Transport, Communications and the Changing Nature of Land Warfare, 1792-1945

Graham Goodland assesses the impact of developments in non-military technology on the conduct of war in the modern era.

In the western world, the period between the French Revolutionary conflicts and the two world wars witnessed a technological revolution on an unprecedented scale. The onset of industrialisation transformed the battlefield by making available new and more powerful weaponry, capable of being manufactured in increasing quantities. The focus of this article, however, is the application to warfare of technical innovations that were originally conceived for civilian use. The development of steam locomotive power in the early nineteenth century, and the internal combustion engine towards the end of the century, created wholly new possibilities for the movement of troops and supplies. On the eve of the First World War, a further dimension was opened up as heavier than air flight became a reality. These advances were of huge importance for armies which, for hundreds of years, had relied almost entirely on the horse for transport. In the field of communications, the period saw a progression from signalling by flags, lights and semaphore, through the introduction of the electric telegraph in the 1840s, to the telephone and radio by the early twentieth century. 

The ability of states to project force was to be massively enhanced through harnessing this new technology for military purposes. On the other hand, material progress brought its own distinctive challenges. It imposed demands on states in terms of industrial production, helping to turn war into a contest between rival economies. It also entailed new pressures on military leaders, who now had to integrate technical developments with other aspects of warfare. Command became an increasingly complex business. The setting of goals and the planning and resourcing of campaigns were more complicated. In addition, external factors such as human error, morale, the nature of the terrain, even weather conditions – those forces that the nineteenth century writer Clausewitz termed ‘friction’ – were a constant presence. In considering the impact of technological advances on warfare, it is important to appreciate their limitations as well as their positive potential. 

From Horsepower to Steampower 
Transport was a major constraint on the planning of operations in the pre-industrial age. The bulk of an eighteenth century army travelled on foot and progress was further slowed by the need to carry quantities of supplies, necessitating the formation of a long and burdensome horse-drawn wagon train. The poor condition of most European roads encouraged some commanders to use waterways as an alternative, but these were predictable routes which an enemy could easily protect with strategically placed fortresses. These practical considerations tended to limit the scope of warfare, making it more difficult to seek the destruction of an enemy through decisive engagement. 

"The ability of states to project force was to be massively enhanced through harnessing this new technology for military purposes"

At the turn of the century Napoleon Bonaparte sought to overcome these problems by a new approach to strategy. By dividing his forces for marching, and then concentrating them for battle, he was able to reduce the length of his supply columns. French troops took advantage of the increased food production that was a consequence of the 18thcentury agricultural revolution, living by requisitioning food on the move. By avoiding prolonged sieges and seeking direct confrontation with enemy forces as rapidly as possible, Napoleon evolved a more mobile form of warfare. This worked extremely well when, in the space of seven weeks in 1805, the French Grande Armée marched from the Channel coast to cross the Rhine and compel the surrender of the Austrian army at Ulm in southern Germany. The victorious French then marched a further 500 miles east, in only five weeks, to defeat a combined Austro-Russian army at Austerlitz. Napoleon failed, however, to achieve the swift success on which his strategy depended when he invaded Russia in 1812. His logistic arrangements proved inadequate over the enormous distances of the Russian homeland. Napoleon was unprepared for an enemy who withdrew into the interior, leaving the French army dangerously exposed at the end of a vulnerable supply line. Starvation, disease and the onset of winter completed the destruction of the invasion force. 

The application of steam power to transport in the mid-nineteenth century created opportunities for generals which Napoleon’s generation could never have envisaged. Russia’s defeat in the Crimean War of 1854-56 was to a large extent due to an absence of railways, which hampered its efforts to reinforce its defences on the Black Sea coast. By contrast the British and French overcame initial logistical failures to supply their forces by sea, using the newly available technology of steamships. In order to facilitate the unloading of stores at Balaclava, they improvised with the introduction of a dockside steam-driven crane and the construction of a light railway. 

The full potential of railways was seen when applied to the rapid movement of troops and supplies over long distances, as in the American Civil War of 1861-65. The greater expansion of rail communications in the North gave Union forces a decisive edge over the Confederacy, which lacked the means to maintain its own rail system. Rail centres such as Atlanta in the South – captured by Northern forces in August 1864 – became strategically vital objectives. Enhanced mobility, however, brought its own drawbacks. The vulnerability of rail track to guerrilla action tied down significant forces to guard it. A further problem – also encountered by the Prussians in their invasion of France in 1870 – was that of transferring stores from railheads to front-line troops. This necessitated the continued use of manual labour and horse-drawn carts until the advent of motor vehicles in the early twentieth century. Invading forces in the Franco-Prussian War foraged for food as their ancestors had done in the Napoleonic era. 

The 20th-century Transport Revolution
 The First World War was the last conflict in which railways provided the main means of transport. The large-scale mobilisation of opposing armies in the summer of 1914 would not have been possible without them. At the same time, the railways were unable to maintain the rate of advance needed to meet the combatants’ hugely increased demands for ammunition – a consequence of the adoption of quick-firing artillery, machine guns and magazine rifles since the end of the 19th century. The British, French and German war economies proved themselves capable of expanding their munitions production but the difficulty lay in finding effective means of moving the supplies forward to the front line in the conditions of the Western Front. Armies continued to rely to a large extent on the horse, although there were insufficient numbers of animals available for the task. In any case horses, which consumed ten times as much as a man in weight of food, imposed their own demands on the supply system. In the long term the solution rested with the invention of the internal combustion engine. Its potential was demonstrated in September 1914, when the French used Parisian taxicabs to rush troops to stem the German advance at the Battle of the Marne. Two years later, the movement of supplies by road played a crucial role in the French defence of the fortress of Verdun against prolonged German assault. Along the voie sacrée or ‘sacred way’ – the only route, apart from a narrow-gauge railway, connecting Verdun with the rest of France – it has been calculated that lorries passed in both directions every 14 seconds. 

The growth of motor transport helped to restore mobility to the Western Front by 1918. The British army, for example, possessed 1,485 motor vehicles in 1914; by the end of the war, the total in all theatres had risen to 121,720. Mechanisation did not, however, achieve its full potential in the First World War. Tanks, which assisted in the penetration of German defences in the final battles of 1918, were plagued by problems of mechanical breakdown, low speed and vulnerability to artillery fire. Similarly aircraft at this stage lacked the numbers or the capacity to make a real difference as a form of transport. The first airlift of supplies took place in April 1916, in an abortive attempt to sustain a British army surrounded by Turkish forces at Kut-al-Amara in Mesopotamia (modern Iraq). The food they dropped amounted to only one-quarter of the garrison’s requirements and the operation failed to avert the catastrophic surrender of 13,000 troops. 

"Russia’s defeat in the Crimean War of 1854-56 was to a large extent due to an absence of railways"

Improvements in speed, reliability and carrying capacity, combined with an expansion of industrial capacity by the main combatant powers, enabled mechanised transport to play a much more extensive role in the Second World War. The Nazi blitzkrieg against Poland in September 1939, and Western Europe in the spring of 1940, entailed the rapid disruption of enemy defences by a coordinated air and mechanised land offensive. It was a style of warfare in which ruthlessness and surprise compensated for Germany’s relative lack of resources. On the Eastern Front in 1941-43, however, mechanisation failed to deliver victory. Not only did Hitler’s troops face a determined and resourceful enemy in the form of the Red Army. Motor vehicles could not cope with the extreme weather of the Russian winter, forcing the German army to resort to horses for transport. Nor was it possible, over the vast distances of the Russian interior, to supply the invasion force with sufficient fuel, lubricants and spares – the last made more problematic by Germany’s misguided decision to produce a great variety of vehicles, rather than relying on a limited number of reliable models. The German army fared no better than the French had done 130 years earlier. 

The Second World War also saw great strides in amphibious warfare, with the USA and Britain developing landing craft to make possible the unprecedented D-Day operation on the Normandy coast in June 1944. Airborne forces, delivered by parachute or glider, were another new feature. They played an important part in the German invasion of Norway, Holland and France in 1940. The problem, however, was that airborne troops could not carry the heavy weapons needed to prevail against strong opposition on the ground. Hitler relegated his parachute arm to a minor role after they incurred heavy losses in the landings on Crete in May 1941. The allies, on the other hand, deployed airborne troops in a number of theatres, including North Africa, Sicily and Normandy. 

The importance of proper planning was demonstrated in the botched Arnhem operation in September 1944. This was a misconceived allied attempt to end the war in the west through a dramatic intervention in Holland and northern Germany, aimed at cutting off the enemy’s industrial heartland in the Ruhr. It was undermined by a lack of sufficient aircraft to lift the entire expeditionary force at once, by defective intelligence regarding the strength of German defences and by a failure, in poor weather conditions, to fly in vital supplies and reinforcements. 

Communication and Co-ordination 
Alongside these developments in transport, the period witnessed huge advances in the field of communications. Eighteenth century war depended on techniques that had been largely unchanged for centuries: signalling by drums, flags or beacons, or the delivery of messages by couriers on horseback. None of these was wholly reliable. Improvements initiated in the French Revolutionary and Napoleonic period added little of real value to armies in the field. Claude Chappé covered France with a chain of semaphore stations, which consisted of wooden indicators mounted on small towers. These were capable of an impressive speed of transmission – a message could be relayed at up to 150 mph. They suffered, however, from a defect common to all visual signalling systems: they depended on clear conditions and were limited by the topography of the land over which they operated. The 1790s also saw the first use of tethered hot-air balloons for observation purposes. Their usefulness was restricted by the cumbersome nature of the equipment; several horsedrawn vehicles were required to transport the gondola, gas envelope and compressor required for inflation of the balloon. Nonetheless balloons were used intermittently by armies for spotting down to the First World War, when the threat posed by enemy aeroplanes made them a vulnerable platform. For this reason balloon observers were the first military personnel to be issued with parachutes for escape. 

"The invention of the telephone in 1876 introduced a new dimension by allowing the voice and personality of a military leader to reach those under his command"

The invention of the electric telegraph, which worked by transmitting electrical impulses down a wire, represented a technological advance with considerable military potential. This was especially so after 1850, when Samuel Morse introduced his celebrated code and ‘sounding’ key, enabling skilled operators to write down a message as it was received. The chief advantage of the telegraph was that it enabled a much greater volume of information to be transmitted, over great distances and at a speed hitherto unimagined. In the Crimean War, for example, British and French commanders were directly linked with their home capitals, using a combination of submarine and land cable. This was a mixed blessing as it enabled the French Emperor, Napoleon III, to harass his generals with unhelpful advice. The main role of the telegraph was at the level of high command. Its dependence on a network of fixed wires meant that it lacked mobility and, as the experience of the American Civil War demonstrated, it was vulnerable to sabotage. In the wars of German unification the telegraph was an invaluable means of relaying information between the Prussian headquarters and the capital, Berlin, but was of little use for commanding armies at the tactical level. 

The invention of the telephone in 1876 introduced a new dimension by allowing the voice and personality of a military leader to reach those under his command. It came into its own in the First World War, where the static conditions of the Western Front lent themselves to the laying of a network of telephone cables, linking the front line with the commanders at the rear. The field telephone enabled forward observers to direct artillery fire more accurately. It suffered, however, from the tapping of lines by the enemy, a difficulty which was partially overcome on the British side by Major A.C. Fuller’s invention of the ‘Fullerphone’ scrambler device in 1916. Another persistent problem was the disruption of cables by shellfire. The British general Sir Ian Hamilton, who had observed the use of the telephone in the Russo-Japanese War of 1904-05, described it as ‘that reed so easily broken’. 

Another invention of the late nine teenth century, the radio or wireless, made possible communication without the medium of cables. Its advantages were perceived at an early stage by the Germans, who deployed horse-drawn radio detachments at the start of the First World War. They also proved adept at intercepting the radio traffic of their opponents – an important factor in the tracking and defeat of a numerically superior Russian army at the Battle of Tannenberg, in eastern Germany, in August 1914. Early radio units, however, had limited range. With their reliance on heavy batteries and charging equipment, they were also bulky to transport. As a result the armies of the First World War remained dependent on runners and carrier pigeons to carry messages, supplemented by motorcycle dispatch riders. 

It was not until the 1930s that smaller, two-way radio sets, assisted by higher frequencies of transmission, made possible true mobile communications. Unlike their predecessors 20 years earlier, the armoured vehicle crews of the Second World War were able to communicate easily with each other and to call up air support. The result was much more effective co-ordination, a factor which was important in the Soviet victory in the large-scale tank battle at Kursk in July 1943. Another aspect of radio communications was the importance of codes to disguise messages. In the Second World War the Germans believed that they had produced an electromechanical encoding device, the Enigma machine, which was unbreakable. The combined efforts of British and Polish experts, however, resulted in the development of a computer capable of analysing and breaking their codes, giving the allies invaluable access to highlevel German wartime intelligence. 

Conclusion 
The transition from animal to mechanised transport and the development of signal communications were fundamental to the transformation of warfare between the 18th and 20th centuries. As we have seen, the period witnessed huge strides in terms of the movement and co-ordination of armies and the capacity of governments to sustain them with munitions and other supplies. We should not, however, lose sight of the human factor at the heart of this revolution. Without adequate planning, based upon a sound understanding of the particular theatre of war, technological advance was no guarantor of success. The pace of change sometimes made it hard for military and political leaders to assimilate new ideas and to apply them successfully. Technical improvements frequently had drawbacks of their own and laid new burdens on those who sought to make use of them. Mechanisation, for example, enormously increased the mobility of military forces but left them critically dependent on supply lines conveying fuel and factorymade products from far in the rear. At all times there was a price to be paid for progress. 
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2. How far did improvements in communications aid the task of command and control in warfare in this period? 

3. How successful were commanders in applying new technology to changing battlefield conditions? 
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Timeline
· 1792 Claude Chappé builds chain of semaphore stations in France.  

· 1794 Battle of Fleurus (French Revolutionary War): first use of observation balloon.  

· 1854-56 Crimean War: steamships used for supplying British army; first significant military application of electric telegraph.  

· 1859 War of Italian unification: French troops use railways to invade Italy.  

· 1861-65 American Civil War: use of railways on a large scale.  

· 1885 Germans make first use of telephone to direct artillery fire in trials.  

· 1914 First World War: use of motor cars to reinforce French army at the Marne; horse-drawn mobile radio detachments in service with German army.  

· 1916 Tanks introduced on the Western Front. First attempted airlift of supplies at Kut-al-Amara in the Middle East.  

· 1939-40 German blitzkrieg in Poland and Western Europe: coordinated offensive spearheaded by aircraft and armour.  

· 1944 D Day: large-scale airborne and amphibious allied operation to liberate Western Europe from Nazi rule. Abortive allied operation at Arnhem. 

