
BRITISH FAIL? 

An Investigation into the Rail Network and Social Exclusion 

 

Introduction 

In recent years it has been recognized that the public transport opportunities that accrue to individuals 

may play a part in determining their level of social exclusion. In particular, Tony Blair’s Social Exclusion 

Unit was specifically tasked with examining the linkages between social exclusion, transport, and the 

location of services with a particular emphasis on “opportunities that have the most impact on life-chances, 

such as work, learning and healthcare.”1 A number of researchers have proposed methods for evaluating 

links between exclusion and transport, generally focusing on accessibility to services. This short paper aims 

to add to this growing literature by investigating the links between access to the rail network in England, 

and measures of social exclusion. I use spatially referenced data on the locations of train stations to 

construct an accessibility measure based on distance to the rail network and use regression techniques to 

investigate the effect that this measure has on social exclusion.  

 

The results of this analysis are somewhat surprising in that I find that a higher value of the accessibility 

measure (meaning that the rail network is further away) is associated with lower levels of social exclusion. 

This result is robust to a number of specifications and controls for the availability of other types of 

transport as well as controls for housing and environmental quality. The literature on exclusion and 

transportation does not offer a theoretical justification for why this should be so. As such, even in the event 

that the model is correctly specified and takes into account all relevant variables, which is highly unlikely, it 

would be unwise to conclude that there is any causal mechanism at work.  

 

Interestingly, higher values of an accessibility measure to the bus and coach network are associated with 

higher levels of social exclusion. This may be tentative evidence that the public transport network that is 

most pertinent for social inclusion is the bus/coach network, although further research would be needed to 

substantiate such a claim.  

 

The most that can be concluded is that with the data that has been made available for this analysis I am 

unable to uncover a meaningful link between access to the rail network and levels of social exclusion. This 

could be due to pertinent variables being omitted from the analysis or that the accessibility measure based 

on distance is not capturing what is important about access to public transport networks.  

 

Social Exclusion and Public Transport 

Social exclusion is a complex concept and has been subject to various different definitions. It is generally 

thought to go beyond simple income deprivation to a measure of how much an individual is able to 

participate in civil society.2 Typically this includes access to employment, healthcare, leisure facilities and 

housing.3  

 

It has been theorized that poor public transportation opportunities can affect access to these key 

components of social exclusion and a number of mechanisms are identified. For example there could be 

physical barriers to use of the transport network if access for the old, young or disabled is overly arduous. 

There may be economic barriers if the price of public transport is sufficiently high to preclude use by 

certain sections of society.4 This paper is particularly concerned with how geographic barriers affect social 

exclusion. Specifically I attempt to determine how one such geographical barrier to the public transport 

network, distance, is related to social exclusion.  

                                                 
1 Making the Connections: Final Report on Transport and Social Exclusion, Social Exclusion Unit (2003), p. 1 
2 J. Preston & F. Raje Accessibility, Mobility and Transport-Related Social Exclusion Journal of Transport Geography 15 

(2007) p. 152 
3 Ibid p.152 
4 A. Church, M. Frost & K. Sullivan Transport and Social Exclusion In London Transport Policy, 7 (2000) pp. 199-200 



 

Data 

Social exclusion data are drawn from the English Index of Multiple Deprivation 2010 (IMD). The index is a 

composite measure that combines deprivation scores in a number of domains to form one deprivation 

score. The domains relate well to those outlined in the above discussion of the definition of social exclusion 

and as such it is a good measure (for a full list of the included domains see appendix I). Data are collected at 

the Lower Super Output Area (LSOA) which are small areas relatively homogenous in size, that contain 

around 1500 people of which there are just over 32,000 in England. 

 

The rail accessibility measure is calculated as the distance in metres from the population centroid to the 

nearest train station. This is computed using locational boundary and centroid data for every LSOA and 

locational data for all English train stations. The data sets were joined in a Geographical Information 

System (GIS) and distances computed using ArcGIS software. Similar processes were used to construct 

accessibility measures to bus and coach stations. Clearly this distance based accessibility measure only 

captures one aspect of what is meant by having access to the public transport networks. 

 

A full list of data sources is included in appendix II.  

 

Descriptive Statistics  

Table I presents descriptive statistics for the key variables. There is a large amount of variation which 

should allow for a relatively efficient estimation of the parameters of the model. It should be noted that the 

average distance to train station is over 2.5km whereas the average distance to the nearest bus stop is only 

188 metres. Inasmuch as distance to transport opportunities is capable of affecting social exclusion, it may 

be considered that bus networks would be a more fruitful avenue for research if it is considered that it is 

the distance to the nearest form of public transport that is important rather than the particular mode of 

transport. 

Table I 

Variable Mean 
Standard 

Deviation 
Min Max 

IMD Score 21.67 15.47 0.53 87.80 

Distance to Nearest 

Rail Station (metres) 

2868 3101 2 24,983 

Distance to Nearest 

Coach Station (metres) 

4230 3662 3 36,175 

Distance to Nearest 

Bus Station (metres) 

188 225 0 4400 

Population Density 

(Persons per Hectare) 

39.33 37.66 0.4 837.7 

 
The statistics are based on 32,228 observations. Distances to nearest train 

stations are based on the distances between the 32,228 LSOA population 

centroids and 1930 rail station points. Similar distance calculations were 

made in reference to 1422 coach stations and 331,662 bus stations.  

 

 

  



The visual dispersion of deprivation throughout the UK can be seen in Appendix III map I, whereby the 

coloured gradients represent deciles of deprivation by LSOA with a low score indicating less deprivation. 

As can be observed there is a ring of deprivation that is formed around the cities of the North West such as 

Manchester and Liverpool, and similar hotspots of deprivation in London, the cities of the North East and 

East Midlands, as well as at the South Western extremity of the country in Cornwall and Devon. Map II 

visualizes distance to train station from LSOA population centroid. The maps look like negatives of each 

other indicating that that the areas of high deprivation outlined above are generally located very close to 

train stations due to the fact that like the most deprived, train stations are generally located in urban areas. 

This suggests that a negative correlation between the accessibility measure and deprivation could exist in 

the data, at least unless the urban environment can be successfully controlled for.  

 

Empirical Strategy 

Ideally the following ordinary least squares (OLS) estimation would give the causal effect of accessibility to 

the rail network on social exclusion: 

 

Log(IMD)i = α + βlog(DIST)i + µi  (1) 

 

Where IMD is the index of multiple deprivation score for the LSOA i and DIST is the distance from the 

population centroid to the nearest train station and µ is an error term. α is a constant, and β would be the 

percentage change in IMD for a 1% change in DIST. Logs are taken to aide in interpretation of the 

coefficients.  

 

The underlying assumption of the OLS model is that COV(DIST, µ) = 0 meaning that E(µ | DIST) = 0. If there 

is correlation between the DIST variable and the error term then the results will be biased. In this case such 

a correlation could occur for at least two reasons. Firstly there may be omitted variables, such as the 

presence of other forms of transport. If for example the rail network being far from the population centroid 

induced local service providers to provide bus routes, and those busses had an effect on social exclusion, 

then not controlling for the availability of bus services in an LSOA would lead us to underestimate the 

effects of accessibility to the rail network. Secondly individuals may sort spatially based upon certain 

observable characteristics. This would be the case if for example, wealthy or less socially excluded 

households tend to sort into areas that are further from train stations due to environmental benefits that 

accrue from being further away from town centres where train stations are generally located. This is 

effectively a different type of omitted variable problem that needs to be controlled for.  

 

To minimize the endogeneity problems just identified, I would have liked to use an instrument that would 

allow for identification of exogenous change in the DIST variable. Candidates from similar literatures would 

be based upon the planning decisions taken when designing the rail network. For the present purposes it 

was not possible to identify an implementable instrumental variable strategy.  

 

Thus I have estimated the following: 

  

Log(IMD)i = α + βlog(DIST)i + λ(Transport)I + σ(City)i + ρ(Housing)i +τ(Environment) + µi  (2) 

 

In this specification Transport is a vector of variables that control for the presence of alternate modes of 

transport. These include distance to nearest bus and coach stations and a simple count of bus stops. As can 

be seen from Map III the coach and rail networks cover significantly different ground meaning that it is 

important to include both in the analysis. City is a vector of variables that proxy for being in an urban 

environment that includes number of dwellings, population density and a population measure. Housing is 

a vector of variables that aims to capture the effects of spatial sorting by including the proportion of the 

LSOA housing stock by council tax band. Environment is a vector of variables relating to land size and use 

such as the percentage of green space, water, and road, which looks to control for other aspects of the 



physical environment not captured by City and Housing. Employment opportunities by LSOA could also be 

included, however as this forms part of the IMD variable it is not included due to endogeneity concerns.  

 

Results 

Table II reports the results of the above specification. Column I is the basic form of estimation (1). Control 

vectors are then added one at a time until the full specification (2) is reached. The transport vector is split 

up and results are presented for the DIST_Coach and DIST_Bus, which are the distances in metres to the 

nearest coach and bus station which are presented in columns II and III. All estimations are calculated with 

robust standard errors and R2 is reported in column VIII. 

 

The Coefficient on DIST is negative and significant in all regressions. In the full specification the coefficient 

is -0.084 which indicates that increasing the distance to the nearest train station by 1% would decrease the 

IMD score by 0.084% (where a lower score indicates less social exclusion). There is no readily available 

explanation for this surprising result. It could be that as train stations are generally located in town and city 

centres and these may not be desirable neighbourhoods, those who are more socially mobile (i.e. less 

socially excluded) are able to move away from those centres. Also, as has been seen, the greatest 

concentration of the socially excluded are found in the cities. However, controls are added which should 

proxy well for being in an urban environment as well as for housing values and types of land use, which in 

total should control at least in part for the ability of the wealthier or more socially mobile to sort away from 

undesirable locations. Thus it is not obvious why the coefficient on distance to the train station should be so 

robust to the inclusion of these controls. It appears that there remains some uncontrolled for variable, 

associated with the environment close to train stations that is also increasing social exclusion.   

 

Table II  

Right Hand Side Variables 
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 (I) (II) (III) (IV) (V) (VI) (VII) (VIII) 

 
Log(DIST) Log(DIST_Coach) Log(DIST_Bus) Transport Housing Environment City R2 

Log(IMD) -0.053*** 

(0.0044) 

NO NO NO NO NO NO 0.0043 

Log(IMD) -0.039*** 

(0.0048) 

-0.027*** 

(0.0049) 

0.043*** 

(0.0052) 

NO NO NO NO 0.0078 

Log(IMD) -0.037*** 

(0.0047) 

-0.027*** 

(0.0049) 

0.044*** 

(0.0052) 

YES NO NO NO 0.0088 

Log(IMD) -0.11*** 

(0.0034) 

0.011*** 

(0.003) 

0.0054 

(0.0036) 

YES YES NO NO 0.5208 

Log(IMD) -0.083*** 

(0.0033) 

0.021*** 

(0.0033) 

0.0065* 

(0.0035) 

YES YES YES NO 0.5672 

Log(IMD) -0.084*** 

(0.0032) 

0.018*** 

(0.0032) 

0.013*** 

(0.0033) 

YES YES YES YES 0.5979 

  
*** significant at the 1% level 

**  significant at the 5% level 

* significant at the 10% level 

 

  



 

 

Interestingly, the coefficients on the distance to coach and bus stop variable are both positive and 

significant in the full specification meaning that being closer to those modes of transport is associated with 

lower levels of social exclusion. Indeed being 1% closer to a bus station is associated with a 0.013% 

decrease in social exclusion (a lower IMD score).  This could be tentative evidence that rail is not the most 

important mode of transport for those affected by social exclusion. This tallies with the Social Exclusion 

Unit report that calculated that rail is used far less than busses and taxis by those in the lowest income 

quintile, and indeed it is the most used mode of public transport only for those in the highest income 

quintile. All of the controls enter significantly and with the expected signs.  

 

Alternative Specifications 

In order to test the sensitivity of the results, the estimations were subject to a variety of alternate 

specifications. I varied the dependent variable to be logs of firstly the employment domain on the IMD, and 

then the income domain. The results (available upon request) are very similar in magnitude, direction and 

significance to the results presented above. I then used spatial smoothing techniques based upon queen’s 

contiguity at the 1st, 2nd and 3rd order to construct IMD score variables that reflect neighbourhood values of 

the index. Taking into account neighbouring levels of social exclusion in this manner can be useful as it is 

unlikely that the underlying processes that drive exclusion are all neatly contained in each individual LSOA. 

A visualization of the effect of smoothing can be seen by comparing map I, and map IV (which is smoothed 

using queen’s contiguity at the second order). However, inclusion of these smoothed IMD scores as 

dependent variables does not alter the sign or significance of the key coefficients, although it does increase 

the magnitude of the coefficient on the DIST variable.  

 

I created new measures of the distance related independent variables as further checks. Recalculating the 

distance to rail, coach and bus stations using the geometric rather than population centroid points in the 

LSOAs allowed me to check whether the results are being driven by some factor relating to how the LSOA 

boundaries are constructed. When these variables are included in the full specification estimation, there is 

no meaningful change in sign, magnitude or significance of the key variables.  

 

Next I exclude the LSOAs within London, the cities of the North West, and the cities of the North East. The 

coefficient on DIST falls to -0.01 which is significant at the 1% level. This large fall in magnitude implies 

that  there is something about being in those omitted urban LSOAs that is driving social exclusion and that 

is not being controlled for in the full sample. Although the DIST measure is negative and significant in this 

reduced sample, the effect is very small such that being 1% closer to a train station is associated with only a 

0.01% increase in social exclusion. Interestingly the coefficient on the distance to bus stop variable loses 

significance, which may indicate that busses are only important for inclusion in urban areas, presumably as 

the car dependency increases in rural areas. Unfortunately I was unable to test this theory as I could not 

obtain data on car ownership by LSOA.   

 

Conclusions 

In all specifications distance to the nearest rail station is negatively associated with social exclusion, 

meaning that being further away from the rail network tends to be related to lower levels of exclusion. This 

result is robust to the inclusion of a wide range of controls and alternate specifications. It appears that 

there is something about being in urban environments close to train stations that is driving social exclusion 

and is not successfully controlled for using proxies such as population density and other measures. Weight 

is added to this suspicion when the coefficient on DIST falls to a level that is very small (although still 

significant) when the major urban regions of England are excluded from the sample.  

 

These results could be an indication that access to the rail network is not an important driver of social 

exclusion. Given that distance to the nearest bus station is positively associated with the IMD score in the 

full specification, this suggests that access to bus transport is a more prominent means of inclusion. 



However, these results need to be interpreted cautiously. This is because there could still be serious 

omitted variable problems that are creating bias. In particular the effect of different types of environment 

are only partially controlled for using proxies for urban areas. Additionally to fully control for the spatial 

sorting problem some direct measure of income by LSOA would be preferable to the indirect housing price 

measures.   

 

Lastly, it is by no means clear that even if all relevant controls were included that we would identify any 

meaningful link between distance to the rail network and social exclusion. This is because distance as a 

form of transport barrier may not capture what is important about access to public transport networks. For 

example the price of tickets on the rail network, and the destinations it serves could be of much more 

pertinent. The most that can be solidly concluded, is that with the data I have collected it is not possible to 

show a meaningful link between access to the rail network and social exclusion.  

  



Appendix I 

 

Composite domains of the English Index of Multiple Deprivation 

 

•  Income domain  

• Employment domain  

• Health deprivation and disability  

• Education, Skills and Training domain  

• I Barriers to Housing and Services domain  

•  Crime domain  

• Living Environment domain  

 

  



Appendix II 

 

Data Sources: 

 

• LSOA Boundary and centroid data – Office National Statistics 

• Index Multiple Deprivation 2010 – Department for Communities and Local Government 

• Train/Bus/Coach Station data - National Public Transport Access Node database, Department for 

Transport 

• Rail network polyline data – Meriden II, Ordinance Survey 

• Land Use data - Generalised Land Use Database, Department for Communities and Local 

Government 

• Population data - Population Density (UV02), Office for National Statistics 

• Council Tax Data - Dwelling Stock by Council Tax Band, 2010, Valuation Office Agency 

 
  



Appendix III  

MAPS: 

Map I – Index of Multiple Deprivation 2010 by LSOA with decile gradients (low IMD scores mean lower 

levels of social exclusion). 

 

 

 
 

 

 

 



Map II Distance to nearest train station by LSOA. The legend items represent distances in metres 

 

 
 

 



Map III – Rail and Coach Stations, and the Rail Network 

 

 
 

 



Map IV – Index of Multiple Deprivation by LSOA smoothed at Second Order Queens Contiguity  

 
 


