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Abstract: Previous research has highlighted significant socio-

environmental inequalities in the UK and elsewhere. A city's greatest 

polluters typically reside in affluent suburban communities located along 

the city's periphery, whilst those creating the least emissions reside in 

central locations, and most likely experience the largest associated 

health burdens. Using the culturally diverse city of Leicester as a study 

case, and building on Mitchell & Dorling's (2003) localised form of the 

Polluter Pays Principle, we investigate this environmental injustice. A 

pattern detection analysis of localised intra-urban interactions was 

undertaken using a 'Local Indicators of Spatial Association' (LISA) 

modelling approach of high resolution census data, Driver Vehicle 

Licensing Agency (DVLA) records, road transport emission maps and 

geocoded hospital admissions records provided by the NHS Leicester City 

Primary Care Trust. 

 

Pearson's R statistics identified an inverse correlation between mobile 

polluters and communities characterised as either socially (-0.78) or 

environmentally burdened (-0.34), confirming the existence of 

environmental inequalities.  Whilst some inner-city communities 

moderately contribute towards their environmental burden, these 

contributions were substantially outweighed by those made by external 

communities, whom appear to avoid the social, environment and physical 

cost of their actions. In contrast to their more affluent counterparts, 

residents of less affluent areas tend to use 'greener' and more active 

transport options, although any associated health benefits appear largely 

offset by increased periods of environmental exposure. Strong signs of 

spatial structuring within the modelling framework, suggest there may be 

a need to tailor travel schemes to local populaces. For example, in 

affluent areas where less environmentally friendly transport options tend 

to be adopted, options based on local carpool schemes may be more 

amenable than those based on enhanced public services. 
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ABSTRACT 

Previous research has highlighted significant socio-environmental inequalities in the UK and 

elsewhereく A Iｷデ┞げゲ ｪヴW;デWゲデ ヮﾗﾉﾉ┌デWヴゲ デ┞ヮｷI;ﾉﾉ┞ ヴWゲｷSW ｷﾐ ;aaﾉ┌Wﾐデ ゲ┌H┌ヴH;ﾐ Iﾗmmunities located along 

デｴW Iｷデ┞げs periphery, whilst those creating the least emissions reside in central locations, and most 

likely experience the largest associated health burdens. Using the culturally diverse city of Leicester 

as a study case, ;ﾐS H┌ｷﾉSｷﾐｪ ﾗﾐ MｷデIｴWﾉﾉ わ Dﾗヴﾉｷﾐｪげゲ ふヲヰヰン) localised form of the Polluter Pays 

Principle, we investigate this environmental injustice. A pattern detection analysis of localised intra-

urban interactions was undertaken using a けLocal Indicators of Spatial Associationげ (LISA) modelling 

approach of high resolution census data, Driver Vehicle Licensing Agency (DVLA) records, road 

transport emission maps and geocoded hospital admissions records provided by the NHS Leicester 

City Primary Care Trust. 

 

PW;ヴゲﾗﾐげゲ ‘ statistics identified an inverse correlation between mobile polluters and communities 

characterised as either socially (-0.78) or environmentally burdened (-0.34), confirming the existence 

of environmental inequalities.  Whilst some inner-city communities moderately contribute towards 

their environmental burden, these contributions were substantially outweighed by those made by 

external communities, whom appear to avoid the social, environment and physical cost of their 

actions. In contrast to their more affluent counterparts, residents of less affluent areas tend to use 

けｪヴWWﾐWヴげ ;ﾐS ﾏﾗヴW ;Iデｷ┗W デヴ;ﾐゲヮﾗヴデ ﾗヮデｷﾗﾐゲが although any associated health benefits appear largely 

offset by increased periods of environmental exposure. Strong signs of spatial structuring within the 

modelling framework, suggest there may be a need to tailor travel schemes to local populaces. For 

example, in affluent areas where less environmentally friendly transport options tend to be adopted, 

options based on local carpool schemes may be more amenable than those based on enhanced 

public services. 
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1. INTRODUCTION 

Road-transport accounts for a substantial proportion of air quality objective pollutants present in the 1 

Post-industrial cityscape, attributed to the movement of labour forces and physical merchandise 2 

often within close proximity to residential districts. Furthermore, the confined nature of European 3 

intra-urban environments often determine spatial variations in traffic pollutant levels, which tend to 4 

be associated with a plethora of social disparities. Spatial modelling, object identification and 5 

gradient association techniques previously identified underlying structures in the archetypal UK 6 

multicultural city of Leicester, whereby persons of minority and lower socioeconomic status 7 

habitually reside within intra-urban areas experiencing elevated environmental burdens (Jephcote & 8 

Chen 2012, Jephcote & Chen 2013, Jephcote et al 2014).  9 

 

1.1. JUST TRANSPORTATION 

Transportation is a conduit for opportunities of economic mobility, sustainability and human 10 

interaction, whｷIｴ ｷﾐ ; けJ┌ゲデげ ゲIWﾐ;ヴｷﾗ ﾏ;┞ ゲWヴ┗W デﾗ address social imbalance. In the real world, costs 11 

and benefits associated with transportation developments are not randomly distributed, with the 12 

lion's share spent on roads, while urban transit systems serving ethnic and lower social groups are 13 

often left in disrepair:  In the United States, public transit has received roughly $50 billion since 14 

1964, while roadway projects have received over $205 billion since 1956 (Bullard et al. 2004). To a 15 

lesser extent disparities in transport related public expenditure are observed in Great Britain, with 16 

£7.52 billion spent on roads and £3.33 billion was spent on local public transport in 2012 (RAC 17 

Foundation 2014). 18 

 

Bullard (2003) considers disparate transportation outcomes to fall under three broad categories of 19 

inequality: 20 

さProcedural Inequity: Attention is directed to the process by which transportation decisions 21 

may or may not be carried out in a uniform, fair, and consistent manner with involvement of 22 

diverse public stakeholders. Do the rules apply equally to everyone?  23 

Geographic Inequity: Transportation decisions may have distributive impacts (positive and 24 

negative) デｴ;デ ;ヴW ｪWﾗｪヴ;ヮｴｷI ;ﾐS ゲヮ;デｷ;ﾉ ぷぐへく Some communities are physically located on 25 

デｴW け┘ヴﾗﾐｪ ゲｷSW ﾗa デｴW デヴ;Iﾆゲげ and often receive substandard transportation services.  26 

Social Inequity: Transportation benefits and burdens are not randomly distributed across 27 

population groups. Generally, transportation amenities (benefits) accrue to the wealthier and 28 

more educated segment of society, while transportation disamenities (burdens) fall 29 



disproportionately on people of colour and individuals at the lower end of the socioeconomic 30 

ゲヮWIデヴ┌ﾏくざ  31 

(Bullard 2003, pp.1188) 

 

Across England, 78.0%  of  households  in  the  highest  income  group  own  one  or  more cars, 32 

compared  to only  53.0%  in  the  lowest  income group (Dft 2015). Car ownership would appear 33 

directly related with mobility, and thus access to opportunity, with 22.0% fewer trips made by the 34 

lowest income group (Dft 2015). Public and active modes of transportation are favoured by lower 35 

socio-economic groups, perhaps out of necessity rather than choice. さIﾐ ｪWﾐWヴ;ﾉが ﾏﾗゲデ デヴ;ﾐゲｷデ 36 

systems have taken their low-income and people of colour "captive riders" for granted and 37 

concentrated their fare and service policies on attracting middle-class and affluent riders out of their 38 

I;ヴゲざ (Bullard et al. 2003, pp.1189).  A lack of car ownership, inadequate public services and a high 39 

ヮヴﾗヮﾗヴデｷﾗﾐ ﾗa けI;ヮデｷ┗Wげ transit dependents are likely to exacerbate issues of social, economic, and 40 

racial isolation. 41 

 

In the Western World, sprawl-fuelled growth has exacerbated the economic, social and racial 42 

polarisation of communities, with the suburban flight of jobs and white middle-income families 43 

leaving behind: A concentration of urban core poverty, closed opportunity, limited public mobility to 44 

non-centric locales, economic disinvestment, social isolation, and urban-suburban disparities 45 

(Bullard 2000). In the UK it is emerging that after decades of suburban flight, young, affluent and 46 

educated workers are returning to congregate in regenerated urban neighbourhoods, fuelled by 47 

demographic trends and lifestyle preference favouring the close proximity of amenity hubs to 48 

attヴ;Iデｷ┗W けｪヴWWﾐげ ゲヮ;IWゲ ふMﾗｷヴ わ Cﾉ;ヴﾆ ヲヰヱヴぶ. The redesign and appropriate pricing of city central 49 

workspaces have also played a crucial role in this redistribution of the population, with urban 50 

locations accounting for 53-70% of the annual office space take-up in the UK over the period 2002-51 

2012 (JLL 2013). 52 

 

McLeod et alげゲ (2000) incorporation of hierarchical spatial elements, while investigating national 53 

trends in UK air pollution and increasingly complex social structures, identified an association 54 

between reduced air quality and regional deprivation, the effect of which was locally magnified in 55 

ethnic minority communities. Successive modelling accounting for levels of urbanisation and ethnic 56 

diversity, found persons of higher social status to be more likely exposed to higher pollutant 57 

concentrations. McLeod et al (2000) concluded that wealthier inhabitants consider a range of 58 

property characteristics prior to purchase, however a limited quantity of housing stock display the 59 



required environmental and cultural amenities, with the latter characteristic  ultimately of 60 

preference in the decision making process. Thus, sweeping measures to address mobility, 61 

transportation choice and air quality across urban locations, may under certain circumstances 62 

increase the equity gap. 63 

 

Wｷデｴｷﾐ デｴW デヴ;ﾐゲヮﾗヴデ;デｷﾗﾐ ﾉｷデWヴ;デ┌ヴWが デｴW デWヴﾏ け“ﾗIｷ;ﾉ W┝Iﾉ┌ゲｷﾗﾐげ ｷゲ ﾗaデWﾐ employed to refocus the 64 

debate not just based on income-related deprivation, but across the wider political and cultural 65 

systems determining social integration (Hodgson & Turner 2003, Kenyon et al 2002, Preston & Raje 66 

2007). Transport plays a crucial role in the discussion of social justice, through its creation and 67 

indirect distributions of socio-economic benefits and burdens, that are not exclusively defined by 68 

welfare economics (Beyazit 2011, Martens 2012, Mullen et al 2014). 69 

 

Moving beyond a simplistic monetary debate, Martens (2012) considers the inclusion of the 70 

デヴ;ﾐゲヮﾗヴデ ゲWIデﾗヴ ｷﾐ W;ﾉ┣Wヴげゲ け“ヮｴWヴWゲ ﾗa J┌ゲデｷIWげく AIIﾗヴSｷﾐｪ デﾗ W;ﾉ┣Wヴ ふヱΓΒンぶが Sﾗﾏｷﾐ;ﾐIW ;ﾐS ﾏ┌Iｴ 71 

of デｴW ヮﾗﾉｷI┞ SWH;デW ｷゲ デ┞ヮｷI;ﾉﾉ┞ Iﾉ;ｷﾏWS H┞ けヴWｪ┌ﾉ;ヴ ｪﾗﾗSゲげ ふﾏﾗﾐW┞ ;ﾐS ヮﾗ┘Wヴぶ SｷゲデヴｷH┌デWS デｴヴﾗ┌ｪｴ 72 

デｴW ヮヴｷﾐIｷヮﾉW ﾗa aヴWW W┝Iｴ;ﾐｪWが ┘ｴｷﾉW デｴW IヴW;デｷﾗﾐ ﾗa けSｷゲデヴｷH┌デｷ┗W ゲヮｴWヴWゲげ aﾗヴ ｪﾗﾗSゲ ┘ｷデｴ SｷゲデｷﾐIデ 73 

social meaning (education and health services) operate to limit their domination; Injustice occurs 74 

┘ｴWﾐ けSｷゲデヴｷH┌デｷﾗﾐ ゲヮｴWヴWゲげ ;ヴW ﾐﾗデ ;┌デﾗﾐﾗﾏﾗ┌ゲが ﾗデｴWヴ┘ｷゲW ; ゲｷデ┌;デｷﾗﾐ ﾗa けIﾗﾏヮﾉW┝ Wケ┌;ﾉｷデ┞げ 75 

prevents the accumulation of inequalities across different goods or spheres. Building upon this 76 

concept, Martens (2012) views transport as an overarching social good rather than a distribution of 77 

individual objects, with the commodity defined not by the perceived freedoms of increased potential 78 

mobility (which ignores distributions of choice), but through the accessibility of fulfilling ones 79 

┌ﾐSWヴﾉ┞ｷﾐｪ ゲﾗIｷ;ﾉ ﾐWWSく Fヴﾗﾏ デｴｷゲ ; けﾏ;┝ｷﾏ;┝げ SｷゲデヴｷH┌デｷﾗﾐ IヴｷデWヴｷﾗﾐ ｷゲ デｴWﾗヴｷゲWSが ┘ｴｷIｴ ゲWWﾆゲ デﾗ 80 

combine an outcome of maximum average accessibility with a limit on the maximal gap allowed 81 

between societies worst and best-off. Beneficially デｴW ┌ﾐｷaﾗヴﾏｷデ┞ ﾗa デｴW けWケ┌;ﾉｷデ┞げ ヮヴｷﾐIｷヮﾉW ｷゲ ﾐﾗデ 82 

ヴWケ┌ｷヴWSが ;ﾉﾉﾗ┘ｷﾐｪ aﾗヴ ｷﾐW┗ｷデ;HﾉW SｷaaWヴWﾐIWゲ ｷﾐ ;IIWゲゲｷHｷﾉｷデ┞ IヴW;デWS H┞ ゲヮ;IWが ;ﾐS ┌ﾐﾉｷﾆW デｴW けﾐWWSげ 83 

criterion it does not require a paternalistic approach to differentiate trip necessity. Under this 84 

approach, policy can increase accessibility levels for some at the expense of those best served, with 85 

positive outcomes also obtained from non-mobility related solutions (i.e. land-use intervention). 86 

 

More equitable implementations often elude existing systems, where distribution focuses on 87 

revenue over universal accessibility, demand forecast is based on past travel behaviour reflective of 88 

free market distributive mechanisms that ignore latent demand, and when policy success is 89 

measured through its performance of parts rather than societal benefit (Martens 2012). This is 90 



highlighted by the spatial mismatch literature, which identifies concentrations of low income groups 91 

in central cities, a decentralisation of low wage jobs, and a lack of investment in new public transport 92 

facilities leading to a sharp decline in job access among the urban poor (Ihlanfeldt 1993, Ong & 93 

Miller 2005). Thus, space is divided into centre and periphery, with inequality in accessibility being 94 

inevitable, and while policy is unlikely to correct this difference it is capable of redefining it. Another 95 

┘ｷSWﾉ┞ SWaWﾐSWS ﾃ┌ゲデｷIW IヴｷデWヴｷﾗﾐ ｷゲ デｴW けヮヴｷﾐIｷヮﾉW ﾗa ﾐWWSげが ┘ｴｷIｴ ;S┗ﾗI;デWゲ ｪヴW;デWヴ ﾉW┗Wﾉゲ ﾗa 96 

accessibility for certain individuals or groups, to avoid exclusion from social needs or the use of 97 

essential public services  (Murray & Davis 2001, Hodgson & Turner 2003, Geurs & van Wee 2004, 98 

Apparicio & Seguin 2006, Currie 2010). Yet, the challenge in the field of transport is to distinguish 99 

needs from wants, and how to translate the basic needs of access to essential services into travel. 100 

 

The interpretation of such needs is perhaps most viable at the neighbourhood level, for three 101 

reasons: (a) optimal integration with the existing transport infrastructure plans which focus on the 102 

collective rather than individuals; (b) census based neighbourhood units are considered to provide 103 

stable demographic information which best meet the current demand of long-term forecasts; and (c) 104 

participant confidentiality is maintained. The following sections seek to evaluate the equity of 105 

W┝ｷゲデｷﾐｪ デヴ;ﾐゲヮﾗヴデ ｷﾐaヴ;ゲデヴ┌Iデ┌ヴW ┗ｷ; PW;ヴIW Wデ ;ﾉげゲ ふヲヰヱヰぶ ヮヴW┗ｷﾗ┌ゲﾉ┞ ┌ﾐIﾗﾐゲｷSWヴWS けデヴｷヮﾉW ﾃWﾗヮ;ヴS┞げ ﾗa 106 

social, environmental and health inequalities at the neighbourhood level for the aforementioned 107 

reasons. This approach is considered to comprehensively capture the imposed effect of 108 

transportation through an environmental accountability framework. Still, the authors recognised its 109 

ﾉｷﾏｷデ;デｷﾗﾐ ﾗa IﾗﾐゲｷSWヴｷﾐｪ デｴW けヮヴｷﾐIｷヮﾉW ﾗa ﾐWWSげ ┘ｴWヴW IﾗﾏヮﾉW┝ ゲﾗIｷ;ﾉ ゲｷデ┌;デｷﾗﾐゲ I;ﾉﾉ aﾗヴ ｪヴW;デWヴ ﾉWvels 110 

of accessibility. Tｴｷゲ ヴ;ｷゲWゲ デｴW ケ┌Wゲデｷﾗﾐが ;デ ┘ｴ;デ Iﾗゲデ ゲｴﾗ┌ﾉS ﾗﾐW ｪヴﾗ┌ヮげゲ ;IIWゲゲｷHｷﾉｷデ┞ ゲﾗIｷ;ﾉﾉ┞が 111 

environmentally, impede the social, environmental and well-being of others? On the other hand a 112 

penalisation of excessive mobility via polluting modes is perhaps required in order to seriously 113 

address socio-environmental inequality, considering that accessibility can and should also be 114 

rebalanced by better land use policy. This is not the place to define these open and unresolved 115 

questions, with the authﾗヴゲ ;S┗ｷゲｷﾐｪ ヮﾗﾉｷI┞ ﾏ;ﾆWヴゲ デﾗ IﾗﾐゲｷSWヴ デｴW けヮヴｷﾐIｷヮﾉW ﾗa ﾐWWSげ ヮヴｷﾗヴ デﾗ 116 

imposing actions on local communities identified from an environmental perspective. 117 

 

1.2. TRANSPORT CHOICE: GREAT BRITAIN  

The use and quality of public transport in British cities outside of London and Greater Manchester 118 

has declined in recent decades, with urban transport services becoming increasingly fragmented 119 

following the (a) deregulation of buses in the Transport Act 1985, and (b) privatisation measures in 120 

the Railways Act 1993 (Preston et al 2008). In part, this is due to greater prosperity and increased car 121 



ownership, but a lack of coordination in local public transport services to provide a low cost, quality 122 

and integrated service has also played a role (RAC Foundation, DfT 2013a).  123 

 

Since bus deregulation, patronage in the English metropolitan counties has decreased by 48% over 124 

the 19 years from 1985-2004, with a 23% real term increase in fares and  a 20% decrease in service 125 

levels (in terms of vehicle-km operated) occurring in the period 1994-2004 (Dodgson et al 2006). 126 

Passenger focus surveys cite cost (43%), trip quality (37%), and the stress of making connections on 127 

time (32%) as barriers to the use of bus services in England, with 60% of the public only travelling via 128 

bus if they had no other choice and 52% perceiving users to be of a lower social status (DfT 2011).  129 

 130 

Although rail use in Great Britain has doubled since 1994, to 1.6 billion passenger journeys, such 131 

trends are driven principally by London commuters (Rail Executive 2014). Like other public modes, 132 

rail has seen a real term fare increases of 24% and poor customer experiences are frequent, with 133 

South East operators recording 8.6-9.5% of passengers in excess of capacity during morning 134 

commutes (DfT 2013b, Action for Rail 2013). Furthermore, Britain is currently reported to have 135 

E┌ヴﾗヮWげゲ ｴｷｪｴWゲデ Iﾗﾏﾏ┌デWヴ a;ヴWゲが ┘ｷデｴ ゲW;ゲﾗﾐ デｷIﾆWデゲ ヮヴｷIWS ;デ ヰくヱヴ グっﾆﾏが Iﾗﾏヮ;ヴWS デﾗ デｴW 136 

respectively low values of 0.08 £/km in the Netherlands or Germany, and 0.04 £/km in Switzerland 137 

(Action for Rail 2013).  138 

 

In England, the mix between modes of travel has marginally changed over the period 1994-2014, 139 

with the share of trips made via active (walking and cycling) modes decreasing from 28% to 24%, and 140 

public transport increasing from 9% to 11% (DfT 2015). Transport choice surveys cite the danger of 141 

road cycling (60%), the limited number of dedicated cycle paths (37%), and secure storage (41%) as 142 

key barriers to the uptake cycling in England (DfT 2011). 143 

 

1.3. POLLUTER-PAYS PRINCIPLE (PPP) 

Aデ ｷデゲ IﾗヴW けEﾐ┗ｷヴﾗﾐﾏWﾐデ;ﾉ J┌ゲデｷIWげ ゲWWﾆゲ デﾗ ヮヴﾗ┗ｷSW Wケ┌;ﾉ ;IIWゲゲ デﾗ ; IﾉW;ﾐ Wﾐ┗ｷヴﾗﾐﾏWﾐデ ;ﾐS Wケ┌;ﾉ 144 

protection from possible environmental harm irrespective of socioeconomic factors (Cutter 1995). 145 

Of significant importance is the けTｴW Polluter-P;┞ゲ PヴｷﾐIｷヮﾉWげ (PPP), the notion that environmental 146 

actions embody mechanisms for assigning culpability, shifting the burden of mitigation to the 147 

polluters rather the polluted. さTｴ┌ゲ EJ ヴWゲW;ヴIｴ ゲWWﾆゲ デﾗ SWデWヴﾏｷﾐW ┘ｴWデｴWヴ ﾏ;ヴｪｷﾐ;ﾉ ;ﾐSっﾗヴ 148 

minority groups bear a disproportionate burden of environmental problems, and whether planning 149 

ヮﾗﾉｷI┞ ;ﾐS ヮヴ;IデｷIW ;aaWIデｷﾐｪ デｴW Wﾐ┗ｷヴﾗﾐﾏWﾐデ ;ヴW Wケ┌ｷデ;HﾉW ;ﾐS a;ｷヴざ ふMｷデIｴWﾉﾉ & Dorling 2003).  150 

 



UﾐSWヴ デｴW OECD Iﾗ┌ﾐIｷﾉゲ ヮヴWﾉｷﾏｷﾐ;ヴ┞ ヱΓΑヲ ;ﾐS Wﾐゲ┌ｷﾐｪ ヱΓΑヴ ヴWIﾗﾏﾏWﾐS;デｷﾗﾐゲが さデｴW Pﾗﾉﾉ┌デWヴ-Pays 151 

Principle means that the polluter should bear the costs of pollution prevention and control 152 

measures, the latter being measures decided by public authorities to ensure that the environment is 153 

in an acceptable state" (OECD 1992). Yet, fundamentally the PPP is not a concept of equity, but 154 

rather a measure for ensuring economic efficiency and minimising distortions in international trade, 155 

by incorporating environmental costs in the decision-making process; thus optimising the use of 156 

natural resources and ending the cost-free use of the environment as a receptacle for pollution 157 

(Vicha 2012). At an international level, such concepts exist in the trading of greenhouse gas emission 158 

allowances, in that pollution costs are internalised (efficiency), but also that producers buy their 159 

allowances before they pass on those costs to consumers (equity) (Woerdman et al 2007). The 160 

ヮヴｷﾐIｷヮﾉWげゲ ヮヴWIｷゲW ﾉWｪ;ﾉ SWaｷﾐｷデｷﾗﾐ has not been rigorously defined and, as a result, where PPP has 161 

been applied, it is often in an ad hoc manner by enforcement agencies acting responsively to 162 

situations on a case-by-case basis, most often focusing on the selective use of establish rules rather 163 

than seeking to refine a framework or unifying theory (Mann 2009). In this regard, corporate 164 

accountability in international environmental law has been traditionally dealt with by taxation 165 

charges on toxic substances and dangerous goods or more commonly through the retrospective 166 

compensation of the victims of environmental harm typically from developing nations (Luken 2009, 167 

Luppi et al 2012). Both, approaches can be considered crude implementations of the PPP. The prior 168 

adds an extra financial burden on those seeking to use potential harmful materials that could be 169 

┌ゲWS デﾗ a┌ﾐS ﾏﾗﾐｷデﾗヴｷﾐｪ ;ﾐS ﾏｷデｷｪ;デｷﾗﾐ ;Iデｷ┗ｷデｷWゲ ｷﾐ け;デ ヴｷゲﾆげ ;ヴW;ゲが ┘ｴｷﾉW デｴW ﾉ;デデWヴ ｷゲ ヮWヴｴ;ヮゲ デｴW 170 

bluntest implementation, seeking, after the event, to make the polluter pay direct financial and legal 171 

penalties for damage done.  172 

 173 

AIIﾗヴSｷﾐｪ デﾗ デｴW デヴ;Sｷデｷﾗﾐ;ﾉ PPP SWaｷﾐｷデｷﾗﾐが けPｷｪﾗ┗ｷ;ﾐ tax;デｷﾗﾐげ addresses the negative externalities 174 

and societal consequences arising from the actions of commercial enterprise, through levying 175 

additional sector specific taxation (internalisation of cost). Alternatively, the government can follow 176 

a command-and-control approach, with activity restriction through abatement devices, speed 177 

control and allocated zonal access emerging as measures to control mobile pollution sources. 178 

Idealistically, internalisation restores the Pareto optimality of competitive equilibria, where no actor 179 

can be made better off without making someone worse off, resource waste is minimised, and the 180 

welfare of society is at its maximum (Schmidtchen et al 2009). 181 

 182 

A largely unexplored issue within the EJ literature is the question of whether a Localised Polluter-183 

Pays Principle (L-PPP) exists, whereby the community responsible for producing pollutants 184 



experiences proportional environmental and social burdens. This is somewhat of a surprise, when 185 

considering that private vehicles (individually owned mobile sources), rather than large industrial 186 

facilities (corporate owned point sources) typically account for the larger proportion of detrimental 187 

pollution in urban areas. To-date the focus of EJ research has commonly been upon describing or 188 

quantifying how the socio-physical structures of the urban environment shapes health, with limited 189 

attention paid on the origins of the albeit complex environmental contributions imposed by personal 190 

sources. Recently, either as a conscious move towards a more comprehensive application of the PPP 191 

or simply a fortuitous offshoot from generalised policy, the introduction of policies based on urban 192 

zoning charges has brought aspects of local environmental responsibility into the remit of the 193 

ordinary citizen. However, the direct redistribution of collected wealth from such schemes to 194 

effected communities is not, at this stage, a required element of these policies nor, if it were, is it 195 

clear if conventional transport-sector mitigations would be the most effective mechanism for 196 

minimising environmental impacts in the most affected areas. 197 

 

In 2003, the London Congestion Charging Scheme (CCS) became operational, as a means to alleviate 198 

traffic congestion throughout the cities central districts. Modelling indicated that wards located 199 

within the Congestion Charging Zone (CCZ) could experience a 1.3% reduction in NO2 concentrations, 200 

an improvement that the modellers equated to 183 Years-of-life-gained per 100,000 persons over a 201 

10-year period (YLG10) (Tonne et al 2008). However, LﾗﾐSﾗﾐげゲ ﾉW;ゲデ ふンΒくヱヵнｪっﾏ3) and most (47.01 202 

µg/m3) deprived ward quantiles, respectively, experienced 0.05% and 0.5% reductions on their pre-203 

CCS NO2 concentrations (corresponding to 5 and 60 YLG10), suggesting this scheme, although of 204 

some benefit, has done little to address the social gap in environmental exposure. 205 

 

Similarlyが CWゲ;ヴﾗﾐｷ Wデ ;ﾉげゲ ふヲヰヱヲぶ W┗;ﾉ┌;デｷﾗﾐ ﾗa デ┘ﾗ ﾉﾗ┘-emission zones established in Rome across 206 

the period of 2001-2005, revealed well-off residents to experience the greatest health gains from 207 

zoning implementation. Here, residential reductions in NO2 concentrations were observed to 208 

conservatively provide 687 YLG10 for communities of high socioeconomic position, compared to 209 

benefits of only 163 YLG10 experienced by residents of the most deprived quintile (Cesaroni et al 210 

2012). In a certain respect, the Rome LEZ fails as an environmental scheme as it should be the 211 

attention of policy workers to minimise existing societal gradients. This concept has become a 212 

priority of the UK government, following the ｷﾐSWヮWﾐSWﾐデﾉ┞ IﾗﾏﾏｷゲゲｷﾗﾐWS けM;ヴﾏﾗデ ‘W┗ｷW┘げ ﾗa 213 

evidence-based strategies for reducing health inequalities, which called for policy objectives to 214 

(Marmot et al 2010): 215 

[1] Give every child the best start in life 216 



[2] Enable all children, young people and adults to maximise their capabilities and have control 217 

over their lives 218 

[3] Create fair employment and good work for all 219 

[4] Ensure healthy standard of living for all 220 

[5] Create and develop healthy and sustainable places and communities 221 

[6] Strengthen the role and impact of ill-health prevention. 222 

 223 

Still, one should not rule out a scenario where deprived communities emit the most and thus the 224 

polluter is paying. If this is the case then perhaps an ethical approach beyond that of the Polluter-225 

Pays Principle is required. Yet both zoning studies fail to address such issues because they take no 226 

account of the origins of residentially experienced road-transport pollutants. Thus it is recommend 227 

that focus be placed on locating and defining communities of interest (in terms of pollutant creation 228 

and exposures), in order to improve the ethical efficiency of future traffic management schemes.  229 

 

Likewise, local scales of influence has begun to take precedence in the historically framed 230 

international climate justice debate, as the distribution of climate change responsibilities and 231 

vulnerabilities have been found to parallel existing patterns of urban inequality (Satterthwaite et al 232 

2008). Bヴﾗデﾗ わ B┌ﾉﾆWﾉW┞げゲ ふヲヰヱンぶ ゲ┌ヴ┗W┞ ﾗa ヶヲΑ ┌ヴH;ﾐ Iﾉｷﾏ;デW Iｴ;ﾐｪW W┝ヮWヴｷﾏWﾐデゲ ｷﾐ ヱヰヰ ｷﾏヮﾗヴデ;ﾐデ 233 

urban nodes of the global economic system, positions EJ concerns (24.6%) above those of urban 234 

form (6.7%), built environment (24.7%) and adaptation (12.1%) concerns; only urban infrastructure 235 

(32.1%) was deemed to be of greater priority. While both private actors and civil society 236 

organisations explicitly considered justice measures, public actors were shown to have a poor 237 

uptake fuelled by the belief that existing mandates of governance adequately consider social justice 238 

(Broto & Bulkeley 2013). 239 

 

1.4 FRAMEWORK FOR ANALYSIS 

Mitchell & Dorlingげゲ (2003) environmental justice analysis of British air quality across 10,444 240 

electoral districts, uniquely explores the role of locally generated vehicle emissions in the air-quality 241 

ヮﾗ┗Wヴデ┞ ヴWﾉ;デｷﾗﾐゲｴｷヮく LW┗Wﾉゲ ﾗa NO┝ IﾗﾐデヴｷH┌デWS H┞ W;Iｴ Iﾗﾏﾏ┌ﾐｷデ┞ ┘WヴW SWヴｷ┗WS aヴﾗﾏ けゲデ;デｷIげ 242 

modelling techniques combining: [a] 1991 UK Census recordings of car ownership (ward level) 243 

categorised into vehicle type by DVLA fleet information (postal district), with [b] European 244 

Commission emission factors and typical travel distances respective of vehicle age. While following a 245 

comprehensive method for calculating community contributions, such models are still restricted by 246 



デｴWｷヴ けゲデ;デｷIげ ﾐ;デ┌ヴWが ｷﾐ デｴ;デ デｴW┞ a;ｷﾉ デﾗ ;Icount for actual population movements in favour of a 247 

uniform vehicle-age distance function.  248 

 

Although, Mitchell & Dorling (2003) identified residents from the areas of poorest air quality to 249 

contribute the most emissions per car, a clear pattern emerged in which wards experience the 250 

greatest NO2 concentrations collectively emitted the least NOx, and experienced higher levels of 251 

deprivation. These findings would suggest that strong socio-environmental inequalities prevail 252 

throughout modern Britain, igniting the previously highlighted need for ethical groundwork prior to 253 

the implementation of future traffic management schemes. Whilst Mitchell & Dorling (2003) 254 

establish this tangent of EJ research, further research is required, as L-PPP issues have yet to be 255 

explored within the context of health outcomes, or across smaller intra-urban communities which 256 

have highly variable demographics.  257 

 

Tｴｷゲ ;ヴデｷIﾉW ゲWWﾆゲ デﾗ SW┗Wﾉﾗヮ ┌ヮﾗﾐ MｷデIｴWﾉﾉ わ Dﾗヴﾉｷﾐｪげゲ ふヲヰヰンぶ L-PPP concept, by exploring the 258 

interactions between intra-urban community generated vehicle emissions ;ﾐS PW;ヴIW Wデ ;ﾉげゲ ふヲヰヱヰぶ 259 

けデヴｷヮﾉW ﾃWﾗヮ;ヴS┞げ ﾗa ゲﾗIｷ;ﾉが environmental and health inequalities. Crucially, methodological 260 

enhancements are to be achieved by (a) analysing actual intra-urban workforce travel patterns, 261 

rather than assigning each community with a universal travel function; (b) assessing the L-PPP at a 262 

higher resolution census unit; and (c) through incorporating previously unexplored health outcomes 263 

into the creation-exposure evaluation.  264 

 

Under this framework, this study aims to define intra-urban relationships between the creation and 265 

exposure of air pollution in a post-industrial setting, to best inform the internal actions of local policy 266 

makers. While the influence of commercial and longer distance commuters will disproportionally 267 

contribute to overall air pollution, external IﾗﾐデヴｷH┌デﾗヴゲ デﾗ デｴW Iｷデ┞げゲ WIﾗゲ┞ゲデWﾏ ;ヴW ﾐﾗデ IﾗﾐゲｷSWヴWS 268 

as preventative measures for such groups are best served by national policy. The later discussion of 269 

future cities offers some advice on how the influence of external groups may be mitigated. 270 

 

 

 

 

 

 

 



2. METHODOLOGY 

 

2.1. DATA COLLECTION 

Leicester is a culturally diverse British city. In 2001, the city housed 279,924 inhabitants across 73.32 271 

km2, 22.3% of which were children aged 0-15 years (ONS 2003). The city is considered to be 272 

relatively deprived, ranked as the 31st poorest out of 354 Local Authorities in England for the 273 

revised-2004 and 2007 Indices of Multiple Deprivation (ONS 2007, ONS 2008). Leicester is currently 274 

ranked as the 21st small (population <800,000) and 98th overall most congested city in the world, 275 

┘ｷデｴ デヴｷヮゲ ;Iヴﾗゲゲ デｴW Iｷデ┞げゲ ｴｷｪｴ┘;┞ゲが ;ヴデWヴｷ;ﾉ ;ﾐS ﾉﾗI;ﾉ ヴﾗ;Sゲ デ;ﾆｷﾐｪ ﾗﾐ ;┗Wヴ;ｪW ヲンХ ﾉﾗﾐｪWヴ デｴ;ﾐ 276 

expected, rising to 53% during peak flow periods (TomTom International 2015). 277 

 

Underlying demographic information was obtained from the 2001 UK Census, as part of the ESRC 278 

Census Programme (ONS 2003). Intra-city deprivation rates for Leicester were calculated using 279 

unweighted z-scores of four census variables (Carstairs & Morris 1991); outputs range from -7.19 280 

(affluent) デﾗ Γくヱヴ ふIﾗﾐゲｷSWヴ;Hﾉ┞ SWヮヴｷ┗WSぶが ┘ｷデｴ ヰ ｷSWﾐデｷa┞ｷﾐｪ Iﾗﾏﾏ┌ﾐｷデｷWゲ ┘ｷデｴ デｴW Iｷデ┞げゲ W┝ヮWIデWS 281 

social standing. Census Flow Data, providing information on the movement of people ;Iヴﾗゲゲ L“OAげゲ 282 

(Origin-Destination) as part of their daily commute to work in 2001 was obtained through the UK 283 

Data Service Census Support Service (ONS 2014). 284 

 

Leicester City Primary Care Trust provided a geocoded respiratory subset of  NHS hospital admissions 285 

(ICD-10: J00-ΓΓぶ aﾗヴ IｴｷﾉSヴWﾐ ヴWゲｷSｷﾐｪ ┘ｷデｴｷﾐ LWｷIWゲデWヴ Uﾐｷデ;ヴ┞ A┌デｴﾗヴｷデ┞げゲ ふUAぶ ヱΒΑ Lﾗ┘Wヴ LW┗Wﾉ “┌ヮWヴ 286 

O┌デヮ┌デ AヴW;ゲ ふL“OAげゲぶ aヴﾗﾏ ヲヰヰヱ-2005. Admissions were weighted against the number of persons 287 

aged 0-15 years residing within each census area LSOA, in order to obtain a 1-year standardised 288 

hospitalisation rate.  289 

 

Residential exposure to particulate matter up to 10µm in diameter generated by road-transport 290 

(TPM10) was obtained at the LSOA level by kriｪｷﾐｪ デｴW けヲヰヰΒ ヱ┝ヱﾆﾏ ‘ﾗ;S Tヴ;ﾐゲヮﾗヴデ PM10 Eﾏｷゲゲｷﾗﾐげ 291 

map of Leicestershire (R-AEA 2010), as outlined in Jephcote et al (2014).  292 

 

Annual LSOA estimates of private TPM10 emissions created from individual communities were 293 

derived by combining vehicle fleet compositions with workforce trips, which were assumed to 294 

represent a significant proportion of population movements. Vehicle compositions (%) within each 295 

LSOA were derived from a summary of privately owned vehicles registered with the Driver Vehicle 296 

Licensing Agency (DVLA) in 2010, provided by the Callcredit Information Group. Vehicle counts were 297 



Sｷゲ;ｪｪヴWｪ;デWS ｷﾐデﾗ デｴWｷヴ IﾗヴヴWゲヮﾗﾐSｷﾐｪ L“OAげゲが aヴﾗﾏ ヴ ヮﾗゲデ;ﾉ ゲWIデﾗヴゲ aﾗヴ ┗WｴｷIﾉWゲ ﾗﾉSWヴ デｴ;ﾐ E┌ヴﾗ IIIが 298 

and 22 postal districts for vehicles Euro III and above. This disaggregation procedure was achieved 299 

through the use of the online Postcode Best Fit (PBF) Methodology facilities, developed by the ONS 300 

to produce consistent demographic estimates over a range of geographic outputs regardless of 301 

whether nesting exists in the target structures (ONS 2011). The DVLA data was subsequently split 302 

into 25 vehicle groups defined by vehicle age (Pre-Euro, Euro I, Euro II, Euro III, Euro IV, Euro V), 303 

category (car, commercial vehicle, motorcycle) and fuel type (petrol, diesel). Motorcycles were 304 

uniformly classified due to low levels of ownership. The 25 designated vehicle groups were taken to 305 

account for a proportion of 2001 UK Census recorded LSOA trips to work, by mode of transport for 306 

persons aged 16-74 in employment. Each vehicle group was assigned a distance based PM10 307 

emission factor (g/km) for urban driving conditions, recorded in the latest Department for Transport 308 

Emission Factors toolkit (DfT 2009). These emission rates were then combined with a commissioned 309 

Office for National Statistics (ONS) 2001 UK Census dataset, detailing the daily method of travel to 310 

work by the average Euclidean distance (km) travelled within each LSOA. 311 

 

TPM10 contributions from public modes were estimated by combining a nationally-weighted 312 

emission factor with a national passenger split, applied to bus trips made by the local workforce, as 313 

recorded in the 2001 census. Parliamentarian records indicate that in 2005 a bus carried on average 314 

9 passengers per vehicle (UK House of Commons 2005), with 2008 fleet-weighted emission factors 315 

for a bus operating in urban conditions (0.138 g/km) calculated by applying a Euro standard split (R-316 

AEA 2014) to vehicle emission factors (DfT 2009).  While full capacity may occur on some services at 317 

peak times, this mode of travel exists as a commuter subsidised community service emitting 318 

pollutants throughout the day. 319 

 

2.2. STATISTICAL APPROACH 

 

2.2.1. RESPONSE SURFACE MODELLING  

The aforementioned datasets were analysed using the response surface capabilities of the statistical 320 

package, MINITAB 16. The resulting probability surfaces depict the relative likelihood of an outcome 321 

(z-Axis) occurring in a community as a function of two socio-environmental characteristics. For 322 

improved data visualisation, the procedure constructs a series of probability surface coordinates (u) 323 

from standardised x-Axis and y-Axis socio-environmental variables. Inverse-distance weighted (IDW) 324 

interpolation creates a continuous surface area for the z-Axis. IDW interpolation explicitly 325 



implements the assumption that things that are close to one another are more alike than those that 326 

are farther apart, written in the form (Shepard 1968): 327 

 

掲岫薫岻 噺 畔 デ 敬兄岫薫岻 掲兄窪兄退層 デ 敬兄岫薫岻窪兄退層板                  兄係 袈岫薫┸ 薫兄岻 塙 宋 係形慶 軍珪珪 兄 掲兄                                                                   兄係 袈岫薫┸ 薫兄岻 噺 宋 係形慶 慧形型祁 兄  
 

Where the interpolated value at a given point u(X) is based on the weight of influence of recorded 328 

observations: 329 敬兄岫薫岻 噺  層  袈岫薫┸ 薫兄岻使                                                                                             エ  

 

X denotes an arbitrary interpolated point, and Xi is an observation (interpolating) point separated by 330 

a given distance d. Each of the regular 100 by 100 mesh surface points were obtained through 331 

interpolating all N=187 datum points, with a high power parameter 使=10 assigning predominant 332 

influence to observations of immediate proximity. The practice is conservative by nature, restricting 333 

z-Axis values to the current observation range. This is favourable if sampling errors are large and 334 

where isolated values or sudden transitions occur. 335 

 

ヲくヲくヲく LOCAL MORANげS I 

Local Moran I statistics, were applied to each LSOA for the detection of spatial patterns that 336 

substantially compare or deviate from neighbouring elements (Anselin 1995): 337 

 

掘兄 噺 群兄   ┻  布 君兄啓 群啓契
啓                              啓 塙  兄 

Where, 群兄 is the z-score value for the attributed of interest at the ego location i, and 群啓 is the z-score 338 

value for the attributed of interest at neighbouring observations j. Spatial weights indicating the 339 

strength of connection between the paired LSOA features of i and j are represented by 君兄啓 . Only 340 

immediate adjacent geographic features were defined to have spatial weighting which were 341 

standardised by neighbour count. Significance was evaluated via 9999 Monte Carlo permutations, 342 

with the resultant p-values experiencing a Simes correction to minimise the extent of Type I and 343 

Type II errors (Simes 1986). 344 

 

 

 



3. RESULTS 

 

3.1. ENVIRONMENTAL EQUITY 

Annual LSOA estimates of road-transport PM10 (TPM10) emissions created by individual communities 345 

from private modes were derived by combining local vehicle fleet composition counts with local 346 

workforce trips, with public contributions estimated via nationally-weighted emission factor and 347 

passenger splits applied to bus trips made by the local workforce. Median LSOA emission 348 

contributions from private and public road modes were respectively estimated at 81.44% and 349 

18.56%, whereas the median split in commuter travel choices between these mechanical modes 350 

corresponded to uptake levels of 74.31% and 25.69%. Statistical measures of association 351 

respectively indicate strong and moderate inverse correlations between mobile polluters and 352 

communities characterised as socially or environmentally burdened (TABLE 1). 353 

 

 
Employed Persons: 

16-74 Years 

C;ヴゲデ;ｷヴげゲ IﾐSW┝ぎ 
Leicester 

Residentially Experienced  

TPM10 (t/y.) 

Pearson's R  0.774 -0.768 -0.330 

SヮW;ヴﾏ;ﾐげゲ ‘ｴﾗ  0.786 -0.783 -0.338 

 

TABLE 1: Statistical correlation of community created TPM10 emissions from public & private 

modes (t/yr.) and key demographic markers (P<0.01) 

 

While a situation of environmentally inequality currently can be observed to prevail across the city 354 

of Leicester, simply pointing the finger at those affluent communities does not allow for a fair 355 

assessment of the current state of environmental affairs, without accounting for a number of other 356 

circumstances. For instance, the level of employment will determine some variations in pollutant 357 

contributions purely though an increase in required trips (TABLE 1). Under these circumstances, it 358 

would be socially unfair to simply place a raised environmental accountability onto these 359 

communities, as in many ways such inhabitants are already paying societal contributions (collected 360 

via taxation), which in theory should be used to benefit those in vulnerable situations. At present, 361 

the UK motorist is faced with two main environmental taxes:  362 

a) Fuel Duty paid on sales of all hydrocarbon fuels, of which around 61% is taken as tax 363 

(Environmental Audit Committee 2011) 364 

b) Vehicle Excise Duty paid on car ownership, which respectively ranges from an annual rate of 365 

£0 to £515 aﾗヴ ┗WｴｷIﾉWゲ Wﾏｷデデｷﾐｪ гヱヰヰ ;ﾐS бヲヵヵ ｪっﾆﾏ CO2 (DVLA 2016).. 366 

Arguably a carbon specific taxation is an insufficient regulation measure, as certain vehicle types 367 

may meet lower thresholds for the creation of climate change chemicals and still heavily emit 368 



compounds of immediate detriment to human health. It is perhaps more justifiable to place 369 

environmental accountability on excessive travel distance via polluting modes (in relation to the city 370 

norm) and the use of certain transportation measures, which should be viewed after existing societal 371 

contributions are accounted for. 372 

 

As such, community created TPM10 emissions from public-private modes were corrected by levels of 373 

employment, to form an emission rate per employed person (PEP). With the assistance of the Local 374 

Mﾗヴ;ﾐげゲ I ゲデ;デｷゲデｷI;ﾉ デWゲデが ﾗﾐW ﾏ;┞ ﾐﾗデｷIW デｴ;デ ; ﾏﾗSWヴ;デWﾉ┞ ヮﾗゲｷデｷ┗W ﾉW┗Wﾉ ﾗa ゲヮ;デｷ;ﾉ ゲデヴ┌Iデ┌ring of 375 

community emission contributions PEP exist across Leicester (R2 =0.47). In particular, peripheral 376 

communities with high polluting potentials are defined as socially and environmentally affluent, 377 

whereas deprived inner-city communities with a low polluting potential appear significantly 378 

burdened by the TPM10 contribution of others (FIGURE 1, TABLE 2). Interestingly, relatively low 379 

TPM10 levels across eastern and south-eastern are located near a missing section of Leicester's outer 380 

ring road, with traffic currently forced traffic towards central areas (FIGURE 1).  381 

 

 

TABLE 2: Socio-environmental summary of Local Mﾗヴ;ﾐげゲ I ゲヮ;デｷ;ﾉ IﾗヴヴWﾉ;デｷﾗﾐ ゲデヴ┌Iデ┌ヴWゲ ふPаヰくヰヵぶが 

of annually corrected community created TPM10 emissions from public-private modes (kg/PEP). 

 

Census flow data referencing the origin-destination of intra-urban daily commute movements were 382 

extracted for LeｷIWゲデWヴげゲ ヱヲ ｴｷｪｴﾉ┞ ヮﾗﾉﾉ┌デｷﾐｪ Iﾗﾏﾏ┌ﾐｷデｷWゲが デﾗ a┌ヴデｴWヴ W┗;ﾉ┌;デW デｴW IﾗﾐデヴｷH┌デｷﾗﾐ-383 

exposure relation. Approximately two-thirds of commuter trips had destinations internal to 384 

Leicester, with 87.4% of all trips observed to terminate within 15km of the city centre.  The resulting 385 

aﾉﾗ┘ ﾏ;ヮ ふFIGU‘E ヱぶ aﾗヴ ｷﾐデWヴﾐ;ﾉ デヴｷヮゲ ┘;ゲ IヴW;デWS ｷﾐ AヴIGI“ ヱヰくヲ ┘ｷデｴ デｴW けFﾉﾗ┘ DｷヴWIデｷﾗﾐげ ;ﾐS けFﾉﾗ┘ 386 

AII┌ﾏ┌ﾉ;デｷﾗﾐげ デﾗﾗﾉHﾗ┝Wゲが ｷﾐaﾗヴﾏWS H┞ ｷデWヴ;デｷ┗Wﾉ┞ Iﾗﾐゲデヴ┌Iデｷﾐｪ W┌IﾉｷSW;ﾐ Sｷゲデ;ﾐIW Iﾗゲデ ゲ┌ヴa;IWゲ 387 

between LSOA destination and raster grid cells constrained to the major road network, defined by 388 

the OS VectorMap District product.  389 

 

Commutes are shown to have a centric focus, with mechanical forms of transportation from highly 390 

polluting communities passing through less affluent neighbourhoods, typically located within close 391 

  Average Residential Markers 

Cluster Count 
Created TPM10  

(kg/PEP) 

Experienced 

TPM10 (t/yr.) 

C;ヴゲデ;ｷヴげゲ IﾐSW┝ぎ 
Leicester 

Annual J00-99 Admissions Per 

1,000 Children (2001-05) 

L-L 14 0.01 1.70 3.82 42.43 

H-H 12 0.04 0.79 -4.30 30.76 

Citywide 187 0.02 1.03 0.00 38.50 



proximity to places of work. It is likely that the movement of commuting vehicles through these 392 

neighbourhoods would result in congestion, causing a localised increase in TPM10 contributions. 393 

Jephcote & Chenげゲ (2012) weighted regression analysis previously indicated that the affluent and 394 

highly polluting south-eastern block of peripheral communities experienced some, but still 395 

disproportionately low TPM10 related health problems. FIGURES 1 and 2 reiterate this mild internal 396 

effect, associated with cold-start contributions and the potential for congestion by high volumes of 397 

traffic vacating affluent communities.  398 

 



 

FIGURE 1: Local Mﾗヴ;ﾐげゲ I ゲヮ;デｷ;ﾉ ヮ;デデWヴﾐ detection of key socio-environmental communities (P<0.05), explored in detail via census flow data referencing the origin-

destination of intra-urban daily commutes



AIヴﾗゲゲ LWｷIWゲデWヴが ヶヱくヵХ ﾗa ;aaﾉ┌Wﾐデ Iﾗﾏﾏ┌ﾐｷデｷWゲ ふC;ヴゲデ;ｷヴげゲ ‘;ﾐﾆ а-1) travelled >15km PEP on their 399 

S;ｷﾉ┞ ヴWデ┌ヴﾐ Iﾗﾏﾏ┌デWが ┘ｴWヴW;ゲ ΒヵくΓХ ﾗa デｴW ┘ﾗヴﾆaﾗヴIW aヴﾗﾏ SWヮヴｷ┗WS Iﾗﾏﾏ┌ﾐｷデｷWゲ ふC;ヴゲデ;ｷヴげゲ ‘;ﾐﾆ 400 

>-1) only travelled 6-15km PEP. This follows the concept that districts of work are located close to 401 

deprived communities, and as affluent communities have further to travel the use of less 402 

environmentally friendly modes is encouraged. In addition, a common district of destination is likely 403 

to create an accumulation of pollutants, which may be further added to by the shorter trips of those 404 

less privileged residents living within the nearby vicinity. 405 

 

Spatial patterns of environmental injustices are illustrated in further detail through a set of contour 406 

plots, simultaneously examining residentially experienced TPM10 emissions (x-axis) and deprivation 407 

(y-axis) against a final metric of interest on the z-;┝ｷゲ ふFIGU‘E ヲぶく CｴｷﾉSヴWﾐげゲ ヴWゲヮｷヴ;デﾗヴ┞ I;ゲWゲ  ;ヴW 408 

shown to rise in relation to increased residentially experience TPM10 emissions, the effects of which 409 

generally appear to be felt more significantly by those communities which emit lower levels of 410 

pollutants from personal modes of transportation. Affluence is also shown to be a powerful means 411 

of mitigating the onset of severe health issues. 412 

 

 By assigning emissions created PEP as the final factor, one should note that some communities 413 

ｷSWﾐデｷaｷWS ;ゲ ｴﾗ┌ゲｷﾐｪ IｴｷﾉSヴWﾐ ┘ｷデｴ ゲW┗WヴWﾉ┞ ヴWS┌IWS ヴWゲヮｷヴ;デﾗヴ┞ ｴW;ﾉデｴ ふдΑヰ Jヰヰ-99 admissions per 414 

1,000), tend to contributing modest amounts of transport related pollutants (FIGURE 2, TABLE 3), 415 

which in an environmentally just situation would result in only moderate health implications. Most 416 

unfairly, a second group of communities with severely reduced respiratory health is show to 417 

comprise of the cities lowest polluters (FIGURE 2, TABLE 3). Collectively, these residents appear 418 

unfairly plagued by the contributions of external communities, whom health wise pay relatively 419 

little. 420 

 

 

TABLE 3: Socio-environmental summary of community groups identified to be of interest by the 

contour plot analysis (see FIGURE 2)  

  Average Residential Markers 

 Count 
Created TPM10  

(kg/PEP) 

Experienced 

TPM10 (t/yr.) 

C;ヴゲデ;ｷヴげゲ IﾐSW┝ぎ 
Leicester 

J00-99 Per 1,000  

Children (2001-05) 

Moderate Polluters, Health Burdens 3 0.02 1.98 4.27 78.12 

Low Polluters, Health Burdens 2 0.01 2.10 5.16 84.67 

Affluent, Environmental Burdens  7 0.01 1.55 -1.64 28.03 

"Green" Communities: 90
th

 Percentile 19 0.02 1.80 1.76 46.27 

 Socially Deprived 8 0.01 1.94 4.79 63.08 

 Socially Affluent 3 0.02 1.38 -1.77 26.14 



 

FIGURE 2: Response Surface modelling (contour plots) depicting the relative likelihood of a metrics occurrence in socio-environmentally characterised communities



Iﾐ ┗ｷW┘ｷﾐｪ デｴW ｪヴ;ヮｴｷI;ﾉ ヴWヮヴWゲWﾐデ;デｷﾗﾐ ﾗa デｴW ┌ヮデ;ﾆW ﾗa けｪヴWWﾐげ デヴ;ﾐゲヮﾗヴデ;デｷﾗﾐ ﾏﾗSWゲ ふﾗﾐ aﾗﾗデが ;ﾐS 421 

bicycle), one may observe a low average uptake of 15.76% by socially and environmentally rich 422 

communities in the visualised けSﾗ┌HﾉW H┌ヴSWﾐげ ヴWﾉ;デｷﾗﾐゲｴｷヮ ふFIGU‘E ヲぶく  Iデ ┘ﾗ┌ﾉS ;ヮヮW;ヴ デｴ;デ けｪヴWWﾐげ 423 

transport use dramatically increases with respect to residentially experienced levels of TPM10, 424 

regardless of social status; uptake rates >30.0% are achieved once residential TPM10 levels exceed 425 

1.5t/yr. Although one should also note that levels also increase with deprivation, suggesting that this 426 

trend could be driven by necessity rather than personal choice. While beneficially keeping additional 427 

vehicles off the road, an increased uptake in physical exercise across polluted neighbourhoods may 428 

not actually decrease respiratory cases, with the health benefits of some communities offset by 429 

increased periods of exposure (TABLE 3). Alternatively, an increased use of affordable low grade 430 

vehicle stock by such communities may exacerbate levels of respiratory admissions. Therefore, the 431 

WﾐIﾗ┌ヴ;ｪWﾏWﾐデ ﾗa けｪヴWWﾐげ ﾏﾗSWゲ ;ヮヮW;ヴ ; ﾏW;ﾐゲ ﾗa ﾏｷデｷｪ;デｷﾗﾐ ヴ;デｴWヴ デｴ;ﾐ ;ﾐ ﾗ┌デ-and-out solution, 432 

with further measures required to limit how external communities shift their share of pollutants 433 

onto these inhabitants. The implementation of a small but targeted strategy providing assistance 434 

with vehicle maintenance and or encouraging alternative transportation modes in vulnerable 435 

communities could also have a noticeable impact. 436 

 

3.2. BEHAVIOURAL INFLUENCES AND TRENDS IN TRAVEL 

A degree of Environmental Injustice has been shown to prevail in Leicester. To assist policy-makers 437 

and planners in addressing such imbalances, this section of the paper seeks to demonstrate the 438 

application of spatial pattern detection techniques to understand local travel behaviour. A targeted 439 

policy approach would allow for a tailoring of broader transport strategies to community needs, 440 

potentially improving any implemented measures chance of success.  441 

 

Intra-urban commuter travel choices are evaluated in terms of: (a) person adjusted quantitative 442 

travel contribution metrics, and (b) the uptake of transport modes within each community. 443 

Underlying information from the 2001 census was used to produce person adjusted quantitative 444 

metrics, summarised by pattern detection techniques in FIGURE 3. Here, community contributions of 445 

Wﾏｷゲゲｷﾗﾐゲ ふaヴﾗﾏ ヮヴｷ┗;デW ﾗヴ ヮ┌HﾉｷI ﾏﾗSWゲぶ ;ﾐS Sｷゲデ;ﾐIWゲ Iﾗ┗WヴWS H┞ けｪヴWWﾐげ デヴ;┗Wﾉ ;ヴW ;Sﾃ┌ゲデWS per 446 

employed person (PEP), with the uptake of carpooling calculated by a ratio of passengers to drivers. 447 

The pure uptake (or split) of transport modes among commuters in each community was available 448 

from both the 2001 and 2011 census, thus allowing for the discussion of long-term trends in travel 449 

behaviour. It should be noted that the 2011 entries in TABLE 4 ヮヴﾗ┗ｷSW C;ヴゲデ;ｷヴげゲ IﾐSW┝ ﾏ;ヴﾆWヴゲ ﾗa 450 

deprivation relative to the expected community level in Leicester, for 2001 and 2011. While there 451 



have been changes in underlying information behind the expected Index value of 0 since 2001 [-8.9% 452 

unemployment levels; +17.49% vehicle ownership, +39.5% overcrowding; -20.2% social status], the 453 

two years remain highly correlated (R2=0.91) with index measurements between years varying by 454 

±0.76. 455 

 

Pattern detections for the uptake of journeys taken via private transport and TPM10 emissions PEP 456 

for private modes in 2001, show strong signs of spatial structuring, and are inversely related to 457 

deprivation and environmental exposure (FIGURE 3, TABLE 4). Of particular concern is the 10.56% 458 

citywide increase on journeys taken via private modes by 2011, along with an apparent 459 

strengthening of the spatial division in which these trips originate, as designated by a 0.18 rise on 460 

デｴW ヲヰヰヱ Mﾗヴ;ﾐげゲ IﾐSW┝ ┗;ﾉ┌Wく This would suggest that alternative transport schemes are either 461 

absent or not fulfilling the local requirements of these relatively affluent eastern and south-eastern 462 

peripheral communities, and thus require further evaluation. In particular, communities along the 463 

south eastern periphery had a particularly low use of public transportation (9.43%) in 2001 464 

compared to the expected citywide level (15.63%), with this modes uptake decreasing further by 465 

2011. As these peripheral communities are located the furthest away from zones of work a more 466 

viable solution to remove vehicle numbers may be carpooling.     467 

 

Pattern detection outputs for private commutes with a passenger in 2001, identified a rate of 468 

11.36% for cold-spot communities predominantly along the south-eastern periphery; despite such 469 

areas having a high use of private transport (52.14%). In contrast, carpool hot-spots are located in 470 

deprived inner-city neighbourhoods with low levels of vehicle ownership, thought to be of a poor 471 

condition. Here, financial constraints appear to be behind the sharing of resources, which enable 472 

residents to access distant work zones with the intention of improving their socioeconomic status. 473 

The implementation of a small but targeted strategy providing assistance with vehicle maintenance 474 

may prove essential in minimising local influences across environmentally burdened communities, 475 

without impeding their mobility. While their use of public transportation is comparable to the 476 

citywide rate, anecdotal evidence indicates that private modes offer greater flexibility for 477 

employment during irregular working hours, and further evaluation is required of the local public 478 

services to check that they meet the needs of such communities. 479 

 

 



 

FIGU‘E ンぎ LﾗI;ﾉ Mﾗヴ;ﾐげゲ I W┗;ﾉ┌;デｷﾗﾐ ﾗa ｷﾐデヴ;-urban commuter travel choices in terms of person adjusted quantitative 

travel contribution metrics (left), or community uptake of transport modes in 2001 (centre) and 2011 (right) (P<0.05)



 

TABLE 4: Socio-environmental summary of community groups identified of interest by the Local Mﾗヴ;ﾐげゲ I Wvaluation of intra-urban commuter travel 

choices

Variable Of Interest (VOI) Year 

Cluster Analysis けDﾗ┌HﾉW B┌ヴSWﾐげ MW;ゲ┌ヴW Travel Mode Uptake (%) 

Cluster Count 
VOI 

Value 

Experienced TPM10 

2008 (t/yr.) 

C;ヴゲデ;ｷヴげゲ IﾐSW┝ぎ 
Leicester 2001 (2011) 

Private Public Carpool Green 

Private TPM10 Per Employed Person (kg/PEP) 2001 
L-L 12 0.01 1.76 3.84 33.70 14.32 6.87 34.65 

H-H 10 0.03 0.77 -4.16 57.33 12.02 6.60 14.49 

Public TPM10 Per Employed Person (kg/PEP) 2001 
L-L 7 0.00 1.22 1.80 43.76 12.91 9.09 23.29 

H-H 1 0.01 0.77 -6.03 65.23 6.98 4.46 14.56 

Passengers Per Commute Driver 2001 
L-L 14 0.11 0.99 -3.69 52.14 11.21 5.75 21.61 

H-H 8 0.23 1.38 3.43 38.63 15.21 8.78 27.11 

けGヴWWﾐげ Tヴ;┗Wﾉ ふﾆﾏっPEP) 2001 
L-L 18 0.62 0.76 -1.73 55.61 14.90 8.32 11.17 

H-H 6 3.64 1.65 -0.68 38.40 10.92 4.29 36.80 

Commutes Via Private Transport (%) 

2001 
L-L 19 33.52 1.77 3.33 -- 14.48 6.60 34.94 

H-H 18 59.88 0.69 -3.63 -- 12.62 7.44 10.28 

2011 
L-L 36 36.88 1.61 2.34 (2.73) -- 13.85 8.85 34.31 

H-H 29 64.99 0.68 -2.74 (-2.77) -- 12.23 6.84 9.99 

Commutes Via Public Transport (%) 

2001 
L-L 17 9.43 1.02 -2.31 51.17 -- 7.17 21.02 

H-H 9 20.53 1.00 1.31 44.57 -- 8.55 17.60 

2011 
L-L 17 8.49 0.97 -3.72 (-4.09) 54.87 -- 6.07 21.87 

H-H 9 17.98 1.09 1.66 (1.80) 48.39 -- 10.86 18.78 

Commutes Via Carpools (%) 

2001 
L-L 14 5.76 0.99 -3.69 52.14 11.21 -- 21.61 

H-H 8 8.78 1.38 3.43 38.63 15.21 -- 27.11 

2011 
L-L 19 5.12 1.08 -3.39 (-3.33) 49.51 10.92 -- 26.70 

H-H 13 12.14 1.22 2.49 (2.48) 43.88 17.54 -- 21.42 

Cﾗﾏﾏ┌デWゲ Vｷ; けGヴWWﾐげ MﾗSWゲ ふХぶ 
2001 

L-L 19 9.70 0.70 -2.77 58.71 13.86 7.85 -- 

H-H 20 36.54 1.77 2.10 34.55 13.32 5.84 -- 

2011 
L-L 23 9.14 0.67 -2.22 (-2.33) 65.79 12.88 7.03 -- 

H-H 26 37.03 1.62 1.44 (1.67) 36.22 12.70 7.45 -- 

Citywide 
2001 -- 187 -- 1.03 0.00 47.08 15.63 7.72 20.36 

2011 -- 187 -- 1.03 ±0.76 (0.00) 52.05 13.90 8.18 20.54 



4. DISCUSSION 

 

Whilst Polluter-Pays Principles are traditionally theorised at an international level, the authors 480 

ゲﾗ┌ｪｴデ デﾗ SW┗Wﾉﾗヮ ﾗﾐ MｷデIｴWﾉﾉ わ Dﾗヴﾉｷﾐｪげゲ ふヲヰヰンぶ ﾉﾗI;ﾉｷゲWS ｷﾏヮﾉWﾏWﾐデ;デｷﾗﾐ ﾗa ゲ┌Iｴ ヮヴｷﾐIｷヮﾉWゲ H┞ 481 

exploring a collection of spatially detailed intra-urban communities, within the context of social, 482 

environmental and health outcomes. Statistical measures of association respectively indicate strong 483 

and moderate inverse correlations between mobile polluters and communities characterised as 484 

socially (-0.78) or environmentally burdened (-0.34). 485 

 

A fair exploration of environmental accountability considering existing societal contributions noted 486 

these moderate and positive spatial structuring of community emission contributions, to prevail 487 

across Leicester (R2=0.47). The cities greatest polluters reside predominantly within affluent 488 

communities located along the cities periphery, whereas those creating the least emissions resided 489 

in central locations, and experience a range of socio-environmental health burdens. Intra-urban daily 490 

commute flows were identified to be centrically focused, with private vehicle commuter journeys 491 

from affluent polluting communities passing and terminating near less affluent neighbourhoods. The 492 

less affluent areas use ;Iデｷ┗W ふけｪヴWWﾐげぶ デヴ;┗Wﾉ ﾏﾗSWゲが ;ﾉデｴﾗ┌ｪｴ ;ﾐ┞ ｴW;ﾉデｴ HWﾐWaｷデ ﾏ;┞ HW ﾗaaゲWデ H┞ 493 

increased periods of environmental exposure. Whilst some inner-city communities moderately 494 

contributed towards their environmental demise, these contributions were substantially outweighed 495 

by those made from external communities, whom appear to largely avoid the social, environment 496 

;ﾐS ヮｴ┞ゲｷI;ﾉ Iﾗゲデ ﾗa デｴWｷヴ ;Iデｷﾗﾐゲく Iﾐ ｷデゲ I┌ヴヴWﾐデ ゲデ;デWが デｴW Iｷデ┞げゲ デヴ;aaｷI ﾏ;ﾐ;ｪWﾏWﾐデ ゲデヴ;デWｪ┞ 497 

seemingly operates in an environmentally unjust manner.  498 

 

Across Leicester, the majority of trips are completed via personal transport. Affluent communities 499 

particularly favour private modes, but a strong disassociation with the uptake of public 500 

transportation reveals that they do not inconveniencing external communities across a spectrum of 501 

motorised modes. In addition, those poorest inner-city communities are not observed to have a 502 

raised uptake of public transport, despite the central hub operating out of these areas. A low uptake 503 

of public services is perhaps an issue of concern, with some inner-city communities starting to favour 504 

the use of inexpensive and often poorly maintained private vehicles; with this newfound mobility 505 

seeking to address their social standing, but at the cost of their environmental attributes. To tackle 506 

such issues, perhaps these central communities require further incentive to use public modes, rather 507 

than adding vehicles to the road network. However, any measures should not be conducted in a 508 

manner which impedes the social climb of such communities. 509 



 

The likely negative stigma of public services amongst affluent communities also requires further 510 

investigation. For these communities, a more likely and immediate response for mitigating their 511 

environmental contributions would appear to involve the use of carpooling. Here, the convenience 512 

and luxury of personal transportation is likely to be favoured, and could mark a substantial reduction 513 

in the volume of vehicles which enter inner-city areas. However, at present, the uptake of carpooling 514 

appears most prominent across those most deprived communities conducting the fewest and 515 

smallest trips via personal modes, and thus offers few benefits. 516 

 

Within Great Britain, the Department for Transport has shown car occupancy levels to remain at a 517 

relatively stable level of 1.60 persons per vehicle between 1996 and 2008 (Dft 2009); and 518 

parliamentarian records have indicated that in 2005 a bus carried on average 9 passengers per 519 

vehicle (UK House of Commons 2005). Using this information, fleet weighted emission factors for 520 

buses outside of London (0.1381 g/km) were identified as equating to the PM10 contributions of 521 

either 53 petrol or 7 diesel cars (R-AEA 2014, Dft 2009), which would hold approximately 11-84 522 

passengers. Therefore, a direct shift from private to public modes of road-transport may not 523 

necessarily be the best solution to a cities air quality problem, without fleet renewal or retrofitting 524 

strategies for existing stock. Perhaps, the implementation of small but targeted measures providing 525 

assistance with vehicle maintenance in vulnerable communities would be of greater effect in 526 

reducing their proportionally high pollutant outputs per vehicle. If private vehicles are to remain the 527 

predominant mode of travel, localised incentive and carpool schemes are best placed within a 528 

citywide transport scheme (two-layer policy strategy). 529 

 

4.1. LOW EMISSION NEIGHBOURHOODS 

‘WIWﾐデﾉ┞ デｴW ｷﾏヮﾉWﾏWﾐデ;デｷﾗﾐ ﾗa Lﾗ┘ Eﾏｷゲゲｷﾗﾐ )ﾗﾐWげゲ ふLE)ぶ ｴ;┗W HWWﾐ ゲWWﾐ ;ゲ ﾗﾐW ﾗa デｴW ﾏﾗヴW 530 

ヮヴﾗﾏｷゲｷﾐｪ ﾗヮデｷﾗﾐゲ デﾗ けAIデｷ┗Wﾉ┞げ ｷﾐデヴﾗS┌IW ｪヴW;デWヴ numbers of cleaner vehicles and reduce the 531 

numbers of older more polluting vehicles on the road networks of capital cities (Tonne et al 2008, 532 

Cesaroni et al 2012). Whilst a theoretical application of comparable road user charging schemes has 533 

been seen to provide appropriate results across the considerably smaller UK municipal centre of 534 

Leeds (Mitchell 2005, Namdeo & Mitchell 2008), in practice the overall outcome of such measures 535 

remain unclear. For instance, is the draw of smaller commercial centres sufficient to retain business 536 

and a viable flow of consumers, if such a charge was in operation at a local rather than regional or 537 

national scale? One must also question the fairness of a scheme seeking to prevent the movement 538 

of highly polluting non-commercial vehicle stock in certain urban neighbourhoods, typically owned 539 



by the lower social classes that reside in such areas at risk. To avoid this issue requires either the use 540 

of vehicle maintenance schemes in vulnerable communities, or the exemption of resident vehicles in 541 

Iﾗﾏﾏ┌ﾐｷデｷWゲ ┌ﾐa;ｷヴﾉ┞ H┌ヴSWﾐWS H┞ ﾗデｴWヴゲく Iデ ｷゲ Wゲデｷﾏ;デWS デｴ;デ ;ﾐ けAIデｷ┗Wげ LE) ｷﾐ デｴW Iﾗﾏヮ;ヴ;Hﾉ┞ ゲｷ┣WS 542 

city of Oxford could achieve PM10 reductions of up to 70% with respective feasibility study and set-543 

up costs of £30,000 and £50,000; yet the running and enforcement costs remain an unknown entity 544 

(Oxford City Council 2006). Perhaps it would be more viable for a city the size of Leicester to adopt a 545 

けP;ゲゲｷ┗Wげ aﾗヴﾏ ﾗa LE)が ﾆﾐﾗ┘ﾐ ;ゲ けEﾐ┗ｷヴﾗﾐﾏWﾐデ;ﾉ )ﾗﾐWゲげ ふE)ゲぶが ┘ｴｷIｴ ｴ;┗W HWWﾐ ｷﾐ ﾗヮWヴ;デｷﾗﾐ;ﾉ aﾗヴIe 546 

across the Swedish city centres of Stockholm, Gothenburg and Malmo since 1996. 547 

 

EZs act to remove heavy-duty diesel vehicles (commercial and public transportation) older than 8 548 

years from the roads through the use of windscreen permitting. Exceptions to this age requirement 549 

may be permitted for vehicles with particularly low emissions or if vehicles are equipped with 550 

approved exhaust gas-purification equipment. Whilst remaining enforced, these zones are yet to 551 

experience updates akin to the stringent emisゲｷﾗﾐ ゲデ;ﾐS;ヴSゲ aﾗヴ ゲ┌Iｴ ┗WｴｷIﾉWゲ aﾗ┌ﾐS ｷﾐ けAIデｷ┗Wげ LE)ゲく  552 

Still, these passive low emission charges with self-regulation would appear to have remained a 553 

largely successful measure with the proportion of vehicles not entitled to enter the Stockholm, 554 

Göteborｪ ;ﾐS M;ﾉﾏﾜげゲ E)げゲ ｷﾐ ヱΓΓΑ ;ﾐS ヲヰヰヴが ヴWゲヮWIデｷ┗Wﾉ┞ ヴWIﾗヴSWS ;デ ヵХ ;ﾐS ンХ ふGﾜデWHﾗヴｪげゲ “デ;S 555 

Trafikkontoret 2006).  556 

 

In Göteborg, the EZ covers around 15 km2 housing approximately 100,000 inhabitants and 100,000 557 

work places, which has respectively experiences traffic volumes of 30,000 and 39,000 per day in 558 

ヱΓΓヶ ;ﾐS ヲヰヰヴ ふGﾜデWHﾗヴｪげゲ “デ;S Tヴ;aｷﾆﾆﾗﾐデﾗヴWデ ヲヰヰヶぶく “IWﾐ;ヴｷﾗ ﾏﾗSWﾉゲ aﾗヴ GﾜデWHﾗヴｪ ｷﾐ ヲヰヰヵ 559 

indicate that the EZ could contribute as much as a 33.2% reduction in PM10 emissions (2,767 560 

kg/year), which are substantial gains considering the schemes low implementation and running costs 561 

ふGﾜデWHﾗヴｪげゲ “デ;S Tヴ;aｷﾆﾆﾗﾐデﾗヴWデ ヲヰヰヶぶく TｴW “デﾗIﾆｴﾗﾉﾏ E) ┘;ゲ Wゲデ;HﾉｷゲｴWS ｷﾐ ヱΓΓヵが Iﾗ┗Wヴｷﾐｪ ;ヴﾗ┌ﾐS 562 

14 km2 housing approximately 25,000 inhabitants and 280,000 work places (Rapaport 2002). 563 

Relative change traffic emission models show that maximum roof-top PM2.5 concentrations with and 564 

without an EZ (relying on a natural fleet renewal) would respectively exist at 0.40µg/m3 (-49%) and 565 

0.40µg/m3 (-25%); implying that the EZ scheme directly reduced PM2.5 concentrations by 26% over 566 

the period 1995-2001 (Rapaport 2002). 567 

 

In 2008, another EZ variation was implemented in the cities of Berlin, Cologne and Hanover, in 568 

response to German anti-air-pollution implementing EU Framework Directive 1996/62/EC and 569 

Daughter Directive 1999/30/EC on ambient air quality and fine particles. Here, all vehicles were 570 



ヴWケ┌ｷヴWS デﾗ Sｷゲヮﾉ;┞ ; オヱヲくヵ ゲヮWIｷ;ﾉ デヴ;aaｷI-light coded environmental badge (Umweltplakette) for 571 

ﾉWｪ;ﾉ Wﾐデヴ;ﾐIW デﾗ SWゲｷｪﾐ;デWS ┌ヴH;ﾐ ゲWIデﾗヴゲ ﾆﾐﾗ┘ﾐ ;ゲ さｪヴWWﾐ ┣ﾗﾐWゲざが ┘ｷデｴ ﾐﾗﾐ-compliance met by a 572 

オΒヰ aｷﾐWく WｴｷﾉW デｴW LE) ｴ;ゲ ｴ;S ﾐﾗ ﾏW;surable impact on traffic flows, the turnover of the national 573 

fleet towards cleaner vehicles has speeded up considerably; after two years of enforcement, >50% 574 

of the commercial fleet and 66% of diesel passenger fleet fall within the green category (Euro 4 or 575 

ヴWデヴﾗaｷデぶ ヴWケ┌ｷヴWS ﾗa H;SｪW ｴﾗﾉSWヴゲが Iﾗﾏヮ;ヴWS デﾗ ヴWゲヮWIデｷ┗W aｷｪ┌ヴWゲ ﾗa ヲヰХ ;ﾐS аヵヰХ ﾗ┌デゲｷSW さｪヴWWﾐ 576 

┣ﾗﾐWゲざ ふL┌デ┣ わ ‘;┌デWヴHWヴｪ-Wulff 2010). In terms of local environmental benefits, areas within the 577 

BWヴﾉｷﾐ けP;ゲゲｷ┗Wげ LE) ｴ;┗W HWWﾐ Wゲデｷﾏ;デWS デﾗ W┝ヮWヴｷWﾐIW ; 4.5% reduction in PM10 (Lutz & Rauterberg-578 

Wulff 2010).  579 

 

A fourth option to consider across road systems is the use of discriminatory pricing, which 580 

attractively provide a means for matching demand to capacity in a particular location and at a given 581 

time of day, more precisely than under a single or tiered pricing system. Discriminatory road pricing 582 

could be a means to reconcile a charging mechanism aimed at regulating demand with the social 583 

objective of avoiding exclusion of low-income motorists from access to employment, shops, and 584 

other facilities (Metz 2005). A 2000-03 analysis of adjusted average household expenditure on 585 

vehicle purchase and operation of personal transport across the UK respectively indicate an 586 

W┝ヮWﾐSｷデ┌ヴW ﾗa グンΒ ;ﾐS グヱヲヰ aﾗヴ デｴW Iﾗ┌ﾐデヴ┞げゲ ヮﾗﾗヴWゲデ ;ﾐS ヴｷIｴWゲデ ヱヰデｴ ヮWヴIWﾐデｷﾉW ふMWデ┣ ヲヰヰヵぶく 587 

When compared to current weekly road charges in Britain of £25 entry into the London congestion 588 

charging zone and £30 for two-way use of the M6 toll road, it is apparent that existing schemes have 589 

a risk of unfairly pricing those most vulnerable in society off the roads. 590 

 

4.2. FUTURE CITIES 

‘┌Sﾉｷﾐ Wデ ;ﾉげゲ ふヲヰヱヴぶ ┘ｷﾐﾐｷﾐｪ ゲ┌Hﾏｷゲゲｷﾗﾐ aﾗヴ デｴW ヲヰヱヴ Wﾗﾉaゲﾗﾐ EIﾗﾐﾗﾏｷIゲ Pヴｷ┣Wが ヮヴWゲWﾐデゲ ; ┗ｷゲｷﾗﾐ;ヴ┞が 591 

WIﾗﾐﾗﾏｷI;ﾉﾉ┞ ┗ｷ;HﾉW ;ﾐS ヮﾗヮ┌ﾉ;ヴ ;ヮヮヴﾗ;Iｴ aﾗヴ ; ﾏﾗSWヴﾐｷゲWS ┗Wヴゲｷﾗﾐ ﾗa EHWﾐW┣Wヴ Hﾗ┘;ヴSげゲ ┌デﾗヮｷ;ﾐ 592 

Garden City blueprints of 1989. The revised snowflake design, is applicable to a multitude of small 593 

(~200,000 residents) yet historically established British cities, formed of three satellite extensions 594 

each housing 50,000 people, located within 10km of the city centre. These are to be served by tram 595 

or Bus Rapid Transit (BRT) running from the existing mainline station on disused lines, switching to 596 

an on-street loop through the new neighbourhoods. 597 

 

Iﾐ デｴW ;HゲWﾐIW ﾗa ﾉ;ヴｪW ゲI;ﾉW ゲ┌HゲｷS┞ SW┗WﾉﾗヮﾏWﾐデ I;ﾐ ﾗﾐﾉ┞ HW ;デデ;ｷﾐWS デｴヴﾗ┌ｪｴ デｴW け┌ﾐW;ヴﾐWS 598 

incremenデげく Fﾗヴ W;Iｴ ┌ヴH;ﾐ W┝デWﾐゲｷﾗﾐ ; Cｷデ┞ Tヴ┌ゲデ ふﾃﾗｷﾐデﾉ┞ ﾗ┘ﾐWS H┞ ﾉﾗI;ﾉ ;ﾐS IWﾐデヴ;ﾉ ｪﾗ┗Wヴﾐ;ﾐIWが 599 

land owners, and the local community) vested with commissioning the master plans is initially 600 



required to raise £50.1M (Year 0), with land equity reinvested in successive infrastructure, until a 601 

point is reached where initial investments are repaid in full and local communities take on the 602 

stewardship (Year 14: Cumulative balance = £62.5M profit). Transport infrastructure per urban 603 

extension is costed at £410M, with the 12km of tramline connecting neighbourhoods to the central 604 

ｴ┌H Iﾗゲデｷﾐｪ グヱΒヰMく Tｴｷゲ ｴ;ゲ HWWﾐ SWゲｷｪﾐWS ;ヴﾗ┌ﾐS デｴW さFヴWｷH┌ヴｪ MﾗSWﾉざが ; GWヴﾏ;ﾐ ┌ﾐｷ┗Wヴゲｷデ┞ Iｷデ┞ 605 

of 218,000 persons which successfully used trams to link the urban extensions of Vauban and 606 

Rieselfeld to the historic centre. 607 

 

Constructed between 1993 and 2010, both districts contain a range of socially inclusive housing 608 

options developed around the use of public transport, with direct lines running  to the centre in <15 609 

minutes, and many neighbourhooS ヴﾗ;Sゲ SWゲｷｪﾐ;デWS さｴﾗﾏW ┣ﾗﾐWざ ゲデ;デ┌ゲが ヴWゲデヴｷIデｷﾐｪ デヴ;aaｷI デﾗ 610 

7km/hr. Residents who decide to own a car can purchase a parking garage space at the edge of the 611 

development for approximately £15,500, with residents who wish to live car-free simply paying a 612 

one-time fee of £3,100 to preserve open space at the edge of the development in lieu of a parking 613 

spot. This arrangement has proven successful, with a recent survey showed that there are 150 cars 614 

per 1,000 inhabitants in Vauban, compared to roughly 420 for the City of Freiburg and over 560 for 615 

Germany. 616 

 

In the Freiburg model, successful implementation of citywide policies complementary to such 617 

developments were achieved via a multi-modal strategy, restricting non-resident parking to 618 

periphery of the city centre, while incentivising public and green modes as viable alternatives 619 

through fare subsidies, improvements to travel quality, and the complete integration of public 620 

ゲWヴ┗ｷIWゲく Iﾐ ヱΓΒヴが FヴWｷH┌ヴｪげゲ ヮ┌HﾉｷI デヴ;ﾐゲヮﾗヴデ ﾗaaWヴWS ;ﾐ ;デデヴ;Iデｷ┗Wﾉ┞ ヮヴｷIWS ┌ﾐｷaｷWS デｷIﾆeting system 621 

that saw a 42% increase in ridership by 1990, with expansion of the so-I;ﾉﾉWS けけWﾐ┗ｷヴﾗﾐﾏWﾐデ;ﾉ デｷIﾆWデげげ 622 

into adjacent counties increasing region-wide public transport trips by 70% between 1991 and 2007. 623 

 

The foundations for a citywide sustainable transport first materialised in 1973 with 29 km of 624 

unconnected cycling paths set aside and the pedestrianisation of the city centre; walking in 625 

FヴWｷH┌ヴｪげゲ ﾗﾉS デﾗ┘ﾐ ｴ;ゲ デｴヴｷ┗WSが ┘ｷデｴ ヶΓХ ﾗa ;ﾉﾉ デヴｷヮゲ ﾗﾐ aﾗﾗデ ｷﾐ ヲヰヰΑく TｴW デﾗデ;ﾉ ﾐ┌ﾏHWヴ ﾗa HｷﾆW デヴｷヮゲ 626 

in Freiburg nearly tripled between 1976 and 2007 (from 69,500 to 211,000), with almost one bike 627 

trip conducted per inhabitant per day following the construction of 410km of bike lanes, and the 628 

requirement for all new developments to include secure bike parking. Fundamentally, citizen 629 

ｷﾐ┗ﾗﾉ┗WﾏWﾐデ ｴ;ゲ ヮヴﾗ┗Wﾐ デﾗ HW ;ﾐ ｷﾐデWｪヴ;ﾉ ヮ;ヴデ ｷﾐ デｴW IﾗﾉﾉWIデｷ┗W ゲ┌IIWゲゲ ﾗa FヴWｷH┌ヴｪげゲ SｷゲデヴｷIデが Iｷデ┞┘ｷSW 630 



and regional policy development measures that have enabled the complete integration of transport 631 

and land-use planning. 632 

 

Major car manufacturers in the form of Audi, BMW, Ford, Smart and VW are beginning to explore 633 

the development of high-performance electric bicycles (e-bikes). Whether this is in response to 634 

increased demand for versatile and sustainable forms of transportation or as a marketing ploy 635 

ふさｪヴWWﾐ デﾗﾆWﾐｷゲﾏざぶ ヴWﾏ;ｷﾐゲ デﾗ HW ゲWWﾐく Iﾐ IﾗﾐIWヮデが デｴW ;┌デﾗﾏﾗデｷ┗W ｷﾐS┌ゲデヴ┞ ゲWWゲ W-bikes as a 636 

lifestyle accessory, with car-owners driving to out-of-town parking or a train station in the suburbs 637 

(continuing their journey by public modes), before motoring electrically to the office a mile or two 638 

away. This lifestyle choice has the potential to remove the environmental burdens of persons 639 

residing beyond the city limits (external contributions). 640 

 

The BMW i-Pedelec (Pedal Electric Cycle) concept is envisioned to complement the BMW i3 electric 641 

hatchback, which is capable of semi-permanently storing and in transit, charging two e-bikes with a 642 

range of 16-ヲヵ ﾏｷﾉWゲ ふTｴW IﾐSWヮWﾐSWﾐデ ヲヰヱヲぶく AﾉデWヴﾐ;デｷ┗Wﾉ┞が デｴW ヮヴﾗデﾗデ┞ヮW けA┌Sｷ W-HｷﾆW WﾜヴデｴWヴゲWWげ 643 

is designed as an out-and-out car replacement, with an achievable top-ゲヮWWS ﾗa ヵヰﾏヮｴ ｷﾐ けヮWSWﾉWIげ 644 

(pedal and electric assist) mode and a 2.5 hour charge providing a range of 31-44 miles (Audi 645 

MediaInfo 2012). This luxury form of e-bike could provide a viable transport solution for suburban 646 

commuters, but at the cost of a small car, its future applicability is most likely restricted to affluent 647 

members of society. 648 

 

4.3. LEICESTER ACTION PLAN 

In order to provide a traffic management scheme across Leicester, which reduces the level of air 649 

pollutants and adheres to the PPP, one should collectively address both personal and public 650 

contributions. In terms of higher level schemes, EZs appear effective in creating a cleaner fleet 651 

WﾐデWヴｷﾐｪ デｴW Iｷデ┞く A IWﾐデヴ;ﾉ けB┌ゲ G;デW EﾐaﾗヴIWﾏWﾐデげ ┣ﾗﾐW ┘ﾗ┌ﾉS ﾉｷﾆWﾉ┞ I┌ヴH デｴW ﾏ;ｪﾐｷデ┌SW ﾗa 652 

environmental burdens placed on vulnerable inner-city residents from peripheral communities, who 653 

could switch to using existing-park-and-ride infrastructure if a cleaner fleet was introduced. Finally, 654 

the completion of the outer-city ring road should be viewed as a necessity in the prevention of 655 

traffic entering central locales regardless of whether these schemes come into fruition; although it 656 

would assist with any schemes enforcement. 657 

 

 

 



5. CONCLUSION 

 

Local Indicators of Spatial Association (LISA) facilitate the modelling of localised intra-urban 658 

interactions, and are shown to be useful tools in the exploration of complex interactions across 659 

different communities at the heart of the local environmental debate. The wider implementation of 660 

these practices is considered beneficial to the development of future local transport policy. In 661 

focusing the consultation process, environmentally friendly initiatives may be tailored towards the 662 

needs of local populaces, potentially increasing a travel schemes chance of success where prior 663 

uptake has been low. Similarly, by identifying and targeting the transport scheme with the highest 664 

potential for uptake amongst the more polluting communities, we aim to improve our chances of 665 

delivering greater benefits in the areas where the impacts are most pronounced.  As we see it, there 666 

is ethical complexity of the situation and a need to focus on policies that are most likely to be 667 

amenable to the polluters in a situation, where the polluters are not the most polluted and a world 668 

where maybe a focus on ethics alone is not going to deliver the best results. That is obviously an 669 

ethical efficiency and, while we might feel it goes against the fundamental ideals of L-PPP, we 670 

acknowledge it as a necessary component of any strategy if we seek to deliver more change sooner.  671 
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