity’ in the analysis, but there are huge gains in 

tractability and computability. Moreover, a focus on full 

footprint measures could be misleading to policymakers as it 

suggests that there is little value in other consumption-

driven measures. Our goal here is to demonstrate that it is 

only through considering other consumption driven 

measures that particular policy questions can be answered. 

 

The principle policy tools that governments can use to 

reduce domestic pollution generation tend to focus on 

domestic (both producer and consumer) behaviour. Some 

examples of policies used on the production side include 

subsidies for pollution abatement activities undertaken by 

companies, investment in renewable energies, and tougher 

pollution regulations for industry. Governments are more 

limited when it comes to policies intended to reduce the 

emissions embodied in imported goods, especially a 

regional government such as Scotland or Wales. For 

example, the Welsh Assembly Government has little ability 

to alter foreign production. However they can work to 

change aspects of domestic consumption behaviour. Then 

practically reducing the emissions embodied in imports is 

not as straightforward as amending domestic pollution 

regulations.  

 

So how might we go forward to provide transparent 

information for policymaking purposes while avoiding the 

practical issues of developing an expensive and vast 

database of pollution embodied in domestic imports?  One 

potential way ahead is to adopt what is known as a 

domestic technology assumption (DTA) method. This 

method retains the local production processes as a key 

determinant of the carbon footprint estimate, but focuses on 

local final consumption decisions as the main driving force. 

In this way, we propose that, as well as offering a solution in 

the absence of data on polluting technology used in 

producing goods that we import, it is also useful in 

considering the jurisdictional issues involved in pollution 

abatement.  

 

For example, without data on production and pollution 

technologies of all trading partners, it may be useful for 

regional (e.g. Welsh) policymakers to examine the global 

environmental impacts of domestic consumption behaviour 

as if it were being satisfied using the local production 

technologies, which they can directly affect. In short, this 

approach assumes that Welsh imports, regardless of the 

country of origin, are produced using similar technologies to 

those used in Wales and that their production has similar 

carbon consequences. Alternatively, one may view the 

approach as allowing us to consider the domestic savings of 

not producing goods and services locally, rather than the 

implied costs abroad. In what follows we illustrate a footprint 

approach using a domestic technology assumption from 

work we have undertaken in Wales (Jensen et al 2009, 

2010). 

 

Case studies of waste and carbon generation 
in the Welsh regional economy 
The Welsh Assembly Government has a legal duty to 

pursue sustainable development objectives as part of its 

core functions. Moreover, a series of strategic planning 

documents highlight the importance of the long-term 

reduction in externalities such as carbon emissions and 

waste. There has been growing interest from Welsh 

policymakers in measures that estimate the global footprint 

associated with Welsh production and consumption activity. 

In this context, much of their focus has been on the 

ecological footprint measure which links regional 

consumption to global land areas needed to support that 

consumption. Using this measure, Wales has been found to 

be consuming more than its fair share of the Earth’s 

resources. In this paper, we focus on the carbon and waste 

footprints of Welsh consumption that have been estimated 

using an environmentally extended Welsh input-output 

framework. 
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To illustrate the approach outlined in the previous section 

we have used the Welsh input-output tables for 2003 

(WERU, 2007). These tables (which adopt the same format 

as outlined in the schematic detailed in the first paper in this 

special issue) provide information on the total use of 

imported and regionally produced goods and services by 

each Welsh production sector and by different types of final 

consumers (e.g. households, tourists, government). The 

input-output data were then extended with data on physical 

waste and CO2 (as carbon) directly generated by each 

sector of the economy (including households). This 

extension allows us to examine the total waste and carbon 

that is directly generated by each production sector and final 

consumption activity within the Welsh economy.  

 

Using these data and applying the DTA approach discussed 

above, we assume that the waste and pollution intensities of 

production are given by Welsh technology, irrespective of 

the actual location of production. As a result we can then 

explore the level of pollution directly and indirectly (i.e. 

through industry supply chains) embodied in different types 

of production and consumption activities. However, in the 

case of carbon we aim to relax this assumption using data 

on the sources of imports and the corresponding direct 

carbon intensities that apply in the producing region, as has 

been done for Scotland and the UK in the first paper in this 

issue. 

 

The input-output data for 2003 show that Wales ran a 

combined trade deficit with the rest of the UK (RUK) and the 

rest of the world (ROW) of almost £8.5bn (just under £3bn 

with other UK regions and just over £5.5bn with the rest of 

the world). That is, imports of goods and services exceeded 

exports. The fact that Wales did not produce enough to 

meet its own consumption requirements suggests that its 

environmental footprints are expected to reflect significant 

external impacts in other regions and countries.  

 

Table 1:   Input- Output accounting of the Welsh waste trade balance (2003) 

 

            PAP CAP 

Total Waste Attributed (millions of tonnes)     18.61 29.77 

                

Waste supported by Welsh household and government final consumption   

                

Domestic (Welsh) waste generation:     1.52 1.52 

  Directly generated (households)     7.02 7.02 

  Indirect- generated in Welsh production sectors 8.54 8.54 

                

Indirect waste embodied in imports (DTA)       21.22 

                

Waste supported by external demands for Welsh production 10.07   

                

Implied Waste Trade Balance (Deficit):         

  Actual waste generation minus DTA waste generation     

  (Waste embodied in exports minus waste embodied in imports) -11.15   

 

 

Taking the case of physical waste generation first, Table 1 

reports the results for two different types of accounting. In 

the first column, titled PAP (production accounting principle), 

we examine the total physical amount of waste generated 

within the Welsh borders (i.e. 18.6m tonnes). Welsh waste 

generation under PAP is calculated by multiplying the 

individual sector output and final consumption expenditure 

data given in the input-output tables by Welsh-specific direct 

waste intensities (tonnes of waste per £1m output/final 

consumption expenditure). We also use standard 

techniques to attribute this domestic waste generation to the 

final consumer groups identified in the input-output tables. 

These are domestic final consumption (i.e. households and 

government) and external final consumption (exports). 

These results allow us to distinguish between waste 

generated in Wales as a direct or indirect by-product of 

domestic final consumption demand (8.5m tonnes) and 

external (export) demand (10m tonnes). Thus, we can 

conclude that the bulk of waste generated within Welsh 

borders takes place to support external rather than domestic 

final consumption demand. However, the PAP measure in 

the first column does not tell us anything about the other 

element of trade in waste: the amount embodied in imports. 

 

The advantage of the CAP results in the second column of 

Table 1 is that, as discussed above, it does account for the 

fuller waste implications of Welsh final consumption. Under 

the CAP approach, waste generated within Welsh borders 

as well as waste generated in other regions and countries to 

support Welsh final consumption demand is accounted for. 

Here, using the DTA, we address the waste generated 

outside of Wales by using information in the Welsh input-

output table framework (including data on the domestic and 

imported inputs to production), information on combined 

final demand (including imports supported by household and 
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government spending for example) but assuming Welsh 

direct waste intensities.  

 

Under the CAP measure, the 10.1m tonnes of waste 

generated in Wales to support external demands (included 

under the Welsh PAP account) are excluded from the Welsh 

waste footprint In formulating our DTA-based CAP measure, 

we therefore exclude the waste generated in Wales to meet 

export demand and include a measure of the waste 

embodied in Welsh imports (i.e. imports that directly and/or 

indirectly service the final demands of Welsh households 

and government).  

 

In the second column of Table 1, we instead account for the 

(indirect) waste generation in other regions and countries, 

estimated using our domestic technology assumption 

approach, to be embodied in imports to Welsh final 

consumption. Domestic waste generation to meet Welsh 

domestic final consumption demands remains the same as 

under the PAP measure in column one (this element is 

common to both PAP and CAP; the difference lies in the 

treatment of waste embodied in trade). Our CAP measure 

shows that in 2003, Wales had a waste footprint estimate 

that greatly exceeds the waste accounted for under PAP. 

Our results show that if we assume Welsh production and 

waste technologies are adopted by Welsh trading partners, 

there are 21.2m tonnes of waste embodied in imported 

consumption demands.  As only 10.1m tonnes of waste are 

attributed to external (export) demands in the PAP method, 

this implies that, as well as running a trade deficit in terms of 

goods and services (with the value of imports exceeding 

that of exports), Wales runs a waste trade deficit with the 

rest of the world (including the rest of the UK). This reflects 

the fact that the waste embodied in Welsh exports is less 

than the waste estimated to be embodied in imports. 

 

Table 2:  Input- Output accounting of the Welsh carbon trade balance (2003) 

 

            PAP CAP 

Total CO2 as carbon attributed (millions of tonnes)   11.75 10.86 

                

CO2 supported by Welsh household and government final consumption   

Domestic (Welsh) CO2 generation:     2.13 2.13 

  Directly generated (households)     1.91 1.91 

  Indirect- generated in Welsh production sectors 4.04 4.04 

                

Indirect CO2 embodied in imports (DTA)       6.83 

                

CO2 supported by external demands for Welsh production 7.71   

                

Implied CO2 Trade Balance (Deficit):         

  Actual CO2 generation minus DTA CO2 generation     

  (CO2 embodied in exports minus CO2 embodied in imports) 0.88   

 

 

However, it is not necessarily true that when a country runs 

a trade deficit in goods and services, it will also do so in 

environmental terms. One benefit of using an input-output 

approach to account for environmental issues is the level of 

detail on the composition of regional consumption and trade 

patterns behind these calculations.  

 

The calculations underlying the results presented in Table 2 

use the same methodology and economic data as those in 

Table 1. The only difference is that data on the direct CO2 

(as carbon) intensity of Welsh production and consumption 

activities are used instead of physical waste intensities. The 

key result in the case of carbon is that the Welsh carbon 

footprint (under CAP in column two) is less than actual 

carbon generation within the Welsh economy (estimated 

under PAP in column one). Once again the carbon 

generated in Wales and attributable to domestic final 

consumption demands is the same under both measures 

(4m tonnes). However, carbon  generation within Wales to 

support external (export) demand (7.7m tonnes) is greater 

than the carbon that we estimate to be embodied in imports 

to Welsh final and intermediate consumption demand (6.8m 

tonnes). This suggests that Welsh exports contain more 

carbon than its imports, i.e. Wales had a carbon trade 

‘surplus’ of just under 0.9m tonnes in 2003.  

 

The qualitative differences in our analyses for waste and 

carbon are interesting, and largely due to the composition of 

imports. For example, although accounting for only a small 

share of the value of total imports, the bulk of waste 

embodied in Welsh imports is related to imports from 

‘Construction’ and ‘Other Mining and Quarrying’ activities 

(although these only account for a small share of total 

imports; note also the bulk of this waste is likely to be inert, 

not hazardous, waste). Simple differences such as these 

result in the estimation of a much greater waste, as opposed 

to carbon, impact for imports from these sectors. This result 

also suggests that examining the differences between our 

results for carbon and for waste at the sectoral level may be 

useful for policymakers interested in determining which 
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industries to focus on in order to reduce different types of 

pollution.  

 

Discussion and conclusions 
The analyses reported in Tables 1 and 2 both employ the 

DTA method to calculate the waste and CO2 (as carbon) 

embodied in imports by assuming that the waste/carbon 

embodied in the production of the commodities consumed is 

given by Welsh production and polluting technology. This 

allows us to consider the Welsh waste and carbon footprint 

as if all consumption and production technology decisions 

were made under the jurisdiction of Welsh policymakers. As 

explained above, we believe that there is valuable 

information for both the public and for policymakers in this 

approach. This is because it facilitates the consideration of 

the environmental footprint of our consumption decisions 

under circumstances over which we have control (i.e. ‘as if’ 

a region had to meet all consumption demands based on 

that region’s own consumption and technology decisions).  

 

The DTA approach only provides hypothetical footprint 

estimates, but has the advantage of being implementable 

using domestic input-output data. We could relax the DTA 

where appropriate data on the carbon, waste (or other 

pollutant) content of imports is available. In our current 

research, as reflected in the Scottish and UK results 

reported in the first paper in this issue of the Fraser 

Commentary, we are collaborating with colleagues at the 

OECD to produce a dataset that will allow us to look at 

these issues in more detail.  

 

However, as we have already argued in this paper, getting a 

more accurate footprint measure is not the same as fully 

understanding the impacts of our actions.  As a general 

principle, we question how much is gained by adopting an 

approach using more international trade and waste data.  

That is, while it allows for a more accurate footprint 

measure, what is the value-added in policy terms (given that 

these international data provide information on technologies 

adopted in other regions/countries? A full footprint measure 

may be more ‘accurate’ but as a practical tool for 

policymakers, it may be nothing more than a performance 

indicator. On the other hand, different perspectives, such as 

the DTA method, allow policymakers to examine the impact 

of production and consumption behaviours that local 

policymakers have control over.  

 

While this paper reports on our analyses of carbon and 

waste, this approach is easily generalised for the analysis of 

other environmental externalities. We believe that there is a 

growing demand among policymakers and the public to 

better understand the global environmental consequences 

associated with their consumption choices. The challenge 

for the research community is to develop measurement 

approaches that are transparent and provide useful 

information on which policy choices can be made and 

progress towards sustainable development objectives can 

be assessed. Following from the CCLF research discussed 

in this paper, the research team is actively liaising with the 

policy community to explore ways in which the tools 

described can be extended and improved. In our continued 

research we are also working on developing more complex 

modelling applications through which one can explore the 

consequences of changes in policy on industry and 

consumer behaviour (for example, through the use of 

computable general equilibrium, CGE, modelling 

frameworks).  

 

____________________ 
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Endnotes: 
1 The interested reader is referred to Munksgaard & Pedersen 

(2001) which was one of the first papers to explicitly address 

consumption v. production accounting principle approaches in the 

literature. 
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