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ESTablIShINg ThE RElaTIONShIP bETWEEN RaIlWay SafETy aND OPERaTIONal PERfORmaNcE
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Deregulation and/or privatization of railway systems has been adapted in many developed countries, aimed at improving economic performance. literature on railway performance mainly focuses on the effects of reforms and on liberalization itself as well as measuring performance indicators for the management of assets in the railway industry. although these management reforms on the maintenance and operations of rail infrastructures are generally found to have contributed to improving trends of rail safety and safety performance, there is not much evidence from research to support this. There is also little work on how the lessons from restructuring can apply in developing countries. 

Identifying approaches that can revitalize railways in developing and emerging economies while raising standards of safety and operational performance is the objective of this article. Presented are some of the specific lessons from developed countries and how they can be applied in developing economies’ railways, noting that it is not generally feasible to adopt best practices because of social and/or economic constraints. Only where there is a significant foreign investor is there the potential to replicate best in class technology and operational practices, so the presentation will identify areas where less well-funded railways can adopt lessons from developed countries – using both historical and current international benchmarks. 

The originality of this approach lies in establishing the relationship between performance and safety in the era of reforms and liberalization of the rail industry. The article analyses publicly available data to suggest how rail safety considerations have impacted in a more general way upon railway performance, and by extension, derive lessons for emerging and developing economies. 
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cities all over the world are growing rapidly with ever more intensive human interactions, dense vehicular flows and vigorous commercial activities. In many cities, faster, more reliable and efficient modes of transport are required to support the sustainable growth and development of their economies. Unfortunately, many developing and emerging economies are lagging in the provision of sustainable transport means for their people. 

The growth and development of the railway industry in many developing countries has been extremely slow since its inception more than a century ago. Railways are now the least developed mode of transport as road transport is the dominant mode in most of these developing countries. as a product of the colonial period, railways of tropical africa were built from ports into the inland to facilitate the export of minerals and agricultural products as well as the import of finished goods [1, 2]. 

although rail networks are identified as an important element of the transportation system for economic growth and development of many countries, ghana’s rail network, like some other rail networks in developing countries, has not changed since the 1960s [2, 3]. 

bullock [1] in his study on sub-Saharan african railways describes the existing african railway system as fragmented with lines connecting cities within a country or originally linking a port to its immediate hinterlands despite proposed master plans for an integrated rail system. It must be noted that this is not the case for all rail networks in africa as there are a few significant international networks such as the North african network in 
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maghreb linking morocco, algeria and Tunisia; South africa’s network which extends to the Democratic Republic of congo and Tanzania; as well as the East african rail network linking kenya, Uganda and Tanzania. 

Over the years, rail transport in developing countries has seen a decline in passenger numbers and passenger kilometres travelled because of competition from road transport [1–3]. although traffic densities are generally low, specialized mineral lines in West and Southern africa carry more than half of sub-Saharan railway’s total freight measured by net ton-km [1]. The decline in patronage of rail transport is mainly attributed to the neglect of the railway sector by govern-ments, involving poor quality of service, insufficient funds for expansion projects, deteriorated assets and poor maintenance of tracks and locomotives as a result of the lack of skilled per-sonnel leading in some cases to the collapse of the rail industry in most of these developing countries. 

In this regard, the absence of an established railway authority or regulator for the safe operation and maintenance of the almost non-existent rail networks poses a great risk to passengers, workforce and the general public. South africa’s Rail Safety Regulator (RSR) is possibly the only sub-Saharan african country with a well-established rail safety regulating body. as a custodian of rail safety on South african railway lines, the RSR is responsible for the issuance and management of safety permits, the investigation of railway accidents, the conduct of inspections and audits, the development of regulations and safety standards for the formulation of regulatory regimes as well as the issue of notices of non-conformance and non-compliance [4]. 

With plans in place to rejuvenate the railway systems of developing countries in order to boost economic growth and development; the applicability of best practices of rail operations from developed countries is recommended. To do so an understanding of the physical, social, economic and political environment in which these systems will operate is very necessary and highly required. 

2  RaIlWay PERfORmaNcE DaTa

by presenting a case study of the british railway network (which has a vast amount of  publicly available data) this provides the opportunity to grasp an understanding of key performance indicators as well as help define the parameters required to establish a more detailed understanding of the relationship between railway safety and operational performance. In  this respect, the main units of analysis for this study are passenger train operating companies (TOcs) and the railway network infrastructure management companies of britain’s railway industry. 

great britain’s railway is generally acknowledged to be the safest major railway network in Europe and among the safest in the world, as demonstrated by data published by the Office of Rail and Road (ORR). ORR is ‘the independent safety and economic regulator for  britain’s railways as well as monitor of highways England’ publishes a great deal of  statistics on railway performance, rail usage and safety [5, 6]. according to gower [7],  passenger  performance is assessed using performance metrics such as the Public Performance  measure (PPm) and cancellations and Significant lateness (caSl) with the performance data supplied by Network Rail. Network Rail is britain’s dominant railway infrastructure management company and hence the source of all infrastructure-related data used in this analysis. 

The PPm is a key performance metric for the evaluation of overall performance and reliability of train services. This therefore makes it ‘the main cross-industry measure of 
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 W. D. Wemakor et al., Int. J. Transp. Dev. Integr., Vol. 2, No. 1 (2018) operational performance for all passenger services’ [8]. It is defined as the percentage of passenger trains that arrive at final destinations on time. That is, trains that arrive at their final  destination within 5 or 10 min (for long-distance services) of their scheduled arrival time [7]. Similarly, caSl is defined as the percentage of passenger trains that are cancelled either in part or full and/or arrive at final destinations 30 or more minutes later than the scheduled arrival time [7, 9]. It was developed as a supplementary measure to ensure that trains are not  ‘written off’ by companies once they exceed their PPm threshold [8]. It is a very useful measure in terms of performance recovery and also incentivizes companies and their controllers and signallers to ensure that trains do not arrive later than 30 min. The term cancellation is used when a train fails to depart from its point of departure or when a train is terminated before it reaches its destination. Two main types of cancellation according to ORR [8] are as follows:

•  full – where the train failed to run entirely or ran less than 50% of booked mileage or called at less than 50% of booked stations. Trains that arrive over 119 min late are counted as full cancellations. 

•  Part – where the train terminated short of destination or started beyond origin (or both). 

Trains that fail to call/stop at, at least one booked station are counted as part cancellation. 

In addition, a moving annual average is calculated for both PPm and caSl to reflect the proportion of trains on time as well as those cancelled or significantly late within the last 12  months. In calculating the caSl data, the total number of passenger trains cancelled and significantly late between 30 and 119 min is divided by the number of scheduled trains, which is then expressed as a percentage [8]. The lower the figure, the fewer the caSl of passenger train services. The ORR also publishes total delay minutes by TOc which reflects performance of the individual TOcs. The total delay minutes are further categorized into Network Rail-on-TOc-related delays, TOc-on-Self-related delays and TOc-on-TOc-related delays. PPm, caSl and total delay minutes categorized by TOcs are therefore the operational performance data used in the study. 

generally, safety is measured by the number of accidents and its consequences that may occur at home, the workplace, school or on any mode of transport. In the british rail industry, rail safety is measured by the fatalities and weighted injuries, hence the reporting of occurrences in the operation of trains and maintenance of railway infrastructure is the major source of rail safety data. There is therefore the need to link the number of accidents and the related number of victims to rail traffic performance to measure relative safety [10] often expressed in passenger-kilometres and ton-kilometres. according to Network Rail [9, 11] the passenger safety indicator is used to measure the level of passenger safety on a network and it is derived from two data sources. These are the train accident risk data from the Precursor Indicator model (PIm) and the weighted fatality and injury data from station level crossings and  Network Rail managed stations [9]. 

The PIm, provided by the Rail Safety and Standards board (RSSb) on a quarterly basis, tracks changes in accident precursors to measure the underlying risk from train accidents and is also calibrated against the safety risk model (SRm) [12]. Due to the rare nature of train accidents, precursors help indicate the risk of accident occurrence although more often than not, these do not result in an actual accident. PIm therefore demonstrates quantified changes in the underlying risk over a period. In other words, it provides a day-to-day review of the main elements of train accident risk, that is the risk of collisions, derailments and fires [12], 
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which are reported/recorded by TOcs into the RSSb’s Safety management  Intelligence System (SmIS). 

according to the Uk health and Safety Executive (cited in [13]), ‘an accident is any unplanned event that results in injury, and/or damage and/or loss’. alternatively, a precursor is an event or condition which indicates the existence of a higher level of risk or a top event which is often defined as a serious incident that may be the immediate cause of a death or injury [13, 14]. The difference, however, between accidents and top events is the consequence of the event. That is, a top event qualifies as an accident only in situations where there are injuries, death or serious damage to property [12]. 

Risk, in the context of the RSSb’s SRm, is ‘an estimate of the potential harm to passengers, staff and members of the public from the operation and maintenance of the railway’ [15]. 

Therefore, the risk (the average number of fatalities or equivalent fatalities per year) associated with an event is calculated as the product of the frequency and consequences. That is: Risk (fWI/year) = frequency (events/year) × consequence (fWI/event) (1)

Signal passed at danger (SPaD) risk data is an example of data that can be found in SRm. Other precursor indicator measures in SRm are infrastructure failures, infrastructure operations, train operations and failures and/or level crossings. for the purpose of this research, SPaD risk rates will be the measure of safety performance due to data availability at the time of the study. The choice of parameters has been based on the availability of data within a significant period (preferably 2006–2016) for which the data will have the ability to reflect trends or patterns for meaningful comparison/analysis. 

Out of a total of 25 passenger TOcs operating on british railways, serving as a sampling frame, focus is placed on 17 franchised TOcs based on the availability of SPaD risk data between the time periods 2006–2016. SPaD risk data is significant to this research as it is an important element of railway safety performance. according to the European Railway agency [16], ‘a safe railway is more efficient and a more attractive transport choice, enabling society to address the environmental and economic challenges of the 21st century’. In Europe, the European Union (EU) member states are required by the EU Railway safety directive (2004/49/Ec) to ensure the maintenance of safety as well as continuous improvement where reasonably practicable [17, 18]. 

3  fINDINgS aND DIScUSSIONS

Testing the defined set of parameters below is mainly aimed at determining mathematically/

statistically the existence of a relationship between railway safety and operational performance. Using available data from the ORR and RSSb on the selected 17 TOcs with respect to PPm, caSl, TOc-on-Self-delay minutes and SPaD risk rates, the processes involved in establishing a correlation are discussed. It must be noted that TOc-on-Self-delay minutes are first used based on the notion of focusing on parameters within the managerial control of TOcs. 

3.1  hypothesis test

 H : safety and operational performance are independent 0

 H : safety and operational performance are (negatively or positively) associated 1first, TOcs were ranked by performance for each performance indicator (both safety and operational performance data) per year over the 10-year period as illustrated in Table 1. 

It must be noted that, for a high-performance ranking of 1, PPm was based on the highest 
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 W. D. Wemakor et al., Int. J. Transp. Dev. Integr., Vol. 2, No. 1 (2018) PPm percentage, caSl on a lowest caSl percentage, SPaDs based on the lowest SPaD risk rate and delay minutes based on the lowest delay minutes for each year. 

These rankings were then summed up and ranked again to produce Table 2. This was aimed at identifying the performance of each TOc as per the defined performance indicator over the 10 years’ period. 

To test the hypothesis, the ranked data were grouped into operational performance and safety performance to plot the correlation graph shown in fig. 1. Using the Spearman’s correlation statistical technique, safety and operational performance data are correlated to establish whether there is a relationship between the two variables. 

The result shown in fig. 1 illustrates a weak negative correlation between the two variables with an  R 2 value of 0.05. That is, with a calculated  p-value of 0.365 at 5% significance level, h  is accepted and h  is rejected; hence, in this analysis safety and operational performance 0

1

are independent variables. 

furthermore, focusing on one high-level measure for safety and operational performance, SPaD risk rates and TOc-on-Self-delay minutes ranked data (as shown in Table 2) were plotted in the correlation graph shown in fig. 2. The result from the graph however shows a weak positive correlation between the two variables with an  R 2 value of 0.03. at 5% significance level, the calculated  p-value is 0.508. That is, h  is again accepted and h  is rejected; hence, 0

1

safety and operational performance are still found to be independent variables. 

Table 2:   TOcs total ranked performance for the period 2006–2016 (Source: author’s construct, 2016). 

TOTal Ranked Performance  for 2006–2016

Passenger Train Operating 

PPm

caSl

SPaD

Delay minutes

company

arriva Trains Wales

60

101

126

57

c2c

14

24

53

8

chiltern Railways

37

20

60

26

crosscountry
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42

80

East midlands Trains

92
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72

43

first  TransPennine Express

106
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45

45

govia Thameslink Railway

144
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35

135

great Western Railway

134
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92
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greater anglia
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92
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84

london midland
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86

london Overground
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73

144
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26

67
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16

Northern

109
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92

129

ScotRail
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81

99

South West Trains
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72
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92

Southeastern
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108

Virgin Trains West coast
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176

31

66
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In this instance, looking at data at an aggregate level has led to the surprise finding of an absence of a relationship between the two variables. In order to establish whether there is a relationship between safety and operational performance, a less aggregate form of the data is tested. In addition, TOc-on-Self-delay minutes are normalized by train kilometres, and a correlation graph for the financial year 2015/2016 is plotted. This results in a weak statistical 450

400

(rank) 350

300

250

 y = –0.7126 x + 340.24

200

 R 2 = 0.055

150

100

50

Operational performance 

0 0

20

40

60

80

100

120

140

160

Safety performance (rank)

figure 1:  a scatter graph illustrating total ranked operational and safety performance of TOcs for the period 2006–2016 (Source: author’s construct, 2016). 
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figure 2:   a scatter graph illustrating total ranked delay minutes and SPaD risk of TOcs for the period 2006–2016 (Source: author’s construct, 2016). 

relationship between safety and operational performance. hence, with a calculated  p-value of 0.46, h  is once again accepted at a 5% significant level. 

0

a further iteration of the data was done using total delay minutes for the period 2015–2016 

normalized by train kilometres and plotted against SPaD risk rate data of the same period. 

here, the trend changes showing a stronger positive correlation between the two variables in comparison to the previous tests. calculated  R 2 as illustrated in fig. 3 is 0.36. With a calculated  p-value of 0.01 at 5% significance level, h  is rejected and h  on the other hand is 0

1

accepted, hence, beginning to establish a positive association between safety and operational performance. 
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figure 3:   a scatter graph illustrating normalized total delay minutes and SPaD risk rate of TOcs for the period 2015/2016 (Source: author’s construct, 2016). 
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although the research initially focused on TOc-on-Self-delay minutes as a means of con-centrating on parameters within the managerial control of TOcs, it is noted that Network Rail-on-TOc delay minutes (contributing 61% of 2015/2016 total delays per available ORR 

data) are related to safety performance and in effect influence TOcs operational performance. That is, there is a strong positive correlation between normalized Network Rail-on-TOc delay minutes and SPaD risk rate as illustrated in fig. 4. With a calculated  p-value of 0.01 at 5% significance level, h  is also rejected and h  on the other hand is accepted, hence, 0

1

establishing a positive association between safety and operational performance. 

by adapting a benchmarking methodology of ranking safety and operational performance of TOcs, this helps identify best and worst performers of TOcs in each of the performance areas. from the graph illustrated in fig. 5, c2c (ranked first in both) and merseyrail (first in 0.030
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figure 4:   a scatter graph illustrating normalized Network Rail-on-TOc delay minutes and SPaD risk rate of TOcs for the period 2015/2016 (Source: author’s construct, 2017). 
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figure 5:   a combined line and stacked bar graph showing 2015/2016 safety and operational performance of TOcs, respectively  (Source: author’s construct, 2017). 
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 W. D. Wemakor et al., Int. J. Transp. Dev. Integr., Vol. 2, No. 1 (2018) safety and second in operational performance) are identified as TOcs with the best performance for both safety and operational performance. govia Thameslinks Railways is noted to have the second worst performance in both safety (16th) and operational (17th) performance which ascertains the point that Network Rail-on-TOc delay minutes have an influence on TOcs performance as govia Thameslink Railways experiences the most Network Rail-related delays. 

The most interesting performance observed from the graph in fig. 5 is that of london Overground. With total delay minutes of 772,474 (4th), it experiences the worst safety performance (17th) among the group which could be resulting from the circumstances of its operation. This suggests that there are factors peculiar to influencing only the safety performance of TOcs and alternatively influencing only operational performance or both safety and operational performance of TOcs. a variety of influencing factors may include service type, number of red signals approached on service route, driver communication and training, track and fleet maintenance among others. 

In this light, exploring the various underlying factors influencing the safety and operational performance of TOcs while identifying best practices such as safety culture, efficient management of train timetable scheduling among others with the help of a benchmarking methodology is the next phase of this research. at this stage, a much more detailed correlation may be developed with a variety of hypothesis developed from the various best practices identified which may be mapped as one variable and safety performance as another variable. 

4  lESSONS lEaRNT aND fURThER STUDIES

To further explain the differences in performance and provide an in-depth understanding of the relationship between safety and operational performance, other high-level measures need to be considered. for instance, aside SPaD risk rates, other indicators such as infrastructure failures, infrastructure operations, train operations and failures and/or level crossings in the SRm need to be considered and explored. also, the study seeks to further explore the relationship between safety and operational performance by acquiring a more detailed data from RSSb representing daily SPaD incidents occurring between October 2015 and march 2016 

to be correlated with daily PPm values within the same period. This is aimed at establishing a stronger statistical relationship between the two variables in order to get a better understanding of the data and relationship between safety and performance. 

moreover, site visits and observation of operational and safety management practices within some selected TOcs are considered to be useful in the benchmarking process for comparison and identification of best practices. This will be useful in recommending certain managerial practices to improve safety and operational performance in TOcs with low performance as well as the rail industry of developing economies who seek to run an efficient, reliable and safe rail transport system. Publication and analysis of data relating to key performance indicators (for both safety and operational performance) is itself a useful tool that may have helped improve performance in the rail industry and may be a lesson that can be suitably translated into developing countries. 

5  OThER ObSERVaTIONS

however, in the absence of identified best practices within TOcs at this stage of research, the current features of britain’s rail industry developed over the years through the various decisions and investments made by government and industry could be considered by developing countries in improving their railways. Discussed below are two main observations for developing countries from the view point of this research. 
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first, the institution of a regulatory body such as ORR could ensure the improvement of safety and performance of the railways. known to be among the safest railway networks in the world, britain’s railway highlights the possibility that the institution of a regulatory body to ensure safety, value and performance of railways could improve safety and operational performance. a similar body is South africa’s RSR which ensures the improvement of rail safety in the country. by general consensus, South africa is known to have the most func-tional railway network in africa. Developing a hypothesis to test the effect of the presence of regulatory bodies on the performance of rail industries could be useful in the recommenda-tion stage of this research. 

In addition, one of the most important observations is the development of a database for the recording and reporting of incidents on the network for which this research may have proved a lot more difficult that it currently is. as seen in the british railway industry, RSSb developed and managed a SmIS to provide a safety reporting system through which research, analysis, standards and insight are used to help the industry deliver a safer, more reliable and sustainable rail system. Rail industries in developing countries do not necessarily need a complex system like SmIS but having a well-defined institution or process to cater for the reporting and management of all forms of incident data on the network could be a useful practice for the industry. collecting the data is certainly not enough, however, making meaningful analysis in aid of improving performance and influencing decisions in the development of the rail industry and the country as a whole. 

6 cONclUSION

In conclusion, it seems that various decisions and investments made by industry and government over the years to improve railway safety in britain have in one way or another impacted or influenced operational performance in the industry. The absence of strong statistical evidence at this point of the research does not imply that there is no significant relationship between safety and operational performance as the data were in aggregate form. however, segregating the data with focus on specific events and its impact on both safety and operational performance is the next step and more likely to provide interesting results. This is shown in the 2015–2016 correlation results discussed earlier. It is also evident that the railway system is a very complex one, and when high-level performance indicators that may be expected to correlate are found not to do so shows that a ‘deeper dive’ is needed into the relationships to test the original hypothesis. This itself is a lesson for all developing railways for which the publication and analysis of data relating to key performance indicators, in both operation and safety, can be an aid in improving performance of the rail industry REfERENcES
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