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Human impact on fluvial systems in Europe 
with special regard to today’s river restorations
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Abstract 

Climate, geology, geomorphology, soil, vegetation, geomorphology, hydrology, and human impact affect river–flood‑
plain systems, especially their sediment load and channel morphology. Since the beginning of the Holocene, human 
activity is present at different scales from the catchment to the channel and has had an increasing influence on fluvial 
systems. Today, many river–floodplain systems are transformed in course of river restorations to “natural” hydrody‑
namic and morphodynamic conditions without human impacts. Information is missing for the historical or rather 
“natural” as well as for the present-day situation. Changes of the “natural” sediment fluxes in the last centuries result in 
changes of the fluvial morphology. The success of river restorations depends on substantial knowledge about histori‑
cal as well as present-day fluvial morphodynamics. Therefore, it is necessary to analyze the consequences of historical 
impacts on fluvial morphodynamics and additionally the future implications of present-day human impacts in course 
of river restorations. The objective of this review is to summarize catchment impacts and river channel impacts since 
the beginning of the Holocene in Europe on the fluvial morphodynamics, to critically investigate their consequences 
on the environment, and to evaluate the possibility to return to a “natural” morphological river state.
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Background
River–floodplain systems all over the world are strongly 
impacted by natural and anthropogenic activities [19, 
42]. A superposition of short- and especially long-lasting 
impact factors characterizes and drives today’s river–
floodplain systems, whereas it is difficult to distinguish 
between natural and anthropogenic causes [2]. Human 
impact continuously increased since the beginning of 
the Holocene [5, 41, 43, 95] and can therefore be seen as 
an essential factor for changes of fluvial systems [9, 23, 
38]. Floodplains contain the sedimentary history [19, 65] 
and therefore information about river response to exter-
nal impacts. In Central Europe floodplain deposits are 
mainly related to periods of intensified human activities, 

whereas alluvial deposits are mainly related to climatic 
changes [69, 95].

From a global perspective, Best [4] summarized the 
anthropogenic stresses on the world’s big rivers. Goudie 
[35], Goudie and Viles [36] and Nilsson et  al. [60] took 
the same global perspective into account and focused on 
the geomorphology of “World’s Large River Systems” in 
the Anthropocene [60].

With a focus on Central Europe, anthropogenic factors 
include catchment impacts like land use change includ-
ing agriculture, deforestation, reforestation, and urbani-
zation, which affect runoff and sediment yield, as well 
as river channel impacts like river regulations, dams, 
reservoirs, water abstraction, gravel mining, canaliza-
tion, dredging, embankment or riprap, which directly 
modify the channel and the floodplains [63]; [43, 57, 61, 
74–76, 92]. Figure  1 shows a schematic diagram of dif-
ferent human impact factors in Central Europe on river–
floodplain systems since the beginning of the Holocene 
with different phases and intensities of the following 
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impacts. Enhanced colluviation, floodplain accumula-
tion, and river delta progradation was highly diachronous 
and started in different societies and ecozones at differ-
ent times [51]. They divided the agriculture development 
in four main phases: (1) the beginning of agriculture 
in the Mediterranean ecozone since Neolithic revolu-
tion times and enhanced land use during the metal ages 

until the antique; (2) the enhanced impact of agriculture 
and soil erosion in medieval time especially in Europe; 
(3) the first acceleration in the seventeenth to twentieth 
century, and (4) the Great Acceleration after WW II. 
Today, consequences of former anthropogenic impacts 
are counteracted by river restorations to enable a “natu-
ral” development of a river towards pre-defined guiding 

Fig. 1  Schematic diagram of human impact factors on river–floodplain systems in Western Europe since the beginning of the Holocene  (modified 
after [33] already published in [57])
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principles. But, what about the fact that today’s river 
restorations are still human impacts? What did we learn 
from the past for the future?

The objective of this review is to summarize catchment 
impacts and river channel impacts since the beginning of 
the Holocene, to critically investigate their consequences 
on the environment, and to evaluate the possibility to 
return to a “natural” morphological river state.

In the following, catchment impacts, and river channel 
impacts are presented. Then, the consequences of differ-
ent human impact factors are discussed. At the end, it is 
critically evaluated if it is possible or not to return to a 
“natural” morphological state as this is for example one 
major aim of river renaturation in the frame of European 
Water Framework Directive. The conclusions are given in 
the last section.

Catchment impacts
Catchment impacts on fluvial hydro- and morphodynam-
ics are characterized by natural impacts like climate and 
tectonic activity as boundary conditions or soil and vege-
tation cover as controlling factors as well as by anthropo-
genic impacts like land use changes or urbanization (see 
also [51]). Since the Neolithic (in Central Europe mainly 
5500  years ago, [94]), humans settled down, established 
agriculture and forest clearance began locally. River 
floodplain systems were no longer not only impacted 
by climate, vegetation and geology, but also by social, 
political, economic and technical impact factors. Anthro-
pogenic activity affected soils and resulted in different 
erosion and deposition processes. Taking a temporal off-
set under consideration, anthropogenically induced soil 
erosion led to increased sediment inputs in river systems 

[40, 41, 50, 54, 58, 66] and consequently to an increased 
formation of colluvial deposits [7, 21].

Land use such as forestry, agriculture and pasture 
increase soil erosion, sediment yield, water runoff and 
peak discharges as a result of reduced infiltration rates 
[43]. Heavy machinery or trampling by livestock produce 
soil compaction and increase overland flows [43].

Farming, mining and use of fire resulted in substan-
tial forest clearances. Periodically deforested slopes with 
thick weathering covers were identified as the source 
areas for a fast sediment transfer towards the channels, 
which occurred during intense precipitation events [45].

Ongoing urbanization reduces soil permeability and 
increases peak flood magnitude, while sediment delivery 
is increased during construction of urban areas and is 
decreased after the construction phase [43].

In Fig. 2, the effect of different catchment impacts on 
the input of soils and sediments to the river–floodplain 
system is schematized.

Fine sediments play a major role in the distribution 
of contaminants during flood events. Contaminants 
absorbed on fine sediment can be deposited on the river 
bed or on the floodplains and might be remobilized by 
subsequent flood events. Floodplains act as a trap for flu-
vial fine, cohesive, potentially contaminated sediment. 
Therefore, changes in fine sediment fluxes are of impor-
tance especially in (old) industrial regions [32]. Figure 3 
shows the development of land use changes and soil 
erosion in Central Europe since the occurrence of wide-
spread deforestations. Phases of stabilization and desta-
bilization in soil erosion alternated in the last centuries 
due to different land use changes [8].

The conceptual graph of Fig. 3 on the development of 
soil erosion, which originates from Bork [8], involves an 

Fig. 2  Increase or decrease in soil erosion due to catchment impacts  (already published in [57])
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increase in sediment loads due to land use changes for 
Central Europe including deforestations, agriculture, 
farming and pasture. The graph also includes climate 
impacts and especially the role of extreme rainstorms [8]. 
These increasing and decreasing effects overlap, so that 
it is uncertain, which factor is the dominant one and if 
today’s sediment loads are above, below or on the same 
level as the initial sediment loads (see Fig.  3). There is 
often a lack of historical sediment data or long-term sedi-
ment records, so that the quantification of historical sedi-
ment loads is one of the most important challenges [85].

In the last few decades, many case studies investigated 
past soil erosion and fluvial deposits at different time 
and spatial scales (e.g., [7, 19, 21, 22, 41, 45, 49, 61, 95]). 
Most of these studies focused on the dynamics of fluvial 
systems in response to soil erosion, land use impact and 
climate changes and considered these factors as the pre-
dominant factors for increased sediment transport and 
deposition.

For example, Dotterweich [19] reviewed past soil ero-
sion in Central Europe and its impact on the colluvial sys-
tem and the smallest floodplains with respect to climatic 
and land cover variations. Their results indicated that 
sediment fluxes in small colluvial catchments are very 
sensitive to local land cover changes, while sediments in 
small alluvial catchment show more regional trends.

Klimek and Latocha [45] analyzed the effects of defor-
estation or changes in plant communities, forest roads 
construction, forest fires and introduction of agriculture 

on small mid-mountain catchments. They concluded 
that a strong human impact on the slope–valley system 
in the mid-mountain part of the Eastern Sudetes affected 
changes in the dynamics and morphology of small rivers 
to a much higher extent than the climate variations, espe-
cially during the Little Ice Age.

Many studies focused on the sedimentological and 
morphological history of the Rhine River. In the Rhine 
drainage basin, agricultural activities began approxi-
mately 5500 years ago [94]. The loess landscape of north-
ern Switzerland, Southern Germany, the Lower Rhine 
Embayment, and France were especially favorable for set-
tlement, due to their fertile soils and relatively mild cli-
mate [53]. By Medieval Times the whole Rhine catchment 
had been settled, with only a few exceptions in isolated 
mountain environments [49]. In the Rhine catchment, the 
transition from the Pleistocene to the Holocene caused 
a change in the fluvial regime and subsequent human 
impacts are reflected in phases of colluvial as well as of 
alluvial sedimentation, although episodes of sediment 
generation are broadly consistent with periods of greater 
human activity [49]. Hoffmann et al. [41] stated that the 
progressive incision of the Rhine River in the Upper and 
Lower Rhine Valley during the Holocene decreased the 
floodplain area, resulting in a smaller accumulation space 
and therefore possible higher sedimentation rates. But, 
this process is counteracted by a reduced sediment trap-
ping efficiency of the floodplains. The fact that floodplain 
sedimentation rates increase in the aggrading Rhine delta 

Fig. 3  Development of land use and soil erosion in Central Europe  (modified after [8] already published in [57])
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clearly indicates increasing sediment input into the River 
Rhine during the last 3000 years [41, 59].

It is not possible to understand Central European 
landscapes without knowledge about historical land 
use practices, because the onset of agriculture with the 
domestication of animals and the cultivation of plants 
caused a strong impact of man on the environment [66]. 
Klimek and Latocha [45] and Dotterweich [19] con-
cluded that changes in land use have been proved to be 
the most important factors influencing the type, intensity 
and distribution of slope and channel processes in moun-
tain areas and that these human-induced changes super-
imposed even the climatic factors. Although the general 
interaction of changes in river geoecology in relation to 
the growing impact of humans during the Holocene is 
extensively analyzed, many uncertainties on the exact 
timing and nature of this relation still exist [9]. However, 
there is often a synchronicity between the natural and 
anthropogenic variations such as land use and climate, so 
that the main driving forces are difficult to differentiate 
[61].

River channel impacts
River channel impacts on fluvial hydro- and morphody-
namics are, e.g., flow regulation by construction of dams, 
flow diversion for irrigation or flood control, channel 
engineering by construction of levees, bank stabilization, 
canalization, embankment or channelization or feed-
back mechanisms like damaging of dams and widening of 
canal heads by natural peak flows or increased in-channel 
aggradation due to water extraction. These activities have 
affected and still affect “natural” fluvial morphodynamics 
like channel belt aggradation, channel incision, crevasse 
channel development, crevasse splay progradation as well 
as vertical adjustments, changes in channel width and 
pattern [38, 74].

Further technological development and growth of pop-
ulation led to greater river modifications and geometrical 
changes of river–floodplain systems. Already in the Iron 
Age (in Central Europe approximately 800 BC to 50 BC), 
river channel impacts such as water mills and dams were 
constructed, or rivers were straightened, which directly 
affected fluvial morphodynamics [80].

In the Medieval Times (fifth to fifteenth century), the 
formation of mills, mining activities and an increase in 
settlement led to increased and widespread soil ero-
sion and therefore to an increased sediment input and 
morphological changes [80] as well as another period of 
increased colluvial deposits [7, 52].

Since the Industrial Revolution (~ 200 years ago), rivers 
were embanked, narrowed and extensively straightened, 
which extensively changed firstly the hydrodynamic 
and secondly the morphodynamic behavior of a river. 

Additionally, humans settled down closer to rivers. 
Urbanization required greater flood protection measures, 
whereas the ongoing industrialization led to an increased 
input of contaminants into river–floodplain systems [70]. 
The Industrial Revolution and the accompanying increas-
ing urbanization, the increasing water demand for indus-
try and sewage plant result also in a greater input of new 
and different contaminants in river systems.

During the nineteenth century intended morphody-
namic changes were initiated by engineering work (see 
Fig.  3) to permit the passage of ships, hydro-electric 
power plants, and flood protection [49]. One of the most 
prominent changes was the straightening of the course 
of the Rhine River in the Upper Rhine Valley by Johann 
Gottfried Tulla (engineer, 1770 AD–1828 AD) in the 
early nineteenth century, which came along with build-
ing and draining of wetlands and straightening of smaller 
river parts and tributaries and began to drastically change 
the fluvial regime of the Rhine River [49]. Spatially, the 
Rhine correction came also along with surface sealing 
due to construction of roads, which overall resulted in an 
increased land use closer to rivers.

Additionally, dredging and gravel mining produce large 
impacts because these techniques reduce the solid dis-
charge of rivers and destroy geomorphological landforms 
[43].

Sometimes, rivers have also been completely fixed and 
channelized by continuous structures [74]. Streambank 
protection structures such as groynes and levees con-
strain the river to maintain a narrower channel, reducing 
bank erosion and giving opportunity for agricultural uses 
[74], which shows the close link between river channel 
and catchment impacts.

Besides channelization and straightening of rivers, a 
major impact of human activity on river channel form 
is caused by dams (see Fig. 4). The construction of dams 
affects the sediment transport in river systems since sev-
eral centuries. Dams are constructed for flood protection, 
for irrigation or drinking water facilities, to provide navi-
gation channels with water and to guarantee a sufficient 
water level for navigation [30, 48, 76]. The construction 
of dams accompanies with a limited migration of water-
bound organisms like fishes, macrozoobenthic and mac-
rophytes as well as an interrupted transport of sediment 
[30]. Upstream of dams, water is impounded, flow veloc-
ity is reduced, and sediment is deposited on the river bed 
[10]. The deposition leads to a decreased sediment trans-
port in downstream direction in comparison to the initial 
situation without the dam.

Dams with diversion channels can also change the base 
level up- and downstream of the dam location. Upstream, 
water is impounded, and flow velocity is decelerated, 
which led to deposition of sediment and a decreased 
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channel slope, whereas the decreased water discharge 
and sediment load downstream of dams result in an 
increased slope, river bed incision, channel narrowing, 
encroachment of plants and loss of spawning gravels for 
salmon and trout, when smaller gravels are transported 
without being replaced by upstream ones [47]. Once the 
diverted water flows back into the main channel, water 
discharge is recovered but sediment load is not, which 
produces vertical erosion processes and changes in sedi-
ment load [43].

Following Frings and Maaß [30], it is necessary to dis-
tinguish between the sediment fluxes of coarse and fine 
sediments especially focusing on the impact of reser-
voirs. Dams typically have trapping efficiencies of 100% 
for gravel. Sand can pass many smaller dams on steep 
streams with turbulent flows, but is typically not able to 
pass large reservoirs. Silt and clay are always transported 
as suspended-load or as wash-load and can pass through 
the river network and small dams without significant 
storage capacities mostly without being deposited [48].

Consequences of human impacts in Central Europe
Focusing again on large dams, positive consequences are 
the economically least-cost source of electric power, and 
that hydropower is a renewable electricity source [1], 
whereas negative consequences of the construction of 
large dams accompanies with the destruction of a unique 
biodiversity.

Generally, one major consequence of dams is the dras-
tically decreased sediment transport to river deltas (e.g., 
Nile Delta, Egypt in [72] or Yangtze Delta in [15] and 
coastal zones [47, 76, 83, 84]). The deposition of sedi-
ments upstream of dams can result in increased water 
levels and consequently in a greater risk for flooding or 
in decreased reservoir storage capacities and therefore 
in decreased drinking or irrigation water supplies and 
decreased energy yields from waterpower [30, 48].

Simultaneous, channel incision downstream of dams 
can result in loss of riparian land and infrastructure due 
to decreasing ground water levels [48, 92]. Erosion of 
sediment downstream of dams leads to negative conse-
quences like bank erosion and a (unintended) change of 
adjacent landscape, scour holes around bridge piers, an 
irregular surface area of the river bed and consequently 
barriers for ships [34, 47, 68]. Given some examples out-
side of Europe, for example, at the Kaoping River (Tai-
wan), head cutting of over 7 m from an in-stream gravel 
mine endangers the Kaoping Bridge, whose downstream 
margin is now protected with gabions, massive coastal 
concrete jacks and lengthened pipes [47]. At the San Luis 
Rey River (USA), in-stream gravel mining has not only 
reduced the supply of sediment to the coast, but mining-
induced incision has exposed aqueducts, gas pipelines, 
and other utilities buried in the bed [47]. At the Atrak 
River (Iran), bank erosion led to village damages and the 
destruction of numerous infrastructures such as bridges, 
roads and buildings [92]. Further negative consequences 
are related to the accelerated process of decoupling flood-
plains from the river channel (see Maaß and Schüttrumpf 
[56]: 1  cm/a of floodplain sediment deposition during 
the phase of active water mills against 0.1 cm/a of flood-
plain deposition after water mill removal) accompanied 
with lowering of water and groundwater levels [22, 59]. 
Channel incision and channel narrowing can have nega-
tive consequences in terms of undermining of structures, 
loss of groundwater storage or a loss of habitat diversity 
[74]. A decrease in drinking and irrigation water sup-
plies, a decline in earnings from fishery and waterpower 
and an increase in inundation follow sooner or later in 
diseases, poverty or social civil disturbance [30]. A bet-
ter understanding of channel adjustments is essential 
for preventing their environmental, social and economic 
consequences, and predicting future unintended channel 
evolution [74].

Fig. 4  Consequences of dam construction on fluvial morphodynamics as an example of river channel impacts
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Economic consequences are, e.g., related to decreasing 
reservoir capacities due to deposition of sediment inside 
the reservoir. Different sediment management strate-
gies, which are again human impacts on fluvial morpho-
dynamics, already exist that prolong reservoir life and 
benefit downstream reaches by mitigating the sediment 
starvation that results from sediment trapping. These 
strategies include, e.g., sediment bypassing and off-chan-
nel reservoir storage or upstream sediment management 
approaches such as catchment erosion control as well as 
sediment augmentation downstream of dams [48]. Until 
now, dams have typically been located based principally 
on engineering, economic, and often political considera-
tion, and commonly on land already owned by the dam 
proponent or otherwise convenient for the purpose. The 
larger spatial and temporal context of the entire catch-
ment and a sustainable use of the dam were often disre-
garded [48].

Human impacts led also to negative consequences 
on fluvial environments in terms of reduced floodplain 
biodiversity and modified flow regimes [42]. E.g., reser-
voirs impend the movement of organisms, change flow 
regimes and alter habitats and therefore substantially 
impact on the aquatic biodiversity [82]. Upstream of 
dams, flow velocities are reduced to almost zero, which 
leads to reduced oxygenation and dilution of pollutants 
and a deterioration of the water quality in comparison to 
the fast-flowing rivers [1]. Downstream of dams, ripar-
ian ecosystems depending on periodic natural flooding 
might be destroyed [1].

Ecosystem changes are also related to changes of the 
grain size composition of a river–floodplain system. Dif-
ferent plants and animals live on or in different kinds of 
substrate. Shifts in the river ecosystem directly affect 
these poorest people, often deeply threatening their 
health, ability to work, and spiritual well-being [1, 88]. 
Especially the fine sediment fraction with a median sedi-
ment diameter D50 < 2 mm is of importance. Deposition 
of silt and clay in harbor basins or irrigation channels 
might lead to clogging of the basins or channels and 
therefore to increased dredging costs and especially these 
fine sediments might be (chemically) contaminated [30]. 
The decision, if the transport of fine sediment should 
be promoted or limited in a river–floodplain system 
depends on site specific conditions and of the material 
(coarse or fine sediment), which should be transported 
[30]. Additionally, fine sediments are able to absorb con-
taminants, distribute them on the river bed and during 
flood events on the floodplains or close the interstitial 
space, which forms a spawning habitat for salmonids. 
Accumulation of contaminated sediment can cause nega-
tive consequences for the aquatic and terrestrial environ-
ment [16, 17].

Several studies have already mentioned the conflicting 
interests of river management, e.g., Hoffmann et al. [42] 
stated that the society has, in general, benefitted from 
the natural resources afforded by rivers and floodplains, 
but that simultaneously the river management of the last 
decades led to negative impacts on fluvial environments 
including reduced floodplain biodiversity and modified 
flow regimes. A successful restoration and as a conse-
quence successful integrated water management strategy 
depend on a striking balance between human resource 
use and ecosystem protection [82]. Human impact fac-
tors in river–floodplain systems have changed and still 
change natural sediment fluxes resulting in deposition 
or erosion with widespread ecological, social and eco-
nomic consequences. Assessments of economic develop-
ment, ecosystem services and their contribution depend 
on hydrodynamic and morphodynamic changes [82]. 
Overall, the success of integrated water management 
strategies depends on striking a balance between human 
resource use and ecosystem protection [82].

Today’s river restorations are still human impacts!
Since the last 50 years, river restorations are realized to 
transform river–floodplain systems in a more “natural” 
hydrological and morphological state, but restoration 
projects are again an anthropogenic impact.

River management that accounts for often-conflicting 
interests requires awareness and understanding of “natu-
ral” morphodynamic processes such as lateral migration 
[80]. Therefore, understanding historical hydrodynamic 
and morphodynamic river conditions, monitoring pre-
sent-day processes and assessing future development are 
essential for today’s proper river management (see also 
[57]).

In the twenty-first century, national (e.g., German 
Water Resources Law) and international (e.g., EU Water 
Framework Directive) laws and guidelines emphasize a 
natural hydrological and morphological development. 
The “natural” characteristics of a river–floodplain system 
are abstracted and formulated in a pre-defined guiding 
principle, which also considers irreversible anthropo-
genic impacts [64]. The pre-defined development goals 
should be realized within river restorations and are eval-
uated comparing the current state of a river and its guid-
ing principle with each other. During river restorations, 
flooding areas are generated, flow lengths are increased, 
anthropogenic barriers are reduced, and a “natural” river 
development is initiated [31].

The motivation behind river restoration projects varies 
with land ownership, funding agency and cultural setting 
[44] and there is often the problem of presenting the pub-
lic a “good and healthy” river–floodplain system [90]. For 
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the public, a river is healthy if the water is clear, and the 
stream banks are not rapidly eroding [89].

Today, many river restorations are accompanied by 
the removal of transverse structures to ensure better 
passability for fish and/or continuous transport of sedi-
ment. But, the synergy of construction and removal of 
these transverse structures will always result in incision 
of the river bed, e.g., Buchty-Lemke and Lehmkuhl [12] 
analyzed the impacts of the abandonment of historical 
water mills (as an example of transverse structures) of 
the Wurm River in Western Germany. They concluded 
that the abandonment of the mill and removal of the 
weir triggered a morphological adjustment process that 
created terraces upstream of the mill and balanced the 
mill-induced knickpoint in the longitudinal profile. How-
ever, such an adjustment process can be superimposed 
by anthropogenic influences that control the availability 
of sediment and discharge conditions and channel and 
planform changes are different in straight, meandering 
and fixed river reaches. River channel human activities 
and the way in which the mill abandonment was con-
ducted additionally control the fluvial morphodynamics 
[12]. Furthermore, effects of channel instability and river 
widths variations are analyzed by, e.g., Downward and 
Skinner [20], Chang [13] or Bishop et al. [6].

With respect to river restoration, it is important and 
indispensable to consider that mill abandonment (or 
in general the removal of transverse structures) lead 
to upstream incision. If the aim of such a removal is to 
lead to a higher connectivity between the channel and its 
floodplains or to result in a higher transversal morpho-
dynamic behavior of the river, the removal might miss its 
aim.

In general, river incision is not intended by river man-
agers due to its negative effects on floodplain ecology, but 
after the removal of a transverse structure, a river aims to 
re-establish is longitudinal profile before mill construc-
tion. Therefore, the “simple” removal might not always be 
the solution for a better passability for fish and/or con-
tinuous transport of sediment.

Considerations of removing a transverse structure 
should be accompanied with an analysis of the predomi-
nant sediments by, e.g., 1D to 3D numerical models and 
sensitivity analysis to analyze the future development 
of the river without the transverse structure. Numerical 
models are proven tools for predicting morphodynamic 
systems, e.g., the 1D morphodynamic models of Gary 
Parker (see http://​hydro​lab.​illin​ois.​edu/​people/​parke​rg/​
morph​odyna​mics_e-​book.​htm) offer a procedure pre-
dicting large-scale in terms of century-time studies). In 
contrast, 3D numerical modeling can predict small-scale 
but very detailed morphodynamic changes. The numeri-
cal model investigation of rivers in Central Europe of 

Török et  al. [78] or Fischer-Antze et  al. [25] show that 
numerical tools already exist for small and large space–
time scale studies, rather their reliable parameterization 
is questionable.

In literature, only a few controversial results of the 
impact of water mills (again as an example for transverse 
structures) on fluvial morphodynamics can be found (see 
e.g., [86]). E.g., Donovan et al. [18] focused their research 
on the mid-Atlantic region and stated that channel banks 
in close proximity to breached mill dams serve as hot-
spots of local erosion and deposition, but that not all sed-
iment hot spots are mill dams and that not all mill dams 
are hotspots. Although historical mill dams and legacy 
sediments are widespread, they do not necessarily have 
uniform impacts on sediment yield [18].

From a more general point of view, the impacts of 
increased bank heights due to transverse structures such 
as water mills on the fluvial morphology are similar to 
those of embankments [26, 37, 93]. Due to the higher 
floodplains, bankfull water levels are increased in the 
main channel in comparison to the water levels predat-
ing mills. The increased water levels cause an increase 
in the shear stresses. An increase of the bed shear stress 
typically leads to the erosion of fine grains and coarsen-
ing of the river bed grain sizes [26]. Here, incision is also 
associated with problems that continue today such as in 
the excavation of pipelines and the construction of foun-
dations for engineering works and in navigability issues 
during low flow, as well as the drying of natural vegeta-
tion on the embanked floodplains (see also [57]).

In Maaß [57], the effects of a river–mill system were 
analyzed using physically based equations of backwa-
ter effects and sediment mobility in combination with 
field measurements of the channel slope and floodplain 
development pre- and postdating water mills in two very 
similar river–floodplain systems. The morphology before 
water mill construction was reconstructed analyzing 
a gravel bed layer visible at the river bank of the Wurm 
River (Germany), which represents the historical pre-mill 
river bed [12]. Floodplain accretion was determined in 
the Geul River (Netherlands) using artificial lawn mats as 
sediment traps. The similarity of two meandering gravel-
bed streams with silty floodplains was used to study the 
effect of mills in operation and of their removal, allowing 
a degree of control that is usually only the case in experi-
ments or numerical models.

The results of van Oorschot [79] and Maaß et al. [55] 
show that the vegetation cover affects the morphologi-
cal development of a river–floodplain system to a cer-
tain extent. A monitoring program of a time period of 
more than one decade could not be found in the litera-
ture, which underlines the uniqueness of the field meas-
urements at the Inde River (NRW, Germany), e.g., the 

http://hydrolab.illinois.edu/people/parkerg/morphodynamics_e-book.htm
http://hydrolab.illinois.edu/people/parkerg/morphodynamics_e-book.htm
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studies of Pasquale et al. [62] and Chapuis et al. [14] were 
conducted over a time period of only 1 or 2 years, so that 
the results of the morphological development strongly 
depend on the discharges present during this time. Long-
term monitoring programs should be performed to verify 
the restoration success and to filter out the local effects of 
natural variation such as the influence of vegetation cover 
([79], see also [57]).

For example, at the Inde River, Maaß et  al. [57] ana-
lyzed sediment raps, echo soundings and hillside ero-
sion/vegetation cover due to the new Inde River were 
relocated and newly planned. The results of the field data 
collections were used to characterize the channel pattern 
and sedimentology, erosion and sedimentation rates, hill-
side erosion, sediment trapping as well as the input and 
transport of heavy metals [57].

These two examples show that direct field data collec-
tion for the condition assessment and the validation and 
parameterization of numerical models also play a key 
role in context of analyzing human impacts on fluvial 
morphodynamics.

Lessons learnt for the future
Restoration interventions are always in an area of ten-
sion between securing flood protection, re-establishing 
“natural” discharge conditions, considering urban man-
agement and protection of historical buildings, “natural” 
river development and maintenance as well as public per-
ception and acceptance [3]. Wohl et  al. [90] stated that 
there is a challenge for river restoration focusing on the 
large gap between knowledge of processes such as sedi-
ment transport and the ability to use that knowledge for 
prediction or measurements within river restorations 
(see also [57]).

In former times, changes in river–floodplain systems 
resulted from economic aspects. Today, especially eco-
logical aspects and nature conservation are focused. 
However, the overall aim of a sustainable and “natu-
ral” river management should not focus on only one of 
these aspects, but should include all aspects: ecological, 
social, economic and morphodynamic aspects [71]. Such 
an encompassing approach is already defined in the EU 
Water Framework Directive. To achieve these goals, it 
is necessary to focus more on the interactions between 
ecology, hydro- and morphodynamics and not on each 
factor individually [71]. Therefore, “natural” river dynam-
ics are often wrongly perceived and classified as human-
induced river dynamics (see also [57]).

Overall, morphodynamic active rivers are spatially and 
temporarily variable and do not represent one “natural” 
reference state. Rivers are dynamic systems that will not 
remain in one morphological state but will continuously 
change due to external effects such as varying discharges 

even without any human impact. Understanding the 
history of fluvial morphodynamics and their long-term 
changes is essential for restoring river–floodplain sys-
tems [44, 89]. The sustainability of restorations is often 
neglected in restoration projects. Frings and Maaß [30] 
mentioned that it is already embedded in the EU Water 
Framework Directive that it is not possible to achieve 
a “natural” morphological state. Generally, sediment 
should not be seen as a disturbing factor, but should be 
seen as an intrinsic, inseparable part of river–floodplain 
systems. The success of river restorations depends on 
substantial knowledge about historical as well as present-
day fluvial morphodynamics. Such a knowledge can be 
acquired, e.g., with sediment fingerprinting, sediment 
tracing and sediment budget analyses (for the Rhine: 
[27–29, 39] or for the Danube River: [87]) based on anal-
ysis of historical maps as well as theoretical, physical or 
numerical models (see also [57]).

Even though it is sometimes possible to restore an ini-
tial, “natural” hydrological situation, but it is (often) not 
possible to achieve initial, “natural” morphodynamic con-
ditions. Human impacts of the last decades to centuries 
have irreversibly changed the fluvial morphodynamics. 
But, ending up some human impact factors, it might be 
possible to restrict further unintended and negative mor-
phological changes and to transform river–floodplain 
systems in a state, which is of equal value as the natural 
morphological state [30, 46, 57].

Lots of research already focuses on human impacts 
on large river–floodplain systems (macro-catchments) 
[26, 41, 54]. Understanding fluvial morphodynamics on 
river basin scales is always important to investigate not 
only general impact factors (like sealing of the ground, 
deforestation, the construction of transverse structures 
or restoration interventions), which influence the whole 
river–floodplain system, but also small-scale impact fac-
tors like mining-induced subsidence, which locally influ-
ence floodplain deposition and may lead to a hotspot of 
(contaminated) sediments (see also [57]).

Even though research with a local focus has increased, 
there is still a lack of information of the historical devel-
opment of a river catchment on a regional scale [73]. 
Buchty-Lemke [11], Maaß [57] and Esser et al. [24] show 
that there is already a superposition of human impacts 
in river catchments classified as meso-catchments such 
as the ones of the Wurm, the Geul and the Inde River. 
This superposition results from different anthropogenic 
impacts present in the meso-catchment and also from 
impact factors affecting the tributaries (micro-catch-
ments). A clear identification of the effects from micro-
catchments have not been reported so far. Therefore, a 
detailed analysis of the relationship of micro- to meso- 
to even macro-catchments should be subject of future 
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research [24, 91]. Micro-catchments are suitable for 
long-term impact-based analyses because anthropogenic 
changes have direct consequences on the river–flood-
plain system and a higher spatial and temporal resolution 
of morphological investigations is possible [61, 67].

Additionally, morphological changes occur mainly dur-
ing flood events. Floodplain inundation is rarely seen at 
deeply incised rivers with high, sharp banks and decou-
pled floodplains and only occurs after heavy rainfall with 
short leading times or snowmelt. Therefore, investiga-
tions of fluvial morphodynamics should always be car-
ried out over long time scales to capture especially these 
morphologically significant events (see also [57]).

Overall, the different human impact factors in a river 
catchment should be individually investigated on a 
micro- to a macro-catchment scale to include the entire 
range of river catchment sizes. In future, the interdisci-
plinary analysis of river catchment and landscape devel-
opment combining field measurements and numerical 
modeling will increase and will need further research 
([77, 81], see also [57]).

Conclusions
This review of human impacts on fluvial morphodynam-
ics shows the widespread interest in catchment and river 
channel effects of human activities at large and small 
rivers. Today, consequences of former anthropogenic 
impacts are counteracted by river restorations to enable 
a “natural” development of a river towards pre-defined 
guiding principles. Each anthropogenic impact factor has 
its own consequences and must be analyzed individually. 
Historical and future long-term effects as well as large-
scale processes are relatively unknown so far. Therefore, 
it is necessary to analyze and understand the history of 
a river and to assess future implications for river resto-
rations in order to guarantee a safe and sustainable river 
development. An improved understanding of effective 
morphodynamic processes is indispensable for river 
restorations and river management strategies. Achiev-
ing a “natural” morphological river state means taking 
the dynamic behavior of a river–floodplain system into 
account.

Overall, this literature review shows how different 
human impact factors affect sediment transport pro-
cesses and fluvial morphodynamics. Sediment trans-
port and especially morphodynamic processes are often 
long-lasting processes. Theoretical analyses, numerical 
modeling studies, continuous or repetitive field measure-
ments over several years are useful tools to investigate 
these processes. All these tools require several assump-
tions and simplifications, which are indispensable in 
order to analyze time scales of decades to even centuries. 
It is important to evaluate and discuss these assumptions 

focusing on an encompassing picture of river–floodplain 
systems. These systems are always (morpho-)dynamic 
and react to all natural and anthropogenic impact fac-
tors present inside the system. Understanding the system 
means understanding its history as well as its present 
conditions and investigating its future implications (see 
also [57]).
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