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Type  BANK PROTECTION 

Sub-type X 
 

Definition 

Artificial structure aiming at preventing lateral mobility, i.e. bank erosion and/or bank mass movement. 
Different techniques and materials can be employed, such as bio-engineering techniques based on the 
use of vegetation and geotextile, or rigid structures such as sacks and blocks or gabions and mattresses. 
In some cases the bank can be completely covered by artificial material (artificial bank); in other cases, 
only the bank toe is protected, e.g. with riprap. Types of bank protections include: bank walls, floodwalls, 
bank stabilisations, and groynes (within the bankfull channel). Bank protection also occurs associated with 
bridges. Bank protection works are usually attached to the current river banks, but can also be "passive" 
(at a certain distance from the banks and usually underground, delimiting the mobility corridor where 
lateral mobility is allowed). Bank protection works can also be located in the floodplain, far from the 
current banks, when the bankfull has undergone narrowing. Although they do not directly prevent bank 
erosion they need to be considered, as they reduce lateral mobility. Some protection measures, typically 
groynes, can also serve to facilitate shipping, navigation and fluvial transport in general (including timber 
activity and log driving) as well as terrestrial transport (roads, railways, highways, ...). Groynes, in some 
cases, can have a significant effect both on lateral and longitudinal connectivity for sediments. 

Use: protection against erosion and lateral dynamics. 

Overview of typical impacts  

Bank protection works limit river plan form dynamics, change the riparian substrate, and reduce lateral 
riparian connectivity and thus the functioning of the riparian zone and oxbows. They may restrict the 
channel width and ability of biota to migrate. By restricting bank sediment supply, they may also enhance 
the incision of the riverbed. Higher flow velocities associated with bank protection works lead to bed 
incisions. Bank protection works may also lead to loss of fish nursery habitat, loss of habitat for macro-
invertebrates, and of riparian vegetation. 

Impacts on longitudinal/lateral/vertical connectivity 

Lateral connectivity mainly 
(Groynes protruding within the water channel can also affect longitudinal connectivity) 

Pictures 
 

 

 

 

Gabions 

Bank walls Groyne 
 

References

Rinaldi et al. 2015, 2016 
Picture: Rinaldi et al. 2016 
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Type  EMBANKMENT

Sub-type X 
 

Definition 

Embankments (also called dykes or artificial levees) are longitudinal structures, located aboveground, 
aiming at reducing flooding frequency in the river corridor, therefore conveying a higher discharge within 
the channel in a range between bankfull discharge and the maximum design discharge. 
Embankments can be attached to the bank (thus playing also the role of active bank protection) or at a 
certain distance within the floodplain, but in any case, all embankments can also be considered an 
obstacle to lateral mobility. Conversely, not all bank protection types play the role of embankments. 
Sometimes these structures can be complex (e.g. two artificial levee systems). 
Embankments can also serve to delimitate lateral flood retention basins located outside of the channel. 
 

Use: protection against floods; protection against lateral dynamics. 
 

Overview of typical impacts  

Artificial bank protection affects channel morphology and dynamics by restricting the channel width and 

ability to migrate. Additionally, it limits sediment sources from banks, thereby reducing sediment supply 

and enhancing erosion of the riverbed. High flows are associated with deeper water depth, contributing 

to the incision of the bed. Bed incision reduces connectivity between the river and its floodplain. The 

reduction in lateral connectivity damages the functioning of the riparian zone and also reduces nutrient 

exchange, and dispersal of biota more widely across the floodplain. 

Impacts on longitudinal/lateral/vertical connectivity 

Lateral connectivity 
 

Pictures 
 

Earthen levees  Bank-edge levees  Bank walls with the function 
of levees 

 

Embankment as part of 
channelisation works for log 

driving 

  

References

Rinaldi et al. 2015, 2016 
Pictures: Rinaldi et al. 2016; https://www.finna.fi/Record/lusto.knp-103664 
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Type  DAM

Sub-type X 
 

Definition 

Dams are transversal structures that usually span over the entire riverbed and in many cases beyond the 
bankfull channel (up to the entire floodplain notably in case of confined channels). Dams block or 
constrain the flow of water and raise the water level, forming a reservoir or an impounded river segment. 
Sediments can be completely or partially blocked, depending on the dam structure or dam management. 
 
Dams can be of many forms and types, e.g.: gravity dams, arch dams, buttress dams, movable dams. 
 

Use: water supply, irrigation, and hydropower generation. 
 

Overview of typical impacts  

Interruption of sediment transport and longitudinal continuity, an increase of fine substrates, significantly 

reduced flow velocity upstream (significant impoundment) with the creation of reservoir or impounded 

river segment and reduced lateral and floodplain dynamic. Risk of hydropeaking (in case of HPP). Water 

temperature change and other physico-chemical effects. Species composition is altered, e.g. favouring 

disturbance-tolerant species or still-water species, and change of algae and fish migration is inhibited 

(physical barrier or absence of current / flow attraction for fish orientation). Impact on groundwater 

levels. In case modification is linked to drainage schemes, impairment of habitat is also due to the input 

of fine sediment. 

Impacts on longitudinal/lateral/vertical connectivity 

Longitudinal connectivity 
Vertical connectivity (locally) 

Pictures 
 

  

 

 

Dams in mountain (left) and lowland (right) contexts 

References

Rinaldi et al. 2015, 2016; OFB 2021 
Pictures: AMBER Consortium 2020; Jones et al. 2021 
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Type  WEIR

Sub-type General Description 
 

Definition 

Weirs are a broad range of transversal barriers (see sub-types below), generally of smaller size than dams, 
and where water often flows freely over the top or through the structure. Some types of weirs can cause 
a ponding effect. Weirs can be accompanied by movable elements (sluice gates). 
Depending on the type and the location, weirs serve many purposes, including: regulation of flow 
conditions and water levels, interception of sediment and wood, and reduction of the channel slope for 
stabilizing the channel bed. 

Use: regulation of flow conditions and water levels; water supply and irrigation; intercept sediment and 
wood; riverbed stabilization. 

 

Type  WEIR

Sub-type Abstraction Weir 
 

Definition 

Abstraction weirs are used to raise the water level and abstract water for different uses, such as 
agriculture or hydropower generation (e.g. run-of-the-river structures). Abstraction weirs can also be 
associated with spillways, i.e. specific diversion channels for flood protection purposes. Weirs can have 
movable elements. In some cases, temporary transversal structures exist, usually made with local bed 
sediments to deviate the flow towards an abstraction canal. These are temporary structures (removed by 
flood or dismantled periodically), but their impact on fish may be relevant. 

Use: regulation of flow conditions and water levels; water supply and irrigation. 

Overview of typical impacts  

Most of the impact depends on size and use and can concern: interruption of sediment transport and 

longitudinal continuity, increase of fine substrates, reduced flow velocity upstream and reduced lateral 

and floodplain dynamic (mainly locally) but no significant impoundment. The reduced flow rate in the 

river stretches between the weir and the hydropower central, and this is especially relevant for small 

watercourses. Risk of hydropeaking (in case of HPP). Water temperature change and other physico-

chemical effects. Local impact on groundwater levels. Species composition is altered, e.g. favouring 

disturbance-tolerant species or still-water species and change of algae and fish migration is inhibited 

(physical barrier or absence of current / flow attraction for fish orientation). In case modification is linked 

to drainage schemes, impairment of habitat is also due to the input of fine sediment; other impacts can 

occur: on physico-chemistry and water quality; loss of endemic biotas; introduction of alien and often 

invasive aquatic and terrestrial species; genetic intermixing of separated populations. 

Impacts on longitudinal/lateral/vertical connectivity 

Longitudinal connectivity; Vertical connectivity (locally) 

Pictures 
 

 

  

 

Abstraction weir with an abandoned mill 

References

Rinaldi et al. 2015, 2016; AMBER Consortium 2018; Jones et al. 2021; ANUV 2021 
Picture: Jones et al. 2021 
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Type  WEIR

Sub-type Consolidation Weir 
 

Definition 

Consolidation weirs aim at stabilizing the channel bed and reducing the channel slope. Depending on their 
size and type they can also intercept the bedload, at least temporarily. Consolidation weirs can be 
composite structures (stepped weirs) and occur in series. 
These can also be called "bed fall". 
 

Use: reduction of the channel slope for stabilizing the channel bed. 
 

Overview of typical impacts  

Interruption of sediment transport and longitudinal continuity, increase of fine substrates, reduced flow 

velocity upstream and locally reduced lateral and floodplain dynamic. Water temperature change and 

other physico-chemical effects. Species composition is altered, e.g. favouring disturbance-tolerant species 

or still-water species, and fish migration is inhibited (physical barrier or absence of current / flow 

attraction for fish orientation). In case modification is linked to drainage schemes, impairment of habitat 

is also due to the input of fine sediment. 

Impacts on longitudinal/lateral/vertical connectivity 

Longitudinal connectivity 
Vertical connectivity (locally) 

Pictures 
 

 

  

 

                      Series of consolidation weirs 

References

Rinaldi et al. 2015, 2016; LANUV 2021 
Picture: Rinaldi et al. 2015 
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Type  WEIR

Sub-type Retention Weirs / Check-Dam 
 

Definition 

Retention weirs, also called check-dams, typically located in mountain areas, aimed at intercepting the 
bedload and large wood fluxes. Their height is usually greater than that of consolidation weirs. The impact 
on longitudinal connectivity depends on the design/type: they can be a full barrier for fish and most 
sediments, or be selective and stop only coarse sediments and large wood, without interfering with lower 
granulometries or with fish passage. 
 

Use: intercept sediment and wood. 
 

Overview of typical impacts  

The impact significantly depends on the design. Selective sediment/wood control and bed stabilisation 

work result in direct habitat loss, including longitudinal connectivity due to changes in substrate, sediment 

transport, reduced depth, width and flow diversity but to a lesser magnitude than laminar bed 

stabilisation works. Locally reduced lateral and floodplain dynamic. In mountain contexts flow regime can 

also be altered. 

Impacts on longitudinal/lateral/vertical connectivity 

Longitudinal connectivity 
Vertical connectivity (locally) 

Pictures 
 

 

  

 

Selective retention weir 

References

Rinaldi et al. 2015, 2016; Betta et al. 2008 
Picture: Betta et al. 2008 
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Type  SLUICE (lock)

Sub-type X 
 

Definition 

Sluice is a barrier with one or more movable gates aimed at allowing ships/boats to navigate obstructions 
that create uneven levels of water along river and canal waterways. Furthermore, sluices can be small 
structures that serve to regulate water levels and help water diversions or water abstractions. They also 
serve to close waterways to prevent areas from flooding (e.g. sluices built in embankments). On lowlands 
and in small rivers sluices are the main water regulation works. 
 

Use: regulation of water levels, ship locks, navigation. 
 

Overview of typical impacts  

The impact depends on size and use as well as on BRT. In the case of MT river types, it often impacts river 

morphology (artificial cut-off, reduction of active channel width, loss of lateral connectivity within 

floodplain). 

Impacts on longitudinal/lateral/vertical connectivity 

Longitudinal connectivity 
 

Pictures 
 

 

  

 

Ljubljanica sluice gate 

References

Rinaldi et al. 2015, 2016; AMBER Consortium 2018; Jones et al. 2021; LANUV 2021 
Picture: Wikipedia (https://en.wikipedia.org/wiki/Ljubljanica_Sluice_Gate) 
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Type  CROSSING STRUCTURES

Sub-type General Description 
 

Definition 

Crossing structures include a broad range of transversal barrier types (see sub-types below), the 
main purpose is to help people to cross or wade the river. Depending on the type and size, the 
crossing structure can span entirely or partially the riverbed. 
 

Use: river crossing. 

 

 

Type  CROSSING STRUCTURES

Sub-type Culvert 
 

Definition 

A culvert is a structure aimed at carrying a stream or river under an obstruction (often secondary roads, 
forest track or rail). It varies in form from round and elliptical to box-shaped. 
 

Use: carrying a stream or river under an obstruction. 
 

Overview of typical impacts  

River covering results in severe loss and other impacts on habitats (including longitudinal, alongshore, 

transversal, and vertical connectivity) both directly and due to radical changes in substrate, sediment 

transport, flow regime, and lack of structural elements. Only local Impact on groundwater. 

Impacts on longitudinal/lateral/vertical connectivity 

Longitudinal connectivity mainly 
 

Pictures 
 

  

 

 

Round (left) and box-shaped (right) culverts 

References

Rinaldi et al. 2015, 2016; AMBER Consortium 2018; Jones et al. 2021; OFB 2021 
Picture: OFB 2021; https://www.theengineeringcommunity.org/different-uses-of-box-culverts/ 
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Type  CROSSING STRUCTURES

Sub-type Ford 
 

Definition 

A ford is a low-head channel structure which creates a shallow section for crossing or wading the river or 
stream that can be submerged at high flow conditions. Fords create a fixed portion of the riverbed, usually 
not causing significant alterations in sediment dynamics. Depending on the design, the impact on 
longitudinal connectivity for fish can be more or less relevant. 
 

Use: river crossing. 
 

Overview of typical impacts  

Only local impact on river morphology, bed substrated and habitats. Depending on the species, the impact 

can be more or less significant. 

Impacts on longitudinal/lateral/vertical connectivity 

Longitudinal connectivity mainly 
(Depending on the design and material, fords can locally nullify the vertical connectivity) 

Pictures 
 

  

 

Fords. On the right, a ford with culverts 

References

Rinaldi et al. 2015, 2016; AMBER Consortium 2018; Jones et al. 2021; Januchowski-Hartley et al. 2013 
Pictures: OFB 2021; AMBER 2018 

 

 

 

 

 

 

 

 

 

 

 

 



Criteria for identifying free-flowing river stretches 

Type  CROSSING STRUCTURES

Sub-type Bridge 
 

Definition 

Bridges are crossing structures with a wide range of forms and sizes, which represent partial barriers to 
longitudinal connectivity. The barrier effect on fish and sediment connectivity is generally negligible and 
linked to associated stabilisation sills (REFER TO SILLS IN THE ANALYSIS). The barrier effect might be 
significant on connectivity for large wood and is strongest for bridges with riverbed piles, single spans and 
low heights (e.g. equal or lower than bankfull water level). 
Bridges with riverbed piles are often associated with bed sills. 
 

Use: river crossing. 
 

Overview of typical impacts  

The impact depends on the level of interference of the piles, the number of arches and size (arch height 

and width) as well as on density of structures. Only local Impact on groundwater (related to piles 

basement). 

Impacts on longitudinal/lateral/vertical connectivity 

Longitudinal connectivity mainly 
 

Pictures 
 

  
Bridge with a single arch of a low size High single arch bridge but with a small width, not enough to 

allow intense transport of large woods 

References

Rinaldi et al. 2016; OFB 2021 
Pictures: Betta et al. 2008; Rinaldi et al. 2016 
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Type  RAMP

Sub-type X 
 

Definition 

Ramps are local riverbed stabilisation structures, located within the channel, made with rocks of different 
sizes. These are generally low-head structures not protruding significantly outside of the riverbed, but 
extending longitudinally. The impact on sediment connectivity is usually limited and linked to the local 
slope reduction. The impact on fish depends on the design and species. Ramps can be built downstream 
to sills or weirs as a mitigation measure to improve connectivity for fish. 
 

Use: control channel dynamics (reducing channel slope and riverbed erosion). 
 

Overview of typical impacts  

Local interception of sediment and reduction of river dynamics (vertical and longitudinal); habitat loss and 

effect on local river morphology (reduced slope, flow velocity, channel width, changes in geomorphic 

units). Only local Impact on groundwater. 

Impacts on longitudinal/lateral/vertical connectivity 

Longitudinal connectivity 
Vertical connectivity (locally) 

Pictures 
 

 

 

Ramp with boulders 
 

References

Rinaldi et al. 2015, 2016; AMBER Consortium 2018; Jones et al. 2021 
Picture: Jones et al. 2021 
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Type  BED SILL

Sub-type X 
 

Definition 

Bed sills are transversal structures located within the channel, aimed at locally stabilizing the channel bed. 
These are typically low-head structures not protruding significantly outside of the riverbed. The impact 
on sediment connectivity is usually limited and linked to the local slope reduction. The impact on fish can 
be more or less relevant depending on the height and species. Sills are often associated with bridges and 
bridge piles. 
These can also be called "ground sill". 
 

Use: bridge protection (river crossing), controlling channel dynamics locally (reducing channel slope and 
riverbed erosion). 
 

Overview of typical impacts  

River bed stabilisation works result in modified substrate, change in morphology, depth, and width, 

reduced fine sediment input, loss of river bed invertebrate and plant species and loss of shelter for fish 

and invertebrates. 

Impacts on longitudinal/lateral/vertical connectivity 

Longitudinal connectivity 
Vertical connectivity (locally) 

Pictures 
 

  
Bed sill associated with a bridge (Obstacle 

ROE37561). 

Bed sill in lowland river 

References

Rinaldi et al. 2015, 2016; AMBER Consortium 2018; Jones et al. 2021; OFB 2021; Betta et al. 2008; 
LANUV 2021 
Picture: OFB (application GEOBS); LANUV 2021 
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Type  PAVING

Sub-type X 
 

Definition 

The paving of the riverbed, often coupled with bank protections, aims to diminish the resistance to the 
flow. This leads to a decrease in water levels and an acceleration of the current's velocity. Alternatively, 
it serves to protect other hydraulic structures from localized erosion, which could undermine their 
foundations. Examples include bridge piers and the downstream sections of weirs or dams. 
 

Use: immobilize a river stretch; reduce the resistance to the flow; increase river channel conveyance 
capacity. 
 

Overview of typical impacts  

The impacts can primarily be attributed to a significant decrease, if not complete cessation, of hyporheic 

and groundwater exchanges. The riverbed configuration is drastically altered. Consequently, local 

ecosystems suffer destruction. Furthermore, solid transport and localized erosion are hindered along the 

entire length of the paved section. 

 

Impacts on longitudinal/lateral/vertical connectivity 

Vertical connectivity, longitudinal connectivity 
 

Pictures 
 

 

 

Los Angeles River (concrete paving) 
 

References

Rinaldi et al. 2016 
Picture: https://lariver.org/blog/about-la-river  
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 Why do we need the attribute  

Attribute Description 
Reporting 

(WFD) 

Connec-
tivity 

Assess-
ment 

Moni-
toring 

Miti-
gation 

Comments 

Applicability 
(Longitudi-
nal, Lateral 
and Vertical 

Connecti-
vity) 

Priority 
Attribute 

Key 
References 

Water body 
information 

 

Country, 
basin, river 

X  X  Knowing the river, basin, 
and country where the 

barrier is located provides 
basic information to be 
used for many purposes 
notably reporting (link 

with WFD) and 
monitoring. 

Longitudinal: 
OK 

Lateral: OK 
Vertical: OK 

In case of 
barriers to 

lateral 
connectivi

ty 

 

Location Geographic 
coordinates 

(X, Y) or 
other 

geographic 
information 

 X X  The exact location of 
barriers is important for 

impact assessment 
(estimate fragmentation, 
effects on biota…) as well 

as for monitoring 
purposes. 

X and Y coordinates have 
to be mandatory for 

barriers to longitudinal 
connectivity. Ideally, 

information on the base 
map or river network 
used to define X and Y 

coordinated should also 
be provided. 

For lateral and vertical 
connectivity, it is difficult 
to assign accurate X and Y 
coordinates for structures 

like dykes or extensive 
bank protections. In that 

case, it would be useful to 
include GIS support. 

Longitudinal: 
OK 

Lateral: NA  
(see 

"Comments") 
Vertical: NA 

(see 
"Comments") 

In case of 
barriers to 
longitudin

al 
connectivi

ty 

AMBER 
(D1.2; Belletti 

et al. 2020; 
Jones et al. 

2021) 

BRT Basic River 
Typology, 
including 

information 
on altitude 

and river size 

 X X  This information is 
relevant as different river 

types show different 
sensitivity and hence 
different responses to 

different pressures 
(impact assessment) or 
mitigation measures. 

Longitudinal: 
OK 

Lateral: OK 
Vertical: OK 

Yes Rinaldi et al., 
2016a, b; 

Gurnell et al. 
2014 (& WFD 
CIS-WG2014) 

Existing 
inventory 

Source ID, 
URL, 

reference 

X  X  This information is 
important for many 

purposes, above all for 
updating and monitoring 
the framework of WFD 

reporting and for EU scale 
assessments of FFR 

status. 

Longitudinal: 
OK 

Lateral: OK 
Vertical: OK 

Highly 
recommen

ded 

AMBER 
(D1.2; Belletti 

et al. 2020; 
Jones et al. 

2021) 

FFR barrier 
type 

Barrier type 
based on FFR 

types 

 X  X Barrier type can be used 
as a proxy for impact 

assessment because the 
type is linked to specific 
sizes and uses and as a 

consequence affects 
connectivity. 

The FFR barrier typology 
includes broad categories 

of barrier types. If 
member states use more 

detailed barrier types, 
they can indicate a 

specific barrier type (type 
2 or source type) in 
addition to the FFR 

barrier type. 

Longitudinal: 
OK 

Lateral: OK 
Vertical: OK 

Yes AMBER 
(D1.2; Belletti 

et al. 2020; 
Jones et al. 
2021); OFB 

2021; Rinaldi 
et al. 2016b; 
Sandre 2014; 

FFR core 
group 



Criteria for identifying free-flowing river stretches 

Year Date of 
construction 

(end) 

   X Age could be used as a 
proxy for barrier status 

(mitigation purposes), but 
could also be useful for 

long-term impact 
assessment. Barriers in 

Europe vary widely in age 
and many are over 50 

years old, possibly not in 
use anymore or close to 
being decommissioned. 

This information is 
difficult to obtain. 

Longitudinal: 
OK 

Lateral: OK 
Vertical: OK 

No 
(difficult 

to obtain) 

AMBER 
(D1.2; Belletti 

et al. 2020; 
Jones et al. 

2021) 

Height Barrier 
height (m) or 

height 
classes 

 X  X Barrier height can be 
used as a proxy for 

impact assessment (e.g. 
to estimate passability for 

different biota or 
impoundment sizes). 

Barriers of different sizes 
have different effects on 

connectivity but 
potentially any size can 

significantly impact on at 
least one river 

component (water, 
sediment, wood, 
nutrient/matter, 

organisms).  
It is also useful to 

characterise in detail the 
FFR barrier type size for 

mitigation purposes 
(prioritization).  

The recommended 
definition is: "vertical 
distance between the 

lowest point on the crest 
of the barrier and the 

lowest point in the 
original streambed". In 

case this definition 
doesn't correspond to the 
one used for the national 
inventories/methodologie

s, use other ways to 
estimate it (e.g. height 

classes). 
In the case of bridges, 

height means arch height 
(clear height), measured 
at the highest point from 

the water sur- 
face to the bottom edge 

of the structure. 

Longitudinal: 
OK 

Lateral: OK 
Vertical: NO 

Yes AMBER 
(D1.2; Belletti 

et al. 2020; 
Jones et al. 

2021); 
LANUV 2021 

Width Barrier 
extent across 

the river 
channel (full 

extent, 
partial 

extent), the 
banks or the 

floodplain 

 X   Barrier width can be used 
as a proxy for impact 
assessment (e.g. to 
estimate the impact 

extent of barrier 
pressures on 

connectivity). For e.g., a 
full-extent weir is likely to 
have a higher impact on 
longitudinal connectivity 

compared to one that 
spans only a portion of 

the river width. 
Barrier width is also 

useful to characterise in 
detail FFR barrier types. 
For e.g. in terms of size: 

the width extent of a 
bank protection allows us 

to appreciate the 
efficiency of the structure 
against lateral dynamics; 
in terms of impact: weirs 

with movable gates 

Longitudinal: 
OK 

Lateral: OK 
Vertical: OK 

Yes AMBER 
(D1.2; Belletti 

et al. 2020; 
Jones et al. 

2021); 
LANUV 2021 



Criteria for identifying free-flowing river stretches 

impact on connectivity 
only temporarily. 

Lateral retention basins 
can be included in the 

measure of width extent. 
In the case of bridges, 

height means arch width 
(clear width), measured 
at the broadest position 

inside of the construction. 

Distance The distance 
to the active 

channel: 
from 0 (bank 

covering, 
groynes) to 
floodplain 

extent 

 X   The distance of 
embankment structures is 

relevant for impact 
assessment of lateral 
connectivity (notably 

lateral dynamics), where 
the structures closest to 
the active channel are 

those with higher impact 
on lateral connectivity. 
Some embankments or 

bank protection 
structures in European 

rivers are old but relevant 
for mid- long-term 
channel dynamics 

assessment. 

Longitudinal: 
NO 

Lateral: OK 
Vertical: NO 

Yes Rinaldi et al. 
2016b 

Extent 
(longitudinal) 

Barrier 
longitudinal 
extent along 

the river 

 X   The longitudinal extent 
along river channels or 
riverbanks is a proxy for 

the impact assessment of 
barriers to lateral and 
vertical connectivity. 

Dense or extended bank 
protections or 

embankments have a 
higher impact on lateral 

connectivity compared to 
isolated structures. 
Barrier longitudinal 

extent is also useful to 
characterise in detail FFR 
barrier types in terms of 

size. 

Longitudinal: 
NO 

Lateral: OK 
Vertical: OK 

In case of 
barriers to 
lateral and 

vertical 
connectivi

ty 

Belletti et al. 
2015; Rinaldi 
et al. 2016b 

Operation / 
use(s) 

The purpose 
the barrier 
serves (one 
or more): 

water supply, 
hydropower 
generation, 

flood 
protection, 

flow 
regulation 

(water, 
sediment, 

wood), bank 
protection, 

river control 
(bed 

stabilization, 
dynamics, 

fluvial 
transport), 

aquatic 
activities 

(aquaculture, 
recreation) 

X X  X Barrier operation or use is 
useful to better 

characterise the FFR 
barrier typology (refine 

the type). It is required to 
identify HMWB (WFD 

reporting). This 
information also serves 
for impact assessment 
(e.g. in case of multiple 

uses), and for mitigation 
purposes (prioritization 

based on use). 

Longitudinal: 
OK 

Lateral: OK 
Vertical: OK  

Yes OFB 2021; 
Sandre 2014 

The presence 
of movable 

gates 

Elements to 
ensure 

transparency 
for 

sediments in 
flood 

conditions 
 

 X    Longitudinal: 
OK 

Lateral: OK 
Vertical: NO 

No  

In-use status The barrier 
serves or not 

 X X X The information on 
barrier status is useful for 

Longitudinal: 
OK 

Yes Sandre 2008; 
AMBER 



Criteria for identifying free-flowing river stretches 

the purpose 
for which it 

has been 
built: in 

project, in 
construction, 
operational, 

damaged, 
removed 

mitigation purposes. For 
e.g., many barriers are no 

longer in use and can 
prioritized for removal. 

This can also be used for 
impact assessment (e.g. 

the impact of an 
abstraction weir to 

service an abandoned 
water mill is lower than 

one still in use). 
Information on barrier 

status should be recorded 
for monitoring purposes. 

Lateral: OK 
Vertical: OK 

(D1.2; Belletti 
et al. 2020; 
Jones et al. 

2021) 

Mitigation 
measure(s) 

Indicate the 
presence and 

type of 
mitigation 

measure: fish 
pass; 

sediment 
pass/valves; 

berms 
(passable 

strip of land 
(natural or 
artificial) to 

allow animals 
to cross the 
barrier; by-

pass channel 

 X  X The presence of 
mitigation measures is 
important to support a 
better assessment of 

barrier impact. It is also 
useful to support the 

prioritization of further 
mitigation measures. 

This information is 
scattered on existing 

inventories. 

Longitudinal: 
OK 

Lateral: OK 
Vertical: OK 

Yes AMBER 
(D1.2; Belletti 

et al. 2020; 
Jones et al. 

2021); 
LANUV 2021 

Complex 
structure 

Indicate if 
the barrier is 

part of a 
more 

complex 
structure 
(e.g. weir 

with movable 
elements/slui

ce) 

  X X The information on the 
existence of other 

structures associated with 
the barrier is useful for 
barrier monitoring and 
mitigation. This is quite 

common in large 
European rivers (e.g. see 
barriers along the Rhone 

River).  
The fact a barrier is part 
of a complex structure 

can be used to 
characterize more in 

detail FFR barrier types 
and impact. 

A description of the 
complex structure is 

optional. 

Longitudinal: 
OK 

Lateral: OK 
Vertical: OK 

No Sandre 2008 

 

 

 

 

 

 

 

 



Criteria for identifying free-flowing river stretches 

HYMO IMPACTS DESCRIPTION

Hydrology: quantity and dynamics of flow 

This is associated with longitudinal, lateral and vertical 
artificial barriers, but not all barriers have the same effect. As 

well, the impact can be on quantity or on dynamics (not 
necessarily on both contemporarily). It also includes effects on 

flood and drought risk. 

Hydrology: impoundment 

Significant reduction of the flow velocity inconsistent with the 
BRT. This has cascading effects on morphology (meso- and 

microscale habitats), vertical connectivity, riparian structure, 
floodplain structure, thermal regime and other physico-

chemical parameters, and BQEs and overall ecology. 

Hydrology: hydropeaking 

Associated to barriers specifically used for hydropower 
production. It can have multiple effects, mainly when 

(artificial/non-mitigated) rapid flow alterations are released 
downstream HP tailrace into rivers, like continuity, 

morphology, physico-chemistry and survival 
(flushing/stranding) of BQEs and overall ecology. For ex., 

hydropeaking reaches may be physical barriers to fish 
migration. 

Hydrology: connection to groundwaters 
It concerns vertical connectivity and some FFR barrier types 

can have a local effect on groundwater connection and 
hyporheic exchanges. 

River longitudinal continuity: flow 
Not all barriers have the same effects on the 3 different 

components, these deserve to be identified separately. Both 
bedload and suspended sediment have to be taken into 

account. 
Effects of a barrier on continuity for sediment and wood can 

propagate downstream and upstream. 

River longitudinal continuity: sediment 

River longitudinal continuity: wood 

River continuity: lateral dynamics  
This includes both bank erosion processes and channel 

dynamics (lateral migration). 

Morphology: river width and depth 

Reach and geomorphic unit scale (mesoscale habitats): bed 
incision; channel narrowing; changes in geomorphic unit types 

and channel planform; homogenization; changes in 
geomorphic unit size. The effects can propagate at the 

segment scale (downstream and upstream). 

Morphology: riverbed structure, substrate  

Local-scale topography and sediment characteristics 
(microscale habitats): riverbed homogenization, armouring, 

clogging; effects on vertical connectivity; effect on the thermal 
regime. 

Morphology: riparian zone structure 

This is associated with the presence of structures (e.g. dam 
impacts) as well as to the changes in lateral dynamics. This has 

effects on banks and riparian habitats availability and 
heterogeneity, as well as on physico-chemistry (food and 

nutrients). 

Morphology: floodplain structure 
Floodplain habitat and connectivity between the river and its 

floodplain (beyond riparian zone; secondary arms, oxbow 
lakes, wetlands…). 



Criteria for identifying free-flowing river stretches 

REFERENCE TYPE & NOTES URL
AMBER Consortium, 2016. D.1.1 

Guidance on Stream Barrier Surveying 
and Reporting 

AMBER deliverables and 
publications 

https://amber.international/wp-
content/uploads/2020/12/D1.1-

Guidance-on-Stream-Barrier-
Surveying-and-Reporting.pdf 

AMBER Consortium, 2018. D1.2 
Country-specific reports containing the 

metadata 
AMBER deliverables and 

publications 

https://amber.international/wp-
content/uploads/2020/12/D1.2-

Country-specific-Reports-
Containing-the-Metadata.pdf 

AMBER Consortium, 2020. Let it Flow. 
Best Guidance on Barrier Management 

in Rivers. 
https://amber.international/magazine/ 

AMBER deliverables and 
publications (AMBER 

digital magazine) 

https://amber.international/wp-
content/uploads/2020/10/AMBER-

magazine-Digital.pdf 

APAT, 2003. Atlante delle opere di 
sistemazione fluviale 

Atlas of river engineering 
works, Italy 

https://www.isprambiente.gov.it/co
ntentfiles/00003400/3494-atlante-

delle-opere-di-sistemazione-
fluviale.pdf/ 

Belletti, B., Garcia de Leaniz, C., Jones, 
J., Bizzi, S., Börger, L., ....., Zalewski, M., 

2020. More than one million barriers 
fragment Europe’s rivers. Nature 588, 

436–441. 
https://doi.org/10.1038/s41586-020-

3005-2 

AMBER deliverables and 
publications 

Relevant info for 
longitudinal barriers 

(barrier types, 
connectivity measures and 

impacts) 

https://amber.international/peer-
reviewed-publications/ 

Belletti, B., Rinaldi, M., Buijse, A.D., 
Gurnell, A.M., Mosselman, E., 2015. A 

review of assessment methods for river 
hydromorphology. Environmental Earth 

Sciences 73, 2079–2100. 
https://doi.org/10.1007/s12665-014-

3558-1 

REFORM deliverables and 
publications. A review of 

hymo assessment 
methods related to WFD 

https://link.springer.com/article/10.
1007/s12665-014-3558-1 

Betta G., Iorio L., Porro E., Silvestro C., 
2008. Manuale per il censimento delle 

opere in alveo. Provincia di Torino. 
Regione Piemonte. ISBN: 88-901200-3-

7 

Guidebook for the census 
of in-channel structures of 
the Piemonte region, Italy 

http://gis.csi.it/disuw/sicod/doc/ma
nuale_censimento_opere.pdf 

EC WFD CIS Guidance No 37 - 
Mitigation Measures Library.xlsx 

Mitigation measure library 
in the framework of the 
assessment/definition of 
ecological potential for 

HMWBs. The xls file 
contains information on 
the impact of artificial 
structures on different 

river components (hymo 
& BQE) 

https://circabc.europa.eu/ui/group/
9ab5926d-bed4-4322-9aa7-

9964bbe8312d/library/67f969f9-
5abe-4765-a952-

2f8e2bf5b664/details 

EC, 2021. Biodiversity Strategy 2030. 
Barrier Removal for River Restoration 

Guidance for barrier 
removal prepared in the 

framework of the 
BDS2030 for obtaining 25k 
km of free-flowing rivers 

https://environment.ec.europa.eu/s
ystem/files/2021-

12/Barrier%20removal%20for%20ri
ver%20restoration.pdf 

https://amber.international/wp-content/uploads/2020/12/D1.1-Guidance-on-Stream-Barrier-Surveying-and-Reporting.pdf
https://amber.international/wp-content/uploads/2020/12/D1.1-Guidance-on-Stream-Barrier-Surveying-and-Reporting.pdf
https://amber.international/wp-content/uploads/2020/12/D1.1-Guidance-on-Stream-Barrier-Surveying-and-Reporting.pdf
https://amber.international/wp-content/uploads/2020/12/D1.1-Guidance-on-Stream-Barrier-Surveying-and-Reporting.pdf
https://amber.international/wp-content/uploads/2020/12/D1.2-Country-specific-Reports-Containing-the-Metadata.pdf
https://amber.international/wp-content/uploads/2020/12/D1.2-Country-specific-Reports-Containing-the-Metadata.pdf
https://amber.international/wp-content/uploads/2020/12/D1.2-Country-specific-Reports-Containing-the-Metadata.pdf
https://amber.international/wp-content/uploads/2020/12/D1.2-Country-specific-Reports-Containing-the-Metadata.pdf
https://amber.international/wp-content/uploads/2020/10/AMBER-magazine-Digital.pdf
https://amber.international/wp-content/uploads/2020/10/AMBER-magazine-Digital.pdf
https://amber.international/wp-content/uploads/2020/10/AMBER-magazine-Digital.pdf
https://www.isprambiente.gov.it/contentfiles/00003400/3494-atlante-delle-opere-di-sistemazione-fluviale.pdf/
https://www.isprambiente.gov.it/contentfiles/00003400/3494-atlante-delle-opere-di-sistemazione-fluviale.pdf/
https://www.isprambiente.gov.it/contentfiles/00003400/3494-atlante-delle-opere-di-sistemazione-fluviale.pdf/
https://www.isprambiente.gov.it/contentfiles/00003400/3494-atlante-delle-opere-di-sistemazione-fluviale.pdf/
https://amber.international/peer-reviewed-publications/
https://amber.international/peer-reviewed-publications/
https://link.springer.com/article/10.1007/s12665-014-3558-1
https://link.springer.com/article/10.1007/s12665-014-3558-1
http://gis.csi.it/disuw/sicod/doc/manuale_censimento_opere.pdf
http://gis.csi.it/disuw/sicod/doc/manuale_censimento_opere.pdf
https://circabc.europa.eu/ui/group/9ab5926d-bed4-4322-9aa7-9964bbe8312d/library/67f969f9-5abe-4765-a952-2f8e2bf5b664/details
https://circabc.europa.eu/ui/group/9ab5926d-bed4-4322-9aa7-9964bbe8312d/library/67f969f9-5abe-4765-a952-2f8e2bf5b664/details
https://circabc.europa.eu/ui/group/9ab5926d-bed4-4322-9aa7-9964bbe8312d/library/67f969f9-5abe-4765-a952-2f8e2bf5b664/details
https://circabc.europa.eu/ui/group/9ab5926d-bed4-4322-9aa7-9964bbe8312d/library/67f969f9-5abe-4765-a952-2f8e2bf5b664/details
https://circabc.europa.eu/ui/group/9ab5926d-bed4-4322-9aa7-9964bbe8312d/library/67f969f9-5abe-4765-a952-2f8e2bf5b664/details
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Gurnell et al. 2014. A hierarchical multi-
scale framework and indicators of 
hydromorphological processes and 

forms. 

REFORM deliverables and 
publications (D2.1 - Hymo 

framework). It contains 
information on the 

rationale for the river 
typology 

https://www.reformrivers.eu/syste
m/files/D2.1%20Part%201%20Main

%20Report%20FINAL.pdf 

Januchowski-Hartley, S.R., McIntyre, 
P.B., Diebel, M., Doran, P.J., Infante, 

D.M., Joseph, C., Allan, J.D., 2013. 
Restoring aquatic ecosystem 

connectivity requires expanding 
inventories of both dams and road 

crossings. Frontiers in Ecology and the 
Environment 11, 211–217. 

https://doi.org/10.1890/120168 

Article on the extent and 
effect of road crossing on 
aquatic ecosystems (UK) 

https://esajournals.onlinelibrary.wil
ey.com/doi/abs/10.1890/120168 

Jones J., Garcia de Leaniz C., Belletti B., 
Borger L., Bizzi S., Segura G., Van-de-

bund W. (2021). Quantifying river 
fragmentation from local to continental 

scales: data management and 
modelling toolbox. Authorea. DOI: 
10.22541/au.159612917.72148332 

AMBER deliverables and 
publications. 

Relevant info for 
longitudinal barriers 

(barrier types, 
connectivity measures and 

impacts) 

https://amber.international/peer-
reviewed-publications/ 

Keruzoré, A.A., Willby, N.J., Gilvear, 
D.J., 2013. The role of lateral 

connectivity in the maintenance of 
macrophyte diversity and production in 

large rivers. Aquatic Conservation: 
Marine and Freshwater Ecosystems 23, 

301–315. 
https://doi.org/10.1002/aqc.2288 

Scientific publication on 
the role of lateral 

connectivity in the 
maintenance of 

macrophyte diversity and 
production in large rivers. 

https://onlinelibrary.wiley.com/doi/
full/10.1002/aqc.2288 

Knox, R.L., Wohl, E.E., Morrison, R.R., 
2022. Levees don’t protect, they 

disconnect: A critical review of how 
artificial levees impact floodplain 

functions. Science of The Total 
Environment 837, 155773. 

https://doi.org/10.1016/j.scitotenv.202
2.155773 

Review article on the 
negative effects of 

artificial levees 

https://www.sciencedirect.com/scie
nce/article/abs/pii/S004896972202

8704 

LANUV, 2021. River constructions in 
North Rhine-Westphalia 

Guide for the field survey of 
constructions in rivers 

Field guidebook for river 
barriers in North Rhine-

Westphalia 

https://www.lanuv.nrw.de/fileadmi
n/lanuv/veroeffentlichungen/arbeit

sblatt/arbla38_EN/LANUV-
Arbeitsblatt_38_River_constructions

.pdf 

OFB, 2021. Manuel d’utilisation de 
l’application Module ROE. Référentiel 

des Obstacles à l’Ecoulement 

Guidebook for the 
application of the ROE 

application (OFB, French 
Institute for Biodiversity) 

NA 

OFB, application GEOBS. Référentiel 
des Obstacles à l'Ecoulement et 
Informations sur la Continuité 

Ecologique 
Version: 5.5.19 

Web application OFB - 
GEOBS. For the survey of 

barriers to river continuity 
NA 

Burgun V., Chanseau M., 
Kreutzenberger K. (Coord.), Marty V., 

Pénil C., Tual M., Voegtlé B. (2015). ICE. 

Protocol to assess river 
continuity in France and 

https://patbiodiv.ofb.fr/fiche-
methodologique/continuite-

ecologique/description-champs-

https://www.reformrivers.eu/system/files/D2.1%20Part%201%20Main%20Report%20FINAL.pdf
https://www.reformrivers.eu/system/files/D2.1%20Part%201%20Main%20Report%20FINAL.pdf
https://www.reformrivers.eu/system/files/D2.1%20Part%201%20Main%20Report%20FINAL.pdf
https://amber.international/peer-reviewed-publications/
https://amber.international/peer-reviewed-publications/
https://onlinelibrary.wiley.com/doi/full/10.1002/aqc.2288
https://onlinelibrary.wiley.com/doi/full/10.1002/aqc.2288
https://www.sciencedirect.com/science/article/abs/pii/S0048969722028704
https://www.sciencedirect.com/science/article/abs/pii/S0048969722028704
https://www.sciencedirect.com/science/article/abs/pii/S0048969722028704
https://patbiodiv.ofb.fr/fiche-methodologique/continuite-ecologique/description-champs-dapplication-methode-linformation-continuite-ecologique-ice-362
https://patbiodiv.ofb.fr/fiche-methodologique/continuite-ecologique/description-champs-dapplication-methode-linformation-continuite-ecologique-ice-362
https://patbiodiv.ofb.fr/fiche-methodologique/continuite-ecologique/description-champs-dapplication-methode-linformation-continuite-ecologique-ice-362
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Informations sur la continuité 
écologique. Protocole de terrain pour 

l’acquisition des données. Onema. 
Collection Guides et Protocoles, 84p. 

online application (ROE-
ICE) 

dapplication-methode-linformation-
continuite-ecologique-ice-362 

REFORM WIKI. Category: Pressures 

The wiki of the REFORM 
project with information 
on hydromorphological 
and ecological pressures 

of anthropogenic activities 

https://wiki.reformrivers.eu/index.p
hp?title=Category:Pressures 

Rinaldi, M, Bussettini, M., Surian, N., 
Comiti, F., Gurnell, A.M., 2016. 

Guidebook for the evaluation of stream 
morphological conditions by the 

Morphological Quality Index (MQI). 

REFORM deliverables and 
publications (D6.2 - 

Guidebook MQI). Relevant 
information on the impact 
of barriers on hymo and 

ecology. 

https://www.reformrivers.eu/guide
book-evaluation-stream-

morphological-conditions-
morphological-quality-index-mqi 

Rinaldi, M., Belletti, B., Comiti, F., 
Nardi, L., Bussettini, M., Mao, L., 

Gurnell, A.M., 2015. The Geomorphic 
Units survey and classification System 

(GUS). 

REFORM deliverables and 
publications (D6.2 - 

Guidebook GUS) 

https://www.reformrivers.eu/geom
orphic-units-survey-and-
classification-system-gus 

Rinaldi, M., Gurnell, A.M., del Tánago, 
M.G., Bussettini, M., Hendriks, D., 

2016a. Classification of river 
morphology and hydrology to support 
management and restoration. Aquatic 

Sciences 78, 17–33. 
https://doi.org/10.1007/s00027-015-

0438-z 

REFORM deliverables and 
publications (EU Basic 
River Typology (BRT)) 

https://doi.org/10.1007/s00027-
015-0438-z 

Rinaldi, M., Surian, N., Comiti, F., 
Bussettini, M., 2016b. IDRAIM - Sistema 
di valutazione idromorfologica, analisi e 

monitoraggio dei corsi d’acqua 
(Versione aggiornata 2016 No. 

132/2016), Manuali e Linee Guida. 
ISPRA, Roma. 

IDRAIM guidebook 
Hymo methodology used 

in Italy 

www.isprambiente.gov.it/it/pubblic
azioni/manuali-e-linee-

guida/idraim-sistema-di-
valutazione-idromorfologica-analisi-

e-monitoraggio-dei-corsi-
d2019acqua-versione-aggiornata-

2016 

Sandre, 2008. Obstacles à l'écoulement. 
Thème: Ouvrages. Version 1.0 

Base documents of the 
ROE French system 

http://sandre.eaufrance.fr/ftp/docu
ments/fr/ddd/obs/1.0/sandre_pres

entation_OBS_1.0.pdf  

Sandre, 2014. Description des ouvrages 
faisant obstacle à faisant obstacle à 

l'écoulement l'écoulement. Ouvrages. 
Version 1.2 

Description of river 
obstacle structures 

https://www.sandre.eaufrance.fr/n
otice-doc/description-des-ouvrages-

faisant-obstacle-%C3%A0-
l%E2%80%99%C3%A9coulement 

Sandre, 2012. Obstacles à l'écoulement. 
Présentation. Thème : Ouvrages. 

Version 1.1. 

Online Atlas of barrier 
types in France 

https://www.sandre.eaufrance.fr/at
las/srv/fre/catalog.search#/metadat

a/59057026-b40c-4cf9-9e3e-
7296e0aa1a78 

Stoffels, R.J., Humphries, P., Bond, N.R., 
Price, A.E., 2022. Fragmentation of 

lateral connectivity and fish population 
dynamics in large rivers. Fish and 

Fisheries 23, 680–696. 
https://doi.org/10.1111/faf.12641 

Scientific paper on the 
effects of lateral hydro 

connectivity on fish; 
lateral connectivity also 

has an effect on the 
longitudinal dimension at 

the basin scale. 

https://onlinelibrary.wiley.com/doi/
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Getting in touch with the EU 

In person 

All over the European Union there are hundreds of Europe Direct centres. 
You can find the address of the centre nearest you online (european-
union.europa.eu/contact-eu/meet-us_en). 

On the phone or in writing 

Europe Direct is a service that answers your questions about the European 
Union. You can contact this service: 

– by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for 
these calls), 

– at the following standard number: +32 22999696, 
– via the following form: european-union.europa.eu/contact-eu/write-us_en. 

Finding information about the EU 

Online 

Information about the European Union in all the official languages of the EU is 
available on the Europa website (european-union.europa.eu). 

EU publications 

You can view or order EU publications at op.europa.eu/en/publications. 
Multiple copies of free publications can be obtained by contacting Europe 
Direct or your local documentation centre (european-union.europa.eu/contact-
eu/meet-us_en). 

EU law and related documents 

For access to legal information from the EU, including all EU law since 1951 
in all the official language versions, go to EUR-Lex (eur-lex.europa.eu). 

EU open data 

The portal data.europa.eu provides access to open datasets from the EU 
institutions, bodies and agencies. These can be downloaded and reused for 
free, for both commercial and non-commercial purposes. The portal also 
provides access to a wealth of datasets from European countries. 
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