
 

 

 

 

 

 

 

Identifying the impact of economic 

and other conditions on UK GHG 

emissions during the first carbon 

budget period 

 

 

 
A report for the  

Committee on Climate Change 

 

 
15 July 2013 

 

 

 

 

 

 

 

Cambridge Econometrics 

Covent Garden 

Cambridge 

CB1 2HT 

UK 

 

Tel +44 1223 533100 

Fax +44 1223 533101 

Email ps@camecon.com 

Web www.camecon.com 

mailto:ps@camecon.com
http://www.camecon.com/


Identifying the impact of economic and other conditions on UK GHG emissions during the first carbon budget period 

 ii 

Revision and Authorisation History 

 

Version Date Authorised for 

release by 

Description 

3.3 16/07/2013 Phil Summerton Final report. All CCC comments 

responded to.  

3.2 03/07/2013 Phil Summerton Final report. 

3.0 12/06/2013 Phil Summerton Final report. 

2.0 09/05/2013 Phil Summerton Final draft report. 

1.0 26/03/2013 Phil Summerton First draft to CCC. 

 

 



Identifying the impact of economic and other conditions on UK GHG emissions during the first carbon budget period 

 iii 

Contents 

 Page 

 

Executive Summary iv 

1 Introduction 1 

2 Decomposing UK performance against the first carbon budget 3 

3 Scenario description 9 

4 Results 15 

5 Robustness analysis 26 

6 Concluding remarks 34 

 

  



Identifying the impact of economic and other conditions on UK GHG emissions during the first carbon budget period 

 iv 

Executive Summary 

 The UK Committee on Climate Change (CCC) provides recommendations on five-

year carbon budgets with a view to keeping the UK on a path to achieving its 

legally-binding emissions-reduction target of 80% by 2050, compared to the 1990 

level.  The initial recommendations were informed by emissions projections 

formed in 2008, based on the information available at the time. 

 The available outturn data for 2008-12 suggest that the UK has easily met its first 

carbon budget and this report seeks to analyse the contribution of conditions to this 

performance.  Conditions are external factors beyond the control or knowledge of 

decision-makers and thus distinct from measures, which are defined as policy 

mechanisms enacted with the explicit aim of reducing emissions. 

 We examine the contribution of three sets of conditions to actual UK performance, 

by comparing the outturn results (what actually happened) to the CCC’s 

expectations of conditions back in 2008, when the first budget was set (what was 

known). 

 The alternative conditions considered in this analysis comprise: 

 economic activity: a global financial crisis was not envisaged when the first 

budget was set and UK GDP in 2012 turned out to be 13% lower than 

anticipated 

 energy and carbon prices: in contrast to what was expected, oil prices fell 

substantially in 2009 and then rose sharply, while the EU ETS allowance price 

collapsed, and remains subdued 

 weather (air temperature): the winters of 2009/10 and 2010/11 were 

substantially colder than the previous ten years and the carbon-budget period 

Table ES 1: Impacts of Conditions on the UK Net Carbon Account 

IMPACTS OF CONDITIONS ON THE UK NET CARBON ACCOUNT 

 

 
Outturn Counterfactual Budget 

Individual conditions 

 Activity  Prices  Weather  

CO2 traded 1193.0 1219.8 1233.0 1250.8 1186.2 1169.5 

EU ETS cap 1233.0 1233.0 1233.0 1233.0 1233.0 1233.0 

Net purchases -40.0 -13.2 - 17.8 -46.8 -63.5 

       

CO2 non-traded 1233.7 1254.4 - 1286.0 1227.6 1206.0 

Non-CO2 GHGs  467.9 468.0 - 468.0 467.9 467.9 

Total non-traded 1701.6 1719.7 1785.0 1754.0 1695.5 1673.9 

       

UK Net Carbon 

Account 

2934.6 2952.7 3018.0 2987.0 2928.5 2906.9 

       

Relative to Budget -83.4 -65.3 - -31.0 -89.5 -111.1 

Relative to Outturn - +18.1 - +52.4 -6.1 -27.7 
 

Note(s): The contribution of the individual conditions sums approximately to the final impact in the Counterfactual – 

the interaction effects in the model for this particular set of inputs is small, permitting aggregation. 

Source(s): DECC, Cambridge Econometrics’ MDM-E3 model. 
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saw the coldest five years (on average) for 20 years 

 The analysis applies Cambridge Econometrics’ MDM-E3 model of the UK 

Energy-Environment-Economy system to compare two states of the world, with the 

difference between the two indicating the impact of conditions: 

 a baseline representing actual energy demand and emissions (what happened); 

the ‘Outturn’ 

 a Counterfactual that incorporates the CCC’s assumptions on conditions at the 

time the first carbon budget was set (what was assumed) 

 The current data (incorporated into the Outturn) suggest that UK GHG emissions 

on a Net Carbon Account basis came to 2,934.6 MtCO2e in the first five-year 

budget period ie an outperformance of the first budget by 83.4 MtCO2e.  This is 

(by definition) equal to the outperformance by the non-traded sector.  The traded 

sector was likely a net seller of emissions allowances (by 40 MtCO2). 

 The results from the Counterfactual run suggest that, had conditions played out as 

originally anticipated (ie when the first budget was set), the UK would still have 

outperformed the budget.  In the Counterfactual, Net Carbon Account emissions 

over 2008-12 are projected at 2,952.7 MtCO2e; an outperformance of 65.3 

MtCO2e, compared to 83.4 MtCO2e in the Outturn. The UK would have remained 

a net seller of EU ETS emissions allowances, although by a smaller amount than in 

the Outturn: net sales of 13.2 MtCO2 compared to 40 MtCO2. 

 The key driver of the difference between the Outturn and Counterfactual emissions 

is the downturn in economic activity, which was partially offset by the fall in prices 

and the colder weather (both of which, in isolation, would have raised emissions 

compared to the outturn).  The results appear robust to changes in the period over 

which the model’s behavioural parameters are estimated. 

 The model results in the Counterfactual do not entirely explain the difference 

between the observed Outturn and our original projection from 2008.  We identify 

several reasons for this difference with one factor being an apparent under-

response to the 2009 downturn in the model’s equations compared to that actually 

observed. Under the assumption that the unexplained difference in 2009 is indeed 

due to conditions (we certainly consider the difference too large to be adequately 

explained by policy), the UK still outperforms the first carbon budget, by 38.7 

MtCO2e.  However, under these circumstances, the UK would have been a net 

purchaser of emissions allowances, rather than a seller.  Net purchases would have 

come to 38.3 MtCO2. 

 Overall, we find that conditions contributed to emissions reductions over the first 

carbon-budget period, but that the UK was probably on track to meet the budget 

anyway, even if conditions had played out as expected.  The analysis also 

highlights the impact of conditions (which we define as factors beyond the control 

or knowledge of decision-makers) on UK emissions and, in turn, the implications 

of uncertainty around these conditions. 

 We carry out an exercise to decompose the difference between the original 2008 

projections and the outturn, making use of the model-based analysis.  This analysis 

identifies the contribution of a number of factors, in addition to the model 

estimates of the impact of conditions.  These other factors are: 

 revisions to the historical data, shifting emissions down 
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 changes to the structure of the MDM-E3 model 

 a remainder that is neither explained by the above or by the estimates of the 

impact of conditions: we argue that a large part of this is likely to be conditions, 

rather than policy, related and that the UK would still have outperformed the 

first budget, accounting for this remainder 

 The decomposition analysis suggests that each of these impacts (including 

conditions) had a downward effect relative to the original projection, explaining 

the over-performance of the UK against its first carbon budget. 
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1 Introduction 

1.1 Introduction 

As set out in the UK Climate Change Act (2008), the UK has a legally-binding target 

to achieve, by 2050, an 80% reduction in greenhouse gas (GHG) emissions compared 

to the 1990 level.  With a view to keeping the UK on a path to the 2050 target, the UK 

Committee on Climate Change (CCC) provides advice to the UK government on 

carbon budgets: limits on cumulative emissions over successive five-year periods. 

The first carbon budget covered 2008-12 and the CCC’s advice in 2008 on this first 

budget was informed by several forward-looking studies (including one by Cambridge 

Econometrics using the MDM-E3 model) which were based on what was known and 

expected at the time, regarding: 

 conditions: external factors beyond the control (or knowledge) of decision-makers 

that affect UK GHG emissions, such as economic growth, energy and carbon 

prices, and the weather 

 measures: policy mechanisms explicitly employed by decision-makers with a view 

to achieving emissions reductions 

The first carbon-budget period is now over and there are sufficient data to conclude 

that the UK has easily met this first budget.  However, the CCC’s recommendations 

on the first budget did not account for events such as the global economic crisis or the 

cold winters of 2009/10 and 2010/11.  As defined above, these are conditions, not 

measures, and their contributions to the carbon budget do not reflect UK effort 

towards emissions reductions.   

In this report we: 

 carry out a model-based assessment (using CE’s MDM-E3 model) of the impact of 

conditions on UK performance against the first carbon budget by comparing 

projections of emissions under the conditions: 

 that actually occurred 

 that were expected back in 2008, to inform the CCC’s recommendations on the 

level of the first carbon budget 

 use the model-based analysis as part of a fuller decomposition of the difference 

between the emissions projected back in 2008 and the outturn 

The reason for the second piece of analysis is that the impact of conditions, as 

assessed using MDM-E3, does not fully explain the difference between what was 

previously anticipated and what actually happened.  This is due to a range of factors 

including: 

 revisions to data and changes in the properties of the MDM-E3 model itself 

 policy impacts (which we do not seek to address here) 

 additional factors and behavioural responses that are ‘unexplained’ as far as MDM-

E3 is concerned 

We attribute relatively more of the unexplained impacts to conditions, rather than 

policy, making the argument that the extreme nature of economic conditions (ie the 

recession) led to changes in emissions not observed in ‘normal’ times. 

The first UK 

carbon budget has 

been met, through 

a combination of 

conditions and 

measures 

This report seeks 

to identify the 

contribution of 

conditions to UK 

performance 

against the first 

carbon budget 
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1.2 Report structure 

This report consists of five further chapters.  In the next chapter, we present the 

decomposition of the difference between the original projection from 2008 and the 

outturn.  This draws on the model-based analysis in the chapters that follow, which 

assess the specific impacts of conditions. 

Chapter 3 describes the economic, price and temperature conditions anticipated when 

the recommendations on the first carbon budget were made in 2008.  This chapter also 

contrasts what was expected at the time against the outturn conditions (what actually 

happened); in doing so, it describes the differences in the scenario inputs for the 

modelling analysis. Chapter 4 describes the modelling results, while Chapter 5 

presents additional analysis to test the robustness of the key outcome (the difference in 

cumulative emissions) to potential changes in behaviour. Chapter 6 provides some 

concluding remarks. 

The analysis was undertaken using the MDM-E3 model of the UK economy, energy 

system and environment.  
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2 Decomposing UK performance against the 

first carbon budget 

This chapter draws on the model-based analysis of conditions to present a 

decomposition of the difference between outturn emissions and the projection we 

produced in 2008 which informed the first carbon budget
1
.  This is because the 

difference between the two states of the world is not entirely explained by conditions 

and we thus set the model-based analysis in this wider context. 

We present a comparison of total UK CO2 emissions over 2008-12 (rather than on a 

net carbon account basis) between: 

 the original Ref1b scenario we developed in 2008, ahead of the CCC’s inaugural 

report 

 what was known and expected at the time, when the CCC made its 

recommendations 

 the outturn results for CO2 emissions over 2008-12 

 what actually happened 

The difference between the two sets of results (as shown in Figure 2.1) is due to a 

number of different factors and in the sections that follow we decompose the change 

into the contributions of: 

1 data revisions and the impact of changes in the structure of the MDM-E3 model 

since that first piece of analysis 

2 the impact of conditions 

3 the ‘remainder’: the impact of factors that, as far as the MDM-E3 model is 

concerned are ‘unexplained’ and can arise from effects such as: 

 policy 

                                                      
1 This is the Ref1b projection from the 2008 analysis. 

In this chapter we 

seek to decompose 

the difference 

between projected 

and outturn UK 

CO2 emissions 

over 2008-12 

Figure 2.1: Original Ref1b projected emissions compared to outturn emissions 
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 ‘non-normal’/‘non-trend’ behaviour under the conditions seen in the recession 

 other factors not adequately captured in the model 

The exercise we present in this chapter amounts to a decomposition of the difference 

between the original Ref1b scenario and (largely) known outturn emissions, based on 

changes in the ‘information set’, as listed above. 

We discuss each in turn in the sections that follow. 

When the original Ref1b projection was produced, in 2008, owing to the time lag 

between the release of official data and the period they relate to, a number of series 

had to be estimated over the ‘historical period’: the period that had already taken place 

but for which there were not yet official data.  For example, official and detailed data 

on emissions were only available up to 2006, requiring estimates to be made for the 

additional two years.  Data on these two years are now available and there have been 

revisions made to other years of history. 

The principal series that had to be estimated was energy demand by fuel user and fuel.  

At the time, partial information for 2008 were available, in the DECC Energy trends 

and Quarterly energy prices publications.  Assumptions were made about energy 

demand in the missing quarters and used to develop an estimate of energy demand for 

that year.  This approach sought to make best use of the data available at the time.  

Estimates of emissions followed from the energy-demand data and estimates for 2007-

08 (through the application of emissions coefficients)
2
.  The macroeconomic inputs 

matched those supplied by the CCC for that earlier project. 

Since the Ref1b run, the actual data for that period have become available, leading to a 

downward shift in the level of emissions as a result of data revisions.  The light blue 

line in Figure 2.2 shows this effect.  The data revision is shown as the solid light-blue 

line over 2007-08 while the dotted light-blue line thereafter shows the implied levels 

change in emissions from that data revision.  This represents the projection that would 

have arisen from the data revision, other things being equal
3
. 

2.1 The impact of data and changes to the model 

When the original Ref1b projection was produced, in 2008, owing to the time lag 

between the release of official data and the period they relate to, a number of series 

had to be estimated over the ‘historical period’: the period that had already taken place 

but for which there were not yet official data.  For example, official and detailed data 

on emissions were only available up to 2006, requiring estimates to be made for the 

additional two years.  Data on these two years are now available and there have been 

revisions made to other years of history. 

The principal series that had to be estimated was energy demand by fuel user and fuel.  

At the time, partial information for 2008 were available, in the DECC Energy trends 

and Quarterly energy prices publications.  Assumptions were made about energy 

demand in the missing quarters and used to develop an estimate of energy demand for 

that year.  This approach sought to make best use of the data available at the time.  

                                                      
2 Emissions follow from energy demand from 2007 onwards because the detailed emissions data lag the energy-

demand data by one year. 

3 Because of subsequent developments to the MDM-E3 model since 2008, we did not produce this run using the model.  

Instead, it has been calculated from the levels change in emissions in the revised data, on the assumption that the year-

on-year change would have been unaffected in this notional ‘run’. 

Revised data are 

now available, 

changing what we 

now know about 

the recent past, 

prior to the first 

carbon budget  

Revised data are 

now available, 

changing what we 

now know about 

the recent past, 

prior to the first 

carbon budget  
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Estimates of emissions followed from the energy-demand data and estimates for 2007-

08 (through the application of emissions coefficients)
4
.  The macroeconomic inputs 

matched those supplied by the CCC for that earlier project. 

Since the Ref1b run, the actual data for that period have become available, leading to a 

downward shift in the level of emissions as a result of data revisions.  The light blue 

line in Figure 3.3 shows this effect.  The data revision is shown as the solid light-blue 

line over 2007-08 while the dotted light-blue line thereafter shows the implied levels 

change in emissions from that data revision.  This represents the projection that would 

have arisen from the data revision, other things being equal
5
. 

Figure 2.2 shows the ‘actual’ revised Ref1b run from MDM-E3, which shows the 

effect of both the new data and changes to the structure of the model (including the 

impact of updated equations to project energy demand). 

This run arises from: 

 the Ref1b conditions fed in as assumptions to the model run 

 the ‘residual’, the differences between actual and model-projected energy demand, 

being held constant from 2008 onwards  

The residual is the multiplicative difference between the outcome of the model 

equations and the outturn data. By holding it constant from the last year of historical 

data onwards, we are implying two characteristics: first, that the model results are 

estimates of the data and, as such, there are unexplained factors affecting the outcome; 

and second, we assume that these unexplained factors persist and are not transitory. 

The purpose of holding the residual constant in this run from 2008 onwards is to 

simulate a similar exercise as to that carried out to produce the original Ref1b run, 

                                                      
4 Emissions follow from energy demand from 2007 onwards because the detailed emissions data lag the energy-

demand data by one year. 

5 Because of subsequent developments to the MDM-E3 model since 2008, we did not produce this run using the model.  

Instead, it has been calculated from the levels change in emissions in the revised data, on the assumption that the year-

on-year change would have been unaffected in this notional ‘run’. 

Figure 2.2: Revised CO2 Emissions in Ref1b 
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wherein the model error was only known to 2008. However, we now also know the 

model error for the period to 2012 which can also be included in the analysis (as 

discussed in Section 2.3).  

The differences between the Original and New Ref1b scenarios arise from: 

 the impact of new outturn data for 2007 and 2008 

 changes in the model to better reflect the data now available (from ONS, DECC 

and the NAEI) 

Note that there is an additional discrepancy for 2007 and 2008 (the ‘New’ Ref1b run 

starts at a lower level, even before the carbon-budget period itself).  This occurs 

because the Ref1b assumptions on conditions differ slightly from the outturn 

conditions in those years.  The final level shift between those two lines represents, in 

some sense, a further data-revision effect, in the input assumptions, rather than the 

outturn conditions. 

As we note in the robustness analysis in Chapter 5, whether the model’s equations are 

estimated over 1970-2007 (as they would have been in the original Ref1b work) or 

1970-2011 (as they are now), makes little difference to the overall result in emissions 

terms. 

2.2 The impact of conditions 

Having identified the part of the difference that might reasonably be attributed to 

changes in data and to the MDM-E3 model, this section turns its attention to the 

impact of outturn conditions on UK CO2 emissions. This section draws on the analysis 

in the later chapters and shows the change in emissions that arises from differences 

between the expected and outturn conditions. 

Figure 2.3 shows the impact of conditions as the difference between: 

 the ‘New’ Ref1b run (the light blue line) 

 the run marked ‘Impact of outturn conditions (the dark red line, above the red line 

that signifies the actual outturn emissions) 

Figure 2.3: The impact of conditions 
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This is the impact of conditions on UK emissions that we are able to identify using 

MDM-E3.  The difference between the two lines matches that in the analysis of the 

impact of conditions presented in Chapter 4. 

The projections are formed on the same basis as the ‘New’ Ref1b run in the sense that 

the residuals on energy demand are held constant from 2008 onwards.  The use of the 

outturn conditions in this run returns the historical part of the emissions projections, 

pre-carbon budget period, to that in the outturn data for those years.  

2.3 The residual: what cannot be accounted for in the model-based 

analysis 

Figure 2.3 shows that the total UK CO2 emissions projected by MDM-E3 on the basis 

of: 

 new outturn data for 2007-08 and changes in the structure of the model 

 outturn conditions, rather than those anticipated back in 2008 

do not fully explain the difference between the original Ref1b results and the outturn 

ie the difference between: 

 what we knew and expected back in 2008 

 what we now know about the first carbon-budget period 

As far as the model-based analysis goes, this part of the difference is ‘unexplained’. It 

is what is left over after accounting for the data, conditions and behavioural responses 

that we do ‘know’ about.  This is the part of the difference between the original Ref1b 

run and the outturn that is captured in the model residuals. 

Intuitively, it seems reasonable to attribute a substantial part of this difference to 

conditions, as opposed to measures. 

The difference between the two red lines in Figure 2.3 is too large to reasonably 

attribute to policy.  The implication is a level of policy effectiveness that is both 

unprecedented and which conflicts with estimates of the effectiveness of these 

policies.  One might also think that, were the differences dominated by policy, the gap 

would not narrow over the carbon-budget period as it seems to.  If the policy impact 

came fully into effect in a single year, then one would expect a level shift in emissions 

while, if policy took effect gradually over time (as seems likely), the gap should widen 

over the period. 

The argument above suggests a case for considering at least some part of the 

unexplained differences to be conditions, rather than measures-related. We pursue this 

further in the robustness analysis in Chapter 5. In that part of the report, we assess the 

impact on carbon-budget performance if we were to consider the unexplained 

difference in 2009 (when the UK entered recession) to arise largely from conditions. 

The assessment there focuses on 2009 on the basis that it is the step change in that 

year that appears to explain much of the difference in subsequent years. This can be 

seen in Figure 2.3. 

2.4 Conclusion 

This chapter has decomposed the difference between the original Ref1b projection 

formed in 2008 and the final outturn figures into: 

 the impact of data revisions 
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 the impact of changes to the model 

 the impact of conditions (drawing on the analysis in the following chapters) 

 the ‘residual’: the unexplained remainder (in modelling terms), which we attribute 

largely to conditions but which will also include the impact of policy measures 
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3 Scenario description 

3.1 Overview 

Our approach to assessing the impact of conditions on UK GHG emissions is to 

compare two runs of MDM-E3: 

 one that represents the actual outcome (the ‘Outturn’), using data and estimates for 

2008-12 

 a ‘Counterfactual’ run in which the assumptions on various conditions are as they 

were when the CCC made its recommendations on the first carbon budget
6
 

The two runs differ in three key conditions, which represent the inputs to the above 

scenarios: 

 economic activity 

 energy prices and EU ETS allowance prices 

 weather (specifically, air temperatures) 

In a regular piece of analysis using MDM-E3, household income is related to UK 

demographics (principally, population) but, in this project, differences in population in 

the Outturn and Counterfactual are represented entirely by exogenous economic-

activity assumptions. 

The outturn represents our best estimate of what actually occurred during the first 

carbon budget period, comprising: 

 economic data to 2011 and an estimate for 2012 based on near-complete data on 

economic aggregates from ONS 

 energy data from DUKES to 2011 and an estimate for 2012 based on three quarters 

of data from DECC Energy Trends and Quarterly Energy Prices 

 GHG emissions from the NAEI to 2011, with figures for 2012 generated using 

MDM-E3, based on the outturn values for energy demand 

In the sections that follow, for each condition, we compare the outturn data in the 

Outturn run against the Counterfactual assumptions used to inform the first carbon 

budget. 

  

                                                      
6 These assumptions match those from the ‘Ref1b’ scenario generated by CE ahead of the CCC’s inaugural report 

Building a low-carbon economy – the UK’s contribution to tackling climate change 

http://www.theccc.org.uk/publication/building-a-low-carbon-economy-the-uks-contribution-to-tackling-climate-

change-2/ 

http://www.theccc.org.uk/publication/building-a-low-carbon-economy-the-uks-contribution-to-tackling-climate-change-2/
http://www.theccc.org.uk/publication/building-a-low-carbon-economy-the-uks-contribution-to-tackling-climate-change-2/
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3.2 Economic activity 

The recession in 2009 and the subdued economic conditions that followed to the end 

of 2012 meant that economic activity was far lower across the first budget period than 

was expected when the budget was set (see Table 3.1).  

By 2012, GDP was 13% lower than anticipated and manufacturing output was even 

lower (15%, see Figure 3.1). Manufacturing output is a key driver of industrial energy 

demand and we would expect the collapse in UK manufacturing output to have had a 

significant impact on energy demand (and carbon emissions) from these sectors. 

Real household incomes and spending were also depressed and we would expect these 

factors to have resulted in a much lower demand for energy in the residential sector as 

well as reduced fuel demand for travel. Indirectly, the lower economic activity, across 

all sectors of the economy, is likely to have reduced energy demand from service 

Table 3.1: Economic Activity 

ECONOMIC ACTIVITY 

       

Outturn       

 2007 2008 2009 2010 2011 2012 

UK GDP growth (% pa) 3.5% -0.9% -4.0% 1.8% 0.9% 0.0% 

UK manufacturing GVA (% pa) 1.4% -2.9% -9.7% 3.8% 2.0% -1.1% 

       

Counterfactual       

 2007 2008 2009 2010 2011 2012 

UK GDP growth (% pa) 2.8% 1.8% 2.7% 2.7% 2.8% 2.7% 

UK manufacturing GVA (% pa) 0.6% 1.3% 1.9% 1.9% 1.9% 1.9% 

       
Source(s): UK Economic Accounts and CE estimates. 

Note(s): The UK GDP estimate for 2012 has subsequently been revised. 

 

Figure 3.1: GDP and Manufacturing GVA (2005-12) 
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sectors, with the exception of the public sector, which was not hit as hard, or as 

quickly. 

3.3 Fossil fuel prices and EU ETS prices 

The global economic downturn served to substantially reduce the crude oil price in 

2009. However, the oil price was not lower than projected across the whole period as 

it subsequently recovered to levels above those anticipated in 2008 (see Table 3.2). 

Outturn gas prices were broadly similar to those anticipated back in 2008, although 

there was still a brief fall in 2009 in the recession. Since gas is not as heavily taxed as 

oil, changes in the global wholesale gas price should feed through to retail prices 

relatively more, leading to a larger impact on end users compared to oil.  

Coal prices were significantly higher than expected over the first carbon-budget 

period, owing in part to supply shocks in Australia
7
 and China

8
.  This had implications 

for the UK in terms of the electricity price as well as for some energy-intensive heavy 

industries such as manufacturing of mineral products. 

The EU ETS allowance price was dramatically affected by the collapse in European 

manufacturing and electricity demand over the budget period. At the end of the second 

phase of the EU ETS, in 2012, the (average annual) market price for allowances had 

fallen to around €7/tCO2, compared to earlier pre-recession expectations of €41/tCO2 

in 2012 (see Figure 3.2). 

  

                                                      
7 Flooding in Queensland in both 2008 and 2011. 

8 A brief ban on coal exports 2008. 

Table 3.2: Fossil Fuel Prices 

FOSSIL FUEL PRICES 

       

Outturn       

 2007 2008 2009 2010 2011 2012 

Coal (£2007/tonne) 41.2 63.7 52.1 58.1 72.9 57.2 

Oil ($2007/bbl) 75.3 88.0 52.1 68.6 93.7 92.7 

Gas (2007p/therm) 28.1 35.5 28.0 33.0 41.8 43.8 

       

Counterfactual       

 2007 2008 2009 2010 2011 2012 

Coal (£2007/tonne) 44.0 44.8 46.3 36.4 35.6 34.8 

Oil ($2007/bbl) 72.4 74.7 67.8 66.1 67.1 67.9 

Gas (2007p/therm) 30.0 40.0 42.6 43.4 44.0 44.5 

       
Source(s): UK Economic Accounts and CE estimates. 
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3.4 Weather conditions 

The annual average temperature in the UK was considerably colder than was 

anticipated over the period. In each of the five years, temperatures were lower than 

anticipated.  The winters of 2009/10 and 2010/11 (mostly concentrated in 2010) were 

particularly cold, with temperatures far below the long-term mean. Figure 2.2 shows 

the long-term trends in temperatures in the UK from 1970 to 2011 (with an estimate 

for 2012 based on the available monthly data) compared to the projected temperature 

profile used to inform the first carbon budget period. We report the figures in terms of 

the deviation from the long-term mean over 1970-2000. 

Figure 3.4 shows that the expected temperatures forecast (to remain at 2006 levels) 

were not unreasonable assumptions as, from the late-1990s onwards, annual air 

temperatures were consistently above average.  With the cold weather in 2010, 

temperatures actually reverted back below the mean. In fact, 2008-12 was the coldest 

five-year period for twenty years (since 1987-1991). 

  

Figure 3.2: Annual Average EU ETS Allowance Price Assumptions 

Figure 3.3: The Impact of Revised Historical Data on Total CO2 Emissions 
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3.5 Impacts of nuclear outages 

Unplanned maintenance during the carbon-budget period led to lower operational 

nuclear capacity in 2008 (Q2-Q4) and 2010 (Q2 and Q3).  This lowered the 

contribution of nuclear power to the generation mix in those years. 

Figure 3.5 shows the outturn profile for electricity generated from nuclear power (the 

blue line).  Under the assumption that the aforementioned outages did not take place, 

the red line in that chart shows a possible alternative profile.  This smoothing has been 

calculated as simply a linear interpolation between the quarters immediately before 

and after each outage period. 

In 2008, the difference in generation is 9.1 TWh and in 2010 the difference is 8.3 

TWh.  Under the assumption that this nuclear generation would have displaced gas 

generation, in each year, emissions would have been around 1 MtCO2 lower, so 2 

MtCO2 over the carbon-budget period. We do not model this in the runs presented 

below. However, this could partly explain the difference between the two runs (in red) 

presented in Figure 2.3 in Chapter 2, which we attribute to the residual (a difference 

that is not explained by the model’s parameters).  

This would not have had an impact on the UK carbon budget but would have 

decreased net purchases of EU ETS allowances.  

  

Figure 3.4: Annual Average Deviation in Air Temperature from the Long-Term Mean 
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Figure 3.5: Alternative Profile for Nuclear Generation 
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4 Results  

4.1 Overview 

This chapter presents the results of the two scenarios: 

 the Outturn 

 the Counterfactual (which uses the same assumptions as those made when the first 

carbon budget was set) 

The next section compares the Outturn to the Counterfactual, in order to assess the 

difference in emissions resulting from alternative conditions. The subsequent sections 

then look at each of the conditions in turn, in order to decompose the performance into 

the individual contributions of: 

 economic activity 

 energy prices and the EU ETS allowance price 

 weather (air temperatures) 

The sum of these individual impacts comes very close to the final impact (it is not 

exact because the model is not linear, so that the impact of several effects taken 

together is not quite the same as the sum of each effect taken separately). 

4.2 Combined impact of conditions on the first carbon budget 

Overall, the outturn conditions meant that the first carbon budget was met more easily 

than would have otherwise been the case. Had the Counterfactual scenario conditions 

prevailed, we estimate that emissions (on a net carbon account basis) would have been 

18.1 MtCO2e higher over the period, but still within the budget (see Table 4.1).  

In the Outturn, the data suggest that the UK will be 83.4 MtCO2e within the first 

budget, with net sales, rather than purchases, of EU ETS allowances in the traded 

sector
9
 and non-traded emissions are, therefore, 83.4 MtCO2e below budget. 

In the Outturn, we expect the UK traded sector to have been a net seller of EU ETS 

allowances, exporting around 40.0 MtCO2e of allowances over the first carbon budget 

period. Under the Counterfactual scenario, domestic (territorial) emissions from the 

traded sector increase by 26.8 MtCO2e and net exports of EU ETS permits fall 

accordingly, to 13.2 MtCO2e. Note that the UK traded sector remains a net seller of 

EU ETS allowances in the Counterfactual.  

                                                      
9 Collectively, UK EU ETS participants outperform the cap, leading to an excess of allowances which they can sell 

overseas. 

Conditions 

contributed some 

20.8 MtCO2e to 

UK emissions 

reductions on a net 

carbon account 

basis 
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In the Counterfactual scenario, non-traded sector emissions are 18.1 MtCO2e higher, 

and fully reflected in the difference in the total net carbon account when comparing 

the Counterfactual to the Outturn
10

. 

A key feature to note in the Counterfactual projection, when examining total domestic 

emissions (ie territorial, rather than net carbon account) is that even though we are 

using the output and income assumptions from a time when there was no expectation 

of a severe downturn, the model results still show a noticeable fall in emissions in 

2009 (as captured by the residual). 

Figure 4.1 compares outturn emissions from the Outturn (the blue line) against the 

Counterfactual emissions (the red line).  The model results suggest relatively little 

overall difference in emissions over 2008-10, although this arises from the upward 

effects (economic activity) being largely offset by the downward effects (prices and 

temperature).  The differences are larger in 2011 and 2012. 

                                                      
10 On a net carbon account basis, the traded sector’s emissions always match the cap, with the difference between the 

territorial emissions recorded onsite and the cap either ‘imported’ or ‘exported’ through trade in emissions allowances. 

Table 4.1: UK Net Carbon Account in the Outturn and Counterfactual 

UK NET CARBON ACCOUNT IN THE OUTTURN AND COUNTERFACTUAL 

 

Outturn 2008 2009 2010 2011 2012 Total Budget 

CO2 traded 265.9 233.1 239.0 221.7 233.2 1193.0 1233.0 

EU ETS cap 246.6 246.6 246.6 246.6 246.6 1233.0 1233.0 

Net purchases 19.3 -13.5 -7.6 -24.9 -13.4 -40.0 - 

        

CO2 non-traded 263.7 246.0 257.3 235.3 231.5 1233.7 - 

Non-CO2 GHGs  96.7 93.6 93.9 92.1 91.7 467.9 - 

Total non-traded 360.3 339.6 351.2 327.5 323.1 1701.6 1785.0 

        

UK Net Carbon Account 606.9 586.2 597.8 574.1 569.7 2934.6 3018.0 

        

Counterfactual 2008 2009 2010 2011 2012 Total Budget 

CO2 traded 263.7 237.3 238.1 232.2 248.6 1219.8 1233.0 

EU ETS cap 246.6 246.6 246.6 246.6 246.6 1233.0 1233.0 

Net purchases 17.1 -9.3 -8.5 -14.4 2.0 -13.2 - 

        

CO2 non-traded 260.3 244.7 252.4 247.8 246.5 1251.7 - 

Non-CO2 GHGs  96.7 93.6 93.9 92.1 91.7 468.0 - 

Total non-traded 357.0 338.3 346.3 339.9 338.2 1719.7 1785.0 

        

UK Net Carbon Account 603.6 584.9 592.9 586.5 584.8 2952.7 3018.0 

 
Source(s): DECC and Cambridge Econometrics’ MDM-E3 model. 
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We examine the 2009 result in more detail in the following section, as we attribute the 

continued reduction in emissions in this year to a fall in energy demand more extreme 

than that implied by MDM-E3’s energy-demand equations, given the change in 

economic activity.  While we cannot be completely certain as to the effectiveness of 

policy, it seems reasonable to attribute relatively more of this decline to the impacts of 

conditions, rather than measures.  As such, there is some indication that the parameters 

in MDM-E3, which are estimated on historical data, have failed to capture some 

element of the behavioural response seen in the recession.  We discuss this further in 

the next section and also consider some of the sensitivities around this result in 

Chapter 5. 

Figure 4.1 Comparison of Outturn and Counterfactual CO2 Emissions 



Identifying the impact of economic and other conditions on UK GHG emissions during the first carbon budget period 

 18 

Figure 4.2 shows UK emissions in net carbon account terms in the Outturn (what 

actually happened) and the Counterfactual (the impact of previously-anticipated 

conditions, without a recession etc).  In this chart, the traded-sector emissions are the 

same throughout (with differences absorbed through net purchases of emissions 

allowances).  Only the red bar, the non-traded emissions differ across runs. 

 

Table 4.2 compares the outturn emissions by sector against the Counterfactual 

scenario.  Table 4.3 reports the difference in emissions between the two model runs: a 

positive value in this table indicates that emissions would have been higher for a 

sector, had conditions been as anticipated back in 2008.  Emissions by sector in both 

tables are reported on a Kyoto/territorial basis, with no allowance for trading of EU 

ETS allowances.  Each table also reports the split between traded and non-traded 

emissions (again, before accounting for trading of emissions allowances). 

As presented, the largest-emitting sectors in the table (accounting for almost 75% of 

UK CO2 emissions) are: 

 Power generation (which is a traded sector) 

 Road transport 

 Households 

Outturn emissions from Power generation fell sharply in the recession, from 180 

MtCO2 in 2008 to 157 MtCO2 in 2009. Emissions fluctuated somewhat over the 

remainder of the budget period, partly because of nuclear outages, with the profile 

showing evidence of sustained lower emissions compared to the period before the 

recession as a result of the lower economic activity in the downturn. 

The outturn data show a switch in the generation mix, away from gas and towards 

coal, leading to higher carbon intensity (and driving, in particular, the increase in 

emissions from this sector in 2012).  

The model results for the Counterfactual suggest that overall emissions from Power 

generation would have been lower than outturn in total over 2007-10 owing to lower 

Impacts of 

conditions by 

sector 

Power generation 

Figure 4.2: Performance Against the First Carbon Budget 
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electricity demand over this period.  The higher demand for electricity in the outturn is 

a result of the temperature effects which outweigh the economic effects: in the colder 

years of the outturn (2008 and 2010), which also coincide with the nuclear outages, 

emissions from the power sector were 9.6MtCO2 higher in the outturn.  In 2011 and 

2012, the economic activity effect dominates and emissions in the outturn are 11.9 

MtCO2 lower than the counterfactual scenario. 

Outturn emissions from Road transport were increasing slightly before the recession 

but declined throughout the budget period, particularly in 2008 and 2009, by 4.3% and 

3.5% respectively. 

Emissions from this sector are higher in the Counterfactual, by 1.5 MtCO2 in 2008, 

rising to around 9 MtCO2 by 2011 from the sustained economic growth that was 

originally anticipated. 

Outturn emissions from households fluctuated over the first carbon budget period as a 

result of the changes in temperature.  This is particularly evident in 2010, with the 

cold winters of 2009/10 and 2010/11 leading to a sharp rise in gas demand and an 

overall increase in residential emissions of 15.9% in that year. 

Had conditions been as originally anticipated, the model results suggest that emissions 

from Households would have been lower than outturn over 2007-10 as a consequence 

of milder winters. 

The other sector to see large changes in emissions between the Outturn and the 

Counterfactual is Energy-intensive industry (comprising Iron & Steel, Non-ferrous 

metals, Chemicals and Mineral products).  In terms of total emissions, this sector is 

much smaller than the three already mentioned but sees among the largest differences 

in emissions, had conditions been different.  Without a recession and with more stable 

fuel-price growth, emissions from Energy-intensive industry would have been around 

1.7 MtCO2 higher than was actually observed in 2008, with the difference rising to 7.5 

MtCO2 by 2012 (27% higher than outturn).  The cumulative difference over the first 

budget would have amounted to some 25.7 MtCO2 as result of the higher assumed 

manufacturing activity in the Counterfactual.  This has implications for net purchases, 

as most of these emissions fall under the EU ETS. 

Emissions from Other industry would also have been higher in every year of the 

budget period had conditions (principally economic activity) played out as expected, 

by 1-3 MtCO2 each year (8.3% higher than outturn by 2012). 

Impacts in other sectors are more modest, with emissions from Commerce (services) 

slightly lower in all years owing to somewhat lower heating requirements had winters 

been less severe. 

Traded-sector emissions in the Counterfactual are, overall, higher than in the Outturn 

over the period, with lower-than-Outturn emissions in 2008 and 2010 the result of 

milder winter temperatures lowering power-sector emissions. 

Emissions from the non-traded sector are more dependent on the weather effect: in 

Counterfactual years where temperatures are mild, the reduction in Household 

emissions outweighs the general upward trend in Road-transport emissions.  In other 

years, it is the impact of economic conditions on Road-transport that dominates. 

 

Road transport 

Households 

Energy-intensive 

industry 

Traded/non-traded 

sector split 
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Table 4.2: Comparison between Outturn and Counterfactual CO2 Emissions by Sector 

 

 COMPARISON BETWEEN OUTTURN AND COUNTERFACTUAL CO2 EMISSIONS BY SECTOR (MtCO2) 

  

Outturn 2007 2008 2009 2010 2011 2012 

Power generation 185.5 179.7 157.2 162.7 150.3 160.2 

Other primary 42.4 43.0 42.1 42.0 41.3 39.5 

Energy-intensive industry 38.3 36.6 28.5 28.1 28.1 27.3 

Other industry 48.4 47.0 40.4 41.2 38.9 36.4 

Road transport 120.5 115.2 111.2 109.8 108.4 107.8 

Other transport 11.3 10.7 10.0 9.7 9.6 9.2 

Households 78.4 80.2 74.9 86.8 66.6 70.4 

Commerce etc 24.2 24.5 22.1 22.9 20.5 20.6 

Total 549.0 536.9 486.4 503.3 463.8 471.5 

Of which: Traded sector  265.9 233.1 239.0 221.7 233.2 

                 Non-traded sector  263.7 246.0 257.3 235.3 231.5 

       

Counterfactual 2007 2008 2009 2010 2011 2012 

Power generation 183.5 175.9 155.9 156.9 155.2 167.3 

Other primary 42.4 43.0 42.3 42.2 42.2 40.6 

Energy-intensive industry 38.6 38.2 34.4 33.6 33.3 34.8 

Other industry 48.4 47.3 40.8 42.7 41.2 39.6 

Road transport 120.8 116.8 114.0 115.0 117.3 116.8 

Other transport 11.3 10.7 10.0 9.8 9.9 9.5 

Households 76.3 75.2 70.6 75.5 67.6 72.9 

Commerce etc 24.1 24.2 21.3 21.9 20.0 20.4 

Total 545.4 531.3 489.3 497.6 486.7 501.9 

Of which: Traded sector  263.7 237.3 238.1 232.2 248.6 

                 Non-traded sector  260.3 244.7 252.4 247.8 246.5 

  
Source(s): DECC and Cambridge Econometrics’ MDM-E3 model. 
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Table 4.3: Difference between Outturn and Counterfactual CO2 Emissions by Sector 

 

 

 

 

 

 DIFFERENCE BETWEEN OUTTURN AND COUNTERFACTUAL CO2 EMISSIONS  BY SECTOR (MtCO2) 

  

Difference 2007 2008 2009 2010 2011 2012 

Power generation -2.0 -3.8 -1.3 -5.8 4.8 7.1 

Other primary 0.0 0.1 0.1 0.2 0.8 1.1 

Energy-intensive industry 0.3 1.7 5.9 5.5 5.2 7.5 

Other industry 0.0 0.2 0.4 1.5 2.3 3.2 

Road transport 0.3 1.5 2.8 5.2 8.9 9.0 

Other transport 0.0 0.0 0.0 0.1 0.3 0.3 

Households -2.1 -5.0 -4.3 -11.4 1.0 2.5 

Commerce etc -0.1 -0.4 -0.8 -1.0 -0.6 -0.3 

Total -3.6 -5.6 2.9 -5.7 22.9 30.4 

Of which: Traded sector  -2.2 4.2 -0.9 10.5 15.4 

                 Non-traded sector  -3.4 -1.3 -4.8 12.4 15.1 

       

Source(s): DECC and Cambridge Econometrics’ MDM-E3 model. 
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4.3 Contribution of economic activity 

The difference between the Outturn and Counterfactual reflects the combined impact 

of economic activity; energy and EU ETS allowance prices; and weather conditions. 

Section 3.2 highlighted the substantial difference between the economic conditions 

projected when setting the first carbon budget and the outturn economic conditions 

that actually transpired. In this section we consider the impact of activity alone on the 

net carbon account.  

The results in Table 4.4 show the impact of the isolated change in economic 

(output/income) conditions on the net carbon account, with prices and temperatures 

unchanged from their outturn values.  

On a net carbon account basis, the impact of the downturn in economic activity in the 

first carbon-budget period amounts to a reduction of 52.4 MtCO2e.  

The results show that, had economic activity been as originally anticipated (but 

temperatures and energy prices followed outturn conditions), the UK would have been 

a net importer of emissions allowances, purchasing 17.8 MtCO2 compared to expected 

net sales of 40.0 MtCO2 in the Outturn.  The implication is that, on a 

domestic/territorial basis, emissions from EU ETS installations in the UK would have 

been 57.8 MtCO2 higher, necessitating net UK purchases, rather than sales, of 

allowances. 

Table 4.4: Impact of Alternative Economic Conditions on the UK Net Carbon Account 

IMPACT OF ALTERNATIVE ECONOMIC CONDITIONS ON THE  

UK NET CARBON ACCOUNT 

 

Outturn 2008 2009 2010 2011 2012 Total Budget 

CO2 traded 265.9 233.1 239.0 221.7 233.2 1193.0 1233.0 

EU ETS cap 246.6 246.6 246.6 246.6 246.6 1233.0 1233.0 

Net purchases 19.3 -13.5 -7.6 -24.9 -13.4 -40.0 - 

        

CO2 non-traded 263.7 246.0 257.3 235.3 231.5 1233.7 - 

Non-CO2 GHGs  96.7 93.6 93.9 92.1 91.7 467.9 - 

Total non-traded 360.3 339.6 351.2 327.5 323.1 1701.6 1785.0 

        

UK Net Carbon Account 606.9 586.2 597.8 574.1 569.7 2934.6 3018.0 

        

Economic Activity Only 2008 2009 2010 2011 2012 Total Budget 

CO2 traded 269.0 244.0 251.0 235.5 251.3 1250.8 1233.0 

EU ETS cap 246.6 246.6 246.6 246.6 246.6 1233.0 1233.0 

Net purchases 22.4 -2.6 4.4 -11.1 4.7 17.8 - 

        

CO2 non-traded 266.4 252.3 268.2 250.7 248.5 1286.0 - 

Non-CO2 GHGs  96.7 93.6 93.9 92.1 91.7 468.0 - 

Total non-traded 363.0 345.9 362.1 342.8 340.2 1754.0 1785.0 

        

UK Net Carbon Account 609.6 592.5 608.7 589.4 586.8 2987.0 3018.0 

 
Source(s): DECC and Cambridge Econometrics’ MDM-E3 model. 
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The modelling results indicate that emissions from the non-traded sector would have 

been 52.4 MtCO2e higher without the recession and this is the difference reflected in 

the final net carbon account from this particular run. 

As we noted in the previous section, one feature of the projections is that, while the 

assumptions in the Counterfactual do not incorporate a recession, MDM-E3 still 

appears to show something of a downturn in emissions in 2009 (see Figure 4.3). 

Figure 4.3 shows outturn total CO2 emissions as a solid blue line and the final 

Counterfactual, comprising all three sets of alternative conditions, in red.  The blue 

dotted line at the top of the chart shows the impact on emissions of activity only. 

As we would expect, higher activity in a run ‘without’ the recession leads to higher 

emissions compared to the outturn with a recession.  However, there remains a clear 

fall in emissions in 2009 in the ‘Activity only’ run: the model does not fully explain 

the observed fall in energy use and there is an unexplained ‘residual’ embedded in the 

Outturn. Put another way, had we started with the original projections developed in 

2008 and worked forwards to incorporate the outturn assumptions, there would still be 

some gap between the model results and the outturn emissions, as we discuss in 

Chapter 2. 

The implication is that the energy and emissions impacts of the recession were larger 

than those captured in the model’s behavioural responses, which are estimated using 

historical data over the period 1970-2011. 

In terms of accounting for this difference, some could conceivably be attributed to 

policy.  However, the scale of the impact is such that relatively more is surely a result 

of an activity response in the recession that is greater than historical experience 

suggests.  From the point of view of the model, both are embodied in the unexplained 

difference but, intuitively, we would think that more of that difference (although we 

cannot say precisely how much) is a result of conditions, rather than measures. 

Figure 4.3: Impact of Activity on UK CO2 Emissions 
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4.4 Contribution of energy and carbon prices 

Although fossil fuel prices were more volatile than anticipated, on average they were 

similar to those anticipated when the first carbon budget was set. Only the EU ETS 

allowance price, which crashed completely during the second phase of the EU ETS, 

was very different. Coal prices were higher than anticipated across the period but coal 

is a relatively small component of primary energy demand (compared to gas or oil). 

Gas prices were slightly lower in 2009 and 2010, while oil prices were at first lower 

and then higher than anticipated. As a result, the impact on energy demand and 

emissions was quite limited (see Table 4.5).  This is particularly so because the final 

impact of these assumptions on retail prices is diluted by the addition of components 

such as taxes. 

4.5 Contribution of weather (air temperature) 

As discussed in Chapter 3, average air temperatures were substantially colder than 

anticipated at the time the first carbon budget was set. In fact, 2008-12 was the coldest 

five-year period since 1987-1991.  

The impact of this cold weather was to increase energy demand for heating, with 

consequent increases in carbon emissions. Had the weather been milder (as was 

expected in the Counterfactual), emissions on the net carbon account measure would 

have been some 27.7 MtCO2e lower than they were (see Table 4.6). This reflects the 

change in carbon emissions arising from the non-traded sector (principally from lower 

heating requirements in the residential sector). 

The results also show that the traded sector would have exported 23.5 MtCO2 more 

EU ETS allowances over the period, had it been warmer in the UK.  This arises 

principally from the power sector, as some heating is electric. 

The modelling only accounts for the direct impact of air temperature on energy 

demand. This assessment does not include, for example, the potential impact of other 

extreme weather conditions such as snow and flooding on road transport. 

  

Table 4.5: The Impact of Alternative Energy Prices on the UK Net Carbon Account 

THE IMPACT OF ALTERNATIVE ENERGY PRICES ON THE  

UK NET CARBON ACCOUNT 

 

 2008 2009 2010 2011 2012 Total Budget 

Outturn 606.9 586.2 597.8 574.1 569.7 2934.6 3018.0 

Energy prices only 606.4 583.7 595.6 573.6 569.1 2928.5 3018.0 

 
Source(s): DECC and Cambridge Econometrics’ own estimates using MDM-E3. 
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Table 4.6: The Impact of Alternative Weather Conditions on the UK Net Carbon Account 

THE IMPACT OF ALTERNATIVE ECONOMIC CONDITIONS ON THE  

UK NET CARBON ACCOUNT 

 

Outturn 2008 2009 2010 2011 2012 Total Budget 

CO2 traded 265.9 233.1 239.0 221.7 233.2 1193.0 265.9 

EU ETS cap 246.6 246.6 246.6 246.6 246.6 1233.0 1233.0 

Net purchases 19.3 -13.5 -7.6 -24.9 -13.4 -40.0 - 

        

CO2 non-traded 263.7 246.0 257.3 235.3 231.5 1233.7 - 

Non-CO2 GHGs  96.7 93.6 93.9 92.1 91.7 467.9 - 

Total non-traded 360.3 339.6 351.2 327.5 323.1 1701.6 1785.0 

        

UK Net Carbon Account 606.9 586.2 597.8 574.1 569.7 2934.6 3018.0 

        

Temperature Only 2008 2009 2010 2011 2012 Total Budget 

CO2 traded 261.0 228.4 228.3 219.7 232.1 1169.5 1233.0 

EU ETS cap 246.6 246.6 246.6 246.6 246.6 1233.0 1233.0 

Net purchases 14.4 -18.2 -18.3 -26.9 -14.5 -63.5 - 

        

CO2 non-traded 258.1 240.9 243.9 233.0 230.1 1206.0 - 

Non-CO2 GHGs  96.7 93.6 93.9 92.1 91.7 467.9 - 

Total non-traded 354.7 334.5 337.8 325.1 321.7 1673.9 1785.0 

        

UK Net Carbon Account 601.3 581.1 584.4 571.7 568.3 2906.9 3018.0 

 
Source(s): DECC and Cambridge Econometrics’ MDM-E3 model. 
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5 Robustness analysis 

5.1 Overview 

The results from the previous chapter represent our model-based estimate of the 

impact of conditions on UK performance against the first carbon budget.  These 

results suggest that the net impact of the conditions contributed some 18.1 MtCO2e to 

UK emissions reductions on a net carbon account basis.  In both the Outturn and 

Counterfactual, the UK was within the legislated budget (including the breakdown by 

traded and non-traded sector). 

In this chapter we report a robustness analysis, to gain some insight into the validity of 

the above result. Specifically we undertake an assessment of the extent to which the 

behavioural responses in the model are sensitive to the estimation period 

5.2 Sensitivity to the estimation period 

MDM-E3 is an econometric model, in which the behavioural responses of energy 

demand to output or income, say, are estimated using past data. 

The underlying assumption for projection and scenario analysis is that past historical 

experience is a good guide, on average, to how agents behave. 

The parameters in the main analysis of the previous chapter are estimated using data 

for 1970-2011, i.e. using all the available UK data.  However, these data include the 

period covered by the carbon budget and the data (and, by extension) the model 

equations may thus incorporate some combination of: 

 irregular behavioural responses in the recession not previously observed in the 

historical data 

 the impact of policy during the carbon budget period 

The aim of this particularly piece of robustness analysis is to see whether excluding 

the data for the period 2008-12 affects the behavioural responses substantially
11

.  In 

turn, we re-run the scenarios from the previous chapter, to see what effect this might 

have on our assessment of UK carbon-budget performance. 

We thus seek to answer the following two inter-related questions: 

 Did the conditions lead to a change in the responses of economic agents to those 

conditions? In other words, was there something specific to that period (2008-11) 

which meant that agents either under, or over, reacted to the conditions, compared 

to how they had reacted in the past.  

 If so, does this change in response affect the scale and magnitude of the results 

presented in the previous chapter? Or, plainly, are the results robust? 

                                                      
11 This also replicates, broadly, the parameters embedded in the model in 2008, when the original ex ante carbon-

budget analysis was undertaken. 
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Table 5.1 compares the parameter results for economic activity, energy prices (which 

include the carbon price) and air temperature using two different sample periods for 

the data: 

 1970-2011: the full dataset and that used in the main analysis in Chapter 4 

 1970-2007: the period before both the carbon-budget period, to exclude the 

conditions themselves, as well as the (contemporaneous) impact of measures 

In MDM-E3 we use empirical data to form the behavioural parameters of the model.  

We do this by estimating a dependent variable against a set of explanatory variables.  

However, the model must also have economically plausible properties for economic 

simulation.  For example, we want to avoid a result which meant that as a result of an 

increase in output, energy demand decreased. This could come about if there was an 

Table 5.1: Comparison of Equation Parameters 

COMPARISON OF EQUATION PARAMETERS 

 

 Sample: 1970-2011 Sample: 1970-2007 

 Activity Air temp. Prices Activity Air temp. Prices 

Industry       

Iron & steel 1.00 - 0.00 1.00 - 0.00 

Non-ferrous metals 0.05 - -0.16 0.05 - -0.19 

Mineral products 0.40 - 0.00 0.90 - 0.00 

Chemicals 0.55 - -0.11 0.05 - -0.09 

Mechanical engineering 0.45 - 0.00 0.50 - 0.00 

Electrical engineering 0.60 - 0.00 1.00 - 0.00 

Vehicles 0.58 - -0.04 0.59 - -0.02 

Food, drink & tobacco 0.39 - -0.21 1.00 - -0.25 

Tex., cloth. & leath. 0.05 - -0.42 0.06 - -0.51 

Paper, print. & pub. 1.00 - -0.27 1.00 - -0.27 

Other industries 1.00 - -0.09 1.00 - -0.09 

Construction 0.05 - -0.20 0.05 - -0.18 

       

Transport       

Air 0.18 - -0.04 0.05 - 0.00 

Rail 0.07 - -0.23 0.14 - -0.21 

       

Other final users       

Domestic 1.00 -0.17 -0.36 1.00 -0.13 -0.11 

Public administration 0.05 0.00 -0.21 1.00 0.00 -0.20 

Commercial 0.05 -0.06 -0.30 0.05 -0.06 -0.12 

Agriculture 0.05 0.00 -0.28 0.05 0.00 -0.35 

Miscellaneous 0.73 -0.38 -0.46 0.05 -0.32 -0.35 

 
Note(s):  In MDM-E3 Road Transport energy demand is solved using an integrated sub-model of vehicle demand and 

the vehicle stock. 
 Energy demand arising for Power Generation, Other Transformation and the Energy Industries Own Use of 

energy are all solved in a separate sub-model and are not based on econometric equations. 

 Water transport and Unclassified are also not solved using econometric equations because of data 
insufficiency. 

 Parameters are the long-term elasticities from the aggregate energy demand equations. 

 
Source(s): MDM-E3, Cambridge Econometrics. 
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important influence for a given sector which is omitted from the equation.  Obviously, 

it would be preferable to re-specify the equation to capture the omitted influence 

explicitly, but this is not always possible and the model is always to some extent work 

in progress.  To prevent implausible parameter estimates we put upper and lower 

parameter bounds (restrictions) on some of the long term parameter equations. We 

then follow a procedure to apply those restrictions if necessary. The process is as 

follows: 

1 we freely estimate the equation without parameters and store a measure of the 

‘relative goodness of fit’ of the equation (in this case we use the Akaike 

Information Criterion [AIC]) 

2 if any of the long-term parameters are outside the long-term bounds 

(restrictions) then we restrict it to the upper (or lower) limit and estimate 

again, storing the AIC 

3 we also try restricting every parameter individually (even if it is within the 

parameter bounds) to ensure that it does add something to the overall fit of the 

equations (this is similar to dropping insignificant variables); again storing the 

AIC 

After this, every possible combination for each individual parameter (either restricted 

or freely estimated and within the bounds) can be compared on the basis of the stored 

AIC value and the best fitting equation that also has parameters within bounds, is 

selected. 

For the energy demand equations, the upper bound on the long-run parameter for 

activity is one (since for nearly all sectors it falls between zero and one) A higher 

value than one would imply that energy intensity (energy use per unit of activity) 

would increase with higher output, which seems unlikely in the UK and particularly in 

cases where economies of scale are important. 

The key conclusion from the table is that the parameters do not change by much 

whether 2008-11 is included or not. The inclusion of the recessionary period means 

that: 

 energy users become less responsive to output/income: although energy demand 

fell sharply in the recession, over the 2008-11 period, the energy demand was less 

volatile than economic growth for many of the sectors, compared to the trends over 

1970-2007.  The somewhat weaker link between output and energy demand 

manifests as lower elasticities on economic activity 

 some energy users become more responsive to price, with notable increases in the 

domestic (residential) and commercial responses 

 moreover, given the relatively small impact of wholesale-energy and carbon 

prices on final prices, we would still not expect a substantially different 

response of emissions to prices 

 energy users become more responsive to temperature: households, in particular, 

responded even more sharply than previously anticipated to the changes in 

temperature 
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The scenarios in the previous chapter were then re-run using the parameters from the 

1970-2007 analysis.  Since the parameters were quite similar, there is little impact on 

the final results (see Figure 5.1 and Figure 5.2). 

 

Figure 5.1: The contribution of conditions to UK CO2 emissions (equations estimated 

over 1970-2011) 

(EQUATIONS ESTIMATED OVER 1970-2011) 

Figure 5.2: The contribution of conditions to UK CO2 emissions (equations estimated 

over 1970-2007) 
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Reflecting the similarity of the results at the aggregate level, the sector-level impacts 

are not much different to those in the main analysis reported in Section 4.2.  By virtue 

of being relatively larger emitters, the biggest (but still slight) differences are in Power 

generation, Households and, to a lesser extent, Energy-intensive industry. 

Emissions from Power Generation (the largest single emitter defined in MDM-E3) are 

not directly affected by re-estimation of the equation parameters but through 

electricity demand from final users. The increase in Power Generation emissions for 

the 1970-2007 parameters run compared to the 1970-2011 parameters run are higher.  

Final users’ sensitivity to air temperature is not much different without the 2008-11 

data, although there is more pronounced volatility in the response from households as 

a result of the revised parameters. The price changes in the Counterfactual are small, 

leading to relatively small impacts from this set of conditions, even if these 

coefficients had changed markedly. 

The re-estimated equations suggest that Energy-intensive industry (specifically, non-

metallic mineral products) was more responsive to activity pre-recession, leading to 

higher emissions than outturn in the robustness analysis compared to the main results, 

by around 1 MtCO2 each year. 

Overall, the headline implications for the carbon budget are unchanged from this 

element of the robustness analysis. 

5.3 ‘Removing’ the unexplained fall in energy demand 

In this section, we present an alternative set of runs to see how UK performance 

against the carbon budget might have been different if we are willing to assume that 

the downturn is indeed a result of a one-off and extreme fall in energy demand.  This 

actual fall was larger than the fall predicted by the model (and, by extension, larger 

than the associated falls seen in the history). 

In Chapter 4, we highlighted an apparent peculiarity in the model results: despite using 

assumptions for economic activity that excluded the recession that actually took place, 

the MDM-E3 results still suggest something of a downturn in emissions (repeated in 

Figure 5.3).  We attribute the continued presence of this downturn in the results to 

effects of economic activity that are not accounted for in the model.  This seems a 

reasonable conclusion to draw on the basis that the impact of prices was generally 

small while the cold weather over the budget period was in 2010, rather than 2009 (the 

year in which the recession is most evident in the outturn). 

The implication is that there is still an ‘unexplained’ component to the change in 

emissions between the Outturn and Counterfactual runs and that energy demand in 

2009 fell more than the model’s behavioural responses expected, given the change in 

activity.  There are two candidate (but not mutually-exclusive) explanations of the 

difference: 

 the impact of policy explains the difference 

 the outturn represents something irregular or ‘non-normal’ about behaviour during 

the carbon-budget period 

Small impacts at 

the aggregate level 

reflect small 

impacts at the 

sector level 

In aggregate, 

higher activity 

responses lead to 

larger differences 

in emissions but 

the overall impacts 

are small 
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Of the above, it is the second effect that likely dominates (policy would have to 

account for an implausibly large reduction in emissions), although a precise attribution 

of the effect to each outside the scope of this project.  This larger-than-expected effect 

from conditions could arise from, inter alia: 

 plant closure/mothballing, as in the case of the Corus plant on Teesside 

 arguably, the least-efficient/most energy-intensive may have been closed first 

owing to their relatively-higher running costs  

 cost-cutting measures by firms and households as a response to greater uncertainty 

about the future 

Moreover, it is possible that there is some interaction between the two (policy made 

more/less effective by prevailing conditions), although it is not possible to fully 

disentangle these effects. 

Figure 5.3: Impact of Activity on UK CO2 Emissions 
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Table 5.2 shows the Outturn projection alongside ‘2009-adjusted (adj.)’ variants of the 

‘Activity only’ and complete Counterfactual, which include an adjustment to smooth 

out the downturn in 2009.  This adjustment is made to the residuals on energy demand 

in the model.  These residuals are calculated as the ratio between the model’s 

projections of energy demand, and the figures in the outturn data.  The residuals in 

2009 indicate that the model over-predicted energy demand in that year compared to 

the outturn and the adjustment has been calculated as the mean of the residuals in 

2008 and 2010, thus smoothing out the profile. 

Table 5.2: Impact of ‘Removing’ the Recession on the UK Net Carbon Account 

IMPACT OF ‘REMOVING’ THE RECESSION ON THE UK NET CARBON 

ACCOUNT 

 

Outturn 2008 2009 2010 2011 2012 Total Budget 

CO2 traded 265.9 233.1 239.0 221.7 233.2 1193.0 1233.0 

EU ETS cap 246.6 246.6 246.6 246.6 246.6 1233.0 1233.0 

Net purchases 19.3 -13.5 -7.6 -24.9 -13.4 -40.0 - 

        

CO2 non-traded 263.7 246.0 257.3 235.3 231.5 1233.7 - 

Non-CO2 GHGs  96.7 93.6 93.9 92.1 91.7 467.9 - 

Total non-traded 360.3 339.6 351.2 327.5 323.1 1701.6 1785.0 

        

UK Net Carbon Account 606.9 586.2 597.8 574.1 569.7 2934.6 3018.0 

        

        

Counterfactual (adj.) 2008 2009 2010 2011 2012 Total Budget 

CO2 traded 263.7 253.8 252.1 243.4 258.2 1271.3 1233.0 

EU ETS cap 246.6 246.6 246.6 246.6 246.6 1233.0 1233.0 

Net purchases 17.1 7.2 5.5 -3.2 11.6 38.3 - 

        

CO2 non-traded 260.3 256.3 259.3 252.3 250.1 1278.3 - 

Non-CO2 GHGs  96.7 93.6 93.9 92.1 91.7 468.0 - 

Total non-traded 357.0 349.8 353.2 344.5 341.8 1746.3 1785.0 

        

UK Net Carbon Account 603.6 596.4 599.8 591.1 588.4 2979.3 3018.0 

        

Economic Activity Only 

(adj) 2008 2009 2010 2011 2012 Total Budget 

CO2 traded 269.0 261.0 265.6 246.9 261.0 1303.4 1233.0 

EU ETS cap 246.6 246.6 246.6 246.6 246.6 1233.0 1233.0 

Net purchases 22.4 14.4 19.0 0.3 14.4 70.4 - 

        

CO2 non-traded 266.4 264.2 275.6 255.3 252.2 1313.7 - 

Non-CO2 GHGs  96.7 93.6 93.9 92.1 91.7 467.9 - 

Total non-traded 363.0 357.8 369.5 347.4 343.8 1781.7 1785.0 

        

UK Net Carbon Account 609.6 604.4 616.1 594.0 590.4 3014.7 3018.0 

 
Source(s): DECC and Cambridge Econometrics’ MDM-E3 model. 
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It is important to note that some of this adjustment still likely includes policy so it is 

not right to say that these results definitively isolate the effect of conditions.  

However, if we are willing to assume that the majority of the difference is indeed a 

result of conditions, rather than measures, then we are able to get some indication as to 

the implications for the first carbon budget. 

Table 5.2 suggests that, without the recession in 2009 (the bottom third of the table, 

isolating the activity effect), emissions from the non-traded sector would have been 

close to the limit set by the first carbon budget (1,781.7 MtCO2e over 2008-12, 

compared to the legislated limit of 1,785 MtCO2e); the UK would have modestly 

outperformed the budget, by less than 5 MtCO2e. However, the traded sector would 

have switched from being a net seller of EU ETS allowances (net sales of 40 MtCO2 

in the Outturn) to a net purchaser (net purchases of more than 70 MtCO2; a difference 

of 110 MtCO2). 

When considering the overall impact of the conditions (the middle third of the table, 

which also includes the effects of alternative prices and weather), we see that the 

Counterfactual, with the recession ‘accounted for’ in some sense, still suggests that the 

UK would have met the first carbon budget, with emissions on a net carbon account 

basis almost 45 MtCO2e higher than the outturn, arising from higher emissions in the 

non-traded sector.  In this Counterfactual, the traded sector would again have become 

a net purchaser of EU ETS emissions allowances, of 38.3 MtCO2 over the budget 

period (compared to estimated net sales of 40.0 MtCO2 in the Outturn). This version 

of the Counterfactual suggests UK net carbon account emissions for the budget period 

of 2,979.3 MtCO2e; continued outperformance of the budget, by 38.7 MtCO2e. 

This compares to our main estimate of the contribution of conditions of 18.1 MtCO2e 

from Chapter 4. 

  

Figure 5.4: Impact of Activity on UK CO2 Emissions removing ‘recession’ 
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6 Concluding remarks 

This report identifies the impact of three key conditions to the UK’s performance 

against the first carbon budget.  We define these conditions as external factors beyond 

the knowledge or control of policy-makers in order to explain the extent to which 

policy can be credited for UK emissions reductions and, looking ahead, whether this 

might warrant adjustments to future carbon budgets. 

Having applied the MDM-E3 model to assess the impact of these conditions, we use 

the results to carry out a decomposition of the difference between: 

 the original Ref1b projection, representing expected UK CO2 emissions for the 

carbon-budget period, developed back in 2008 

 the outturn emissions for the first budget period 

The conditions we identify and then model over 2008-12 are those anticipated back in 

2008, when the CCC made its recommendations on the level of the first carbon 

budget.  We then compared the outcomes to outturn data, in order to gauge the impact 

of: 

 economic activity 

 UK GDP was some 13% lower by 2012 than anticipated when the first carbon 

budget was set, with an even larger fall in manufacturing GVA 

 energy prices and the EU ETS allowance price 

 fossil-fuel prices were much more volatile than DECC had assumed in early 

2008 although the average prices were not substantially different  

 the European carbon market crashed in the recession, with allowance prices 

falling to around €7/tCO2 at the end of 2012, compared to the original 

expectation of €41/tCO2 that year. 

 weather 

 air temperatures in the UK were far below those anticipated (and, indeed, the 

trend in the previous ten years); in fact, the period covered by the first budget 

was the coldest in 20 years 

The current data (incorporated into the Outturn) suggest that UK GHG emissions on a 

Net Carbon Account basis came to 2,934.6 MtCO2e in the first five-year budget 

period ie an outperformance of the first budget by 83.4 MtCO2e.  This is (by 

definition) equal to the outperformance by the non-traded sector.  The traded sector 

was likely a net seller of emissions allowances (by 40 MtCO2). 

The results from the Counterfactual run suggest that, had conditions played out as 

originally anticipated (ie when the first budget was set), the UK would still have 

outperformed the budget.  In the Counterfactual, Net Carbon Account emissions over 

2008-12 are projected at 2,952.7 MtCO2e; an outperformance of 65.3 MtCO2e, 

compared to 83.4 MtCO2e in the Outturn. The UK would have remained a net seller 

of EU ETS emissions allowances, although by a smaller amount than in the Outturn: 

net sales of 13.2 MtCO2 compared to 40 MtCO2. 

The key driver of the difference between the Outturn and Counterfactual emissions is 

the downturn in economic activity, which was partially offset by the fall in prices and 

the colder weather (both of which, in isolation, would have raised emissions compared 

to the outturn).   

This report applies 

MDM-E3 to 

decompose 

expected and 

outturn UK CO2 

emissions 

The impact of 

conditions 
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The model results in the Counterfactual do not entirely explain the difference between 

the observed Outturn and our original projection from 2008.  We identify several 

reasons for this difference with one factor being an apparent under-response to the 

2009 downturn in the model’s equations compared to that actually observed. Under 

the assumption that the unexplained difference in 2009 is indeed due to conditions (we 

certainly consider the difference too large to be adequately explained by policy), the 

UK still outperforms the first carbon budget, by 38.7 MtCO2e.  However, under these 

circumstances, the UK would have been a net purchaser of emissions allowances, 

rather than a seller.  Net purchases would have come to 38.3 MtCO2. 

The analysis in MDM-E3 suggests that the above conditions, net, contributed to UK 

performance against the first carbon budget, by 18.1 MtCO2e on a net carbon account 

basis. In the analysis we have decomposed this effect and the overall outcome arises 

from the higher emissions brought about by the colder weather being more than offset 

by the fall in economic activity leading to lower output and energy demand.  The 

impact of prices was to raise emissions slightly, but this effect is smaller than those 

arising from the economic activity and temperature conditions (see Table 6.1).  

The robustness analysis shows that including the recession period in the estimation 

period of the model’s parameters had little impact on the results. Interestingly, it 

showed that most energy users had become more responsive to energy prices and 

temperatures, and less responsive to economic activity. 

We interpret these differences in the parameters in light of the greater volatility in 

economic output compared to energy demand: output explains relatively less of the 

change in energy demand (in statistical terms) as a result.  However, the energy-price 

volatility over the period serves to highlight energy users’ responsiveness to changing 

prices (although the final impact on emissions is still small in both sets of robustness 

runs). 

The extremely cold weather conditions of 2010 means that a stronger relationship 

between energy demand and temperature is identified.  

This result reflects the inability of MDM-E3 (or, indeed, any model) to fully capture 

the real world.  In the case of MDM-E3, the interpretation is that the response of 

energy demand to economic activity in the recession was more extreme that historical 

experience might suggest.  Further analysis to (crudely) smooth out this effect 

suggests that the UK would still have met its carbon budget with: 

 the traded sector becoming a net purchaser of EU ETS allowances 

 the non-traded sector seeing much higher emissions 

The analysis suggests that, for the conditions considered, the UK would have met the 

first carbon budget.  Part of this is absorbed by the traded sector through additional net 

purchases of EU ETS allowances but the main results suggest that the UK would still 

have been a net seller of allowances.  Future carbon budgets specify a decreasing 

share of the traded sector in the total so the ability of the UK traded sector to absorb 

overall UK emissions reductions in this manner will diminish over time. 

The analysis suggests that the non-traded sector stays within its budget in all cases 

although, overall, emissions from this sector would have been higher had the 

conditions expected actually transpired. 

The results suggest that the UK would have met the first carbon budget under the 

conditions expected at the time. The results also draw attention to the fact that such 
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conditions, which we defined from the outset as those factors beyond the control or 

knowledge of decision-makers, are subject to great uncertainty and have impacts on 

UK emissions. 

The decomposition analysis in Chapter 2 shows the relative contribution of: 

 changes to the historical data (the data on the ‘past’ available at the time were 

either estimated or revised) and the impact of changes to the MDM-E3 model 

 the impact of conditions, drawing on the modelling work described in this report 

 the remainder, which is in some sense unexplained by the analysis carried out but 

which we argue is predominantly conditions, rather than policy, related (although 

some of that remainder should include policy effects) 

The above contribute to a marked difference between what was expected back in 2008 

and what actually took place and all of the above actually lead to a downward shift in 

emissions in the analysis, of which it seems likely that measures played a small part.  

The implication is that had all these effects been known when the first budget was set, 

a lower budget could have been set that placed more emphasis on measures to deliver 

more substantive emissions reductions over the period. 

Table 6.1: Impacts of Conditions on the UK Net Carbon Account 

IMPACTS OF CONDITIONS ON THE UK NET CARBON ACCOUNT 

 

 
Outturn Counterfactual Budget 

Individual conditions 

 Activity  Prices  Weather  

CO2 traded 1193.0 1219.8 1233.0 1250.8 1186.2 1169.5 

EU ETS cap 1233.0 1233.0 1233.0 1233.0 1233.0 1233.0 

Net purchases -40.0 -13.2 - 17.8 -46.8 -63.5 

       

CO2 non-traded 1233.7 1254.4 - 1286.0 1227.6 1206.0 

Non-CO2 GHGs  467.9 468.0 - 468.0 467.9 467.9 

Total non-traded 1701.6 1719.7 1785.0 1754.0 1695.5 1673.9 

       

UK Net Carbon 

Account 

2934.6 2952.7 3018.0 2987.0 2928.5 2906.9 

       

Relative to Budget -83.4 -65.3 - -31.0 -89.5 -111.1 

Relative to Outturn - +18.1 - +52.4 -6.1 -27.7 
 

Note(s): The contribution of the individual conditions sums approximately to the final impact in the Counterfactual – 

the interaction effects in the model for this particular set of inputs is small, permitting aggregation. 
Source(s): DECC, Cambridge Econometrics’ MDM-E3 model. 
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