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Abstract

Railway networks developed quickly in the nineteenth century and played a key role in
shrinking space and reshaping patterns of development. However in island countries the
development of national railway networks required the additional, and often overlooked,
innovation of train ferries. Train ferries reduced loading and unloading time and costs
substantially, and collapsed time-space. This research focuses on Denmark’s pioneering
role in building a national railway network in an island country, with international con-
nections to Sweden, Germany and Norway, by establishing 18 roll-on roll-off train ferry
routes from 1872 onwards. Denmark’s last train ferry only ceased operation in 2022,
ending a globally unique era of 150 years of train ferry services. Historic ferry, train
and steamship timetables are used to measure the reduction in time-distance resulting
from train ferries replacing conventional ships. Later innovations in road and rail fixed
links and vehicle ferries replaced train ferries. This completed the process of
Denmark moving to a continuous land-based transport system connected to more
than 99% of its population. Analysis of historic timetables and other data shows that
the development of train ferries in Denmark had the largest effect in collapsing time-
space, but they only operated intermittently, whereas fixed link bridges and tunnels
have subsequently had a smaller effect in collapsing time-space, but crucially provide
continuous connections.

Corresponding author:

Richard D. Knowles, School of Science, Engineering and Environment, University of Salford, Manchester,
Salford M5 4WT, UK.

Email: r.d.knowles@salford.ac.uk


https://orcid.org/0000-0002-6018-0838
mailto:r.d.knowles@salford.ac.uk
https://uk.sagepub.com/en-gb/eur/journals-permissions
https://journals.sagepub.com/home/jth
http://crossmark.crossref.org/dialog/?doi=10.1177%2F00225266251344871&domain=pdf&date_stamp=2025-05-22

2 The Journal of Transport History 0(0)

Keywords
Train ferries, fixed links, national railway networks, time—space convergence, Denmark

Introduction

Transport plays a key role in shaping spatial patterns of development. Transport innova-
tions can collapse time/space and cost/space and increase transport capacity and fre-
quency. Janelle developed the concept of time—space convergence to reflect the
dramatic space-shrinking effects of two centuries of transport innovations.' Although
the tyranny of distance has been reduced by cheaper and faster transport, important geo-
graphical differences remain.” Location is critical as time/space relationships collapse
differentially. Access to travel is unequal and Massey argues that time—space compres-
sion needs to be differentiated socially as the effects of time—space convergence and
the propensity to travel vary according to income, social class, gender, age, physical
ability and health.’

Steam powered railways and iron steamships are widely recognised as the most sig-
nificant nineteenth century transport innovations. Railway networks developed quickly
from the 1830s, especially in many European countries and in North America, and facili-
tated and supported industrialisation. However, in countries made up of many islands the
development of national railway networks required the additional, and often overlooked,
innovation of train ferries. Island countries depended historically on small ships for trade
and passenger movement along coasts, between islands, and to and from other countries.
Poor-quality island roads were usually more expensive to use than ships and less able to
transport heavy loads. In addition, seas around islands and long tidal river estuaries
impose physical barriers to movement by land transport for people and goods and
impose significant cost and time barriers resulting from the need for transhipment and
the slow speed of maritime transport. This constrains interaction and limits the size of
market, social and cultural areas.*

Geographers’ conceptions of islands have changed since the nineteenth century from
bounded, isolated and static spaces to better connected spaces due to innovations in trans-
port and telecommunications that have improved mobility and eased communication.
Islands have been rethought as relational spaces emphasising the power of connections
and crosscurrents.” Due to human intervention, associated with population, economic
and urban growth, and the strength of transport connections, islands ‘join, divide,

' Donald G. Janelle, “Spatial Reorganisation: A Model and Concept”, Annals of the Association of American

Geographers 59 (1969), 348-64.

Richard D. Knowles, “Transport Shaping Space: Differential Collapse in Time-Space”, Journal of Transport
Geography 14 (2006), 407-25.

Doreen Massey, A Global Sense of Place. Space, Place and Gender (Minneapolis, MN: University of
Minnesota Press, 1994).

Richard D. Knowles, “Fixed Links and Short Sea Crossings”, in B. S. Hoyle (ed.), Cityports, Coastal Zones
and Regional Change: International Perspectives on Planning and Management (Chichester: John Wiley &
Sons Ltd., 1996), 213-33.

5 Elaine Stratford, Godfrey Baldacchino, Elizabeth McMahon, Carol Farbotko, Andrew Harwood,
“Envisaging the Archipelago”, Island Studies Journal 6 (2011), 113-30.
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grow or diminish’.® Ships and ferries improve connections with island communities but
only provide intermittent services, whereas fixed links create permanent connections and
remove insularity.’

An extensive search through Scopus only revealed a very small number of academic
research publications that investigated the development of train ferries and their impacts.®
This research evidence was supplemented by a few important non-academic sources,”
and some detailed evidence from Denmark. '

Research objectives and methods

This research paper aims to fill this gap in knowledge by assessing the importance of the
technical innovation of train ferries in developing national and international railway net-
works, and of their later replacement by fixed link bridges and tunnels. Subsequent inno-
vations in bridge construction and tunnel construction and ventilation enabled many of
the main train ferries to be replaced by fixed links. Elsewhere, vehicle ferries often
replaced train ferries. The research focuses on the time-space reducing effects and
spatial impacts of successive investments in a national system of train ferries in
Denmark since 1872, and later in major road and rail fixed links. This enabled the

© Henry Johnson, “Islands of Design: Reshaping Land, Sea and Space”, Area 52 (2020), 23-29.

7 Godfrey Baldacchino, “The Impacts of Bridges and Other ‘Fixed Links’ on Island Communities: When
Small Islands are Connected to Mainlands”, in K. J. Lee and H.-M. Tsai (eds.), Islands of the World VIII,
Changing Islands — Changing Worlds: Proceedings (1) (Kinmen: Taiwan and International Small Islands
Studies Association, 2004), 99-110. Godfrey Baldacchino (ed.), Bridging Islands: The Impact of Fixed Links
(Charlottetown, PEI: Acorn Press, 2007). Knowles, “Fixed Links”.

Baldacchino, “The Impacts of Bridges and Other ‘Fixed Links’ on Island Communities”. Baldacchino,
Bridging Islands. Oleksij Fomin, Alyona Lovska, and Anatolii Horban, “Historical Aspects of Construction and
Operation of Train Ferry Routes”, History of Science and Technology 11:2 (2021), 351-82. Knowles, “Fixed
Links”. Richard D. Knowles, “The Great Belt Fixed Link and Denmark’s Transition from Inter-Island Sea to
Land Transport”, Geography 85:4 (2000), 345-54. Knowles, “Transport Shaping Space”. Richard D. Knowles,
“Transport impacts of the @resund (Copenhagen to Malmé) Fixed Link”, Geography 91:3 (2006), 227-40.
Richard D. Knowles, and Christian W. Matthiessen, “Barrier Effects of International Borders on Fixed Link
Traffic Generation: the case of @resundsbron”, Journal of Transport Geography 17:3 (2009), 155-65. Corinne
Mulley and John D. Nelson, “The Impediments to Interoperability in the Organisation of Trans-European
Transport Systems”, Journal of Transport Geography 7:2 (2009), 93—-104. Yuji Murayama, “The Impact of
Railways on Accessibility in the Japanese Urban System”, Journal of Transport Geography 2:2 (1994), 87-100.

Steve Barron, Train Ferries EUROPE (Sheffield: Platform 5 Publishing, 2020). P. Ransome-Wallis, Train
Ferries of Western Europe (London: Ian Allan, 1968). Trains-world express, DENMARK 2018 2018, www.
trains-worldexpresses.com.

10 Aage Aagesen, Geografiske Studier over Jernbanerne I Danmark (Copenhagen: Kulturgeografiske Skrifter,
Det Kongelige Danske Geografiske Selskab, 1949). Generaldirectoratet for Statsbanerne, De danske statsbaner
1847-1947 (Copenhagen: Det Berlingske Bogtrykkeri, 1947). Paul Graae, Hundrede dr pa havene, DFDS
1866—1966 (Copenhagen: DFDS, 1996). Halfden Honer, Personal communication, Danmarks
Jernbanemuseum, 2 November 2023. Jan Koed, Danmarks Jernbaner i 150 dr (S. 1.: Forlaget Kunst & Kultur,
1997). K. Keergaard, The Future for the Qresund Ferry Service (London: Chartered Institute for Transport,
1981). Tom Rallis, Transport in Denmark 1830-1990 (Copenhagen: A. Busck, 1992). Tom Rallis, “Location of
Public Transport Networks and Terminals in Denmark 1600-2000", 37" Annual Meeting of the Western
Regional Science Association, 18-22 February 1998. Poul Thestrup, Steen Ousager, Hans Chr. Johansen,

Pa Sporet 1847-1997, Bind 1-3 (Odense: Danmarks Jernbanemuseum, 1997).
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Table |. Denmark — infrastructure investments enabling the transition from a sea to land
transport system.

Infrastructure Dates Location

Train ferry routes 1872-2022 10 domestic and 8 international

Rail bridge 1875 Nykebing: Fa-Lo

Rail bridges 1879 and 1938 Aalborg: J-V

Short bridges Various Numerous

Vehicle ferry routes Various Numerous

Narrow-strait fixed links 1935 Little Belt road and rail bridge: Fy-)
1937 Storstrem road and rail bridge: Z-Fa
1938 Oddesund road and rail bridge: J]-Th

Wide-strait fixed links 1997 Great Belt rail tunnel and bridge: Z-Fy
1998 Great Belt road bridges: Z-Fy
2000 Qresund road and rail bridge and tunnel: Z-Sw
2029* Fehmarn Belt road and rail tunnel: Lo-G

Notes: Fa: Falster; Fy: Fyn; G: Germany; |: Jutland; Lo: Lolland; Sw: Sweden; T: Thy; V: Vendsyssel; Z: Zealand.
*Under construction.

transport provision in the island country of Denmark to transform from a sea transport
system to a land transport system (Table 1)."!

An innovative research method was adopted by analysing historic ferry, train and
steamship timetables from the 1870s onwards to measure the reduction in time-distance
resulting from train ferries replacing conventional ships. Long-term time-series analysis
of transport network development can provide important insights into how transport
systems evolve.'> However, printed but non-digitised historic timetables dating back to
the mid-nineteenth century are difficult to obtain, and usually form the only comprehen-
sive source of information about travel times and frequencies, which makes data analysis
very time consuming.

Transport innovations in train ferries and fixed links

Major technical innovations in shipbuilding and in bridge and tunnel building were
required to connect separate island road or railway networks, and networks divided by
wide river estuaries. These innovations enabled the development of an integrated land
transport network.

Train ferries

Train ferries were an important transport innovation at the beginning of the railway age in
the 1830s. The earliest train ferries included a wagon ferry over the Forth and Clyde Canal

' Knowles, “The Great Belt Fixed Link”.

2" Simon Blainey, Marcus Young, and John Armstrong, “A Comparative Assessment of Methods for
Constructing Historical Geospatial Networks of Night Train Services in Europe”, International Geographical
Union Centennial Congress, 18-22 July 2022.
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in Scot3land in 1833, and a railway ferry over the Susquehanna River in Maryland, USA in
1836.'

A more significant technical innovation in the mid-nineteenth century was the devel-
opment of roll-on roll-off (Ro-Ro) train ferries where freight wagons, passenger carriages
or short train sets could travel over a link-span, that rises and falls with the tide, straight
from the harbour-side onto a ship with train tracks embedded into its deck. Ro-Ro train
ferries could then link together island railway networks and railway networks separated
by rivers that were too wide to bridge over or tunnel under. Train ferries reduced loading
and unloading costs and time substantially, and collapsed time—space, creating an inte-
grated railway network with increased frequency and capacity.

Ro-Ro train ferries were first designed and pioneered by a civil engineer Thomas
Bouch, who was manager of the Edinburgh and Northern Railway in Scotland. In
1850 the first Ro-Ro train ferry route opened to transport freight wagons 8 km
across the River Forth estuary between Granton, Edinburgh and Burntisland, Fife. In
1851 the second Ro-Ro train ferry route connected Tayport, Fife to Broughty Ferry,
Dundee across the River Tay estuary. These two ferry routes together enabled a
through rail route to operate between Edinburgh and Aberdeen for freight and
passengers.

Over 100 train ferry routes were subsequently opened in other countries. Most signifi-
cantly, train ferries enabled national railway networks to be built in the island countries of
Denmark in the late nineteenth century and in Japan in the early twentieth century. Ro-Ro
train ferries were initially mainly for freight wagons and passenger carriages or foot pas-
sengers, but in later years also started to carry cars and lorries. As car ownership grew in
the mid-twentieth century many motor vehicle ferry routes opened, some replacing less
well-used train ferries.'*

Train ferries replaced by fixed links

A series of technical advances in constructing bridges and tunnels have enabled some
shorter ferry routes to be replaced by higher capacity fixed road and rail links. Fixed
Links also provide continuous 24 h/7 days a week connections, rather than intermittent
connections between separate land transport networks. In Scotland, the innovative
Forth and Tay Estuary train ferry routes were an interim solution to create a through
railway route and were both replaced by railway bridges within 40 years. Thomas
Bouch also designed the Tay Rail Bridge that opened in 1878, but it collapsed in a
storm in 1879. Other engineers then designed a new Tay Rail Bridge and a Forth Rail
Bridge that opened in 1888 and 1890 respectively.

Countries such as Denmark and Japan, with substantial populations living on several
large islands, have benefitted most from the profound spatial and economic impacts of

3 . . . . .
! Barron, Train Ferries. Ransome-Wallis, Train Ferries.
14 Barron, Train Ferries. Ransome-Wallis, Train Ferries.



6 The Journal of Transport History 0(0)

these transport innovations in train ferries, vehicle ferries and fixed link bridges and
tunnels.'” Each of these transport innovations has caused time—space convergence,
shrinking travel times and costs.

Denmark played a pioneering role in the late nineteenth century as the first multi-
island country able to build a national railway network using train ferry routes to inter-
connect its island railway networks. Denmark’s national capital Copenhagen
(Kgpbenhavn), on the island of Zealand (Sjeelland) was connected by train ferries with
its other large neighbouring islands of Fyn (Funen) in 1883 and Falster in 1884. Fyn
was connected by train ferries to the Jutland (Jylland) Peninsula in 1872, and the north
of the Jutland peninsula in turn was connected to Thy in 1883 by the Oddesund train
ferry, and to Vendsyssel by the Limfjord railway bridge in 1879 from Aalborg (replaced
by a new bridge in 1938).

In the rest of Europe, nearly 100 train ferry routes were developed with Sweden,
England and Italy benefitting most. Sweden was connected by train ferries with
Denmark, and across the Baltic Sea (@stersgen) with Poland, Germany and Finland.
England was connected by several train ferries across the English Channel to France
and Belgium, whilst mainland Italy was connected by train ferries to Sicily and
Sardinia.'® Most of these European train ferries, with the major exception of the
Messina Strait train ferry from mainland Italy to Sicily, have since either been replaced
by vehicle ferries, or fixed links, or closed.

Japan was able to build a national railway network by connecting its main island
Honshu to its other large islands with three train ferry routes to Kyushu (1911-1942),
Shikoku (1921-1988) and Hokkaido (1924—1988), later replaced respectively by a rail
tunnel, rail bridges and a rail tunnel.'” Japan’s urban system, traditionally linked by
coastal shipping and a primitive road system, ‘was completely reorganised by the emer-
gence of railways which created new connections and greatly increased the speed of
existing links’."®

Elsewhere several major train ferry routes have been replaced by fixed links including
the Channel Tunnel railway between England and France in 1994, Istanbul’s rail tunnel
under the Bosphorus straight in Turkey in 2015, and the Prince Edward Island road bridge
to mainland Canada in 1989.

In many other countries individual train ferry routes survive, some providing signifi-
cant national connectivity including New Zealand’s Interislander train ferry between
Wellington (North Island) and Picton (South Island); Alaska’s train ferry from
Whittier to Seattle in mainland USA; Italy’s train ferry from Villa San Giovanni in

15 Knowles, “Fixed Links”. Knowles, “The Great Belt Fixed Link”. Knowles, “Transport Impacts of the

Q@resund”. Koed, Danmarks Jernbaner. Bjarne Madsen and Chris Jensen-Butler, “Transport Infrastructure
Investment in Denmark: The Regional Economic Consequences of Reduction of Transport and Border
Barriers”, International Journal of Development Planning Literature 12:1-2 (1996), 109-24. Murayama, “The
Impact of Railways on Accessibility”.

16 Barron, Train Ferries. Ransome-Wallis, Train Ferries.

7" Knowles, “Fixed Links”. Murayama, “The Impact of Railways on Accessibility”. W. A. Pearce, “Japanese
Railway Ships”, JRS BULLET-IN, 32-34 (1999), s. p.

% Murayama, “The Impact of Railways on Accessibility”, 87.
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Table 2. Denmark: population and fixed links 2023 by Island groups and regions.

Inhabited islands with fixed links Inhabited islands without fixed links

Region or island groups Number Population % Number Population %

Jutland Peninsula n/a 2,306,943 38.89 n/a n/a nil

Jutland Islands 8 369,192 6.22 16 9,765 0.16
Fyn 6 498,448 8.40 12 6,578 0.11
West Denmark 14 3174583 53.51 28 16,343 0.27
Zealand 10 2,600,144 43.82 10 1,737 0.03
Lolland and Falster 2 99,535 1.68 5 617 0.0l
East Denmark 12 2,699,679 45.51 14 2,354 0.04
Bornholm 0 0 0 3 39,695 0.67
Denmark: Total 26 5,874,262 99.02 45 58,392 0.98

Source: Statbank Denmark.

Calabria to Messina on the island of Sicily; Russia’s train ferries between Ust-Luga near
St Petersburg and Russia’s Baltic exclave of Kaliningrad, and from Russia’s Far East
mainland to Sakhalin island; and China’s train ferry from Guangdong to Hainan
island."® Some significant international train ferry connections continue including
Uganda’s train ferry routes across Lake Victoria that connect with Tanzania and
Kenya’s railways providing onward connections to their Indian Ocean ports; from
Baku in Azerbaijan across the Caspian Sea to Turkmenistan and Kazakhstan; from
Bolivia to Peru across Lake Titicaca; and from Veracruz in Mexico to Mobile,
Alabama in the United States.

Denmarlk’s archipelago and the development of an integrated
land transport network

Denmark is fragmented into an archipelago of 483 islands, of which 71 are currently
inhabited, and the Jutland peninsula (Table 2).

Many local and inter-regional steamship routes were developed in Denmark in the
nineteenth century by three private steamship companies, which merged to form
DFDS (The United Steamship Company) in 1866, and some by Denmark’s Postal
Service.”’ More routes were established after the introduction of freedom of trade in
1857, which removed the trade monopolies of the old royal boroughs.*' Some steamship
routes were connected to newly opened railway routes, but steamships were slow and
infrequent.”* For example, the main DFDS steamship routes in 1880 were only twice
weekly between Copenhagen and Aarhus, and Copenhagen and Aalborg, and 14 times

' Fomin, Lovska, and Horban, “Historical Aspects of Construction and Operation”.

20 Graae, Hundrede dr pd havene. Rallis, Transport in Denmark.

2l Christian Wichmann Matthiessen, Factsheet Denmark: Infrastructure (Copenhagen: Ministry of Foreign
Affairs of Denmark, 2008).

2 Aagesen, Geografiske Studier. Matthiessen, Factsheet Denmark. Rallis, Transport in Denmark. Rallis,
“Location of Public Transport Networks”.
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weekly between Copenhagen and Helsinggr.>* To create comprehensive national rail and
road transport networks, Denmark had to develop robust transport links across numerous
sea straits and estuaries, most notably the wide Great Belt (Store Belf) strait between the
islands of Zealand in East Denmark and Fyn in West Denmark, the narrow Little Belt
(Lille Beelt) strait between Fyn and the Jutland peninsula, and the narrow Storstrgm
strait between the islands of Zealand and Falster.”* In winter, sea transport was often dis-
rupted by ice that was more prevalent because the Baltic Sea is almost tideless and has
low salinity. Train ferries reinforced as ice breakers were introduced to reduce this dis-
ruption, initially across the Great Belt from 1894, but thick sea ice in very cold
winters still prevented ferries from operating for many days.*’

Denmarl’s train ferry network

Denmark’s first Ro-Ro train ferry route opened in 1872, across the Little Belt
between Strib on the island of Fyn and Fredericia on the Jutland peninsula; the
small 300-ton double-ended paddle wheel steamship Lillebalt could carry six four-
wheeled passenger or goods cars and a small tank engine (Table 3 and Figure
1).2 Denmark’s second train ferry route opened in 1883 across the Great Belt
between Korsgr on the island of Zealand and Nyborg on the island of Fyn with
two 971-ton double-ended paddle wheel ferries with double train tracks. Many
more train ferry routes opened subsequently to other Danish islands, Sweden,
Germany and Norway. As train traffic grew, larger capacity twin-screw steam or
later diesel-powered train ferries were introduced, each with between two and five
train tracks on the main routes within Denmark and to Sweden and Germany.
Denmark’s final train ferry route ceased operating with the closure of the wide-strait
Fehmarn Belt (Femer Bealt) service to Germany in August 2022, ending Denmark’s
uniquely long train ferry era that lasted 150 years.”’

Denmark’s network of 18 train ferry routes included eleven for passengers and freight,
six mainly freight ferries with some foot passengers, and one freight-only ferry. These
roll-on roll-off train ferries enabled Denmark to create a national railway network as
well as international railway connections to Sweden, Germany?® and Norway.
Denmark’s roll-on roll-off train ferries are best grouped into three categories (Table 3
and Figure 1).%

23 Rallis, Transport in Denmark.

24 Koed, Danmarks Jernbaner. Knowles, “The Great Belt Fixed Link. Knowles, Transport Impacts of the
Qresund”. Thestrup, Ousager, Johansen, Pd Sporet 1847-1997.

23 Aagesen, Geografiske Studier. Koed, Danmarks Jernbaner.

26 Koed, Danmarks Jernbaner. Trains-World Express.

27 Barron, Train Ferries. Ransome-Wallis, Train Ferries.

28 Denmark’s Jutland Peninsula had already been connected to Germany by railways since 1864—1866. See:
Koed, Danmarks Jernbaner.

29 Honer, Personal communication.
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Figure 1. Denmark’s train ferries 1872-2022.

National train ferries

Four national train ferry connections operated by the state-owned railway company DSB
(Danske Statsbaner — Danish State Railways) that linked together a national railway
network>’:

from Zealand west across the Great Belt strait to Fyn

from Fyn to Jutland

across the Limfjord at Oddesund to Thy

from Zealand south across the Storstrgm strait to Falster, which was connected by a
rail bridge to Lolland.

30" Private companies built and operated the initial railway lines in Zealand, but the main lines were
state-owned and operated from 1880. In contrast, the initial main lines in Fyn and Jutland were built by the
government and operated at first by a private company, but from 1867 by a state-owned Jylland and Fyn railway
company. These two state-owned railways companies merged in 1885 to form Danske Statsbaner. See
Generaldirectoratet, De danske statsbaner. Koed, Danmarks Jernbaner. Thestrup, Ousager, Johansen, Pd
Sporet 1847-1997.
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DSB also operated a direct timetabled steamship route between Kalundborg (Zealand),
the island of Samsg and Aarhus (Jutland) with connecting trains between Copenhagen
and Kalundborg.

International train ferries

Eight international train ferry connections that linked Denmark’s railway network to the
Scandinavian peninsula and the European mainland:

three train ferry routes from Zealand across the @resund (The Sound) Strait to Sweden
three from Falster or Lolland to Germany

two from Vendsyssel island, north of the Jutland peninsula, to Norway and Sweden
respectively.

A direct timetabled steamship route operated between Korsgr (Zealand) and Kiel
(Germany) until 1914 with connecting trains between Copenhagen and Korsgr.>' DSB
operated the Englenderen train between Copenhagen and Esbjerg after the opening of
the Little Belt Bridge in 1935, connecting with the steamship route between Esbjerg
Havn (western Jutland) and Harwich Parkeston Quay (England).

Local Danish train ferries

Six local train ferry connections: two operated by DSB and four by private railway
companies.

Time-space compression: Train ferries shrinking Denmark

Denmark’s Ro-Ro train ferries transformed inter-island movement by reducing tranship-
ment costs and loading/unloading times for freight wagons and passenger carriages at
each port from about 3 h to 30 min or less, which reduced transfer times between train
and ship by at least 2 h 30 min (Figure 2).>* In comparison, mid to late nineteenth
century mainline train services in Denmark operated at up to 40 kph and shrank time—
space even more. Figure 2 includes three time-space maps between East and West Denmark:

(a) using historic timetables that show mainline trains operating at up to 40 kph, and
conventional ship timetables plus loading and unloading times>*

(b) using historic timetables that show mainline trains operating at up to 40 kph, and
train ferry timetables including shorter transfer times.

31 The Korsgr-Kiel steamship route started in 1856 when Kiel was still part of Denmark. After 1866, when

Schleswig-Holstein (Slesvig-Holsten) became part of Prussia (Germany from 1871), it was operated jointly by
Denmark and Germany’s postal services.

32 Rallis, Transport in Denmark.

33 Historic train ferry, train and steamship timetables from the 1870s onwards were provided by Halfden Honer
at Danmarks Jernbanemuseum, Odense.
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Figure 2. Denmark: spatial impacts of train ferries and fixed links.

(c) from the year 2000, after the opening of the Great Belt and @resund Fixed Links, with
mainline trains on land and over fixed links, both operating at up to around 100 kph.

The limited length of rail track on the early types of train ferry meant that instead of
complete trains, only freight, mail and luggage wagons, and some passenger carriages
and sleeping cars were shunted on board, and most passengers boarded the ferries on
foot and joined another train at the destination port.** Subsequently, longer train
ferries with two or more tracks were built for the main ferry routes carrying most traffic.

Through passenger carriages were catried on the main train ferries from Copenhagen
(Figure 1):

to Aarhus, Aalborg and Esbjerg in Jutland across the Great Belt and the Little Belt
to Oslo, across @Presund from Helsinggr (Elsinore) to Helsingborg

to Stockholm across @resund to Malmo

to Berlin and Hamburg in Germany across Storstrgm and then across the Baltic Sea
from Gedser to Warnemiinde

After the Little Belt Bridge opened in 1935, through three-coach diesel passenger
railcar trains (Lynfog — lightning trains) were introduced, able to roll on and off train

34 Honer, Personal communication.



Knowles 13

ferries as complete trains across the Great Belt, reducing journey times between
Copenhagen and Jutland.

Copenhagen to Jutland

The two main national train ferry routes shrank the effective distance between Copenhagen
in East Denmark and Fredericia in Jutland, West Denmark by 52% from 429 to 206 km.
The fastest train journey times then were nearly 40 kph. Using this time—distance
measure, the Little Belt Train Ferry from 1872 cut the time-distance between
Copenhagen and Fredericia in Jutland by 26% from 429 to 316 km (Figure 2). This was
mainly due to roll-on roll-off ferries cutting transfer time for loading and unloading
freight wagons to up to 30 min compared with an estimated 3 h for conventional steam-
ships. The Great Belt Train Ferry from 1883 cut this time—distance further by 35% from
316 to 206 km.

The spatial impact of this time—space compression was that faster and cheaper trans-
port generated more passenger and freight traffic, which required more frequent and
larger train ferries. Although traffic data has not been recorded, traffic growth between
east and west Denmark can be demonstrated by the use of much larger ferries containing
more rail tracks and the increased frequency of Little Belt train ferries from four a day in
1872 to five in 1884 and eight in 1925, and of Great Belt train ferries from three a day in
1884 to nine in 1925.

Copenhagen to Aarhus

The fastest overland travel time between the national capital Copenhagen and Aarhus in
Jutland, Denmark’s second largest city, was about 11 h in the late 1860s, much slower
than 8 h by the overnight steamship route (Table 4).

Table 4. Copenhagen-Aarhus: train journey times 1868—1997.

Time Index Time saved
Year (h and min)? (1868 =100) (h and min)? Other modes used: Journey time
1868 11.00 100 Great Belt and Little Belt ships
1868 8.00 72 3.00 overnight ship C-A® (closed 1970)
1872 c. 825 77 2.30¢ Little Belt train ferry: 15-20 min
1883 c. 6.00 55 2.30¢ Great Belt train ferry: 75-80 min
1935 5.00 45 0.40 Little Belt bridge: 5 min and faster trains
1996 3.55 36 1.05 Faster trains and electrification
1997 2.40 24 1.15 Great Belt tunnel and bridge: 17 min
1997 c. 240 24 Airplane C-A" ©

Notes: *Hours and minutes.

°C-A: Copenhagen-Aarhus.

Ferry 15-20 m crossing + loading and marshalling time 30-35 m (ferry); c. 3 h (ship).

ferry 75-80 m crossing + loading and marshalling time 30—40 m (ferry); c. 3 h (ship).

€60 m flight plus 100+ m check-in and city centre access.

Source: Knowles, ‘The Great Belt Fixed Link’. Rallis, Transport in Denmark. Ransome-Wallis, Train Ferries. Timetables provided by
Halfden Honer.
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Overland travel time was cut by 24% to 8 h 25 min in 1872 with the opening of the
Little Belt train ferries. This was reduced further to about 6 h in 1883 with the
opening of the Great Belt train ferries. In 1935, the Little Belt Bridge cut travel time
again to about 5 h, and faster trains reduced this further to 3 h 55 min by 1996. In
1997, the opening of the Great Belt Rail Tunnel and Bridge reduced journey time
between Copenhagen and Aarhus to just 2 h 40 min, comparable with the air travel
time including city centre access and check-in. Over the 125 years between 1872 and
1997 train ferries, fixed links and faster trains had together reduced travel time
between Copenhagen and Aarhus to just 24% of the time taken before the innovation
of train ferries.

The main spatial impact of these transport innovations was that together they facili-
tated the economic integration of east and west Denmark, with single rather than separate
markets, for example, for manufacturing, food, distribution, logistics, wholesalers, tele-
coms and electricity supply.*® The Great Belt fixed link completed this system change
in Denmark’s economic and social geography. The main beneficiaries were the national
capital Copenhagen and Denmark’s fourth largest city Odense, located on the island of
Fyn between the Great Belt and Little Belt, which were both able to expand their catch-
ment areas for economic interaction (Figure 2).

Copenhagen area to Malmo area in Sweden

Before 1892, trans-@resund freight transport by steamship took about 3 h 30 min between
Helsinggr in north-east Zealand and Helsingborg in Sweden, and about 4 h 30 min
between Copenhagen and Malmo, including in both cases about 3 h loading and unload-
ing time.

In the 1890s, two trans-@resund train ferry routes shrank the effective distance sub-
stantially between the Copenhagen area of north-east Zealand in Denmark and the
Malmo area of south-west Skéne (Scania) in Sweden (Figure 2). From 1892 the short
5 km Helsinggr-Helsingborg train ferry route reduced freight transfer and journey time
by around 86% from about 3 h 30 min by steamship to about 30 min (Table 5). From
1895 the Copenhagen Frihavn-Malmé train ferry reduced freight transfer and journey
time by around 61% from about four hours 30 min to 1 h 45 min. However, passenger
travel was much quicker between the two city centres in 1 h 35 min via the city centre
Copenhagen Havnegade-Malmé steamship service.

Between 1986 and the opening of the @resund Fixed Link in 2000, a large freight-only
train ferry service operated between Copenhagen and Helsingborg to provide more cap-
acity and a less congested route between Denmark, Sweden and Norway.*® From 1965,
hydrofoils, and later catamarans, reduced the journey time for passengers between
Copenhagen and Malmé city centres to 45 min, whilst the @resund Fixed Link’s train ser-
vices cut this further to just 35 min in the year 2000 (Table 5). This fixed link also

33 Knowles, “The Great Belt Fixed Link”. Knowles, “Transport impacts of the @resund”. Madsen and Chris
Jensen-Butler, “Transport Infrastructure Investment in Denmark”.
S Keergaard, The Future for the @resund.
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Table 5. @resund: Denmark-Sweden journey and loading times.

Year Time (h and min)>  Distance (km)  Time saved (h and min)*>  Index (1891 = 100)
Train ferries

H-HP, 1892-2000 0.30¢ 5.0 c. 3.00° 14
CFr-M, 1895-1986  1.45° 29.6 c. 2.45° 39
CFr-H',1986-2000  c. 230 41.8 n/a’ n/a’
Passenger steamship

Ch-M8, 1895-2002 1.358 35.0 c. 2.558 35
Hydrofoil/catamaran”

Ch-M8, 1965-2001 0.45 35.0 1.00 17
@resund tunnel and bridge

C-M, 2000 0.35 28.0' .10 13

Notes: *hours and minutes.

®H-H: Helsingar (Dk)-Helsingborg (S).

20 m ferry +c. 10 m loading time; c. 30 m steamship + c. 3 h loading time.

94CFr-M: Copenhagen Frihavn (Dk)-Malmé (S).

I h 30 m ferry +c. 10-15 m loading time; c. | h 30 m steamship + c. 3 h loading time.

fCFr-H: Copenhagen Frihavn (Dk)-Helsingborg (S) freight-only ferry; a longer and slower route with much larger train ferries
that by-passed the congested railway network in Malmé.

8Ch-M: Copenhagen Havnegade-Malmé passenger-only: | h 30 m steamship + 5 m loading time.

hhydrofoil 1965—1985; catamaran 1985-2001.

128 km by rail between Copenhagen and Malmé city centres including @resund fixed link 15.9 km (4.05 km road and rail tunnel,
4.0 km Peberholm Island and 7.845 km road and rail bridge).

Source: Knowles, ‘The Great Belt Fixed Link’. Rallis, Transport in Denmark. Ransome-Wallis, Train Ferries. Timetables provided by
Halfden Honer.

completed a system change facilitating trans-@resund integration as well as removing a
significant impediment to interoperability in the trans-European transport system.>’

Copenhagen to Hamburg

Through, direct train travel between Copenhagen and Hamburg in Germany started with
the opening of the Great Belt train ferry in 1883 in 9 h 20 min (Figure 1 and Table 6).

A slower steamship route had opened previously in 1856 for foot passengers
between Korsdgr in western Zealand and Kiel with a travel time of 15 h, later reduced
by 1890 to 11 h 44 min with train connections to/from Copenhagen and to/from
Hamburg respectively.>® From 1903 the route to Hamburg via the Great Belt train
ferry faced competition from a 130 km shorter but slower route via the Gedser and
Warnemiinde train ferry. After World War 2, Warnemiinde was in communist East
Germany, so an alternative Baltic train ferry route was opened for the main German
traffic to West Germany in 1953 from Gedser to Groflenbrode Kai. This route to
Hamburg was 1 h 20 min faster than the Great Belt route. From 1963 this was replaced

37 Knowles, “Transport Impacts of the @resund”. Knowles and Matthiessen, “Barrier Effects of International

Borders on Fixed Link Traffic Generation”. Mulley and Nelson, “The Impediments to Interoperability”.
38 Generaldirectoratet, De danske statsbaner.
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Table 7. Spatial impacts of train ferries and fixed links.

Cut in journey time Time—space collapse
(hours and minutes) (original time = 100)

Copenhagen-Aarhus via Little Belt and Great Belt

Train ferries 11.00 to 6.00 55
Fixed links 5.00 to 2.40 24
Total 11.00 to 2.40 24

c. /4 of original time-distance
@resund: Denmark-Sweden

H-H? train ferry 3.30 to 0.30 14
CFr-M® train ferry 430 to 1.45 39
Ch-M° steamship 4.30to 1.35 35
C-M" fixed link 1.45 to 0.35 13
C-M° total 43010 035 3

c. 1/8 of original time-distance
Copenhagen to Hamburg

Train ferries 9.20 to 4.58 53
Fixed link 4,58 to 2.30 27
Total 9.20 to 2.30 27

c. /4 of original time-distance

Note: *Helsingar-Helsingborg.
bCopenhagen Frihavn-Malmao.
“Copenhagen Havnegade-Malmo.

by a shorter and faster train ferry route from Rgdbyhavn to Puttgarden, marketed as the
Vogelfluglinie (Fugleflugtslinjen — Bird-Flight line), that reduced the through train time
between Copenhagen and Hamburg to 6 h 30 min. Faster train times reduced this
further to less than 5 h by 2014. When the Fehmarn Belt Fixed Link road and rail
tunnel, now under construction, opens in 2029, high speed trains are projected to
reduce the Copenhagen to Hamburg journey times to 2 h 30 min, just 27% of the ori-
ginal 1883 journey time. This fixed link will remove the last significant impediment
to interoperability in the trans-European transport system between Denmark and
Germany.”® Freight trains between Copenhagen and Germany were re-routed via
Jutland after the Great Belt Fixed Link opened in 1997 but will revert to the much
shorter Fehmarn Belt route after 2029 when its Fixed Link opens.

Spatial impacts of train ferries and fixed links

The innovation of roll-on roll-off train ferries in Denmark collapsed time—space dramat-
ically as well as reducing trans-shipment costs. The time saving by train ferries was

39 Christian Wichmann Matthiessen and Jacob Vestergaard, “Introduction”, in Christian Wichmann
Matthiessen and Marianne Worm (eds.), The Fehmarnbelt Fixed Link: Regional Development Perspectives
(Copenhagen: University Press of Southern Denmark, 2011), 4-9. Mulley and Nelson, “The Impediments to
Interoperability”.
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greater than by the later and much more widely recognised impacts of fixed links
(Table 7). Although train ferry frequencies increased over time to cater for greater traffic
demand resulting from national economic growth and integration, fixed links provided con-
tinuous, 24/7 availability, greater capacity and faster speeds, and generated more traffic.*
Denmark rejected a Swedish proposal in 2022 for a second @resund Fixed Link between
Helsingborg and Helsinggr, with separate road and rail tunnels, that would replace its
vehicle ferry route. However, this additional fixed link will probably be built in the
future as it would provide a shorter strategic road and rail route between Sweden and
Denmark and mainland Europe and relieve congestion in the Malmo area.

Train ferries en route between Denmark’s two largest cities Copenhagen and Aarhus
reduced journey time dramatically from 11 h to about 6 h, just 55% of the previous time
by train and steamships. The Little Belt and Great Belt Fixed Links later reduced this
journey time by a further 53% from 5 h to 2 h 40 min. These two innovations together
collapsed time—space to just 24% of the original before the advent of train ferries and
facilitated much closer economic and social integration between east and west Denmark.

Between Denmark and Sweden trans-@resund train ferries reduced journey and
loading time from about 3h and 30min to 30 min between Helsinggr and
Helsingborg, just 14% of the previous time by steamship, and from about 4 h 30 min
to 1 h 45 min between Copenhagen Frihavn and Malmo, just 39% of the previous time
by steamship. The @resund Fixed Link in 2000 cut the journey time further between
Copenhagen and Malmo to only 35 min. Together these innovations collapsed time-space
to about one-eighth of the original time—distance and facilitated much closer economic
and social cross-border integration between the Copenhagen area of eastern Denmark
and the Malmé area of southwest Sweden.*!

Train ferries en route between the Danish capital Copenhagen and Hamburg in
Germany reduced journey times by nearly a half from an original 9 h 20 min via the
Great Belt and Little Belt to just under 5 h via the Fehmarn Belt. In 2029, when the
Fehmarn Belt road and rail tunnel opens, journey time between Copenhagen and
Hamburg should be cut by a further half to just 2 h 30 min with high-speed trains, just
over one quarter of the original time distance. This should facilitate closer economic
cross-border integration between Denmark and Germany, but at a lower level than in
the @resund area between Denmark and Sweden where the large cities of Copenhagen
and Malmé are adjacent to the international border.*?

Following important technical innovations in train ferries and vehicle ferries, fixed
link bridges and tunnels have transformed Denmark from an archipelago of 483
islands and the Jutland peninsula into a country where 99% of the population now live
with direct access to a continuous inter-connected domestic land transport system, with
international connections to Sweden and Germany (Table 2). Fewer than 59,000

40 Knowles, “Transport Impacts of the @resund”. Knowles and Matthiessen, “Barrier Effects of International
Borders on Fixed Link Traffic Generation”.
41 Ake E. Andersson, David E. Andersson, and Christian Wichmann Matthiessen, @resunds Regionen: Den
dynamiska metropolen (Stockholm: Dialogos, 2013). Knowles and Matthiessen, “Barrier Effects of
International Borders on Fixed Link Traffic Generation”.

Andersson, Andersson, and Matthiessen, @resunds Regionen. Matthiessen and Vestergaard, “Introduction”.
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people now live on 45 isolated islands, all with declining and mostly small populations.
Of these, two-thirds live on the distant island of Bornholm situated in the Baltic Sea well
to the east of the rest of Denmark.

Conclusion

This research is innovative in identifying the key role of Ro-Ro train ferries in creating
national railway networks in countries with multiple large islands, shrinking space,
and reducing insularity. It measures the time—space impacts of train ferries and fixed
links in Denmark and confirms the key role of transport innovations in collapsing
time—space and shaping spatial patterns of development, identified by Janelle,
Knowles and Murayama.** This research also supports Johnson’s view that connected
islands join and grow whereas isolated islands tend to diminish.**

Analysis of historic timetables and other data shows that the development of train
ferries in Denmark had the largest effect in collapsing time—space, but they only operated
intermittently, whereas fixed link bridges and tunnels have subsequently had a smaller
effect in collapsing time—space but crucially provide continuous connections.

The broader implications of this research are that investment in ferries and/or fixed
links within and between countries not only shrinks space but can also create a system
change in the economic and social geographies of the areas benefitting from transformed
connections.
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