PARTNERSHIP FOR SAFETY: ACHIEVING SAFER LEVEL CROSSINGS IN ASIA

1.
Level crossing safety – a shared responsibility 

The scene is repeated somewhere in Asia almost every day. A tour bus, with 55 sleeping travelers aboard, approaches a level crossing in the early morning darkness. The driver, having driven through the night, has already been at the wheel for ten hours without a break. It is an open crossing, protected only by fixed road warning signs, which are clearly visible to the driver as the bus approaches at 100 km per hour, without any noticeable speed reduction, as the road signs flash by. Suddenly, out of the morning gloom, appears the bright headlight of an intercity express passenger train, bearing down on the crossing at 120 km per hour, or 33 metres per second. Just 3 seconds from the crossing, the bus driver slams on his brakes, but it is useless. Despite having applied emergency braking some 250 metres from the crossing, the express spears into the light body of the bus with full explosive force, carrying its jagged remains nearly 400 metres further down the line before coming to rest in a cloud of dust, smoke and sparks, its locomotive and first three carriages lying on their sides several metres from the track at the foot of an embankment. 

The potential for high loss of life in such an accident, involving rail and road vehicles with high passenger loadings, is all too great. Could the accident have been avoided, or at least its consequences lessened, had the crossing been equipped with flashing lights and barriers? Alternatively, would grade separation of the crossing have been the only way of avoiding the accident and, if so, at what cost?  Should these be questions which only railways ought to be addressing, or do they require a response from a wider community? 

Historically, communities have tended to view level crossing safety as the responsibility of railway organizations, despite overwhelming evidence that most accidents at level crossings are caused by the negligence or incapacity of motor vehicle drivers. However, even if it could be assumed that railway organizations have the necessary motivation, information and resources to be able to find solutions to level crossing safety problems, it is most unlikely that these solutions will be fully effective without the input and cooperation of road management and safety authorities, including the police. This is one level at which there must be partnerships in the interests of eliminating the scourge of deaths and injuries in railway level crossing accidents. 

In addition, the effectiveness of a railway organization’s response to level crossing safety problems will depend crucially on the relationship that its management enjoys with its employees. Quite independently of the legal obligations placed on them to disclose full and factual information at official accident enquires, railway employees will always be a rich source of information and ideas for the elimination of level crossing accidents and their consequences. The views and suggestions of operating staff (such as train drivers, station staff and train controllers), many of whom are routinely exposed to danger in the performance of their duties at or near level crossings, must always actively be sought by railway managers. This is another level at which partnerships must be forged – in this case to bring to bear on resolution of the safety problem the railway workforce’s vast untapped wealth of experience and insight.  

Finally, a third level of cooperation and partnership for level crossing safety enhancement potentially exists among railway organizations themselves. Most, if not all, of the world’s railway organizations encounter level crossing safety problems, but around the world, and even within the same region, systems vary widely in terms of their financial resources, level crossing densities and protection systems, accident and casualty rates, and overall approach to safety management. Thus, there is potential for many railway organizations to benefit from regular exchanges of experience and expertise with other railway organizations in their quest to find cost effective solutions to their level crossing safety problems.

From the perspective of level crossing safety, this paper reviews the safety performance of a selection of Asian railway systems and considers the benefits available from the creation of partnerships to address solutions to pervasive and persistent safety problems. The paper is based on a study of cost-effective level crossing systems undertaken on behalf of the Economic and Social Commission for Asia and the Pacific (ESCAP) during 2000.
   

2.
Level crossing safety – Asian system performances
Despite covering only a limited number of Asian countries, the ESCAP study revealed wide differences among railway systems in terms of their resource allocations for safety improvement, their safety management approach, their level crossing densities and characteristics, and their accident and casualty rates. At one extreme were the railway systems of Japan with a high investment in safety improvements, a high proportion of grade separated road-rail crossings, a very low and rapidly declining proportion of unprotected level crossings, a successful road user education programme and a steadily declining accident, fatality and injury trend. At the other extreme was the railway system of Viet Nam with a negligible budget for safety improvement, fewer than a dozen grade-separated crossings, a major predominance of unprotected (and unofficial) crossings, no formalized road user education programme, and steadily rising level crossing accident, fatality and injury rates. In between were six other systems also with widely varying level crossing safety attributes and determinants.

Comparison of the safety performance of railway systems with such diverse resource levels, operating characteristics and approaches to safety management is fraught with difficulty, but it is only by making comparisons that the real potential for knowledge transfer among railway systems can be established. 

There are at least two valid comparative measures of level crossing safety performance. One is a measure of the significance of level crossing accidents and casualties in the overall railway safety picture. This is in the form of the percentage of level crossing accidents and casualties to the total number of railway accidents and casualties. It is a fairly crude measure, in that it does not account for differences of scale among the railway systems being compared. 

For this reason, another measure is frequently used to compare the safety performance of different railways. This is the accident rate measure, which relates level crossing accidents, fatalities and injuries to a consistent indicator of railway traffic density-usually million train-kilometres per year. Apart from removing the problem of scale differences among railway systems, railway traffic density in fact provides a useful measure of the exposure of the railway to the risk of collision with road vehicles at level crossings. This is because, for a given number of crossings on a system, this risk will increase in direct proportion both to the level of usage of these crossings by rail traffic    and to the level of usage by road traffic. Since it is usually not possible to obtain a satisfactory measurement of the latter, the level of railway traffic, as represented by the number of train-kilometres provides an indicator of traffic density which can affect the probability of accidents at level crossings.
   

These two types of comparative measures are used in this paper to assess the level crossing safety performance of a small selection of Asian countries. 

  . 

2.1 Significance of the level crossing safety problem 

As may be observed in Figure 1, over the decade to 1998, level crossing accidents accounted for a minor share of all railway accidents in Bangladesh (4 per cent) and India (12 per cent), a moderate share of all railway accidents in Japan (35 per cent) and the Philippines (30 per cent), and a very major share of all railway accidents in Thailand (95 per cent) and Viet Nam (66 per cent). 

Limited trend data provided for the ESCAP study indicated that there was a steadily declining trend in the number of level crossing accidents in Japan and a static trend in the number of level crossing accidents in India during the decade reviewed. In Japan, level crossing accidents accounted for a falling share of all railway accidents over the decade, but in India they accounted for a rising share. The rising importance of level crossing accidents in India might be attributed in general to increasing motorization rates in rural areas and to increasing car ownership in urban areas, as well as to increasing train speeds.
 While there was no indication of accident trends for the remaining four countries reviewed, the probability is that with the exception of Thailand (which in terms of level crossing accidents appears already to have reached saturation point), all are experiencing a steady increase in the relative incidence of level crossing accidents.  

Analysis of fatality data shows a distinctly different picture, as compared with the analysis of accident data. While level crossing accidents represent a relatively small proportion of all railway accidents in Bangladesh and India, they account for a significant (and in the case of India, a rising) proportion of all fatalities in railway accidents in those countries. In Bangladesh, level crossing accidents accounting for only 4 per cent of all railway accidents claimed nearly half the number of lives lost in all types of railway accidents. In India, level crossing accidents representing only 12 per cent of railway accidents accounted for nearly 40 per cent of all fatalities in railway accidents. It is understood that buses are disproportionately represented in level crossing accidents in both of these countries, which might explain why such a high proportion of all fatalities occur at level crossings. For the remaining four countries level crossing fatalities are proportionate to accidents, except in the Philippines, where level crossing accidents representing 29 per cent of all railway accidents account for only 5 per cent of the railway system’s fatalities. 

Figure 1:
Level crossing share of railway accidents and casualties,

selected  Asian countries, 1988-1998
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Clearly, for Thailand and Viet Nam, respectively with 92 per cent and 75 per cent of all railway fatalities occurring at level crossings, a lasting solution to the problem of level crossing accidents assumes paramount importance.


Injuries at level crossings also account for a disproportionate share of all injuries in railway accidents in Bangladesh and India. Once again, Thailand and Viet Nam are at the top of the list with 76 per cent and 81 per cent respectively of all injuries in railway accidents occurring at level crossings.

2.2 Looking behind the statistics in India, Japan and Viet Nam

Accident trend data provided for the ESCAP study give further insight into the significance and causation of level crossing accidents in India, Japan and Viet Nam. Accident and casualty rates over a decade or longer were assessed for each country in relation to its level crossing characteristics and densities.

2.2.1 India

(a) Level crossing characteristics

India has a railway network with a route length of 62,495 km, containing 40, 445 level crossings, or an average of one crossing for every 1.5 route km.  Of this total, 16,132 crossings (40 per cent) are manned with some form of barrier protection facing road users, 20,528 (51 per cent), are open crossings with fixed road warning signs, 948 (2 per cent) are road crossings adjacent to canals without barrier protection, and 2,837 (7 per cent) are simple open crossings with neither barrier protection nor fixed road warning signs. 

(b) Level crossing safety record

In 1997/98, level crossing accidents constituted 65 out of a total of 420 accidents (or 15 per cent) of all types on the Indian Railways network. However, in the same year, level crossing accidents accounted for 42 per cent (134 individuals) of all fatalities and 18 per cent (179 individuals) of all persons injured in railway accidents on the network. 

Over the decade to 1997/98, nearly 80 per cent of all level crossing accidents occurred at crossings which were unmanned, and therefore without barrier protection of any kind.  

When related to rail traffic density, level crossing accident occurrences in India over the decade to 1997/98 appear to have stabilized at a rate of about 0.10 accidents per million train-km, as is shown in Figure 2. 

Figure 2: 
 Level crossing accident, injury and fatality rates in India
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By international standards, this is a low accident rate. Among 11 countries surveyed for the ESCAP study (comprising four developed countries, six developing countries and one country with “an economy in transition”), India in 1998 had a lower accident rate than any other country, except the Russian Federation, which reported a rate of only 0.04 level crossing accidents per million train-km. India’s accident rate bettered that of all developed counties surveyed, including that of Japan, which in 1998 stood at 0.36 per million train-km. India’s comparatively good level crossing accident record may be explained in part by the practice (apparently unique among the railway systems of Asia) of normally closing crossing gates against road traffic. In the case of nearly 90 per cent of all manned level crossings, gates are normally closed against road traffic and are only opened when there is a significant traffic build-up on crossing approaches. This contrasts with procedures at protected level crossings elsewhere in Asia, where crossing gates are normally open to road traffic and are only closed before the approach of trains. 


By contrast with its comparatively good accident record, however, India has recently been experiencing a marked deterioration in its level crossing fatality record.  While the low and static accident rate may have indicated some success in restraining the occurrence of level crossing accidents over the decade, the corresponding fatality rate associated with those accidents more than doubled from 0.09 deaths per-million train-km in 1988/89 to 0.21 deaths per-million train-km in 1997/98. On the other hand, the number of persons injured in level crossing accidents per-million train-km fluctuated around a static trend (at about 0.30 persons injured per million train-km) over the decade to 1997/98.


In 1998, India’s level crossing fatality rate was better than those of most developing countries and some developed countries surveyed
, but still the rising trend in its fatality rate gives ample cause for concern and justifies an intensification of efforts by the management of Indian Railways to achieve a significant reduction of level crossing accident occurrences.

What the Indian statistics provided for the ESCAP study do not reveal is where level crossing accidents are occurring and what are the main causes. These statistics show that on average nearly 80 per cent of accidents occur at unmanned level crossings, which by definition in India are without barrier protection, but they do not indicate the types of motor vehicles involved, nor the regions or districts in which accidents occur. They reveal primary accident causes only for the 40 per cent of level crossings in India, which are manned and protected.  Not surprisingly, they show that half of all accidents at manned level crossings over the period 1993-94 to 1997-98 were caused by “open or improperly closed or secured gates”, presumably allowing encroachment of motorized or non-motorized vehicles and people onto level crossings and into the paths of approaching trains. Again not surprisingly, they show that another quarter of all accidents at manned level crossings were caused by road vehicles crashing into lifting or swing type gates or by road vehicles encroaching on crossings after their drivers had broken gate locks and opened crossing gates.

In the absence of adequate supporting data, it would be reasonable to conclude that the disproportionately high level crossing fatality rates in India are attributable mainly to rapidly increasing motorization rates and personal disposable incomes  throughout the country, but particularly in rural communities. Consultations with Indian Railways safety managers suggest that an increasing proportion of collisions at level crossings involve overloaded buses and slow moving farm vehicles driven by inexperienced drivers.  

(c) Responses to the level crossing safety problem

How is Indian Railways responding to this disturbingly high fatality rate in level crossing accidents?  The main response is to attempt to bring down accident probabilities by progressively converting unmanned/unprotected level crossings to manned/protected status. Given the immediacy of the need to resolve the problem of fatalities in accidents at unmanned crossings, this would seem to be a justified response. There is provision in the current five year plan (covering the period 1999/2000 to 2003/2004) for the conversion of 4,449 unmanned crossings, but this represents less than 20 per cent of all unmanned level crossings in the country and serves to emphasize the enormity of the task confronting Indian Railways safety managers. 

In addition to the manning and protection of currently unmanned crossings, the Indian Railways is committed to a programme of grade separating or relay interlocking some of the more densely trafficked level crossings on its network.  During the current five-year plan, a total of 1,063 manned level crossings have been targeted for signal relay interlocking, while road under or over-passes are currently under construction at 339 locations throughout India. Owing to the high cost of these initiatives and (in the case of grade separation) to the necessity of sharing the cost with road authorities and/or private developers, progress has been slow. However, the task of assessing priorities for the grade separation or interlocking of level crossings might be made much easier if the railway management were prepared to introduce QRA (quantified risk analysis) techniques as a basis for this assessment. Using QRA techniques, assessment of accident risks would be made for all level crossings and priority for grade separation or interlocking would be assigned to each crossing in direct proportion to its assessed accident risk.     

Another response of Indian Railways management to the problem of rising fatalities in level crossing accidents has been to expand its involvement in road user education. Unfortunately its small budget limits the means at its disposal for this purpose. Some use is made of the mass media (mainly television and newspapers) to promote public awareness of the need for caution when using level crossings. One effective means of disseminating this message is the use of notice boards in punjayat (or local village) offices to display posters. Since residents of rural areas tend to visit their punjayat offices regularly, this initiative has the potential to reach a wide section of the community. Low levels of literacy in the rural areas of India are overcome by presenting in these posters, as far as is possible, graphic visual images, which can be readily understood by a majority of the community.

2.2.2 Japan

(a) Level crossing characteristics

Level crossings in Japan are subdivided into four classes, depending upon the types of safety devices they incorporate. First class crossings are equipped with barrier protection and flashing road warning lights. Almost all crossings in this class are now unmanned. The second class defines crossings, which are temporarily manned with barrier protection, but there are at the present time no crossings of this type in Japan. The third class includes crossings with flashing lights, audible warning devices and fixed road warning signs, but without barrier protection. Level crossings in the fourth class are equipped only with fixed road warning signs indicating a level crossing (i.e. without barriers, flashing lights and audible warning devices).

There are currently about 37,000 level crossings of all types in Japan, of which barrier protected (Class 1) crossings comprise 83 per cent. Japan’s level crossing population has been declining steadily but continuously over the past forty years, as government policies to abolish, integrate and grade separate crossings have taken effect. 

The numbers of crossings in all classes have declined, except those in the first class, which have actually increased, albeit at reducing rates of growth over the past 20 years. The increasing trend in the numbers of first class crossings resulted from the conversion of fourth class to first class crossings, without going through the intermediate step of conversion to third class crossings. This policy was justified on the basis that crossings equipped only with flashing lights, audible warning devices and fixed road warning signs were found to be ineffective in preventing level crossing accidents, as compared with barrier protected crossings. 

(b)
Level crossing safety record

In 1998, level crossing accidents in Japan numbered 477, or 50.8 per cent, out of a total of 939 railway accidents of all types. By comparison, in 1990, level crossing accidents numbered 754, or 57.6 per cent, out of a total of 1308 railway accidents of all types. In absolute terms, therefore, the number of level crossing accidents decreased at a significantly faster rate than the number of railway accidents of all types, over the 8- year period reviewed.  

Fatalities and injuries in level crossing accidents also comprise a steadily reducing percentage of fatalities and injuries in all types of railway accidents in Japan. In 1998, the share of level crossing fatalities and injuries in the overall numbers for all railway accidents in Japan were 40 per cent and 44 per cent respectively as compared with 48 per cent and 58 per cent eight years earlier. 

Figure 3 shows the trend in level crossing accidents and associated casualties when related to rail traffic density. Significantly, the number of level crossing accidents per-million train-km in Japan almost halved in 8 years, from 0.60 in 1990 to 0.36 in 1998. The ESCAP study showed that the safety performance of level crossings in Japan is comparable with the best of the safety performers in Europe. For example, in 1998, Japan’s accident rate of 0.36 level crossing accidents per-million train-km was only marginally higher than that of France (which recorded a rate of 0.33 in the same year). 

Similarly, declining trends are apparent in the number of level crossing fatalities and injuries expressed as rates per-million train-km. The injury rate, in particular, more than halved in eight years, from 0.28 level crossing injuries per-million train-km in 1990 to 0.12 injuries per-million train-km in 1998. A somewhat slower decline was recorded for the fatality rate, from 0.16 deaths in level crossing accidents per-million train-km in 1990 to 0.10 deaths per-million train-km in 1998. Again, Japan’s level crossing fatality record compares very favourably with all developed countries surveyed, except France, which in 1998 recorded a fatality rate of only 0.05 deaths per-million train-km. 

Unfortunately only limited information was made available for the ESCAP study in terms of where and why level crossing accidents and casualties are occurring in Japan.  While there is little doubt that unprotected level crossings (i.e. those in the third and fourth classes) have recently accounted for a disproportionately high share of all level crossing accidents and casualties, the fact is that the share of these crossings in 

 Figure 3: 
 Level crossing accident, injury and fatality rates in Japan
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Japan’s total level crossing inventory has been declining rapidly. For this reason, the attention of railway safety managers has necessarily turned to improving the safety performance of the first class level crossings, which are now responsible for three-quarters of all level crossing accidents and fatalities and two-thirds of all level crossing injuries in Japan.


The limited data provided for the ESCAP study showed that, in 1998, some 62 per cent of all level crossing accidents were primarily caused by “road vehicle crossing at the same time as the train”.
  The primary cause of a further 19 per cent of all level crossing accidents was explained as “road vehicle stopped on level crossing”.  Since almost all first class crossings are unmanned, these explanations suggest the possibility of a combination of causal events, such as operational failures of the automatic crossing protection devices, crashes of road vehicles through protective barriers, or stalling or grounding of road vehicles on crossings. 

(c) Responses to the level crossing safety problem

-
Technical

The main response of Japanese railway managements to the elimination of these accident causes has been to install optical crossing obstruction detectors (c.o.d.’s) and warning devices at prioritized first class level crossings. The function of these devices is to provide signal warnings to drivers when level crossings are blocked by motor vehicles or other obstructions. When activated by the presence of obstructions (e.g. stalled motor vehicles), they transmit a flare indication to distant signals via short track circuits, allowing train drivers to apply emergency braking and to stop their trains short of the crossing.

Figure 4 :
 Level crossing accident trend vs. installation of crossing

obstruction detectors, JR East Co
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While most of the other railway companies in Japan have now undertaken the installation of c.o.d.’s, the Japan Railway East Company was among the first of the companies to install these devices, beginning about 15 years ago. Their experience is instructive, as can be seen in Figure 4.

This figure shows an almost perfect inverse relationship between the rising number of crossing obstruction detectors and the declining number of accident occurrences at first class level crossings on the JR East network, over the decade to 1997. It must be noted, however, that this marked improvement in level crossing accident occurrences was achieved through the installation of c.o.d.’s at only the most densely trafficked first class crossings, representing less than one third of all first class crossings on the JR East network.

The lessons from the experience of JR East, which might be transferred to the railway systems of Asian developing countries are questionable, given the high cost of c.o.d. installation (of which there will be more discussion in succeeding sections of this paper). However, there is little doubt about the cost effectiveness of the c.o.d. system and its application in developing countries might be justified if application can be limited to crossings with the highest assessed accident risk.


-
Level crossing evaluation methods

The Japanese railway systems differ markedly from other Asian railway organizations in terms of the basis used for deciding on the type of level crossing system which should be installed at various locations. Whereas most Asian railway organizations use combined road/rail traffic, or TM (traffic moment), indicators for this purpose, in recent years most Japanese railways have used an indicator known as the Closed Road Traffic indicator. This is the result of multiplying average level crossing closure time per train by the TM factor. Thus the CRT indicator is the product of the road traffic units, the train traffic units and the level crossing closure time. As such it represents a very crude measure of the economic losses resulting from the blockage of road traffic flows at level crossings, bearing in mind that not all of the road vehicles passing through a crossing in 24 hours are actually detained at the crossing. However, it perhaps represents a better measure than the TM factor for comparing delay potential between countries, since if the TM factors for two countries are of a similar order of magnitude, but the crossing closure time for each is different, then the potential economic losses for each will also be different and a different message should be given to decision makers about upgrading priorities.

The rules applied by the Japanese authorities in theory require the grade separation of a level crossing when its CRT value exceeds 10,000. However, there are many level crossings with CRT values greater than 10,000 and indeed there are some with CRT values greater than 100,000. Consequently, some Japanese Railway Companies have now switched to new indicators.

One of these is JR West Co., which has developed what is known as a Level Crossing Danger Index. This composite index (W) is calculated by assigning scores to different danger elements, as follows:

W =
Z1 (accident history) + Z2 (difference of width between level crossing and road, number of tracks, distance between fixed warning signs and the first rail) + Z3 (train frequency per day) + Z4 (road traffic volume in cars per day) + Z5 (rail traffic volume, e.g. number of passengers per day).

A composite index with a high value will indicate a potentially dangerous crossing, which would be given priority for grade separation. As an example of the method of scoring, if the crossing has on average three or more accidents per year, Z1 will be scored 11, but if the number of accidents per year is one or less than one, Z1 will be scored 3.  Similarly, if there are 10 metres or less between the fixed warning sign and the track, Z2 will be scored 9, but if this distance is greater than 20 metres, Z2 will be scored 3, and so on. The highest scores (and therefore weightings) are assigned to accident history.


-
Motor vehicle driver education 


Another area in which Japanese expertise might usefully be transferred to railway systems in Asian developing countries is motor vehicle driver education. All Japanese railway companies now emphasize motor vehicle driver education. Despite having equipped a majority of level crossings with many and various types of devices, such as automatic barrier systems, audible and visual warning indications, train approach indicators, obstruction warning devices, crossing obstructing detectors, and crossing failure indicators, still the majority of accidents occur on automatically protected level crossings. Further, it is estimated that in Japan 92 per-cent of all level crossing accidents are caused by car drivers. For this reason, railway companies have begun to give priority to campaigns designed to enlighten car drivers. These campaigns have the following elements:

· Public service advertisements in the mass media (TV, radio, newspapers, 
  etc);

· Poster displays in stations and on board trains, featuring photographs taken

  at accident scenes;

· Broadcasting messages related to level crossing accident prevention over

  train public announcement systems;

· Participation in Traffic Safety Weeks held all over Japan in spring and autumn
  (involving distribution of leaflets and other resource materials on accident

  prevention at level crossings);

· Strengthening the resolve of the police to discipline drivers who commit traffic

  offences in the vicinity of level crossings.
 

· Participation in and assistance for school and community education

  programmes covering level crossing safety;

· Presentation of lectures at short courses offered by driving schools and by

  driver licensing authorities for the renewal of drivers’ licenses; and

· Delivery of safety P.R. to the truck transportation industry and motorcar hire

  companies in each region.
-
Future level crossing safety policy

Apart from some significant advances in recent years (such as safety improvements resulting from c.o.d. installation), it may be argued that the major technical improvement of level crossing protection systems in Japan has not resulted in a commensurate improvement of level crossing safety. The realization that such technical improvements were not realizing their goals in terms of improved safety led Japanese railway companies to introduce more radical countermeasures, including :

· Progressive abolition and integration of level crossings with overpasses or 
      underpasses between railway and road. During the past decade, JR East

      Co. abolished 348 level crossings and in a single year (1996) removed 68
      level crossings by this means;

· Accelerated installation of automatic level crossing barriers at unprotected
      level crossings;

· Accelerated installation of crossing obstruction detectors at all first class level

  crossings not targeted for grade separation;

· Improvement of level crossing structures and angles of intersection between

      track and road;

· Strengthening of regulations against unsafe driving practices and road 

      transport operations, e.g. bans on heavy goods vehicles at small level 
      crossings; and

· Improvement of visibility at level crossings, e.g. through the adoption of large

      diameter barriers, double barriers, illuminated sign barriers, etc.

One of the major problems facing the Japanese railway companies is that until now level crossing barriers have not been interlocked with the signals facing trains. This was acceptable while road traffic volumes were relatively low and while the traffic priority of trains over road vehicles was recognized. However, now that road traffic has risen to vast proportions throughout the country, the railway companies need better self-defence and this may well require a change in future to a policy of interlocking all level crossings.

2.2.3 Viet Nam

(a) Level crossing characteristics

Vietnam Railways stands in stark contrast to most Asian railway systems in that officially designated level crossings only comprise one quarter of all level crossings in its network. Unofficial level crossings make up the balance. 

In 1999, Viet Nam had a railway network with a total route length of only 2,712 km, but within this network there were an estimated 4,842 level crossings, both official and unofficial. Thus, with an average of one level crossing for every half a kilometre of route length, Viet Nam has one of the densest level crossing systems in Asia, with more than three times the level crossing density of India. 

Combined with 3,600 unofficial level crossings (which by definition are unprotected against infringement by road users) are another 883 official but unprotected crossings, giving a total of 4,483 unprotected level crossings, representing 93 per cent of all crossings in the railway network. This group has been estimated to account for 90 per cent of all level crossing accidents in Viet Nam.

In Viet Nam, as elsewhere, protected level crossings are those which have some form of barrier protection facing road vehicles in order to prevent their intrusion onto crossings when trains are passing. In Viet Nam, the types of barriers most commonly used are simple full width lifting barriers and trolley gates.

Grade separated intersections between road and rail exist at only 11 locations throughout Viet Nam. Six of these are located within the Greater Hanoi area, of which five date back to the early part of the 20 th century when the French colonial administration constructed a railway viaduct to link up with the Long Bien Bridge across the Red River. Level crossings are therefore the predominant form of road/rail intersection in Viet Nam and are likely to remain so for some time into the future

(b)
Level crossing safety record

No trend information in respect of level crossing accidents in Viet Nam was available for the ESCAP study, but for the period 1988-1998 the number of level crossing accidents was recorded as 2,595, representing 66.3 per cent of all railway accidents during this period. It is likely that there has been a rising trend both in the number of level crossing accidents and in their share of total railway accidents. 

Expressed as a rate per-million train-km, accidents over the period 1988-1998 were estimated to have averaged 12.34 per-million train-km. This was greater than the accident rate in India by a factor of more than 100 and greater than the accident rate in Japan by a factor of 33. 

It has been estimated that 60 per cent of all level crossing accidents occur at unofficial level crossings and that another 30 per cent occur at unprotected but official level crossings.     

The ESCAP study incorporated estimates for Viet Nam of accident, fatality and injury rates per million train kilometres.  It was necessary to make estimates of these rates, since train-kilometre statistics are not maintained, at least at the level of the railway headquarters. Train-kilometre estimates were based on information supplied by the railway in respect of the number of trains and average distances run.

The trend in the number of deaths in level crossing accidents and in the fatality rate per-million train-km is shown in Figure 5. This indicates that the number of fatalities in level crossing accidents increased by an average of 3.5 per cent per year between 1986 and 1998, but that between 1996 and 1998 the rate of increase had risen to 11.8 per cent per year. During the latter period, there was an appreciable increase in average train speeds, which is likely to have had some influence on increases both in the number of level crossing accidents and in the associated number of fatalities.

Figure 5 also indicates a dramatic a dramatic increase in the rate of level crossing fatalities per million train-kilometres between 1988 and 1989 and again between 1997 and 1998. This is explained by the fact that the number of fatalities continued to rise while rail traffic, measured in terms of train kilometres, declined.  No information in respect of trends in the volume and composition of road traffic over these two periods was available.  Nevertheless, it is likely that over these periods road traffic volumes increased significantly, especially in the Hanoi and Ho Chi Minh City urban areas, which have by far the greatest concentration of level crossings within Viet Nam’s railway network.

In 1998, the level crossing fatality rate in Viet Nam averaged about 5.29 deaths per-million train-km, which was greater than the corresponding rate in India by a factor of 25 and greater than the corresponding rate in Japan by a factor of 52.

Figure 5:
Numbers and rates of level crossing fatalities in Viet Nam
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While no information on the corresponding trend in fatalities in all types of railway accidents was made available, over the past decade level crossing accidents accounted for 988 (or 75.2 per cent) out of a total of 1,313 persons killed in all railway accidents in Viet Nam.  Clearly, level crossing accidents claim by far the greatest loss of life in railway operations in Viet Nam.
The trend in the number of injuries and in the injury rate per-million train- kilometres is shown in Figure 6.  

Over the period 1986-1998, the number of injuries sustained in level crossing accidents rose by an average of 3.6 per cent per year, but during the three year period 1995-1998 the average annual increase was 18.2 per cent. In common with level crossing fatalities, it is considered that increasing train speeds contributed to the recent dramatic growth in level crossing injuries. Expressed as a rate per-million train- kilometres, the number of level crossing injuries reached 10.40 per-million train-km in 1998. This was 36 times greater than the rate recorded in India and about 85 times greater than the rate recorded in Japan in the same year.
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Figure 6:
Numbers and rates of level crossing injuries in Viet Nam
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(c)
Responses to the level crossing safety problem


Since accidents at level crossings represent nearly two-thirds of all railway accidents and account for more than 75 per cent of fatalities and more than 81 per cent of injuries in all types of railway accidents in Viet Nam, it becomes a matter of crucial importance to enforce new safety measures which can eliminate or minimize accidents of this type.  

Of paramount importance is the need for the railway to take action to close, or provide protection for, all unofficial level crossings on its network. However, the techniques available for automated level crossing protection are not affordable for Vietnam Railways and, given the relatively low cost of labour, it is likely that any safety enhancement programme would have to focus on extension of manual protection to currently unprotected crossings.  Exceptions would be a limited number of crossings in Hanoi and Ho Chi Minh City, where both road and rail traffic volumes and potential time savings for road users would justify consideration of automatic protection systems with delay minimizing features.

To assist the process of prioritizing measures to improve level crossing safety, it will be essential for Vietnam Railways to improve the system for safety data capture and to re-define the criteria used for determining which level crossings should qualify for grade separation or equipment upgrading.  The present “Traffic Moment” indicator used to identify those crossings for which grade separation should be provided is only 20,000 per day, as compared with 100,000 per day in India. Further, road traffic counts are not taken as a matter of routine, or indeed ever, and accident statistics are manually maintained only at the level of each of the three administrative divisions (usually called “Union Railways”). 

It is therefore impossible for headquarters staff to decide upon priorities when they have neither the ability to determine which level crossings have particularly poor safety records, nor the ability to determine the trend in road traffic density for individual crossings.

Vietnam Railways stands to benefit substantially from knowledge transfer arrangements with other more advanced railway systems in Asia and for this reason would be a beneficiary of any move to establish partnerships with other systems for the promotion of railway safety throughout the region. 

2.3 Recommendations for Level Crossing Safety Improvement

The ESCAP study offered the following recommendations as guidelines for consideration and possible application by the railway managements of the region in dealing effectively with their level crossing safety problems:

(i)
The railway managements of the region should re-evaluate their approach to monitoring level crossing safety and to setting priorities for implementing safety enhancement measures for level crossings on their respective systems.

In particular, it was suggested that they should give careful consideration to introducing effective Safety Management Systems along the lines of a model system outlined in the ESCAP report.

(ii)
Wherever justified by the combined density of road and rail traffic, the railway systems of the region should give first priority to the grade separation of their level crossings.

It was observed that while grade separation is undeniably the most effective means of enhancing level crossing safety, the cost of constructing road under or over-passes is very high and often beyond the financial means of some of the railways of the region.  It was stressed that choice of this solution must therefore be influenced strongly by a realistic assessment of the combined density of the road and rail traffic likely to use current road/rail intersections.

(iii)
Desirably, all railway systems of the region should carry out regular safety audits and risk assessments for all of their level crossing installations.

It was claimed that use of a Safety Management Information System supplemented by application of risk evaluation techniques along the lines of those outlined in the ESCAP report would improve the capability of railway managements to identify and prioritize level crossing safety enhancement measures.

(iv) 
Railway managements should take action either to close, or to provide effective protection for, all “unofficial” level crossings on their systems.

It was observed that, In the case of some railway systems of the region (notably that of Viet Nam) substantial improvement of level crossing safety will simply not be possible unless the unofficial crossing problem is addressed effectively. 

(v)
Rather than committing scarce capital funds for the acquisition of sophisticated automatic systems of level crossing protection, railway managements should adopt a policy of manning currently unprotected crossings and equipping them with inexpensive locally manufactured barrier and warning systems, wherever this is indicated by assessments of traffic density and/or adverse physical factors at specific crossings.
It was observed that while labour costs are still inexpensive in most countries of the region, manually operated level crossing barriers and warning systems (perhaps complemented by electrical activation mechanisms) provide the most cost effective method of providing a maximum level of safety - at all but the most densely trafficked crossings, which in any event would normally qualify for grade separation.  It was claimed that alternative automatic protection systems (especially the half-barrier systems widely used in Europe) do not have a particularly good record of safe operation and, in the absence of crossing protection staff, would require the installation of expensive crossing obstruction detectors in order to guarantee minimum levels of safety.

(vi)
Railway managements should actively seek funding assistance for level crossing improvements or grade separation from road authorities.

It was stressed that there is a particularly strong argument for such an approach when road traffic is shown to be growing at a faster rate than rail traffic.

(vii)
Railway managements should be prepared to develop carefully targeted campaigns directed at the education of level crossing users and to ensure that adequate priority is attached to the funding of these campaigns.

In the light of rising levels of disposable income and motorization throughout the region, the railways of the region were urged to intensify their efforts to improve level crossing safety awareness throughout the communities they serve.  While it was recommended that wide use should be made of the mass media (newspapers and television), it was stressed that note should be taken of simpler, but effective, methods of delivering public education programmes. The use of punjayat, or local village council, offices in India as a vehicle for disseminating level crossing safety information was commended as a suitable model for adoption by other railways of the region.


It has to be observed that the effectiveness of these recommendations in producing real improvements in level crossing safety standards would depend critically on strong cooperation between the railway organizations of the region and a diverse group of stakeholders with a shared interest in the improvement of safety at road/rail intersections. This leads on to a discussion of the benefits to be gained by establishing partnerships between railway organizations and these stakeholder groups in the interests of safety enhancement.

3. Partnerships for railway safety improvement

Level crossing safety affects everyone. The consequences and costs of level crossing accidents are borne by whole communities, not just by railways, their employees and their passengers. Thus a solution to the level crossing safety problem depends crucially upon co-operative relationships, or partnerships, being established between railways and diverse groups in the community. Since these groups have as strong an interest in resolving level crossing problems as do railway managements, they may be regarded as stakeholders in level crossing safety improvement.

Of course, much of what is being proposed in the context of level crossing safety will apply with equal validity to other railway safety issues, but the concept of partnerships is particularly valid for level crossing safety, which more than any other aspect of railway safety involves an interface between railways and the wider community.

Safety partnerships are seen as relevant at three levels:

· Partnerships between railways and the road user community

· Partnerships between railway managements and the railway workforce

· Partnerships between and among railway organizations

3.1 Partnerships between railways and the road user community

It may be argued that in addition to road users themselves, the road user community includes the whole range of organizations responsible for: management and planning of road infrastructure; administration of road safety; law enforcement; and public administration and urban planning.

In most countries of the region, road management authorities are responsible for provision and maintenance of the road approaches to level crossings, including fixed road warning signs (outside of the railway boundary), pavement markings and carriageway separators.  

In some of the countries participating in the ESCAP study the poor physical condition of the road pavement at the approaches to and on the crossing itself was cited as a frequent cause of accidents. For example, in India the “grounding” of low-slung road vehicles on unprotected level crossings on secondary lines was identified as a frequent accident contributor, while in Japan, “road vehicle stopped on level crossing” and “road vehicle infringed level crossing clearance limit” appeared to explain 32 per cent of all level crossing accidents in 1998 and may in part have resulted from the condition of the pavement at the approaches to level crossings.

In Viet Nam, an inspection of assessed high-risk level crossings on the southern outskirts of the city of Hanoi during the ESCAP study revealed:

· Severely restricted track visibility at the approaches to most of the crossings

  visited. In some cases, it was not possible for motorists to have a clear view

  of the track in both directions until they had nearly entered the crossing; and

· Placement of road warning signs too close to the track to be able to provide

  motorists with adequate advance warning of a crossing. In the case of some

  of the crossings visited, only one warning sign-board was provided either side

  of the track and it was situated not more than 1.5-2.0 metres from the nearest

  rail. 


The study report went on to observe that the restricted visibility of of the track at some locations was “clearly caused by the dense concentration of shophouses too close to the track”.
  It urged the railway organization through the Ministry of Transport to check whether existing building regulations provided for the adequate spatial separation of buildings from the boundary of the railway right-of-way, and if they did not, to have these regulations amended accordingly. Clearly, the findings of the ESCAP study in this case demonstrate a need for there to be formalized cooperation between the railway, the road management authority and the city planning department in order to resolve persistent problems at the physical interface of road and rail.


Since grade separation has been identified by the ESCAP study as the most effective means of enhancing level crossing safety, it follows that railway organizations should, wherever possible, give first priority to the grade separation of their more densely trafficked, riskier level crossings.
  The difficulty with this proposition is that the cost of grade separating existing level crossings is prohibitive and certainly beyond the financial means of most Asian railway organizations. For example, a costing of road overpasses for a new railway construction proposal in which the author was recently involved in Malaysia indicated that the provision of a bridge crossing over a four lane divided highway would cost of the order of US$ 4 million. 

 It is now common practice for governments in the region to specify grade separation of road and rail for all new railway projects but, in general, no requirement is imposed on railways to grade separate their existing level crossings. Neither is there a requirement for the cost of grade separation to be shared by road and rail authorities. One notable exception to this general rule is India, where state road authorities are obliged to contribute 50 per cent of the cost of agreed grade separation projects.

There is a demonstrable need for formalized cooperation between road and railway authorities to address these issues effectively, as indeed there is in the case of road user education programme development and in the strengthening of road law enforcement. While the appropriate forums for co-operation frequently exist in major cities
, they are notably absent in rural areas, where most level crossing accidents occur.

3.2 Partnerships between railway managements and the railway workforce
In many Asian countries, railway operations personnel work constantly in harm’s way. Train drivers, in particular, face added danger when operating on lines with a dense concentration of unprotected, and in many cases unofficial, level crossings: the risks of collisions with large road vehicles, resulting in the derailment of trains, are omni-present. These risks are increasing with increases in:

· Train speeds;

· Motor vehicle traffic (in response to growing rates of motorization and private vehicle ownership);

· Truck and bus weights, dimensions and carrying capacities.

Often as the result of pressure from employee organizations, initiatives have been taken to afford train crews a greater level of physical protection in the event of collisions either with other trains or with road vehicles. Design improvements to, and structural strengthening of, locomotive or railcar driving cabs are examples of such initiatives. Still, train crews continue to be exposed to an unacceptably high level of risk when driving their trains through level crossings with little or no protection against the consequences of encroachment by road vehicles driven by impaired, negligent, ill-trained or incompetent drivers. 

Further, in most countries of the region, railway staff may individually be subject to legal prosecution if there is any question about their failure to adhere strictly to the operating rules and regulations of the railway organization, which employs them. For this reason, there have been cases within the region of train drivers exercising extreme caution when operating their trains through high risk level crossings with bad accident histories, even to the extent of slowing to speeds of 15 km per hour or less. Although, in the circumstances, no fault may be ascribed to train drivers, this practice has in made it practically impossible for some railways to maintain train schedules on some of their lines.  

These examples serve to emphasize that railway workforces, as well as railway managers, have a strong vested interest in improving safety levels and standards on their systems. Managers must understand the critical importance of involving experienced railway operations staff, including train drivers, station staff and train controllers, among others, in efforts to improve safety monitoring, standards and performance. Several of the railway organizations surveyed in the course of the ESCAP study appeared to lack even the most basic of information about the equipment status, physical condition and accident histories of their level crossings. These deficiencies might easily have been rectified had the management of the railways concerned developed a co-operative relationship, or partnership, with their staff. 

There can be no effective substitute for practical advice from operators with an intimate knowledge of the conditions and factors affecting safety at individual locations on a railway system. The vast practical experience, knowledge and expertise of railway operating staff should be tapped in order to develop the information systems needed for the effective monitoring of safety conditions and performance at level crossings, to establish priorities for level crossing protection and upgrading, and to make informed decisions about the selection of level crossing protection equipment. 

3.3 Partnerships between and among railway organizations
Asian railway organizations stand to benefit greatly from an exchange of knowledge and expertise with one another. This applies as much to the field of railway safety as to other aspects of railway management (general, technical and commercial).

In the context of level crossing safety, many of the region’s railways share common problems, but differ widely in the level of resources available to them to combat these problems. At one level, scope exists for cooperation among railway organizations in the development of safety management information systems and a common approach to the assessment of level crossing safety risk as a basis for setting priorities for crossing protection and upgrading.

At another level, in the technical assessment and choice of level crossing protection and warning systems, railway organizations stand to gain more from co-operative arrangements with one another than just an exchange of information and expertise. The ESCAP study demonstrated that while a wide range of technical solutions to the problem of level crossing protection exists, many of these solutions are probably not affordable for some of the region’s railway organizations. 

For example, a simple automatic full width barrier system costs about US$ 24,000 to install, per crossing.
 If the barrier mechanism is to be complemented with a crossing warning signal, a train approach indicator and a crossing failure indicator, a further US$ 5,000 would be added to the cost, for an all-up cost of nearly US$ 30,000 per crossing. The all-up cost for installation of this equipment on a 200 km line containing 200 crossings would be US$ 6 million. Installation of more sophisticated warning and protection systems (e.g. those incorporating crossing obstruction detectors) is likely to carry a cost of more than US$ 100, 000 per crossing. 

Costs of this magnitude are likely to be well beyond the financial resources of many of the region’s developing country railways to absorb on their own.  However, if they can co-operate to standardize in the selection of equipment, they then have the possibility of placing joint orders with equipment suppliers to bring down costs significantly. Alternatively, they can co-operate in the joint purchase of low cost manually operated equipment, such as simple lifting barriers or swing-gates, much of which may be manufactured within the region. India is an example of a country, which has opted, with some measure of success, for simple manually operated barrier systems of local manufacture. There is considerable scope for the Indian Railways to transfer some of its extensive experience and expertise to other railway systems. It could do this by forming its own partnerships with other systems, or by making use of the mechanism for cooperation provided within the framework of existing regional railway forums. 

Within Asia, two forums for railway co-operation already exist – in the form of the annual ASEAN Railway General Managers’ Conference and in regional meetings on railway management and development issues convened by ESCAP.  

The first ASEAN Railway General Managers’ Conference was convened by the ASEAN secretariat some 23 years ago. Seven ASEAN member countries (Cambodia, Indonesia, Malaysia, Myanmar, Philippines, Thailand and Viet Nam) have railway systems, while another (Singapore) has a railway owned by a neighbouring country running through its territory. The ASEAN General Managers’ Conference provides an opportunity for railway management personnel from these countries to exchange views, information and expertise on a wide range of issues, including those related to safety. A review of the agendas of recent meetings revealed that only infrequently do railway safety issues feature in the discussions at these meetings. Nevertheless the potential exists to make greater use of this valuable forum to achieve greater co-operation among ASEAN member railways in matters of safety.

No similar forum exists in any other sub-region of Asia, but ESCAP has done much to fill this void, through biennial meetings of its Transport Committee (formerly Committee on Transport and Communications), through its sponsorship of specialized studies (such as the Evaluation of Cost-Effective Systems for Railway Level Crossing Protection) and through the convening of regional meetings with a specialized focus on railway management and development issues.  

3.4
CONCLUSIONS  


More than any other aspect of railway safety, level crossing safety has an impact on the wider community. The costs and consequences of accidents at level crossings are borne by the wider community, which has at least as strong an interest in finding effective and lasting solutions to this persistent safety problem as the employees, passengers and freight customers of railway organizations. Potentially, therefore, railway organizations have much to gain from establishing co-operative relationships, or partnerships, with stakeholder groups at three levels for the purpose of eliminating or at least reducing level crossing accident occurrences. These groups are:

· the road user community (including road user groups, road construction, maintenance and management authorities, road safety authorities, urban planning authorities, and law enforcement authorities);

· railway employees – in particular, railway operating staff, including train drivers, station and train control staff, who will be able to bring a wealth of practical experience to bear in finding solutions to problems associated with the safety of level crossings;

· other railway organizations, which will be able to contribute solutions borne out of wide experience in the monitoring and management of level crossing safety.

Given the potential benefits of co-operation, it is surprising that few Asian railway organizations appear to have taken full advantage of the opportunities for establishing partnerships. Many seem to be saddled with the flawed and narrow view that level crossing safety is properly the responsibility of railway organizations alone. 

The absence of effective cooperative relationships among all stakeholder groups is reflected in a worsening trend in the level crossing safety performance of several Asian countries. In 2000, the ESCAP study of level crossing safety demonstrated that in some countries level crossing accidents and casualties account for the largest and fastest growing share of all railway accidents and their associated casualties. This is especially true of the Southeast Asian countries (notably Thailand and Viet Nam). In other countries (for example, Bangladesh and India), although level crossing accidents account for a relatively small proportion of all railway accidents, they account for a disturbingly high proportion of all deaths and injuries in railway accidents. 

Among Asian countries, responses to the level crossing safety problem vary widely – from a focus on high technology solutions and road user education in Japan to a focus on low technology, labour intensive and low cost solutions in India to almost no effective action in the case of Viet Nam.  While these differences reflect wide differences in levels of development and in the quantum of resources available to the railways of Asian countries, they also provide a strong indication of the potential for beneficial cooperation among railway organizations to work towards the essential goal of achieving safer level crossings and safer railway operations throughout the region. 
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�  ESCAP, Evaluation of Cost-Effective Systems for Railway Level Crossing Protection, United Nations New York, 2000.


�  It has to be noted that train-kilometres is not a homogeneous measure of risk exposure, since passenger trains will generally expose many more persons to level crossing accident risk than freight trains. Nevertheless, train-km is a basic operating statistic for most railways and is generally available separately for passenger and freight trains.


�   There is evidence to suggest that a majority of fatalities occur at unmanned and unprotected level crossings and involve slow moving motorized farm vehicles driven by inexperienced drivers.


�  For the countries surveyed, level crossing fatality rates ranged from a low of 0.01 deaths per million train-km (recorded by the Russian Federation) to a high of 5.29 deaths per million train-km (recorded by Viet Nam). Notably, France and Japan among the developing countries surveyed recorded level crossing fatality rates which (at 0.05 and 0.10 per million train-km, respectively) were significantly lower than the Indian rate.  


�  Indian Railways Country Paper, submitted for ESCAP Level Crossing Study, 2000.


� Information from Japanese Transport Ministry sources


�   Japanese traffic safety regulations are unambiguous in that they require drivers to stop before proceeding across any level crossing, except when permitted to proceed by the relevant signal indications


�   ESCAP, Evaluation of Cost-Effective Systems for Level-Crossing Protection, UN, New York, 2000, page 42.


�  ESCAP (2000), page 42.


�   ESCAP (2000) , page 125.


�  A good example is the Office of the Commission for Management of Land Communications, established under the Prime Minister’s Office in Thailand for the co-ordination of all inputs by government authorities to land transport management within Bangkok. 


�  ESCAP (2000) ,  page 117.
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