Human Interaction with Surface Processes 

The River Rhine stretches for over 750 miles through 6 Western European countries, undergone extensive flood control, canalisation, damming and HEP construction due to it being the one of the main river traffic arteries in Europe, carrying goods by boat from the Atlantic to the Alps.

The Impact of Canalisation:
To allow the Rhine to become one of the most important Rivers in Western Europe, economic incentives have been actively provided to make dramatic changes to the course and base level of the river to facilitate the faster movement of bigger and bigger cargo ships through its course.  Dykes, or manmade levees are constructions that raise the banks of the river to aid in the prevention of flooding.  They were assembled along the banks of new canals at many points along the river to protect essential farmland and roads that run parallel to its course.  The canals were created to shorten the course of the river by over 100km, such as by cutting off large meanders, to facilitate faster transportation of goods and easier navigation of the river.  Areas of the river were also deepened, and hard structures placed on its bed to allow for the narrowing of the channel.  This made it possible for taller, seafaring vessels to make the trip down the Rhine.  This shortening and deepening of the river increased its velocity and erosive power, sometimes damaging the manmade levees that led to this increase.  As in some places the river is now confined to a manmade channel, this reduces the volume of alluvial deposits on land in the floodplain, having the direct effect of reducing the fertility of the arable land along the Rhine.  This can also pollute and damage the ecosystems of the river and has been met with severe pushback from environmental groups.

The Impact of Flood Control Measures:
Before the implementation of flood control measures on the main river channel, water was free to burst the banks of the river Rhine and cover the floodplain, providing the soil with nutrients from the alluvium deposited from the floodwater.  Urban settlement and intensive, profitable agricultural development are impeded by regular flooding, so capital was provided by local governments to protect these locations from the river floodwater.  The constriction of urban settlement also contributed to more regular flooding as hard surfaces on the floodplain have led to a reduced rain soakage time from the soil and as gutters and drains empty the rainwater directly into the river, the water level increased, and floods occur more often.  Dykes were originally constructed to prevent flooding into the regions surrounding the banks, but this inadvertently caused more problems.  As the river could no longer flood and deposited alluvial material on the floodplain, it was deposited on the bed of the river, thereby increasing the height of the bed of the river and in turn, the water level.  This has led to the height of the dykes needing to be increased to compensate, facilitating the upward race between river level and dyke height.  The dykes are also not a fool proof method, however, as has unfortunately been seen on the river Mississippi in the USA, where after heavy rainfall, the river flooded over even the manmade levees installed and killed nearly 1,500 people and seriously damaging commercial property and farmland.



The Impact of Damming:
Over the last 70 years, Hydroelectric Power Stations have been constructed either on or parallel to the river rhine to harness its energy for electricity production.  This is a highly economical and efficient means by which to produce power and as of 2020, 13 stations have been constructed.  These have increased the amount of flooding on the river due to the build-up of water in reservoirs at the rear of the dams.  Many hundreds of thousands of people have had to be relocated to the growth of these reservoirs and the displacement of water onto what had been agricultural and residential land.  This mass relocation can be seen best at the Three Gorges Dam on the Yangtze River in China, where the construction of said dam led to the evacuation of well in excess on 1,000,000 people.  The dams trap the load of the river as it flows through them. This has directly caused a faster and more erosive River Rhine which can have effects downstream, such as the erosion of dyes constructed to prevent flooding in other areas. The build-up of water on the river even further upstream than the reservoirs themselves have caused extensive flooding that has become annual since the mid 1990s.  The frequency and severity of these floods has increased year on year for the last 10 in France and the Netherlands, leading to many deaths and evacuations.  The large economies along the course of the Rhine have experiences sever economic hits from the continuous flooding and money has been committed to provide for more efforts to control the flooding.  This is to be done by restoring over 100 natural channels and tributaries that have either been dammed or depleted due to canalisation to allow the river to spread out and deposit parts of its load along a new, larger floodplain, with areas of land to be designated specifically for this purpose, farms and production facilities will not be able to restrict the spread of the river outside its valley.
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