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The transport sector offers limited options to reduce green-
house gas emissions as compared with other sectors, such as 
power generation and industrial sectors. To understand the 
potential reduction of energy consumption and associated 
emissions through fuel substitution or transportation service 
demand reduction, this study estimates own- and cross-
price elasticities of various fuels used for transportation. The 

analysis shows, like many previous studies, that an increase 
in fuel prices would not have a large effect on transport 
sector carbon dioxide emissions, due to limited substitution 
possibilities among fuels for transportation. The study also 
finds that price-induced changes that lead to an increase 
in the rate of adoption of fuel-efficient vehicles would 
be more effective than a policy to cause fuel substitution. 
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1. Introduction 

Fossil fuels are the main anthropogenic source of greenhouse gas (GHG) emissions, and the 

transportation sector (including international aviation and marine transportation) contributes 

almost one-fourth of the current global GHG emissions from energy consumption and production 

activities (IEA, 2016b). More than 90% of the world’s transportation fuels is supplied by 

petroleum-based sources (IEA, 2016a). Unlike other sectors, such as power generation and 

industry, opportunities to substitute petroleum with other fuels are more limited in the 

transportation sector. The lower fuel substitution possibility leaves fewer options to respond to a 

fuel price increase: reducing demand in the short-run and adopting more energy efficient vehicles 

(i.e., vehicles that give higher kilometers per liter of fuel use) in the long-run. The latter is an 

outcome of technological change (Gales et al., 2007; Liao et al., 2007; Ma & Stern, 2008; Metcalf, 

2008).   

In the long-run, drivers could also exercise fuel substitution potential through vehicle switching, 

for example, replacing gasoline-driven vehicles with diesel-driven vehicles if transport cost with 

diesel is lower as compared to that of gasoline. They can also use public transportation (bus, train) 

instead of driving cars. Some substitution of gasoline vehicles with compressed natural gas (CNG) 

vehicles has occurred in many countries, including developing countries, such as India, Pakistan 

and Bangladesh (Timilsina and Shrestha, 2009). However, the analysis of this paper suggests that 

the substitution of gasoline-driven vehicles with CNG-driven ones is mainly caused by policies 

(e.g., government mandates in India, heavy subsidies to natural gas in Pakistan and Bangladesh) 

rather than market forces.  
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The substitution possibilities among fuels is the key driver to a successful implementation 

of market-based policy instruments in reducing GHG emissions from the transportation sector. 

This is because the higher are substitution possibilities among the transportation fuels, the larger 

would be the efficacy of market-based instruments. The substitution possibilities between fuels or 

between modes of transportation can be measured in terms of elasticity of substitutions. In 

addition, by comparing estimates of partial elasticities of substitution (a measure of fuel switching) 

with that of total elasticities of substitution (a measure of both fuel switching as well as changes 

in total fuel use), the importance of alternative market mediated policies can be evaluated. The 

benefits of a policy that affects the relative prices of fuels, and thus drives fuel-switching, can be 

compared with those of a policy that promotes fuel-efficiency.  

Several existing studies have focused on estimating price elasticity of transportation fuels, 

particularly gasoline. For example, studies such as Dahl and Sterner (1991), Dahl (2012), Espey 

(1998), Kayser (2000) and Holmgren (2007) estimated that the short-run own-price elasticity of 

gasoline spans a range between -0.08 and -0.54. Other studies, such as Burke and Nishitateno 

(2013), estimated the long-run own-price elasticity of gasoline to vary between −0.2 and −0.5. 

Existing studies have also compared the long-run elasticity of car travel with long-run own-price 

elasticity and reported the former is lower than the latter because of increase in fuel efficiency.3 

For example, Dargay (2007) finds that the elasticity of car travel to fuel prices in the long-run was 

                                                 
3 The average miles per gallon of the light-duty vehicle fleet in the United States increased from 14.9 miles in 1980 

to 20 miles in 2020 and further to 21.4 miles in 2014.  Similarly, the average miles per gallon of the new light-duty 

vehicle fleet increased from 24.3 miles in 1980 to 28.5 miles in 2000 and further to 36.4 miles in 2014 (US Bureau 

of Transportation Statics, 

https://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/national_transportation_statistics/html/table_04_

23.html).  
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only -0.14, which is lower in magnitude as compared to the lowest magnitude of long-run own 

price elasticity of gasoline reported by the literature. There also exist some studies that estimate 

both own-price elasticities and cross-price elasticities of fuels used in the transport sector. For 

example, Serletis et al. (2010) estimate own and cross price elasticities of four fuels, fuel oil, 

electricity, gasoline and diesel, using data from selected OECD countries.  

The main objective of our study is to compare two specific policies in the transport sector, 

fuel efficiency improvement and fuel switching, to reduce GHG emissions.  To do this, we estimate 

own and cross price elasticities for various OECD countries.  For this purpose, we used a translog 

cost function, which is widely used in the literature (see e.g., Berndt & Woods,1975; Fuss, 1977; 

Griffin, 1977; Pindyck, 1979; Uri, 1979; Hall, 1986) for the estimation. First, we hold the total 

demand for fuel in the road transportation sector constant and calculate the Allen partial elasticities 

of substitution (Uzawa, 1962). We then use these Allen partial elasticities to calculate the partial 

own- and cross-price elasticities of the various fuels in different OECD countries. In the second 

step, we relax the assumption that total demand for fuel in the road transportation sector is constant, 

and estimate total own- and cross-price elasticities. While the estimated values of partial cross-

price elasticity measure fuel switching possibilities, the differences between partial and total own-

price elasticities estimate the effect of fuel efficiency improvements and the reduction in energy 

consumption in the transportation sector.  

Some existing literature (Greening et al. 1999; Greening, 2004; Lu et al. 2007; Paravantis 

and Georgakellos, 2007; Timilsina and Shrestha, 2008 and Timilsina and Shrestha, 2009) has used 

the identity approach to compare the roles of various factors, such as change in fuel mix, improved 

fuel efficiency, change in transportation modes, etc. in influencing the historical trends of transport 

sector energy consumption or CO2 emissions from this sector. Although the identity approach has 
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been widely used to investigate national and sectoral energy and emission intensities (Ang and 

Zhang, 2000), it simply examines trends and does not use statistical techniques to establish the 

relationship between the changes in energy or emission intensities and the factors that might have 

caused the changes. Second, the approach does not account for changes in fuel prices and their 

potential roles on the changes in energy consumption and corresponding emissions.  

The results from our study suggest that alternative mode of transportation, including the 

electrification of vehicle fleets, have not reached the threshold where the population at large is 

willing to adopt these alternative technologies to the internal combustion engine. Thus, improving 

fuel efficiency and increasing distance per unit of fuel use of current transportation modes has 

major implications for the emissions generated by the transportation sector in the short to medium 

run.  The study presents a new way to represent fuel efficiency improvement through own price 

elasticities, and to compare, using estimated values of elasticities of transportation fuels, the key 

policy instruments to reduce GHG emissions from the transport sector.  Moreover, the estimated 

values of own and cross price elasticities using a long time series of data from all OECD countries 

can be used in models for energy demand forecasts in the transport sector and economy-wide, as 

well as in sectoral models, to assess impacts of climate change mitigation policies.  

The paper is organized as follows. Section 2 of this study describes the empirical 

framework used to estimate the partial (total) own- and cross-price elasticities. The data utilized 

are presented in section 3. In section 4, the own- and cross-price elasticity estimates are presented 

and the policy implications of the results are discussed. We offer policy discussion and concluding 

remarks in section 5. 
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2. Methodology 

We developed an empirical model to estimate the responsiveness of various fuels in the 

transportation sector to changes in price. Following Fuss (1977) and Pindyck (1979), we start with 

a model that employs a translog cost function that is homothetically separable in its inputs (a 

similar framework is employed in Berndt and Woods (1975), Griffin (1977), Uri (1979), and Hall, 

(1986)). Because the translog cost function is homotehtically separable, we can focus only on the 

energy input in the transportation sector, estimate the sensitivity to changes in prices, and better 

understand the effect of prices on fuel switching. 

Technically, assume transportation services from different modes (e.g., road, rail, air, 

water) are produced using energy/fuels (F) as well as non-energy inputs (i.e., capital (K), labor 

(L), and materials (M)). 4  Let F denote the set of the different types of fuels used in the 

transportation sector; that is, 

∈ ≡ gasoline, diesel, natural gas, LPG, electricity  

We restrict the structure of production as follows:  

Assumption 1: The production function is weakly separable in its aggregate inputs. 

Assumption 1 suggests that the marginal rates of substitution between the various fuels 

used in the transportation sector are independent of other aggregate inputs (capital, labor, and 

materials). This assumption leads to aggregate energy price indexes for the transport sector. To 

                                                 
4 Capital costs include rental value of vehicles, labor costs are the driver’s costs, and materials are operation and 

maintenance costs. 
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this end, Halvorsen and Ford (1978) used translog cost functions and tested the separability of 

energy from other inputs, focusing on the individual two-digit industries in the United States. They 

found that the separability holds for four of the eight industries in the United States. 

Assumption 2: Energy aggregates are homothetic in the various components.  

Assumption 2 suggests a two-step optimization process that results in the model’s solution. 

In the first step, the optimal fuel mix that yields the energy input is derived, and then input use is 

optimized across the various aggregate inputs (energy, capital, labor, and materials).  

Assumptions 1 and 2, then, suggest the following aggregate country-level transportation 

production function: 

= ∈ , , ,  

where T(.) is a homothetic function of the F fuels, and H(.) is a smooth function. Given the 

production structure assumed, the study henceforth focuses on the function T(.). 

Assume that firms take prices as given and let PE denote the aggregate price index of energy 

used for transportation, which is homothetic and not a function of quantity. Let small letters denote 

the log of the variable, pf denotes the log of price of fuel f, ∈ , c denotes the log of cost function, 

and define the share equations as = ⁄ . Then, the steps employed in estimating the 

parameters used to calculate the various elasticities and the transportation energy price index are 

as follows: 

1) First, we estimated the fuel shares: = + ∑ ,∈  for , ∈          (1) 
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We estimated Eq. (1) assuming the following restrictions (which are the outcome of 

Assumptions 1 and 2): 

(a) , = ,  

(b) ∑ ∈ = 1 

(c) ∑ ,∈ = ∑ ,∈ = 0 

2) Next, we used the estimated parameters  and ,  for , ∈  to calculate the 

aggregate energy price indexes of the transportation sector for the various countries. To 

calculate the aggregate energy-price indexes, the following equation was employed: = + ∑ ∈ + ∑ ∑ ,∈∈        (2) 

When calculating Eq. (2), we normalized  such that the aggregate energy price index for 

the United States in 2010 is 1.  

The parameters estimated in step (1) are, then, used to estimate the partial own- and cross- 

elasticities. To this end, we first calculate the Allen partial elasticities and then use these estimates 

to calculate the partial elasticities of interest. Following Uzawa (1962), when calculating the Allen 

partial elasticities of substitution, the translog cost function suggests the following: 

= +  for ≠ ,     (3) 

 = + 1 −  

Then, the partial own- and cross-price elasticities of demand, respectively, are  

 = ;  =  for ≠ ,     (4) 

These are partial price elasticities that only account for substitution among fuels assuming that 

total energy consumed by the transportation sector is constant.  
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When allowing total energy to change with changes in fuel price, the responsiveness of 

quantities to a given price change is much larger. The total elasticity is defined as 

=  +       (5) 

That is, total elasticity is the sum of the partial elasticity plus  ‒ called the cost 

effect, which is the outcome and change in amount of energy consumed. The empirical analysis 

suggests that the cost effect is important in the transportation sector; that is, the use of policy to 

increase fuel efficiency in the transportation sector is likely to reduce GHGs (measured through 

pricing effect within a given fuel) and this effect is of similar magnitude to that of policy that 

promotes wide adoption of electric vehicles (i.e., substitution effect among fuels). Thus, the 

analysis suggests that the cheaper and more cost-efficient policy should be adopted. This is further 

explained in Figure 1, which depicts the derived demand for fuel f. Start at point A. The demand 

for fuel f is DD, but the curve HH captures the substitution effect holding total energy constant. 

Now, increase the price of fuel f from Pf0 to Pf1. This increase in the fuel price results in fuel 

switching (holding total energy constant) and a move along the HH curve to point B. Because the 

price of fuel f increases in relation to other fuels, the quantity demanded for fuel f declines. 

However, the increase in fuel f’s price also yields a reduction in total energy consumed, leading to 

a further decline in the quantity of fuel f demanded. The increase in the price of fuel f results in the 

energy price index increasing further, making energy consumption more expensive and total 

energy demand in the transportation sector decline. This latter effect results in a move from point 

B to point C in Figure 1. The statistical analysis above suggests that demand for fuel f is as sensitive 

to changes in the energy price index as to the substitution effect among fuels.  
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Figure 1. Fuel savings versus fuel switching 

 

Technically, the total own- and cross-price elasticities per fuel are calculated as:  

 = + ∙       (6) 

= + ∙   ≠       

where  denotes the own-price elasticity of the aggregate energy use in the transportation sector, 

whose value we take from Pindyck (1979). These elasticities enable us to assess how changes in 

fuel prices affect total fuel consumption, as well as fuel switching.  

3. Data 

The empirical analysis used annual country data on amounts of various fuels consumed by the 

transportation sector across countries as well as their prices.  
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Energy consumed by the transportation sector was obtained from International Energy 

Agency (IEA) publications (IEA, 2014c, 2014d). To compare the various sources, the amount of 

energy consumed was converted to the same energy unit, terajoules (TJ).  

Prices of various fuels were obtained from the IEA (IEA, 2014e). The data included the 

consumer prices of the various fuels for the residential and industrial sectors. In the analysis, we 

used gasoline and diesel prices at the residential level and LPG, natural gas, and electricity prices 

at the industrial level. Although the prices of the residential and industrial levels are highly 

correlated, differences do exist. In the analysis, we ran the empirical models with prices both before 

and after tax and compared the results. All price data collected were converted to constant 2010 

US dollars using the consumer price index. Since the fuel price data are available only for OECD 

countries with some exceptions, we had to limit our analysis for OECD countries only. The annual 

price data are 12-month averages of what end-users pay. These prices include transportation costs 

and reflect the actual price paid by end-users; the prices are net of rebates (IEA, 2014e). 

Considerable variations exist across countries when levying domestic taxes. Total tax 

revenues as a share of GDP among OECD countries in 2014 fluctuated between 19.8% and almost 

50.9% (IEA, 2014e). Although in many European countries tax revenues exceed 40% of GDP, 

European countries generally provide much more extensive government support to their citizens. 

When comparing among OECD countries, the United States relies the least on taxes on goods and 

services, which averaged 17% of total 2013 tax revenues, whereas the average among OECD 

countries is 32.7% and Mexico collected about 49.8% of its tax revenues from consumption taxes 

and Chile collected 54%.5  Fuel taxes are no different. The after-rebate price of fuel to end-users 

                                                 5 Data available at https://stats.oecd.org/Index.aspx?DataSetCode=REV (viewed March 28, 2016). 
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changed substantially across countries and policy affects the pass-through of crude oil prices 

(Kojima, 2009). To assess the robustness of the results, the estimation model was estimated twice: 

(i) wholesale price (i.e. prices using prices net of domestic taxes) and (ii) using retail prices (actual 

prices paid by domestic end-users including taxes). However, because the estimated parameters 

were similar and yielded similar elasticity estimates, we present the results when consumer prices 

(retail prices) are used.   

4. Results 

Fuel switching, the substitution of one energy source for another, and the transition to 

cleaner fuels (e.g., from gasoline to CNG), may significantly affect emissions of the transportation 

sector. However, these benefits depend on the transportation sector’s willingness and flexibility to 

switch to clean technologies with low carbon footprints. Would a policy that incentivizes the 

adoption of more fuel-efficient technologies be more effective than a policy emphasizing fuel 

switching? To shed some new lights on this question, we estimate the own- and cross-price 

elasticities of the demand for various fuels in the transportation sector. While the cross-price 

elasticities reflect fuel substitution possibilities, differences between total own-price elasticities 

and corresponding partial own-price elasticities own-price elasticities indicate tendencies to adopt 

energy-efficient vehicles. Based on the estimated values of cross and own price elasticities, we 

assess the efficacy of incentivizing fuel switching versus fuel efficiency. 

We estimated various parameters using the system of equations described in section 2, 

assuming the production function is homothetically separable and employing pooled cross-

sectional data. While using world prices the analysis began with Eq. (1). When estimating Eq. (1) 
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we ran a seemingly unrelated regression model, where the dependent variables were the shares of 

the different types of fuels (i.e., F) used in the transportation sector across the OECD countries.   

The analysis resulted in the various models being significant at a 0.01 significance level – 

the various specifications could not be rejected at the 1% significance level. The predicted values 

of the regressions of the fuel share equations (i.e., shares for LPG, natural gas, electricity, diesel, 

and gasoline) are depicted in Table 1, where the standard deviation is in parentheses.   

Table 1. Fuel share equations output 

Country LPG Natural Gas Electricity Diesel Gasoline 

Australia 0.012 0.081 0.045 0.480 0.382 

 (0.000) (0.002) (0.036) (0.003) (0.036) 

Austria 0.012 0.080 0.093 0.479 0.335 

 (0.002) (0.011) (0.002) (0.021) (0.010) 

Belgium 0.014 0.077 0.083 0.501 0.325 

 (0.003) (0.017) (0.035) (0.034) (0.030) 

Canada 0.016 0.127 0.085 0.392 0.381 

 (0.003) (0.018) (0.001) (0.029) (0.016) 

Chile 0.010 0.100 0.062 0.454 0.375 

 (0.001) (0.011) (0.017) (0.015) (0.023) 

Czech Republic 0.014 0.117 0.088 0.419 0.363 

 (0.002) (0.004) (0.006) (0.007) (0.010) 

Denmark 0.013 0.079 0.095 0.480 0.332 

 (0.002) (0.011) (0.001) (0.023) (0.011) 

Estonia 0.012 0.094 0.075 0.468 0.351 

 (0.004) (0.015) (0.032) (0.030) (0.037) 

Finland 0.021 0.094 0.117 0.456 0.311 

 (0.004) (0.006) (0.020) (0.007) (0.025) 

France 0.018 0.096 0.126 0.463 0.297 

 (0.001) (0.004) (0.007) (0.008) (0.012) 

Germany 0.014 0.104 0.096 0.442 0.345 

 (0.002) (0.017) (0.014) (0.030) (0.025) 

Greece 0.024 0.089 0.116 0.463 0.308 

 (0.002) (0.010) (0.028) (0.020) (0.024) 
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Hungary 0.022 0.100 0.113 0.441 0.324 

 (0.003) (0.010) (0.020) (0.020) (0.033) 

Ireland 0.011 0.104 0.063 0.446 0.375 

 (0.005) (0.004) (0.026) (0.004) (0.030) 

Israel 0.015 0.071 0.103 0.505 0.306 

 (0.004) (0.027) (0.039) (0.046) (0.062) 

Italy 0.015 0.079 0.129 0.496 0.281 

 (0.003) (0.016) (0.003) (0.033) (0.013) 

Japan 0.014 0.115 0.078 0.420 0.373 

 (0.005) (0.007) (0.018) (0.018) (0.010) 

Korea, Rep. 0.016 0.108 0.083 0.426 0.367 

 (0.003) (0.015) (0.003) (0.031) (0.015) 

Luxembourg 0.012 0.083 0.117 0.489 0.299 

 (0.005) (0.014) (0.019) (0.028) (0.028) 

Mexico 0.016 0.106 0.090 0.431 0.358 

 (0.003) (0.018) (0.002) (0.036) (0.016) 

Netherlands 0.016 0.088 0.127 0.478 0.291 

 (0.003) (0.017) (0.006) (0.034) (0.019) 

New Zealand 0.017 0.116 0.088 0.410 0.368 

 (0.001) (0.001) (0.001) (0.003) (0.001) 

Norway 0.018 0.049 0.131 0.542 0.260 

 (0.001) (0.007) (0.007) (0.012) (0.013) 

Poland 0.018 0.096 0.125 0.460 0.300 

 (0.001) (0.003) (0.006) (0.008) (0.011) 

Portugal 0.019 0.095 0.117 0.459 0.311 

 (0.004) (0.010) (0.019) (0.018) (0.024) 

Slovak  0.017 0.102 0.115 0.449 0.317 

Republic (0.001) (0.003) (0.008) (0.007) (0.013) 

Slovenia 0.013 0.093 0.083 0.470 0.341 

 (0.004) (0.015) (0.036) (0.031) (0.040) 

Spain 0.016 0.100 0.111 0.456 0.317 

 (0.002) (0.003) (0.026) (0.005) (0.029) 

Sweden 0.019 0.078 0.083 0.489 0.331 

 (0.005) (0.019) (0.034) (0.037) (0.026) 

Switzerland 0.021 0.097 0.113 0.452 0.318 

 (0.005) (0.005) (0.027) (0.005) (0.031) 

Turkey 0.018 0.097 0.121 0.460 0.304 

 (0.002) (0.006) (0.008) (0.012) (0.015) 

United  0.025 0.087 0.131 0.467 0.291 
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Kingdom (0.001) (0.003) (0.002) (0.004) (0.004) 

USA 0.017 0.115 0.087 0.414 0.367 

 (0.002) (0.004) (0.010) (0.010) (0.006) 

The null hypothesis = 0 is rejected at the 1% significance level. The analysis also 

suggests that, on average, the share of LPG is about 1% of the fuels used in the transport sector in 

OECD countries, for electricity it is 6%, and natural gas about 10%. The shares of diesel and 

gasoline, on the other hand, are much larger, at 45% and 37%, respectively. 

We next calculate partial own- and cross-price elasticities of substitution. These elasticity 

numbers indicate how difficult it would be to reduce fuel consumption and substitution of high 

carbon intensive fuels with their low carbon intensive counterparts. We used the translog cost 

function to calculate the partial own-price (i.e., ) and cross-price (i.e., ) elasticities (i.e., Eq. 

(4)). The estimated average values of these elasticities among the 33 countries are presented in 

Table 2. 

Table 2. Estimated values of partial own- and cross-price elasticities 

 LPG Natural gas Electricity Diesel Gasoline  

LPG -0.02 0.69 0.15 1.57 -0.43 

Natural gas 0.11 -0.07 0.14 -0.68 0.53 
Electricity -0.10 0.14 -0.10 0.41 0.25 

Diesel 0.03 0.08 0.13 -0.21 0.29 

Gasoline  0.01 0.12 0.10 0.37 -0.18 

However, changes in fuel prices yield changes in the aggregate energy price index and thus 

total energy consumption. This assumption is relaxed when calculating total own- and cross-price 

elasticities while using Eq. (5). Total price elasticities account for the change in use of total energy 

consumed in the transportation sector, as well as inter-fuel substitution. The total own-price 

elasticity of substitution is depicted in Table 3.  
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These estimates are similar to those reported in the literature. For instance, Difiglio and 

Fulton (2000) concluded that the own-price elasticity of demand of gasoline is about -0.5, although 

Hughes et al. (2008) suggested that demand for gasoline became more inelastic after 2000 for the 

light-vehicle fleet. Fouquet (2012) documented a gradual decline in own-price elasticity in the 

United Kingdom: While in the 19th century the average long-run own-price elasticity was around 

-1.5, it was -0.6 in 2010. However, the elasticity is affected by price volatility, whereby in periods 

of high volatility quantity is less responsive to change in price than in periods of less volatility 

(Lin & Prince, 2013). Note that this paper goes beyond the existing studies by introducing 

additional fuels (i.e., electricity, LPG, and natural gas) used in the transport sector.   

Table 3. Estimated values of total own- and cross-price elasticities 

 LPG Natural gas Electricity Diesel Gasoline  

LPG -0.03 0.51 -0.83 4.18 -1.55 
Natural gas 0.09 -0.16 0.04 -1.01 0.26 

Electricity -0.03 0.05 -0.19 0.04 -0.03 
Diesel 0.02 -0.01 0.03 -0.57 0.005 

Gasoline -0.006 0.02 0.004 0.003 -0.47 

How sensitive are these results to the choice of the own-price elasticity of aggregate energy 

(i.e. )? Figure 2 depicts the total own-price elasticity on average, while reducing the elasticity 

of aggregate energy by 25% as well as increasing it by 25%. The outcomes suggest that the results 

do not vary much for LPG, natural gas and electricity, but that we do observe a more significant 

increase in the elasticities of diesel and gasoline (recall that the own-price elasticity of aggregate 

energy is multiplied by the share of the fuel in the transportation sector, and that the shares of 

diesel and gasoline are significantly larger than those of the other three fuels). 
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Figure 2. Sensitivity analysis on total own-price elasticity in the transportation sector for 
alternative values of aggregate energy elasticity 

 

How did these elasticities change over time? To answer this question, we split the sample 

into two subsamples while dropping the years 2005-2007; that is, we re-estimated the various 

parameters and recalculated the elasticities twice: The first estimates limited the data to the years 

2000-2004, whereas the second focused on 2008-2012. We then compared total own-price 

elasticities for the five transportation fuels across the three estimates; that is, for the samples 

including data for 2000-2004, 2008-2012, and for the whole sample (Figure 3). Our results offer 

support that the elasticity of gasoline is becoming more inelastic with time. Similar trends are 

observed for electricity. However, the analysis suggests a different trend for natural gas and diesel, 

where the estimates suggest the elasticity increased with time. To this end, natural gas and diesel 

fuels are employed by the power sector and used in heavy duty vehicles. In addition, the 

consumption of natural gas and diesel has been expanding substantially during the investigated 

period. 

  

-0.7-0.6-0.5-0.4-0.3-0.2-0.10
LPG NG Electricity Diesel Gasoline 87

75% of -0.85 (-0.6375) -0.85 125% of -0.85 (-1.0625)
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Figure 3. Total own-price demand elasticity in the transportation sector for alternative 

time periods 

 

 

5. Concluding remarks 

This paper aims to compare the efficacies of two important policies to reduce GHG 

emissions from the transport sector: (a) fuel efficiency improvement, and (b) fuel substitution. For 

this purpose, we estimated, using a translog cost function, the partial as well as total own-price 

elasticity and cross-price elasticity using 15 years’ time-series data from 33 industrialized 

economies.  While most existing studies (e.g., Greening, 2004; Lu et al. 2007; Timilsina and 

Shrestha, 2008; Timilsina and Shrestha 2009) have used a decomposition approach to understand 

the role of various factors, such as energy efficiency improvement and fuel switching, on changes 

in transport sector CO2 emission intensities, this study uses an econometric approach, which is 

-0.7-0.6-0.5-0.4-0.3-0.2-0.10
LPG NG Electricity Diesel Gasoline 87

2000-2004 All sample 2008-2012
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richer in analytical terms, as this technique captures the effects energy prices on its demand and 

associated CO2 emissions.  

Our study first provides additional estimations of own and cross-price elasticities of fuels 

used for transportation, thus further making these elasticity numbers available for transport sector 

and economy-wide models for transportation policy analysis. Our results together with findings 

from the existing studies suggest that price elasticities of transportation fuels are relatively low 

due to limited substitution possibilities among fuels for transportation.  

Based on the estimated values of own and cross-price elasticities, this study concludes that 

in the industrialized economies a GHG mitigation policy for the transport sector would be more 

effective if it aims to improve vehicle efficiency and reduce miles traveled per unit of fuel 

consumption. Historical data suggest that the existing fuel pricing policies are not yet capable for 

a large-scale switching from existing fleets to electric vehicles. This finding also implies that if the 

governments encourage fuel switching, they should either significantly increase prices of 

transportation fuels to internalize their environmental damages or adopt regulatory policies that 

would mandate switching of fuels, such as employed in India to switch vehicles from gasoline to 

LPG. In Norway, the government is implementing an aggressive policy to wean drivers off fossil 

fuels and usher in the use of electric vehicles (currently at 2%, the highest in the world). Note that 

this type policy to switch over from fossil fuels to electricity may work in Norway due to its 

predominant use of hydropower for electricity generation. Similar policy, however, may not 

necessarily lead to reduction of CO2 emissions in other countries where fossil fuels are the main 

sources for their electricity generation.   
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