
In shipbuilding, propulsion played a 

key role. Until around 1820, towed 

boats and sailing ships dominated 

freight shipping. Ships had to be 

hauled or towed upstream, that is, 

humans or horses on the riverbanks 

pulled the boats along by long tow-

lines tied to the tow masts. With 

the invention of the steam engine 

an unparalleled industrial develop-

ment set in, and for shipping, too, 

the 19th century heralded a new 

age. Steamships and steam-pro-

pelled barge trains began to dom-

inate traffic on the rivers Rhine, 

Elbe, and Odra. They remained in 

operation into the 1960s, although the advance of motorised navigation had already commenced 

around the turn of the 20th century. Initially the ships’ engines were driven by gas, later on, by 

diesel. The boom of motorised shipping, though, began only after World War II. Some 20 years 

later, tugboats were replaced by push tugs. Today, two types of ship dominate freight transport 

in inland shipping: the self-propelled, motorised freight ships, and the pushed assemblies, con-

sisting of a push tug and unmanned lighters (Fig. 2).

Map Structures

In contrast to representations in earlier atlases and official maps, it was decided for this edition 

not to cate gorise the inland waterways by administrative zones or according to the conventional 

classification method, which is governed primarily by technical specifications of the ships. The 

map focuses on hydrological aspects of the waterways: distinguishing stretches of free-flow-

ing rivers, impounded rivers, and canals; and marking interruptions of the river continu um 

by hydraulic engineering structures. These affect navigability and hydrological aspects of the 

waters, like navigable depth, discharge, flood retention, catchment hydrology, and regional water 

balance. As a rule, the watercourses have been straightened, so that the watercourse has been 

shortened, the banks reinforced, and the water depth artificially increased. Groynes (Fig. 3a), 

which narrow the cross section of the watercourse, were often built to increase the navigable 

depth. Canals that link different catchments also transfer water between the river basins. Locks 

and ship lifts serve to overcome gradients. With its lifting height of 38 m, the Lüneburg ship 

lift on the lateral canal of the Elbe (Fig. 3c) facilitates navigation between the Elbe flats and 

the Geest lowlands. Also, impoundment weirs with locks in rivers are often for electricity gen-

eration from hydropower (Fig. 3b). In coastal areas, barrages and weirs serve to regulate the 

water levels of inland waters in relation to the tidal seas (Fig. 3d). Pumping stations can reverse 

natural discharge in special cases. 

Between the impoundment weirs, the flow velocity is usually heavily reduced during low-flow 

and mean flow, but generally not during floods, so that such river reaches temporarily take on 

the character of standing waters. Groynes accelerate the mid-stream current and thus provide 

an ideal fairway for shipping. Through a variety of measures, such as fish ladders, bypass chan-

nels, and near-natural bank structures, attempts are made to compensate the ecological draw-

backs of navigable waterways. 

Practical Information

Where known, navigable waterways and hydraulic engineering facilities in neighbouring coun-

tries are shown on the map. The technical installations along the coastal and inland waterways 

of Germany (Table 2) are built, operated, and maintained by the Wasser- und Schifffahrtsver-

waltung des Bundes (WSV, Federal Waterways and Shipping Administration). 

The official classification of inland waterways distinguishes nine classes of navigable water-

ways – defined mostly by vessel type and the parameters of vessel length and width. Draft 

and tonnage of the individual vessel types have no direct influence on categorisation. Classi-

fication is being contin-

ued and may be found 

in various official and 

technical publications, 

such as the publications 

of the Federal Waterways 

and Shipping Administra-

tion (WSV) on the Inter-

net. Daily updated infor-

mation can be found in 

the Electronic Waterway 

Information System 

(EL WIS) of the WSV.

Waterways constitute a wide meshed transport network that primarily serves to carry bulky 

goods and freight containers. They connect the large ocean ports with the high sea and with eco-

nomic sites in the hinterland and provide links between the most important industrial  centres in 

Germany and, particularly those in northern Central Europe. The network of German  Federal 

waterways has a total length of some 7 300 km. According to the Federal Waterways Act, it 

is divided into inland waterways (6 550 km) and coastal waterways (750 km). About 30 % of 

the network are free-flowing or regulated rivers, 45 % impounded rivers, and 25 % artificial 

waterways or canals.

The coastal waterways are access channels to German ports, the major hubs in international 

long-range freight transport. The chief ports are Hamburg, Bremen-Bremerhaven, and Wilhelms-

haven for North Sea-bound traffic, and Lübeck and Rostock on the Baltic Sea.

The inland waterways include navigable rivers and canals. According to the European classi-

fication system for inland waterways, 70 % of German waterways possess international signi-

ficance, 17 % are only of national importance, and 13 % are either unclassified or do not serve 

general traffic. 

In terms of the amount of freight handled, the Rhine, with 77 %, is the most important inland 

waterway of Germany and Central Europe. It provides a connection with the complex system 

of waterways of the northwestern European lowlands and with Rotterdam, the largest sea-

port of Europe. Ocean-going ships can travel on the Kiel Canal between the North and Baltic 

Seas without transshipping. With the 3 500-km-long Rhine-Main-Danube waterway between 

the North and Black Seas, the longest European inland waterway was completed in 1992. The 

 rivers Elbe, Odra, and Danube, the Mittelland Canal, and the Elbe-Havel-Odra waterway are 

gaining in importance within a Europe that is growing together. In terms of freight traffic, the 

rivers Elbe and Danube are of only secondary relevance (3 % and 5 %, respectively). 

Multifunctionality of waterways

The main function of waterways is long-range transport of freight. Sea and inland shipping pri-

marily convey bulk goods (approx. 80 %), such as construction materials, ores and coal, as well 

as excessively heavy or oversized goods and, increasingly, hazardous materials like mineral oil 

and chemicals. Positive development is predicted for container transports on inland waterways. 

With 63 billion tonnes-kilometres (t·km), German inland shipping renders a freight transport 

performance that is comparable (90 %) to that of the railways and thus holds an average hauling 

capacity share of 17 % in overall German freight traffic. Figure 1 shows the classes of goods 

and the development of freight transport in inland shipping.

The ship–waterway system is a comparatively cost-efficient and safe means of transport with a 

relatively low consumption of energy. For example, using the same amount of energy, a tonne 

of freight can be conveyed over 370 km by inland vessel, 300 km by rail, and only 100 km by 

lorry. Energy consumption per tonne-kilometre is estimated at 1,3 l of diesel for an inland ship 

and at 4,1 l of diesel for a lorry. 

Besides their use as carriers of traffic, the waterways fulfil other key functions. Rivers pro-

vide drainage for runoff from precipitation. Industry and agriculture withdraw large quantities 

of water for use, and often the drinking water supply also depends on water from riverbank 

filtration. Hydroelectric power stations have often been built in combination with impound-

ment weirs for improved navigation. Impounded Federal waterways with power stations are 

the rivers Weser, Upper Rhine, Neckar, Main, Moselle, Saar, and Danube. Waterways are also 

increasingly being used for recreational activities, such as motorised water sports, pleasure 

cruising or passenger ships.

The historical development of inland shipping 

The dawn of shipping on rivers and lakes dates far back to pre-historical times and early his-

tory. The hunters of the late Ice Age used their kayaks and dugouts mainly for hunting. From 

the beginning of the 1st century A. D., the Rhine acquired strategic importance as a trade route 

to the Roman provinces north of the Alps. As early as 800 A. D., Charlemagne vainly attempted 

to establish a canal link between the Rhine and the Danube. With the upswing of commerce and 

the growth of towns in the Middle Ages, rivers gained increasing significance as trade routes. 

Around 1400, with the Stecknitz Canal south of Lübeck, the first useable canal was opened 

for the salt trade.

Throughout the centuries, ship design was adapted to the natural conditions dictated by the 

regional waterways. Small barges were towed along paths or sailed. From the 18th century on, 

greater efforts were undertaken, by developing waterways and building canals, to render fur-

ther stretches of waters navigable, link up waterways, and establish the preconditions for larger 

ships and higher transport capacities. North German lowland rivers were equipped with weirs 

and locks, reaches in the Ruhr, Weser, and Werra river basins were trained, and the first canals 

connecting the Elbe to the Odra via the Havel and Spree were drawn around Berlin. Around the 

middle of the 19th century, the development of inland waterways experienced a strong upswing, 

as did railway construction (Table 1). A canal aqueduct through the Altmühl valley connected 

the basins of the Rhine, Main, and Danube already before 1850; the rivers themselves, however, 

were not yet continuously navigable throughout the year. By the end of World War I, nearly 

30 large-scale construction projects for waterways had been implemented. In the 20th century, 

the construction of the Mittelland Canal (1906-1938), which completed the link between the 

Rhine and the Elbe-Odra basins, was of singular importance. Many other waters became navi-

gable for increasingly higher tonnages through river training and canal development projects, 

lock systems, ship lifts or hoists, and impoundment systems. Today, an efficient canal network 

connects the largest German river 

basins. Many economic locations 

also owe their upswing to their 

proximity to or accessibility by 

inland waterways; for a long 

time, this was especially true of 

centres of the chemical and steel 

industries and the rock, stone, 

and earths mining and process-

ing industries. 
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Fig. 1  Classes of goods and development of freight transport in inland shipping (WSV 2002)

Table 1 River development and canal construction in 

Germany around 1900 (WSV 2002)

Table 2 Constructions at Federal waterways (WSV 2002)

Fig. 3  (a) Groynes at the Elbe river; (b) barrage weir Iffezheim at the Rhine river with hydro-

power and lock constructions; (c) ship lift Lüneburg at Elbe side canal; (d) barrage 

Eider in the tidal scope of the North Sea

1880–1887 Ems-Jade-Canal

1884 impoundments in Neckar river

1884–1886 impoundments in Main downstream of Frankfurt

1886–1895 Emperor-Wilhelm-Canal

1877–1899 Dortmund-Ems-Canal

1896–1900 Elbe-Trave-Canal

1906–1916 Ems-Weser-Canal (Mittellandkanal)

1906–1915 extension of Odra-Weichsel-waterway

locks 335

lock chambers (length > 18 m) 448

locks with 3 chambers (length > 18 m) 9

locks with 2 chambers (length > 18 m) 95

hydroelectric power stations 130

impoundment weirs ca. 280

barrages at the coast 8

bridges above Federal waterways 1300

channel bridges 15

groynes ca. 17000

channel embankments (both banks counted, length 

in km)
ca. 860 

Fig. 2  Transportation of goods on the river Rhine


