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Using data from the International Energy Agency, this paper uses a STIRPAT model to examine the effect 
of fuel price changes on CO2 emissions from oil, natural gas, and coal. Estimations are run for 16 OECD 
countries using data from 1980-2012. Overall, the results show that the emissions from fossil fuels are 
highly inelastic to price changes. Given that historic data show little or no responsiveness to price 
changes, and that significant cuts in emissions will be required in order to stem the continuing problem of 
climate change, relatively large price increases will be needed in most developed countries. 

INTRODUCTION 

Economists have long favored market based solutions to the climate change problem by proposing 
carbon taxes or cap-and-trade markets as feasible solutions. This paper argues that given the price 
increases required to deter climate change, it is unlikely that our elected officials will do much to resolve 
the climate change debate.  

This paper uses a modified STIRPAT model to examine the ecological impact elasticities of various 
fossil fuels in numerous OECD countries including the US. The STIRPAT model, or stochastic impacts 
by regression on population, affluence, and technology, has been used to analyze the effects of the driving 
forces (population, affluence, and technology) on a variety of environmental impacts (York, 2003b). In 
this particular paper, the environmental impact is measured as the CO2 emissions from coal, oil, and 
natural gas. In its modified form, other factors can also be added to the STIRPAT model such as the price 
of the specified fossil fuels. After controlling for population and affluence, the STRPAT allows us to 
examine the impact of changes in fossil fuel prices on the emissions from those specific fossil fuels.  

Using data from the International Energy Agency, this paper uses the STIRPAT model to examine the 
effect of fuel price changes on CO2 emissions from oil, natural gas, and coal. Estimations are run for 16 
OECD countries using data from 1980-2012. Overall, the results show that the emissions from fossil fuels 
are highly inelastic to price changes. In several cases, as fossil fuel prices increase, fossil fuel emissions 
increase as well. Given that historic data show little or no responsiveness to price changes, and that 
significant cuts in emissions will be required in order to stem the continuing problem of climate change, 
relatively large price increases will be needed in most developed countries. Given, that many of the 
developed nations are democracies, it seems that many politicians may have a difficult choice to make 
between the longevity of human survival on the planet versus the longevity of their own political careers.  
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BACKGROUND 
 

Figure 1, below, from the Met Office Hadley Center shows the global average temperature anomaly 
for combined land-surface air temperature and sea-surface temperature from 1850 to 2016. We can see 
that global temperature anomalies have been positive and on a continual rise since 1990.  

Many believe that in large part this continued increase in surface temperatures is related to increasing 
use of fossil fuels around the globe (Hansen, 2008). In order to reduce emissions from fossil fuels many 
economists have argued in favor of market based solutions such as:  

1. Carbon Taxes: Taxes can be placed on items that lead to carbon emissions such as fossil 
fuels, coal, and petroleum products.  

2. Cap-and-Trade: A specific quantity of allowable emissions is set as the cap. Credits may 
be allocated or auctioned. Emitters then trade the credits or �right to emit� in an open market.  

 
FIGURE 1 

GLOBAL AVERAGE TEMPERATURE SERIES: COMBINED LAND-SURFACE AIR 
TEMPERATURE AND SEA-SURFACE TEMPERATURE 

 

 
The favoring of market based solutions stems from the work of Montgomery (1972) which argued 

that a given reduction in pollution can be achieved more cheaply under market based solutions (cap-and-
trade) than under command-and-control regulation. Basic economic theory would indicate that carbon tax 
and cap-and-trade approaches are equivalent � although Weitzman (1974) argues the superiority of a price 
approach such as a carbon tax under conditions of uncertainty. Due mostly to political and institutional 
concerns, some economists favor a harmonized carbon tax such as William Nordhaus (2006, 2007, 2009), 
while others favor a cap-and-trade system such as Robert Stavins (Jaffe, 2010). Rather than focus on the 
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specifics of which approach might be more effective, this paper attempts to estimate the actual price 
changes that might be required in order to achieve a targeted rate of reduction in CO2 emissions. 

Hansen writes that �If humanity wishes to preserve a planet similar to that on which civilization 
developed and to which life on Earth is adapted, paleoclimate evidence and ongoing climate change 
suggest that CO2 will need to be reduced from its current 385 ppm to at most 350 ppm, but likely less than 
that� (Hansen, et.al., 2008, p. 217).  Estimates by the International Panel on Climate Change (IPCC) show 
that to achieve a target of 350 ppm will require a minimum of a 50% reduction in CO2 emissions (IPCC, 
2007, p. 39, Table TS.2). 

The goal of this paper is to estimate ecological impact elasticities using a STIRPAT model, from 
which we can then calculate the price increases in varying fossil fuels that will be required in order to 
achieve a 50% reduction in CO2 emissions from those fuels. 

 
MODEL 

According to the IPAT model environmental impact (I) is a function of population (P), affluence (A), 
and technology (T) (Ehrlich, 1971; Commoner, 1972).  
 
I = P*A*T                    (1) 
 
To make the model useful for hypothesis testing it was redesigned into the STIRPAT formulation by 
Dietz (1994).  
 
Ii = aPb

i A
c
iT

d
iei                         (2) 

 
This multiplicative model can then be transformed into a linear model where the error term 
accommodates variations in technology.  
 
log I = a + b (log P) + c (log A) + e                 (3) 
 
In environmental economics the more common equation which allows for the estimation of an 
environmental Kuznets curve is:   
 
log I = a + b (log P) + c (log A) + d (log A)2 + e               (4)  
 
The coefficients in this equation can be interpreted as ecological impact elasticities.  

In order to further disaggregate the model we can reformulate the model for T, the technology 
variable, since it is not a single factor but comprises many separate factors that influence environmental 
impacts. T can include all factors whose effects are not captured by population and affluence (Dietz, 
1997). T can be directly disaggregated by including additional factors in the STIRPAT model that are 
theorized to influence impact (emissions) per unit of production (GDP). Additional factors can be added 
to the basic STIRPAT model so long as they are conceptually appropriate for the multiplicative 
specification of the model (York, 2003b). Examples of additional variables that have been included in the 
STIRPAT estimation in an effort to disaggregate T include an education index, land area, a life 
expectancy index, percent of GDP not in the service sector, percent of GDP from industry, percent of 
population over age 15, percent of urban population, and dummy variables for capitalist nations, civil 
liberties, latitude, political rights, state environmentalism, and world system position (York, 2003a). 

In this vein, this paper attempts to disaggregate T by estimating the impact of prices of fossil fuels as 
well as the �taste� for fossil fuels as measured by the percentage of electricity generation coming from 
non-fossil fuels. Therefore, the final estimating equation is:  
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log (Ij) = 0 + 1 log (Real Coal Price Indexj) + 2 log (Real Natural Gas Price Indexj) + 3 log (Real Oil 
Price Indexj)  + 4 log (Populationj)  + 5 log (GDP PPP per capitaj) + 6 log (GDP PPP per capitaj) + 7 

log (Percentage of Electricity Generation from Non-Fossilj) + ej                   (5) 
 
where I = CO2 Emissions from Coal, from Oil, and from Natural Gas,  j =  1980-2012 and logs are base 
10 logs in accordance with Dietz (2007).  
 
HYPOTHESES 

Using I as the CO2 emissions from coal, oil, and natural gas leads to three different sets of 
hypotheses. In all cases we expect 4  to be positive as increased population would lead to an increased 
amount of emissions (Shi, 2003). We expect 5 to be positive and 6 to be negative in accordance with the 
environmental Kuznets curve (EKC) hypothesis (Grossman, 1995). We expect 7 to be negative since a 
large percentage of electricity generation coming from non-fossil sources should imply a reduction in 
emissions from the various fossil fuels. 

The impact of the prices of coal, oil, and natural gas will have differing impacts on the emissions in 
each specification. When CO2 emissions from coal is the dependent variable, we would anticipate that an 
increased price of coal, should lead to decreased demand for coal, and therefore less emissions from coal 
implying that 3 should be negative. On the other hand, if the price of natural gas or oil rises, we would 
expect consumers to substitute away from those forms of energy towards coal which should lead to 
increased emissions from coal implying that 1 and 2 should be positive. Similar logic applies to the 
equations estimated for natural gas and coal. Table 1 displays the expected signs for the coefficients in the 
three estimating equations.  

TABLE 1 
HYPOTHESES TO BE TESTED 

 

 
 
DATA 

As can be seen in Table 2, the primary source of data used in the estimations is the International 
Energy Agency (IEA). Indexed fuel price data comes from Energy Prices and Taxes while data on 
emissions, population, and GDP come from CO2 Emissions from Fuel Combustion. Information on 
electricity generation comes from the US Energy Information Administration website. Time series data 
from the IEA spans 1978-2012 while the US Energy Administration time series begins in 1980. Hence, 
1980-2012 (32 years) is the sample used.  

It is important to note that the price data is measured as an index and cannot be used to compare 
relative prices between fuels or between countries. In can only be used to compare how the price of one 
fuel within one country is changing over time. The base year for each price index is 2010 so in 2010 the 
price index is equal to 100 for all three fuels (coal, oil, and natural gas) in all sixteen countries.  

The IEA data covers 33 of the 35 current OECD countries. No data were available for Iceland or 
Latvia. Australia, Canada, Chile, Estonia, Germany, Greece, Ireland, Israel, Mexico, Netherlands, New 
Zealand, Norway, Slovenia, Spain, and Sweden did not have any information on coal prices and therefore 
were excluded from the estimations. Missing data on electricity generation led to the exclusion of 

I = CO2 Emissions from Coal I = CO2 Emissions from Natural Gas I = CO2 Emissions from Oil

1  < 0 (Own Price) 1  > 0 (Price of Substitute) 1  > 0 (Price of Substitute)

2  > 0 (Price of Substitute) 2  < 0 (Own Price) 2  > 0 (Price of Substitute)

3  > 0 (Price of Substitute) 3  > 0 (Price of Substitute) 3  < 0 (Own Price)

4  > 0 (Population) 4  > 0 (Population) 4  > 0 (Population)

5  > 0 & 6  < 0 (EKC) 5  > 0 & 6  < 0 (EKC) 5  > 0 & 6  < 0 (EKC)

7  < 0 (Preference for Non-Fossil) 7  < 0 (Preference for Non-Fossil) 7  < 0 (Preference for Non-Fossil)



 Journal of Applied Business and Economics Vol. 19(7) 2017 111 

Luxembourg and the Slovak Republic. For 16 of the current 35 OECD countries data on the full set of 
variables was available. For those 16 countries, data was missing for certain years which lead to a 
reduction in the sample size for five of the 16 countries. Table 3 lists the 16 countries included in the data 
set along with the years used in the estimations. 
 
 

TABLE 2 
VARIABLE SOURCES AND MEASUREMENT 

 

 

  

Variable Source Measurement

Real Coal Price Index
OECD/IEA Energy Prices and Taxes : End Use 
Prices: Indices of Energy End  Use Prices: Real 
Index for Industry and Households: Coal 

Index derived from nominal end-use price including taxes. 
For each country year 2010=100

Real Oil Price Index
OECD/IEA Energy Prices and Taxes : End Use 
Prices: Indices of Energy End Use Prices: Real 
Index for Industry and Households: Oil Products

Index derived from nominal end-use price including taxes. 
For each country year 2010=100

Real Natural Gas Price Index
OECD/IEAEnergy Prices and Taxes : End Use 
Prices: Indices of Energy End  Use Prices: Real 
Index for Industry and Households: Natural Gas

Index derived from nominal end-use price including taxes. 
For each country year 2010=100

CO2 emissions from Coal
OECD/IEA CO 2  Emissions from Fuel 

Combustion : CO2 Emissions from Fuel 
Combustion: Sectoral Approach: Coal/peat

Measured as millions of tonnes of CO2 emissions

CO2 emissions from Oil
OECD/IEA CO 2  Emissions from Fuel 

Combustion: CO2 Emissions from Fuel 
Combustion: Sectoral Approach: Oil

Measured as millions of tonnes of CO2 emissions

CO2 emissions from Natural Gas
OECD/IEA CO 2 Emissions from Fuel 
Combustion : CO2 Emissions from Fuel 

Combustion: Sectoral Approach: Gas

Measured as millions of tonnes of CO2 emissions

GDP PPP
OECD/IEA CO 2  Emissions from Fuel 

Combustion: Indicators: GDP PPP

Compiled for individual countries at market prices in local 
currency and annual rates then scaled to 2005 price levels 
and converted to US dollars using the yearly average 2005 
purchasing power parities (PPPs).

Population
OECD/IEA CO 2 Emissions from Fuel 
Combustion: Indicators: Population

Measured in millions

% of Electricity Generation from 
Non-Fossil

US Energy Information Administration: 
https://www.eia.gov/beta/international/data/brow
ser/ accessed 1/7/2016

Calculated as the percentage of electricity generation 
coming from Nuclear and Renewables
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TABLE 3 
COUNTRIES AND YEARS USED IN ESTIMATIONS 

 

 

For these 16 countries, there are large fuel price swings that occur over the 1980-2012 period. 
Instances where the ratio of the maximum price over the minimum price exceeded three are listed in 
Table 4.  In each case, the minimum and maximum real price index along with the year in which it 
occurred is listed.  It is interesting to note that in most cases the low fuel prices did not occur at the 
earliest point in the period nor did the highest price occur at the end of the period. For a fuller 
understanding of fuel price swings, please see Appendix A which includes time series plots of all three 
fuel price indices for each country. 

 
TABLE 4 

LARGE FUEL PRICE CHANGES 
 

 

  

Country Years used in Estimation Sample Size (N)
Austria 1980-2012 32

Belgium 1980-2012 32
Czech Republic 1993-2012 19
Denmark 1986-2012 26
Finland 1980-2012 32
France 1980-2012 32
Hungary 1980-2012 32
Italy 1980-2012 32
Japan 1980-2012 32
Korea 1987-2012 25

Poland 1980-2012 32
Portugal 1997-2012 15
Switzerland 1980-2012 32
Turkey 1982-2012 30
United Kingdom 1980-2012 32
United States 1980-2012 32

Country
Coal Price 
Minimum

Coal Price 
Maximum

Nat. Gas Price 
Minimum

Nat. Gas Price 
Maximum

Oil Price 
Minimum

Oil Price 
Maximum

Belgium 32.57 (1994) 101.77 (2008)

Finland 36.99 (1988) 150.25 (2011) 36.85 (1989) 143.50 (2012)

Hungary 16.68 (1980) 119.50 (2009)

Japan 30.19 (2000) 130.21 (2008)

Korea 29.43 (1990) 111.51 (2012)

Poland 27.37 (1986) 112.53 (2011) 16.52 (1980) 107.75 (2012)

Switzerland 41.96 (1994) 142.04 (2008)

Turkey 33.90 (1982) 108.26 (2009) 25.10 (1982) 109.56 (2012)
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RESULTS 

The full results for all of the models estimated using the Cochrane-Orcutt method are displayed in 
Appendix B (Tables 10, 11, and 12). Tables 5, 6, and 7 included here display a summary of the full 
results. For each table the various possible results are listed in the first column. In the middle column the 
first number is the number of countries displaying a statistically significant result (  = 0.10) and the 
second number in parentheses displays the overall number of countries whose sign support that result. 
The third column lists the countries which display statistically significant results. 

Coal Estimations 
In Table 5 we see the results for the estimations which use CO2 emissions from coal as the dependent 

variable. First and foremost, we see that the estimated impact elasticity for the coal price index is often 
either positive, or negative and highly inelastic. Of the 16 countries, six show a positive relationship 
between the price of coal and CO2 emissions from coal, but for only one of these, Turkey, is the 
relationship statistically significant. Nine countries exhibit a negative inelastic relationship. Of these, five 
are statistically significant. Finally, only one country, the UK, shows a negative elastic relationship which 
is statistically significant. Overall, these results imply that CO2 emissions from coal are not very sensitive 
to changes in the price of coal. Relatively large increases in the price of coal will be required in order to 
effectively reduce CO2 emissions from coal.  

For the oil price index and the natural gas price index we generally find that oil and natural gas are 
substitutes for coal. As the price of natural gas rises, emissions from coal rise in 10 of the 16 countries 
and this result is statistically significant in four of them. We do find a negative or complementary 
relationship between coal and natural gas in six countries, but this result is statistically significant only for 
Belgium. For the price of oil the results are similar, a positive substitute relationship is again estimated for 
10 countries, but is statistically significant for only four of them. A negative complementary relationship 
is again estimated for six countries, but this time the negative result is statistically significant for 
Denmark, Hungary, and the UK.  

Population generally has the expected positive impact on CO2 emissions from coal. This positive 
relationship occurs in 11 countries, but it is statistically significant for only three of them. Conversely, a 
negative relationship is estimated for only five countries, but it is statistically significant in four of the 
five. 

The income estimates display limited support for the environmental Kuznets curve (EKC) hypothesis. 
In seven countries, we see the expected positive relationship with GDP per capita and a negative 
relationship with GDP per capita squared. Of these seven, two are statistically significant. The signs in the 
estimates for the other nine countries do not support the EKC hypothesis, but none of these estimates are 
statistically significant.  

Finally, the percentage of electricity generated from non-fossil fuels supports our expected hypothesis 
that as the taste for non-fossils rises, the amount of emissions from a fossil fuel such as coal should fall. 
This negative relationship exists for 13 countries and is statistically significant in six of them, while there 
are no statistically significant results for a positive relationship. 

In sum, the results for the coal equation show that most signs and relationships support our expected 
hypotheses. The fact that most of the estimates support our expectations provides further support that the 
equations are properly identified and that the relationship between the price of coal and the CO2 emissions 
from coal is not confounded by the effect of other variables missing from the equation. CO2 emissions 
from coal are highly inelastic to the price of coal, implying that large price increases will be required in 
order to effectively reduce CO2 emissions from coal.   
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TABLE 5 
RESULTS FOR COAL EMISSIONS 

 

 
 

Natural Gas Estimations 
Table 6 displays the results for the estimations which use CO2 emissions from natural gas as the 

dependent variable. 
Here we find that the relationship between the price of natural gas and CO2 emissions from natural 

gas tends to be negative but inelastic, again implying that relatively large price increases will be required 
in order to effectively reduce CO2 emissions from natural gas. 

Here, coal appears to have more of a complementary relationship with natural gas. As the price of 
coal rises, CO2 emissions from natural gas falls in 10 of the 16 countries and this result is statistically 
significant in France and the US. Only Hungary shows a statistically significant substitute relationship. 
By comparison, oil appears to be more of a substitute for natural gas. As the price of oil rises, CO2 
emissions from natural gas rise in 9 of the 16 countries and this result is statistically significant in Korea, 
the UK, and the US. Only Turkey displays a statistically significant complementary relationship.  

As population increases, CO2 emissions from natural gas increases as expected in 13 of the 16 
countries and this result is statistically significant in 9 of them. Only Denmark and the UK display a 
negative statistically significant result for the relationship between population and CO2 emissions from 
natural gas.  

Again, the EKC hypothesis is generally supported in 10 of the 16 countries and the result is 
statistically significant in four of them. Hungary is the only country which displays a statistically 
significant result that does not support the EKC hypothesis.  

Finally, the preference for non-fossils as measured by the percentage of electricity generated by non-
fossils generally has the expected negative relationship with CO2 emissions from natural gas. This 
negative relationship is estimated for 13 of the 16 countries and is statistically significant in nine of them. 

The results for CO2 emissions from natural gas, again tend to support our hypotheses which lends 
further support to the claim that the relationship between the price of natural gas and CO2 emissions from 
natural gas is inelastic, implying that relatively large price increases will be required in order to 
effectively reduce CO2 emissions from natural gas. 

  

Results for Price of Coal Number of Countries Countries with Statistically Significant Results
Positive 1 (6) Turkey
Negative Inelastic 5 (9) Czech Republic, Demark, Finland, Japan, US
Negative Elastic 1 (1) UK
Results for Price of Natural Gas Number of Countries Countries with Statistically Significant Results
Positive 4 (10) Korea, Switzerland, UK, US
Negative 1 (6) Belgium
Results for Price of Oil Number of Countries Countries with Statistically Significant Results
Positive 4 (10) Austria, Belgium, Czech Republic, Japan
Negative 3 (6) Denmark,  Hungary, UK
Results for Population Number of Countries Countries with Statistically Significant Results
Positive 3 (11) Finland, Japan, Poland
Negative 4 (5) Austria, Belgium, France, Switzerland
Results for EKC Number of Countries Countries with Statistically Significant Results
Positive GDPPC, Negative GDPPC SQD 2 (7) Belgium, US
Negative GDPPC, Positive GDPPC SQD 0 (8)
Positive GDPPC, Positive GDPPC SQD 0 (1)
Results for Non-Fossil Preferences Number of Countries Countries with Statistically Significant Results
Positive 0 (3)
Negative 6 (13) Austria, Denmark, Finland, France, Poland, UK
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TABLE 6 
RESULTS FROM NATURAL GAS ESTIMATIONS 

 

 

Oil Estimations 
Finally, Table 7 displays the results for the estimations in which CO2 emissions from oil is the 

dependent variable. Here we find that oil price has a negative inelastic relationship with CO2 emissions 
from oil in all 16 countries and that the result is statistically significant in six of them. 

These estimations show that natural gas seems to be more of a substitute for oil. A positive 
relationship between natural gas price and CO2 emissions from oil occurs in 9 of the 16 countries and the 
relationship is statistically significant in the UK and the US. There are no statistically significant results 
supporting a complementary relationship between natural gas prices and CO2 emissions from oil. For 
coal, the results are more divided, nine countries display a substitute relationship between coal price and 
CO2 emissions from oil and seven display a complementary relationship. Each result is supported by one 
country which displays a statistically significant result.  

Oddly, for population we see a primarily negative relationship between population and CO2 emissions 
from oil. As population increases, CO2 emissions from oil decreases in 12 countries and this result is 
statistically significant in 8 of them. Only Hungary is statistically significant for the expected positive 
relationship between population and CO2 emissions from oil.  

Here, the results for the EKC hypothesis are also much more mixed. The estimations for 8 countries 
(5 statistically significant) support the EKC hypothesis while the estimates for 8 countries (4 statistically 
significant) do not.  

Finally, as expected, more electricity generation from non-fossils leads to lower CO2 emissions from 
oil. This result occurs in 13 of the 16 countries and is statistically significant in 8 of them.  

The results for CO2 emissions from oil do not provide as much support for our expected hypotheses. 
The results for population are generally opposite of our expectations and the EKC hypothesis finds very 
limited support. However, the result that CO2 emissions from oil are highly inelastic with respect to the 
price of oil is supported in all 16 countries. Again, this implies that relatively large increases in the price 
of oil would be required in order to reduce CO2 emissions from oil.  
  

Results for Price of Coal Number of Countries Countries with Statistically Significant Results
Positive 1 (6) Hungary
Negative 2 (10) France,  US
Results for Price of Natural Gas Number of Countries Countries with Statistically Significant Results
Positive 1 (5) Japan
Negative Inelastic 5 (10) Finland, Poland, Switzerland, UK, US
Negative Elastic 1 (1) Turkey
Results for Price of Oil Number of Countries Countries with Statistically Significant Results
Positive 3 (9) Korea, UK, US
Negative 1 (7) Turkey
Results for Population Number of Countries Countries with Statistically Significant Results

Positive 9 (13)
Austria, Finland, France, Hungary, Italy, Japan, 
Switzerland, Turkey, US

Negative 2 (3) Denmark, UK
Results for EKC Number of Countries Countries with Statistically Significant Results
Positive GDPPC, Negative GDPPC SQD 4 (10) Austria, Czech Republic, Denmark, Portugal
Negative GDPPC, Positive GDPPC SQD 1 (4) Hungary
Positive GDPPC, Positive GDPPC SQD 0 (2)
Results for Non-Fossil Preferences Number of Countries Countries with Statistically Significant Results
Positive 0 (3)

Negative 9 (13)
Austria, Belgium, Czech Republic, Finland, Japan, 
Korea, Turkey, UK, US
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TABLE 7 
RESULTS FROM OIL ESTIMATIONS 

 

 

Summary 
In summary, the ecological impact elasticities for the prices of the varying fossil fuels on the CO2 

emissions resulting from those fuels are highly inelastic as can be seen in Table 8.  The highlighted p-
values are significant at the  = 0.10 level. 

For coal and natural gas we actually see a total of 11 cases where as the price of the fossil fuel 
increases, emissions from that fuel increase as well, implying that further price increases in these fuels 
would have little to no effectiveness in reducing CO2 emissions.  

For another 35 instances, we see that the price of the fossil fuel has a negative but inelastic 
relationship with the CO2 emissions from that fuel. In these cases, increases in fuel price should reduce 
CO2 emissions from that fuel, but the price increases required must be proportionally larger than the 
expected impact they will have on CO2 emissions.  

Finally, in the remaining 2 cases, fuel price has a negative but elastic relationship with CO2 emissions 
from that fuel implying that relatively small increases in the fuel price would lead to relatively large 
declines in emissions from that fuel.  

To summarize, in 46 of the 48 cases, fuel price increases seem to be a relatively ineffective way to 
reduce CO2 emissions from fossil fuels. People will either not react to the price increase or it will reduce 
their emissions by a relatively small amount. 

 
  

Results for Price of Coal Number of Countries Countries with Statistically Significant Results
Positive 1 (9) Poland
Negative 1 (7) Japan
Results for Price of Natural Gas Number of Countries Countries with Statistically Significant Results
Positive 2 (9) UK, US
Negative 0 (7)
Results for Price of Oil Number of Countries Countries with Statistically Significant Results
Positive 0 (0)
Negative Inelastic 6 (16) Finland, Italy, Korea, Poland, Turkey, US
Negative Elastic 0 (0)
Results for Population Number of Countries Countries with Statistically Significant Results
Positive 1 (4) Hungary

Negative 8 (12)
Belgium, Denmark, Finland, Italy, Japan, Poland, UK, 
US

Results for EKC Number of Countries Countries with Statistically Significant Results
Positive GDPPC, Negative GDPPC SQD 5 (8) Denmark, Korea, Poland, Switzerland, Turkey
Negative GDPPC, Positive GDPPC SQD 4 (8) Finland, Japan, Portugal, US
Results for Non-Fossil Preferences Number of Countries Countries with Statistically Significant Results
Positive 0 (3)

Negative 8 (13)
Austria, Belgium, Denmark, France, Italy, Korea, 
Portugal, US
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TABLE 8 
ECOLOGICAL IMPACT ELASTICITIES (OWN PRICE) 

 

 
 Note: Highlighted p-values are significant at the 90% level. 

 
Policy Impact 

In order to further the analysis, it is necessary to examine the reduction in emissions which actually 
need to occur.  

As stated previously, Hansen writes that �If humanity wishes to preserve a planet similar to that on 
which civilization developed and to which life on Earth is adapted, paleoclimate evidence and ongoing 
climate change suggest that CO2 will need to be reduced from its current 385 ppm to at most 350 ppm, 
but likely less than that� (Hansen, et.al., 2008, p. 217).  Estimates by the International Panel on Climate 

Country  Coal Price Natural Gas Price Oil Price
Coefficient 0.1354 -0.0338 -0.1403

p-value 0.2151 0.6874 0.1996
Coefficient -0.0724 -0.1041 -0.1357

p-value 0.4862 0.4526 0.2698
Coefficient -0.6395 -0.2492 -0.2029

p-value 0.0607 0.3242 0.1211
Coefficient -0.5946 0.1600 -0.0780

p-value 0.0563 0.5998 0.5418
Coefficient -0.3260 -0.8945 -0.1614

p-value 0.0180 0.0000 0.0513
Coefficient -0.1322 0.0455 -0.1358

p-value 0.5735 0.7999 0.1171
Coefficient 0.1108 -0.0455 -0.0400

p-value 0.1796 0.4138 0.6672
Coefficient 0.1462 0.0186 -0.1446

p-value 0.3567 0.8226 0.0947
Coefficient -0.0881 0.4955 -0.1912

p-value 0.0821 0.0931 0.1496
Coefficient 0.1149 -0.2080 -0.3194

p-value 0.1874 0.4234 0.0118
Coefficient -0.0334 -0.1122 -0.1527

p-value 0.5408 0.0295 0.0219
Coefficient -0.8170 0.5615 -0.3515

p-value 0.4838 0.5509 0.2226
Coefficient 0.1498 -0.4082 -0.0162

p-value 0.6148 0.0261 0.8628
Coefficient 0.3167 -1.2247 -0.1540

p-value 0.0022 0.0003 0.0645
Coefficient -1.3043 -0.3145 -0.0754

p-value 0.0393 0.0579 0.5155
Coefficient -0.2820 -0.2170 -0.1100

p-value 0.0000 <0.00001 0.0010

Austria

Japan

Belgium

Korea

Czech Republic

Hungary

United Kingdom

Italy

United States

Denmark

Portugal

Finland

Switzerland

France

Turkey

Poland
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Change (IPCC) show that to achieve a target of 350 ppm will require a minimum of a 50% reduction in 
CO2 emissions (IPCC, 2007, p. 39, Table TS.2). 

Using the calculated ecological impact elasticities from Table 8 we can now calculate the varying 
price increases in fossil fuels that would be required in order to achieve a 50% reduction in CO2 
emissions. 

Table 9 displays the required price increase in each country that would result in a 50% reduction in 
emissions from that fuel. Results from ecological impact elasticities that were statistically significant (  = 
.10) in Table 8 are highlighted in Table 9. In cases where positive ecological impact elasticities occur an 
NA+ is shown in Table 9 since price increases would not lead to decreases in CO2 emissions. 

For the statistically significant estimates, we see price increases ranging from: 

 78% - 567% for Coal (38% for UK which is elastic) 
 55% - 445% for Natural Gas (40%  for Turkey which is elastic) 
 156% - 454% for Oil. 

 
If we look at the US in particular we see that all of the results are statistically significant and that coal 

prices would need to increase 177%, natural gas prices 230%, and oil prices 454%. It seems very unlikely 
that we can expect our elected officials to vote for such large price increases. Instead it seems far more 
likely that officials will do very little to effectively reduce CO2 emissions through fossil fuel price 
increases.   

TABLE 9 
REQUIRED PRICE CHANGES TO ACHIEVE 50% REDUCTION IN EMISSIONS 

 

 
Note: Highlighted values are based on statistically significant estimates (  = 0.10). 

 

  

Country Coal Natural Gas Oil
Austria NA+ 1480.55% 356.30%
Belgium 690.93% 480.26% 368.51%
Czech Republic 78.19% 200.62% 246.48%

Denmark 84.09% NA+ 640.76%
Finland 153.38% 55.89% 309.78%
France 378.09% NA+ 368.28%
Hungary NA+ 1098.86% 1249.94%
Italy NA+ NA+ 345.73%
Japan 567.76% NA+ 261.44%
Korea NA+ 240.39% 156.55%
Poland 1495.91% 445.62% 327.47%
Portugal 61.20% NA+ 142.27%
Switzerland NA+ 122.49% 3082.03%
Turkey NA+ 40.83% 324.71%
United Kingdom 38.34% 158.98% 663.10%
United States 177.32% 230.40% 454.52%
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CONCLUSION 

Using data from the International Energy Agency, this paper uses a STIRPAT model to examine the 
effect of fuel price changes on CO2 emissions from oil, natural gas, and coal. Estimations are run for 16 
OECD countries using data from 1980-2012. Overall, the results show that the emissions from fossil fuels 
are highly inelastic to price changes. In the US the necessary price increases to achieve a 50% reduction 
in CO2 emissions would be 177% for coal, 230% for natural gas, and 454% for oil. Estimates for some 
countries for some fuels are even higher. Given these large price increases, it seems unlikely that 
politicians will make the necessary efforts to reduce CO2 emissions to the extent required. 
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APPENDIX A: TIME SERIES PLOTS OF FUEL PRICES 
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APPENDIX B: FULL MODEL RESULTS 

TABLE 10 
DEPENDENT VARIABLE: CO2 EMISSIONS FROM COAL 
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TABLE 11
DEPENDENT VARIABLE: CO2 EMISSIONS FROM NATURAL GAS 
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TABLE 12 
DEPENDENT VARIABLE: CO2 EMISSIONS FROM OIL 

 

 


