The Shinkansen and the Environment:

Friend or Foe?
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This paper will focus on the environmental record of the shinkansen by using the five senses – sight, hearing, smell, touch and taste. It is just one small part of a much greater study that I am conducting about the shinkansen – its history, development, the way in which it reflects many aspects of Japanese society, and how it has become a symbol of Japan. The shinkansen has become a symbol of modern Japan, particularly the image of the shinkansen passing in front of Mount Fuji. It is an image that is used on the front cover of many books, and tourist information, etc. It started in 1964 in time for the Tokyo Olympics. Yet its history dates back to the time of the Pacific War. With the success of the opening of the Tōkaidō Shinkansen, the original route between Tokyo and Osaka, plans were put forward for further routes. Figure 1 shows the shinkansen network in 2004.

Sight

Despite the expansion of the network, there have been problems with building the shinkansen. This is particularly the case with the Tōhoku Shinkansen between Ōmiya and Tokyo, where the construction suffered from NIMBYism – that is to say, ‘Not in my back yard’. However, it should also be noted that opposition to the construction of the shinkansen was also a ‘game’ for some. The construction of the Tōhoku shinkansen south Ōmiya was during the time of Japanese National Railways (JNR), before it was broken-up and privatized. Opposition to further construction was found to be an effective means to increase the amount of compensation that was paid by the government to those along the route (see Konno 1984). However, in the case of the Narita Shinkansen, the opposition led to the abandonment of the construction, although some initial work, which can still be seen near Narita Airport, can still be clearly seen to this day.

The nature of the lines has changed. It is elevated sections that are on stilts (see Figure 2) that are considered particularly ugly. But more and more of the shinkansen network is being built in tunnels for various reasons. For example, as much as 70% of the initial section of the Kyushu Shinkansen is in tunnels. This has led me to the conclusion that Japan appears to be building the world’s fastest underground service. Although the elevated sections are practical in many other respects – little imagination has been used in considering their impact upon the environment in terms of their unsightliness. Compare this to the classic designs of some bridges, for example, used in other countries, where some attention appears to have been paid to the way that the construction blends in with the local environment.

Similarly in the past not a great deal of attention appears to have been paid the way in which shinkansen stations have been designed in terms of aesthetics. This is perhaps particularly true of the original section of the Tōhoku Shinkansen and Jōetsu Shinkansen. More attention is now being paid to the design of the stations. For example, Izumi station has a design which incorporates the shape of cranes – for which the area is famous – into the roof of the station building. Other striking examples can be found along the Yamagata Shinkansen, the Hokuriku Shinkansen and the extension to the Tōhoku Shinkansen. Perhaps this shift is a reflection of the shift from the shinkansen being an integral part of toshi-keikaku (city planning – which was largely a national policy) to having to better respond to the demands of machi-zukuri (town building – which is more responsive to local demands). 

The design of the trains themselves have always been impressive. Although it is said that ‘beauty is in the eye of the beholder’, the designer of the original shinkansen was only satisfied with the design when it could be described as being beautiful, seemingly regardless of its performance (NHK 2001). During the past few decades, and particularly since privatization, the idea that ‘good design is good business’ has come to prominence. This especially so of JR Kyushu, where this phrase is one of the company slogans, and at JR West. Good design, in terms of attractive colours and comfortable interiors, can not only lead to the winning of design awards from those in the railway industry, but apparently also lead to increased passenger usage.
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Figure 2 – Tōhoku Shinkansen to the south of Ōmiya

Hearing

Noise is a particular problem with any form of transport, and no less so the shinkansen. The significant problem in the case of the shinkansen has been when the trains enter and exit tunnels. Standing next to a tunnel when the trains enter and exit tunnels is quite an experience. For not only is there noise, but a noticeable movement of the air also. Constructions have been made at tunnel entrances (see Figure 3) to try to reduce the impact of this pollution – especially along the Sanyō Shinkansen where there are a large number of tunnels.
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Figure 3 – 300 series shinkansen appearing from a tunnel that has new noise-reduction measures built around it

Line-side noise has also been a major problem. Many studies have been done, and are still on-going, about how to reduce this. The Railway Technical Research Institute (RTRI) has the world’s largest wind-tunnel research facility in Maihara (near Maibara station) that has been used in this capacity. It is often thought that it is the front of the train that is of greatest significance in the creation of noise and attempts to reduce it. Indeed even company information pamphlets tend to emphasize work done on making improvements in this area. However, due to the great length of some of the trains (approximately 400 metres in the case of most Tōkaidō and Sanyō shinkansen, for example), it is in fact the side of the train that has the greatest impact. The trains have also been made lighter which helps to further reduce the amount of noise pollution.

Noise pollution laws were strengthened during the 1970s. This happened to coincide with the time when the Tōhoku and Jōetsu Shinkansen were being built. The resulting work done on these lines can be clearly be seen today in the form of high walls that run along the train, which are particularly evident if you are sitting on the lower deck of a double-decker shinkansen as you see almost nothing but the wall for the entirety of the journey. One consequence of the law changes was that it further pushed up expenses on the already expensive construction works – due to the need for long tunnels on both lines amongst other reasons. The issue of noise pollution became such a problem, that one case that was brought by local citizens’ groups in the Nagoya area nearly led to the imposition of a lower speed limit in the area, which would have meant the shinkansen operating at less than one-third its maximum operating speed (Groth 1986; Groth 1996; Semmens 2000: 23).

Smell

In this section I am concentrating on the emissions from the shinkansen in comparison to other forms of transport. Obviously the shinkansen consume enormous amounts of electricity. One area that is currently being developed to help in this respect is the use of solar power. For example, the roof of the platform area of Kyoto station has solar power panels. As this is an area that is still in its developmental stages and is expensive, such panelling has not yet been installed in the new shinkansen stations. Despite the high usage of electricity, the shinkansen has significantly lower levels of CO2 emissions (see Figure 4).
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Figure 4 – Comparison of CO2 emissions by different forms of transport, taking the shinkansen as a basis (weighting of 100). Source: Japan Railway Construction public Corporation 2002. The latest models of shinkansen (700 series) are believed to be twice as efficient (Kasai 2003).
However, what is of interest in this area of the environmental debate is that the government appears to be more sympathetic to the airline industry than the shinkansen. Although undoubtedly having his own agenda, Kasai (2001; 2003), Chairman of JR Central, has been particularly critical of the way in which the government has intervened to the benefit of the airline industry but to the detriment of the railway industry, the environment, the public and passengers. If the price of tickets were to better reflect the environmental impact of the two forms of transport, one would see both a reduction of shinkansen tickets and increase in the price of plane tickets. This point is clearly made in the following statement by Kasai

‘The emission of CO2 per unit of transport volume of the 700 Series Nozomi is one-tenth that of a Boeing 747, and its energy consumption is one-sixth. The total capacity of Haneda… is about 720 departure and arrival slots per days, of which about 110 are for flights to and from Osaka, Okayama and Hiroshima. If the 700 Series Nozomi replaced these flights, CO2 emissions would be reduced by 200,000 tons per year. This is the equivalent of one month’s CO2 emissions from all domestic flights in Japan. Scarce slots would be much better utilized for long-haul and international flights where planes, of course, have a clear competitive advantage. The twisted logic of the profit adjustment system has been greatly to the detriment of the Japanese people.’ 
Kasai 2003:171
A final point to make on the issue of smell, is the issue of smoking. Over the years the number of no-smoking carriages on the shinkansen have been gradually increased. This is, of course, of great benefit to the environment, and health, of many passengers, as well as reducing costs – due to the greater ease in cleaning – of the JR companies. However, there are always likely to be at least some provisions for smoking on the shinkansen. The reason for this is that it provides a way for the companies that have longer routes (such as the Tokyo to Hakata route) to better compete with airlines. Smoking rates remain high in Japan and so the shinkansen operating companies feel that by allowing something that airlines are tending to prohibit, it will may give them an opportunity to better compete over distances where planes have the relative advantage.

Touch

Due to the increased concerns about the environment, there are now attempts to increase the usage of recyclable material in the construction of the shinkansen. In fact there are seven factors in improving the construction of any product in this respect; (1) using recyclable material, (2) using recycled material, (3) using biodegradable material, (4) using very long life material, (5) using material that is non-toxic and replacing non-recyclable material, (6) using high natural affinity material such as wood and apatite, and (7) using material made from renewable resources (Kirimura et al. 1997).
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Figure 5 – Resource recycling of the 200 series. Source: JR East
The 200 series shinkansen, which is one of the older models that has been in use on the Tōhoku and Jōetsu Shinkansen since the early 1980s, has been broken up for recycling in recent years as it has reached the end of its service life. 91% of the train is recyclable (see Figure 5). The way in which the 200 series is broken up can be seen in Figure 6. More recent and future designs of shinkansen are expected to be even higher than this.

One area that has gained increasing amounts of interest in recent years is Life Cycle Assessment (LCA), which is ‘a technique for evaluating the environmental impacts associated with a product throughout its life cycle’ (Nagatomo et al. 1997). In other words, LCA takes account of the environmental impact of a shinkansen, in this case, from the moment that construction begins until it is finally broken-up at the end of its service. It attempts to look at all aspects of its environmental impact, although naturally this can be quite difficult – for example, in keeping track (or making predictions about) all of the energy and parts used in its maintenance. One reason why it is proving a popular method amongst the JR companies is that there is a realization that once again the railway sector has a huge advantage over both air and road transport in this respect. It is possible that those companies which are looking to further expand their shinkansen lines, or to develop a new line, will use this argument to further their cause.

Taste

If one considers what takes place on board the shinkansen, one area where there has been a significant change in recent years has been the increased popularity of bentō (lunch boxes) and the consumption of canned or bottled drinks. This has led to the withdrawal of both buffet cars and also the free water dispensers in newer models of shinkansen. Naturally, with more passengers bringing their own food and drink onto the trains, there are increasing amounts of rubbish being disposed of. On both the trains, though more obviously on the platforms, there are different bins provided for the different types of rubbish – glass bottles, PET bottles, cans, papers and magazines, and other rubbish. On a recent trip I noticed there were even announcements encouraging people to segregate their rubbish. Ironically there were, for the first time that I have noticed in my years of using the shinkansen, people cleaning carriages before it reached its terminal, although in this case all rubbish was put into one bag rather than segregating it. This remains an area where further improvements could be made it would seem.

Environmental Challenges

This paper would not be complete if it did not address the various environmental challenges that it has to face. 

The first of these is rain. Japan is a country which suffers from very heavy rainfall (about twice the amount in much of Europe and the USA, for example, although the number on which rain falls tends to be less), particularly during the ‘Rainy Season’ in late Spring/early Summer, and during the Typhoon season during the late Summer. The elevated sections of the shinkansen help in maintaining services during heavy rainfall. However, if the amount of rainfall per hour or the total amount of rain in the previous 24 hours reaches certain levels, then services have to respond to a speed limitation or are stopped altogether (Noguchi and Fujii 2000). Such stoppages can be very long – in 2000, some passengers were stranded for 18 hours during a typhoon.

Snow is particular problem for the shinkansen running north from Tokyo, although the Tōkaidō Shinkansen can also be badly affected between Gifu-Hashima and Maibara. The Jōetsu Shinkansen suffers from the worst snowfalls, and so a large amount of money was spent installing a sprinkler system to combat the snow. In some areas there is one sprinkler every 6 metres, that can expel 40 to 70mm of water per hour; tunnels and snow sheds are used in worst affected areas; there are fans to keep snow off the overhead cables; heaters on points that may otherwise freeze; and the trains have been specially designed to cope with the conditions. Although the system was expensive to install and also expensive to run, it is worth noting that during the first winter of operation only one train was cancelled and relatively few were delayed (Umehara 2002: 66-7).

Wind can also be a problem in Japan, particularly during the Typhoon season. As with the rain, there are speed limits – and eventually service suspension – if the wind becomes too strong. Naturally, areas of the Shinkansen line that are in tunnels are not affected by the wind, whereas elevated sections and bridges can be severely affected. 

The final significant environmental challenge that the shinkansen has to face is earthquakes. Japan experiences more earthquakes than any other country on the planet. Due to the speed at which the shinkansen travels, it has been necessary for research to be conducted on making the system as safe as reasonably possible. The shinkansen is protected to some extent by a detection system that uses the primary waves given off by an earthquake, allowing trains to begin slowing down before the main, powerful, secondary wave strikes. It is unlikely that there would be enough time to actually stop a train as the amount of warning is unlikely to be more than around 20 seconds, and it takes about two minutes to stop a shinkansen from full speed. Since the 1995 Great Hanshin and Awaji Island Earthquake, emphasis in construction has also changed to one that attempts to ensure that trains are protected even at the expense of repairs being needed on the line infrastructure (Noguchi and Fujii 2000).

Regional Development

Before drawing this paper to a conclusion, it is worth pausing to consider the shinkansen’s impact in the area of regional development. This was an area where the shinkansen was expected to have a positive impact and was the basis for much of the expansion of the network. Regional development in itself should be a good thing, by bringing greater equality and access to the benefits of modernity to all areas of a particular country. On the whole, however, regional development is not consistent with being environmentally friendly (since modernity in itself, due to the use of factories, non-recyclable materials in conurbations and products used by inhabitants of those conurbations, etc tends not to be environmentally friendly). As a consequence, this is likely to have led the shinkansen in a direction of not being particularly environmentally friendly.

It should be of no surprise, therefore, that this is an area that many have focused their attention on when looking at the negative impact of the shinkansen. This has been especially so due to the apparent nature of Japanese politics that is said to have a heavy reliance upon pork-barrel politics. The best used example of this is the Jōetsu Shinkansen. This line became notorious due to its association with the powerful Liberal Democratic Party (LDP) politician Tanaka Kakuei. Tanaka eagerly promoted both the improvement of the link between Tokyo and his home prefecture of Niigata, and of a nationwide shinkansen network. The Jōetsu Shinkansen itself cost ¥1.7 trillion in total, or ¥8 billion per kilometre. As was mentioned before, part of the reason for this cost was the change in the environmental laws. However, the line also passes through a particularly mountainous area and construction was hit by some unexpected problems due to the tunnels needed to pass through the mountains. Despite this, there remains a belief that the costs were higher than they needed to be.

These sorts of large scale projects, combined with the apparent cosy link between the LDP and construction companies, has led to criticisms that Japan uses too much concrete and too much money on them. However, if one looks at what the projects are – rather than necessarily the cost of them – there is generally a reasonable argument for their existence. Even the much maligned tetrapods, which have a negative impact on the visual environment of an area, have a justifiable basis for their usage.

Conclusion

Bringing together the points that have been made above, it would appear that there is a need for the construction of the Hokkaido Shinkansen. The air route between Tokyo and Sapporo is the busiest in the world. Yet, based on the situation on other lines, it is likely that a shinkansen linking these two cities would account for at least 60% of the market. This could significantly reduce overall environmental costs, and on the basis of LCA would also be the most effective use of resources.

Similarly, there may also be a need for the Chūō Shinkansen. This would be the linear (‘maglev’) shinkansen, with trains operating at over 500km/h. In the area of the environment, it would help to further reduce the usage of planes between Tokyo and Osaka; it would mean that the number of trains on the Tōkaidō Shinkansen (which was constructed at a time when environmental laws were less strict and goes through densely populated areas near to housing) could be reduced; it would be largely built in tunnels; it is less likely to be affected by large earthquakes in the Tōkai region.
The government, which appears to have favoured the airline industry to date, needs to ensure that in the future prices of tickets better reflect the environmental impact the different modes of transport have. This is something that market forces do not apparently seem able to influence.

As more and more housing is built near existing shinkansen lines, attention will need to be given to how to address the noise pollution, in particular, that the residents suffer. The cost of preventative measures, and who pays for it, is likely to be a key area in the future.

Overall, the shinkansen is a friend, environmentally, but more will need to be done in the future so as not to take its advantageous position for granted and to keep its position as a leader in this respect.
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Figure 1 – Shinkansen network in 2004. Figure shows current lines (shown in blue, in the case of the Tōkaidō Shinkansen, and black for other lines, the mini-shinkansen (shown in purple),lines under construction (shown in white), future routes (shown in yellow) and the linear shinkansen route (shown in red)



Figure 6 – Procedure of recycling a 200 series shinkansen. Based on figure received from JR East
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