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Key Points 

 
• Greenhouse gas emissions respond to fluctuations in GDP.  The relationship is somewhat weaker for rich 

countries but there is little evidence of it disappearing at high per capita income levels (when allowance 

is made for other determinants of emissions). 

• Many other factors also influence emissions, so there is plenty of scope for policy-makers to change 

trends in national emissions, even with GDP rising. 

• There are several channels through which economic downturns are likely to affect emissions.  Falls in 

income will tend to reduce emissions.  The initial impact is likely to be larger when the falls are 

unexpected and reflect adverse shocks to aggregate demand, because in those circumstances more 

carbon-intensive sectors will be particularly hard hit.  But economic downturns also slow investment in 

more energy-efficient plant, equipment and buildings and in R&D, offsetting the direct income effect 

somewhat.  And  a fall in demand for electricity is likely to lead to a change in the mix of fuels used in its 

generation. 

• If a downturn reduces real relative energy prices, which is more likely when the source of the downturn 

is a global adverse demand shock, there is likely to be an offset from a ‘price rebound’ effect, although 

that is likely to take some time to work through. 

• The recent downturn was unusual in its suddenness, severity and global reach.  The accompanying 

financial crisis meant that investment was particularly hard hit.  Real relative energy prices, which had 

been rising rapidly until summer 2008, reversed sharply.  Although growth rates in the near term may 

for a while exceed their long-run trends as slack in economies is taken up, the global slowdown is likely 

to have a significant permanent effect on GDP, lowering the level of future trajectories of output.  That 

is all the more likely because the slowdown was accompanied by severe disruption of financial systems. 

• A back-of-the-envelope calculation suggests that lower paths for GDP due to the global downturn could 

lower emissions trajectories directly by 5-9% in the long run, but with considerable variation across 

countries, reflecting the differing severity of the downturn.  That impact may be offset by a ‘price 

rebound’ effect.  The likely size of the latter is very uncertain, but it might reduce the long-run impact of 

the global slowdown on long-run emissions levels by around 4 percentage points. 

• Many analyses of the prospects for greenhouse gas emissions in the long run incorrectly assume that 

business cycles must have purely transitory effects on emissions levels.  But in practice, some (though 

by no means all) the emissions projections used by policy-makers have been revised to take into 

account impacts from the global slowdown.  However, it is not clear that they have fully allowed for the 

likely long-run impact of the slowdown on levels of GDP.  And ‘price rebound’ effects are rarely 

discussed.  Other factors, such as new climate change policies and revised projections for the long-run 

growth potential of emerging-market economies, have also contributed to revisions in  projections. 
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Executive Summary 

 
Given the key role of fossil fuel use in industrial development globally and of land use changes in many 

developing countries, it is not surprising that there is a strong correlation between GDP and emissions across 

nations.  This correlation suggests that recessions will reduce emissions significantly.  But cross-sectional 

analysis can be misleading.  In assessing the possible implications of the global slowdown in GDP growth for 

greenhouse gas emissions, it is necessary to consider how emissions respond over time to changes in 

incomes, in the long run and the short.  The implications of a fall in income in the short run for the future 

trajectory of output also need to be taken into account when emissions projections over the medium to 

longer term are being considered.  And other factors are potentially important too, including in particular, 

energy prices, investment and the pace of technical progress.  This report considers what can be learnt from 

past studies of the determinants of greenhouse gas emissions and energy demand and, in the light of this, 

offers an assessment of the likely impact of the current global downturn on emission trajectories.  This 

assessment is compared with the revisions in projections made recently by a range of official agencies 

around the world. 

 

It appears that there is a positive relationship between income per head and emissions per head, all other 

factors held constant, but with wide variations across countries.  The relationship is weaker for high-income 

countries.  These studies have a number of implications for the impact of the current slowdown on 

greenhouse gas emissions.  First, a given percentage fall in income per head is likely to reduce energy-

related emissions more in poorer countries than richer ones.  But, second, there is a danger of 

underestimating the strength of the relationship in rich countries if modelling does not take into account 

other factors, in particular the choice of energy technologies.  Third, as a corollary, there are many actions 

that policy-makers can take to adjust those other factors and hence to change trends in emissions, 

notwithstanding the key role of income growth.  Fourth, long-run and short-run relationships differ.  

However, there is a shortage of structural econometric models of emissions, which makes formal short-run 

forecasting difficult.   

 

Given the importance of energy-related greenhouse gas emissions, studies of energy demand are a useful 

supplement in linking emissions to economic factors.  Most estimates suggest that energy demand varies 

less than one for one with output, especially in the short run.  Also, energy demand and hence emissions 

are sensitive to the relative price of energy, with some scope in the longer run to substitute labour for 

capital and energy in general.  In the shorter run, it is possible to switch fuel type in some energy uses in 

response to changes in relative fuel prices and in the level of energy demand relative to the size of the 

energy-using capital stock.  Hence business cycles can change the emissions intensity of energy use.  

Energy demand appears to show an asymmetrical response to price increases and price decreases in the 

long run, with the former probably more likely to trigger a reduction in the energy intensiveness of 

techniques embodied in the capital stock.   
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Recessions tend to be associated with a fall in the share of investment in aggregate demand.  A slowdown in 

investment is likely to reduce the pace at which the capital stock in industry is modernised.  As older capital 

tends to be more energy-intensive, that will tend to reduce the rate of improvement of energy efficiency and 

offset in part the decline in emissions growth brought about by slower income growth.  Falls in energy prices 

relative to other inputs to production are likely to have a similar effect on the pace of energy- and carbon-

saving technical change. 

 

But there is an important factor acting in the opposite direction, amplifying the likely reductions in emissions 

over the medium to long term:  empirical studies suggest that shocks to GDP tend to have long-term effects 

on the level of GDP and so, by extension, on the level of greenhouse gas emissions.  Financial crises are 

associated with particularly severe and long-lasting impacts on output.  In the short run, the impact of a 

downturn on energy demand is likely to be larger still when the shock pushes aggregate demand well below 

supply potential.  Cyclical shocks of this sort are likely to affect manufacturing industry in general and capital 

goods industries in particular to a greater extent than the economy as a whole, as stocks are run down and 

capital investment postponed.  These industries tend to be more energy intensive than service industries. 

 

At the current economic conjuncture, the most important factors affecting emissions are the probably 

permanent lowering of the path of global output and, in the short run, the impact of an unexpected 

slowdown on stock-building, the output of energy-intensive capital-goods industries and the composition of 

primary energy sources used in electricity generation.  That is likely to be offset in the medium to long run 

to a significant extent (but not completely) by lower energy prices and in the shorter run lower investment in 

more energy-efficient plant, buildings and equipment.  But there is a great deal of uncertainty, particularly 

about the impact of the economic downturn on energy prices over the longer term.  There should be some 

such long-term effect if the trajectory of energy demand is lowered over the longer term, as has been 

argued here, but it depends on a range of factors such as the competitive behaviour of fossil fuel producers, 

their public finance needs and the impact of prices and activity on fossil fuel exploration.   

 

Overall, the trajectory of global greenhouse gas emissions is likely to have been lowered – perhaps by 

between 1 and 5% in the longer term, if the path of energy prices has been permanently lowered by global 

recession by around 7% (the revision in the IEA estimate for crude oil prices in 2030).  That back-of-the-

envelope estimate incorporates a substantial ‘price rebound’ effect, without which the global trajectory might 

be some 5-9% lower in the long run.  The reduction in the short run is likely to be much more than this, 

first, because the impact of lower energy prices is likely to take a long time to come through and, second, 

because an unexpected downturn initially hits harder the more carbon-intensive sectors of the economy. 

 

Where agencies and researchers who have developed projections for future greenhouse gas emissions have 

had the opportunity to amend their projections in the light of the global downturn, they have factored in a 

downward revision from this source.  But revisions have also been affected by changes in view about the 

growth potential of emerging market economies (which have tended to push projections upwards, because 
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of the stronger-than-expected recent growth in China and India in particular), about energy prices (which 

are expected to be lower in the short to medium term), about the impact of climate-change policies (which 

have become more common despite the lack so far of an effective overarching international policy 

framework) and about the mix of energy sources used (with coal appearing more important, partly because 

of the faster growth of China).   

 

It is difficult to separate out the impact of the recession on changes in recent projections.  It is nevertheless 

surprising that some projections suggest a proportional impact on emissions levels that is less in 20 years 

time than in five or ten years time.  The latest projection of the IEA, for example, has emissions more than 

5% lower in 2020 but less than 1% lower in 2030.  While there are good reasons to expect some ‘bounce 

back’ as slack in economies is taken up, that cyclical effect is not likely to last for five or ten years.  Similarly, 

one might expect the impact of lower-than-expected energy prices to have worked its way through.  The US 

EIA expects the level of GDP (and of energy prices) in 2030 to be more or less unaffected by the recession, 

which runs counter to evidence of the long-lasting effects of past recessions.   

 

Initial estimates of emissions in 2009 suggest that projections may still be underestimating the short-run 

impact of the economic downturn in Annex 1 countries.  This impact is likely to be attenuated as spare 

capacity in economies is taken up and investment picks up again as a share of output, but it will still result in 

lower cumulative emissions over the longer term. The projections by UK DECC do show larger revisions to 

projections of emissions in 2020 than 2015, but this seems to reflect the incorporation of elements of the 

UK’s Low Carbon Transition Plan, and it is not clear that the full long-run impact of recession is being taken 

on board.  In the case of the European Environment Agency, it seems likely that the size of the downturn 

has been underestimated, in this case because the latest (downward) GDP forecast revisions have not been 

fully incorporated.  Hence the EEA projection of emissions is also likely to be an over-estimate, particularly in 

the shorter run. Official Russian projections seem to have taken on board the immediate impact of the 

slowdown, although it is not clear how the possibility of a long-lasting ‘price rebound’ effect has been 

handled.  Chinese projections, in contrast, may underestimate future BAU emissions growth, particularly 

when a possible ‘price rebound’ effect is contemplated. 
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1. Economic Growth And Greenhouse Gas Emissions 
 

Anthropogenic greenhouse gas emissions are the by-product of a range of economic activities, particularly 

the burning of fossil fuels for energy, deforestation and agriculture.1  Given the key role of fossil fuel use in 

industrial development in all countries and the impact of economic growth on forest clearance in many 

developing countries, it is not surprising that there is a strong correlation between GDP and emissions.  

Figure 1 illustrates the relationship for CO2 emissions from fossil fuel burning.  The regression line suggests 

that 1% higher GDP is associated with just over 1% higher emissions.  Neumayer (2004) observed that, 

across 163 countries, from 1960 to 1999, the correlation between CO2 emissions per head and GDP per 

head (both measured in logarithmic terms) was nearly 0.9.   

 

Figure 1: The correlation between fossil fuel CO2 emissions (Mt/year) and GDP (billions of 2005 

PPP$) for 173 nations in 2005 

 

Source: Bowen et al (2009) 

 

However, cross-country emissions levels are affected by a range of factors, such as endowments of fossil 

fuels, the availability of renewable energy sources, winter climate and population density, as well as GDP 

(Neumayer, 2004).  Hence cross-sectional regressions are not necessarily a good guide to the impact of 

fluctuations in economic activity over time on emissions.  Yet it is the latter which is relevant for assessing 

the likely impact of the current global slowdown on current and future emissions.  Over time, population 

growth, changes in income per head, changes in the relative prices of different fuels, the choice of 

production technologies and, in particular, the pace of innovation are potentially important, and that is 

reflected in the structure of large-scale models of emissions.2  The ratios of emissions to GDP in different 

countries have moved in different directions over time.  Many country-specific factors, such as changes in 

                                                
1 Just over 60% of greenhouse gas emissions are produced in the energy sector of the global economy, around 18% by changes in land 
use, primarily deforestation, and 13.5% in agriculture, with the remainder associated with waste and a range of industrial processes 
(WRI CAIT, accessed 28.03.2010; data for 2000).  The burning of fossil fuels accounts for three quarters of the emissions of CO2, the 
most common of the GHGs associated with economic activity. 
2 Surveyed, for example, in IPCC (2007). 
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national energy policy frameworks and discoveries of fossil fuel reserves, have been important (Lee and 

Chang, 2009; Grubb et al, 2006). 

 

In assessing the possible implications of the global slowdown in GDP growth for greenhouse gas emissions, 

it is necessary to consider how emissions respond to changes in incomes, in the long run and the short.  The 

impact of short-run fluctuations in output relative to potential, holding other factors constant, is likely to 

differ from the longer-run impact of economic growth, when the roles of innovation and technology diffusion 

come to the fore.  Unexpected and temporary GDP falls are likely to have a different effect from anticipated 

and persistent reductions in potential supply.   

 

It appears that a positive relationship between income per head and emissions per head tends to prevail, all 

other factors held constant, but with wide variations across countries.  The relationship is weaker for high-

income countries.  These studies have a number of implications for the impact of the current slowdown on 

greenhouse gas emissions.  First, a given percentage fall in income per head is likely to reduce energy-

related emissions more in poorer countries than richer ones.  But, second, there is a danger of 

underestimating the strength of the relationship in rich countries if modelling does not take into account 

other factors, in particular the choice of energy technologies.  Third, as a corollary, there are many actions 

that policy-makers can take to adjust those other factors and hence to change trends in emissions, 

notwithstanding the key role of income growth.  Fourth, long-run and short-run relationships differ.  

However, there is a shortage of structural econometric models of emissions, which makes formal short-run 

forecasting difficult.   

 

Given the importance of energy-related greenhouse gas emissions in the total, studies of energy demand 

are useful in linking emissions to economic factors.  Most estimates suggest that energy demand varies less 

than one for one with output, especially in the short run.  Also, energy demand and hence emissions are 

sensitive to the relative price of energy, with some scope in the longer run to substitute labour for capital 

and energy in general.  Thus the impact of recessions on emissions will depend in part on whether the 

recessions have been triggered by energy supply shocks (and therefore are associated with high relative 

energy prices) or by aggregate demand shocks (and therefore associated with lower energy prices, at least 

as far as fossil fuels are concerned). In the shorter run, there is also some scope to switch fuel type in 

response to changes in relative fuel prices and in the level of energy demand relative to the size of the 

energy-using capital stock.  Hence business cycles can change the emissions intensity of energy use.  

Energy demand appears to show an asymmetrical response to price increases and price decreases in the 

long run, with the former probably more likely to trigger a reduction in the energy intensiveness of 

techniques embodied in the capital stock.   Business cycle downturns that unwind a spike in energy prices 

are likely to prevent energy-saving measures that would otherwise have taken place. 

 

Recessions tend to be associated with a fall in the share of investment in aggregate demand.  A slowdown in 

investment is likely to reduce the pace at which the capital stock in industry is modernised.  As older capital 

tends to be more energy-intensive, that will tend to reduce the rate of improvement of energy efficiency and 
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offset in part the decline in emissions growth brought about by slower income growth.  Falls in energy prices 

relative to other inputs to production are likely to have a similar effect on the pace of energy- and carbon-

saving technical change. 

 

But there is an important factor acting in the opposite direction, amplifying the likely reductions in emissions 

over the medium to long term:  empirical studies suggest that shocks to GDP tend to have long-term effects 

on the level of GDP and so, by extension, on the level of greenhouse gas emissions.  This is often ignored in 

long-run modelling of emissions trajectories, which tend to assume that the modeller can ‘look through’ the 

impact of business cycles.  But business cycles are not deterministic and GDP does not have a strong 

tendency to revert to its previous path after suffering a shock.   

 

Financial crises are associated with particularly severe and long-lasting impacts on output.  In the short run, 

the impact of a downturn on energy demand is likely to be larger still when the shock pushes aggregate 

demand well below supply potential.  Cyclical shocks of this sort are likely to affect manufacturing industry in 

general and capital goods industries in particular to a greater extent than the economy as a whole, as stocks 

are run down and capital investment postponed.  These industries tend to be more energy intensive than 

service industries and domestic activities. Among the components of aggregate demand, investment has 

been particularly hard hit in the recent slowdown, and the slowing of capital accumulation has been 

exacerbated in the current slowdown by the crisis in financial intermediation and a consequent sharp 

tightening in credit conditions (see, for example, Guichard et al, 2009).  That could affect the supply 

capacity of economies in the future, the type of plant and equipment used, decisions about land use and the 

pace of innovation. 

 

The impact of the global slowdown through factors such as these is discussed in the next section, while 

some of the background evidence from the economic literature is explored further in the Annex to this 

paper. 

 

2. Assessing The Impact Of The Current Global Slowdown 
 

The current slowdown was largely unexpected, global in its reach, abrupt and unusually severe.  According 

to the IMF (2009), its onset was marked by “the steepest drop in global activity and trade since World War 

II.”  It has been accompanied by the most serious and widespread crisis in banking systems around the 

world since the Great Depression. 

 

The impact on GDP 

 

Table 1 shows how IMF forecasts for world growth in 2009 changed over time.  Up until July 2008, the IMF 

was forecasting growth in 2009 to be around the average for the first half of the first decade of the 

millennium.  Projections were then repeatedly revised down, reaching -1.4% by July 2009, a reduction of 
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5.2% points in a year.  Subsequent news led to some upward revisions, but by April 2010 the evidence 

pointed to a substantial contraction.   

 

Among the regions reported in the table, the downward shock to the July 2008 forecast was largest for 

Russia (15.2% points) and least for China (1.0% points).  Emerging market economies have tended to 

perform relatively strongly, while Eastern Europe and the Commonwealth of Independent States3 have been 

particularly hard hit.  The Euro area suffered more than the USA (5.3% points against 3.2% points), while 

Japan was worse still (6.7% points).   

 

Industrial production has been affected much more than other production sectors of the global economy, 

partly because firms and households have delayed purchases of investment goods and long-lived consumer 

goods, triggering the build-up of excess stocks that had to be worked off – a ‘stock adjustment’ effect.  In 

the UK in 2009, for example, net CO2 emissions from energy supply are estimated to have fallen by 11.3%, 

business emissions by 15.3% and industrial process emissions by 19%; that contrasts with a fall of only 

6.5% in transport, 5% in the residential sector and no fall at all in the public sector.  Trade volumes have 

been affected even more than industrial production.  Growth is expected to pick up this year, but with spare 

capacity in the major industrial economies continuing to increase. 

 

Table 1: Successive IMF global growth projections for 2009 (Real GDP, %) 

 

 

Source: IMF World Economic Outlook. * denotes World Economic Outlook Update report. 

 

Forecasters envisage a relatively rapid return towards past trend growth rates, but not the pre-crisis trend 

level.  For example, the National Institute of Economic and Social Research (2008, 2010) now project that 

annual global growth over the period 2012-2016 will be 4.1% on average, compared with 3.8% over the 

period 2000-2005 (the IMF envisage growth over 2010-2014 being about a percentage point lower than in 

the years just ahead of the crisis, not least because growth is unlikely to rebound fully in 2010).  However, 

                                                
3 Armenia, Azerbaijan, Belarus, Kazakhstan, Kyrgyzstan, Moldova, Russia, Tajikistan and Uzbekistan are  the official members of this 
grouping of former Soviet republics. 

Region/country April 

2008 

July* 

2008  

Oct 2008 Nov*  

2008 

Jan* 2009 April 

2009 

July* 

2009 

Oct 

2009 

Jan* 

2010 

April 2010 

World 3.8 3.9 3.0 2.2 0.5 -1.3 -1.4 -1.1 -0.8 -0.6 

Euro area 1.2 1.2 0.2 -0.5 -2.0 -4.2 -4.8 -4.2 -3.9 -4.1 

US 0.6 0.8 0.1 -0.7 -1.6 -2.8 -2.6 -2.7 -2.5 -2.4 

UK 1.6 1.7 -0.1 -1.3 -2.8 -4.1 -4.2 -4.4 -4.8 -4.9 

Russia 6.3 7.3 5.5 3.5 -0.7 -6.0 -6.5 -7.5 -9.0 -7.9 

Japan 1.5 1.5 0.5 -0.2 -2.6 -6.2 -6.0 -5.4 -5.3 -5.2 

China 9.5 9.8 9.3 8.5 6.7 6.5 7.5 8.5 8.7 8.8 
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taking 2005 as a base year, NIESR project that the level of output in 2014 will be over 5% lower than they 

had projected in January 2008.  For the OECD, NIESR project that output will be over 7% lower in 2014 

than they had expected two years earlier.  The picture is different for China, partly because growth in 2007 

turned out to be more robust than NIESR had estimated in January 2008; NIESR expect output to be a little 

over 1% higher in 2014 than they had expected in January 2008.  The revisions to the IMF forecasts 

between the April 2007 and October 2009 World Economic Outlooks can be seen in Figure 2 below.  They 

also show that countries are not expected to return to their pre-crisis trend lines. 

 

Figure 2: Changes in IMF projections, 2007-2009 

(real GDP indexed to 100 in 2006) 

 

 

Source: IMF World Economic Outlook October 2009 

 

The impact on investment 

 

Investment has been particularly hard-hit.  In the United Kingdom, for example, business investment as a 

whole fell by nearly 22% between 2008 Q2 and 2009 Q2, as did investment in the manufacturing sector 

alone.  Table 2 shows how IMF forecasts for gross capital formation have been revised.  Their latest World 

Economic Outlook notes that the fall has been particularly pronounced in countries hit hardest by banking 

and real estate crises.  Investment in real estate has dropped sharply in many advanced industrial 

economies.  Credit growth is expected to be slow as banks and companies attempt to repair their balance 

sheets, which, together with increased spare capacity, will tend to hold back any recovery in investment. 
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Table 2: IMF projections for the growth rate of gross fixed capital formation in 2009 (%) 

 

 

 

 

 

 

 

 

Source: IMF World Economic Outlook 

 

The impact on energy prices 

 

Commodity prices in general and oil prices in particular peaked in the summer of 2008 and then fell sharply.  

Figure 3 shows a long time series of oil prices adjusted for inflation; the peaks in the early 1980s and 2008 

stand out.  Table 3 shows how the IMF forecasts were revised down, just as with GDP forecasts.  Other 

energy prices have also tended to fall, but not quite as much as the price of oil, as indicated by the rise in 

most of the price ratios plotted in Figure 4.  Gas prices fell relative to oil prices up to the summer of 2007, 

but there has been some increase since.  Nevertheless, gas prices have remained lower relative to oil prices 

than they were in the 1990s, so an incentive remains for switching from oil to gas in new electricity 

generation capacity, implying lower carbon emissions for given energy demand, but also from oil to coal, 

with the opposite implication (see Figure 4).  But the downturn does not seem to have had a large impact 

on relative prices so far and the IEA does not expect further significant changes.  If that is correct, then the 

impact of the slowdown on the carbon intensity of energy consumption will not have been very large.4  The 

extent of uncertainty about future energy prices is illustrated by the upward revision that the IMF has made 

for the increase in oil prices between 2010 and 2011:  in January 2010, the IMF was projecting an increase 

of only 7.9% but by April 2010 it was expecting a rise of 29.5%. 

 

 

 

 

 

 

 

 

                                                
4 Other, technological, factors may be working to increase the share of gas in electricity production and hence to reduce its carbon 
intensity.  See, for example, Brown et al (2009). 

Region/country April 

2008 

Oct 

2008 

April 

2009 

Oct 

2009 

April 

2010 

Euro area 1.0 -0.6 -11.2 -10.7 -11.1 

US -4.6 -4.6 -14.5 -14.7 -14.5 

UK 0.2 -6.1 -11.4 -15.3 -14.9 

Japan 2.0 -0.4 -10.7 -12.8 -14.3 



ECONOMIC GROWTH, THE RECESSION AND GREENHOUSE GAS EMISSIONS: BOWEN AND PARKER                         WORKING PAPER 
21 MAY DRAFT   

 
12 

 

Figure 3: The average IEA real crude oil import price (annual averages) 

 

 

Source: IEA World Energy Outlook 2009 (copyright IEA) 

 

Table 3: IMF oil price projections 2009 (% change year over year) 

 

 

Source: IMF World Economic Outlook; * denotes World Economic Outlook Update report 

 

Figure 4: Ratio of natural gas and coal prices to crude oil prices 

(energy-equivalent basis, real 2008 US dollars) 

 

 

Source: IEA World Energy Outlook 2009 (copyright IEA) 

 

 

 

Region/country April 

2008 

July* 

2008  

Oct 2008 Nov*  

2008 

Jan* 2009 April 

2009 

July* 

2009 

Oct 

2009 

Jan* 

2010 

April 2010 

World -1.0 7.3 -6.3 -31.8 -48.5 -46.4 -37.6 -36.6 -36.1 -36.3 
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The impact on finance for investment in low-carbon production 

 

According to a recent report sponsored by the United Nations Environment Programme (UNEP/SEFI/NEF, 

2009), investment in sustainable energy fell abruptly in 2008 and 2009, having experienced very rapid rates 

of growth earlier in the decade (e.g. nearly 60% in 2007 over 2006).  In the first quarter of 2009, new 

financial investment fell by 53% compared with the same period a year earlier.  Data from the Cleantech 

Group and Deloitte suggest that global venture capital investment for clean tech fell by 33% in 2009 (but 

performed somewhat better than venture capital investment as a whole).  For larger-scale projects, for 

example, upgrading the energy infrastructure and replacing large electricity generating plants, project 

finance mechanisms have been important in the past, but these have been particularly hard-hit by the 

banking crisis; project finance fees have in many cases doubled and margins trebled 

(UNEP/SEFI/BloombergNEF/Chatham House, 2009). Cross-border investments have also fallen sharply.  The 

international banking crisis is also likely to have inhibited the development of renewable energy in 

developing countries, where more extensive financial intermediation, especially commercial banking, has 

been associated with higher renewable energy output (Brunnschweiler, 2010). 

 

The countervailing effect of ‘green’ fiscal stimuli 

 

The onset of the global downturn has led to large increases in public spending, both through the action of 

automatic fiscal stabilisers and through discretionary deficit-financed initiatives.  Many of these initiatives 

had as their objective increasing energy efficiency and speeding up the transition to the low-carbon 

economy, especially by improving public infrastructure.  The size of the promised green fiscal stimulus has 

been substantial.  According to HSBC, which has been tracking government announcements in this area, by 

the end of 2009 governments had planned over US$500 billion of extra ‘green’ spending, amounting to just 

over 16% of the total discretionary stimulus.  The time profile and broad composition of these spending 

programmes are shown in Figure 5.  The International Energy Agency in its latest (2009) World Energy 

Outlook assigns significant weight to these programmes.  It has revised down its estimate of energy-related 

CO2 emissions in 2020 by 5% compared with its 2008 projection; the financial crisis and recession are held 

responsible for three quarters of this reduction and government stimulus spending on climate-change 

policies, including those to promote low-carbon investment, is held responsible for one quarter.   

 

However, the numbers need to be kept in perspective.  HSBC estimate that about US$93 billion of extra 

‘green’ spending will have been disbursed in 2009 and that US$225 billion will be spent in 2010. Not all of 

what they characterise as ‘green’ spending will result in reduced greenhouse gas emissions (for example, 

increased spending on rail transport may stimulate travel rather than encourage a modal shift from car 

transport)5.  Many governments have not been able to match the timetables of their initial announcements 

and may not fulfil their original pledges.  Yet the downturn in global investment in 2009 (including public 

                                                
5 This is one reason why different attempts to track government announcements produce different results.  New Energy Finance reports 
a larger share of a smaller total being committed to renewables and electricity grid infrastructure. 
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investment) was around US$1,430 billion, according to the IMF.  It is not clear yet to what extent increased 

public spending has compensated for reduced private investment; the latter is likely to have slowed 

improvements in energy efficiency in general as well as the transition to low-carbon technologies in response 

to current incentives (although it will also have avoided some locking in of high-carbon technology in long-

lived plant and equipment).  Also, the geographical distribution of spending has been very uneven, with 

much higher spending as a proportion of GDP in China and Korea than elsewhere. 

 

Figure 5: Breakdown of ‘green’ stimulus spending (US$ billion) 

 

Source: HSBC (2009) 

 

Overall implications of the global slowdown for emissions projections 

 

The global slowdown has entailed a historically very large adverse impact on the level of world GDP.  Studies 

of past fluctuations in output, including those due to financial crises, suggest that the world will not return to 

its pre-crisis trend path of output.  Forecasts differ, but it seems likely that the trajectory of world GDP will 

be between 5% and 10% lower over time than it would have been without the slowdown.  Studies of the 

determinants of CO2 emissions and energy demand demonstrate the importance of changes in GDP for 

emissions.  However, they suggest that a given percentage reduction in GDP will produce a smaller 

percentage reduction in emissions.  Again, estimates differ, but, for a given mix of energy technologies, a 

0.8% reduction in emissions for every 1% reduction in GDP does not appear to be an unreasonable 

assumption.  That implies that the global slowdown will also have pushed the energy intensity of GDP above 

its pre-crisis trend line, offsetting by a little the downward impact of the slowdown on emissions.  One 

mechanism by which this is likely to have happened is the slowdown in renewal of the capital stock.  Older 

capital stock is less energy efficient and hence more emissions intensive.  This mechanism is probably more 

important at the current conjuncture because the international banking crisis is likely to have hit investment 

particularly hard (especially some elements of ‘green’ investment).  But equally it may also lead to a more 

prolonged and deeper slowdown in GDP than forecasters are currently projecting.  The slowdown in capital 
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accumulation also reduces the degree of lock-in to high-carbon technologies that are profitable under 

current policy regimes, but that is irrelevant for the projection of business-as-usual emissions.   

 

A second important factor in this slowdown has been the sharp reversal in energy prices, which is likely to 

have induced some rebound in energy demand – a ’price rebound’ effect.  Recent research has suggested 

that the responsiveness of energy demand to changes in price may be higher than previously thought, 

particularly in the long run and if prices move higher than previously experienced.  Thus the global 

slowdown, by reining in energy price increases that were taking real energy prices into uncharted territory, 

is likely to have discouraged a shift towards more energy-efficient buildings, plant and equipment.   

 

But a major problem in assessing the importance of this effect is establishing what would have happened to 

energy prices in the absence of the recession, particularly as the spike in commodity prices in summer 2008 

may have been amplified by some of the same factors that caused the recession itself (asset price bubbles 

and ‘irrational exuberance’ of investors).  The IEA revised down its projection for crude oil prices in 2030 by 

around 7% between the 2008 and 2009 World Energy Outlooks.  That downward revision was due to a 

number of factors and it should be noted that energy prices are not fully endogenised in the IEA’s 

projections.  The impact of the slowdown on prices is likely to be highly persistent if the theory of pricing of 

exhaustible natural resources is applicable (Dasgupta and Heal, 1979), but future prices may also depend on 

a range of other factors such as the competitive behaviour of fossil fuel producers, their public finance needs 

and the impact of prices and activity on fossil fuel exploration.  However, making the strong assumption that 

that figure can be taken as an estimate of the long-run impact of the slowdown on energy prices, energy 

demand in the long run may be around 4% higher than it would have been without the lowering of prices.  

 

Putting that figure together with the rough estimate of the impact of GDP changes, one obtains a very rough 

estimate of an overall reduction in emissions in the long run of between 0 and 4%, or 4-8% if one discounts 

the highly uncertain ‘price rebound’ effect.  But to that needs to be added the impact of public spending on 

‘green’ initiatives that would not have happened without the recession – about a percentage point in the 

IEA’s assessment.  Hence, overall, it appears that the trajectory of greenhouse gas emissions is likely to 

have been reduced by between 1 and 5%, or 5-9% without the ‘price rebound’ effect.6  The reduction in the 

short run is likely to be much more than this, because the impact of lower energy prices is likely to take a 

long time to come through. 

 

The upper end of this guesstimate is similar to the IEA’s revision of its projection for energy-related CO2 

emissions in 2020.  The size of the IEA’s revision declines over time (and disappears further out beyond 

2020), whereas this estimate is of a permanent shift.  But the IEA’s revision profile appears to reflect a 

change in the IEA’s assumption about the mix of energy sources, deriving from a reassessment of Chinese 

and Indian growth over the long run rather than of the impact of the current recession. (The long-run level 

of Chinese GDP is likely to have been affected very little by the global slowdown, judging by the NIESR 

                                                
6 Strictly speaking, this assumes that any price rebound effect from climate change mitigation measures actually enacted in the period 
of the slowdown is subsumed in the ‘price rebound’ effect already incorporated in the calculation. 
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forecasts discussed above.)  The upper end is also similar to the revision made by Blanford et al (2009) to 

their reference trajectory for emissions in their ‘mild recession’ scenario (zero economic growth in all regions 

in 2008 and 2009), although it is not clear whether they allow for lower energy prices as well as lower 

growth.  Paltsev et al (2009), by contrast, have revised down their assumption for annual US GDP growth 

over 2005-2050 by 0.4% points per year, which results in US emissions being nearly 20% lower in 2050 

than previously assumed.  Although the USA’s growth has been hit somewhat harder than that of the world 

as a whole in the current slowdown, applying a reduction in the assumed growth rate out to such a remote 

time horizon seems excessive. 

 

3. Trends In Carbon Emissions Intensity 
 

Energy conservation and the adoption of more efficient energy technologies, especially since the 1973 

Middle East oil embargo, have reduced both the energy intensity and carbon intensity of GDP globally. 

 

Figure 6: Trends in GHG emissions intensity (MtCO2e/billion GDP 1990 international Geary-

Khamis dollars)7  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Source: Climate Analysis Indicators Tools (CAIT), Maddison (2010), Climate Strategies 

 

Figure 6 shows trends in the carbon intensity of economic activity (defined as CO2-equivalent emissions 

generated from energy8, industrial processes, agriculture and waste divided by GDP).  Carbon intensities 

                                                
7 The numerical values differ from those provided in CAIT because a different source and base year have been used for GDP. 
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declined over the 1996-2006 period both globally and in the selected countries and regions – Australia, 

China, India, Japan, EU, Russia, UK, and the USA.  The greatest decreases have occurred in China and 

Russia, followed by the UK, USA, EU, and India.  Japan and Australia have shown the smallest improvement, 

though Japan has one of the lowest carbon intensities in the group surveyed, as it had already introduced 

major restructuring and energy efficiency measures following the oil shocks of the 1970s and early 1980s 

(Hamilton and Turton, 2002).  The global financial crisis and recession have not only affected GDP, but also 

led to sharper declines in emissions compared with the historical trend.  

 

UK GDP grew by 0.6% in 2008 and shrank by 5.0% in 2009 – the first time that GDP growth had been 

negative in the UK since 1991.  Recent data from the UK (DECC) show that CO2e emissions declined by 

1.9% in 2008 and a further 8.6% in 20099.  Similarly, the US economic recession has also reduced energy-

related CO2 emissions, which fell by 6.8% in 2009, at the same time as a 2.4% drop in US GDP.  The recent 

reductions have been larger than past experience would have suggested.  Figure 7 shows the trend in the 

log of GHG emissions intensity in the UK since 1960.  If emissions intensity had continued to fall at the same 

trend rate, one would have expected to see a 2.6% drop in emissions intensity, whereas there was actually 

a 3.8% fall in 2009, suggesting that the impact on carbon-intensive activities outweighed the slowing of 

improvements in energy efficiency. 

 

Figure 7: Log of UK carbon intensity with trend line  

 

Source: DECC, Office for National Statistics, Climate Strategies 
                                                                                                                                                            
8 Energy includes five subsectors: electricity and heat, manufacturing and construction, transportation, other fuel combustion, and 
fugitive emissions. 
9 2009 estimates are provisional.  
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4. The Impact Of The Recession On International and National Projections 
 

Formal projections of greenhouse gas emissions, or some components thereof, are made by a range of 

agencies.  In general, these are based on large-scale energy-use models, with energy types and other inputs 

chosen by cost minimisation.  Some treat energy prices as endogenous, others take price projections from 

external sources.  The detail and the long horizons over which they are used make such models difficult to 

test empirically.  Sometimes, the properties of model projections are somewhat different from those that 

would be suggested by more aggregative, top-down estimates of the past behaviour of economies.  For 

example, a review of the UK government’s energy demand model for the UK Committee on Climate Change 

(Oxford Economics, 2008) noted that industry energy demand in the model is more sensitive to changes in 

sector output and much less sensitive to energy prices than some econometric estimates would suggest 

should be the case.  Outside the industry sector, a 1% increase in income is somewhat surprisingly assumed 

to reduce domestic gas demand by 0.03% and car fuel demand by 0.4% (including the offset via slightly 

increased car ownership).  The danger is that the impacts of increases in income are being confused with 

the impact of increases in energy efficiency over time. 

 

Another difficulty in interpreting revisions in projections is that many factors are taken into account; it is not 

easy to isolate the impact of the economic downturn alone (although the IEA has offered a very high-level 

breakdown of the sources of its latest projection revision and DECC has analysed this issue for some of its 

previous forecasts).  For example, Paltsev et al (2009) incorporate a downward revision in the outlook for 

GDP in their estimate of the cost of climate change mitigation costs in the USA (GDP growth from 2005 to 

2050 is revised down by 0.4% per year – a large cumulative effect on the level of GDP of nearly 20% by 

2050).  But they also factor in revised assessments of the costs of different technologies (nuclear power and 

carbon capture and storage more expensive, renewables less).  And although developed countries’ expected 

growth rates are revised down, India’s and China’s expected growth rates are revised up.  Other modellers 

have also noted the need to reconsider the medium- to long-run growth potential of emerging market 

economies, particularly China, and the implications for the composition of energy supply, particularly the role 

of coal (e.g. Blanford et al, 2009; Sheehan, 2008). 

 

Projections from the International Energy Agency 

 

In its World Energy Outlook 2009, the International Energy Agency (IEA) incorporates in its Reference 

Scenario all relevant policies related to climate, energy security and economic recovery enacted as of 

September 2009 but does not include the impact of policies under consideration but not yet implemented.  

Hence the Reference Scenario is a baseline scenario in which no further action is taken to halt climate 

change; this is used as the benchmark scenario in the following discussion.  An additional assumption is that 

energy subsidies on fossil fuels will be gradually reduced, so that prices eventually reflect the actual cost of 

resource depletion. The IEA expects energy-related CO2 emissions to continue to rise rapidly to 2030 as a 
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result of growth in global demand for fossil fuel energy.  After increasing 38% between 1990 and 2007 to 

28.8 Gt, emissions are projected to rise to 34.5 Gt in 2020 and 40.2 Gt in 2030, an average growth rate of 

1.5% per year over the projection period (Figure 8).  This growth is attributed to non-OECD countries, as 

OECD emissions are projected to decline slightly over the period because of a slowdown in energy demand 

(mainly from improvements in energy efficiency) and increased use of nuclear and renewables (partly to 

enhance energy security).  China and India are both expected to have fast emissions growth due to their 

rapidly growing economies.  In the reference scenario, China’s emissions continue to grow rapidly to 9.6 Gt 

in 2020 and 11.6 Gt in 2030, an increase of over 90% in the projection period. 

 

Table 4: Annual IEA projections of world CO2 emissions10 (Mt) for 2015 and 2030 
 

World Energy Outlook (WEO) 

edition 

2015 2030 

WEO-2009 32,306 
 

40,226 

WEO-2008 34,003 
 

40,553 
 

WEO-2007 34,071 
 

41,905 
 

 

Table 4 shows how the IEA projections for world emissions have changed over time. The earliest forecast 

year that the IEA provides is 2015. The projections from the IEA's World Energy Outlook (WEO)11 of world 

energy-related CO2 emissions are lower than in previous editions (2008 and 2007), primarily because of the 

global recession, which has led to lower energy demand projections and hence a lower starting point for the 

emissions trajectory.  The lower level of economic activity accounts for 75% of the reduction in the 

emissions projection.12  In the near term (2007-2010), energy demand will be depressed as a result of the 

financial and economic crisis and the effect of new policies enacted between mid-2008 and mid-2009.13 In 

2009, IEA expects emissions to have declined for the first time since 1992.  These policies account for 

around 25% of the overall emissions reductions in the WEO-2009.  The rate of increase in CO2 emissions 

over the projection period is less than that projected in last year’s WEO-2008.  The revisions in WEO-2009 

are most pronounced in the short term because of the effects of the global recession; by 2020, emissions 

are 2 Gt lower (-5.1%) than WEO-2008 projections.  By 2030, however, this gap closes and they are only 

0.3 Gt lower (-0.8%).  That is mainly due to upward revisions to emissions projections for several non-OECD 

countries that heavily rely on coal and to faster projected growth in electricity use offsetting slower growth 

in other final fuels.  In cumulative terms, emissions from 2007 to 2030 are 35.1 Gt below the WEO-2008 

Reference Scenario. 

 

                                                
10 Energy-related emissions from fossil fuels. 
11 Not to be confused with the IMF’s World Economic Outlook 
12 IEA World Energy Outlook, 2009. 
13 Relevant policies include the EU 20-20-20 Package, strengthened CAFE standards in the U.S. and various national stimulus packages, 
many of which have a substantial low-carbon element. 
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The reduction in emissions growth provides an opportunity for governments to step up the climate change 

effort, as it has delayed some investment decisions that may otherwise have locked in carbon-intensive 

technologies.  Around $242 billion worth in low-carbon funding has been committed by G20 countries as 

part of national stimulus packages, as countries see ‘green’ government spending as a way to jumpstart 

economic growth. 

 

Figure 8: Projected world energy-related CO2 emissions from fossil fuels (Mt)  

 

 

 
 

 

 

 

 

 

 

 

 

Source: IEA 

 

World emissions from WEO-2008's forecast are 3.2% lower in 2030 than projected in WEO-2007, because of 

significantly lower consumption of fossil fuels (mainly oil).  The revision to emissions projections for 2015 is 

quite minor (-0.2%) compared with the difference between WEO-2008 and WEO-2009, which can be 

attributed primarily to the global recession.  

 

Compared to WEO-2007, in WEO-2008 energy demand grows more slowly as a result of both higher energy 

prices, which stimulate more energy conservation, and faster adoption of low-carbon supply side 

technologies. The WEO-2008 also includes additional climate policies which have been implemented since 

mid-2007 (since WEO-2007 was released) and have slowed growth in fossil-fuel consumption. These are 

mostly in the OECD, an example being the US Energy Independence and Security Act, which mandates 

vehicle fuel-economy improvements and higher production of biofuels.  The projection also assumes that 

carbon capture and storage (CCS) will be introduced in the power-generation and industry sectors towards 

the end of 2030, allowing emissions from coal to be reduced.  Over the 2006-2030 horizon, world GDP is 

assumed to grow on average by 3.3% per year, compared with 3.6% in WEO-2007. 

 

It is somewhat surprising that the latest projection of the IEA revises emissions down by more than 5% in 

2020 but by less than 1% lower in 2030.  While there are good reasons to expect some ‘bounce back’ as 
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slack in economies is taken up, that cyclical effect is not likely to last for five or ten years.  Similarly, one 

might expect the impact of lower-than-expected energy prices to have worked its way through.   It appears 

that the apparent ‘bounce back’ is due to changes in assumptions unrelated to the assessment of the impact 

of the economic downturn. 

 

Projections from the US Energy Information Administration 

In their International Energy Outlook, the US Energy Information Administration (EIA) updates annually 

projections out to 2030 on various energy statistics, macroeconomic indicators and emissions for countries 

and regions.  Economic growth is the most significant factor underlying the EIA's projections for growth in 

energy-related emissions in the mid-term, as the world continues to rely on fossil fuels for most of its energy 

use.  But emissions growth also depends on how effectively energy can be converted to offset the effects of 

economic growth. The published 2009 forecast used November 2008 US macroeconomic projections from 

IHS Global Insight as a starting point.  However, due to the unexpectedly large falls in employment in the 

US economy, macroeconomic forecasters have subsequently reduced their short-run economic growth 

projections, expecting the economic recovery to be delayed.  As a result, and also allowing for the projected 

impact of the US stimulus package (American Recovery and Reinvestment Act (ARRA)) the EIA revised their 

2009 base case scenario as well as creating a no-stimulus case, incorporating US annual real GDP growth 

rates of -2.9% and 2.4% for 2009 and 2010, compared with -1.3% and 2.2% respectively.  Actual real GDP 

growth in 2009 was -2.4% in 2009, closer to the new scenario than the old one.  

 

As Figures 9 and 10 and Table 5 make clear, US GDP and emissions projections for the period 2010-2030 

were revised downwards in 2008 compared with 2007, in the original 2009 projection compared with 2008, 

and in the revised 2009 projection compared with the original 2009 one.   

 

Figure 9: US GDP projections (billion US 2000 chain-weighted dollars) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: EIA 
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Figure 10: US energy-related carbon emissions projections (Mt CO2) 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

Source: EIA 

 
Table 5: Successive EIA projections of US CO2 emissions14 (Mt) for 2010 and 2030 
 

Edition 2010 2030 

Revised 2009  5,746 6,207 

Published 2009 5,801 6,414 

2008 6,011 6,851 

2007 6,214 
 

7,950 

 

The primary factors driving the differences between the published 2009 reference case and the updated no-

stimulus case are the updated macroeconomic forecast and the adjustments to the near-term world oil 

prices. For 2009, world oil prices were revised from $60.90 per barrel to $40.50 per barrel (Figure 11).  It 

now appears, with the benefit of hindsight, that the downward revision was too great, as the actual average 

world oil price (WTI spot price) in 2009 turned out to be $59.86 per barrel in 2007 dollars.  

 

Including the impact of ARRA, which has impacts on renewable electricity generation and overall energy 

consumption, emissions are 1.3% lower in 2013 than in the no-stimulus case.  Given the EIA's revised oil 

price and US GDP growth forecasts, emissions were expected to decline by 2.6% in 2009 and then rise by 

0.8% in 2010, when the economy is expected to recover.  The drop in emissions in 2009 was much larger 

                                                
14 Carbon dioxide emissions from energy consumption 
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than expected at 6.8%.  Higher world oil prices are likely to be at least part of the explanation for the 

discrepancy. 

 

The downward revision in the EIA’s projections was also due to increased pessimism regarding the depth, 

duration and scope of the current global recession.  But the substantial decline in labour and material costs 

in the oil industry induced by the downturn were expected to lower the costs of developing new oil 

production capacity.  The global economy was expected to begin recovering in 2010 and return to long-term 

trend growth (not the original trend in the level of GDP) in subsequent years.  The oil price assumptions 

after 2020 are the same as those in the previously published AEO-2009 reference case. 

 

Figure 11: World oil15 price projections ($/barrel, 2007 dollars) 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

  

 

Source: EIA 

 

Over the longer term, both emissions and GDP are lowest in the revised 2009 forecast, and carbon intensity 

projections have been reduced too (Figure 12).  By 2030, GDP is 12% lower than the 2007 forecast, and 

emissions are 22% lower, leading to a carbon intensity of 0.31 instead of 0.35.  Environmental policies are 

also an important factor driving decreases in emissions.  Although the United States has not yet accepted 

internationally binding emissions constraints, recent changes in US laws and regulations (as well as broader 

price and economic developments and observed behaviour) have lowered the projections for US carbon 

dioxide emissions relative to earlier estimates.16  In the short term, however, the carbon intensity is higher 

for the revised 2009 forecast than for the original 2009 published version because GDP has been revised 

downwards by more than emissions estimates. 

 

                                                
15  West Texas Intermediate spot price. 
16 EIA, International Energy Outlook 2009, Report #:DOE/EIA-0484(2009). 
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Figure 12: Projected US carbon intensity (Mt CO2/billion GDP US 2000 dollars) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: EIA, Climate Strategies 

 

The US EIA expects the level of GDP (and of energy prices) in 2030 to be more or less unaffected by the 

recession, which runs counter to evidence of the long-lasting effects of past recessions.  Initial estimates of 

emissions in 2009 suggest that projections may still be underestimating the short-run impact of the 

economic downturn.  This impact is likely to be attenuated as spare capacity in economies is taken up and 

investment picks up again as a share of output, but it will still result in lower cumulative emissions over the 

longer term. 

 

Difference between EIA and IEA projections 

 

The IEA’s World Energy Outlook 2008 is most directly comparable to EIA’s published International Energy 

Outlook 2009 (IEO-2009).  The main difference between the two is the divergence in views about the 

modelling of future energy and economic scenarios.  While the IEA presents a single reference case 

scenario, IEO-2009 presents alternative scenarios reflecting high and low economic growth and oil price 

assumptions.  These are important drivers, the latter being subject to uncertainty due to ‘above-the-ground’ 

factors such as uncertainty about economic growth as well as to uncertainty about the future physical 

availability of petroleum resources.17  

 

                                                
17 EIA, Report no. DOE/EIA-0484(2009). 
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Comparing economic growth assumptions in the projected period to 2015, the IEA reference scenario 

reflects growth more similar to the IEO-2009 high economic growth case than to its reference case.  This 

may reflect the two different publications’ release dates; the IEO-2009 projections were prepared when 

preliminary assessments of the recession were becoming available (using estimates based on IHS Global 

Insight’s November 2008 release), whereas the WEO-2008 was released in November 2008 and therefore 

had a less updated economic picture of the recession.  

 

The IEA reference scenario projects an increase in world energy consumption that averages 2.1% per year, 

compared with 2.0% per year in the IEO-2009 high economic growth scenario and 1.7% in the IEO-2009 

reference scenario. In the later years of the projection period, the differences are smaller, with worldwide 

energy demand growing by 1.4% per year between 2015 and 2030, compared with 1.3% per year in the 

IEA projection.  In addition, the mix of energy inputs also differs.  For the 2006-2015 period, IEA expects 

faster growth in the use of liquids and coal and slower growth in the use of nuclear and renewable energy 

sources than does IEO-2009.  This gap narrows in the later period, except for nuclear power and renewable 

energy sources, for which IEA predicts a significantly lower growth compared with those in the IEO-2009 low 

economic growth case. 

 

Projections from the UK Department of Climate Change 

 
Each year, the UK Department of Climate Change (DECC) publishes updated energy projections, which are 

based on assumptions of future economic growth, fossil fuel prices, UK population and other key variables.  

To allow for uncertainty, DECC provides a set of projections based on different scenarios, but this analysis 

focuses on their central projections, which are based on central assumptions about prices and growth as 

well as the package of policy measures set out in the UK Low Carbon Transition Plan. 
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Figure 13: UK net carbon emissions18 projections (Mt CO2) 

 

 

 

 

 

 

 

 

 

 
 

Source: DECC 

 

The most recent DECC publication, UK Low Carbon Transition Plan Emissions Projections, published in July 

2009, updated a shorter publication produced in April 200919 and the complete November 2008 projections.  

Prior to that, projections were completed for the Energy White Paper (May 2007).  The July 2009 publication 

has lower emissions estimates for every year – 2010, 2015, and 2020 – compared with the previous two 

forecasts of CO2 emissions that have comparable trajectories. Emissions fall by more than in the November 

2008 in both the short-term between 2010 and 2015 (-5.5% vs. -2.3%), and later on (2015-2020).  The 

latest publication uses a revised set of fossil fuel price assumptions and revised estimates of the impact of 

the full package of proposals and policies set out in the UK Low Carbon Transition Plan, published on 15 

July, including the Renewable Energy Strategy.  

 

Table 6: Successive projections of UK net CO2 emissions (Mt) for 2010 and 2020 

 

Publication 2010 2020 

July 2009 488 408 

November 2008 528 482 

Energy White Paper – May 2007 529 485 

 

Source: DECC 

 

As Figure 13 and Table 6 illustrate, the November 2008 forecast of emissions under central assumptions, 

excluding purchases of allowances, are slightly lower in the near term and the longer term compared with 

the EWP 2007 projections.  In the short term (2010), the net decrease is a result of both the impact of 

                                                
18 Emissions are sector-based (energy supply, business, transport, public, residential, agriculture, industrial process, waste 
management) and include LULUCF.  
19 The April 2009 publication only estimates projected net emissions against carbon budget levels of total emissions. 
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higher prices and other modelling effects between the projections (58% of the decrease) and an adjustment 

to refinery emissions (42% of the decrease), which outweighed the increases made in other sectors. The 

overarching effects of higher fuel price assumptions translate into lower energy demand and hence lower 

emissions in the longer term (60% of the reductions in 2020).  This is partially offset by a higher share of 

coal in the electricity generation mix, which is attributed to the relative prices of coal and natural gas.   

 

DECC's GDP growth assumptions for 2009 are significantly different from the November 2008 publication, 

with a range of -3.75 to -3.25% compared with the 2.75% assumed in both the November 2008 and the 

EWP (May 2007) publications.  The latest publication takes more account of the impact of the recession than 

the November 2008 publication was able to do (although it was still too optimistic about GDP, as depicted in 

Figure 14).  The key November 2008 assumptions were tied to the economic situation at the time of the 

March 2008 Budget, when the global credit crisis was just developing.  It also reflected the volatility and 

increases in oil prices up to the summer of 2008.  The profile of revisions makes broad sense, but the 

downward revision in the near term looks low, considering the size of the downward revisions to near-term 

GDP levels.  The revisions for 2020 take account of the Low Carbon Transition Plan, but it is not clear that 

they reflect the likely long-run adverse impact of the recession on the level of GDP. 

 

Figure 14: Projections of annual UK GDP growth 

 

 
 

 
 

 

 

 

 

 

 

 

 

Source: DECC 

 

Projections from the European Environmental Agency 

 

The emissions projections reported by the EEA are collected from the Member States of the EU-27 countries.   

They are based on a number of assumptions regarding socio-economic parameters (such as population, 

GDP, fuel prices and carbon prices) and on the expected effects of the policies implemented or planned to 

reduce GHG emissions.  
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Due to the gap in time between when Member States were required to submit their projections to EEA 

(before Spring 2009) and when they had updated their models to include the impact of the economic 

recession on emissions projections, only a limited number have included revised estimates.  In particular, 

only seven states - Belgium, the Czech Republic, Greece, Ireland, Italy, Lithuania and Spain - have indicated 

that they included the effects of the economic crisis in their GHG emissions projections scenarios, although 

to different extents.20  For example, the Czech Republic notes that the uncertainty in their projection is due 

to various possible developments for economic growth (a dominant factor in their projection), ranging from 

“fast recovery” to “further crash and economic recession over several years” while Ireland noted that their 

GDP forecast is too optimistic and that the actual out-turn for emissions would be better reflected in their 

“Economic Shock” scenario.  Other states, including major ones such as France and Germany, had not 

updated their projections.  Furthermore, the European Commission’s Directorate General for Economic and 

Financial Affairs (DG ECFIN) updated its annual macroeconomic database (AMECO) in April 2009 with 

revised short-term economic forecasts for all EU Member States.  The DG ECFIN’s forecasts for GDP are 

lower compared with all of the Member States’ assumptions on GDP except for Belgium, Finland and Poland.  

For the EU-15 and EU-27 between 2007 and 2010, Member States’ forecasts imply positive growth, while 

the European Commission forecasts indicate economic recession.  The EEA estimates that emissions fell by 

1.5% in 2008 from 5.045 to 4.971 Gt CO2; emissions are then projected to rise to 5.029 Gt in 2010 and to 

reach 5.208 Gt in 2020.  

 

The EEA reports emissions projections ‘with existing policies’ (WEM) and ‘with additional measures’ (WAM); 

the difference in reductions is significant.  For example, the 2009 EEA publication estimates that in the WEM 

scenario, emissions reach a level 6.0% below 1990 levels in 2020, but with WAM they could fall to a level 

14% lower than 1990 levels.  In comparison to the 2008 EEA publication, the 2009 publication revised 

downwards its estimate of 2008 WEM emissions by 3.0% and of WAM emissions by 1.7%.  By 2020, the 

2009 version differs by 3.1% from the 2020 WAM estimate in the 2008 version.21  It seems likely that the 

size of the downturn has been underestimated, in this case because of the lag in GDP forecast revisions.  

Hence the EEA projection of emissions is also likely to be an over-estimate. 

 

Projections from the Russian government 

 

The Russian authorities provided projections of greenhouse gas emissions to 2030 in their 5th National 

Communication to the UNFCCC.  They use three scenarios:  (i) a baseline scenario with moderate energy 

efficiency improvements (ii) an ‘innovation’ scenario with the full technical potential for energy efficiency 

improvements implemented and (iii) a full policy scenario, including added measures for climate change 

mitigation.  Hence the first two scenarios can be seen as alternative baselines.  Total greenhouse gas 

emissions in 2010 are projected to be nearly 40% below their 1990 level of about 2700 Mt CO2e.  According 

                                                
20 EEA, 2009. 
21 There is no WEM estimate for 2020 from the 2008 EEA publication.  Additionally, the 2007 EEA publication does not present level 

estimates for EU-27 so no comparison could be made. 
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to the careful work by Novikova et al (2009) on Russian emissions projections, that is consistent with what 

Russian experts have predicted for 2009 after taking into account the severity of the recession in Russia, so 

it seems that the official projections have factored in the recent impact of the downturn.  Table 7 shows the 

projections for CO2 emissions from the energy sector (for comparability with the projections discussed 

above).   

 

Table 7: Projections for CO2 emissions from the Russian energy sector (Mt) 

 

Scenario 2005 2007 2010 2015 2020 2030 

Moderate 1370 1410 1290 1480 1830 2460 

Innovation 1370 1410 1290 1330 1640 2020 

 
Source: Russian 5th National Communication to the UNFCCC 

 

Novikova et al have developed their own scenarios for emissions growth, with growth in the short run 

following the IMF forecasts made in October 2009 up until 2015.  After 2015, GDP growth in one scenario 

increases in line with the increases in oil prices projected by the US EIA (reaching 6.6% per year in 2020), 

while in the other growth continues at a steady annual 4.2% (i.e. lower than in the first scenario).22  They 

also consider a case where all potential energy efficiency improvements are implemented and one where the 

energy efficiency of GDP remains at its 2007 level (the estimate of the scope for energy efficiency 

improvements is taken from a different source than the official Russian data).  This gives them an upper and 

lower bound for the emissions trajectory in each of the GDP growth scenarios.  Figure 15 shows the result 

for the higher growth scenario.  It is interesting to note that the official Russian projections are towards the 

lower end of the ‘cone’ of trajectories in 2010, possibly because they were able to make use of later data on 

actual emissions.  In 2020, they are around the middle of the cone.  In the lower growth scenario (not 

shown), the official projections for 2020 are a little above the middle of the range.  The comparison of the 

official and Novikova et al projections suggests that the official ‘innovation’ scenario may be unduly 

pessimistic about the scope for improvements in energy efficiency.  It also draws attention to the wide range 

of uncertainty attached to any projection of emissions.23 

 

 

                                                
22 The US EIA oil price projection may not fully reflect the impact of global recession, in which case the ‘high growth’ scenario ought to 
be a little closer to the ‘low growth’ one, but this is unlikely to be a large effect, given that oil prices are still likely to rise over time even 
after factoring in the impact of the recession on oil prices. 
23 One factor to which Novikova et al draw attention is the apparent change of official view about the prospective shift from gas to coal 
between the 2003 and 2009 Energy Strategy statements.  That implies less rapid growth in emissions are envisaged now than if the 
original strategy had been followed.  This is a reminder of the potential for altering emission trends for a given trend in income growth. 
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Figure 15:  Projections for CO2 emissions from fossil fuel consumption , Russia (Mt) 

 

 
Source: Novikova et al (2009) 

 
Projections from the Australian Department of Climate Change 

 

The Australian Department of Climate Change has also issued new projections of greenhouse gas emissions 

recently in connection with the Australian government’s submission to the UNFCCC.  The reasoning behind 

them is explained in “Tracking to Kyoto and 2020.”  Figure 16 illustrates the baseline scenario without the 

(not yet implemented) Carbon Pollution Reduction Scheme.  The DCC report notes that the global economic 

downturn has contributed to revisions in the projections.  It states that “slower economic growth as the 

result of the Global Financial Crisis is projected to slow emissions growth… The effects of lower levels of 

economic activity are difficult to separate from other causes of recent low rates of growth in electricity 

generation. However, to assist understanding of the projection, it is estimated that lower than previously 

projected levels of economic activity have contributed on average around 8 Mt CO2-e per annum over 2008 

to 2012, to lower projected emissions in the Stationary Energy and Transport sectors.” (pp 10-11)  That 

amounts to a reduction over 2008-2012 of about 1.4%.  This figure seems a little low given the downward 

revision in official Australian growth forecasts, which envisages output in budget year 2010-11 being 7.7% 

lower than in the counterfactual case and remaining 2.8% lower in 2013-14 (see Table 8). 
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Figure 16: Baseline scenario for total Australian GHG emissions and illustrative national 

trajectories with the CPRS 

 

 

Source: DCC Australia 

 

Table 8: Revisions to official Australian projections of annual GDP growth (%) 

 

 

Source: DCC Australia 

 

That economic forecast itself builds in a significant GDP ‘catch-up’, which may be optimistic in the light of 

the general persistence of GDP shocks.  The DCC report does not explicitly discuss the possible ‘price 

rebound’ channel through which the economic slowdown may have affected the outlook for emissions, partly 

offsetting the direct impact of lower activity.  According to the DCC, “Adjustments made in August were 

‘outside the model’. That is, the usual general equilibrium models were not re-run to incorporate lower 

economic growth. Instead, adjustments were made based on analysis of the 1990s recession in Australia 

and its effect on emissions. Two effects were seen to operate in opposing directions:  

• Reductions in demand and production worked to reduce emissions 

• A cyclical increase in the emissions intensity of the remaining production worked to increase 

emissions.”24  

 
                                                
24 Personal communication, 12 May 2010 
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Projections from the Japanese government 

 

The 5th National Communication from the Japanese government to the UNFCCC focuses on reporting past 

trends in greenhouse gas emissions and near-term projections, concentrating on Fiscal Year 2010, the target 

year for official plans to reduce Japanese emissions under the Kyoto Protocol.  It includes an ‘existing 

countermeasures’ scenario, which is “premised on the latest future outlook for the society and economy at 

the time of assessment (FY2007) and the implementation of policies and measures decided prior to the time 

of assessment.”  Although this can be regarded as a baseline scenario, it suffers in two major respects from 

the point of view of this review.  First, the projection does not extend anywhere near far enough to allow an 

assessment of where business as usual to 2020 or 2030 would take Japan’s emissions.  Second, it takes no 

account at all of the global financial crisis. 

 

Projections from UNDP China 

 

China is not required to submit a National Communication to the UNFCCC, as it is not an Annex 1 country 

under the Kyoto Protocol.  But a baseline scenario for CO2 emissions has recently been published in a report 

from UNDP China, coordinated by Renmin University and using the PECE model.25  This is shown in Figure 

17 below.  The report notes that “[U]nder the reference scenario, China’s energy-related CO2 emissions will 

increase rapidly to 11.4 billion tonnes in 2020, 13.9 billion tonnes in 2030 and 16.2 billion tonnes in 2050, 

and will not peak before 2050.”  This scenario assumes that the Chinese Government will make some efforts 

to reduce emissions, but does not enact the tougher ‘emissions control’ (EC) or ‘emissions abatement’ (EA) 

scenarios. 

 

Figure 17: Three scenarios for future Chinese energy-related CO2 emissions 

 

 

Source: UNDP China (2010) 

 

                                                
25 Programme of Energy and Climate Economics, Renmin University 
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The baseline scenario incorporates an assumption that GDP growth will slow from an annual rate of 9.5% in 

2010 to 6.6% by 2020 and 5.5% in 2030.  As the report itself states, this slowdown is somewhat greater 

than assumed in several other studies of the Chinese economy.  Hence it may lead to an underestimate of 

emissions in 2020 and 2030.  Also, the IMF’s most recent forecast for China is for growth of 10% in 2010, a 

little above the level assumed here.  However, as Table 9 shows, the PECE emissions projections for 2020 

and 2030 in the reference scenario are already a little above those in the corresponding scenarios used by 

the ERI, EIA and IEA.  That once again illustrates the extent of uncertainty about what emissions trajectories 

would be in the absence of stronger climate change mitigation policies.  If this latest study, based on more 

detailed modelling of the Chinese economy than other agencies have been able to undertake, is given more 

weight, it suggests (given its conservative GDP growth assumption) that there is an upside risk to BAU 

projections for China – contrary to the picture for several Annex 1 countries. 

 

Table 9: comparison with other projections of emissions 
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5. Conclusions 
 

Where agencies and researchers who have developed projections for future greenhouse gas emissions have 

had the opportunity to amend their projections in the light of the global downturn, they have factored in a 

downward revision from this source.  That makes sense, because the trajectory of global energy demand, 

and hence of emissions, is likely to have been permanently lowered.  That applies in developed as well as 

developing economies.  And the shocks to the levels of output and energy demand administered by the 

downturn are likely to be highly persistent.  But forecast revisions have also been affected by changes in 

view about the growth potential of emerging market economies (which have tended to push projections 

upwards, because of the stronger-than-expected recent growth in China and India in particular), about 

energy prices (which are expected to be lower in the short to medium term), about the impact of climate-

change policies (which have become more common despite the lack so far of an effective overarching 

international policy framework) and about the mix of energy sources used (with coal appearing more 

important, partly because of the faster growth of China).   

 

It is difficult, therefore, to separate out the impact of the recession on changes in recent projections.  It is 

nevertheless surprising that some projections suggest a proportional impact on emissions levels that is less 

in 20 years time than in five or ten years time.  The latest projection of the IEA, for example, compared with 

its previous projection, has emissions more than 5% lower in 2020 but less than 1% lower in 2030.  While 

there are good reasons to expect some ‘bounce back’ as slack in economies is taken up, that cyclical effect 

is not likely to last for five or ten years.  Similarly, one might expect the impact of lower-than-expected 

energy prices to have worked its way through by 2030.  The US EIA expects the level of GDP (and of energy 

prices) in 2030 to be more or less unaffected by the recession, which runs counter to evidence of the long-

lasting effects of past recessions.  Initial estimates of emissions in 2009 suggest that projections may still be 

underestimating the short-run impact of the economic downturn.  This impact is likely to be attenuated as 

spare capacity in economies is taken up and investment picks up again as a share of output, but it will still 

result in lower cumulative emissions over the longer term. The projections by UK DECC do show larger 

revisions to projections of emissions in 2020 than 2015, but this seems to reflect the incorporation of 

elements of the UK’s Low Carbon Transition Plan, and it is not clear that the full long-run impact of recession 

is being taken on board.  In the case of the European Environment Agency, it seems likely that the size of 

the downturn has been underestimated, in this case because the latest GDP (downward) forecast revisions 

have not been fully incorporated.  Hence the EEA projection of emissions is also likely to be an over-

estimate, particularly in the shorter run.  Official Russian projections seem to have taken on board the 

immediate impact of the slowdown, although it is not clear how the possibility of a long-lasting ‘price 

rebound’ effect has been handled.  Chinese projections, in contrast, may underestimate future BAU 

emissions growth, particularly when a possible ‘price rebound’ effect is contemplated. 
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Annex 

 
This Annex discusses further some of the economic issues concerning the potential impact of business cycles 

on energy demand and greenhouse gas emissions. 

 
Emissions and income 

 

There appears to be a positive correlation between changes in GDP and changes in emissions over time at 

the global level, as Figure 18 illustrates.  But the relationship is not the same for all countries.  In the USA, 

for example, the correlation has been weaker (Figure 19), and in the UK weaker still.  In both these graphs, 

there is a negative constant in the emissions regressions, implying that the impact of growth on emissions 

has been offset, to a greater or lesser degree, by some other factor – as one would expect if technical 

progress had been increasing the efficiency with which energy is used. 

 

Past studies of the relationship between greenhouse gas emissions and income have tended to focus on 

whether a so-called ‘environmental Kuznets curve’ (EKC) can be identified.  The EKC hypothesis suggests 

that emissions per head rise with GDP per head up to a certain level of development, indexed by income per 

head, after which they start to fall.26  If such a relationship exists, and reflects causality from income per 

head to emissions per head, economic development can be expected to weaken and eventually reverse the 

link between GDP and emissions growth.  It would also imply that variations in income per head for 

countries close to the turning point in the inverted-U shape of the EKC would have little impact on 

emissions.  By extension, that would imply that a temporary recession should have little effect on emissions 

in such countries. 

 

Several observers have noted that the sensitivity of emissions per head to variations in income per head 

appears to be lower in countries with higher per capita incomes.  For example, Holtz-Eakin and Selden 

(1995) investigated data for up to 130 countries27 between 1951 and 1986, using panel estimation methods 

with fixed country and year effects to control for missing variables such as resource endowments and energy 

prices.  They found a diminishing marginal propensity to emit carbon dioxide as GDP per capita rises, with a 

turning point (in the levels specification but not the logarithmic one) at $35,428, a figure higher than any in 

their sample.  Neumayer, in his cross-country study, derived a similar result.  Extrapolating his estimated 

equation for emissions suggests that CO2 emissions would start to fall with income at income levels between 

$55,000 and $90,000 – but the maximum income level observed in the data was $41,354.  Schmalensee et 

al (1998), found clear evidence of an ‘inverse U’ relationship between CO2 emissions per head and income 

per head, using a more flexible way of allowing for changes in the relationship.  Energy use per head, which 

                                                
26 The term EKC derives from an analogy with Simon Kuznets’ hypothesis that income inequality first rises with development and the 
increase in income per head, but at some level of income per head then starts to fall (Kuznets, 1955).  There is some evidence of the 
existence of EKCs for some local pollutants, such as oxides of nitrogen, sulphur dioxide and heavy metals (Selden and Song, 1994; 
Harbaugh et al, 2002). 
27 They had full data over the period for 108 countries. 
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is highly correlated with CO2 emissions per head from the energy sector, also appears to increase less with 

income per head at higher income levels (eg. Schmalensee et al, op cit; Judson, Schmalensee and Stoker, 

1999; and, for US states, Aldy, 2007). 

 

Figure 18: Changes in global fossil fuel CO2 emissions and in global GDP (1990 PPP$), 1950–

2006 

 

Source: Bowen et al (2009) 

 

Figure 19: Changes in US fossil fuel CO2 emissions and in US GDP (chained 2000$), 1950–2007 

 

Source: Bowen et al (2009) 
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Such results could be explained by developments in the supply side of economies as they become more 

productive or by changes in preferences about greenhouse gases on the part of consumers – a demand-side 

explanation.  On the supply side, as countries’ incomes per head rise, the structure of demand might change 

towards less energy-intensive activities (these shifting to less developed economies).  On the demand side, 

energy supply might be shifted away from carbon-intensive technologies as the local pollution associated 

with them became less acceptable.   

 

However, the direct evidence for these two propositions is not strong.  For example, on the supply side, Sue 

Wing and Eckaus (2007) showed that changes in US industrial structure since 1980 had had little effect on 

energy intensity.  Liu and Ang (2007) found that trends in aggregate energy intensity in the industrial sector 

in the past 30 years had been influenced more by changes in energy intensity within sectors than by 

structural change.  On the demand side, the fact that any individual country can have a relatively small 

effect on global greenhouse gas emissions, while local climate-change damages are determined by global 

emissions, makes it difficult to envisage strong country-level action in the absence of international 

agreements  (or, at least, coordination).  In any case, it is not clear that the demand for environmental 

improvements is income-elastic; Kriström and Riera (1996), for example, produce evidence to the contrary.   

 

Also, simply observing what looks like an EKC in the data is not an adequate test of whether either the 

hypothesised demand-side or the supply-side mechanism is present.  Müller-Fürstenberger and Wagner 

(2007) point out that large-scale models of emissions used in integrated assessment modelling of climate-

change policies can generate an apparent EKC without either of the mechanisms.  Emissions per head may 

eventually fall because of exogenous technical progress, inducing a spurious relationship between the peak 

in emissions per head and income levels. 

 

Some more recent studies have drawn attention to the econometric challenges of estimating the relationship 

between emissions per head and income per head from panel data, and have concluded that earlier studies 

finding an EKC for CO2 emissions are unreliable (e.g. Lee and Lee, 2009; Müller-Fürstenberger and Wagner, 

2007; Wagner, 2008; Romero-Avila, 2008)28.  Müller-Fürstenberger and Wagner (2007), for example, 

emphasise two major problems: first, not allowing properly for non-stationarity29 of explanatory variables 

and, second, neglecting cross-sectional correlation of shocks (e.g. to energy prices).  The hypothesis that 

emissions per head will eventually decline as income per head rises sufficiently high is generally rejected in 

these more recent studies, although there is evidence that emissions per head may converge towards the 

levels in the most industrially developed countries.  Lee and Lee (2009) find long-run elasticities of emissions 

per head with respect to GDP per head of between 0.6 and 0.9 for one set of countries but an elasticity as 

                                                
28 These studies also bring into question the studies of income per head and emissions per head over time that do not exploit the cross-
sectional properties of data sets.  That is relevant in interpreting McKitrick and Strazicich (2005), who argue that global emissions per 
head are stationary in the statistical sense and without an upward trend. 
29 A series is stationary if the stochastic process driving it has a probability distribution that is not time-dependent.  Many economic 
variables that grow over time do not have this property, which complicates the econometrics. 
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low as 0.2 for another set.30  Wagner (2008), in a study of 100 countries over the period 1950-2000, finds a 

tendency for emissions per head to rise at an accelerating rate with income per head, although he is 

sceptical about the estimates and argues that any reduced-form methods are likely to be flawed.   

 

Some studies have taken a step in the direction of a more structural approach by attempting to control for 

exogenous technological shifts (e.g. Lanne and Liski, 2004; Romero-Avila, 2008).  Shifts such as the decline 

in the use of steam power, the spread of the internal combustion engine and electrification have had major 

implications for the efficiency with which energy is used and the range of activities in which it can be 

deployed (the same is potentially the case for shifts due to large energy price shocks, for example, those 

induced by OPEC in the 1970s).  They can therefore mask the impact of income on emissions.  Huntington 

(2005) estimated that, over the long term, a 1% rise in GDP per head leads to a 0.9% increase in emissions 

per head in the United States, after allowing for technology shifts and new energy sources, holding other 

explanatory variables constant.  Martinez-Zarzoso (2009), in a study of 121 countries over 1975-2003, and 

controlling for countries’ energy intensity, industrial structure and urbanisation, generally rejects the EKC 

hypothesis after allowing for country heterogeneity.  Emissions per head are positively related to the share 

of industrial activity in the economy for non-OECD countries but not for the OECD – the most developed 

economies.  The elasticity of CO2 emissions per head with respect to GDP per head is 1.5 for countries at 

average levels of income and energy efficiency, but lower for higher-income countries. 

 

Overall, the evidence for an EKC for greenhouse gas emissions is not very strong.31  Instead, it appears that 

a positive relationship between income per head and emissions per head tends to prevail, all other factors 

held constant, but with wide variations across countries.  The relationship is weaker for high-income 

countries.  There is a shortage of structural econometric models of emissions, which makes formal short-run 

forecasting difficult.32   

 

These studies have a number of implications for the impact of the current slowdown on greenhouse gas 

emissions.  First, a given percentage fall in income per head is likely to reduce energy-related emissions 

more in poorer countries than richer ones.  But, second, there is a danger of underestimating the strength of 

the relationship in rich countries if modelling does not take into account other factors, in particular the 

choice of energy technologies.  Third, long-run and short-run relationships differ.  In the short run, the 

capacity to vary the choice of technology or to change the industrial structure of the economy is limited, 

because both require extensive investment.  Hence a temporary fall in incomes is unlikely, for example, to 

lead to the adoption of a more energy-intensive industrial structure appropriate to an earlier stage of 

economic development (which would otherwise tend to offset in part the impact of lower incomes on 

emissions). 

                                                
30 In the jargon of econometrics, the first set of countries is the set where emissions per head and GDP per head have a unit root, the 
second where they are stationary series. 
31 Wagner (2008) puts this more strongly: “the seemingly strong evidence for an inverted U-shaped relationship between these 
variables obtained with commonly used methods is entirely spurious…” 
32 Many of the EKC studies use panel data methods that introduce time and country fixed effects.  They cannot be used for 
extrapolating across time because one does not know what the size of future time effects will be.  The country fixed effects may not be 
stable out of sample and in any case the researcher may want to know what lies behind the cross-country differences. 
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However, most studies of emissions and income have focused on the long run, because their authors have 

been concerned with the long-run accumulation of greenhouse gases in the atmosphere.  To investigate the 

possible impacts of recession, it is helpful to consider studies that have paid more attention to short-run 

dynamics.  That has been more common in studies of energy demand than of greenhouse gas emissions, 

but the former can still be informative in the current context, because energy use is closely related to 

emissions from the energy sector.  Such studies have also investigated the impact of energy prices on 

energy demand, another potentially important factor in this downturn, given the fall in oil prices and the 

carbon quota price in the EU Emissions Trading System.  This strand of work is considered after a brief 

comment on the concept of convergence in growth. 

 

Convergence 

 

Although the idea of an EKC for CO2 emissions has taken a knock in some of the recent literature, a number 

of studies have suggested that emissions per capita across countries are not diverging over the long run, 

once the possibility of transient shocks (e.g. from changes in energy technologies or energy policies) has 

been admitted.  Romero-Avila (2008), Lee and Chang (2009) and Jobert et al (2010) all find evidence for a 

tendency towards convergence among industrial countries.33  That seems consistent with the evidence for 

some degree of long-run convergence in incomes per head across countries, at least within the OECD (Barro 

and Sala-i-Martin, 2004; Quah, 1997).   

 

Convergence implies a slowdown in per capita income growth rates in currently low-income countries as 

they catch up with the technologically most developed.  That lies behind the declining annual growth rates, 

particularly for China and India, included in most emissions modelling exercises.  Several researchers have 

noted, however, that growth in emerging market economies may continue to be much higher in the near 

term than commonly assumed by modellers.  Indeed, some model runs do not take into account the high 

growth rates of emerging markets in the early years of this millennium.  Blanford et al (2009) and Sheehan 

(2008) demonstrate that that can lead to a significant underestimate of the rate of growth of global 

emissions – particularly when the high carbon intensity of energy use in China and India at the margin is 

taken into consideration. 

 

The income elasticity of energy demand 

 

Variations in the demand for energy will be reflected in variations in CO2 emissions, holding the mix of 

energy technologies constant.  In the short run, the scope for switching among energy sources is limited by 

the fixity of the capital stock, so the study of the short-run demand for energy may be helpful for assessing 

the reasons for sort-run variations in emissions.  However, Adeyemi and Hunt (2007) conclude from their 

                                                
33 There are several definitions of convergence.  Usually it is taken to mean that the values across countries of the variable concerned 
tend towards time-invariant ratios to each other from a starting position where the low values are below their long-run equilibrium 
ratios to the high values. 
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review of the literature that “there is no consensus on how to estimate industrial energy demand, in 

particular how the effect of technical change (and possible other exogenous factors) is captured.”  Technical 

change may be exogenous or stimulated by rising relative prices of energy sources, or some mixture of 

both.  Switching between fuel types may entail switching between production structures with very different 

responses to income and price shocks.   

 

Two recent explorations of energy demand have concluded that single-equation approaches assuming 

constant elasticities of energy demand are to be preferred to the complex equations with cross-equation 

restrictions that are derived if complex production functions are assumed.  Following Pesaran et al (1998), 

Adeyemi and Hunt (2007) argue that they are simpler to estimate, have more limited data requirements, are 

more straightforward to interpret and generally outperform more complex specifications.  Adeyemi and Hunt 

estimate for a panel of OECD countries a (short-run and long-run) elasticity of industrial energy demand 

with respect to income of 0.8 in their preferred specification – not far from Huntington’s elasticity of 

emissions with respect to income per capita of 0.9.  Agnolucci (2009), in a study of UK and German 

industry-sector energy demand, derives an estimate of 0.52 for the long-run elasticity of energy demand 

with respect to economic activity in his preferred specification, which he suggests is broadly consistent with 

past studies. 

 

The lack of consensus about the income elasticity of energy demand is reflected in the variety of 

assumptions made in energy-demand models used by official bodies.  The International Energy Agency’s 

(IEA’s) 2006 World Economic Outlook reported a weighted average income elasticity worldwide of crude oil 

demand of 0.09 in the short run and 0.48 in the long run.  That implies a rather lower elasticity for oil than 

suggested by the results for industrial demand reported above, requiring that elasticities are lower outside 

the industrial sectors of economies.  That is a little surprising given that the long-run income elasticity of 

energy demand in the transportation sector is generally believed to be high (noting the increase in demand 

for energy in transportation in high-income countries).  Average income elasticities of demand for electricity 

(using GDP per capita) ranged from 0.4 to 1.3, and were generally higher in non-OECD countries.  The 

overall elasticity of energy demand with respect to industrial output in the energy demand model used by 

the UK government is 1.1, a significantly higher figure. 

  

Some econometric work suggests that there is a lagged response of energy demand to GDP changes, so 

that the initial income elasticity of demand is less than the long-run value.  However, where there are shocks 

to aggregate demand and expectations of near-term growth, firms may slow investment and run down 

stocks of goods and work in progress, so that manufacturing industry, particularly capital goods producers, 

are affected much more sharply initially than are providers of services.  As the former tend to be more 

energy intensive, emissions are likely to be reduced significantly more in the short run, because of the stock 

adjustment process that is set in train.  Similarly, in response to an unexpected economic downturn, there 

are likely to be bigger changes to the mix of energy sources used in the very short run, as it is easier to cut 

back some sources of power generation (e.g. gas and oil-fired power stations) than others (e.g. nuclear).  

That can result in a lowering of the carbon intensity of energy until the capital stock in the power sector 
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adjusts to the new outlook for energy demand.  In these circumstances, the transitory part of the shock to 

GDP is associated with a bigger impact on energy demand.  But where the trigger for the downturn to GDP 

is from a supply-side shock rather than a demand-side shock, the short-run impact on energy demand 

depends crucially on what sector that supply-side shock hits hardest.  An upward shock to real energy prices 

would have a larger impact on energy demand and emissions than would, say, an adverse supply-side shock 

to banking and business services. 

 

Overall, energy demand modelling suggests that greenhouse gas emissions from the energy sectors of 

OECD countries are likely to be sensitive to income and hence will fall as a result of a recession, but there is 

considerable doubt about the precise strength of the relationship.  Assuming no change in the energy mix, a 

1% fall in GDP seems likely to lead to a reduction of emissions by somewhere in the region of 0.5 to 0.8%.  

For the UK, the impact may well be significantly lower than assumed in the model used by the UK 

government.  There is less evidence about the impact of changes of income outside the industrial sectors of 

developed countries.   

 

The price elasticity of energy demand 

 

Turning to the price elasticity of energy demand, both Adeyemi and Hunt and Agnolucci conclude that 

energy demand is more sensitive to prices than many earlier econometric estimates suggested.  Agnolucci 

finds a long-run price elasticity of demand of -0.64 (i.e. a 10% fall in price, other things equal, leads in the 

long run to an increase in energy demand of 6.4%).  Adeyemi and Hunt find some support for the 

hypothesis that the response of energy demand to a price change is asymmetric:  it depends whether the 

price increases or decreases.  They estimate that the price elasticity of demand for a price increase above its 

previous maximum is -0.5; for a price increase below its previous maximum -0.6; and for a price decrease -

0.3.  That is consistent with the hypothesis put forward by Gately and Huntington (2002) and Huntington 

(2006), that price increases induce technological improvements designed to economise on the now more 

expensive energy inputs.  If the price falls subsequently, the producer does not usually find it profitable to 

return to using their previous technology, so energy demand does not increase as much as it fell in the first 

place.  Huntington (2010) finds that, for the USA, short-run responses of energy demand to changes in 

either actual or ‘maximum’ prices are lower than responses to income.  But he finds (contrary to Adeyemi 

and Hunt) that reaching new ‘maximum’ prices has a bigger negative impact on energy demand than a 

similar proportional increase in price if the price remains in a range that it has been in before. 

 

Overall, it appears that emissions are sensitive to the relative prices of energy, with some scope in the 

longer run to substitute labour for capital and energy in general.  In the shorter run, there is also some 

flexibility in some sectors, especially power generation, to switch fuel type in response to relative fuel prices.  

Figure 4 above shows how relative gas and coal prices have ticked up during the slowdown, but remain well 

below their levels in the 1990s.  Energy demand appears to show an asymmetrical response to price 

increases and price decreases in the long run, with the former probably more likely to trigger a change in 

the energy intensiveness of techniques embodied in the capital stock.  This view is consistent with the 
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observation that the recessions of the 1970s and 1980s were associated with falls in energy intensity but the 

early 1990s downturn was not; the former two episodes were triggered by real energy price increases. 

 

The share of investment in aggregate demand 

 

Investment tends to be particularly sensitive to variations in aggregate demand.  There are problems 

separating out cause and effect, but proxies for expected future demand are often found to be the most 

important variables in explaining investment behaviour, out-performing measures of the cost of capital.  

Hence so-called ‘accelerator’ models of investment relating it to output, or expectations thereof, remain 

popular, even where indicators of financial conditions also play an important role (see, for example, 

Guichard et al, 2009).  Investment is also discouraged by increased uncertainty about the future, as firms 

are encouraged to wait and see what happens; in other words, delay has an option value if the passage of 

time generates useful additional information about the likely returns to a project (Dixit and Pindyck, 1994).  

A slowdown in investment is likely to reduce the pace at which the capital stock in industry is modernised.  

As older capital tends to be more energy-intensive, that will moderate the rate of improvement of energy 

efficiency and offset in part the decline in emissions growth brought about by slower income growth.  

 

A recent empirical study by Martin, reported in Bowen et al (2009), investigated this issue further, using 

disaggregated firm-level data for UK manufacturing industry.  It finds that a 1% larger fraction of new 

capital34 is associated with a 0.32 percentage points lower energy intensity in the case of buildings and 0.26 

percentage points lower energy intensity for machinery.  From 1991 to 1993, at the time of an economic 

downturn, firms’ machinery aged appreciably, contributing to, but not fully explaining, the apparent rise in 

the energy intensity of manufacturing production during that period. 

 

The decline in the share of investment also implies a reduction in the likelihood of experiencing a spike in 

investment; such spikes are very pro-cyclical (Gourio and Kashyap, 2007).  Concentrated bursts of 

investment tend to reflect a sharp increase in the number of industrial establishments installing new plant 

and equipment (as opposed to regular maintenance spending), which can also be expected to be more 

energy-efficient.  However, a downturn is also likely to discourage the entry of firms that are less efficient 

overall (Lee and Mukoyama, 2008), stimulating aggregate productivity growth compared with booms, 

although there is some controversy about whether recessions have a ‘cleansing’ effect of this sort or a 

‘sullying ‘ effect (contrast Caballero and Hammour, 1994, and Barlevy, 2002).  Lee and Mukoyama’s findings 

may or may not extend to energy efficiency. 

 

The pace of innovation 

 

It is important to note in this context the growing significance of induced technical change in proposals for 

the long-term mitigation of climate change (see, for example, the special issue of The Energy Journal in April 

                                                
34 Equipment less than three years old. 
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2006 on endogenous technical change).  Empirical research with US data has confirmed the importance of 

energy prices as well as the quality of the existing stock of knowledge in influencing the volume of patenting 

activity in connection with energy-efficient innovations (Popp, 2002).  New plant and machinery is strongly 

correlated with higher total factor productivity in UK manufacturing (Bowen et al, 2009).  Relative prices are 

likely to influence which factors of production experience the larger changes in demand as a result of this 

technical progress.  Persistent rises in the real relative price of energy are therefore likely to induce faster 

energy-saving technical progress and slower emissions growth.  Conversely, as with a slowdown in 

investment, the near-term impact of a decline in the relative prices of energy types is likely to offset in part 

the impact of the slowdown on emissions via income, by slowing energy-saving technical change. 

 

Do downturns have a permanent effect on the level of output? 

 

Changes in GDP may represent temporary deviations from an unchanged trend in the level of GDP or may 

entail a permanent shift in the trend line and/or its slope.  Which is the case matters for the outlook for 

emissions.  If the former is the case, a downturn produces only a temporary deviation from previous 

projections of, say, business-as-usual emissions.  But if the latter is the case, the path of emissions will be 

permanently lower as a result of a slowdown.  Business cycles are often regarded as producing only 

temporary deviations, because the increases in involuntary unemployment and the under-utilisation of 

resources experienced in downturns are expected to be reversed.  However, a cyclical downturn can have 

longer-term effects by reducing the rate of growth of potential supply.  Downturns can reduce the size of 

the capital stock, through reductions in the rate of investment and increases in the rate of scrapping.  And 

they can reduce the supply of labour, for example, by encouraging older workers to retire early and by 

eroding the skills of the long-term unemployed.  These changes are difficult to reverse and impart an 

element of hysteresis to the macroeconomy.  Also, downturns may be triggered by exogenous reductions in 

the rate of technical progress or by other factors having a long-term adverse effect on efficiency, such as 

the introduction of ill-designed government regulation, and hence they may presage slower output growth in 

the future. 

 

Empirical studies suggest that shocks to GDP tend to have long-term effects on the level of GDP and so, by 

extension, on the level of greenhouse gas emissions.  After a shock to GDP, output does not appear to 

return to a time-invariant trend path in most countries, although there is a debate about whether the 

reversion may just be very slow and whether the United States differs in this respect from other nations 

(see, among others, Nelson and Plosser, 1982; Cochrane, 1988; Cogley, 1990; Sinclair, 2009).  In the UK 

case, it has been argued that a 1% shock to output in one quarter should reduce forecasts of future output 

in all periods by 1% (Mills, 1995).35  Webster et al (2008) investigate the role of uncertainty about GDP 

growth in long-run climate-change modelling, noting that a fixed trend rate of GDP growth for each region is 

often assumed in modelling.  They argue that it is preferable to assume that, in the jargon of statistical time 

                                                
35 In econometric terms, Mills finds UK quarterly output to be a pure random walk with drift – an extreme case, as it implies the 
complete absence of a business cycle as usually defined.  One would expect the growth rate of GDP to be higher for a while as slack in 
an economy is taken up after a demand-induced downturn, even though GDP does not return all the way to its previous path. 
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series, GDP growth follows a random walk with drift.  Hence there may be long-lasting booms and busts in 

regional growth.   

 

In the wake of a major global banking crisis, it is particularly relevant that financial crises are associated with 

particularly severe and long-lasting impacts on output.  Claessens et al (2009), in a study of 21 OECD 

countries over the period 1960-2007, show that recessions involving credit crunches and sharp falls in house 

prices tend to be deeper and longer than others.  Also, globally synchronised recessions are deeper and 

longer.  Cerra and Saxena (2008) examine the consequences of financial and political crises in 190 countries 

over the period 1960-2001.  They find that banking crises tend to have a strong negative effect on output – 

a 7½% fall overall, with the output loss ten years after the onset of the crisis still exceeding 6% for all their 

country groups except Latin America and lower-middle-income countries.  A recent IMF report (IMF, 2009) 

paints a similar picture of the stylised facts: 

• Typically, output does not return to its pre-crisis trend.  On average, output falls steadily below 

the pre-crisis trend until the third year after the crisis and does not rebound thereafter. 

• The medium-term output losses after a banking crisis are substantial.  Seven years after the 

crisis, output has declined by 10% relative to trend on average. 

• Growth rates tend eventually to return to their pre-crisis values. 

Thus it seems sensible to assume that output follows a permanently lower trajectory after a recession. 

 

This issue touches on the question of what underlying framework of macroeconomic thought is deemed 

appropriate when making long-term projections.  Short-run ‘New Keynesian’ analyses tend to pay little 

attention to the determinants of potential output and consequently tend to emphasise the cyclical 

component of GDP and the reversibility of adverse shocks to output.  In contrast, ‘Real Business Cycle’ 

theorists often emphasise the role of exogenous shocks to technology and people’s tastes or preferences in 

generating fluctuations in GDP.  Analysts in this tradition tend to regard most shocks as having permanent 

effects on the level of output, without a cyclical ‘bounce-back.’  Post-Keynesian modellers sometimes also 

take this view, even though they (unlike ‘Real Business Cycle’ theorists) lay emphasis on the existence of 

involuntary unemployment and underutilisation of resources.  For them, deliberate policy measures are 

needed to ensure that economies return to full employment after an adverse shock.  Without such policies 

(which in some integrated assessment modelling include climate-change mitigation measures), adverse 

shocks can have very long-lived effects. 
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