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Abstract 

This research aims to estimate a gasoline demand function for the U.S. using a stochastic exogenous 

trend model with asymmetric price responses. It is, as far as is known, the first attempt to model 

U.S. gasoline demand using this combined approach. The Structural Time Series Model is therefore 

employed for annual data over the period 1949-2019 allowing for both asymmetric price responses 

(for technical progress to affect demand endogenously) and an underlying energy demand trend for 

gasoline (for technical progress and other factors to affect demand exogenously in a linear or non-

linear way). It is found that for U.S. per capita gasoline demand, the estimated long-run income 

elasticity is 0.41, the estimated long-run price-max elasticity is -0.31, the estimated long-run price-

recovery elasticity is -0.15, and the estimated long-run price-cut elasticity is -0.14.  In addition, the 

estimated underlying energy demand trend for U.S. per capita gasoline demand is non-linear with 

periods when it is increasing and periods when it is decreasing.  
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U.S. GASOLINE DEMAND: A STRUCTURAL TIME SERIES 

ANALYSIS WITH ASYMMETRIC PRICE RESPONSES 

 

Zafer Dilaver and Lester C. Hunt 

1. Introduction 

As Buell (2012) highlights, coal was the primary fuel behind the industrial revolution but oil 

was behind the rapid growth of individual mobility and the new consumer culture, which is the case 

in the U.S. and the rest of the world. Between 1908 to 1927 the Ford Motor Company produced over 

15 million Model T cars in the U.S. that, according to Alizon et al. (2009), offered advantages in 

terms of performance and price. The demand for cars and trucks grew rapidly in the U.S. during the 

20th century as they became the primary means of transportation, with the accompanying increase 

in the number of drivers, vehicle miles of travelled, and carbon emissions (Davis and Boundy, 2019) 

and Fig. 1, illustrates these trends from 1970 to 2018.  

 

As gasoline emerged as the main conventional transport fuel, concerns over the access to oil and its 

impacts on the environment grew.  Accessing reliable and affordable oil reserves became one of the 

primary objectives for the Energy Security of the U.S. along with minimizing the environmental 

impacts of gasoline consumption. Both of which remain primary policy objectives for U.S. policy 

makers (Newell and Rogers, 2003; U.S. DE, 2017). Consequently, the U.S. gasoline market has 

experienced several regulatory interventions to help meet the security and environmental objectives 

that have affected the type and characteristics of gasoline used to fuel vehicles and the efficiency of 

the vehicles in the U.S. market (Newell and Rogers, 2003).  
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Fig. 1: U.S. Transportation Data Over the Period 1970-2018 

 

 

 

From the 1920s, lead compounds were added to gasoline in order to increase vehicle engine 

performance. However, after the realisation of the negative effects of lead additives to human health, 

new regulations were introduced in 1970 by the U.S. Environment Protection Agency to phaseout 
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the lead in gasoline starting from 1974, leading to the addition of unleaded gasoline into the market 

with lead being completely banned as a fuel additive in 1996 (Newell and Rogers, 2003).  

 

The Reformulated Gasoline Program which was mandated by the Clean Air Act Amendments 

(CAAA) of 1990 aimed to reduce smog-forming and toxic pollutants in the air since reformulated 

gasoline increases the oxygenate content allowing it to burn more cleanly than conventional gasoline 

(EPA, 2019; EESI, 2019). Although the CAAA did not define the use of any particular oxygenate, 

by the late 1990s Methyl Tertiary Butyl Ether (MTBE), was used in 87% of reformulated gasolines. 

Only in the Midwest was ethanol more commonly used in reformulated gasoline. However, the 

growing concerns over the contamination of water resources by the MTBE resulted with it being 

banned or significantly limited as a fuel oxygenate in the U.S. between 2000 and 2005 (EESI, 2019). 

 

Ethanol is a cleaner fuel than conventional gasoline and the cheapest octane booster for reformulated 

gasoline to increase efficiency (EESI, 2019) and since the 1970s oil embargoes, ethanol use has been 

encouraged by tax benefits and environmental regulations (EIA, 2020a). In 2005, the U.S. Congress 

passed a Renewable Fuel Standard (RFS) that set minimum requirements for the use of renewable 

fuels, including ethanol. In 2007, the RFS renewable fuel use targets were set to rise steadily to a 

level of 36 billion gallons by 2022. In 2019, 14.16 billion gallons of fuel ethanol was consumed, 

roughly equal to 10% of total finished motor gasoline consumption, which was about 143 billion 

gallons and, at the time of writing, E10 gasoline blend (10% ethanol, 90% gasoline) accounts for 

over 95% of gasoline sold in the U.S. (EESI, 2019 and 2021). 

 

As already mentioned, both security and environmental concerns shaped U.S. energy policy. After 

the first oil shock in 1973, the Energy Policy and Conservation Act of 1975 established Corporate 

https://www.epa.gov/renewable-fuel-standard-program
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Average Fuel Economy (CAFE) standards for new passenger cars starting for the model year 1978 

(Greene, 1990). These required an increase in passenger car fuel efficiency from 12.9 mpg in 1974 

to 27.5 mpg in 1985 and regulated the improvements in the fuel economy of light-duty trucks; 

however, several car manufacturers lobbied to reduce the CAFE standards because of the relatively 

low oil price in the early to mid-1980s and, as a result, in 1986 the CAFE standards were reduced 

to 26 mpg (EIA, 2012). The evolution of the CAFE standards is illustrated in Fig. 2 and shows that 

after their introduction, they either slightly increased or remained flat reaching 27.5 by the 2010. In 

2011 a new footprint-based standard was introduced, which regulates all vehicle producers to 

improve their fuel economy at a similar rate. This resulted in a continuous increase in CAFE 

standards from 2010 (NHTSA, 2014 and 2021). In 2003 it was announced that the CAFE standards 

would be increased for light trucks for the years 2005 to 2007. Furthermore, in 2006 the regulation 

was changed for light trucks with manufactures given the opportunity to comply with fleet-based 

standards or standards based on their sales-weighted footprint1 (EIA, 2012). This change in 

regulations might be a contributing factor in the apparent decoupling of total vehicle miles from 

carbon emissions of transportation suggested in Fig. 1 as the efficiency improvements helped to 

reduce gasoline consumption and hence the associated decrease in CO2 Emissions.  

 

 

  

 
1 Footprints are calculated by measuring production wheelbases times track widths. 
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Fig. 2: CAFE Standards 1978-2017 

 

 

There are a significant number of studies that illustrate the strong negative relationship between 

energy prices and macroeconomic performance that, according to Medlock (2009) is the main 

concern related to energy security. To sustain economic and social progress societies arguably need 

access to secure energy resources at a reasonable price. This key U.S. energy policy objective is 

now coupled with the need to tackle the problem of climate change. Since the beginning of the 

industrial revolution, consumption of fossil fuels has substantially increased Green House Gas 

(GHG) emissions, which is generally regarded as the cause of climate change (IEA, 2010). 

 

The security of supply related economic vulnerability and environmental concerns put pressure on 

policy makers to deal with these problems. Before assessing any policy implications such as carbon 

taxes, vehicle efficiency standards, cap and trade schemes, and reducing oil vulnerability, it is vital 

to investigate, and for policy makers to understand, the factors that drive oil demand (Huntington, 

2010a). A key aspect of this being the U.S.; according to BP (2020), the U.S. consumed about 20% 
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of the world’s total oil in 2019 and a major component of this is gasoline consumption. Hence, the 

importance of investigating, and understanding, the drivers of U.S. gasoline, which this paper 

addresses. 

 

Several previous studies have attempted to model U.S. gasoline demand to estimate price and 

income elasticities (such as, Gately, 1992 and Huntington, 2010a). However, as far as is known, no 

previous study has attempted to include both unobserved factors via an underlying energy demand 

trend (UEDT) coupled with asymmetric price responses (APR). This study attempts to rectify this 

omission by estimating a U.S. gasoline demand function for the period 1949-2019 using Harvey’s 

(1989) structural time series model (STSM). Therefore, a general specification allowing for APR 

(to capture the endogenous impact of technical progress) is estimated to capture the gasoline demand 

responses for different price movements: a price maximum, a price recovery, and a price reduction 

(price-max, price-recovery, and price-cut for short, which are defined below). Furthermore, the 

general specification also includes a stochastic UEDT for gasoline (to capture the exogenous impact 

of technical progress and other factors in a non-linear way). This approach increases flexibility and 

arguably allows for a more general and realistic representation of U.S. gasoline demand. 

 

More specifically, the objectives of this research are as follows: i) to estimate income response and 

APR of U.S. gasoline demand; ii) to estimate the UEDT for U.S. gasoline demand; and iii) to assess 

the findings and evaluate the policy implications.  The remainder of the paper is therefore organised 

as follows. The following section summarises the relevant literature, Section 3 details the empirical 

methodology and the data used in this analysis. Section 4 presents the estimated results, followed 

by a final section that concludes and discusses the policy implications.  
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2. Literature Review 

2.1 Gasoline Demand Modelling 

There have been many econometric studies attempting to model gasoline demand, with several 

systematic surveys summarizing the results in terms of price and income elasticities. A number of 

these surveys are summarized in Table 1, highlighting that there is a wide range of previous price 

and income elasticity estimates. Furthermore, many of the surveys, such as Bohi and Zimmerman 

(1984), Dahl (1986), Dahl and Sterner (1991), and Dahl (2014) suggest that the previous estimated 

models might be insufficient in terms of identifying important structural changes. An issue 

addressed in this work, where we attempt to identify key structural changes in U.S. gasoline demand 

behaviour using the UEDT/STSM and APR approaches.  

 

2.2 Asymmetric Price Responses (APR) 

The issue of price response irreversibility was addressed in the economics literature in the 1970s, 

two early studies being Wolffram (1971) and Traill et al. (1978), who investigated APR for 

agricultural supply. In time, the idea that demand may respond to upward and downward price 

movements in different ways captured the interest of energy economists. The basic idea being that 

the impact of technical progress affects energy demand endogenously via APR asymmetric prices 

so that when energy prices rise this incentivizes consumers to install more technologically advanced 

equipment (such as heating boilers and cars) to cut down on energy use. However, when energy 

prices fall the more efficient equipment is not removed or destroyed so that energy demand does not 

increase as much as when price falls as when the price rises – there is imperfect price response 

reversibility (or APR for short). Generally, it is expected that in absolute terms a price-max elasticity 

of energy demand would be higher than a price-recovery elasticity which in term would be higher 

than a price-cut elasticity since for most energy using appliances (such as a fan or air conditioning) 
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a decrease of energy price will not induce consumers to buy less efficient models. Although 

arguably, this might not always be the case for cars since a consumer might decide to buy a bigger 

car following a price cut and hence increase energy consumption. 

 

This sub-section therefore discusses some examples of where APR have been analysed in the energy 

economics literature. Dargay (1992), Gately (1992), Gately (1993), Dargay and Gately (1994; 

1995a; 1995b, 1997), and Haas and Schipper (1998) investigated imperfect price reversibility of 

energy demand. Their results suggest that there is imperfect price reversibility and the impact of 

price increases is larger than the price decreases. However, Dargay and Gately (1995a) also stated 

that for industrialized countries, the price responses are asymmetric whereas for less developed 

countries there was less evidence for imperfect price reversibility. Furthermore, Gately (1993) 

argues that not considering imperfect price reversibility causes an overestimation of the responses 

to price cuts and underestimation of the income response, which has noteworthy implications for oil 

demand projections.  

 

Gately and Streifel (1997) investigated demand for oil products in 37 developing countries by 

considering APR as well as asymmetric income responses. They found that income was the most 

significant driver of oil demand and that the oil exporting countries responded asymmetrically to 

income increases and decreases. Moreover, responses to price differed according to countries and 

products with the demand for some petroleum products in some countries found to respond to 

upward and downward changes in price symmetrically while demand for other products and in other 

countries responded asymmetrically. 
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Haas and Schipper (1998) analysed the effect of APR, but for residential energy demand in OECD 

countries and found that irreversible technological efficiency improvement is an important factor in 

driving residential energy demand and that different price movements had a different impact on 

OECD residential electricity demand. They also found that imposing technological efficiency 

indicators within their energy demand modelling framework yielded higher income elasticities.  

 

Gately and Huntington (2002) undertook an extensive study that investigated the asymmetric 

responses of per capita energy and oil demand to income and price change for 96 of the world’s 

largest countries.  They found that OECD demand was more sensitive to price increases than 

decreases arguing that not taking APR into account would lead to underestimation of the income 

elasticities. They also investigated asymmetric income responses but for OECD energy and oil 

demand symmetric responses were preferred. Griffin and Schulman (2005) criticised Gately and 

Huntington (2006) suggesting that the price decomposition approach they used was only a proxy for 

energy-saving technical progress and that a better alternative is to assume symmetrical price 

responses but with fixed-time effects (time dummies). However, by undertaking coefficient 

restriction tests, not carried out by Griffin and Schulman (2005), Huntington (2006) demonstrated 

that statistically both exogenous and price-induced technological developments (represented in a 

model by fixed-time effects and APR, respectively) have a role to play in understanding energy 

demand patterns. 2 Adeyemi and Hunt (2007) corroborated this statistical finding for the OECD 

industrial sector, but concluded that a model without the time dummies was preferred given that the 

estimated asymmetric price elasticities conformed with economic theory (to some extent) unlike the 

 
2 Moreover, Huntington (2006) questioned whether the fixed time effects represented price induced energy-efficient 

technological change, but instead a range of other unobserved factors. 
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model with the time dummies. (See the next sub-section for further discussion of exogenous 

technical progress debate.) 

 

Huntington (2010a) also investigated U.S. gasoline demand as part of a wider study that included 

total oil, other petroleum products, and residual fuel oil demand.  He employed both APR and a 

deterministic trend and found that the long-term adjustments are greater than short term adjustments 

and generally price increases that were above previous price hikes affected long-term energy 

demand significantly more.  

 

The above highlights that several studies have tried to incorporate APR in econometric models of 

energy demand and the findings suggest that consumers respond differently to price increases and 

decreases, which has important implications for policy evaluation. The above also introduced some 

of the discussion surrounding the way technical progress might be captured exogenously in energy 

demand models relative to endogenously through price changes. The next sub-section, therefore 

considers this issue further.  
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Table 1: Summary of previous surveys of econometric modelling of gasoline demand. 

Study Price Elasticities  Income Elasticities Notes 
 SR LR  SR LR  

Taylor (1977) Between -0.1 to -0.5 Between -0.25 and -1  - -  

Bohi (1981) Between -0.24 and -0.41 Between -0.32 and -0.77  Between 0.16 and 0.58 Between 0.40 and 1.74 Ranges taken from Table 5-1. 

Kouris (1983a) Between -0.2 and -0.4 -0.7  n/a n/a The study focuses on price elasticities.  

Bohi and Zimmerman 
(1984) 

-0.26 -0.70  0.42 0.80 An update of Bohi (1981) 

Dahl (1986) -0.29 -1.022  0.47 1.38  

Dahl and Sterner (1991) -0.26 -0.86  0.48 1.21 An update of the Dahl (1986) survey. 

Goodwin (1992) 
(Time Series) -0.27 

(Cross Section) -0.28 
(Time Series) -0.71 

(Cross Section) -0.84 
 n/a n/a 

Elasticities are categorized with respect to time 
series and cross section 

The study focuses on price elasticities. 

Espey (1998) -0.26 -0.58  0.47 0.88 Part of a meta-analysis. 

Graham and Glaister 
(2002) 

Between -0.20 and -0.30 Between -0.6 and -0.8  Between 0.35 and 0.55 Between 1.1 and 1.3  

Brons et al. (2008) -0.36 -0.81  n/a n/a The study focuses on price elasticities. 

Havranek et al. (2012) -0.09 -0.31  n/a n/a The study focuses on price elasticities. 

Dahl (2014) Between -0.2 and -0.3  Between -0.6 and -0.9   Between 0.3 and 0.5 Between 0.5 and 1.5 Survey of 13 surveys 

Havranek and Kokes 
(2015) n/a n/a 

 
0.1 0.23 

The study focuses on income elasticities. 
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2.3 Technological Progress and the Underlying Energy Demand Trend (UEDT) 

Technological progress of the capital stock is an important factor that influences energy demand 

given that it is a derived demand – rather than being demanded for its own sake, energy is demanded 

for the services it produces with the capital stock or appliances in place at a certain time. The amount 

of energy demanded is therefore connected to the technology level of the energy appliances in order 

to attain the demanded level of services. Thus, it is important to consider how the efficiency of 

appliances affect the demand for energy and how this is captured in econometric models of energy 

demand – as argued by Beenstock and Willcocks (1981). One way, utilised by Beenstock and 

Willcocks (1981), is by including a simple deterministic trend. Kouris (1983b, 1983c), however, 

was critical of this approach, arguing that although technology is an important determinant of energy 

demand, there is no way of identifying its effect on energy demand sufficiently unless it can be 

measured. He argued that in the absence of appropriate measures, the effect of technological 

progress should be captured via the (symmetric) price elasticity. In response, Beenstock and 

Willcocks (1983) argued that it is important to attempt to capture the exogenous effect of 

technological progress and, although using a linear trend is not ideal, in the absence of anything 

better it is better than just ignoring it. 

 

Hunt et al. (2003a and 2003b) picked up on this argument and agreed with Beenstock and Willcocks 

(1983) that it is important to try to capture the impact of technical progress exogenously in energy 

demand models, but also agreed with Kouris (1983b, 1983c) that a deterministic time trend is an 

inadequate vehicle for doing so. In addition, Hunt et al. (2003a and 2003b) suggested that in this 

context it is important to distinguish between the exogenous impacts and the endogenous price (and 

income) effects. Furthermore, they argued that, in addition to technical change and the associated 

change in the energy efficiency of appliances, there are numerous other exogenous factors that will 



 

Modelling U.S. Gasoline Demand: A Structural Time Series Analysis with Asymmetric Price Responses Page 14 of 40 

also affect the demand for energy. These include factors such as changes in consumer tastes and 

preferences, demographic and social structure, environmental regulations, and economic structure. 

 

Hunt et al. (2003a and 2003b), therefore, introduced the wider concept of the UEDT that 

encompasses technical change of appliances and the capital stock, as well as other exogenous 

factors.3 They argued that given the way technical progress is defined and the likely ‘lumpiness’ of 

other exogenous factors, it is unlikely that the UEDT would be linear as implied in deterministic 

time trends. Instead, they argue that the UEDT is likely to be non-linear and incorporate periods 

where it might be downward sloping (energy-saving) and periods where it might be upward sloping 

(energy-using). Thus, according to Hunt et al. (2003a and 2003b), it is important to model the UEDT 

in the most flexible way possible. In this regard, they suggest the use of the STSM introduced by 

Harvey et al. (1986), Harvey (1989), Harvey and Shephard (1993), Harvey and Scott (1994) and 

Harvey (1997).4 

 

2.3 Combining APR and a UEDT 

Following from the two strands in the literature above Adeyemi et al. (2010) attempted to test 

whether APR and the UEDT are substitutes or complements for 17 OECD countries over the period 

1960 to 2006. They concluded that for most of the countries considered the UEDT is preferred to 

 
3 Hunt et al. (2003a) also argued that if the UEDT is not included (or incorrectly modelled) then this could lead to 

biases in the estimated price and income elasticities; for example, if the true UEDT is downward sloping then the 

income elasticity will be underestimated by not taking account of the UEDT. 

4 Subsequently, the STSM/UEDT approach to modelling energy demand relationships (with symmetric price 

responses) has been applied to a number of areas of energy demand modelling, including gasoline demand. For 

example, Ackah and Adu (2014) for Ghana, Ahmadian et al. (2007) for Iran, Atalla et al. (2018) for Saudi Arabia, 

Broadstock et al. (2011) for the UK, Broadstock and Papathanasopoulou (2015) for Greece, and Karimu (2014) for 

Sweden and the UK. 
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APR, whereas for another group the UEDT and APR are complements, and for another group they 

are substitutes. Adeyemi et al. (2010) therefore argued that when estimating energy demand 

functions a general model (be it in a time series or panel context) that includes a ‘nonlinear UEDT’ 

and APR should be initially estimated, and only if accepted by the data should symmetry and/or a 

more restrictive UEDT be imposed. 

 

Furthermore, Adeyemi and Hunt (2014) attempted to econometrically model OECD industrial 

energy demand using annual time series data over the period 1962 to 2010 for 15 OECD countries 

starting from general specifications that allowed for both APR and a UEDT in a non-linear way. 

Moreover, they suggested a testing down procedure when using time series data and, like Adeyemi 

et al. (2010), concluded that any modelling strategy should start by including both APR and a UEDT 

and only impose restrictions if accepted by the data. This approach is therefore followed here, by 

estimating a U.S. gasoline demand function using the UEDT/STSM approach, but also allowing for 

APR.5 Furthermore, Rodrigues et al. (2018) incorporated both APR and a UEDT for modelling 

Brazilian automotive fuel demand. Their results confirmed the importance of considering a flexible 

approach incorporating both a UEDT and APR suggesting that “the inclusion of UEDT and APR 

provides more precise information on the effect of price and income changes on automotive fuel 

demand” (p. 644). 

 

  

 
5 Asymmetric income responses, like those investigated by Gately and Huntington (2002), were not considered given 

that as far as we are aware no previous econometric study has included this and that the focus here is to analyse 

whether combining the UEDT/STSM approach with APR could be successfully applied to U.S. gasoline consumption 

data using the Adeyemi and Hunt (2014) modelling strategy. 



 

Modelling U.S. Gasoline Demand: A Structural Time Series Analysis with Asymmetric Price Responses Page 16 of 40 

2.4 Previous U.S. Gasoline Demand Econometric Modelling 

To end the literature review and before detailing the methodology adopted for this research, it is 

useful to review briefly the previous research on econometrically modelling U.S. gasoline demand 

in terms of the methodologies adopted and the results obtained. A number of these studies are 

therefore summarized in Table 2. This shows that there is a wide range of estimated income and 

price elasticities, produced using different model specifications, different econometric approaches, 

different estimation periods, different explanatory variables,6 and different data. 

 

Most studies use symmetric price response models. Lin and Prince (2013), although using a 

symmetric price response model, did address similar issues to APR by including price volatility 

terms in their demand relationship using monthly data and found that this decreases gasoline demand 

in the intermediate run and reduces the gasoline demand price elasticity in the long run. However 

only Gately (1992) and Huntington, (2010a) appear to have considered APR for U.S. gasoline using 

the decomposition (price-max, price-recovery, price-cut) approach.7 

 

No previous U.S. gasoline demand studies, as far as we are aware, used the UEDT/STSM (stochastic 

trend) approach (although several used a linear trend, including Huntington, 2010a, which is the 

 
6 In the main, the primary focus of the studies cited in Table 2 was to estimate price and income elasticities of gasoline 

demand. Nevertheless, in a few studies some additional explanatory variables are included in the analysis such as the 

vehicle stock and in others, where the focus is slightly different, additional variables like taxes and price volatility are 

also included. However, there is no consistent approach to what additional variables are included and whether they 

have a significant role to play. 

7 The Baghestani et al. (2016) study also considered asymmetries using gasoline consumer spending data but in a very 

different way to the decomposition approach (and the UEDT/STSM approach). Baghestani et al. (2016) use de-

trended data (the deviation of the logs of the variables to their long-run quadratic trend) and find that gasoline demand 

responds symmetrically to the deviation of price from its long-run trend but asymmetrically the deviation of income 

from its long-run trend. 
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closest to what we attempt here given that he includes APR) nor did any attempt to combine the 

UEDT/STSM approach with APR (as we do in this paper). This approach adopted here is therefore 

detailed in the next section followed by the results in the subsequent section, which are compared 

in the final section with the previous results summarised in Table 2. 

 

 

3. Methodology 

3.1 The Structural Time Series Model (STSM) 

Conventional time series analysis is based on the analysis of data obtained from observations that 

are assumed to be the realization of random variables because of a stochastic process. The 

stationarity of the series is identified by the properties of this stochastic process. The theory of 

stochastic processes is used to construct conventional time series models. Non-stationarity in a series 

can be dealt with by differencing, which is the underlying assumption of the ARIMA methodology 

of Box and Jenkins (1976) type models. Alternatively, the co-integration approach is often utilized 

to deal with non-stationarity of variables in the energy demand modelling literature. Expansion of 

unit root tests coupled with the co-integration technique led to the so-called ‘unit root revolution’, 

which resulted in time series econometric modelling in general, and time series energy demand 

modelling in particular, being by the co-integration technique. 
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Table 2: Summary of previous econometric U.S. gasoline demand studies. 

Study Data 
Treatment of 
endogenous 

Treatment of 
exogenous 

Price 
Elasticities 

 
Income 

Elasticities 
Notes 

  
Technical 
Progress 

Technical 
Progress 

SR LR  SR LR  

Kouris (1983b) 
Annual 

Time-Series 
1964-1981 

Dynamic Model No Time Trend 
Cars: -0.40 

Trucks: -0.33 
-1.02 
-0.52 

 n/a n/a 

Dependent variable is the passenger 
car miles per gallon ratio. Also 

included Car fleet and Miles Travelled 
as independent variables but these 

were found to be insignificant. 

Gately (1992) 
 

Annual 
Time-Series 
1960-1990 

Dynamic Model 
with Imperfect 

Price 
Reversibility 

No Time Trend 
PMax: -0.129 
PRec: -0.090 
PCut: -0.055 

-1.075 
-0.750 
-0.458 

 0.095 0.792 

Long-term elasticities are computed 
from the final estimation equation. 

The imperfect price reversible model 
of the study is illustrated with 

Gasoline per driver as the dependent 
variable. 

Also included a dummy to try to 
capture the effects of the 1974 and 

1979 gasoline-shortage.  

Sterner et al. (1992) 

Annual 
Time-Series / 
OECD Panel 
1960-1985 

Dynamic Model No Time Trend -0.18 -1.07  0.18 1 

U.S. gasoline demand is investigated 
with other OECD countries. Also 

included Number of Vehicles as an 
independent variable. 

Huntington (2010a) 
Time-Series 
1950-2005 

Error Correction 
Model with 

Imperfect Price 
Reversibility 

Deterministic 
Time Trend 

PMax: -0.277 
PRec: -0.063 

PCut:  n/a 

-0.76  
n/a 
n/a 

 0.505 1.027 

Gasoline consumption per capita is 
the dependent variable. 

 
LR income elasticity is trend adjusted. 

Park & Zhao (2010) 
Monthly 

Time-Series 
1976-2008 

Error Correction 
Model with 
time varying 
parameters 

No Time Trend -0.025 to -0.275*   0.065 to 0.105*  

Gasoline demand per capita is the 
dependent variable where gasoline 

supplied is used as a proxy for 
gasoline demand. 

*The elasticities are time varying and 
are therefore presented graphically; 

hence, approximate values are 
provided here –interpreted from the 

graphs in Figure 2 on page 115. 
Also included Interest Rate as an 

independent variable. 

Davis and Kilian 
(2011) 

Monthly 
Panel of 50 

States 
January 1989-
March 2008 

Dynamic 
Structural 

Vector 
Autoregression 

Model 

Fixed time 
effects 

-0.02 to -1.43 n/a  n/a n/a 

Instrumental variable estimation 
employed. Given focus of paper, a tax 

variable is also included as an 
independent variable in some models.  
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Lin and Prince 
(2013) 

Monthly 
Time-Series 

January 1990-
March 2012 

Dynamic Model No Time Trend 

1990-2012: -0.027*/-
0.028** 

1990-2007: -0.028*/-
0.028** 

2008-20012: -0.052*/-
0.068** 

2000-2006: -0.030*/-
0.029** 

-0.265*/-
0.239** 

 

 

 

n/a n/a 

Given focus of paper is to analysis the 
effect of price volatility, high-, mid-, 
and low-price variance variables are 
included as independent variables. 
* and ** denotes for no control for 
variance and control for variance 
models respectively. The speed of 
adjustment to equilibrium is 9.8 
months (no control for variance 

model) and 8.5 months (control for 
variance model). 

The estimated price elasticities of 
gasoline demand at high, mid and low 
variances (HV, MV, & LV) are for the 

period 1990-2012, respectively. 

HV: -0.030 
MV: -0.035 
LV: -0.036 

-0.244 
-0.285 
-0.293 

 

Baghestani et al. 
(2016) 

Quarterly 
Time-Series 

1991Q1-
2015Q1 

Dynamic Model 

No Time Trend 
included in 
estimated 

models 

-0.04 -0.084  0.328 0.686 

Dependent variable is the deviation of 
the log of consumer spending on 

gasoline from the long-run quadratic 
trend 

Price and Income series are similarly 
de-trended. 

Coglianese et al. 
(2017) 

Monthly 
Panel of 50 

States 
January 1989-
March 2008 

Dynamic Model 
with leads and 

lags 

Fixed time 
effects 

-0.19 to -1.15* n/a  n/a n/a 

Dependent variable is gasoline 
purchases. 

Given focus of paper, a tax variable is 
also included as an independent 
variable as well as the change in 

unemployment. 

*Estimated one-month price elasticity. 
Instrumental variable estimation 

employed 
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Therefore, researchers working in energy economics focused on attempting to discover a co-

integrating vector for energy demand relationships. However, the co-integration technique has 

been challenged (see for example, see Maddala and Kim, 1998; Hunt et al., 2003a and 2003b). 

In addition, Harvey and Shephard (1993) argued that most of the economic time series are non-

stationary and there is no good reason to expect that they will be stationary by differencing and 

according to the criticism by Harvey (1997), the co-integration technique is unnecessary and/or 

misleading given its ‘poor’ statistical properties. 

 

Instead, Harvey (1997) suggests combining the flexibility of a time series model with the 

interpretation of a regression, which is what the STSM achieves. The STSM decomposes a time 

series into different components that have direct interpretations. The basic form of STSM is 

where the dependent variable is formulated as a regression of a time trend (and a set of seasonal 

dummies when using quarterly data). This can be interpreted as a univariate time series model 

where the explanatory variable is a function of time and the parameters of the model are time 

varying. The extension of the univariate model by adding observable explanatory variables 

produces a multivariate STSM (Harvey and Shephard, 1993; Harvey, 1989). The main tool to 

estimate STSMs is the state space form, which represents the state of the system by various 

unobserved components such as trends (and seasonals). As new observations become available, 

the estimates of the unobservable components are updated by means of a filtering process while 

a smoothing algorithm provides the best estimate of the state at any point within the sample 

(Harvey and Shephard, 1993) 

 

In the STSM, stationarity of time series does not have a fundamental role, therefore as stated 

above the STSM approach combines the flexibility of time series with the direct interpretation 

of regression, reflecting that it is possible to utilize a model selection methodology that is 
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consistent with the standard econometric literature (Harvey and Shephard, 1993; Harvey, 

1997). Furthermore, Hunt et al. (2000, 2003a and 2003b) suggest that the STSM approach is 

the ideal way to model the UEDT since it permits a stochastically changing unobservable trend, 

which can be combined with a distributed autoregressive lag. Hence, this approach is adopted 

here along with the testing procedure advocated by Adeyemi and Hunt (2014), which is detailed 

in the next sub-section. 

 

3.2 Model Specification and Estimation Strategy 

It is assumed that U.S. gasoline demand per capita (𝐸) is a function of GDP per capita (𝑌), real 

U.S. gasoline prices (𝑃), and a stochastic UEDT which is given by the following relationship 

that incorporates APR with an Autoregressive Distributed Lag of order three, or ARDL(3) for 

short:8  

𝑒𝑡 = 𝛼0𝑦𝑡 + 𝛼1𝑦𝑡−1 + 𝛼2𝑦𝑡−2 + 𝛼3𝑦𝑡−3 + 𝛾0𝑝𝑡
𝑚𝑎𝑥 + 𝛾1𝑝𝑡−1

𝑚𝑎𝑥 + 𝛾2𝑝𝑡−2
𝑚𝑎𝑥 + 𝛾3𝑝𝑡−3

𝑚𝑎𝑥   + 𝜋0𝑝𝑡
𝑟𝑒𝑐 +

𝜋1𝑝𝑡−1
𝑟𝑒𝑐 + 𝜋2𝑝𝑡−2

𝑟𝑒𝑐 + 𝜋3𝑝𝑡−3
𝑟𝑒𝑐 + 𝛿0𝑝𝑡

𝑐𝑢𝑡 + 𝛿1𝑝𝑡−1
𝑐𝑢𝑡 + 𝛿2𝑝𝑡−2

𝑐𝑢𝑡 + 𝛿3𝑝𝑡−3
𝑐𝑢𝑡 + 𝜆1𝑒𝑡−1 + 𝜆2𝑒𝑡−2 + 𝜆3𝑒𝑡−3 +

𝑈𝐸𝐷𝑇𝑡 + 휀𝑡            (1) 

where: et = LnE at time 𝑡; 

 yt = LnY at time 𝑡; 

 𝑝𝑡
𝑚𝑎𝑥 = cumulative. increase in the natural logarithm of maximum historical 𝑃 at time 𝑡; 

 𝑝𝑡
𝑟𝑒𝑐 = cumulative sub-maximum increase in the natural logarithm of historical 𝑃 at time 𝑡; 

 𝑝𝑡
𝑐𝑢𝑡 = cumulative decrease in the natural logarithm of historical 𝑃 at time 𝑡; 

 𝛼0 = the short run (impact) income elasticity; 

 𝛾0 = the short run (impact) price-max elasticity; 

 
8 Additional variables such as heating degree days, the vehicle stock, car ownership rates, price volatility were 

not considered her given the focus on modelling U.S. gasoline demand using a UEDT/STSM approach along 

with APR using annual time series data. 
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 𝜋0 = the short run (impact) price-recovery elasticity; 

 𝛿0 = the short run (impact) price-cut elasticity; 

 𝛼∗ =  
𝛼0+𝛼1+𝛼2+𝛼3

1−𝜆1−𝜆2−𝜆3
 is the long run income elasticity; 

 𝛾∗  =  
𝛾0+𝛾1+𝛾2+𝛾3

1−𝜆1−𝜆2−𝜆3
 is the long run price-max elasticity; 

 𝜋∗  =  
𝜋0+𝜋1+𝜋2+𝜋3

1−𝜆1−𝜆2−𝜆3
  is the long run price-recovery elasticity; 

 𝛿∗ =  
𝛿0+𝛿1+𝛿2+𝛿3

1−𝜆1−𝜆2−𝜆3
  is the long run price-cut elasticity; and 

 εt = a random error term and 휀𝑡~ 𝑁𝐼𝐷 (0, 𝜎2). 

 

The UEDT for gasoline demand at time 𝑡 is represented by: 

𝑈𝐸𝐷𝑇𝑡= 𝜇𝑡+ irregular interventions + level interventions + slope interventions  (2) 

𝜇𝑡 = 𝜇𝑡−1 + 𝛽𝑡−1 + 𝜂𝑡  ;    𝜂𝑡~ 𝑁𝐼𝐷 (0, 𝜎𝜂
2)      (3) 

𝛽𝑡 = 𝛽𝑡−1 + 𝜉𝑡   ;    𝜉𝑡~ 𝑁𝐼𝐷 (0, 𝜎𝜉
2)      (4) 

where: 𝜇𝑡 is the level component of the underlying energy demand trend (UEDT) and 𝛽𝑡is the 

slope component. 

 

The estimation is based on the strategy discussed in Adeyemi and Hunt (2014). Thus, the 

general Full Asymmetry Model outlined is initially estimated by maximum likelihood coupled 

with the Kalman filter using the software package STAMP 8.40 (Koopman et al., 2007) 

following a general-to-specific strategy to arrive at the final preferred specification for each 

model. In addition to identifying appropriate interventions, this involves testing down by 

excluding statistically insignificant variables, attempting to ensure the model passes an array of 

diagnostic tests, and that the auxiliary residuals do not suffer from non-normality. From this, a 
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preferred specification for the Full Asymmetry Model with a stochastic or deterministic trend 

is obtained.9  

 

3.3. Data 

Annual data from 1949 to 2019 were collected and used for estimation to obtain as long a time 

series as possible and to avoid problems in decomposing monthly or quarterly prices in to price-

max, price-recovery, and price-cut. This gives a total of 71 observations where: 

• 𝐸 is U.S. gasoline consumption (product supplied of finished motor gasoline) in 

thousand barrels are obtained from the U.S. Energy Information Administration (EIA, 

2016 and 2020b) multiplied by 42 (one oil barrel is equivalent to 42 gallons) to convert 

gallons and divided by Population Estimates obtained from the U.S. Census Bureau 

Population Division (U.S. CB, 2016 and 2020). EIA uses gasoline product supplied as 

a proxy for gasoline demand. The product supplied of finished motor gasoline actually 

is volume of finished motor gasoline delivered out of the primary supply chain such as 

refineries, bulk terminals and blenders, importers, exporters, and pipelines (Fuels 

Market News, 2018). 

• 𝑌 is nominal Gross Domestic Product (GDP) obtained from the U.S. Department of 

Commerce Bureau of Economic Analysis (U.S. BEA, 2016 and 2020) converted to real 

terms by dividing by the Consumer Price Index (CPI) 1982-1984=100 obtained from 

the U.S. Bureau of Labour Statistics (U.S. BLS, 2020a) and divided by Population 

Estimates. 

 
9 If it is not possible to obtain statistically significant price coefficients and or they do conform to a priori 

economic intuition then restricted general versions would have been attempted (referred to as ‘Restricted 

Asymmetry I’, ‘Restricted Asymmetry II’, and ‘Symmetry by Adeyemi and Hunt, 2014). However, this was not 

necessary here given a ‘Full Asymmetry Model’ was obtained. Hence, the details are not given here but can be 

found in Adeyemi and Hunt (2014). 
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• 𝑃 is the ‘Gasoline (all types) in U.S. city average, all urban consumers, Price Index 

(1982-1984=100) (GPI)’ obtained from the U.S. Bureau of Labour Statistics (U.S. BLS, 

2020b) converted to real terms by dividing by the CPI. GPI measures the change in 

prices paid by consumers for average urban prices for all types of gasoline. Urban 

Consumers represent 94% of the U.S. population and the gasoline prices are collected 

monthly in 75 urban areas in the United States. Taxes associated with the purchase of 

goods or services are included in the price and index. (U.S. BLS, 2021). 

The data used for the estimation are illustrated in Fig. 3. 

 

 

4. Estimation Results 

After eliminating the insignificant variables and adding interventions, the resultant final 

preferred specific equation is given by:  

𝑒�̂� = 0.0359∗∗ 𝐿𝑒𝑣𝑒𝑙𝐵𝑟𝑒𝑎𝑘1955 − 0.0220∗ 𝐿𝑒𝑣𝑒𝑙𝐵𝑟𝑒𝑎𝑘 1979 + 0.1045∗𝑒𝑡−3 +

 0.3702∗∗ 𝑦𝑡 − 0.2750∗∗𝑝𝑡
𝑚𝑎𝑥 − 0.1352∗∗ 𝑝𝑡

𝑟𝑒𝑐 − 0.0390∗ 𝑝𝑡
𝑐𝑢𝑡 − 0.0450 ∗∗𝑝𝑡−1

𝑐𝑢𝑡 −

0.0381∗ 𝑝𝑡−2
𝑐𝑢𝑡 + 𝑈𝐸𝐷𝑇𝑡

̂          (5) 

where  𝑈𝐸𝐷𝑇2019
̂  = 3.0103 at the end of the period with ∗ and ∗∗ representing coefficients 

significant at the 5% and 1% levels, respectively.  
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Fig. 3: Estimation Data for U.S. Gasoline Demand  
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The above model passes all diagnostics tests, which are summarized in Table 3, including the 

prediction test charts shown in Fig. 4 that shows that the model performs well in terms of 

forecasting. In addition, the signs of all parameters accord with a-priori expectations. The 

estimated short- and long-run income and price elasticities are shown in Table 4 and show that 

in both the short- and the long-run, in absolute terms, the estimated price-max elasticities are 

greater than the price-rec elasticities that are greater than the price-cut elasticities. In addition, 

in absolute terms, the estimated income elasticities are larger than the estimated price-max 

elasticity, which is consistent with previous studies. 

 

When estimating the relationship, it was necessary to include level interventions for 1955 and 

1979, respectively in order to maintain normality of standard and the auxiliary residuals, as 

shown in the preferred specification, Eq. (5). From a statistical standpoint, the existence of such 

interventions in the STSM can be a sign of a structural break and instability over the estimation 

period. However, from an economic standpoint, the interventions provide valuable information 

about certain events and periods that affects energy demand behaviour and therefore warrants 

further investigation (Harvey, 1997). Thus, the level intervention effect in 1955 suggests that 

there was an ‘extra permanent increase’ in U.S. gasoline demand from that year. Whereas the 

level intervention effect in 1979 suggests that there was an ‘extra permanent decrease’ in U.S. 

gasoline demand from that year. The estimated UEDT for U.S. per capita gasoline demand is 

presented in Fig. 5 and shows that it follows a stochastic process, captured by the STSM 

approach. 10  

 
10 The estimated trend for the preferred model is the Smooth Trend Model with a fixed level (𝜇𝑡) and stochastic 

slope (𝛽𝑡). As an additional check, for the preferred specification, various restrictions were imposed to give two 

alternative restricted versions of the UEDT: (i) the Linear Trend Model (fixed level and fixed slope); and (ii) No 

Trend Model (fixed level and fixed slope). The goodness of fit measures for the alternative restricted versions 
suggested that they were all inferior alternatives with R2 and Rd

2 being less and the AIC, BIC, and p.e.v. all 

being more than those of the preferred model. 
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Table 3: Preferred Equation Diagnostic Tests  

  Auxiliary Residuals 

Residuals   Irregular Level Slope  

Normality 0.084 Normality 1.471 1.119 3.429 

H(19) 0.478     

r(1) 0.018   

r(8) -0.015 Variances of UEDT Components 

DW 1.944 Level 0   

Q(8,6) 6.745 Slope 0.0000374   

      

Goodness of Fit Predictive Test 2012-2019 

R2 0.997 Failure (8)  6.64  

Rd2 0.883 CuSum t(8) -0.38  

p.e.v. 0.00008    

  

Information Criteria  

AIC -9.124    

BIC -8.732     

Notes: 

-Time period for estimation is 1952-2019 

-Model includes level interventions for 1955 and 1979; 

-Normality (corrected Bowman - Shenton), is approximately distributed as 𝜒(2)
2 ; 

-H (19) is a Heteroscedasticity statistic distributed as F(19, 19); 

-r(1) and r(8) are the serial correlation coefficients at the equivalent residual lags, 

approximately normally distributed; 

-DW is the Durbin-Watson statistic; 

-Q(8, 6) is the Box – Ljung statistic distributed as 𝜒(6)
2 ; 

-Failure is a predictive failure statistic distributed as 𝜒(8)
2  and Cusum is a mean stability 

statistic distributed as the Student t distribution; both are STAMP prediction tests found 

by re-estimating the preferred model up to 2011 and predicting for 2012 thru 2019;  

- the Coefficient of Determination (R2), the Coefficient of Determination based on 

differences (Rd
2) and the Prediction Error Variance (p.e.v.) are goodness-of-fit measures; 

and 

-Akaike Information Criterion (AIC) and the Bayesian Information Criterion (BIC) 

compensate for the number of estimated parameters in the model so that comparing 

models which has different number of parameters become possible; small values indicate 

better fitting models.  
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Table 4: Estimated Short-Run and Long-Run Income and Price Elasticities 

Estimated Elasticities Income Price-Max Price-Recovery Price-Cut 

Short Run 0.37 -0.27 -0.14 -0.04 

Long Run 0.41 -0.31 -0.15 -0.14 

 

Fig. 4: Prediction Graphics
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Fig. 5: Estimated UEDT for U.S. Per Capita Gasoline Demand and its Components 

 

 

Overall, this first attempt to apply the UEDT/STSM approach with APR to U.S. gasoline data 

appears to fit the data well supplying sound and robust estimates of income and price elasticities 

with an indication of the effect of non-price and non-income effects via the estimated UEDT. 

Further research, on modelling U.S. gasoline data could continue the quest for finding the ‘best’ 

way to model U.S. gasoline demand. This might go in several directions. This could include 

attempting, if suitable data are available, to include weather variables, vehicle stock/ownership 

variables, like those included by Kouris (1983b) and Sterner et al. (1992), for example – since 

implicitly the approach in this paper captures these effects in the UEDT.11 It could compare 

alternative price decompositions such as used by Huntington (2010b) whereby price levels 

rather than cumulative prices are used and/or attempt to discover the link with, and/or compare 

between, the decomposition approach used here for capturing APR and the volatility measures 

used by Lin and Prince (2013) – attempting to ascertain whether these two approaches model 

 
11 The STSM is sometimes alternatively referred to as the Unobserved Components Model (Harvey, 1989).  
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the same phenomenon or whether they capture different aspects of gasoline consuming 

behaviour. Furthermore, the issues around the endogeneity of prices, as highlighted by 

Coglianese et al. (2017) should be considered when using the STSM/UEDT and decomposition 

(price-max, price-recovery, price-cut) approach. Finally, estimating the UEDT using the STSM 

is effectively a time varying approach that is closely related to the approach taken by Park & 

Zhao (2010); hence, as suggested by Alptekin et al. (2019), it would be good to generalise the 

UEDT framework to a fully time varying specification allowing for time varying income and 

price elasticities as well as the time varying UEDT. However, these improvements are for the 

future, and before that the implications of the results from this paper along with the estimated 

elasticities are discussed in more detail in the final section below. 

 

5. Conclusion and Policy Implications' 

As outlined in the introduction, decreasing U.S. gasoline consumption is a major policy 

objective given environmental and energy security concerns (Hughes et al., 2007) While, 

carbon taxation is a popular policy tool due to its relative ease of implementation its efficacy 

depends crucially on the price elasticity of gasoline demand. In this respect, acquiring sound 

and robust estimates of this vital parameter is of utmost importance and the most appropriate 

estimated model should be used for analysis.  

 

This study advocates taking both a UEDT and APR into account when estimating energy price 

elasticities since, as shown here, these have important impacts on U.S. gasoline demand 

behaviour and using annual data over the period 1949 to 2019 we find the following. 

Estimated Elasticities 

• Price responses are not symmetrical. Suggesting that changes in the maximum historical 

real gasoline price has a greater impact on the U.S. per capita gasoline demand than a 
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price recovery (below the previous maximum) that in turn has a greater impact than a 

price cut, with estimated long-run elasticities of -0.31, -0.15, and -0.14, respectively (all 

being bigger, in absolute terms, than the associated estimated short-run elasticities of 

-0.27, -0.14, and -0.04, respectively).   

• The estimated U.S. per capita gasoline income elasticities of demand are 0.41 and 0.37 

in the long- and short-run, respectively. 

• Therefore, the estimated elasticities are generally lower, in absolute terms, than the 

estimates of both Gately (1992) and Huntington (2010a), both of which utilized similar 

APR approach for U.S. Gasoline demand but a different approach to exogenous trends, 

unlike in this paper where the estimated exogenous UEDT has periods of both gasoline-

saving and gasoline-using exogenous behaviour – as detailed below. 

Estimated UEDT 

• The estimated stochastic UEDT obtained for U.S. gasoline demand via the STSM (or 

as it is also known the unobserved components model) could potentially be driven by 

many factors, such as the increased efficiency of the vehicle stock, changes in consumer 

behaviour, and changes in cultural norms with their relative influences potentially 

moving in different directions and varying over time. It is therefore not possible to 

identify these directly. However, the estimated UEDT shown in Fig. 5 appears to clearly 

reflect the changes in the CAFE standards shown in Fig. 2. Although there is not a one-

to-one coincidence the UEDT does tend to some degree reflect the impact of the CAFE 

standards (alone with other unobserved factors). 

• The estimated UEDT for U.S. per capita gasoline demand generally increases over the 

period 1952 to 1978 (with a slight flattening from 1955 to 1965) suggesting that the 

continuous increase in U.S. per capita gasoline demand over this period was driven by 

gasoline-using exogenous factors with any gasoline-saving technical progress of 
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vehicles being outweighed by gasoline-using behaviour change. However, this trend 

ended sharply at the end of the 1970s, likely driven by the general change in energy 

consuming behaviour around that time following the second oil-price crisis of 1979. 12 

• From 1978 to 1992 the estimated UEDT falls quite sharply suggesting U.S. per capita 

gasoline demand during this period was driven by ‘gasoline-saving’ exogenous factors, 

which also coincides with the introduction of the CAFE standards for cars and trucks 

taking effect in 1978 with the subsequent tightening until around the mid-1980s when, 

they effectively stabilised for cars until 2010 and for trucks until 2004.  

• From 1992 to the early 2000s the estimated UEDT generally flattens being consistent 

with the CAFE standards during that period. However, following this the estimated 

UEDT increases sharply until the mid-2000s despite the CAFE standards being constant 

for cars although they did tighten for trucks from 2004.  

• From 2006 the strong association between the estimated UEDT and the CAFE standards 

resurfaces. The estimated UEDT continues to fall quite quickly with the CAFE 

standards continually tightening for trucks from 2004 and for cars from 2010 – so again 

the gasoline-saving technical progress and behaviour appears to dominate.13 

 

These results therefore provide valuable information for evaluating existing policies and for 

implementing new ones. For example, to evaluate the likely effect of a carbon tax in reducing 

gasoline demand and associated GHG emissions, sound, reliable and robust estimates of the 

impact of price responsiveness are required. This study illustrates that the consumer response 

in the long-run for price rise above the previous maximum is likely to be -0.31 while for price 

rises below the previous maximum it is likely to be -0.15. These findings suggest that the effects 

 
12 This is also the likely reason for the need of the 1979 level intervention included in the estimated equation. 

13 Which, as Fig. 1 shows, appears to have made a noteworthy contribution to the fall in CO2 emissions. 



 

Modelling U.S. Gasoline Demand: A Structural Time Series Analysis with Asymmetric Price Responses Page 33 of 40 

of imposing a carbon tax are going to limited given that the expected gasoline reduction from 

say a 10% tax would be as low as 3.1% at most – even if this pushed the price of gasoline 

beyond its historical peak.  Instead, policy should also focus on other policy levers and not rely 

exclusively on taxes and working through prices.  In other words, other exogenous policy 

factors need to be considered for reducing gasoline demand; for example, imposing even tighter 

CAFE standards, educational and marketing campaigns, and general behavioural change 

policies. 
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