
 

 

 

 

How responsible is a region for its carbon emissions? An 

integrated input-output and CGE analysis 
 

 

Karen Turner 

Max Munday
 

Peter McGregor
 

Kim Swales
 

 

Stirling Economics Discussion Paper 2011-06 

April 2011 

 

 

 

Online at 

http://www.management.stir.ac.uk/research/economics/working-

papers 
 

CORE Metadata, citation and similar papers at core.ac.uk

Provided by Stirling Online Research Repository

https://core.ac.uk/display/9049135?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


1 

 

How responsible is a region for its carbon emissions?An integrated input-

output and CGE analysis 
 

 

 

By Karen Turner
a
*, Max Munday

b
, Peter McGregor

c
, and Kim Swales

c 

 

a. Division of Economics, Stirling Management School, University of Stirling 

b. Welsh Economy Research Unit, Cardiff Business School, Cardiff University, 

mundaymc@cf.ac.uk 

c. Fraser of Allander Institute, Department of Economics, University of Strathclyde, 

p.mcgregor@strath.ac.uk; j.k.swales@strath.ac.uk  

 

* Corresponding author: Division of Economics, Cottrell Building, University of Stirling, 

Scotland, FK9 4LA. Telephone: 00 44 (0) 1786 467474. E-mail: karen.turner@stir.ac.uk 

 

Acknowledgements: 

The research reported in this paper has been supported by the Economic and Social Research 

Council under the Climate Change Leadership Fellowship “Investigating the pollution content of 

trade flows and the importance of environmental trade balances” (ESRC ref. RES-066-27-0029), 

based at the Universities of Stirling and Strathclyde. The research programme has also been 

supported by the ESRC Centre for Business Relationships, Accountability, Sustainability and 

Society (BRASS), at Cardiff. The research was also supported by the EPSRC SuperGen 

programme (EPSRC ref. EP/EO40136/1). We acknowledge the invaluable assistance of Annette 

Roberts and Calvin Jones of the Welsh Economy Research Unit of Cardiff Business School in 

constructing the input-output database used in this paper, and Norihiko Yamano at the OECD in 

constructing the international trade and pollution data. We are also grateful to Janine De Fence, 

Soo Jung Ha and Stuart McIntyre for additional research assistance.  

  

mailto:p.mcgregor@strath.ac.uk
mailto:j.k.swales@strath.ac.uk
mailto:karen.turner@stir.ac.uk


2 

 

How responsible is a region for its carbon emissions? An integrated input-

output and CGE analysis 

 

Abstract 

 

Targets for CO2 reduction tend to be set in terms of the amount of pollution generated within the 

borders of a given region or nation. That is, under a „production accounting principle‟. However, 

in recent years there has been increased public and policy interest in the notion of a carbon 

footprint, or the amount of pollution generated globally to serve final consumption demand 

within a region or nation. That is, switching focus to a „consumption accounting principle‟. 

However, this paper argues that a potential issue arising from the increasing focus on 

consumption-based „carbon footprint‟ type measures is that while regional CO2 generation 

embodied in export production is attributed outside of the region (i.e. to the carbon footprints of 

other regions/nations), regional consumers are likely to benefit from such production. Moreover, 

where there is a geographical and supply chain gap between producers and final consumers, it 

may be difficult to identify precisely „whose‟ carbon footprint emissions should be allocated to.  

 

We demonstrate our argument by using a regional computable general equilibrium (CGE) model 

of the Welsh economy to simulate the impacts of an increase in export demand for the output of 

an industry (metal manufacturing) that is both carbon and export intensive and generally 

produces to meet intermediate rather than final demands. In doing so, we demonstrate how the 

CGE model results may be used to create „post-shock‟ input-output accounts to examine changes 

in the structure of economic activity and the resulting impact on CO2 generation under both 

production and consumption accounting measures. In this respect, to our knowledge, the current 

paper makes a novel contribution in using CGE techniques to model „carbon footprint‟ impacts 

of a change in economic activity. 

 

JEL codes: D57, D58, O18, O44, Q56 
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Introduction 

The 2009 Copenhagen Climate Change conference focused attention on 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), and emissions 

produced within given geographical boundaries of the economy in question. 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) economy 

(Munksgaard and Pedersen, 2001). 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.  

   Globally the emissions accounted for under the production and consumption accounting 

principles would be equal. Emissions embodied in trade lead to differences under the two 

principles. Specifically, under a PAP measure, the generation of emissions in producing goods 

and services to meet export demand is charged to the producing region‟s (or nation‟s) emissions 

account. Under a CAP measure, these emissions would be charged to the region or nation where 

the final consumption demand charged with ultimately driving this activity may be located. That 

is, under CAP, emissions embodied (directly or indirectly) in a region or nation‟s imports replace 

emissions embodied in export production, alongside domestic emissions to support domestic 

final consumption (which is common to both measures). 

   However, as public and policy enthusiasm for CAP measures grows (see Wiedmann, 2009), 

this paper raises the question as to whether it is appropriate to entirely attribute responsibility for 
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emissions resulting from production decisions throughout (often quite complex) supply chains to 

final consumers, particularly where these consumers may be located in other regions, nations and 

jurisdictions. 

   To illustrate our argument, after producing base case results for regional carbon emissions 

based on PAP and CAP principles to reveal the differences in and perspectives offered by the 

two approaches, we take the case example of a decision to increase production in a regional 

industry where production is both highly carbon intensive and export intensive and examine the 

differential impacts on the alternative measures. We also examine the economic impacts of this 

increased activity on the regional economy. The economic benefit derived by local consumers 

raises questions as to whether it is appropriate to absolve them of all responsibility for emissions 

embodied in export production. We believe that this provides a first step in the process of 

understanding the concept of shared responsibility for pollution generation based on key 

economic indicators such as GDP/value-added (see Lenzen et al, 2007). Moreover, the case 

study focuses on an industry where the output produced tends to be used as an intermediate input 

to other production sectors (be they domestic or external) rather than directly serving final 

demands. This complicates matters in terms of identifying the location of the final consumers to 

whom emissions embodied in export production should be allocated to.  

   The analysis involves two empirical techniques. The first is input-output accounting. 

Application of regional and interregional input-output accounting techniques to attribute 

pollution generation to different production and consumption activities has become 

commonplace particularly in the ecological economics literature (see Munksgaard and Pedersen, 

2001, and Turner et al, 2007, for methods; and Wiedmann, 2009; Wiedmann et al, 2007, for 

reviews).  As an accounting framework, input-output tables and input-output demand-driven 
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multiplier techniques are absolutely appropriate for conventional pollution attribution analyses 

because they provide all the required information on pollution embodied in intersectoral 

interactions and interregional trade flows. However, as a model of how the economy moves from 

one equilibrium to another in response to a marginal change in activity, input-output is unlikely 

to be appropriate because it is only a very special case of a wider set of general equilibrium 

approaches. Therefore, in simulating a change in activity, we follow Turner et al (2011a) in 

combining input-output accounting with computable general equilibrium (CGE) modelling. A 

CGE framework (which integrates the input-output accounts as its core database) is employed to 

model the impacts of a change in activity, and its results to derive „post-shock‟ input-output 

accounts that may be used to examine pollution generation under both PAP and CAP measures. 

In the latter respect (to our knowledge) no other environmental CGE application has included 

consideration of emissions under the consumption accounting principle; that is, previous CGE 

applications (including Turner et al, 2011a) have focused on emissions generation within the 

economy (or economies) under study and not pollution embodied in trade flows. 

   The empirical example in this paper focuses on a current policy issue in the case of Wales, a 

region of the UK with devolved responsibility for sustainable development. Turner et al, 2011b 

used input-output accounting techniques to consider CO2 emissions attributable to Wales under 

PAP and CAP measures. The analysis presented here develops on this work in two key areas. 

First, we relax the „domestic technology assumption‟ employed in Turner et al (2011b) in order 

to estimate actual CO2 embodied in imports to Wales. Second, we introduce a CGE model of the 

Welsh regional economy to model the impacts of expansion in the region‟s metal manufacturing 

industry that is driven by increased external (export) rather than domestic demands.  
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   The remainder of the paper is structured as follows. In the second section, we provide a brief 

overview of the policy context of Welsh case study. Again, while some of the issues raised may 

be of specific interest to Wales, we contend that similar types of problems are faced by both 

regional and national policymakers around the world. In the third section we use the input-output 

accounting framework to consider base year carbon measures for Wales under CAP and PAP. 

This is followed in the fourth section with an overview of the CGE model and discussion of the 

results of simulating an increase in export demand to Welsh metal manufacturing in the fifth. 

Discussion and conclusions follow in the final section. 

 

Policy context – carbon generation and attribution in the Welsh economy 

In this section of the paper we provide some context for carbon accounting in the Welsh 

economy, together with some background on the regional Metal Manufacturing sector which 

provides our case of the regional carbon impacts of industry expansion under different 

accounting approaches. 

   Compared to other parts of the UK, industrial production in Wales is intensive in carbon 

dioxide emissions. For example in 2008  CO2 (equivalent
1
) emissions per capita for Wales were 

14 tonnes per capita, compared to an England and Scotland averages of just over 8 tonnes per 

capita (Welsh Assembly Government, 2010). This reflects not just an economy with a relatively 

high level of manufacturing compared to most other parts of the UK, but also speaks to specific 

types of pollution intensive manufacturing activity (see below).  

   The reporting of carbon dioxide emissions for Wales are on what can be termed a production 

accounting principle (PAP) reflecting direct emissions from specific heavy „pollution points‟ 

                                                           
1
 In our empirical analysis we report in terms of CO2 as carbon. The conversion factor to CO2 equivalent is 12/44. 
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within the Welsh economy. However, we suggest that this type of reporting on a production 

accounting perspective might provide misleading intelligence for the policy community. For 

example, the achievement of emissions targets following Kyoto and Copenhagen could result 

from a „do-nothing‟ scenario in Wales as in the period to 2020 older polluting industries with 

ageing capital move offshore, and with Welsh PAP emissions in any one year very sensitive to 

the operations of just a few plants (metal manufacturing among them – indeed in 2007, the top 

four pollution points in Wales contributed almost 50% of reported carbon dioxide emissions – 

NAfW, 2009). A concern is that structural change could lead to the achievement of regional 

pollution „targets‟ but then with the region merely importing goods connected with high levels of 

pollution, which would mean further structural change in terms of PAP and CAP pollution 

measures. 

    For these reasons there is value in policymakers considering a consumption as well as a 

production perspective for emissions accounting. Indeed the espoused sustainable development 

objectives of the Welsh Assembly Government speak to more global responsibilities grounded in 

how regional consumption (as well as production) creates externalities from Welsh economy 

activity. For example, the ecological footprint has been embraced in Wales as one headline 

regional indicator of sustainable development (Munday and Roberts, 2006). 

   Expected differences in Welsh resource or pollution footprints relative to the production 

accounting perspective are grounded in the importance of trade to a small open regional 

economy. For example, energy generation, metal manufacturing, oil refining and chemicals are 

among the largest producers of CO2 emissions in Wales. Significant amounts of the output of 

these same industries is produced for export. In 2010, of total Welsh exports of close to £9bn, 

around 63% originated in these same sectors.  
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   In summary the carbon intensity of Wales‟ most important industries, coupled with their 

pivotal role in supporting regional exports, leads to an a priori expectation of a consumption 

accounting of carbon giving very different results from that derived from a production 

accounting perspective.  Put simply we believe that accurate policy choices in regions need to be 

informed by both production and consumption accounting perspectives. However, the use of a 

consumption accounting approach provides different insights into regional responsibility for CO2 

emissions. Notwithstanding, there are still problems with their uncritical use. Moving from a 

production to consumption accounting approach for emissions serves to lessen the penalty Wales 

faces from having high location quotients in industries with high CO2 intensities and levels. 

However, it is difficult to escape the fact that these same pollution intensive sectors support high 

levels of employment and incomes in the regional economy. 

   We argue that the metal manufacturing sector in Wales provides a valuable lens through which 

to explore the ramifications of different emissions accounting processes and to show how the 

region benefits from expansion in a relatively pollution intensive sector. 

    The metal manufacturing sector is never far away from headlines in Wales. Following 

extensive rationalization and restructuring during the 1980s and 1990s, the turn of the new 

Millennium still saw metals production in Wales employing an estimated 12,350 people. Steel 

making in particular (either as coil, slab, special or coated products) is a critical input for a 

number of Welsh (and UK/overseas) industries, and at the heart of regional production are the 

operations of Corus (since 2007 owned by the Tata corporation of India).
2
 Much of the steel 

industry output goes as an input to other manufacturing facilities (including in the Welsh case to 

                                                           
2
 Foreign ownership may bring another dimension to the issue of responsibility for pollution generation. 
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other parts of the Corus (Tata) group but also directly to industries such as automotive, 

construction and packaging in other parts of the UK and overseas). 

    Steel manufacturing operations are centred on the Port Talbot integrated steel mill with a 

capacity of around 5m tonnes of steel output, but with a series of ancillary operations in Wales to 

process and finish steel. While Wales bears much of the CO2 emissions from metal 

manufacturing, the economic contribution of the sector cannot be ignored. For example, prior 

research (see Fairbrother and Morgan, 2001) has revealed that sector average gross earnings have 

been high compared to other manufacturing sectors in Wales. Furthermore the largest parts of the 

metal manufacturing sector purchased large quantities of goods and services in Wales. For 

example, in 2000, the time of the most recent economic assessment, it was estimated that in 

Corus operations in Wales alone that some £2bn of output was directly supported, and with each 

£1m of Corus spend supporting £320,000 of additional economic activity in Wales (Fairbrother 

and Morgan, 2001).   

   Reported direct (see Table 1) and indirect pollution externalities from metal manufacturing, 

and steel making in particular, reflect complex global linkages. Generally raw materials (e.g. 

coal and iron ore), alloys, and special metals tend to be purchased internationally. For other 

products there is a trend towards more purchases at the European or UK level such as refractories 

and industrial paints. Local purchasing is more significant in areas such as road transport; 

engineering and maintenance services; repair and construction; and other on-site services. 

However, around half of the plant energy requirement is produced on site, and here is one cause 

of high direct pollution intensities.  

Insert Table 1 about here 
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The scenario modeled in this paper is a simple one. This is an increase in the demand for the 

output of the regional metal manufacturing sector from producers in other parts of the UK and 

overseas. We scale the specific scenario modeled below based on an actual anticipated increase 

in the demands for steel products produced in Wales. Such a change in final demands is expected 

to increase the carbon emissions from the metal manufacturing sector, and result in increases in 

regional emissions recorded on a production accounting principle. However, our analysis permits 

a different perspective by showing that much of the industry output goes to exports, with only a 

small proportion supporting final demands in the region. The more complex analysis within the 

CGE framework also permits a series of feedback effects to be explored which we believe will 

be of interest to policy makers. 

 

Base year CO2 accounting for Wales 

We follow Turner et al (2011b) in using an extended regional input-output accounting 

framework to examine CO2 attributable to Wales under PAP and CAP measures. The 

methodological means through which this is undertaken is found in Appendix 1. Note that we 

also follow Turner et al (2011b) in endogenising capital formation within the production process. 

We use the 2003 Welsh input-output tables. These are reported for 74 defined sectors (see Bryan 

et al., 2004; WERU, 2007), which we aggregate to the 25 production sectors detailed in 

Appendix 2. Thus, including the Capital sector, there are N=26 production sectors and Z=5 final 

consumer groups (Welsh households and government; exports to the rest of the UK, RUK, and 

rest of the world, ROW, plus external tourists). Data on direct emissions of CO2 as carbon for the 

25 sectors in Appendix 2 and for the domestic household sector (the only final consumption 

group directly generating CO2) for Wales were derived from information collected as part of the 
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REWARD project (Regional and Welsh Appraisal of Resource Productivity and Development, 

see REWARD, 2000). Data on imports of commodity output i to each Welsh production sector j 

and final consumer z (for use in estimating equation A2.3) were made available by the Welsh 

Economy Research Unit for RUK and for ROW as a whole. However, in order to reflect the 

different types of commodity outputs imported from different countries, and the direct carbon 

intensity of production in the source region/nation, we draw on a dataset made available by 

colleagues at OECD to construct our weighted pollution vector (see Turner et al, 2011c, for more 

details), with pollution intensities for the RUK drawn from the UK environmental accounts.
3
 

 

PAP emissions  

Estimating equation (A1.1), we find that regional CO2 (as carbon) under PAP (i.e. carbon directly 

generated in economic activity within the Welsh economy) in the base accounting year of 2003 is 

11.75m tonnes. Using equation (A1.2) we attribute these PAP emissions to the two types of 

domestic (households and government) and three types of external (RUK and ROW exports, plus 

external tourists) final consumption.
4
 Just over 65% (7.7m tonnes) are attributable to the latter. 

Within this, just under a third (31%) is CO2 produced in the Metal Manufacturing sector (Sector 8 

in Appendix 2) to support external demands. These external demands are both for the sector‟s own 

output (2.2m tonnes), but also for the outputs of other sectors (an additional 0.13m tonnes driven by 

intermediate demands, primarily in sectors 9-13, which account for 82% of Metal Manufacturing‟s 

                                                           
3
 Data from the UK Environmental Accounts, constructed by the Office for National Statistics may be downloaded 

at http://www.statistics.gov.uk/about/methodology_by_theme/Environmental_Accounts/default.asp 
4
 In doing so we decompose the results by examining the production element of (2) in more detail: first by using the 

matrix of final demands to examine how direct carbon generation in each sector is supported by different elements of 

final demand (i.e. using              ) ); second, to examine how much carbon both at the sectoral and aggregate levels 

is supported by final demand for each sector‟s output (i.e. what is consumed rather than who consumes it, using      

  ]    ∗, where the asterix indicates a transposed matrix).   
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sales to other Welsh sectors).  

   However, Metal Manufacturing is a heavily export-intensive industry, exporting 54% of its output 

(i.e. to packaging, automotive, and construction sectors) to other UK regions and a further 28% to 

the rest of the world. It is also highly CO2-intensive (818.5 tonnes of carbon per £1m output in 

2003) and directly accounts for around 21% of total CO2 generation within Wales (PAP) in the base 

year of 2003. The only sector contributing more to the PAP measure (just over 31%) is Electricity, 

which is also important in export terms, while Chemicals and Plastics is the next largest contributor 

in all respects, directly accounting for just over 14% of CO2 generated under PAP, and 18% of CO2 

supported by external demands. With direct CO2 generation by households (18% or the 2.1m 

tonnes) being the only other major source under the PAP measure – the remaining 22 production 

sectors together directly accounting for less than 16% – the structural breakdown of the PAP 

measure is relatively straightforward. That is, it can be traced back to just a few very CO2- and 

export-intensive industries in the Welsh economy (as well as direct emissions from the household 

sector).   

 

CAP emissions 

While introducing a focus on final consumption as the driver of pollution generation by 

attributing emissions generated within the target economy, e
R
, to end users, the results above 

retain a quantitative focus on what Munksgaard and Pedersen (2001) term the „production 

accounting principle‟. As these authors demonstrate, in a closed economy with no external trade 

linkages use of the framework in equation (A1.2) would equate to an analysis under the 

consumption accounting principle, or a „carbon footprint‟.  

   However, regional economies tend to be very open economies. Included in the yR vector in the 
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calculation of (A1.2) are export demands. This means that some carbon emissions generated under 

the production accounting principle are attributed to external demands.  Moreover, so far no account 

has been taken of the emissions that are embodied in imports, which would be added to the target 

region‟s account in a carbon footprint calculation. Therefore, the final step of the input-output 

analysis (using equation (A1.3)) focuses on the CAP measure of total CO2 required to support 

Welsh domestic (household and government) final consumption. This includes estimation of CO2 

embodied in imports but excludes CO2 embodied in exports. The result here is 10.9m tonnes.
5
  

Some 4m  tonnes of this are common to both the PAP and CAP measures (CO2 generated within 

Wales to support Welsh final consumption). However, the CAP measure replaces the 7.7m tonnes 

embodied in exports under PAP with 6.8m tonnes of CO2 embodied in imports. Again, the 

commodity composition of this is fairly concentrated, with 75% located in imports of the 

commodity outputs of the RUK and/or ROW Electricity, Chemicals and plastics, Metal 

Manufacturing and Transport and communications sectors.  

   The basic implication is that, despite running a trade deficit in goods and services in 2003, Wales 

ran a CO2 „trade surplus‟ of just under 1m tonnes. Thus, Wales is a net exporter of CO2 (i.e. it 

pollutes more than it requires for its own consumption needs). However, it is also important to note 

that the relationship is a deficit one with ROW (CO2 embodied in imports, 3.9m tonnes, is greater 

than CO2 embodied in exports – excluding tourists, which are not disaggregated by source outside 

of Wales – at 2m tonnes). The surplus relationship arises from trade with other UK regions, where 

CO2 embodied in exports (5.5m tonnes) is almost double that embodied in imports (2.9m tonnes). 

                                                           
5
Note that this is a lower figure than that estimated by Turner et al (2011b) where a domestic technology assumption 

is used to estimate the CO2 content of imports. This is due to several Welsh industries/commodity outputs 

(particularly sectors 5-8 in Appendix 2) being more  CO2-intensive than their RUK and ROW counterparts (here 

CO2 embodied in imports of the commodity outputs of RUK and ROW sectors 5-8 account for 37% of the total). 
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Given that UK responsibilities under Kyoto (a PAP measure) lie at the national level, this finding 

has interesting implications in terms of the devolution of responsibility for sustainable development 

in the UK. It suggests that a disproportionate level of direct pollution generation (relative to 

consumption requirements) may be located in peripheral regions (McGregor et al, 2008, report a 

similar finding for Scotland within the UK – mainly due to Scotland being a net exporter of 

electricity to the rest of the UK).      

   Nonetheless, our specific concern here is the implication that CO2 embodied in export demands is 

removed from the carbon footprint calculation under CAP. This is because Welsh consumers would 

be expected to benefit from the location of export-led industries in their region.
6
 Moreover, given 

that Metal Manufacturing outputs feed intermediate rather than demands in other regions/countries, 

there is also the question of identifying to whose CO2 footprint emissions embodied in exports 

should be allocated. To illustrate these points we now turn to a CGE model of the Welsh economy 

(which incorporates the input-output  accounting framework above) to examine the economic and 

carbon impacts of an increase in export demand to the Metal Manufacturing sector.   

 

AMOW – A computable general equilibrium Model Of Wales  

Where there is a need to model the impact of marginal changes in activity on the wider economy, 

particularly where there is a need to track adjustment over time in the presence of even only 

short-run constraints, a common approach in regional analysis is to employ CGE techniques (see 

Partridge and Rickman, 1998; 2010, for reviews). CGE modeling approaches have also become 

commonplace in examining environmental issues more generally, though more typically at the 

                                                           
6
 Of course if these industries substituted some CO2-intensive parts of their production process for imports this 

would be reflected in the carbon footprint (we return to this point in the concluding section).  
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national level (see e.g. Beausejour et al., 1995; Bergman, 1990; Conrad and Schroder 1993 

Goulder, 1995; Grepperud and Rasmussen, 2004; Glomsrød and Wei, 2005; and Wissema and 

Dellink, 2007). There are, however, a limited number of CGE applications to regional 

environmental issues, including Despotakis and Fisher (1988), Li and Rose (1995), Hanley et al., 

(2009) and see Bergman (2005) for a general review of CGE applied to environmental issues. 

However, we believe that this paper provides the first environmental CGE application that 

integrates input-output accounting to examine pollution generation under consumption as well as 

production accounting principles.  

 

General structure 

Here, we follow Turner et al., (2011a) in using a regional CGE framework to model the impacts 

of a change in activity, then use the model results to inform the input-output analysis for the 

accounting/attribution analysis of pollution attributable to Welsh consumption activity before 

and after the change is introduced. Specifically, we use the CGE model results on changes in 

prices and quantities throughout the economy to derive post-shock input-output tables in value 

terms.  

   The Welsh model, named AMOW, is developed using the AMOS (A Model of Scotland) CGE 

modeling framework (initially developed by Harrigan et al., 1991, using Scottish data). Here, the 

model is calibrated on a Welsh Social Accounting Matrix (SAM) for 2003, which incorporates 

the input-output tables used in the analysis above. A condensed model listing is provided in 

Appendix 3. The main features of the model are as follows:  

• There are 3 internal transacting groups (households, firms, government). 

• There are 25 production sectors/commodities (see Appendix 2). 
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• There are also two external transactor groups (RUK, ROW). Export demand is price 

sensitive (Armington, 1969), with elasticity of 2.0 in the central case scenario (Gibson, 

1990), which we subject to sensitivity analysis in Appendix 4 (with an inelastic value). 

All other determinants of export demand are exogenous. 

• All commodity markets are taken to be competitive. 

• Wales is modelled as a small open economy in that the impacts of changes in Welsh 

prices externally are assumed sufficiently negligible that they are not anticipated to 

feedback to Wales. This assumption would be stronger in a UK national context, and 

implies that Wales is a price taker in UK markets. 

• We assume cost minimisation in production and employ multi-level production functions 

(with Welsh output prices determined through the price dual). See below.  

• The model is recursive dynamic in that there is period-by-period (year-by-year) 

adjustment of capital and labour stocks via region-specific investment – see below - and 

interregional migration in response to real wage and unemployment differentials between 

Wales and the rest of the UK (Harris and Todaro, 1970; Layard et al, 1991). 

• Wages are determined through a regional wage bargaining function (Blanchflower and 

Oswald, 1994; Minford et al., 1994; Layard et al., 1991). 

The nested production function can be specified with constant elasticity of substitution (CES), 

Cobb-Douglas or Leontief technology at each nest. Here we specify as follows. We allow 

substitution between capital and labour to form value-added. In the central case we assume an 

elasticity of 0.3 (Harris, 1989), but subject this to sensitivity analysis in the case of the target 

sector, Metal Manufacturing, using a lower value of 0.18, which has been estimated for a closely 

equivalent UK sector, „Basic Metals and Fabricated Metals‟ (see Appendix 4). Value-added 
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combines with an intermediate composite in the production of output. At the bottom nest, we 

allow substitution between local and imported intermediates to form an intermediates composite, 

first between domestic and RUK intermediates, then between the resulting UK and ROW 

composites. In the central case we assume an Armington elasticity of 2.0 (Gibson, 1990) at both 

these levels, but subject this to sensitivity analysis in Appendix 4, again with an inelastic value 

(reflecting the arguments of Bilgic et al., 2002, and that regional import parameters may be 

inelastic relative to national ones). 

   However, within the Welsh, RUK and ROW composites, we assume Leontief technology in 

combining the 25 commodity outputs in each case. We also assume Leontief technology in the 

combination of intermediates and value-added in production of gross output. The main 

motivation is so that we can reasonably assume a Leontief relationship between CO2 generation 

and output. This is more common to input-output analysis and not necessary in a CGE 

framework, even where we are generating post-shock input-output tables (the output-pollution 

coefficient may change). However, due to a lack of information in terms of sources of sectoral 

CO2 (energy-use, processes etc), at this time we retain the Leontief assumption, particularly 

given the importance of non-energy related carbon generation in Metal Manufacturing 

production.  

 

Simulation Strategy 

We simulate a £90m expansion in export demand for the output of Welsh Metal Manufacturing 

sector. As indicated above, the scale of this shock is based on a current anticipated expansion in 

Welsh steel production that has driven increased investment in the sector. We introduce the 

stimulus  in the form of a 3.7% permanent step increase in exogenous export demand from each 
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RUK and ROW for output of Welsh Metal Manufacturing sector (the £90m expansion is split 

proportionately between the dominant RUK export demand and ROW demand). This is 

introduced in the first period simulated. We model the export demand shock as anticipated in the 

Metal Manufacturing so that the speed of adjustment parameter in the investment function in 

Equation (A3.16) is set at 1 in this sector (we take the AMOS default value of 0.3 in all other 

sectors). 

   The endogenous investment process is as follows. Within each period of the multi-period 

simulations using AMOW, both the total capital stock and its sectoral composition are fixed, and 

commodity markets clear continuously. Each sector's capital stock is updated between periods 

(starting after the first period simulated) via a simple capital stock adjustment procedure, 

according to which investment equals depreciation plus some fraction of the gap between the 

desired and actual capital stock (equation A3.24).  The desired capital stock is determined on 

cost-minimisation criteria and the actual stock reflects last period's stock, adjusted for 

depreciation and gross investment. The economy is assumed initially to be in long-run 

equilibrium, where desired and actual capital stocks are equal.
7 

   The labour force (equation A3.22) is also updated between periods. We take net migration 

(equation A3.23) to be positively related to the real wage differential and negatively related to 

the unemployment rate differential between Wales and RUK, in accordance with the 

                                                           
7
Our treatment is wholly consistent with sectoral investment being determined by the relationship between the 

capital rental rate and the user cost of capital.  The capital rental rate is the rental that would have to be paid in a 

competitive market for the (sector specific) physical capital: the user cost is the total cost to the firm of employing a 

unit of capital.  Given that we take the interest, capital depreciation and tax rates to be exogenous, the capital price 

index is the only endogenous component of the user cost.  If the rental rate exceeds the user cost, desired capital 

stock is greater than the actual capital stock and there is therefore an incentive to increase capital stock.  The 

resultant capital accumulation puts downward pressure on rental rates and so tends to restore equilibrium.  In the 

long-run, the capital rental rate equals the user cost in each sector, and the risk-adjusted rate of return is equalised 

between sectors. 
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econometrically estimated model reported in Layard et al (1991). Note that the results in the next 

section are generally reported in terms of percentage changes from the base year values (with 

some absolute values reported for carbon indicators). Because the economy is taken to be in full 

(long-run) equilibrium prior to the export demand shock, the results are best interpreted as being 

the proportionate changes over and above what would have happened, ceteris paribus, without 

the demand stimulus. Given that the CGE model uses annual SAM data, we take each „period‟ in 

the adjustment process to be one year. 

 

CGE simulation results 

The impacts of the export demand stimulus to Welsh Metal Manufacturing are reported in Table 

2 for periodic intervals as the economy adjusts to long-run equilibrium (parametric sensitivity 

analyses around this central case are provided in Appendix 4). In this new long-run equilibrium, 

given that we model a pure demand shock with no lasting constraints on supply, there is an 

expansion in all quantities but all prices return to their base year levels. However, in the early 

periods after the stimulus is introduced, observe that increased labour demand causes the real 

wage rate to rise and the unemployment rate to fall. This stimulates in-migration to Wales from 

RUK, which continues until real wages and unemployment return to their base year equilibrium 

rates (but with higher employment and population). Similarly, increased demand for capital 

increases the capital rental rate in all sectors (shown in Table 2 for Metal Manufacturing). This 

triggers an increase in investment and, consequently, capital stocks throughout the economy, but 

particularly in the targeted Metal Manufacturing sector.   

Table 2 about here 



20 

 

The expansion in activity is largely concentrated in Metal Manufacturing itself. The results in 

Table 2 show that the capital stock adjusts fairly rapidly (given the treatment explained above to 

reflect investment activity in anticipation of increased export demand). Output adjusts faster, 

through substitution in favour of labour in the composition of value-added while capital stocks 

catch up. However, note that the price of Metal Manufacturing output is pushed up in the short-

run due to the increase in demand in the presence of short-run supply constraints on labour, 

capital and intermediates inputs from other Welsh sectors. This induces a temporary substitution 

effect in favour of imported intermediates (the price of which is exogenous) in what is already an 

import intensive sector. In the base year Metal Manufacturing imported 53% of its intermediate 

requirement and initially after the shock this rises to 76% in period 2 before easing back down as 

Welsh production becomes less supply constrained (so that only an income effect on imports 

lasts into the long-run). 

   Upward pressure on the price of labour and capital means the price of output rises in the early 

periods, which acts to dampen export demand so that the full 3.7% increase is not realised 

initially (and this in turn limits the required expansion in capital stock and employment). Finally, 

given the Leontief assumption regarding the output-carbon relationship, carbon emissions grow 

in line with output from the outset.  

   The export demand stimulus in the Metal Manufacturing has a positive impact on the Welsh 

economy from the outset. Over time, GDP expands by 0.188%, aggregate household 

consumption by 0.214%, and employment and population by 0.172%. However, in the short- to 

medium-run, before labour and capital stocks are fully adjusted, there are price changes, 

stemming from upward pressure on wages and capital rental rates. This causes some crowding 

out of activity in the initial stages, with output levels falling in some sectors as prices rise 
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(reducing competitiveness) though for most sectors the positive indirect (multiplier) effect of 

increased intermediate demands dominates. 

   While the net increase in export demand throughout is concentrated in Metal Manufacturing 

(increases in output prices in all sectors cause a contraction elsewhere), the increase in imports is 

driven by substitution and income effects throughout the economy. Even in some sectors where 

there is a contraction in activity in early periods, there is an increase in imports as producers 

substitute away from more costly local production in favour of imported goods, the price of 

which has not changed (e.g.  Metal Products, which, in the base year, purchased 17% of its local 

intermediates from Metal Manufacturing suffers a 0.027% contraction in activity but increases 

its imports by 0.03%). However, over time, as the spike in Welsh prices dissipates (due to in-

migration of labour pushing real wages back to their pre-shock levels and capital formation 

returning capital rental rates in all sectors to a level equal to the user cost of capital), these 

substitution effects disappear and the long-run increase in imports is driven by the general 

increase in activity (i.e. the use of all inputs to production increases as activity levels increase 

across the economy). The stimulus to each sector depends on its importance in the supply chain 

serving the Metal Manufacturing sector (i.e. the multiplier effect of the initial demand stimulus). 

 

To study the impacts on CO2 emissions, we use the CGE model results to generate post-shock 

input-output tables for each period. The CGE model reports all quantity changes in real terms but 

also provides information on price changes throughout the system, which allows us to derive 

post-shock input-output tables reported in the conventional value format. The post-shock input-

output tables for each period following the export demand stimulus are then used to repeat the 

analysis of the PAP and CAP (DTA) measures using equations A1.1-A1.3. The headline results 
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are included in Table 2 (in terms of the percentage change relative to the base year) and Figure 1 

provides a breakdown of the composition of the PAP and CAP indicators.  

Insert Figure 1 about here 

The first thing to note from both Table 2 and Figure 1 is that the increase in the PAP measure is 

considerably bigger than the increase in CAP. This is because most of the growth in activity, and 

related carbon emissions, is in Metal Manufacturing production to meet the exogenous increase 

in export demand (though the dominance of Metal Manufacturing in the PAP effect is slightly 

reduced as supply constraints ease and the multiplier effects spread throughout the economy: in 

period/year 2, the increase in direct Metal Manufacturing CO2 emissions accounts for 97% of the 

change in PAP (by the long-run this is 85%). For both the PAP and CAP (DTA) measures, the 

long-run increase in domestic CO2 emissions supported by Welsh demand is just 0.19%, which, 

taken with the 0.21% increase in carbon embodied in imports, account for the total increase in 

the CAP (DTA) measure, which increases by 0.2%.  

   This growth in the CAP measure is greater in all periods than the growth in the total local 

consumption that it supports (combined household and government expenditure, where the latter 

does not change at all given that additional revenues from the growth in activity accrue at the UK 

level and do not affect the annual block grant to the devolved National Assembly for Wales). 

CAP grows faster than the consumption it supports for two main reasons. First, direct carbon 

emissions by households grow in proportion to household consumption. Second, CO2 embodied 

in imports (the composition of which changes with the change in the composition of activity, 

with the carbon-intensity of imports actually falling slightly) rises faster than consumption, 

particularly in the case of carbon embodied in imports from ROW (which rise by 0.21% by the 

long-run). 
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   To help put these changes into perspective in „sustainable development‟ terms, Table 2 

includes results for the carbon-intensity of GDP and per capita emissions under both PAP and 

CAP. Both GDP and Welsh population grow (the latter through in-migration). PAP emissions 

grow markedly faster than GDP, though GDP closes the gap to some extent over time, but the 

increase in the PAP CO2-intensity of GDP is 0.64% by the long-run. PAP emissions outstrip 

population growth to an even greater extent with the result that per capita carbon emissions grow 

by 0.66% over time. CAP emissions, on the other hand, are more in line with GDP growth, as is 

consumption, and, after an initial (small) spike in the CAP CO2-intensity of GDP (only peaking 

at 0.06%) there is only a very small increase in this ratio into the long-run. The growth in CAP 

carbon per capita is slightly larger, with a peak of just under 0.1% but settling down to a 0.03% 

increase over the long-run. 

 

Conclusions and directions for continued/future research 

The key result from the integrated IO and CGE analysis above is that the Welsh economy 

benefits from an export-led economic expansion focussed in a highly carbon-intensive industry, 

but with an environmental cost in that CO2 generation within Wales rises (PAP) by more than the 

increase in GDP and consumption. This is evidenced by the gap between the CAP and PAP 

measures in Figure 1. The estimated carbon footprint (CAP) does rise, particularly with 

increased „pollution leakage‟ through increased carbon embodied in imports. However, the much 

smaller increase in CAP than in PAP, taken alongside the base case scenario where (perhaps 

unusually for a developed economy) Wales runs a „carbon trade surplus‟, suggests that Wales 

would benefit from a shift in accounting perspective towards carbon footprint type measures. 

However, such a shift would raise an important issue in terms of how and to whom responsibility 
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for the additional increase in PAP emissions over that in CAP would be attributed. This may be 

more straightforward in the case of emissions embodied in exports to the rest of the UK and 

future research involving an interregional input-output and CGE modelling framework may help 

inform in this respect (as well as raising interesting issues regarding the location of carbon-

intensive heavy manufacturing industries in peripheral regions). 

   However, more generally it may also be argued that Wales has instigated the change in activity 

brought about by the export expansion, particularly given the investment made to facilitate it. 

Moreover, Welsh decisions could further impact the structure of the economy and pollution 

problem under both CAP and PAP perspectives (for example if firms choose to import some of 

their CO2 requirements in order to lower their own direct emissions). Issues such as these raise 

questions as to what the CAP and PAP impacts tell us in terms of the sustainability of economic 

growth and who should be held responsible for carbon generation in different jurisdictions. 

Perhaps the answer in trying to take a more consumption-orientated focus is not as 

straightforward as subtracting carbon embodied in exports and adding that embodied in imports, 

but rather some form of shared responsibility criteria is required, between producers and 

consumers generally and/or between importing and exporting countries.  

   The issue of how economic benefit may impact on carbon measures is addressed in a literature 

that focuses on the development of a shared responsibility measure (for example, Gallego and 

Lenzen, 2005; Lenzen et al., 2007; Andrew and Forgie, 2008; Lennox and Andrew, 2006; Zhou, 

2009). For example, Lenzen et al. (2007), in an extended input-output analysis, suggest that a 

share of responsibility should be retained by producers based on the value added contribution of 

output. This would be a possibility in the case examined here and CGE analysis of the type 
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presented here would help motivate and consider what a shared responsibility measure should 

focus on in different scenarios.  
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APPENDIX 1. THE INPUT-OUPUT ACCOUNTING FRAMEWORK 

 

Equations  

(A1.1) PAP – direct emissions             
∗   

(A1.2) PAP – attribution to end users                     
∗   

(A1.3) CAP – attribution to local consumers      
                 

    
       

∗

  

 

 

 

VARIABLES, DIMENSIONS AND NOTATION 

e
R
  PAP emissions generated within the region (scalar)  

e
T
  CAP emissions generated within the region (scalar)  

ε
P  

1xN vector of direct output-carbon coefficients with elements εi=ei/xi; ei is the 

physical amount of carbon directly generated by production sector i in producing 

output j (i=j=1,..N). 

ε
C  

1xZ vector of direct final expenditure-pollution coefficients with elements 

εz=ez/yz; ez is the physical amount of emissions generated by final consumption 

group z in the process of its total final expenditure, yz. 

  
   1xN vector of weighted direct pollution intensities for each commodity output j, 

with weights attached to the direct carbon intensity of output in each country, s, 

given by the share of commodity output j from region/country s in total Welsh use 

of commodity output j.  

xR  1XN vector of outputs, where N=1,…,26 (25 production sectors in Appendix 1 

plus capital formation) 

I  NxN identity matrix 



31 

 

AR  NxN regional inter-industry input-output matrix reported for i=j=1,…,N 

industries/commodity outputs; elements aij give the input of regional industry i 

required per monetary unit of regional output j (capital endogenised where inputs 

i given by capital formation from each sector and output j is total other value-

added) 

AM  NxN matrix reported for i=j=1,…,N industries/commodity outputs imported 

intermediate inputs to production.  

yR* Zx1 vector of total final expenditure on regional outputs (asterix indicates 

transpose) 

yR  Nx1 vector of total final expenditure on output of each regional sector i. 

  
   Nx1 vector of regional household and government expenditures on output of each 

regional sector i.  

  
   Nx1 vector of regional household and government expenditures on imports of 

commodity output of each external sector i. 
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APPENDIX 2. CLASSIFICATION OF PRODUCTION SECTORS/COMMODITY 

OUTPUTS AND DIRECT CO2 INTENSITIES IN THE WELSH INPUT-OUTPUT AND 

CGE FRAMEWORKS 

 

 

 

 

 

 

  

Welsh 74 Tonnnes CO2 as carbon per £1m output

Sector/commodity output sector IO Wales RUK (UK) ROW

1 Agriculture, Forestry & Fishing 1,2 38.09 76.99 267.90

2 Mining, Extraction & Quarrying 3,4 133.55 207.12 114.73

3 Mfr - Food & Drink 5 to 11 26.57 40.06 38.20

4 Mfr - Textiles & Clothing 12,13 14.37 60.32 43.17

5 Mfr - Wood & Paper 14 to 16 59.06 44.77 43.18

6 Mfr - Chemicals & Plastics 17 to 22 384.30 139.36 138.82

7 Mfr - Non-metallic Mineral Products 23,24 395.52 325.08 432.66

8 Mfr - Metal Manufacturing 25,26 818.50 483.74 651.12 *

9 Mfr - Metal Products 27,28 10.99 22.31 16.65 *

10 Mfr - Machinery 29 to 31 7.76 12.73 12.69

11 Mfr - Electrical Engineering 32 to 37 3.58 12.43 14.39

12 Mfr - Vehicles & Transport 38,39 7.64 14.55 6.53

13 Other Manufacturing 40,41 33.09 45.96 846.46

14 Electricity 42 1,379.58 1,480.80 292.62

15 Gas & Water 43,44 33.63 50.84 42.23 *

16 Construction 45 12.23 15.34 5.69

17 Wholesale & Retail 46 to 48 19.61 15.24 98.70

18 Hotels, Restaurants & Catering 49 12.08 10.83 98.70

19 Transport & Communications 50 to 55 127.55 153.83 140.69 *

20 Finance 56,57 8.78 1.81 27.13

21 Other Business Services 58 to 67 8.75 3.81 27.13

22 Public Admin & Defence 69 25.41 21.02 27.13

23 Education 70 7.15 10.84 27.13

24 Health & Sanitary 71,73 12.81 13.64 27.13

25 Other Services (incl. Social work) 72,74 11.55 9.16 27.13

Household direct CO2 intensity 71.39

* In some cases, the OECD data (see Turner et al, 2011c) gave odd results and are replaced with averages of the UK and Welsh intensities
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APPENDIX 3. A CONDENSED VERSION OF THE AMOW CGE MODEL 

       Equations                                                          Short run 

 

(A3.1) Gross Output Price 

 

 

( , )i i i ipq pq pv pm  

 

(A3.2) Value Added Price 

 

 

,( , )i i n k ipv pv w w  

 

(A3.3) Intermediate Composite 

Price 

 

( )i ipm pm pq  

 

(A3.4) Wage setting 

 

 

, ,n n n

N
w w cpi t

L

 
  

 
 

 

(A3.5) Labour force 

 

 

L L  

 

(A3.6) Consumer price index 
   

RUK - RUK ROW - ROW

i i i i i i

i i i

cpi = θ pq + θ pq + θ pq  

 

(A3.7) Capital supply 

     

s s

i iK K  

 

 

(A3.8) Capital price index 
   

RUK - RUK ROW - ROW

i i i i i i

i i i

kpi = γ pq + γ pq + γ pq  
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(A3.9) Labour demand 

 

 

,( , , )d d
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(A3.10) Capital demand 
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(A3.11) Labour market 

clearing 
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(A3.12) Capital market 

clearing 
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(A3.13) Household income 

                                                                 _ 

,(1 ) (1 )n n n k k i ki
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(A3.14) Commodity demand 

 

  

i i i i i iQ C I G X R      

 

 

(A3.15) Consumption Demand 
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(A3.16) Investment Demand 
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(A3.17) Government Demand 

 

i iG G  

 

(A3.18) Export Demand 
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(A3.19) Intermediate Demand 
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(A3.20) Intermediate 

Composite Demand 

 

 , ,i i i i iM M pv pm Q  

 

 

(A3.21) Value Added Demand 
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Multi-period model 

 

  

Stock up-dating equations 

 

(A3.22) Labour force 
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(A3.23) Migration 
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(A3.24) Capital Stock 

 

 

, , 1 , 1(1 ) d
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NOTATION 

 

Activity-Commodities 

 

i, j are, respectively, the activity and commodity subscripts (there are twenty-five of each in 

AMOW: see Appendix 2) 

 

Transactors 

 

RUK = Rest of the UK, ROW = Rest of World 

 

Functions 

 

pm (.), pq(.), pv(.) CES cost function 

k
S
(.), w(.)  Factor supply or wage-setting equations 

K
d
(.), N

d
(.), R

d
(.) CES input demand functions 

C(.), I(.), X(.)  Armington consumption, investment and export demand functions, 

   homogenous of degree zero in prices and one in quantities 
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Variables and parameters 

 

C  consumption 

D  exogenous export demand 

G  government demand for local goods 

I  investment demand for local goods 

I
d
  investment demand by activity 

K
d
, K

S
, K capital demand, capital supply and capital employment 

L  labour force 

M  intermediate composite output 

N
d
, N

S
, N labour demand, labour supply and labour employment 

Q  commodity/activity output 

R  intermediate demand 

T  nominal transfers from outwith the region 

V  value added 

X  exports 

Y  household nominal income 

bij  elements of capital matrix 

cpi, kpi consumer and capital price indices 

d  physical depreciation 

h  capital stock adjustment parameter  

nmg  net migration 

pm  price intermediate composite 

pq  vector of commodity prices 

pv  price of value added 

tn, tk  average direct tax on labour and capital income 

u  unemployment rate 

Wn, Wk price of labour to the firm, capital rental 

  share of factor income retained in region 

  consumption weights 



38 

 

  capital weights 
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Appendix 4. Sensitivity analysis 

 

Here, we consider the sensitivity of the results of the CGE modelling exercise to the values 

assigned to key parameters. In the case of the production function in each of the 25 production 

sectors in AMOW, we note above that a value of 0.3 is assigned to the substitutability between 

labour and capital in the production function and 2.0 to the substitutability between imported and 

domestic intermediate inputs.  While the values adopted are informed by work for UK regions 

(carried out by Harris, 1989, and Gibson, 1990), these may be important parameters governing 

the adjustment of the target Metal Manufacturing sector and of the wider economy to the 

demand shock. We have noted above (in the central case) that there are substitution effects as 

well as income effects in favour of imports in the early periods of adjustment when Welsh prices 

rise, and in favour of labour when capital is most constrained. However, lowering the values of 

these elasticitities will reduce the strength of the substitution effect and slow the adjustment to 

the new long-run equilibrium. 

   However the results in the second to sixth numeric columns of Table A4.1 show that while the 

results in the early periods of the adjustment process (where both capital and labour stocks are 

most constrained causing upward pressure on all local prices) are fairly sensitive to lower values 

being assigned to these parameters, by period (year) 10, there is little difference relative to the 

central case. 

   The central case results are slightly more sensitive to the value assigned to export demand 

sensitivity. In the central case, the exogenous export demand stimulus was partially offset in 

early periods due to the reduction in competitiveness of all Welsh production, and particularly 

the targeted Metal Manufacturing sector, in the presence of supply constraints. In the last two 
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numeric columns of Table A4.1, we test the sensitivity of imposing an inelastic value of 0.8 

instead of the default of 2.0 to the price responsiveness of RUK and ROW export demands. This 

permits a faster adjustment of the Metal Manufacturing sector and the economy in general 

because the economy is protected from the negative competitiveness effects of short-run price 

rises by the more limited ability of external consumers to respond. Moreover, the capital rental 

rate and capital stock level for this sector now adjust almost instantly. Note, also that in contrast 

to the previous sensitivity scenarios, the variation in adjustment path relative to the central case 

lasts longer, with results in period 10 still showing a faster adjustment.  

   However, the results in general are not qualitatively sensitive to any of the adjustments in 

parameter values. Stronger assumptions regarding the nature of supply constraints (for example, 

making these permanent) and/or labour or macroeconomic closures would be required to produce 

greater quantitative and possibly qualitative sensitivity.  
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Table 1. Key point source CO2 (equivalent) emissions for Wales (mega-tonnes) 
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Table 2. Impacts of a £90million increase in export demand to the Welsh Metal 

Manufacturing sector 

 

 

  

Base year % change from base year equilibrium

(2003) Values Period 2 Period 5 Period 10 Period 20 Period 25 Long-run

Iron and Steel sector:

Output (£m) 2,960 3.143 3.376 3.400 3.419 3.423 3.432

Capital stock 318 2.737 3.381 3.404 3.420 3.424 3.432

Employment (000s) 13.9 3.229 3.375 3.399 3.418 3.423 3.432

Value-added (£m) 641.8 3.143 3.376 3.400 3.419 3.423 3.432

Capital rental rate (£m) 0.35 1.722 0.051 0.024 0.010 0.007 0.000

Price of output (indexed to 1 in base) 1 0.135 0.023 0.013 0.005 0.003 0.000

Exports (£m) 2,424 3.435 3.666 3.687 3.703 3.707 3.714

Imports (£m) 1,189 3.273 3.398 3.412 3.424 3.427 3.432

CO2 as carbon generation (kilo-tonnes) 2,423 3.143 3.376 3.400 3.419 3.423 3.432

Aggregate economic activity:

GDP (income measure) (£m)                34,600 0.060 0.096 0.129 0.163 0.171 0.188

Household consumption   (£m)                        29,844 0.140 0.160 0.180 0.200 0.205 0.214

Total local consumption (HH plus Govt) (£m) 42,446 0.091 0.112 0.127 0.141 0.144 0.150

Investment   (£m)                         5,242 0.116 0.122 0.144 0.164 0.169 0.179

CPI (indexed to 1 in base) 1 0.056 0.041 0.025 0.011 0.007 0.000

Exports (£m) 24,957 0.239 0.278 0.306 0.338 0.346 0.361

Imports (£m) 36,742 0.336 0.348 0.353 0.359 0.361 0.364

Real T-H consumption wage (£000s)            12.60 0.061 0.029 0.015 0.006 0.004 0.000

Total employment (000s):             1,267 0.049 0.086 0.118 0.149 0.157 0.172

Unemployment rate (%)                 3.4 -0.535 -0.259 -0.133 -0.054 -0.035 0.000

Total population (000s)              2,931 0.024 0.073 0.111 0.147 0.156 0.172

Aggregate carbon:

Generated within Wales (PAP, mega-tonnes) 11.7 0.671 0.745 0.777 0.807 0.815 0.828

Welsh carbon footprint (CAP, mega-tonnes) 10.8 0.115 0.137 0.159 0.181 0.187 0.198

PAP CO2/GDP (tonnes per £1million) 339 0.610 0.648 0.647 0.643 0.643 0.639

CAP CO2/GDP (tonnes per £1million) 311 0.055 0.041 0.030 0.018 0.016 0.010

PAP per capita (tonnes) 4.0 0.646 0.671 0.665 0.659 0.658 0.655

CAP per capita (tonnes) 3.7 0.091 0.064 0.048 0.034 0.031 0.026
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Table A4.1. Parametric sensitivity analysis 

 

 

 

  

% change from base year equilibrium

Base year Central case I&S K-L 0.18 Import 0.8 Export 0.8

(2003) Values Period 2 Period 10 Period 2 Period 10 Period 2 Period 10 Period 2 Period 10 Long-run

Iron and Steel sector:

Output (£m) 2,960 3.143 3.400 2.843 3.398 3.156 3.402 3.378 3.417 3.432

Capital stock 318 2.737 3.404 2.227 3.399 2.769 3.406 3.399 3.422 3.432

Employment (000s) 13.9 3.229 3.399 2.975 3.398 3.237 3.401 3.374 3.416 3.432

Value-added (£m) 641.8 3.143 3.400 2.843 3.398 3.156 3.402 3.378 3.417 3.432

Capital rental rate (£m) 0.35 1.722 0.024 4.246 0.033 1.659 0.025 0.066 0.021 0.000

Price of output (indexed to 1 in base) 1 0.135 0.013 0.282 0.014 0.135 0.013 0.045 0.012 0.000

Exports (£m) 2,424 3.435 3.687 3.131 3.686 3.434 3.687 3.677 3.704 3.714

Imports (£m) 1,189 3.273 3.412 3.113 3.411 3.208 3.407 3.422 3.429 3.432

CO2 as carbon generation (kilo-tonnes) 2,423 3.143 3.400 2.843 3.398 3.156 3.402 3.378 3.417 3.432

Aggregate economic activity:

GDP (income measure) (£m)                34,600 0.060 0.129 0.054 0.127 0.065 0.137 0.076 0.149 0.188

Household consumption   (£m)                        29,844 0.140 0.180 0.137 0.180 0.149 0.187 0.163 0.197 0.214

Total local consumption (HH plus Govt) (£m) 42,446 0.091 0.127 0.087 0.127 0.098 0.131 0.115 0.139 0.150

Investment   (£m)                         5,242 0.116 0.144 0.120 0.143 0.132 0.154 0.133 0.167 0.179

CPI (indexed to 1 in base) 1 0.056 0.025 0.053 0.026 0.065 0.026 0.074 0.026 0.000

Exports (£m) 24,957 0.239 0.306 0.217 0.305 0.222 0.306 0.301 0.340 0.361

Imports (£m) 36,742 0.336 0.353 0.320 0.353 0.326 0.351 0.388 0.373 0.364

Real T-H consumption wage (£000s)            12.60 0.061 0.015 0.058 0.015 0.066 0.015 0.071 0.014 0.000

Total employment (000s):             1,267 0.049 0.118 0.044 0.116 0.055 0.126 0.065 0.137 0.172

Unemployment rate (%)                 3.4 -0.535 -0.133 -0.516 -0.136 -0.585 -0.132 -0.629 -0.127 0.000

Total population (000s)              2,931 0.024 0.111 0.020 0.110 0.028 0.120 0.036 0.131 0.172

Aggregate carbon:

Generated within Wales (PAP, mega-tonnes) 11.7 0.671 0.777 0.606 0.775 0.678 0.784 0.734 0.800 0.828

Welsh carbon footprint (CAP, mega-tonnes) 10.8 0.115 0.159 0.099 0.158 0.118 0.164 0.120 0.171 0.198

PAP CO2/GDP (tonnes per £1million) 339 0.610 0.647 0.552 0.647 0.612 0.646 0.658 0.650 0.639

CAP CO2/GDP (tonnes per £1million) 311 0.055 0.030 0.045 0.031 0.053 0.027 0.044 0.022 0.010

PAP per capita (tonnes) 4.0 0.646 0.665 0.582 0.663 0.654 0.672 0.710 0.688 0.655

CAP per capita (tonnes) 3.7 0.091 0.048 0.075 0.047 0.094 0.053 0.096 0.060 0.026
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Figure 1. Additional CO2 (as carbon) embodied in Welsh trade flows as a result of a 

£90million (3.7%) increase in export demand to the Welsh Metal Manufacturing sector 

 

 

 

 

 

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

90,000

100,000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

A
d

d
it

o
n

al
 t

o
n

n
e

s 
o

f 
C

O
2

  (
as

 c
ar

b
o

n
)

PAP

CAP

Exported CO2

Imported CO2

Non-traded CO2


