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Abstract  

It has long been well-known that economic variables such as GDP and fuel price as well as 
socio-demographic characteristics and spatial distribution are key factors in explaining car 
use trends. However, due to the recently observed plateau of total car travel in many high 
income countries, it has been argued that other factors, such as changes in preferences, 
attitudes and life-styles, have become more important drivers of car use.   
 
This thesis shows that the two variables GDP per capita and fuel price explain most of the 
aggregate trends in car distances driven per adult in Sweden: as much as 80% over the years 
2002 to 2012. The estimated elasticities are well in line with previous literature and can 
reasonably well reproduce the trend in car distances driven per adult back to 1980. We find, 
however, a substantial variation in elasticities between municipalities depending on public 
transport supply, population density, share of foreign-born inhabitants and the average 
income level. 
 
Swedish National Travel Survey data from 1978 to 2011 reveals that reductions in per adult 
driving mainly occurred among urban men. Urban men of all income groups reduced their 
driving for both commuting and non-commuting trips in conjunction with rising gasoline 
prices, which may have contributed to this development. We find that driving among those 
socio-demographic groups, who have better opportunities to reduce their driving, and driving 
for discretionary rather than commute purposes is being reduced over time. Sweden is 
ranked among the most gender-equal countries in the world; yet we find a substantial 
remaining gender gap in the share of adults driving a car on an average day, even when 
controlling for other socio-economic differences.  
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Sammanfattning  
 
 
Det har länge varit känt att ekonomiska variabler som BNP och bränslepris samt 
sociodemografiska egenskaper och geografisk fördelning är nyckelfaktorer för att förklara 
bilanvändningstrender. Men på grund av den nyligen observerade platån i totala bilresandet i 
många höginkomstländer, har det hävdats att andra faktorer, såsom förändringar i 
preferenser, attityder och livsstilar, har blivit viktigare drivkrafter för bilanvändning. 
 
Denna avhandling visar att de två variablerna BNP per capita och bränslepris förklarar de 
flesta av de aggregerade trenderna i bilkörningssträcka per person i Sverige: så mycket som 
80% under åren 2002 till 2012. Beräknade elasticiteter är väl i linje med tidigare litteratur 
och kan rimligen väl reproducera trenden i bilkörningssträcka per person tillbaka till 1980. Vi 
upptäcker dock en betydande variation i elasticiteter mellan kommuner beroende på 
kollektivtrafiksförsörjning, befolkningstäthet, andel utlandsfödda invånare och den 
genomsnittliga inkomstnivån. 
 
Sveriges nationella resvaneundersökning 1978-2011 visar att den observerade minskningen 
av distans kört per person främst har skett bland urbana män. Urbana män i alla 
inkomstgrupper har minskat sin körning för både pendlings- och fritidsresor i samband med 
stigande bensinpriser, vilket kan ha bidragit till denna utveckling. Vi upptäcker att körning 
bland de sociodemografiska grupper, som har större möjligheter att minska sin körning, och 
som främst kör på fritiden snarare än för pendlande, reduceras över tid. Sverige räknas bland 
de mest jämställda länderna i världen; men vi upptäcker en betydande kvarvarande klyfta 
mellan könen i andelen vuxna som kör en bil en genomsnittlig dag, även när man 
kontrollerar för andra socioekonomiska skillnader. 
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Introduction 
 
 
The growth in car distances driven per capita has slowed down or declined after the mid-
2000s in many high income countries (Goodwin, 2013; Goodwin and Van Dender, 2013; 
Millard‐Ball and Schipper, 2011). Although it is well-known that economic and demographic 
factors are important drivers of car use trends, this recent development has led some to argue 
that other factors, such as changes in preferences, attitudes and life-styles, have become more 
important drivers of car travel.  
 
The key question addressed in this thesis, the extent to which economic and socio-
demographic factors can explain Swedish trends in VKT (vehicle kilometers travelled) per 
adult, is a key issue in transport forecasting. Transport forecasting models rely on the 
assumption that the parameters explaining past travel behavior remain constant over time 
(Fox and Hess, 2010). These parameters typically capture responses to changes in economic 
and demographic variables, such as GDP, fuel price, geographical distribution of firms and 
population by socio-economic status.  
 
This thesis consists of two papers. Paper I explores the extent to which the temporal changes 
in Swedish VKT per adult from 2002 to 2012 can be explained by trends in fuel price and 
GDP per capita. We allow for different elasticities in urban areas and other regions and 
explore the extent to which population density, average incomes, foreign-born populations 
and public transit supply impact elasticities across municipalities. Paper II explores car 
driving trends within different socio-economic groups in Sweden from 1978 to 2011. We use 
descriptive statistics and regression models to describe the trends in car driving and explore 
the extent to which they can be explained by socio-economic changes versus unobserved 
factors.  Because of substantial differences in car driving and car driving trends, we 
distinguish between urban and non-urban populations, men and women, and commuting 
and non-commuting trips.  
 

Data 

Paper I uses distance meter data from mandatory car inspections in Sweden. The data is 
aggregated per municipality and calendar year and spans the years from 2002 to 2012. The 
key advantage of the car inspection data is its robustness with respect to random variation. It 
is derived from actual distance meter readings of two thirds of the Swedish car fleet. The data 
allows separate analysis of driving trends in urban versus other municipalities, but its 
limitations lie in the aggregation at municipality level. 
 
Paper II uses individual level data from the Swedish National Travel Survey to study car 
driving demand within and across socio-economic groups. The main benefits of the cross-
sectional National Travel Survey data are its disaggregation and the long time span covered: 
from 1978 to 2011. However, the survey data is more prone to random variation than the 
aggregate data used in paper I. To reduce random variation in the driving distance survey 
data, we limit analysis to car trips under 100 km length. Paper II therefore focuses on 
regional car driving. Since our main interest lies in trends in vehicle kilometers driven, we 
only consider trips made as the driver of a car, not trips made as car passenger. 
 
In both papers we focus on trends in the real fuel volume price rather than trends in the total 
cost of driving. The marginal cost of driving usually changes less than the fuel price in the 
longer run, because some drivers adjust to fuel price increases by purchasing more fuel-
efficient vehicles (Goodwin et al., 2004). While fuel prices are a direct and immediate signal 
to consumers, it is less clear how consumers consider other driving cost changes, such as 
perceived and actual fuel efficiency. We analyze national fuel efficiency statistics. However, 
the efficiency data does not take into account effects such as increasing use of air 
conditioning, which reduces the fuel efficiency over time. Moreover, the efficiency data 
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represents the national average and cannot distinguish between driving conditions in urban 
areas and the rest of Sweden.  
 

Results 

In paper I, the main result is that much of the observed rise and fall in Swedish VKT per adult 
from 2002 to 2012 can be explained by trends in fuel price and GDP per capita. We find no 
evidence that the effect of these two variables on VKT per adult has changed since 2002 
compared to earlier times. Since 2008 (a time characterized by economic crisis and rising 
fuel prices) urban residents reduced their driving more than those living in other areas of 
Sweden. We find the strongest reduction in driving among residents of urban, lower income 
municipalities with a high share of foreign born populations and good public transport 
access. Our model results confirm that elasticities vary significantly between municipalities 
depending on their public transport supply, population density, share of foreign-born 
inhabitants and the average income level. 
 
Paper II finds that reductions in VKT per adult mainly occurred among urban men. Urban 
men of all income groups reduced their driving for both commuting and non-commuting 
trips in conjunction with rising gasoline prices. Women appear to have remained less affected 
by higher gasoline prices, possibly because they find it harder to adapt their driving, since 
they already drive substantially less than men. The probability of driving for commute 
purposes is more stable and less sensitive to gasoline price increases than driving for non-
commute purposes.  
 
Some of the trends in car use that we find cannot be explained by the socio-economic factors 
that we control for. For instance, retired men and women drive more in the later years. 
Moreover, there was a substantial trend decline in the propensity to drive among young men 
from 1978/86 to the mid-1990s. Similar patterns are found in the UK and Germany 
(Kuhnimhof et al. 2013). We also find that commuting distances by car have increased over 
time, which is not explained by the socio-economic factors and is probably an effect of labor 
market specialization. In consistency with Grimal et al. (2013), we find that the effect of 
income on driving behavior is S-shaped in the cross-section, suggesting a saturation effect in 
the highest income segments.  
 
Sweden is ranked among the most gender equal countries in the world (United Nations, 
2014), yet we find a substantial remaining gender gap in the share of adults who drive a car 
per day, in particular in urban areas, even when controlling for other socio-demographic 
differences. 
 

Discussion  

We find that economic variables can explain much of the observed aggregate trends in driving 
per adult in Sweden. There is therefore no need to assume changes in fundamental attitudes 
towards car driving to explain the recent reductions in VKT per adult in Sweden. However, 
this does not necessarily imply that changes in preferences, attitudes, lifestyles, and social 
trends are not relevant or important for behavioral changes. On the contrary, it seems likely 
that changes in life-style factors to a large extent are induced by economic factors in the long 
run, and the two sets of factors are, therefore, inseparable. Many long-term lifestyle trends, 
such as urbanization and more young people acquiring university education, seem to be 
driven by economic incentives. This suggests that adaptations in terms of shifts in lifestyles, 
preferences, and attitudes reinforce the effectiveness of economic incentives in the long run 
and possibly also increase their acceptability. 
 
The results in paper I also demonstrate the limitations of analyzing driving behavior on an 
aggregate level. We find substantial variation between municipalities in terms of elasticity of 
VKT per adult with respect to fuel price and GDP per capita. The elasticities are in general 
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higher in urban municipalities with high population density, good public transport supply, 
lower average income and a high share of foreign-born residents. Hence, due to urbanization 
and high immigration to Sweden, the elasticities might increase in the long run. Moreover, 
low elasticity of car use with respect to GDP per capita among the high income population 
indicates a saturation effect, implying that future income growth among high-income people 
would likely have a small effect on VKT per adult. This is relevant in forecasting, given that 
income gaps have been widening in Sweden over the last decade (Statistics Sweden, 2014a) 
and most income growth has been accruing to high income population segments.  
  
A caveat of the findings in paper II is that gasoline prices have increased over the entire 
period studied. It is therefore not possible to differentiate gas price effects from attitude shifts 
over time with this data. Assuming that the trend decline in driving is explained by gasoline 
prices, our results would imply higher gasoline price elasticity among urban men than the 
rest of the population. It would also imply that high-income urban men reduced driving 
considerably in response to gasoline price increases, although their driving behavior is 
insensitive to marginal income differences in the cross-section. Urban men appear to have 
the best possibilities of reducing their driving. They have attractive mode and destination 
alternatives available, and they drive substantially more than urban women. It is well known 
that elasticities differ substantially between individuals depending on the availability of 
alternatives (Blow and Crawford, 1997; Santos and Catchesides, 2005; Wadud, et al., 2009; 
2010). Driving behavior among women and non-urban men appears to have remained less 
affected by gasoline price increases, presumably because they find it harder to adapt.  
 

Conclusions  

From a policy perspective, the key message from this thesis is that a combination of economic 
incentives with densification, mixed land-use and good public transport supply is effective in 
reducing car use. The fact that urban men, who were and still are relatively heavy car users, 
have reduced their driving over a 30 year period is encouraging. It suggests that, given 
sufficient incentives, changes in car driving are a matter of opportunities to adjust. 
 
We find widely differing absolute levels of car use and partly opposing trends over time by 
socio-economic population group and location. The extrapolation of aggregate data into the 
future can therefore be misleading. For example, future income gains among high income 
groups would likely have little effect on driving demand, while the same income gains among 
average income groups would be expected to increase driving demand.  
 
From a forecasting perspective, it is reassuring that most of the variation in VKT per adult in 
2002-2012 can be explained by elasticities in fuel price and GDP per capita.  However, the 
economic downturn and fast increase in fuel prices after 2008 was difficult to predict. Our 
findings  are consistent with the finding of De Jong et al. (2007), suggesting that uncertainty 
in input variables is a larger source of errors in transport forecasting than is uncertainty in 
model parameters. Long-term predictions of immigration, land-use and settlement patterns 
may all add to the uncertainty over a longer time horizon. It is therefore advisable to aim at 
solving problems that already exist and generate benefits instantly. Further, it is advisable to 
evaluate transport and land-use policies not only by their social return but also by their 
resilience to changes in demand, technology, financing, and priorities.   
 
  



ix 

 

References 

Blow, L., and Crawford, I. (1997). The distributional effects of taxes on private motoring. IFS 
Commentaries C065. Institute for Fiscal Studies: London, UK. 
 
De Jong, G., Daly, A., Pieters, M., Miller, S., Plasmeijer, S., and Hofman, F. (2007). 
Uncertainty in traffic forecasts: literature review and new results for The Netherlands. 
Transportation, 34, 375–395. 
 
Fox, J., and Hess, S. (2010). Review of Evidence for Temporal Transferability of Mode-
Destination Models. Transportation Research Record: Journal of the Transportation 
Research Board, 2175(-1), 74–83. doi:10.3141/2175-09 
 
Frändberg,  L; Vilhelmson,  B, (2011). More or less travel:   personal mobility  trends in the 
Swedish population focusing gender and cohort, Journal of Transport Geography, Volume 19, 
Issue 6, November 2011, Pages 1235-1244, ISSN 0966-6923, 
http://dx.doi.org/10.1016/j.jtrangeo.2011.06.004. 
 
Grimal, R., Collet, R., and Madre, J.-L. (2013). Is the Stagnation of Individual Car Travel a 
General Phenomenon in France? A Time-Series Analysis by Zone of Residence and Standard 
of Living. Transport Reviews, 33(3), 291–309. doi:10.1080/01441647.2013.801930 
 
Goodwin, P. (2013). Peak Travel, Peak Car and the Future of Mobility. Discussion Paper No. 
2012-13, Prepared for the Roundtable on Long-Run Trends in Travel Demand 29-30 
November 2012. 
 
Goodwin, P., Dargay, J., and Hanly, M. (2004). Elasticities of road traffic and fuel 
consumption with respect to price and income: a review. Transport Reviews, 24(3), 275–292. 
 
Goodwin, P., Van Dender, K. (2013). “Peak Car” — Themes and Issues. Transport Reviews, 
33(3), 243–254. doi:10.1080/01441647.2013.804133 
 
Kuhnimhof,  T; Zumkeller, D; Chlond, B, (2013).  Who made peak car, and how? A 
breakdown of trends in four decades in four countries. Transport Reviews, 2013, Vol.33(3), 
pp.325-342. 
 
Millard‐Ball, A., and Schipper, L. (2011). Are We Reaching Peak Travel? Trends in Passenger 
Transport in Eight Industrialized Countries. Transport Reviews, 31(3), 357–378. 
doi:10.1080/01441647.2010.518291 
 
Santos, G., and Catchesides, T. (2005). Distributional Consequences of Gasoline Taxation in 
the United Kingdom. Transportation Research Record: Journal of the Transportation 
Research Board, 1924, 103–111. doi:10.3141/1924-13 
 
Statistics Sweden. (2014a). http://www.Statistics Sweden.se ( Accessed on 2014-06-12). 
 

United Nations (2014). Human development report 2014, accessed at 
http://hdr.undp.org/en/2014-report/download on February 17th 2015. 
 
Wadud, Z., Graham, D. J., and Noland, R. B. (2009). Modelling fuel demand for different 
socio-economic groups. Applied Energy, 86(12), 2740–2749. 
doi:10.1016/j.apenergy.2009.04.011 
 
Wadud, Z., Graham, D. J., and Noland, R. B. (2010). Gasoline Demand with Heterogeneity in 
Household Responses. The Energy Journal, 31(1). doi:10.5547/ISSN0195-6574-EJ-Vol31-
No1-3 
 

http://dx.doi.org/10.1016/j.jtrangeo.2011.06.004
http://hdr.undp.org/en/2014-report/download

