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Abstract:  

While the period of heightened oil prices in 2005-2014 has attracted considerable 

academic and policy attention, there is scant cross-disciplinary research 

considering energy price, transport and land use together. In car dependent 

societies many socio-economically disadvantaged areas often lack public and 

active transport accessibility. Emerging research focus has been placed on issues 

of transport equity including effects of fuel prices. We reviewed 45 years (1972-

2017) of publications about fuel price impacts, transport, and urban context, drawn 

from Web of Science listed publications. Bibliographic citation analysis reveals 

eight major research clusters with a set of inter-city comparative studies at their 

centre. The historical evolution, geographical trends, research approaches and the 

key themes are revealed by context analysis. The paper highlights the need for 

further studies looking at energy, transport and land use interaction, and suggests 

a greater focus on transport equity. 
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society, fuel price, bibliometric analysis, content analysis 

1. Introduction 

Since oil became the dominant transport fuel, its fluctuating price has had a profound 

impact on transport and land use, especially in automobile dependent societies (Newman 

& Kenworthy, 1989). Oil prices are likely to continue affecting transport and land use 

costs for years to come even with the emergence of alternative energy sources. Higher 

fuel prices in the 2000-10s have triggered “fuel protests” (Lyons & Chatterjee, 2002). 

Other concerns about oil use arise from the environmental effect of carbon emissions, and 

the dependence on geo-politically unstable oil supply regions (e.g.: the Middle East) 

(Colgan, 2014). 



This review examines how scholars have interpreted the impacts of oil price fluctuations 

on human settlements. Academic interest in oil dependence increased when oil became a 

major source of energy. From 2005 to 2014, oil prices rose to historical high levels. This 

long price surge reignited research interest on the impact of higher oil prices on mobility 

and other effects, such as on household income and wellbeing. More recent falls in oil 

prices might be due to oil exporters’ strategic behaviour to pre-empt or postpone carbon-

constraining climate change policies (Van de Graaf & Verbruggen, 2015). Cheaper oil 

might prolong the economic feasibility of internal combustion technologies (Khan, 2017). 

Yet for many developed countries, car-based mobility is an established practice - 

structurally entrenched in energy intensive car-dependent urban forms (Mattioli, Anable, 

& Vrotsou, 2016). 

1.1 The energy, transport and land use nexus 

The complex interrelationship between energy, transport and land use forms the nucleus 

of our understandings about sustainable transport. Scholarly opinions on these 

interactions are diverse, covering both narrow and broad areas of this interaction. This 

section briefly reviews how energy factors are being considered in land use or transport. 

1.1.1 Transport’s oil dependence problem  

Impacts caused by oil price changes are rooted in structural oil dependence, which is 

likely to remain unless the phase-out of oil as a motor fuel occurs rapidly. Recent energy 

modelling by the U.S. Energy Information Administration (2016, p. 5) suggests the share 

of oil in global transport energy use will remain at 80% under the reference case model 

in 2040, only a modest drop from the 2012 level of 87%. There is a wide range of studies 

that concern themselves with transport’s dependence on oil, distributed across multiple 

fields. Energy studies of fuel prices tend to apply economic models (Hamilton, 2013), in 



which the demand and supply of oil ultimately determines fuel price. Fuel demand is 

fundamentally dictated by a mix of travel need, distance travelled, and economic 

conditions. This view gave rise to demand-side transport policies such as stronger fuel 

economy standards (An, Gordon, He, Kodjak, & Rutherford, 2007; Schipper, 2011), fuel 

switching policies (e.g. dieselisation (Bonilla, 2009)), spatially efficient urban planning 

(Karathodorou, Graham, & Noland, 2010; Kenworthy, Laube, Newman, & Barter, 1999), 

and mobility pricing (Czako, 2015). The supply-side is fundamentally related to oil 

extraction, which is constrained by the physical and technological limits expressed by the 

notions of “Energy Return on Energy Invested” (ERoEI), or popularly “peak oil”. 

Geopolitics and energy security can also feature strongly as a supply constraint 

(Kerschner, Prell, Feng, & Hubacek, 2013). On the other hand, awareness about the 

environmental impacts of oil use is increasing (Hickman & Banister, 2014; Schipper, 

2011), and price-based policies to reduce carbon emissions have been advanced, such as 

carbon taxes, particularly in Europe and Canada (British Columbia). More expensive 

petroleum fuel might help make alternative propulsion technologies, such as electric 

motors, batteries, regenerative breaking and hydrogen fuel-cells, more competitive. 

However, as long as driving remains desirable to many and is associated with a sense of 

freedom and status (Wells & Xenias, 2015), technological improvements in fuel economy 

may not offset the continued growth in travel demand (Schipper, 2011; Sperling & 

Gordon, 2009). Meanwhile, emerging and transitional economies with rapid economic 

and population growth are also likely to contribute to greater oil consumption due to 

increased automobile ownership and usage (Pojani, 2016). The uncertainties outlined 

above warrants continued study of the mechanisms and strategies for reducing oil 

dependence in transport.  



1.1.2 The intricate relationship between transport and land use 

While non-urban or rural areas may be more affected by higher energy prices, the options 

for mass transit in rural areas are far more challenging than in cities (Coventry, 2011). 

But the share of world’s population that is urbanised now constitutes a majority, and will 

continue growing (Fuller & Romer, 2014). Urban form plays a key role in energy efficient 

transport arrangements within the city (Figueroa, Lah, Fulton, McKinnon, & Tiwari, 

2014). The linkage of energy use to transport (chiefly determined by distance travelled, 

especially by private vehicles) is closely related to land use and especially urban density 

(Newman & Kenworthy, 1989). However, global cities comparisons rarely consider local 

level accessibility or cultural differences (Ewing et al., 2018). There is also increasing 

recognition that fossil fuel phase out and carbon reduction efforts could be better achieved 

at the level of cities, instead of nation states. Cities can use travel demand management 

to reduce automobile use or encourage shifts to public transport (Khayesi & Amekudzi, 

2011) to active transport (Rendall, Page, Reitsma, Van Houten, & Krumdieck, 2011), to 

shared use of cars or to other modes that do not use oil for propulsion (R. Gilbert & Perl, 

2012).  

1.1.3 Fuel price impact studies in urban areas and transport equity 

Cities are unequal. Mobility and accessibility levels differ across income groups and 

geographic locations. This leads to the questions of how, and why fuel price impacts are 

unevenly distributed, or the social equity argument. Equity here refers to “the distribution 

of impacts (benefits and costs) and whether that distribution is considered fair and 

appropriate”(Litman, 2018, p. 2). Transport equity concerns the disparities of access to 

human needs, such as employment, goods, services, activities, and/or social connections 

(Hine & Mitchell, 2001; Martens, 2012). Various terms that capture the equity dimension 

in transport have been developed. Related terms include “transport disadvantage” (Currie 



& Delbosc, 2011; Denmark, 1998), “social exclusion” (Hine & Mitchell, 2001; Jeekel, 

2014; Social Exclusion Unit (SEU), 2003), and the broader notion “transport poverty” 

(Lucas, Mattioli, Verlinghieri, & Guzman, 2016) which combines unaffordable transport 

costs and disproportional exposure to transport externalities. A sub-set of these terms has 

focused on the combined impacts of higher fuel costs and car dependence. These terms 

include “oil vulnerability” (Dodson & Sipe, 2007), “car dependent economic stress” 

(Mattioli, Wadud, & Lucas, 2018), and “fuel poverty in transport” (Berry, Jouffe, 

Coulombel, & Guivarch, 2016).  

1.2 Aims and significance of the review 

Despite significant research on the relationship of fuel price, income levels and vehicle 

travel behaviour (Goodwin, Dargay, & Hanly, 2004), there is a lack of comprehensive 

understanding of the interaction of fuel prices, transport and land use. The research areas 

that are a focus of this review are summarised in Figure 1. 

 
Figure 1. Key research areas. 

 



We reviewed 45 years of publications investigating fuel price impacts, transport, and 

urban context, drawn from Web of Science listed publications. Scanning the literature 

over this longer period helps to understand changes in the research field between the oil 

“crisis” of the 1970s with its high oil prices, through the long periods of cheap fuel and 

more recent price spikes. The review sheds light on the historical evolution of such fuel 

price studies, conceptualising the findings, and may help us to be more resilient in future. 

Our aims were: 

- To map the knowledge development and trajectory of efforts to understand fuel 

prices, transport and land use, and their relationships 

- To reveal key research gaps 

- To help synthesise knowledge of the overlapping areas 

- To develop future research directions 

We outline our methods in Section 2. In Section 3 we present the findings of our analysis. 

In Section 4 we discuss pathways for future research in this area, focusing on 

methodological issues, new trends, and possible implications. We conclude the paper 

with a brief outline of the contributions and limitations made. 

2. Methods 

2.1 Selection criteria 

The review targeted the fuel price impacts literature from 1970 to 2017, focusing on 

studies that reference urban areas. The criteria for literature selection is shown in Table 

1. Studies that analyse rural areas as well as cities (i.e. urban-rural comparisons) were 

included. 

 

 
 



Table 1. Criteria for literature selection. 
Criteria Keyword combinations 

Petroleum fuel price impacts fuel, petrol, gasoline, oil, price, energy, impacts, stress, 
affordability, vulnerability 

Transport transport, travel, commute, journey, mobility 
Land use (focus on urban areas) urban, city / cities, town(s), suburb, peri-urban 

 

In January 2018, a keyword search was conducted in academic databases, including 

Transport Research International Documentation (TRID), Google Scholar, Scopus and 

Thompson Reuters Web of Science (WoS), yielding up to 2,000 matching records. After 

reading the abstracts and the keywords of these records, 815 were selected and 

downloaded for further examination. Of these, 470 were found to meet all the selection 

criteria and investigated in depth. It is this set of papers that helps guide the subsequent 

discussion section of the paper (from Sections 4 to 5). 320 publications of these 

publications were contained in the WoS. This sub-set was selected for the further 

bibliographical citation analysis as part of the review and it is this sub-set that forms the 

bulk of the results. WoS was used because of its ability to download complete citation 

records and its better archiving of papers prior to the 1990s. One of WoS’s limitations is 

that it predominately contains journal articles, which are often developed from earlier 

working/conference papers. Early forms of these papers that were also published were 

treated as duplications and removed, as were editorial contributions to journal special 

issues.  

2.2 Bibliographic citation analysis 

We first analyse the overall historical and geographical trends in the literature with 

descriptive statistics. Then, bibliographic citation analysis is used to show the linkages 

and researcher interactions. This helps visualise the sub-field and its intellectual 

interconnections.  



In bibliographic citation analysis, the number of interactions can reflect the level of 

influence of particular contributions to the literature. The key bibliographic metrics are 

illustrated in Figure 2. The “direct citation” metric (where Paper A cites Paper B) can 

show the citation flow between two articles, but it omits linkages where a third article 

may cite both articles. This can be addressed by the “co-citation” metric (where Paper C 

cites both Papers A and B). However, a more insightful metric is the “weighted-direct 

citation” (WDC), which combines both methods by assigning the co-citation value as 

weights into the direct citation value (Newell & Cousins, 2015; Persson, 2010). We adopt 

the WDC metric for citation analysis in this review. 

 
Figure 2. Illustration of direction citation, co-citation and weighted-direct citation 

analyses (Newell & Cousins, 2015). 



Bibexcel was used to calculate the WDC value of the shortlisted WoS papers. Gephi was 

used for citation network visualisation and analysis. The modularity algorithm in Gephi 

offers an objective method to identify clusters, which groups nodes with more interactions 

into discrete clusters based on the citation links.  

2.3 Content analysis 

Each selected paper’s content was examined in depth. Papers were grouped by type of 

analysis (whether it is a qualitative, quantitative, conceptual, or a review paper) and 

whether the paper conducted analysis by comparing their data spatially (mapping) or 

temporally (times-series/longitudinal). The unit of study (the smallest unit of analysis) 

was also classified based on the following categories: 

1. Inter-region or city studies, which can be compared internationally and make use 

of aggregate data, such as city-wide vehicle distance travelled/fuel use to derive 

per capita indicators of fuel use; 

2. Intra-urban studies, which usually use aggregated census data at small geographic 

levels within a city and which often create composite indicators for spatial 

analysis; 

3. Individual level studies, which use disaggregated data that uses households, 

person or vehicles as the unit of study. These are often best at exploring the issue 

at its core, and allow calculation of more exact indicators that can measure actual 

transport affordability impacts caused by increasing fuel costs. However, data 

availability is often limited; 

4. Urban-rural studies, which separate urban and rural samples and often make 

comparisons between the two; and 

5.  Aggregated studies, which use aggregate data in a single geographic unit 

(country, state, or city) without comparison of a similar kind. 



Other attributes were also extracted by reading each of the 320 papers. This included the 

mobility focus (car, public or active modes), the type of fuel price impacts, the preferred 

solution and the wider themes. 

3. Key findings and discussion 

3.1 Overview of the historical and geographical trends 

Figure 3 compares the crude oil price with the number of shortlisted papers between 1972 

and 2017. The volume of research publications largely follows the changes in fuel price. 

The 1974 oil crisis led to an initial spike in publications. During the oil glut (1985-2005), 

research interest waned and the number of papers fell. Publication rates rebounded after 

2004 when oil prices began to rise again. Despite the sharp drop in oil prices in 2014, 

papers covering this topic remain high, nearing 15-20 papers per year.  

The geographical distribution of the shortlisted papers is illustrated in Table 2 and Figure 

4. We split the dataset into the period before and after the year 2004, to highlight the 

recent high oil price period. There are signs that publications are shifting from traditional 

oil consumption countries (North America, Europe and Australasia) to newly 

industrialising ones, such as China and India. Along with increasing motorisaiton, 

increasing globalisation of academic research might play a role in this diffusion. Despite 

an increasing geographical spread, the volume of research remains disproportionately 

from Europe, North America and Australasia, which may limit transferability of findings 

to other regions. 



 
Figure 3. Comparison of the number of publications and crude oil price (in 2016 US$) 

from 1972 to 2017 (N=320). 
 
 

Table 2. Worldwide distribution of the publications before and after 2004 (N=320). 

Region 
Before 2004 After 2004 Before 

& after 
2004 

change 
(%) 

All time 
(1970-2017) 

F. 
Count 

Share 
(%) 

F. 
Count 

Share 
(%) 

F. 
Count 

Share 
(%) 

North America (USA + Canada) 44.42 51.65 55.50 35.58 24.95 99.92 41.29 
Europe 19.92 23.16 44.50 28.53 123.43 64.42 26.62 
Australasia (Australia + New Zealand) 12.58 14.63 24.08 15.44 91.39 36.67 15.15 
Asia 6.92 8.04 24.00 15.38 246.99 30.92 12.78 
Africa 1.33 1.55 4.83 3.10 262.50 6.17 2.55 
Central & South Americas (incl. Mexico) 0.83 0.97 3.08 1.98 270.00 3.92 1.62 
All Geographical 86 100.00 156 100.00 81.40 242 100.00 
                
All Geographical 86 68.25 156 80.41 81.40 242 75.63 
Non-Geographical 40 31.75 38 19.59 -5.00 78 24.38 
Total 126 100.00 194 100.00 53.97 320 100.00 

F. Count refers to fractional count. Each study has a value of 1, which can be divided if it is covering 
more than one continent. 



 
Figure 4. Worldwide country/territory distribution of the number of shortlisted 

publications with identifiable geographic coverage (n=206), before and after 2004. 

3.2 Citation network analysis and key research clusters 

Using the citation network analysis method outlined in Section 2, Figure 5 visualises the 

linkages between the shortlisted WoS papers. Larger nodes (circles) mean the publication 

has a higher WDC, a measure of citation influence. Thicker edges (arrows) means the 

paper is being co-cited more often and the direction denotes the direct citation flow, where 

the arrowhead is the paper being cited. The publication map is generated by the 

Proportional Yifan Hu algorithm offered in Gephi, which positions the nodes based on 

the relative intensity of citation relationship. Based on the network community detection 

algorithm in Gephi, eight major clusters were identified. Minor Clusters, with less than 



five papers are grouped as Cluster 0 for illustrative purposes. The naming of the clusters 

was determined by subsequent content analysis. Table 3 provides the summary statistics 

for these clusters. Here, those without any citations in the shortlist are also grouped as No 

Internal Cites. Tables 4, 5, 6, 7 and 8 summarise the percentages of the content analysis 

based on the paper’s research methodology, key themes and geographical coverage. 

 
Figure 5. Bibliometric map showing the citation network (N=320). 

A node (circle) refers to a publication. The size of a node is determined by the WDC score, which shows 
the relative citation influence of the publication. Only the nodes with a WDC score over 5 are labelled, 
showing the first author and year only. The edge (arrow) refers to the direct citation flow between two 
publications. The arrowhead indicates the source paper. Edge thickness reflects the number of co-cites 

between two publications. Clusters are coloured differently and are shaded by oblique dotted ovals of the 
widest extent of nodes. These ovals show a representative “sphere of influence” of a cluster. Minor 

Clusters (less than 5 nodes) are coloured in grey. 
  



Table 3. Summary of the clusters and their key information. 
No. Literature 

clusters 
No. of 

publications Median year Mode year Std. dev. 

1 Early Policy Response 20 1974 1974 7.86 
2 Urban Structure 41 1981 1978* 8.73 
3 Mode Response Elasticity 26 1985 1974 17.79 
4 Inter-city Comparisons 60 2008 2013 11.81 
5 Housing and Transport 9 2010 1979* 16.66 
6 Automobility and Peak Car 34 2010 2008* 9.91 
7 Vehicle Fuel Elasticity 39 2013 2017 5.15 
8 Intra-urban Analysis 47 2014 2016 6.05 
0 Minor Clusters (Total) 15 2009 2014 10.60 
- No internal cites 29 2012 2008 8.58 
 Total 320 2008 2014 15.06 

Citation count as of January 2018 
* For clusters with multiple mode years, only the earliest year is shown. 
 

Table 4. Summary of the methods used in the publications. 

No. Quantitative 
modelling 

Quantitative 
analysis 

Quan+Qual 
(Mixed) 

Qualitative 
analysis 

Literature 
review 

Theory/ 
policy/ 

conceptual 
Total 

1 15.0% 
(3) 

20.0% 
(4) 

10.0% 
(2) 

0.0% 
(0) 

10.0% 
(2) 

45.0% 
(9) 

100% 
(20) 

2 26.8% 
(11) 

12.2% 
(5) 

7.3% 
(3) 

4.9% 
(2) 

2.4% 
(1) 

46.3% 
(19) 

100% 
(41) 

3 73.1% 
(19) 

11.5% 
(3) 

0.0% 
(0) 

0.0% 
(0) 

0.0% 
(0) 

15.4% 
(4) 

100% 
(26) 

4 43.3% 
(26) 

31.7% 
(19) 

5.0% 
(3) 

0.0% 
(0) 

3.3% 
(2) 

16.7% 
(10) 

100% 
(60) 

5 22.2% 
(2) 

33.3% 
(3) 

11.1% 
(1) 

0.0% 
(0) 

0.0% 
(0) 

33.3% 
(3) 

100% 
(9) 

6 32.4% 
(11) 

20.6% 
(7) 

11.8% 
(4) 

2.9% 
(1) 

2.9% 
(1) 

29.4% 
(10) 

100% 
(34) 

7 76.9% 
(30) 

7.7% 
(3) 

2.6% 
(1) 

0.0% 
(0) 

5.1% 
(2) 

7.7% 
(3) 

100% 
(39) 

8 29.8% 
(14) 

38.3% 
(18) 

0.0% 
(0) 

4.3% 
(2) 

8.5% 
(4) 

19.1% 
(9) 

100% 
(47) 

0 20.0% 
(3) 

13.3% 
(2) 

0.0% 
(0) 

13.3% 
(2) 

6.7% 
(1) 

46.7% 
(7) 

100% 
(15) 

- 48.3% 
(14) 

6.9% 
(2) 

3.4% 
(1) 

6.9% 
(2) 

6.9% 
(2) 

27.6% 
(8) 

100% 
(29) 

Total 41.6% 
(133) 

20.6% 
(66) 

4.7% 
(15) 

2.8% 
(9) 

4.7% 
(15) 

25.6% 
(82) 

100% 
(320) 

Percentage values are compared with the total publications in the same cluster. Bracket refers to the 
number of papers.  



Table 5. Summary of the use of spatial or temporal analysis, and unit of study of the 
publications. 

 Method type Unit of study 
No. Mapping Time-series Inter-region Inter-city Intra-city Individual Urban-rural Aggregated 
1 5.0% 15.0% 5.0% 0.0% 5.0% 20.0% 0.0% 20.0% 
2 2.4% 19.5% 7.3% 19.5% 7.3% 7.3% 4.9% 9.8% 
3 0.0% 65.4% 3.8% 26.9% 7.7% 11.5% 3.8% 38.5% 
4 25.0% 21.7% 0.0% 40.0% 35.0% 15.0% 13.3% 5.0% 
5 66.7% 22.2% 0.0% 11.1% 44.4% 11.1% 22.2% 11.1% 
6 2.9% 41.2% 35.3% 17.6% 2.9% 14.7% 5.9% 8.8% 
7 15.4% 69.2% 20.5% 5.1% 23.1% 48.7% 30.8% 5.1% 
8 42.6% 10.6% 2.1% 31.9% 44.7% 14.9% 10.6% 8.5% 
0 13.3% 6.7% 0.0% 20.0% 6.7% 13.3% 20.0% 6.7% 
- 6.9% 37.9% 13.8% 10.3% 13.8% 6.9% 24.1% 17.2% 

Total 16.9% 31.6% 9.4% 11.9% 21.3% 20.6% 19.1% 11.6% 
More than one type can be considered in each publication, percentage values are compared with the total 
papers in the same cluster. 
 
 

Table 6. Summary of the key themes by mode studied, type of fuel price impacts and 
proposed solutions. 

 Mode studied Type of fuel price effects Preferred solutions 

No. Private 
vehicles 

Public 
transport 

Active 
transport Elasticity Cost of 

travel 
Cost of 
housing 

Cost of 
domestic 
energy 
(e.g. 

heating) 

Alternative 
fuels 

Vehicle 
fuel 

efficiency 

Urban 
form / 
land 

use mix 

1 60.0% 50.0% 10.0% 0.0% 5.0% 0.0% 35.0% 5.0% 20.0% 15.0% 
2 36.6% 34.1% 4.9% 12.2% 22.0% 7.3% 7.3% 9.8% 9.8% 80.5% 
3 30.8% 88.5% 0.0% 61.5% 26.9% 0.0% 0.0% 0.0% 7.7% 23.1% 
4 70.0% 66.7% 41.7% 16.7% 13.3% 5.0% 11.7% 0.0% 18.3% 88.3% 
5 44.4% 22.2% 11.1% 33.3% 55.6% 44.4% 0.0% 0.0% 11.1% 77.8% 
6 70.6% 76.5% 38.2% 14.7% 20.6% 2.9% 0.0% 14.7% 38.2% 70.6% 
7 46.2% 30.8% 10.3% 74.4% 12.8% 7.7% 0.0% 5.1% 38.5% 64.1% 
8 48.9% 44.7% 19.1% 6.4% 40.4% 23.4% 25.5% 6.4% 19.1% 63.8% 
0 26.7% 13.3% 13.3% 6.7% 40.0% 33.3% 13.3% 20.0% 20.0% 73.3% 
- 24.1% 34.5% 10.3% 24.1% 37.9% 6.9% 3.4% 27.6% 20.7% 41.4% 

Total 49.1% 50.0% 19.1% 24.7% 24.4% 10.0% 10.0% 8.1% 21.3% 63.8% 
More than one type can be considered in each publication, percentage values are compared with the total 
papers in the same cluster. 
 

Table 7. Summary of wider implications. 
 Wider implications of fuel price impacts 

No. Disadvantage 
/ equity Accessibility Health 

/ wellbeing 
Finance 
/ debt Economy Carbon 

emissions Peak oil Peak car 

1 25.0% 0.0% 5.0% 0.0% 20.0% 5.0% 5.0% 0.0% 
2 4.9% 7.3% 2.4% 0.0% 7.3% 2.4% 7.3% 0.0% 
3 7.7% 3.8% 3.8% 0.0% 3.8% 7.7% 0.0% 0.0% 
4 10.0% 20.0% 3.3% 0.0% 0.0% 20.0% 11.7% 0.0% 
5 44.4% 44.4% 0.0% 33.3% 11.1% 0.0% 0.0% 0.0% 
6 14.7% 14.7% 11.8% 0.0% 2.9% 38.2% 11.8% 17.6% 
7 23.1% 12.8% 15.4% 0.0% 5.1% 12.8% 7.7% 5.1% 
8 42.6% 14.9% 6.4% 10.6% 10.6% 25.5% 29.8% 0.0% 
0 13.3% 0.0% 0.0% 0.0% 20.0% 20.0% 33.3% 6.7% 
- 13.8% 10.3% 6.9% 3.4% 24.1% 24.1% 0.0% 0.0% 

Total 18.4% 12.5% 6.3% 2.8% 8.4% 17.5% 11.6% 2.8% 
More than one type can be considered in each publication, percentage values are compared with the total 
papers in the same cluster. 
  



Table 8. Geographic coverage of papers by clusters. 

No. 
North 

America 
(USA + 

Canada) 
Europe 

Australasia 
(Australia + 

New Zealand) 
Asia Africa 

Central & 
South 

Americas 
(incl. Mexico) 

Non-
Geographical 

1 45.8% 0.8% 5.8% 5.8% 0.8% 0.8% 40.0% 
2 28.5% 11.4% 12.6% 2.8% 0.4% 2.8% 41.5% 
3 73.1% 3.8% 0.0% 11.5% 0.0% 0.0% 11.5% 
4 22.4% 34.0% 14.0% 14.0% 0.3% 0.3% 15.0% 
5 11.1% 11.1% 55.6% 0.0% 0.0% 0.0% 22.2% 
6 12.5% 33.1% 3.2% 18.4% 1.0% 2.5% 29.4% 
7 67.3% 10.9% 0.6% 8.3% 0.0% 0.0% 12.8% 
8 13.7% 26.4% 26.4% 7.3% 2.5% 2.5% 21.3% 
0 15.6% 22.2% 0.0% 2.2% 13.3% 0.0% 46.7% 
- 22.1% 20.4% 10.9% 13.5% 7.5% 1.4% 24.1% 

Total 31.2% 20.1% 11.5% 9.7% 1.9% 1.2% 24.4% 
Based on fractional count - each publication has a value of 1, which the value is divided when the 
publication is covering more than one continent(s). 

3.3 Content analysis based on cluster membership 

We found the clusters represent diverse studies encompassing various research methods 

and problem framing. In this subsection, we outline the eight major clusters identified: 

Cluster 1 (Policy Response) comprises mostly early publications dated in the 1970s. A 

majority are theory, policy or conceptual works, and suggest policy responses to the 

sudden oil price increase during the 1970s Oil Shocks (Mazur & Rosa, 1974). This is 

followed by Cluster 2 (Urban Structure) where the links between energy, and transport 

and land use were first beginning to be recognised. Romanos’ (1978) paper concerning 

urban form change for energy conservation is the most influential in this cluster (WDC = 

20). The locational mismatch of residence and workplace, resulting in longer travel 

distances and higher fuel consumption, was also recognised (G. Gilbert & Dajani, 1974; 

Waymire & Waymire, 1980). The choice of urban forms (centralised, decentralised or 

polycentric) in reducing travel distances was debated (Owens, 1986; Sharpe, 1982; 

Zucchetto, 1983). 

Research then focused more on how travel behaviour responds to fuel price changes. Two 

major type of elasticity studies – Clusters 3 and 7 emerged. Both are characterised by the 

preference of time-series modelling studies that measure elasticity. Situated on the lower-



right corner is Cluster 3 (Mode Response Elasticity) which contains earlier studies about 

the response to higher fuel prices by mode shifting. The key variables include public 

transport ridership (Lane, 2010) and mode share (Nizlek & Duckstein, 1974). Most of the 

papers in Cluster 3 are aggregated at the city level due to the nature of public transport 

data. On the other hand, Cluster 7 (Vehicle Fuel Elasticity) has a greater focus on 

quantitative modelling studies using disaggregated individual level (i.e. 

personal/household or vehicle-based) data. The usual variables analysed are fuel 

consumption (Wadud, Graham, & Noland, 2010), vehicle distance travelled (Small & 

Van Dender, 2007; Wang & Chen, 2014), car ownership (Johansson & Schipper, 1997) 

or traffic flow (Burke, Batsuuri, & Yudhistira, 2017). Many studies in Cluster 7 involved 

urban vs. rural issues and income elasticity analysis. However, the spatial resolution is 

usually wide, covering country, state or city levels with less emphasis on intra-urban 

comparison. 

The focus then shifts to the urban level determinants of fuel use, as a more nuanced 

understanding of how urban form and land use promote car use (or dependence) emerged. 

This forms the conceptual basis for Cluster 4 (Inter-city Comparisons), the largest cluster 

with 60 publications. Building from the urban structure studies in Cluster 2, a series of 

global inter-city assessments using transport parameters and fuel use forms the bulk of 

this cluster. The seminal work of Newman & Kenworthy (1989) has the highest WDC 

score (of 45). However, their findings were strongly contested (Mees, 2009; Mindali, 

Raveh, & Salomon, 2004). Subsequent work continues this line of research with varied 

interpretations and improvements (Karathodorou et al., 2010). Cluster 4 also contains 

intra-urban analysis, as many papers divided their study area into inner and outer urban 

areas for inter-city comparison. With better data availability, some studies mapped an 

entire country, offering both inter- and intra-urban comparison (Boussauw, Neutens, & 



Witlox, 2012). In general, these studies lend support to an urban and land use approach 

to deal with car dependence and price impacts. The promotion of non-motorised transport 

solutions is also the strongest in Cluster 4. 

Cluster 5 (Housing and Transport) moves on from the urban comparison studies to look 

at the role of the trade-off between housing and transport cost (Milan & Creutzig, 2016). 

The papers in this cluster mostly use mapping analysis and intra-city spatial comparison. 

Compared to the other clusters, Cluster 5 shows the greatest concern for the costs of travel 

and housing, disadvantage/equity, accessibility and issues of finance and debt. 

Cluster 6 (Automobility and Peak Car) tends not to focus on cities, but on national or 

worldwide statistics of automobile use. Carbon emissions and vehicle fuel efficiency 

themes feature strongly in Cluster 6. Many studies here focus on the determinants of 

automobile ownership or usage, using national comparisons (Buehler, 2011; Giuliano & 

Narayan, 2003). The notion of “peak car” (or more accurately, a peak in a community’s 

vehicle distance travelled per capita) has been observed in a few highly developed 

western countries or cities (Bastian, Börjesson, & Eliasson, 2016; Metz, 2010, 2013; 

Millard‐Ball & Schipper, 2011; Stokes, 2013), possibly due to economic recession (Klein 

& Smart, 2017), oil prices (Stapleton, Sorrell, & Schwanen, 2017; Wadud & Baierl, 2017) 

or other factors. Car restraint policy and public transport investments may explain the 

slower motorisation rates now being seen in cities such as Beijing (Gao & Newman, 

2018). However, most developing countries are still motorising due to economic growth 

and a growing aspiration to drive (Pojani, 2016). 

Finally, Cluster 8 (Intra-urban Analysis) contains a recent set of studies, mostly covering 

the recent period of higher oil prices (2005 to 2014). These focus on “peak oil”, transport 

disadvantage, and equity issues. As with Cluster 5, mapping analysis featured strongly. 

The most influential paper in this cluster is Dodson and Sipe’s (2007) development of a 



spatial composite indicator to reveal “oil vulnerability” in Australian cities. Another 

approach used was to estimate urban “energy requirements”, which typically uses input 

and output tables to assess intra-urban differences in average domestic and transport fuel 

use (Wiedenhofer, Lenzen, & Steinberger, 2013). Later research has looked at the socio-

spatial effects of fuel efficiency improvements in the private vehicle fleet (Li, Dodson, & 

Sipe, 2015). Most recently these studies have turned to household level fuel expenditures 

as a measure of economic stress (Berry et al., 2016; Mattioli, Lucas, & Marsden, 2017). 

In assessing these clusters, we found diverse research approaches and problem framing 

of the issue of fuel price effects on urban transport. We also observed some extent of 

geographical concentration within clusters (see Table 7). This implies research of similar 

types has a higher tendency to cite papers within the same continent. To summarise the 

clusters further, three distinctive research “traditions” can be identified. The first is the 

Elasticity tradition represented by Clusters 3 and 8, which tends to be based on 

quantitative modelling and uses time series and aggregated datasets at an individual level 

unit of study. These studies mostly look at North American cases. The second tradition is 

Car Dependence, represented by Cluster 4 and 6, which tends to use broad aggregated 

datasets at national, state or city level, and is less likely to use small area (census tract) or 

individual level data. This tradition focuses on the relationship of urban form and car 

dependence and is more likely to look at European cases. Finally, Clusters 6 and 9 

represent the Spatial Equity tradition, which has a higher tendency to use mapping-based 

intra-city comparisons and places less emphasis on time-series changes. Cluster 6 is found 

to be most represented in Australasia, while Cluster 8 is most represented by both Europe 

and Australasian cases. Non-western countries are less represented in our datasets. This 

could be due to the focus of English language publications and our focus on the WoS 

database. Nevertheless, Asian studies are more likely to be in Cluster 6 or 4. Whereas 



African studies are mostly located in Minor Clusters, looking at issues such as gender 

issues (Fofana, 2015) and rural energy access (Schiffer, 2016) which were not large 

enough to form major clusters via our methods. 

4. Implications and future research directions 

4.1 Methodological considerations 

A key finding from this analysis is that the perspective and approach of studies into 

energy, mobility, and urban development has varied considerably over time, with an 

inconsistent focus on the problem to be addressed and the methods used in pursuing 

solutions to that problem. Elasticity studies identify balancing supply and demand for 

petroleum as the key problem and then focus strongly on quantitative modelling as the 

technique to discover how to best achieve that balance, offering an empirical basis for 

price-based policies, such as fuel taxes or incentives to spur fuel efficiency. Inter-city 

studies adopt a spatial perspective and thus recognise fuel price increase impacts as a 

symptom of inefficient land uses, and advocate for “compact cities” to make oil saving 

public/active transport more feasible. These studies appear to play a central role, as shown 

by their location at the heart of Figure 5, as they are being cited widely by most other 

clusters. These inter-city papers are currently acting as bridges for intellectual 

communication. Intra-urban studies focus on the socio-spatial inequity across urban 

space, recognising that areas that offer better non-car accessibility usually also feature 

higher housing costs. Conversely, cheaper housing is often available only in more car 

dependent and “oil vulnerable” locations.  

The next generation of studies on fuel price transport impacts would benefit from 

integrating the energy problems under consideration and reconciling their methodological 

differences accordingly. These differences could be rooted in problem framing and 



methodological choices for the research. In future, inter-disciplinary approaches seem 

particularly promising. We note distinctive differences between the spatially-focused 

Equity (Clusters 5 and 8) and temporally-focused Elasticity approaches (Clusters 3 and 

7), which our citation network mapping reveals are cleaved apart (Figure 5). Bringing 

these traditions together, encouraging researchers to co-learn from one-another, and 

connecting their insights, could all yield fruitful advances in understanding. Indeed, only 

a handful of studies appear that have considered both spatial and temporal approaches in 

the past (Gillingham, 2014; Motte-Baumvol, Massot, & Byrd, 2009; Viguié, Hallegatte, 

& Rozenberg, 2014; Walks, 2013). More of this is to be encouraged.  

Another observation revealed in Table 3 is that most of the studies are either quantitative 

modelling or econometric analysis. Only a small number are purely qualitative or mixed 

studies. Though qualitative methods have their limitations, they are valuable in providing 

insights about how individuals and communities manage with the disadvantages they 

suffer from fuel price impacts. They can also reveal why individuals respond in the ways 

that they do. 

Advances in technology also offer new ‘solutions’ to the problems collecting data on fuel 

use, transport and geo-spatial location. Shifts in travel data collection towards more 

passive approaches using mobile devices (Kaufman, 2017), and the potential to trigger 

surveys at key times on those same devices (such as when an individual has completed 

what appears to be a long motoring trip, or appears to have visited at petrol station) is 

under-explored in this sub-field of research. Such methods could produce cost-effective 

collection of key quantitative and qualitative data items. 

4.2 New trends that affect fuel price impact studies 

Apart from epistemological and methodological concerns, current fuel impact studies still 

largely measure automobile dependence through variables that capture the use of the 



automobile and its summary impacts. Researchers need to adjust to developments 

occurring in the transport field that may soon render previous fuel impact measures 

obsolete, or which may only capture a small portion of the total impact. In that sense, 

transport research can be seen as competing “regimes”, in which the dominant three are: 

1) car-based; 2) public-transport; and, 3) non-motorised, with niche innovations emerging 

rapidly (Moradi & Vagnoni, 2018). For car-based research regimes, technological 

innovations in fuel efficiency (Vyas, Santini, & Johnson, 2009) or electrification (Weiss, 

Dekker, Moro, Scholz, & Patel, 2015) are being widely explored which flow through to 

policy proposals being provided to governments that narrowly focus on these concerns. 

Fuel impact studies should take account of improving fuel efficiency or hybrid/electric 

vehicle (EV) uptake. This has already been observed in more recent intra-urban studies 

(Li, Sipe, & Dodson, 2013). Nevertheless, the “EV-ability” of households, including the 

ease of obtaining/purchasing an EV, the ease of use and recharging in the city, and the 

availability of renewable energy (e.g., solar panels) has not so far been well assessed. The 

precipitous rise of electric bikes and especially the emergence of electric scooter share 

systems in 2017-18, show that there are other disruptions to urban mobility from 

electrification that require investigation in terms of possible fuel price impact (Hwang, 

2010; Weinert, Ma, & Cherry, 2007).  

Further, the “disruptive” developments of autonomous vehicles (Ohnemus & Perl, 2016) 

and ride-sharing (Cetin & Deakin, 2017) adds significant uncertainty to the future demand 

for oil-fuelled mobility. There is a lack of consensus on whether these developments will 

lead to either reduced or increased car use (Bergman, Schwanen, & Sovacool, 2017; 

Sheller & Urry, 2016) with angst over how many kilometres taxi-like rideshare 

companies are now doing on the streets of many cities. There is also some scepticism that 

cars of whatever fuel source are not that all that useful in some cities, and especially in 



activity centres and downtown areas. Even autonomous vehicles may not help solve the 

spatial challenges of car dependence and may still cause negative externalities such as 

road safety or congestion.  

Other ‘solutions’ to be explored include the use of ICT (information communication 

technology) for mobility substitution, including new forms of telecommuting, or 

virtualisation of work without leaving home, and the rise of suburban co-working hubs in 

many cities. It is uncertain whether these trends will replace or reduce travel, as recent 

studies have shown ICT may even further induce travel demand due to new opportunities 

(Cohen-Blankshtain & Rotem-Mindali, 2016).  

There is also a need for policy makers to receive better information on the true costs of 

automobile travel, with research needed to more fully flesh out these issues (Ferreira, 

Bertolini, & Næss, 2017). Fuel dependency has almost never been considered in cost-

benefit appraisals of transport infrastructure investments. Nor have issues such as the 

health disbenefits (other than road trauma) of driving. Mapping of “oil vulnerability” has 

been highly influential in the field, as shown in Figure 5. But monetising these issues and 

incorporating them into conventional transport economics has proven difficult. 

Further, with increasing uncertainty due to energy transition and technological changes, 

traditional “predict and plan” based on present-day needs must be replaced with more 

adaptive planning and infrastructure that can withstand the test of time (Givoni & Perl, 

2017). 

4.3 Equity concerns remain important 

Transport cost burdens are unevenly distributed across geographical space, a notion 

explored most obviously in Clusters 5 and 8. But the issue of transport (in)equity is often 

overlooked in wider transport policy (Di Ciommo & Shiftan, 2017). Price mechanisms 

that would raise the costs of automobile travel to a sufficiently high level (e.g., congestion 



charges, fuel taxes) might be effective, but they are likely to be inequitable in many cities 

due to current dependence on the car (Moriarty, 2016). Fuel price effects vary at different 

income levels (Wang & Chen, 2014), as lower income households are likely to restrict 

mobility to necessary trips, whilst higher income counterparts can either afford 

discretionary travel, or invest in better fuel efficiency. While the land-use approach to 

reducing car dependence is often advocated by compact city theorists, housing-transport 

mismatch remains an issue for many cities, with the poor distributed to outer-suburban 

locations and prohibitive rents in locations with good non-car accessibility (Cao & 

Hickman, 2017; Wells, 2012). The adoption of a robust public transport regime (e.g. in 

Singapore or Hong Kong) that mandates access to high-quality public transport in lower-

income housing estates has proven effective. But such policies might be less politically 

or socially acceptable in countries with a greater proportion of their population in rural or 

suburban areas and with greater democratic expression (Leung, Burke, Perl, & Cui, 

2018). Similarly, there are considerable differences in fuel tax/subsidies policy across 

nations. While fuel (or emissions) taxes present an effective way to restrain vehicle use 

or to promote fuel efficiency (Rodier, 2009), their future effectiveness will likely diminish 

due to the rise of electric vehicles and improving overall fuel-efficiency. Distance-based 

pricing of transport might help resolve the limitations of fuel tax, yet equity 

considerations remain important and taxing car use remains politically unpopular 

(Duncan, Nadella, Giroux, Bowers, & Graham, 2017). Exploring alternative taxation 

instruments in terms of the socio-spatial effects on transport equity appears a pressing 

concern.  

5. Concluding remarks  

Our main contribution is in demonstrating the diverse, but inchoate body of research 

examining energy-related impacts on transport and land use, via the first systematic 



review of the field. Over two generations, progress has occurred in understanding the 

relationship between oil-based transport fuels, socio-economic impacts of mobility, and 

the spatial dynamics of urban development. It is hoped this assessment will provide a 

substantively informed basis for understanding what has been learned to date, and offer 

useful guidance about where and how future research on energy, transport and land use 

should proceed in order to generate more robust and holistic knowledge. This paper could 

serve as a first step toward linking the clusters and the research perspectives that have 

been identified. The limitations of the study include not being able to consider non-

English sources, which may omit other viewpoints and insights. Our bibliographic 

analysis only considered journal articles due to database limitations. The study focused 

on passenger transport as there are relatively few freight studies in this field (Cui, Dodson, 

& Hall, 2015). 
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