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Responsibility for regional waste generation: A single region extended input-output analysis with uni-directional trade flows

Introduction

This paper uses a regional input-output framework, together with survey data on waste generation by industry, to examine regional waste attribution. In addition to estimating a series of industry direct output-waste coefficients, the paper considers a series of methods for waste attribution and the usefulness of these different methods for policymakers. As interest may lie in the assessment of the total waste burden implied by regional consumption, this paper specifically considers the development of an accounting method that permits a greater focus on regional (private and public) final consumption as the main exogenous driver of domestic waste creation. An accounting technique is considered that involves estimating the waste burden imposed by total use of commodities in the region under a domestic technology assumption. This method gives a hypothetical waste footprint, measuring what domestic waste generation under a consumption accounting principle [START_REF] Munksgaard | CO 2 accounts for open economies: producer or consumer responsibility?[END_REF] would be if regional consumption demands were met through production methods that employ domestic technology. We argue that this method provides a useful tool for understanding the regional waste attribution problem (with particular focus on the implications of trade), as well as an additional, more consumption-orientated, perspective for regional policymakers. These methods allow regional policymakers to focus on production and consumption behaviours over which they have more control and understanding.

Moreover, the tool employs data that are readily available at the regional level.

As a case study, this paper focuses on Wales, a region of the United Kingdom. One focus of the regional environmental strategy and resulting policies in Wales has been the waste generated in the Welsh economy. For example, adopted headline indicators of sustainability include levels of household waste and amounts of waste recycled (see , 2006). Moreover, waste indicators link closely to other headline indicators that focus on air and water quality and climate change. The increasing burden that waste places on environmental assets, and the future services from those same assets, has also been acknowledged (see WELSH ASSEMBLY GOVERNMENT, 2009a). Waste strategy for the region is now focused on decreasing the volume of household waste, increasing the volume of waste recycled and composted, and increasing commercial, industrial, and construction waste recycling. Indeed, a recent report for the Welsh Assembly Government noted that "waste generation from consumption-based activities (manifested primarily as household waste) contributes 15% of Wales' ecological footprint" [START_REF] Arup | Ecological footprint impact of the Welsh Waste Strategy. Study report for the Welsh Assembly Government[END_REF].

There has been progress in the region towards waste reduction. For example, household waste per person fell by nearly 4% between 2004 and 2007, along with increases in reported recycling rates. However, this was not necessarily evidence of any decoupling of growth and waste generation as economic growth faltered in this period. Furthermore, there is evidence of reductions in both commercial and industrial waste generation over the last decade (see [START_REF] Frater | Commercial and Industrial Waste Survey Wales, 2002-2003[END_REF]URBAN MINES, 2009). Currently, Wales is moving towards a new waste strategy in 2010 (WELSH ASSEMBLY GOVERNMENT, 2009a). The processes of reflection and extensive consultation undertaken in the region in 2008-09 represented a time to consider the issue of who creates waste in Wales, and how one understands where the ultimate responsibility for this waste generation lies.

The explicit policy concern in Wales appears to be in terms of a production principle approach [START_REF] Munksgaard | CO 2 accounts for open economies: producer or consumer responsibility?[END_REF], this tying to the Welsh Assembly Government's direct jurisdiction. This is evidenced in part through the indicator set used to monitor progress towards waste-related targets, where the emphasis is on waste generated in Wales, and speaks to quantities of municipal, industrial, and commercial wastes and the proportions recycled and landfilled in the region (see WELSH ASSEMBLY GOVERNMENT, 2009aGOVERNMENT, , 2009b)). However, the wider sustainable development duty speaks to more global responsibilities with a vision that "Wales demonstrates the contribution a small, developed nation can make to global sustainable development and environmental improvement" (WELSH ASSEMBLY GOVERNMENT, 2009b, pp.2-3). This wider duty is largely responsible for the uptake of the ecological footprint measure as one headline, overarching sustainable development indicator [START_REF] Munday | Developing approaches to measuring and monitoring sustainable development in Wales: A review[END_REF].

Thus, as well as accounting for waste under production accounting principles (waste generated within the region), there is a need for the region to consider how consumption activity within its borders creates impacts outside the region, i.e. the impacts of trade on waste generation both domestically and abroad. However, this raises the issue of how such analyses can be carried out, particularly where currently available data and analytical tools may only provide an indication of the region's waste footprint.

More generally, this paper addresses issues raised by [START_REF] Munday | Developing approaches to measuring and monitoring sustainable development in Wales: A review[END_REF] who argued that the strategic drive towards implementation of sustainable development objectives in UK regions have, in some cases, not been matched by the development of approaches to monitor and evaluate progress. Thus, and in the specific context of devolved regional government, it would seem that there is real potential for an economicenvironmental accounting and modelling framework to fill this analytical gap (see also [START_REF] Mcgregor | Who Pollutes in Scotland[END_REF][START_REF] Mcgregor | The CO 2 trade balance between Scotland and the rest of the UK: performing a multi-regional environmental input-output analysis with limited data[END_REF]. This is particularly relevant in the case of waste, where at the regional level there are challenges in linking waste generation to different types of industrial activity and to regional consumption.

The remainder of this paper is structured as follows: the second section briefly revisits how industry externalities, such as pollution and waste, are dealt with in an input-output framework and formally describes different attribution approaches. In particular, the section demonstrates the dangers of focusing on simplistic industry output-waste coefficients (direct waste intensities) when exploring waste attribution, and introduces measures that permit a focus on regional (private and public) final consumption as a driver of waste generation. The 6 third section describes the Welsh input-output framework and the nature of the waste data used in conjunction with this framework. The fourth section reports the results of the analysis, focusing on the consumption categories that are highlighted under the selected attribution approaches. The final section concludes by discussing how the analysis provides useful information for regional policy development on waste, its abatement, and how data might be improved to develop the research theme.

Alternative 'treatments' of waste in input-output frameworks

In this section, we highlight different approaches to waste attribution using an input-output framework. It should be noted that input-output frameworks form the basis for many different types of waste analysis. For example, NAKAMURA and KONDO (2009) detail a waste input-output (WIO) framework, which first appears in [START_REF] Nakamura | Input-output analysis of waste cycles, First international symposium on environmentally conscious design and inverse manufacturing[END_REF] and is applied to the Japanese economy and waste cycles. This WIO framework forms the basis for many different types of analyses: see NAKAMURA and [START_REF] Nakamura | Input-output analysis of waste management[END_REF] for an analysis of different waste management methods and strategies; [START_REF] Takase | An Analysis of Sustainable Consumption by the Waste Input-Output Model[END_REF] and [START_REF] Kondo | An integrated model for evaluating environmental impact of consumer's behavior: Consumption 'technologies' and the waste input output model[END_REF] for analyses related to sustainable consumption; and TSUKUI (2007) for an analysis of waste emissions. There have also been numerous contributions linking the WIO model to other modelling frameworks in attempts to capture additional waste-economyenvironment relationships: see [START_REF] Kondo | Waste input-output linear programming model with its application to eco-efficiency analysis[END_REF] for application of a WIO linear programming model; and NAKAMURA and [START_REF] Nakamura | Input-output analysis of waste management[END_REF][START_REF] Nakamura | The waste input-output approach to materials flow analysis concepts and application to base metals[END_REF] for applications of WIO materials flow analyses.

Where the WIO framework and its extensions aim to incorporate waste and waste management into the input-output framework, our paper adopts a different approach, closer in similarity to a satellite-accounts approach. Our focus is not to follow waste and its associated activities through the economy, but rather to answer questions related to a regional inventory of waste and the ways in which it can be attributed to different industrial sectors and final 

'Conventional' approaches

In [START_REF] Leontief | Environmental repercussions and the economic structure: an inputoutput approach[END_REF] basic demand driven input-output framework, the vector of total output produced in each sector of the economy, x, is determined as the product of the Leontief inverse (multiplier) matrix, -1

[ -] I A , where A is the input-output coefficients matrix and I is an identity matrix of corresponding size, and the vector of total final demands for sectoral outputs, y. This is extended for waste generation as follows (bold font upper case denotes matrices; bold font lower case denotes vectors, and non-bold lower case implies a scalar):

(1) -1

= [ -]

P w Ω I A y

Where there are i=j=1,…, N industries and commodities (here, N=74), Ω

Ω Ω Ω P is a KxN matrix of direct output-waste coefficients with elements ω ki =w ki /X i , where w ki is the physical amount of waste type k generated by each production sector i in producing its output, X i . Here, K=1

for one type of waste, so the vector ω ω ω ω P replaces Ω Ω Ω Ω P in (1) and the vector ω ω ω ω P [I-A] -1 is a 1xN vector of output-waste multipliers, which represents the total amount of waste generated in production (across all N production sectors) to meet one unit of final demand for sectoral output j.

There are z=1,..., Z final consumption groups (here, in the Type I case, Z=4: Welsh ω z =w z /y z , where w z is the physical amount of waste generated by each final consumption group, z, in consuming goods and services in the process of its total final expenditure, y z . The Zx1 vector of total final expenditures for each type of final consumption group (transposed row of column totals from the input-output tables) is distinguished from the Nx1 vector, y, as y*. Thus, the total amount of waste generated in the region to meet final consumption demand, w R , is calculated by extending equation (1) as follows:

(2)

R w = + P -1 C ω [I -A] y ω y *
For a standard Type I input-output analysis, the N industries and Z final consumers are defined as in the input-output accounts. This allows an analysis to capture the direct and also indirect output and waste effects of backward supply linkages between local production sectors.

With no changes in final demand, the system in (2) provides the same figure for w R as one would get from an analysis using the direct waste intensities of each activity:

(3)

R w = + P C ω x ω y *
Consequently, (2) simply attributes waste generated in the regional economy (during a single time period) to demand for regional outputs rather than the production of those outputs, as in

(3). The approach in (2) is analogous to the attribution of total regional output, x, to final consumption demand for this output, y, in the basic demand-driven input-output system. This is an important distinction. The approach in (3) is entirely focussed on what [START_REF] Munksgaard | CO 2 accounts for open economies: producer or consumer responsibility?[END_REF] term the 'production accounting principle' (PAP).

However, the approach in (2) takes account of which types of final consumers are driving waste generation activity in the local economy. In a closed economy, (2) equates to an analysis under the consumption accounting principle (CAP) [START_REF] Munksgaard | CO 2 accounts for open economies: producer or consumer responsibility?[END_REF], or a waste footprint. The issue of economic openness and trade is considered below. The key features of the standard direct and Type I environmental input-output approaches, which have been applied here to the case of physical waste generation, are identified in Table 1. The conventional Type I attribution technique is useful in considering the structure of pollution/waste problems in the regional economy and allows us to consider the types of final consumption activities that drive waste generation using both the consumption and production driven principles. The Type II attribution technique, which also captures induced consumption and income effects, is less commonly applied in an environmental input-output context. This is most likely due to the fact that Type II involves removing local private consumption (i.e. household demand) as an explicit exogenous driver of pollution generation. This is inconsistent with the commonly held view that human consumption decisions lie at the heart of environmental problems.

However, there are also two key problems with the conventional single region Type I approach in an environmental context. First, in an attribution analysis based on Type I multipliers, responsibility for pollution or waste generation is partly attributed to external sources of final demand (exports). This is especially the case in small open regional economies such as Wales. The second problem concerns imports, the waste implications of which do not enter into the calculation in equation (2) (or the direct calculation in equation

(3)).

<Table 1 about here>

Open economy attribution under a domestic technology assumption (DTA)

Input-output methods can also be (and increasingly are being) employed to calculate footprint-type indicators (see [START_REF] Turner | Examining the Global Environmental Impact of Regional Consumption Activities -Part 1: A Technical Note on Combining Input-Output and Ecological Footprint Analysis[END_REF][START_REF] Wiedmann | Examining the Global Environmental Impact of Regional Consumption Activities -Part 2: Review of input-output models for the assessment of environmental impacts embodied in trade[END_REF] that Two potential alternative methods are identified in Table 1. Taking the last, and perhaps most obvious one, first, if one is concerned with total waste generated around the world to support regional consumption, one ideally requires the estimation of a full regional waste footprint. [START_REF] Turner | Examining the Global Environmental Impact of Regional Consumption Activities -Part 1: A Technical Note on Combining Input-Output and Ecological Footprint Analysis[END_REF] explain how this can be done using an interregional IO framework (as opposed to the single region framework currently available for Wales). They also discuss the considerable data requirements of a full footprint calculation (also see [START_REF] Turner | Examining the Global Environmental Impact of Regional Consumption Activities -Part 1: A Technical Note on Combining Input-Output and Ecological Footprint Analysis[END_REF]. They focus on applying the CAP for the case of interregional trade between Scotland and the rest of the UK, but close the system at the national (UK) level under the PAP. i

As noted above, there are also issues relating to jurisdiction when using footprint analyses for policy analysis; Wales, for example, does not have any authority over production technology used or consumption decisions made in other countries. However, there may be a desire to take responsibility for the full waste implications of consumption decisions within Wales, including the waste embodied in imports. Therefore, an alternative approach may be to consider the question: what if the goods and services that Wales chooses to consume were produced using Welsh technology? That is, what would the regional waste footprint be if domestic technology decisions determined the waste content of all the goods and services consumed in the region?

This question can be approached using what is referred to as a 'domestic technology assumption', referred to here as the DTA (see also, [START_REF] Druckman | Measuring progress towards carbon reduction in the UK[END_REF]DRUCKMAN and[START_REF] Druckman | The carbon footprint of UK households 1990-2004: A socio-economically disaggregated, quasi-multi-regional input-output model[END_REF]. This involves assessing the waste (or other pollution) content of the total use of commodities (local and imported) according to the domestic production and polluting technologies in Wales (i.e. what regional agencies have some indirect effects but extends this to backward linkages with external production. This involves introducing additional data elements (imports matrices) to the calculation of ( 4) relative ( 2), with the implication that the resulting multipliers will be larger (though, as explained below, external demands are removed as a driver of the waste generation of interest).

The Welsh Economy Research Unit at Cardiff Business School provided experimental data in the form of an intermediate imports matrix showing imports (summed across the rest of the UK and the rest of the world) to each of the N=74 Welsh regional production sectors and information on final demand of imports for Z=4 final consumption groups (returning to the standard Type I classification of activities). These data permit an analysis based on the DTA.

Using the 74x74 intermediate imports matrix, we derive the import input-output coefficient matrix, M. This corresponds to the existing domestic input-output coefficient matrix, A, which is now re-labelled R. M contains entries, m ij , showing the use of the output of external sector i used in the production of one unit of output in Welsh sector j, x j . In terms of final consumption, there is an additional NxZ (74x4) final consumption matrix, which is labelled Y M to distinguish imports to final consumption from the existing Y matrix which is relabelled Y R (to distinguish final consumption of regional (Welsh) outputs). Also, in order to focus on the impacts of regional consumption, the vector of export demands from both these matrices is removed so that Y R and Y M become 74x3 matrices (where Z=3 includes domestic household and government consumption, and capital formation). As before, for the calculation of total supported waste (a scalar), the Y R and Y M matrices are summed across In consequence, the total waste implications of Welsh final consumption decisions (labelled w T below), assuming all production abroad shares Welsh technology, can be calculated by restating and extending (2) as follows:

(4)

T w = + P -1 R M C ω [I -(R + M)] (y + y ) ω y *
Note that the entries in the (now 3x1) vector y*, used to estimate direct waste generated in final consumption (which, in fact, only applies in the case of households), is unchanged. As in (3), these entries represent total final consumption expenditure by each type of consumer (including imports).

The system in (4) incorporates intersectoral feedback effects so that [I-(R+M)] -1 can be interpreted as a Leontief multiplier matrix for the portion of the global economy that serves Welsh consumption demand only under the assumption that this portion of the global economy employs the Welsh production technology structure. Note that working under this assumption does not mean taking it to be fact; rather it is using the system to consider what would happen if Wales had to meet its own consumption demands using technologies over which Welsh government and agencies have some control/jurisdictional authority. This approach admittedly does not model reality but embodies a useful tool that makes use of available data. Considering the difficulty involved in obtaining country-specific production technologies for each and every trading partner, as well as the jurisdiction issues raised here, we propose that this approach offers a policy relevant alternative. However, it should also be noted that, by only incorporating uni-directional trade flows into Wales; the system in (4)

does not capture any interregional feedback effects.

It is also important to note that the DTA system in (4), unlike the Type I (partial CAP) attribution framework in (3), will not replicate the total amount of waste generated in Wales as accounted under the direct method (the production accounting principle in (3)). Nor would the standard economic variant of (4) replicate the base year output vector of the 2003 Welsh IO table, or Welsh employment in 2003, and so on. This is because imports and exports, and their waste (or other pollutant) content, are unlikely to balance in any regional economy.

Thus, the difference between the waste estimated using (4) and that under (2) or (3) may be taken as an estimate of the 'waste trade balance' between Wales and its trading partners.

Data

This section considers the data available for the analysis of waste attribution. The Welsh analytical input-output tables are the bedrock of the analysis undertaken here (see [START_REF] Bryan | Input-output tables for Wales[END_REF]WERU, 2007). The latest iteration of the input-output tables for 2003 provides information on the sales and purchases of 74 defined sectors (see Appendix 1 for sectoral classifications). Also available are a symmetrical domestic use matrix and an imports matrix, the latter providing information on the make-up of imports going to these same sectors. The

Welsh IO framework has had some limited application for economic-environmental modeling (see [START_REF] Munday | Developing approaches to measuring and monitoring sustainable development in Wales: A review[END_REF][START_REF] Bryan | Input-output tables for Wales[END_REF]. The framework has also been used to assess the environmental consequences of tourism spending in the region, particularly connected to major events (see [START_REF] Jones | Exploring the environmental consequences of tourism: A satellite account approach[END_REF][START_REF] Flynn | Assessing the environmental consequences of major sporting events: The 2003-04 FA Cup Final[END_REF].

However, to date, there has been no detailed analysis of waste or a detailed consideration of waste attribution.

Waste data for this analysis came from the Commercial and Industrial Waste Survey Wales, 2002Wales, -2003 ii carried out by the Centre for Business Relationships Accountability Sustainability and Society (BRASS) at Cardiff University (see [START_REF] Frater | Commercial and Industrial Waste Survey Wales, 2002-2003[END_REF].

The results from this survey were primarily used to provide waste arisings (i.e. waste occurring at production sites) and disposal data. The survey revealed that the Welsh businesses surveyed produced an estimated 5.3 million tonnes of waste in 2002-2003, of which 79% was industrial waste and 21% was commercial waste; a 14% decrease from the 6.1 million tonnes produced at the time of the previous survey in 1998-1999. This decrease is perhaps due, in part, to the decline of the regional manufacturing sector over this period.

For use in conjunction with the 2003 Welsh IO data, the data on total tonnages of waste was aggregated to the 3-digit SIC code level. There were some gaps in the waste data coverage (and this impacts coverage of our 74 input-output sectors below). For example, the data were available. In these cases, direct waste is assumed to be zero. While this will impact on both the direct and multiplier analyses in the following section, the assumption is made on the grounds that it is more transparent and less distortive than inserting positive numbers with no actual data content.

This body of data on sectoral waste generation, together with additional economic Generally, given the difference in focus on local consumption demand only and multipliers based on the combined use matrix, total waste implied by Welsh final consumption demands, w T , need not (and is unlikely to) equal w R from equations

(2) and (3).

Table 2 shows the results of the waste attribution for each of the two cases. The first numerical column shows the results of attributing the total tonnage of waste generated within the Welsh economy-under the PAP in equation (3) -to final consumption demand for the outputs of the 74 Welsh production sectors using equation (2). The Type I output-waste multipliers (tonnes of waste produced throughout the economy per monetary unit of final demand for each production sector's output) are also reported in Appendix 2. Table 2 focuses on the results of using these multipliers to attribute waste generation to the various types of final consumers identified in the Welsh IO tables.

<Table 2 about here>

In moving from the PAP analysis (using equation ( 3) and with direct waste generation in each Welsh production sector reported in the first numerical column of Appendix 2) to the partial CAP analysis (using equation ( 2)) we may use the Type I output multipliers (Appendix 2) to examine the waste that is supported by final demand for each sector's output, rather than the direct waste generation associated with the production of that output. That is, waste generated in one sector in the production of output to meet intermediate demand from (2) with export demand excluded from the y vector. For the hypothetical external waste generation embodied in imports -i.e. the additional information from introducing the M matrix and the y M vector -we take the difference between the calculations under ( 4) and ( 2)

for each domestic consumer.

A crucial point to bear in mind here is that the system in (4) produces a hypothetical CAP measure under a domestic technology assumption. As explained in the second section, this involves assessing the pollution content of the combined (total) use of commodities (regional and imported) according to the domestic waste generation technology reflected in the direct output-waste coefficient vector reported in Appendix 2. In previous studies, the DTA has been regarded as a necessary assumption to fill data gaps regarding the pollution profile of production in other regions/countries (e.g. [START_REF] Druckman | Measuring progress towards carbon reduction in the UK[END_REF]DRUCKMAN and[START_REF] Druckman | The carbon footprint of UK households 1990-2004: A socio-economically disaggregated, quasi-multi-regional input-output model[END_REF]. However, we propose that it may be a useful assumption in the context of the issue of production being located outside of the jurisdictional authority of policymakers in the consuming region. We may think of the approach in terms of the waste implications if the region of study (here, Wales) were to produce the commodities it chooses to consume itself.

The adjustments to the attribution method that (a.) remove waste generated domestically to meet external consumption demand but (b.) introduce the waste generation that would be required to produce intermediate and final imports using Welsh technology, mean that the total waste generated, w T , need not be the same as actual waste generated under the PAP, w R (equation ( 3)), and attributed to all final consumers (including export demands) in the partial CAP attribution in equation (2). Indeed, given that Wales ran a trade deficit in 2003 (with imports of goods and services exceeding exports), it is expected that the estimation of (4) will provide increased output requirements, and this is reflected in larger output multiplier effects through the variant of the Leontief matrix therein. However, whether this also equates to increased waste requirements depends on the mix of imports and exports and their relative Wales were to produce these inputs domestically, the rise in total domestic waste generation would be almost 33%, an additional 6.1 million tonnes. This required increase (from just one type of commodity consumption) equates to 79% of the tonnage attributable to external (export) demand in the standard Type I analysis reported in Table 2.

In the context of the CAP analysis, Appendix 4, decomposes the Welsh 'waste footprint' estimated using the DTA method in (4) in terms of what types of sectoral/commodity outputs are consumed (instead of who consumes them in Table 2). That is it takes the DTA outputwaste multiplier matrix, ω The results in Appendix 4 show that final demand for Other Mining and Quarrying outputs accounts for just over 9% of the total, despite only accounting for less than 0.2% of final expenditure. Again, this is due to the very high direct waste intensity and waste multipliers for this sector (see Appendix 2). Similarly, Appendix 4 shows that final demand for highly waste-intensive Construction production accounts for 27% of the total Welsh DTA CAP measure (though also accounting for a higher share of final expenditure, just over 4%).

Almost 98% of the 7.3million tonne 'footprint' of this sectoral/commodity output is accounted for by embodied own-sector and by Other Mining and Quarrying waste.

One issue in the waste accounting exercise conducted here relative to that for carbon in [START_REF] Turner | Incorporating jurisdiction issues into an analysis of carbon attributable to Welsh final consumption under different economic conditions: an integrated IO and CGE analysis[END_REF] is that that these two highly waste intensive activities (accounting for just under 65% of the total waste generated within Wales in Appendix 2, and for 36% of the total waste requirement in Appendix 4) are relatively less export-orientated than key carbon intensive activities. This is particularly the case with Welsh Construction, which only exports 14% of its output. Other Mining and Quarrying exports a higher share of its output (44%), but this is significantly less than, for example, the highly carbon intensive Iron and Steel sector (which exports 80% of its output), and is offset by a greater quantity of direct and indirect outputs from the corresponding external sector embodied in imports throughout the Welsh economy.

Generally, the input-output framework facilitates detailed examination of what drives waste allocated under the various PAP and CAP analysis. However, while export demand for the outputs of the two highly waste intensive sectors discussed above dominate in the PAP However, the comparison with direct final expenditures and the outputs supported by these expenditures in Figure 2 reflects the fact that this is driven by the waste intensity of these indirect linkages, rather than their scale. Figure 2 reveals that the largest expenditures and supported outputs underlying the DTA results are in the aggregate 'Manufacturing' sector (sectors 5-41) and 'Public Services' (sectors 69-73). However, particularly in the case of the latter, it is the scale of activity supported by final consumption rather than its waste intensity that is most important.

The case of public sector activities is a particularly policy relevant one, with governments increasingly using their own resource and pollution 'footprints' as a focus for both reducing the impacts of their own behaviours and as an example to both industry and households. For example, in Wales there is a public sector waste minimisation campaign designed to assist the The results in Appendix 4 show that the combined contribution of provision of output to meet Welsh final demand in the five 'Public Services' sectors is 14% of the total 'waste footprint' calculated using the DTA method. While these public sectors are relatively import intensive (together directly importing 41% of their intermediate inputs), together they export less than 6% of their output, with the main final consumer being Government (accounting for 84% of final demand, and with almost 100% of Government direct final expenditure in 'Public Services'). These features have two key implications. First, the waste tonnage attributed to Government in DTA attribution in Table 2, is almost entirely explained by the tonnage attributed to final demand for 'Public Services' output in Appendix 4 (though the latter is larger because of non-government final demands for the outputs of these sectors).

Second, the implication that the impact of public service activities will be much greater on CAP than PAP measures, as well as the associated 'waste deficit' in Table 2.

<Figure 2 about here>

The composition of the 'Public Services' provision waste footprint is summarised in Figure 

<Figure 3 about here>

In summary, the results in Table 2 show that taking the difference between the conventional Type I and DTA CAP attribution exercises in the first and third columns, with the former mapping directly to the PAP account, means that our analysis suggests that Wales ran a trade deficit in waste of 8.6 million tonnes in 2003. This equates to 46% of the domestic waste generation that is the focus of current policy initiatives in Wales. Underlying this result is the finding that the amount of waste embodied in exports in the standard Type I analysis in the first column, almost 7.8million tonnes, is considerably less than that embodied in imports in the DTA Type I analysis in the third, 16.3million tonnes. 

Discussion and conclusions

This paper has focused on different methods of waste attribution within a regional inputoutput accounting framework. In the Welsh case examined in this paper there is a strong interest in developing plans to better manage waste and reduce volumes of absolute waste.

The Welsh Assembly Government (2009a) Towards Zero Waste plan focuses on a significant reduction in volumes of waste (to around 27% of 2007 levels by 2025) and with tools encouraging more closed loop recycling, changing consumer lifestyles, minimisation of nonrecyclable waste, encouragement of sustainable construction practices and reduced amounts to landfill. Current strategy is also adopting much more of a sectoral focus, for example, with focus on construction wastes, and wastes connected to food manufacturing, service and the retail supply. However, we would argue that it is these very sectors where different waste accounting principles might give policymakers useful guidance i.e. not just on the volumes of waste generated by local production but also in the amounts of waste outside Wales levered by regional consumption. One issue is that the achievement of regional 'volume' targets might be accompanied by greater levels of waste embodied in imported goods and services.

An improved accounting of volumes also speaks directly to Welsh Assembly Government concerns about their waste footprint and a set of 'global' sustainability responsilities instituted as part of the Government of Wales Act (see [START_REF] Munday | Developing approaches to measuring and monitoring sustainable development in Wales: A review[END_REF].

Fundamentally too strong a focus on monitoring waste within geographical boundaries (the domestic production of waste), rather than considering how domestic consumption creates a waste footprint further afield, would seem to be at odds with wider regional sustainability aspirations. Clearly, the focus on the production accounting principle and 'territorial' responsibility has value in terms of examining policy-relevant waste quantities. However, this paper suggests that, depending on the policy question at hand, greater attention might be given to both the consumption accounting principle and the production accounting principle with respect to waste. The relatively open nature of the regional economy means that monitoring methods which specifically exclude trade provide only a partial perspective.

Similar conclusions have been made with respect to climate change indicators (greenhouse gas indicators) where monitoring under the production principle provides only a partial understanding of regional 'responsibilities' [START_REF] Turner | Examining the Global Environmental Impact of Regional Consumption Activities -Part 1: A Technical Note on Combining Input-Output and Ecological Footprint Analysis[END_REF].

However, while a CAP measure for regional monitoring may be desirable, there are problems in obtaining all of the necessary information. In this paper, it has been suggested that the single region input-output framework is a useful starting point for a detailed attribution analysis and an important adjunct for regional policymakers exploring industries and consumptive behaviours that create waste both directly and indirectly.

This paper illustrates that a DTA method may provide particularly useful insights for policymakers by explicitly addressing the waste embodied in imports, while focusing on the consumption and production technology decisions that fall under the jurisdiction of regional policymakers. This approach provides some insight into the nature of the regional waste footprint using data that are more likely to be available at the regional level (the DTA method proposed here only requires data on the regional economy and not the large amounts of economic, trade, and waste generation data from regional and national economies that are linked to Wales through trade). It also focuses attention on the pollution savings a region gains by importing goods and services, rather than the actual costs in other regions, the nature of which local consumers may have little influence over.

Of course, there are issues involved in the use of such a measure. It may be that after considering waste and other pollution problems from the DTA perspective, there would be a desire to examine the actual pollution content of imports. Clearly, the DTA approach proposed here is only something of a 'half-way house' towards a full consumption accounting principle. However, provided that the underlying assumptions, and their implications, are understood, such a measure is a cost effective and transparent means of gaining waste attribution insights. Moreover, once the approach is clearly understood, assumptions may be relaxed, for example, by introducing direct waste intensity data from countries that Wales imports from through a weighted vector of waste coefficients in the DTA calculation in equation ( 4), or should resources and expertise be available to allow such a development, by investing in data that allows for estimation using a full interregional accounting system. The authors are currently working, with the assistance of colleagues at Organisation for Economic Co-Operation and Development (OECD), to attempt such an extension for the case of carbon accounting [START_REF] Jensen | Incorporating jurisdiction issues into regional carbon accounts under production and consumption accounting principles[END_REF]. Moreover, the methods used here permit connections to be made in terms of the final consumption groups that can be linked to waste streams and it is this type of information that allows for policies to be focused not only on industry groups, but the underlying consumption behaviours that drive different types of waste generation. This has been one focus of recent strategic documents in Wales (including One Planet Wales), which stress the importance of changing the behaviour of individuals and institutions (see [START_REF] Ravetz | One Planet Wales: Transforming Wales for a prosperous future within our fair share of earths resources[END_REF].

Finally, care is obviously required in drawing too much inference from modeled results in an input-output framework. The general limitations of the input-output approach are well known and are not repeated here (see HEWINGS, 1985: 38-41, 86-89 for a concise review or MILLER, 1998: 42). Moreover, at this time, few UK regions have published input-output tables available, but many have access to tables which have been mechanically derived from the UK input-output framework, meaning the type of analysis undertaken here could be repeated for other UK regions.

Going forward, there are a series of possibilities. This paper has concentrated on total waste generated. However, an analysis which focuses on particular types of waste or waste destined for specific waste management methods may also be of interest. For example, hazardous wastes can be separated out from the dataset and an analysis undertaken which may reveal, for example, industries and respective supply chains that give rise to particularly dangerous and expensive to handle wastes. As shown by [START_REF] Leontief | Environmental repercussions and the economic structure: an inputoutput approach[END_REF], the input-output approach can also be extended to consider the resource implications of disposing of waste generated in the economy (see also [START_REF] Hanley | Augmenting the Input-Output Framework for "Common Pool" Resources: Operationalising the Full Leontief Environmental Model[END_REF]. Furthermore, there is the possibility, within the underlying regional input-output framework, of deriving scenarios based on changes in consumer behaviour and industry structure. As previously mentioned, this analysis can also be adapted for examining other environmental externalities, such as the generation of greenhouse gases.

This framework can also be considered a starting point to moving to more intricate models of waste-economic relationships such as the WIO model and its extensions (see [START_REF] Nakamura | Waste Input-Output Analysis: Concepts and Application to Industrial Ecology[END_REF]. Such possibilities are of particular interest as the structure of the regional economy changes over time. These types of extended analyses may help planners and policymakers alike in understanding what these changes mean for waste generation. Such a framework would also allow policymakers to investigate changing demands for different waste management options and expected changes in the regulatory pressures placed on regional industries and consumers. However, the particular limitations of input-output techniques in analyzing the impacts of changes in activity, which centre on the conventional input-output model's silence on prices and assumption of inelastic supply, must not be ignored. For this reason, another priority for future research may be to relax these assumptions in a more flexible computable general equilibrium framework (where the environmental input-output framework constructed here would serve as the core database).
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  In what follows, we begin with an explanation of the basic LEONTIEF (1970) environmental input-output model (originally linked to pollution abatement) before moving to consider different means of waste attribution under production and consumption accounting principles.

  content of exports and imports and retain local private and public consumption demands as exogenous drivers of regional pollution.

  direct output-waste coefficients (direct waste intensities) identified for Wales above and a variant of the A matrix that records total (combined domestic and imported) use of intermediate inputs to production and thus, a revised [I-A] -1 matrix showing the hypothetical global multiplier effects if all production to meet Welsh final consumption were carried out using Welsh production technologies. The DTA analysis employs a variant of the Type I model, in that it retains focus on direct and

  give Nx1 vectors y R and y M of total final demand for sectoral output/commodities.

  information, was used to gain a survey-based estimate of tonnes of waste per full time equivalent (FTE) employee in each 3-digit SIC sector. These data provide the basis for grossing-up the waste survey data to an estimate of total tonnes of waste generated by each SIC industry. For the analysis in this paper, total commercial and industrial waste tonnages are used rather than focusing on different waste types or waste destined for specific management options. As discussed later in the conclusions, future work using more disaggregated waste data would permit an examination of the generation and flows of different waste types and management options in Wales.These data are then aggregated into the 74 industry sectors within the Welsh IO tables, permitting the initial estimation of output-waste coefficients (sectoral direct waste intensities), shown in Appendix 2. Note the zero entries for the output-waste coefficients in the cases of sectors 4, 17, 43 and 44 (for coal extraction, oil processing, gas and water supply activities discussed above). The output-waste coefficients for the other 70 industry sectors are derived by dividing the total tonnage of waste estimated as being generated in each production sector and by households by total sectoral output, x i , and, in the case of final expenditure, y z . These direct waste intensities constitute the 1x74 vector ω ω ω ω P and the sole entry ω z (where z=household consumption) of the ω ω ω ω C vector introduced in the second section of the paper. Note that this gives us the reverse calculation to that shown in equation (3) for a direct allocation of waste under the production accounting principle. Summing down the first numerical column of Appendix 2 gives us w R , the total waste generated within the Welsh economy in 2003 (also including uncontrolled waste not accounted for in the survey discussed above), which is 18.6 million tonnes, or the Welsh regional waste account under PAP. Thus, as explained in the second section of the paper, and shown below, with no changes in final demand, any attribution exercise using equation (2) returns the same numerical result for w R .Waste attribution for Wales 2003This section reports the results of applying the DTA attribution technique, outlined in the second section of this paper, to the case of Wales in 2003. For comparative purposes, these are reported alongside results for the more conventional single region Type I attribution analysis. Thus, waste is attributed to exogenous final consumption demands in two different ways:A. Conventional Type I Analysis: attributes direct and indirect waste generation to private and public consumption, capital formation, and exports.Under conventional Type I, the analysis is allocating total waste generated under the PAP, using equation (2). Thus, A. is a partial CAP account, with attribution of waste generated (within the region only) to final users (including external consumers). The second attribution approach moves towards a full CAP account:B. DTA Analysis: extending on the conventional Type I analysis to incorporate the consideration of the waste content of imports to support local final consumption Domestic Technology Assumption. As noted earlier, this means that exports are removed from the attribution exercise. Moreover, the resulting analysis is based on equation (4), where the Leontief inverse, based on a combined rather than domestic use matrix, represents the portion of the global economy that serves Welsh final consumption. This has the implication that output multiplier values are larger (with no import leakage). However, they are applied to reduced final consumption (without external export demands).

  the R matrix and the y R and y* vectors -i.e. (4) would collapse to

  Indeed, in Turner et al (2010), using the same IO framework but focussing on carbon emissions instead of waste (in a CGE analysis of the economic and carbon impacts of an export-led expansion in steel production), we find that Wales's trade deficit in goods and services is accompanied by a 'carbon trade surplus'. That is, carbon attributed using the DTA method in equation (4) is less than actual carbon generated within Wales from (2) and attributed to final consumption in (3). Despite carbon embodied in exports being measured under (3) using smaller output multiplier values in the standard domestic use Leontief (as is appropriate given the focus on Welsh domestic production and polluting activity only), the carbon intensity and scale of export demand for some key polluting sectors in the Welsh economy (e.g. Iron and Steel production) is sufficient to outweigh the carbon embodied in total imports).The importance of identifying and examining key waste generation activities is illustrated by considering how Welsh production and waste generation would have to change if it were to meet all its consumption requirements domestically. For example, in 2003, Welsh industry imported half of its Other Mining and Quarrying inputs, production of which (as shown in Appendix 2) has a very high direct waste intensity (28,438 tonnes per £1 million output). If

  P [1-(R+M)] -1 and multiplies through by final demands for each commodity/sectoral output, the sum of y R * and y M * (the asterix indicating the transpose of the vectors in (4)). The results are shown in the third numeric column of Appendix 4. The corresponding calculation for the Type I case, using ω P [1-A] -1 and y R *, are shown in the first column, and the difference between these two -the implied waste embodied in imports -is shown in the second. These results can be further decomposed by examining the underlying matrices of total waste supported in the internal or external production sectors.

  (3) and the Type I CAP analysis in (2) (where Construction and Other mining and quarrying together account for almost 65% of direct waste generation in Appendix 2, and 60% of the 7.75million tonnes embodied in export demand in Table2), decomposition of the DTA analysis presents a more varied picture.At the aggregate level, Appendix 4 decomposes the total CAP DTA waste footprint by the type of sectoral/commodity outputs consumed, breaking this into domestic and imported waste.iii Figure2analyses the underlying sources of embodied waste making up this measure (excluding waste directly generated in the household sector: 25.7million tonnes from Appendix 4), though these are aggregated from the 74 sectors in Appendix 1 for presentation purposes. The results presented in Figures2 (and 3below) are generated by decomposing the production attribution matrices on the right-hand side of (2) and (4) -i.e. +y M ) respectively. Figure2shows that waste directly generated in the 'Primary and Utilities' sectors (an aggregation of sectors 1-4, dominated in waste terms by the Other Mining and Quarrying sector) and in Construction dominate at the aggregate level.

  figures. The Wales Public Sector Waste Production Survey (2009) revealed that the public

3.

  The first point to note is that, given the importance of intermediate linkages between the five component sectors, own-sector waste is an important component of the domestic waste footprint (determined by equation (2)). However, as in the overall DTA footprint calculation illustrated in Figure2, Construction waste generation within Wales is particularly dominant.Again, this is driven by the waste intensity of Construction activity: the 'Public Services' around 4% of their direct inputs from this sector, with a multiplier impact of around 1.2 taking indirect effects into account. However, in the case of waste embodied in imports, the pattern of commodities imported is quite different to that of domestic purchases (particularly with less own-sector reliance, with less than 3% of Welsh 'Public Sector' imports from the corresponding external sectors, compared to 53% of domestic intermediate purchases). This has the implication that the waste content of imported goods and services relies on quite different indirect linkages and corresponding output multiplier effects than domestic intermediate purchases in the 'Public Services' sectors. Figure3demonstrates that indirect supply linkages to the 'Primary and Utilities sectors', particularly Other Mining and Quarrying (which accounts for just over 61% of the waste embodied in imports to meet Welsh final demand for 'Public Services' outputs) are the dominant driver of this component of the 'Public Services' waste footprint. It is also important to note (not shown in Figure 3) that while imports account for less than half of the intermediate input requirement in the 'Public Services' sector, waste embodied in imports accounts for just over 70% of the total DTA footprint of final consumption of the combined output. Again, this is due to the different pattern of goods and services imported, and their associated (direct and indirect) waste intensities.

Table 1

 1 

above).

[START_REF] Mcgregor | The CO 2 trade balance between Scotland and the rest of the UK: performing a multi-regional environmental input-output analysis with limited data[END_REF] 

attempt a partial application of the approach explained in

  The dataset also provided 5 digit standard industrial classification (SIC) codes for the reference firm, values for employment, a coding of waste stream according to the European waste codes catalogue, and information on tonnage, substance form, initial and final destination, a hazardous waste marker, and summary details of the waste management options being employed in the case of each survey observation.Figure1provides a summary of how the waste covered in the Commercial and Industrial Waste SurveyWales, 2002Wales, -2003 was distributed in terms of management options. The vast majority of the commercial and industrial waste (61%) goes to landfill, with 17% being
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The dataset compiled information from 2,122 firms comprised of around 11,000 defined individual waste streams, and 2,200 mixed waste recycled, and 15% classified as reused. Of the total commercial and industrial waste, an estimated 94.5% was classified as solid waste, 3.3% liquid, and 1.4% as sludge. The remaining 0.8% was mixed waste, powder, and viscous/paste. Of total household waste in 2003, an estimated 82.3% went to landfill (including incineration), with 17.7% being recycled or composted (see NATIONAL ASSEMBLY for WALES, 2005) <Figure 1 about here>

  Commercial and Industrial Waste SurveyWales, 2002Wales, -2003 did not collect data from sectors Utilities, Wholesale/Retail, and Education). Additional data on waste from the Construction and Other Mining and Quarrying sectors was subsequently collected from the Pilot Environmental Satellite Accounts for Wales (DTZ & WERU, 2007) and linked sources. Moreover, household waste data for 2003 was collected from the Municipal Waste Management Report for Wales 2007-08. However, in some cases (specifically primary activities such as coal extraction, oil processing, gas and water supply) no appropriate proxy
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producing waste that was 'not controlled' such as Construction and Mining and Quarrying. Some details of waste by sector were estimated using data from parallel surveys undertaken in England (including sectors such as

Pulp and Paper, Printing, Oil Refining, Recycling, 
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of trade flows and the importance of environmental trade balances"

. We are grateful to Randall Jackson and Kim Swales for their comments and advice on the accounting methods employed here. We are also grateful to Annette Roberts and Calvin

Waste Management Method by Type

  Other (5%) includes, for example, waste composted, digested, disposed to sewer, discharged to controlled waters, soakaway, waste derived fuel, pyrolysis, gasifier, waste placed in deep injection boreholes, and lagoon disposal.Source: Derived from the Commercial and Industrial Waste SurveyWales, 2002Wales, -2003. . 

	Figure 2:
	Other
	5%
	Reuse
	15%
	Landfill 61% e P Incineration 1% Recycled 17% o Treated 1% r e r Note: F R
	e
	v i e
	w
	O n l
	y

Decomposition analysis of the Welsh DTA waste footprint and related expenditures/supported outputs
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Decomposition of the Welsh 'Public Services' DTA waste footprint
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Table 1 : Key aspects of different IO approaches for regional environmental/waste analysis Factors included in analysis Issues for environmental analysis

 1 

	Direct	* Domestic waste generation in target region (Wales)	* Analysis entirely from a production perspective
	Type I	* Domestic waste generation in target region (Wales)	* Attribution of some waste generation to external (export) demand but no account of impacts of imports
		* Direct and indirect (backward	
		linkage/inter-industry) effects	
		* Global waste generation supported	
		by target region (Wales) consumption,	
	Domestic Technology Assumption	under assumption that Welsh production/polluting technology applies universally *Attributed entirely to Welsh consumption demands (households, government and capital)	* Capacity and capability issues if taken as actual footprint * Method permits relaxation of DTA assumption, but with uni-directional trade (no interregional feedback effects)
		* Allows focus on choices Welsh	
		policymakers have jurisdiction over	
			* Waste attributed to local consumption
			demands dependent on
	Interregional footprint analysis	* Actual (estimated) global waste generated supported by target region (Wales) consumption (including interregional feedback effects) * Potential full application of Consumption Accounting Principle	production/polluting technology decisions that are not under the jurisdiction of regional policymakers (or consumers) * Extensive data requirements (depending on focus, potential world interregional IO tables with economic
			and environmental data in IO format for
			all direct and indirect trade partners)

Table 2 : Input-Output Accounting of the Welsh Waste Trade Balance (2003)

 2 
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another production sector is reallocated to the latter, but with the total across the economy remaining unchanged. In terms of domestic (Welsh) consumption demands, this is shown in
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Appendix 4, which is discussed below in considering the full CAP analysis in terms of the type of sectoral/commodity output consumed.

However, in terms of the results reported in Table 2, the key point about the equality between the PAP results calculated using equation ( 3) and the partial CAP analysis in attributing waste generation to end user using (2) is reflected in the results shown in Appendix 3. This breaks down the distribution of waste generation in production shown in Appendix 2 according to the geographical source of demand in terms of whether this is internal or external and allows us to take the first step in considering the question of responsibility under the consumption accounting principle. From a full CAP perspective, waste generated within Wales to meet final consumption demand in another jurisdiction should be allocated to the 'waste footprint' of the latter.

The key thing to note from the Type I partial CAP results in Table 2 is that while the bulk of domestic waste generation, 10.9m tonnes (58%), is attributable to Welsh consumers, a large share, 7.6m tonnes (42%) is attributable to external (export) consumption. Thus, under the CAP, the latter would not be included in the Welsh waste account. However, this is the point at which the conventional Type I analysis falls short in the open economy case, because the results do not give any consideration to the pollution content of imports.

In the second numerical column of Table 2, we offer the alternative attribution analysis.

Here, using equation ( 4), an attribution analysis is conducted where imports are incorporated into both the Leontief matrix and final demand, while exports are removed from the latter. In Table 2, we report the key results in terms of what is attributed and to whom. In the first four rows -domestic (Welsh) waste generation -we take the results of the standard Type I analysis using equation ( 2). These are the results given when we limit attention to the

Appendix 3: Attribution of waste generation in Welsh production (tonnes) to end users
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i [START_REF] Mcgregor | The CO 2 trade balance between Scotland and the rest of the UK: performing a multi-regional environmental input-output analysis with limited data[END_REF] close their system at the national level using what they refer to as a Trade Endogenised Linear Attribution System (TELAS). This allows examination of the domestic pollution implications of importing goods and services, though not the actual pollution supported in source countries. We consider the contribution of the TELAS approach alongside the DTA approach introduced here in [START_REF] Jensen | Who creates waste? Different perspectives on waste attribution in a regional economy[END_REF][START_REF] Jensen | Incorporating jurisdiction issues into regional carbon accounts under production and consumption accounting principles[END_REF].

ii This survey was undertaken during 2003-2004 to gather data ostensibly for the 2002-2003 financial year.

iii Note that negative entries are reported in the first numerical column of Appendix 3 for several sectors. These (for example, sector 19, Pharmaceutical) are highly export-intensive sectors where net domestic demand is negative by reductions in stocks (as an element of capital formation) in the underlying input-output accounts for 2003.