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Summary  

Background and Introduction to Deliverable 6.2  

Work Package 6 of REFORM focuses on monitoring protocols, survey methods, 

assessment procedures, gu idelines and other tools for characterising the consequences 

of physical degradation and restoration, and for planning and designing successful river 

restoration and mitigation measures and pro grammes.  

Deliverable 6.2 of Work Package 6 is the final report on methods, models and tools to 

assess the hydromorphology of rivers. This report summarises the outputs of Tasks 6.1 

(Selection of indicators for cost -effective monitoring and development of m onitoring 

protocols to assess river degradation and restoration), 6.2 (Improve existing methods to 

survey and assess the hydromorphology of river ecosystems), and 6.3 ( Identification 

and selection of existing hydromorphological and ecological models and to ols suitable to 

plan and evaluate river restoration ).  

The deliverable is structured in five parts. Part 1 provides an overall framework for 

hydromorphological assessment. Part 2 includes thematic annexes on protocols for 

monitoring indicators and models. P art 3 is a detailed guidebook for the application of 

the Morphological Quality Index (MQI). Part 4 describes the Geomorphic Units survey 

and classification System. Part 5  (this volume)  includes a series of applications to some 

case studies of some of the t ools and methods reported in the previous parts.  

Summary of Deliverable 6.2  Part 5 

This part provides a  series of applications of some of the methods reported in the Part 1.  

The document is organised in three chapters . In Chapter 1,  the Morphological Quali ty 

Index (MQI) and the Morphological Quality Index for monitoring (MQIm) have been 

applied  to eight case studies. Chapter 2 presents the application of semi -automated 

procedures based on remote sensing datasets for monitoring and characteri sing channel 

forms to the River Orco (Italy). In Chapter 3, the Hydromorphological Evaluation Tool 

(HYMET) is applied to the Drau Ruver (Austria).  
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1.   Applications of MQI and MQIm to European 

case  studies  

 

L. Nardi 1, M. Rinaldi 1, B. Belletti 1, K. Brabec 2, F. Comiti 3, M.  Gieğczewski4, B. Golfieri 5, S. 

Hellsten 7, S. Kaufman 6, E. Marchese 3, P. Marcinkowski 4, S. Muhar 6, T. Okruszko 4, A. 

Paillex 8, M. Poppe 6, J. Rääpysjärvi 7, M. Schirmer 8, M. Stelmaszczyk 4, N. Surian 5 

 

1UNIFI, 2MU, 3Free University of Bozen -Bolzano, 4WULS, 5University of Padova, 6BOKU, 
7SYKE, 8EAWAG 

 

1.1   Introduction  

This chapter  presents  the results of the applications of the Morphological Quality Index 

(MQI) and the Morphological Quality Index for Monitoring (MQIm) to  a series of 

European  case studies .  

The Morphological Quality Index (MQI) and the Morphological Quality Index for 

monitor ing (MQIm) represent two novel tools for the hydromorphological assessment of 

streams specifically developed to fulfil the objectives of the Water Framework Directive 

2000/60  (see Parts 1 and 3 of this Deliverable) .  

The application of the MQI to eight case  studies selected within different biogeographical 

regions of Europe had the main objectives of:  

1.  Testing and enhancing the extended version which has been developed during the 

REFORM project to better represent those alterations and channel morphologies, 

such as lowland rivers with very low energy  and  anabranching, which were under -

represented  in the original version of the MQI, but can frequently be found in 

European in countries.  

2.  Analysing the hydromorphological  response of the river to the various restoration 

measures.  

Restoration measures were undertaken along all the selected rivers. For each river, a 

delineat ion in reaches was first carried out  according to the procedure described in the 

D6.2 Part 1 . Then, tw o reaches were  selected  for the application of the MQI and the 

MQIm , one including a restored site and the other representing a degraded condition. 

This was possible for most of the reaches, with the exception of the Töss River, for which 

an adjacent reach  with comparable characteristics (in terms of confinement, degree of 

artificiality, etc.) wa s not available.  

Then, the MQI and MQIm were both applied for all case studies to the pre - restoration vs. 

post - restoration conditions along the restored reach.  The analyses  of pre - restoration 

conditions we re based on available material describing the reaches before any 

interventions, such as orthophotos.  
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1.2   The case studies  

Seven rivers selected  among the case studies of the REFORM Work Package 4 (Kail et 

al., 2014) , with the addition of the Aurino River, were analysed. All the eight case 

studies include d restoration measures, and were selected within different 

biogeographical regions of Europe in order to represent a sufficiently wide range of 

physical conditions. T he main characteristics of the case studies are summarised in Table 

1.1, whereas their location is presented in Figure 1.1. 

The analysed  reaches were delimited according to the REFORM multiscale, delineation 

framework (see section 1.3 ). Reach length ranges from a minimum of 1.16 km (Aurino) 

to a maximum of 5.85 km ( Vääräjoki). Most of the investigated reaches are unconfined;  

bed slope ranges from 0.02% (Narew) to 0.5% (Thur and Töss);  bed sediment ranges 

from sand to boulders; channel morphologies include straight, sinuous, meandering, 

wandering and anabranching types.  The r estored length in Table 1.1 is expressed both in 

km and as the percentage of the restored portion over the total reach length (in the case 

of anabranching channels, the total reach length is the sum of the length of all the 

anabranches). This ranges from a minimu m of 4.4%  (Töss) to  a maximum of  100% 

(Aurino).  

 

Different restoration measures have been undertaken ( Table 1.2) , which  include removal 

of bank protections and/or artificial levées, channel widening, reconnection or 

construction of secondary channels and instream measures for habitat enhancement. 

Introduction of large wood along the Lippe River, and bed level raising by th e re -

introduction of sediment along the Aurino River were carried out in combination with 

some of the previous measures. One particular case is that of the Becva River: here, 

removal of bank protections and channel widening occurred in response to an inten se 

flood event  in 1997 , so restoration consisted of leaving the channel morphology and not  

fix ing  the banks  again.  

 

Figure 1 .1   Location of the selected rivers.  
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Table 1 .1   Main characteristics of the selected rivers. Catchment size, mean discharge 

(Qmean), altitude, bed sediments, confinement and channel morphology refer to the 
restored reach.  

River name  Aurino  Becva  Drau  Lippe  Narew  Thur  Töss  Vääräjoki  

Country  I  CZ A D PL CH CH SF 

Altitude    
(m a.s.l.)  

840  232  570  72  139  371  453  60  

Catchment 
(km²)  

629  1532  2433  1896  3680  1605  188  835  

Bed slope 
(%)  

0.1  0.2  0.14  0.05  0.02  0.5  0.5  0.13  

Bed 
sediment  

G G G S S G G B 

Confinement  PC U U U U U PC U 

Morphology  M S W S A W St  S 

Qmean 
(m³/s)  

20  16.6  62.6  17.7  16.9  52.9  9.9  9.9  

Restoration 
Length (km)  

1.19  0.45  1.9  2 4.6  1.55  0.21  1.4  

Restoration 
Length (%)  

100  22.1  97.4  85.5  29.2  87.6  4.4  23.9  

Restoration 
date  

2007 -
2010  

1997  
2002 -
2003  

1996 -
1997  

Since 
1995  

2002  
a) 1999 
b) 2010  

1997 -2006  

Bed Sediment: G=Gravel, S= Sand, B= boulder, blocks, cobbles; Morphology: St=Straight, S=Sinuous, M=Meandering, W=wandering, 

A=Anabranching; Confinement: U=unconfined, PC= Partially confined 

Table 1 .2   Main restoration measures undertaken at the selected reaches . 

River  Restoration date  Main r estoration measure  

Drau  2002 -2003  
Partial removal of bank fixation; initiation of secondary channel; 
reconnection of one sidearm  

Thur  2002  
Enhancement of flood protection and biota diversity, removal of 
embankments  

Becva  1997  Removal of bank fixation  

Vääräjoki  1997 -2006  I nstream measures  

Lippe  1996 -1997  
Removal of bank protections and levees, channel widening, bed level 
raising, introduction and fixation of dead wood  

Narew  Since 1995  
Reconnection side channels (rise water level by submerged sills) and 
removal of excess of sediment and vegetation)  

Töss  a)1999 b)2010  Enhance biota diversity, remove embankments  

Aurino  2007 -2010  
Removal of bank fixation; widening; initiation of secondary channel; 
bed level aggradation  

1.3   Methods  

The analysis of the selected reaches of the different case studies was undertaken 

according to the guidelines reported in Rinaldi et al., 2015 (Deliverable D6.2 Part 3) . It 

was carried out in two phases. The first phase concerned the delineation of reaches and 

other relevant spatial units; the second phase concerned the calculation of the MQI and 

MQIm index. The first phase of delineation of spatial units inc luded 4 consecutive steps, 

according to the procedure defined by Rinaldi et al. (2013) which is fully consistent with 

the REFORM multi - scale, delineation framework (Gurnell et al. 2014, 2015): (1) 
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delineation of landscape units based on  catchment scale cha racteristics, such as geology, 

topography  and land use ; (2) delineation of segments by also taking into account the 

general character istic s of the valley setting and major hydrological discontinuities; (3) a 

first delineation of reaches on the basis of the  valley setting and channel morphology; 

(4) final delineation of reaches on the basis of other elements of discontinuity (e.g. 

minor tributaries, artificial elements, presence of morphological units, etc.).  

The confinement index and degree as well as the indexes of channel pattern morphology 

(i.e. sinuosity and anabranching index) were calculated in order to characteri se and 

define the reaches.  

Once defined and selected representative reaches for each case study, the Morphological 

Quality Index (MQI) and the Morphological Quality Index for monitoring (MQIm) were 

calculated. Specifically, two reaches were chosen for each case study one representing a 

degraded condition and the other including restoration measures. The Töss represents 

an exception. In fact, given the short extent of the restoration measures, it was not 

possible to distinguish a restored reach having a meaningful morphological length , and 

an adjacent reach with comparable characteristics (in terms of confinement, degree of 

artificiality, etc.)  wa s not available . Thus, only one reach was selected along the T öss 

River.  

The MQI and the MQIm have been specifically developed to assess the morphological 

quality of the river, and to evaluate and monitor the impacts on the morphological 

quality of inte rventions , including restoration projects, respectively.  

The MQI evaluation procedure consists of a set of 28 indicators which allow for the 

assessment of the longitudinal and lateral continuity, channel pattern, cross section 

configuration, bed structure  and substrate, and vegetation in the riparian corridor. These 

characteristics are analysed in terms of geomorphological functionality, artificiality, and 

channel adjustments.  

A scoring system is used in the MQI, obtained through classes ranging from A ind icating 

absence of alteration, to C associated to a maximum degree of alteration . Reference 

conditions are identified with a river reach in dynamic equilibrium, performing those 

morphological functions that are expected for a specific morphological typolog y, and 

where artificial elements and pressures are absent or do not significantly affect the river 

forms and processes.  The final score ranges from 0 (worst conditions) to 1 (reference 

conditions).   

The MQIm is based on the same indicators of the MQI, alth ough the indicators of channel 

adjustments are not included in the calculation. A scoring system is also used in the 

MQIm, however instead of discrete classes, the scores of many indicators are based on 

continuous mathematical functions. This allows the MQ Im to be more sensitive to 

changes occurring at a temporal scale of a few years, as required for monitoring 

purposes , and is particularly suitable for the environmental impact assessment of 

interventions, including restoration measures (Rinaldi et al., 201 5) . 

The overall MQI and MQIm evaluations were carried out by making a synergic use of two 

GIS analysis and field surveys. In particular, existing material at reach scale was 

examined, including: (i ) the most recent remote sensed images representing the current 

river conditions; (ii) historical aerial photos (when available); (iii) map layer of 

interventions (when available), including information on relevant structures responsible 

for the alteration  of flows and/or bedload interception in the sub -catchment upstream 

from the reach. After a preliminary remote sensing ï GIS analysis, a field survey was 

carried out  in the period May 2014 ï September 2014  for all investigated reaches 

followed by the GIS a nalysis and the measurement of quantitative parameters.  
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1.3  Aurino River (Italy)  

1.3.1.   Study area  

The Aurino River basin has a drainage area of 629 km 2 and is located in South Tyrol, 

Italian Alps. The Aurino River,  with its 53 km of length and 15.2 m 3sī1 of an nual mean 

water discharge (30 ï50 m 3sī1 during the summer), is the most important tributary of 

the Rienz/Rienza River.  The river segment analy sed here lies in the lower, wider Ahr 

valley, where the channel features mostly partly confined conditions  punctuat ed by 

debris flow fans determining shorter confined reaches.  Gravel mining occurred in this 

river stretch from the 1950s to the1980s. Bed incision became evident during the second 

half of the twentieth  century, leading to a  morphological and hydrological d iscontinuity  

between the channel and its floodplain, the latter being now a terrace  flooded only by 

events with recurrence intervals > 30ï50 years, depending  on the location. Bed incision 

has also caused a lowering of the  water table, probably  limiting  the  growth and dynamics 

of riparian forest dominated  by gr ey alder (Alnus incana) but certain ly favo uring 

conditions for agriculture  and bed armo uring.  In 2003 the Department of Hydraulic 

Engineering of the Autonomous Province of Bolzano started a river resto ration program 

with the purpose of improving the ecological functionality of the river.  The river 

restoration program consists mainly of  the removal of river bank protections, channel 

widening, raising of the riverbed by introducing the sediments taken fro m the banks, and 

creation of islands  (Figure 1.2) . The restored reach (partly confined) is located near the 

village of Gais (about 1100 m in length, average slope of 0.1%).  The current channel 

width is about 60 m, and the channel pattern is sinuous ( Table 1.3).  

The MQI assessment was carried out with reference to the years 2000 (pre - restoration) 

and 2013 (post - restoration). The application to the year 2000 was possible thanks to 

orthophotos, reports, and cross sections available for that year.  

 

 

 

Figure 1 .2   Aurino River, view of the degraded reach (2011) and pre - restored 
reach(2000) in A and B, respectively. C: Aerial photo of the Restored reach of the Aurino 
River (Province of Bolzano, Orthoph oto 2011).  

A B 

C 
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Table 1 .3   Aurino River: main characteristics of the study reaches.  

Reach  Length (m)  Channel 
width (m)  

Morphology  Confinement  Qmean  
 (m 3 /s)  

Q1.5  
(m 3 /s)  

Before 
restoration  

1165  35  Meandering  PC 15,2  50  

After 
restoration  

1165  61  Meandering  PC 15,2  50  

1.3.2.   Results   

The MQI and the MQIm have been calculated in order to assess and monitor the 

morphological condition of the Aurino river where restoration measures have been 

undertaken.  

The morphological condition before the restoration was moderate (MQI= 0.54) as a 

result of a discontinuous and narrow floodplain and riparian vegetation, lack of riverbank 

processes and variability of the cross sections, as well as an  altered bed structure  and 

absence of large wood in the channel as showed by the class (C) of the corresponding 

MQI indicators in  Table 1.4. Artificialities were also present before the res toration, with 

the worst being the removal of sediments from the channel (A10 is in class C). These 

results are in line with the  negative judg ement that led to the decision to  carry out  

restoration work in this river segment  (Campana et al., 2014) .  

The mor phological quality of the current restored reach , represented in Figure 1.3, 

resulted as being good (MQI=0.73).  

  

  

Figure 1 .3   Aurino River: The upper part of the restored reach viewed from upstream to 

downstream (A, B and C) and the lower part viewed from downstream to upstream (D).  

 

A B 

C D 
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The indicators of functionality relative  to lateral continuity  (F2 and F4) and channel 

morphology (F7 to  F10)  and  indicators of artificiality  (A5ïA6)  also improved  as, here , 

bank  protections were removed during the work, along with a  br idge. Moreover, some 

indicators passed from  the lowest (class C) to the highest sc ore (class A) after the 

restoration . In fact, restoration measures described in the Section 1.3.1  improved the 

functionality of the reach, by promoting the bank er osion processes and the 

development of morphological features (bars and island) and favouring the variability of 

the cross sections and the natural heterogeneity of the natural bed structures. The 

effects of the restoration can be observed by comparing the  classes of the MQI indicators 

before and after the restoration ( Table 1.4) and evaluated in Figure 1.3. 

Table 1 .4   Aurino River: summary of the MQI indicators for the restored reach before 
(BR) and after the restoration (AR).  

Indicator  Degraded  Be fore restoration  After restoration  

FUNCTIONALITY  

F1 A A A 

F2 C C B2 

F4 C C B 

F5 B B B 

F7 B B A 

F8 Not evaluated  B B 

F9 C Not evaluated  Not evaluated  

F10 C1 C1 A 

F11 C C A 

F12 C C C 

F13 C C B 

ARTIFICIALITY  

A1 A A A 

A2 B1 B1 B1 

A3 A A A 

A4 A A A 

A5 A B A 

A6 C B A 

A7 A A A 

A8 A A A 

A9 A B B 

A10  A C C 

A11  B B B 

A12  B B B 

CHANNEL ADJUSTMENTS  

CA1 Not evaluated  Not evaluated  Not evaluated  

CA2 Not evaluated  Not evaluated  Not evaluated  

CA3 Not evaluated  Not evaluated  Not evaluated  

SCORE  AND CLASS  

MQI  0.59  0.5 4 0.7 3 

CLASS  MODERATE MODERATE GOOD 
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As the method was not originally designed to be applied to cases where restoration work 

had recently been implemented, the MQI was also applied without responding to the 

channel adjustment indicators (the method permits this option) in order to make the 

preïpost restoration assessment s comparable.  

The comparison of the MQIm values before and after the restoration confirms a positive 

trend in the morphological quality of the reach ( Table 1.5).  

Table 1 .5   Aurino River: summary of the MQIm indicators for the restored reach before 

and after the restoration.  

Indicator  Before restoration  After restoration  

FUNCTIONALITY  

F1m  0 0 

F2m  4.40  4.40  

F4m  3.50  2.50  

F5m  2.50  2.50  

F7m  3.55  1.20  

F8m  2.50  2.50  

F9m  Not evaluated  Not evaluated  

F10m 6.50  0 

F11m 3.50  0 

F12m 2.14  2.52  

F13m 5. 78  5. 73 

ARTIFICIALITY  

A1m  0 0 

A2m  4.50  4.50  

A3m  0 0 

A4m  0 0 

A5m  2 0 

A6m  4.50  0 

A7m  0 0 

A8m  0 0 

A9m  3.31  3 

A10 m  7.50  4.50  

A11 m  3.50  3.50  

A12 m  3.50  3.50  

SCORE  

MQIm  0.6 7 0. 79  

1.4  Becva River (Czech Republic)  

1.4.1.   Study area  

The Becva River is one of the main tributar ies of the Morava River (Czech Republic). The 

river is 61.6 km long with its river basin extending to 1613 km 2 (Figure 1.4). The flow 

rate is highly fluctuating d ue to small retention capacity of the basin where bedrock 

prevails. The water reaches the highest level during the spring and the lowest during 

September. From the end of the 19 th  century, interventions were implemented in order 

to regulate the water flow.  In the early twentieth century, the river was altered, 

shortening meanders and smoothing the channel.  
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Figure 1 .4   Becva catchment  

Two contiguous reaches were selected for the application of the MQI and MQIm: a 

degraded and a restored one. The catchment area at the restored reach is 1243 km 2. 

Similarly to the entire Becva River, at the degraded reach the natural braided channel 

pattern and the high dynamics of the gravel -bed channel were altered by a 

chan neli sation project occurred in the period 1902 -1935. At this reach the channel width 

is almost constant (about 34 m) and no morphological features are present. Instead, the 

restored reach has a wider channel (about 47 m) characteri sed by the presence of 

mo rphological features such as side bars. Erosional and depositional processes can also 

be observed, as well. The Becva river represents a case w here restoration occurred 

ónaturallyô following the flood in 1997, and concern s a river length of about 700 m. Th e 

1997 flood promoted channel widening and the development of morphological features 

by removing bank protections. Subsequently,  the flood bank protections and other 

interventions were not rebuilt. In this sense the channel was naturally restored. The 

effe cts of the natural restoration can be noted  by comparing Figure 1.6A and  Figure 

1.6B.  

Segmentation of the reaches along the Becva River was carried out based on the 

delineation procedure described in the D6.2 Part  1. Aerial photos acquired in 2010 

(geoportal.cuz.k.cz) were a nalysed in ArcGis to define the limits of the study reaches 

together with the land use map (Corine Land Cover 2006 of level 1), the DEM and the 

geolog ical  map. Aerial photos f rom  2010 together with historical maps from  1950 were 

also used to measure the ch annel width and sinuosity and to conduct the remote -sensing 

analysis that is required to evaluate a set of MQI and MQIm indicators. The indicators 

measured by remote -sensing were later verified during the field surveys carried out in 

the period June 15th t o 19th 2014.  

The selected reaches are included in a hilly physiographic setting . Due to the 

confinement index and confinement degree both reaches resulted as being unconfined 

(Figure 1.5). The presence of a weir with a diversion, having important effects on the 

flow and sediment discharges represents the upstream limit of the degraded reach, 
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whereas the presence of a ramp representing a longitudinal disconnection is the 

upstream limit of the restored reach.  

The degraded reach has a length of 3001.4 m, an average channel width of about 34 m, 

and it presents straight channel morphology, having a sinuosity index of 1.03. The 

restored reach, which included the restoration site having a length of approximately 700 

m, is about 2041 m long and 47 m wide on average ( Table 1.6).  

 

 

Figure 1 .5   Aerial photo of the Becva River, including both the degraded and restored 

reaches (WMS geoportal.cuz.k.cz, 2010) . 

Table 1 .6   Becva River: main characteristics of the study reaches.  

Reach  Length (m)  Channel 
width (m)  

Morphology  Confinement  Qmean  
 (m 3 /s)  

Q1.5  
(m 3 /s)  

Degraded  3001.4  33.9  Straight  Unconfined  16.6  239  

Restored  2041.1  46.9  Sinuous  Unconfined  16.6  239  

 

  

Figure 1 .6   Becva River, view of the degraded reach and restored reaches in A and B, 
respectively . 

1.4.2.   Results  

The application of the MQI allowed for the assessment of the morphological quality of the 

reaches in the current condition and before the restoration in case of the restored reach 

(Table 1.7).  

RESTORED REACH 

DEGRADED REACH  

A B 
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In the current condition, the morphological quality of the degraded reach is ópoorô, the 

MQI value being equal to 0.34. This is the result of a very low functionality of the reach 

(all the indicators are in class C, with the exception of F13) due to the absence of 

floodplain and morphological processes, as well as to a negligible variability of cross 

sections and  of the  presence of in -channel large wood and a very narrow and only 

partially f unctioning width of riparian vegetation. The poor functionality of the reach is in 

turn strictly linked to the presence of artificialities and in particular to the continuous 

presence of bank protections (A6) and the presence of a diversion upstream from the 

reach, which affects the flow discharges and intercepts sediments (A1, and A2, Figure 

1.7).  

  

Figure 1 .7   Diversion at the upstream limit of the degraded reach.  

  

Figure 1 .8   Eroding bank (A) and heterogeneity of bed sediments (B) at the restored 
reach.  

The current condition of the degraded reach is not dissimilar to the condition of the 

restored reach before the occurrence of the flood in 1997. Also in this case, the 

morphological quality is classed as ópoorô, with the MQI value equal to 0.34 as in the 

previous case ( Table 1.7). In fact, the restored reach before the restoration, was 

affected by the same impacts which can be found at present in the degraded reach and 

which are responsible for a very low functionali ty. Similarly to the current degraded 

reach, banks were fully protected and according to the former river management, 

sediments and woods were removed from the channel for flood protection purposes.  

The destruction of bank protection due to the flood in 19 97 improved the functionality of 

the restored reach by promoting processes of bank retreat (F4, Figure 1.8A) and 

therefore the natural heterogeneity o f bed sediments (F10, Figure 1.8B), as well as a 

A B 

A B 
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variability of the cross sections, due to the presence of bars ( Figure 1.6B). The removal 

of bank protection also allowed for a widening of the potentially erodible corridor (F5).  

After the flood management policies at this reach changed and the removal of sediments 

and woods was less intense (A10 and A11).  

Table 1 .7   Becva River: summary of the IQM indicators for the degraded and restored 
reach before (BR) and after the restoration (AR).  

Indicator  Degraded  Restored (BR)  Restored (AR)  

FUNCTIONALITY  

F1 C C B 

F2 C C B2 

F4 C C A 

F5 C C A 

F7 C C C 

F8 Not evaluated  Not evaluated  Not evaluated  

F9 C C B 

F10 Not evaluated  Not evaluated  A 

F11 C C B 

F12 C C B 

F13 B A A 

ARTIFICIALITY  

A1 C C C 

A2 B2 B2 B2 

A3 A A A 

A4 B A A 

A5 B A A 

A6 C+penalty  C+penalty  B 

A7 A A A 

A8 A B B 

A9 B B B 

A10  C C B1 

A11  B C B 

A12  B B B 

CHANNEL ADJUSTMENTS  

CA1 A A no  

CA2 A A no  

CA3 B C1 C1 

SCORE AND CLASS  

IQM  0.34  0.34  0.58  

CLASS  POOR POOR MODERATE 

The reduction of artificialities and the resulting improvement of the functionality which 

occurred with the flood were quite important, to the extent that the MQI changed from 

the class ópoorô to the class ómoderateô.  

The application of the MQIm to the re stored reach before and after the restoration 

amplifies what was already observed during the application of the MQI. In this case the 

difference between the scores resulting from  the two applications is quite important, 

increasing from 0.46 to 0.7 before a nd after the restoration, respectively ( Table 1.8).  
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Table 1 .8   Becva River: summary of the IQMm  indicators for the restored reach before 

and after the restoration .  

Indicator  Before restoration  After restoration  

FUNCTIONALITY  

F1m  6 4 

F2m  6 3.21  

F4m  3.5  0 

F5m  3.5  0.5  

F7m  6 4.51  

F8m  Not evaluated  Not evaluated  

F9m  6 3.29  

F10m  Not evaluated  0 

F11m  3.5  2.5  

F12m  2.82  1.72  

F13m  0.9  0.9  

ARTIFICIALITY  

A1m  7.5  7.5  

A2m  9.32  9.32  

A3m  0 0 

A4m  0 0 

A5m  0 0 

A6m  21  3.08  

A7m  0 0 

A8m  2.5  2.5  

A9m  3 3 

A10m  7.5  4.5  

A11m  6.5  3.5  

A12m  3.5  3.5  

SCORE  

IQMm  0.46  0.7  

1.5   Drau River (Austria)  

1.5.1.   Study area  

The Dra u is a river in southern Central Europe, a tributary of the Danube. It sources in 

Italian South Tyrol, flows eastwards through East Tirol and Carinthia in Austria into 

Slovenia for 142 kilometres and then southeast, passing through Croatia and forming 

most of the border between Croatia and Hungary, before it joins the Danube near Osijek.  

Two reaches were selected along the Drau River, one representing a degraded condition 

and the second which includes a restoration site.  

The degraded reach, wh ich is limited upstream and downstream by the confluence with 

tributaries, is approximately 5200 m long. Its average channel width is 49  m, and it 

presents a sinuous  channel morphology, having a sinuosity index of 1.13 ( Table 1.9).   

The restored reach  is located near the village of Klebach in Carinthia  (Figure 1.9) . Here  

the Dra u catchment is roughly 2500 km², and t he average annual flow of the river is 

70m³/s. The reach is about 1950  m long and 90  m wide on average  (Table 1.9). Its 

morphology can be defined as straight with local wandering. The current morphology and 

channel width are the results  of  restoration measures which started in 2002.  
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Interventions include d the remov al of stabili sation structures over a length of 1. 3 km 

bank and the widening of the channel up to  45 m in several sections. A second side arm 

was also created with a length of 500 m and a width of 30 m  (Figure 1.10 ) . Furthermore, 

the project consisted of initial plantings of additional floodplain forests, the establishment 

of new water bodies in the floodplains, the reintroduction of highly endangered or lost  

plant and animal species, as well as various other protective measures for endangered 

species.  

 

 
 

 

Figure 1 .9  Aerial photo of the Drau River, at the degraded (A) and restored (B) reaches 
(WMS gis.ktn.gv.at, 2011).  

  

Figure 1 .10  Drau River, view of the restoration project and the restored reach in A and 
B, respectively.   

  

A B 

A 

B 
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Table 1 .9  Drau River: main characteristics of the study reaches.  

Reach  Length  
(m)  

Channel 
width  (m)  

Morphology  Confinement  Qmean  
 (m 3/s)  

Q1.5  
(m 3/s)  

Degraded  5184  49  Sinuous  U  n.a  

Restored (Br)  1954  50  Straight  U 69.8  n.a  

Restored (Ar)  1954  90  Wandering  U 69.8  n.a  

ArcGIS analyses based on images from  2011 ( WMS gis.ktn.gv.at, 2011) were used to 

define the limits of the study reaches, to measure channel width and to conduct the 

remote -sensing analysis that is required to evaluate a set of MQI and MQIm indicators. A 

field survey carried out during the summer of 2014 was necessary to ev aluate those 

indicators which could not be estimated through remote sensing as well as to check the 

preliminary remote sensing ï based results.  

1.5.2.   Results  

In the current condition, the morphological quality of the degraded reach is ómoderateô, 

the MQI value being equal to 0.50.  

This is the result of a low functionality of the reach mainly due to the continuous 

presence of bank protections (A6 has the maximum penalty). The latter are, in fact, 

responsible for a negligible presence or absen ce of floodplain, ri verbank processes, 

potentially erodible corridor as well as a consistent presence of alteration of the 

morphological pattern (F2, F4, F5, F7 are in class C) , as described in Table 1.10 . 

The current condition of the degraded reach is very similar to the condition of the 

restored reach before the measure of restoration started . This measure  resulted in a 

moderate morphological condition, although the MQI value is higher (0.55), due to the 

absence of crossing structures (A5) and a wider  and  more extended functional 

vegetation (F12  and F13 ).  

In the years from 2002 to 2003 several restoration  measures were implemented over a 

total length of 1.9 km. The effect of the removal of bank protections improved the 

functionality of the reach by promoting riverbank erosional processes as well as the 

development of morphological features ( Figure 1.11 ). These effects were captured by 

both the MQI and MQIm indicators (F4, F7, F9 and the corresponding F4m, F7m, F9m in 

Table 1.10  and  

Table 1.11 ). Due to the restoration measures, the morphological quality of the reach 

increased to good.  

 

Table 1 .10  Drau River: summary of the MQI indicators for the degraded and restored 

reach before (BR) and after the restoration (AR).  

Indicator  Degraded  Restored (BR)  Restored (AR)  

FUNCTIONALITY  

F1 A A A 

F2 C C C 

F4 C C B 

F5 C C C 

F7 C C B 

F8 Not evaluated  Not evaluated  Not evaluated  

F9 C C A 

F10 Not evaluated  Not evaluated  A 

F11 A A A 

F12 C B B 
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Indicator  Degraded  Restored (BR)  Restored (AR)  

F13 B A A 

ARTIFICIALITY  

A1 A A A 

A2 B1 B1 B1 

A3 A A A 

A4 A A A 

A5 B A A 

A6 C + penal ty  C + penal ty  C 

A7 A A A 

A8 A A A 

A9 A A A 

A10  B1 B1 B1 

A11  A A A 

A12  B B B 

CHANNEL ADJUSTMENTS  

CA1 Not evaluated  Not evaluated  Not evaluated  

CA2 Not evaluated  Not evaluated  Not evaluated  

CA3 Not evaluated  Not evaluated  Not evaluated  

SCORE AND CLASS  

IQM  0.50  0.55  0.75  

CLASS  Moderate  Moderate  Good  

 

Table 1 .11  Drau River: summary of the MQIm indicators for the degrade d and restored 
reach before and after the restoration . 

Indicator  Before Restoration  After Restoration  

FUNCTIONALITY  

F1m  0 0 

F2m  6.00  6.00  

F4m  3.50  2.50  

F5m  2.50  2.50  

F7m  6.00  4.00  

F8m  Not evaluated  Not evaluated  

F9m  6.00  1.49  

F10m  Not evaluated  Not evaluated  

F11m  2.50  0 

F12m  2.32  2.32  

F13m  0 0 

ARTIFICIALITY  

A1m  0 0 

A2m  0 0 

A3m  0 0 

A4m  0 0 

A5m  0 0 



D6.2 Methods for HyMo Assessment  

Part 5 Applications  

Page 22  of 93  

Indicator  Before Restoration  After Restoration  

A6m  21.00  5.56  

A7m  0 0 

A8m  0 0 

A9m  0 0 

A10 m  4.50  4.50  

A11 m  0 0 

A12 m  3.50  3.50  

SCORE  

IQMm  0.6 9 0.8 2 

 

  

Figure 1 .11   Drau river at the restored (A) and degraded (B)  reaches.  

1.6   Lippe River (Germany)  

1.6.1.   Study area  

The Lippe River drains from the mountains and hills of  central -western Germany and is a 

tributary of the Rhine River. The length of Lippe River is 255 km and its catchment is 

4882 km 2. The catchment  is dominated by glacial and aeolian  deposits and by 

Cretaceous limestones. Two landscape units can be delineated  within the Lippe 

catchment: a large lowland area that is covered by culti vated, urban and industrial areas 

and a smaller hilly and mountain unit, that is located in the e astern and south -eastern 

portion of the catchment, mainly covered by forests. According to the procedure 

summarized in Section 1.3, the Lippe River was delinea ted into  3 segments  based on the 

geology and the presence of major tributaries. Changes of channel morphology and 

other longitudinal discontinuities were used to define the reaches ( Figure 1.12 ).  

B A 
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Figure 1 .12  Lippe catchment : delineation of landscape units and segments (codes from 
S1 to S 3 ). Landscape units: (1) mountain and hilly  are as , (2) lowland  areas.  

The two study reaches are located in the floodplain between  the villages of 

Benninghausen and Herzfeld. They both present a sinuous channel morphology, low 

channel slope (i.e. about 0.03%) and sandy substrate ( Figure 1.13 ); catchment size at 

their downstream extremity is 1896 km 2. Delimitation of the upstream study reach was 

defined based on a significant change of channel width (i.e. 34 m vs. 18 -20 m) in 

respect to the contiguous reaches.   

 

Figure 1 .13  Satellite image of the Lippe River, including both the degraded and restored 
reach . 

The upstream study reach (segmentation code 3_10) underwent a series of restoration 

interventions between 1996 and 1997. The continuous bank protections and the levees, 

that were present along the left bank, were completely removed and the channel width 

wa s increased from about 18 m up to 34 m ( Figure 1.14  and Table 1.12 ). Sediment was 

added in to the channel to raise  the bed  by 2 m and to reconnect the river, both in terms 

of hydraulic and morphological processes, with its former floodplain.  A ramp was built at 

the downstream end of the reach to prevent channel incision. In addition,  several trunks 

DEGRADED REACH  
RESTORED 

REACH 
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were fixed with in the channel and on the banks, to enhance microhabitat diversity 

(Figure 1.15 ).   

The morphological conditions of the downstream study  reach (segmentation code 3_12) 

are similar to those that were present in the restored reach before the restoration 

interventions ( Figure 1.14  and Table 1.12 ). Both banks are almost completely fixed by 

bank protections and a modern floodplain is absent, since  the channel underwent a 

moderate incision. Riparian vegetation is limited  to a narrow strip of trees along the 

banks. Delimitation of the degraded study reach was based on a significant reduction of 

channel width in respect to the upstream reach (12 m vs. 20 m), while downstream 

extremity was placed in correspondence with a cha nge in channel sinuosity.  

  

Figure 1 .14  Lippe River, view of the degraded reach (A) and restored reach (B).  

 

Table 1 .12  -  Lippe  River: main characteristics of the study reaches.  

Reach  Length (m)  Channel 
width (m)  

Morphology  Confinement  Qmean  
 (m 3 /s)  

Q2   
(m 3 /s)  

Degraded  3397  12  Sinuous  U 17.7  113  

Restored  2282  34  Sinuous  U 17.7  113  

 

 

Figure 1 .15  Upstream restored reach: one of the trunks that were fixed in the channel 
and on the banks, to enhance microhabitat diversity.  

ArcGIS basemap  images (acquisition in September 2012) were used to define the limits 

of the study reaches, to measure channel width and sinuosity and to conduct the 

remote -sensing analysis that is required to evaluate a set of MQI indicators. Historical 

A B 
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maps of the peri od 1891 -1912 at 1:25000 scale (available on - line at the Nordrhein 

Westfalen Region geoportal, http://tim -online.nrw.de), were used to evaluate 

adjustments in channel pattern (i.e. indicator CA1). Since historical aerial photographs 

were not available and t he resolution of the above mentioned maps was low, 

adjustments in channel width (CA2) were not evaluated. The presence of artificial 

structures in the upstream catchment (i.e. weirs and check dams) and in the study 

reaches (i.e. bank protections, levees, r amps) was evaluated referring to two databases, 

one for medium - large rivers and the other for small rivers, collat ed by the Nordrhein 

Westfalen Region. The presence of artificial structures in the study reaches was also 

checked in the field during the surv ey that was carried out in September 2014.  

1.6.2.   Results  

The downstream degraded reach presents moderate morphological conditions (i.e. MQI 

value = 0.56) ( Table 1.13 ). The  main impacts are related to the widespread presence of 

bank protections (A6 indicator) and the complete absence of modern floodplain areas  (F2 

indicator). The potential erodible corridor is extremely limited (F5 indicator) and the 

outcrop of the marl bedr ock (F10 indicator) can be observed at some sites along the 

reach, since a process of incision ha s occurred over  the last decades (CA3 indicator).  

The morphological conditions of the upstream reach before the interventions of 

restoration were almost equal (i.e. MQI value = 0.55) to the conditions of the actual 

degraded reach. The interventions of restoration caused a marked improvement of the 

MQI value (i.e. from 0.55 to 0.74), with a change from moderate to good morphological 

status. The improvement is rel ated to the widespread removal of bank protection s (A6 

indicator) and levees (A7 indicator). The potential erodible corridor therefore became 

wide and continuous (F5 indicator) and the input  of sediments in the channel allowed the 

reconnection with the for mer  floodplain  (F2 indicator).  

Table 1 .13   Lippe River: summary of the MQI indicators for the degraded and restored 
reach before (BR) and after the restoration (AR).  

Indicator  Degraded  Restored (BR)  Restored (AR)  

FUNCTIONALITY  

F1 A A A 

F2 C C A 

F4 Not evaluated  Not evaluated  Not evaluated  

F5 C C A 

F7 B A A 

F8 Not evaluated  Not evaluated  Not evaluated  

F9 Not evaluated  Not evaluated  Not evaluated  

F10 C1 Not evaluated  Not evaluated  

F11 C C C 

F12 C A B 

F13 B C C 

ARTIFICIALITY  

A1 B B B 

A2 B1 B1 B1 

A3 A A A 

A4 A A A 

A5 A B B 

A6 C + penalty  C + penalty  B 

A7 A B A 
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Indicator  Degraded  Restored (BR)  Restored (AR)  

A8 A A A 

A9 A A B 

A10  A A A 

A11  A A A 

A12  B C C 

CHANNEL ADJUSTMENTS  

CA1 A A Not evaluated  

CA2 Not evaluated  Not evaluated  Not evaluated  

CA3 B B A 

SCORE AND CLASS  

MQI  0.56  0.55  0.74  

CLASS  MODERATE MODERATE GOOD 

The application of the MQIm underlines a significant improvement of the morphological 

conditions before and after the interventions of restoration ( Table 1.14 ). The MQIm 

values varied from 0.66 to 0.8 2. Only two indicators changed negatively: A9m due to the 

construction of a ramp and F12m because of the decreased  ratio between functional 

vegetation and channel width. The latter markedly increased as mentioned in 1.9.1 

paragraph, while the width of functional vegetation remained the same, since the 

vegetation that is present in the reconnected floodplain  is predomi nantly composed of  

poplar plantations (i.e. semi - functional vegetation). The evaluation of all the other 

indicators remained the same or varied positively and it is worth while  noti ng  the 

substantial changes of A6m (from 21.00 to 1.67), related to the wides pread  removal of 

bank protections, F2m (from 6.0 0 to 1.16) due to  floodplain  reconnection, A7m (from 

3.87 to 0) due to removal of levees and F5m (from 3.50 to 0.22) due to the widening of 

the erodible corridor.  

Table 1 .14   Lippe River: summary of the MQIm indicators for the degrade d and restored 

reach before and after the restoration . 

Indicator  Before restoration  After restoration  

FUNCTIONALITY  

F1m  0 0 

F2m  6.00  1.16  

F4m  Not evaluated  Not evaluated  

F5m  3.50  0.22  

F7m  0 0 

F8m  Not evaluated  Not evaluated  

F9m  Not evaluated  Not evaluated  

F10m  Not evaluated  Not evaluated  

F11m  3.50  3.50  

F12m  1.00  2.50  

F13m  5.09  4.70  

ARTIFICIALITY  

A1m  4.50  4.50  

A2m  2.23  2.23  

A3m  0 0 

A4m  0 0 

A5m  2.00  2.00  
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Indicator  Before restoration  After restoration  

A6m  21.00  1.67  

A7m  3.87  0 

A8m  0 0 

A9m  0 3.00  

A10m  0 0 

A11m  0 0 

A12m  6.50  6.50  

SCORE  

MQIm  0.66  0.8 2 

 

1.7   Narew River (Poland)  

1.7.1.   Study area  

The Narew River is one of the main tributaries of the Wisla  River, being 484 km in 

length. The headwaters of the Narew River are located in western Belarus and the 

catchment, which is mainly covered by Quaternary glacial deposits and has an extension 

of about 75000 km 2, drains the north -eastern Polish Lowland. The  hydrological regime is 

highly dominated by snow melt , and high flows usually occur in spring (March and April). 

The catchment can be delineated into 2 landscape units primarily based on land use 

type, since it is geologically homogeneous and no significant difference in elevation is 

present ( Figure 1.16 ) . The first landscape unit, which is located in the south -eastern 

portion of the catchment, encompasses an area dominated by forests, while the second 

unit is mainly occup ied by agricultural areas (i.e. arable lands and pastures).  

Segmentation of the Narew River was carried out in Deliverable 2.1 (Part 3) and the 

presented applications of MQI and MQIm are based on th at  delineation  which  identifies 7 

segments ( Figure 1.16 ) .  

 

An anabranching segment is present between SuraŨ and Rzňdziany in the upper 

catchment  (S6 in Figure 1.16 ) . The two study reaches are located in the downstream 

portion of this segment ( Figure 1.17 ), that is characteri sed by an extremely low channel 

slope (i.e. 0.06%) and sandy substrate. Catchment size at the downstream limit of the 

study reaches is about 3680 km 2.  

 

Table 1 .15   Narew River: main characteristics of the study reaches.  

Reach  Length (m)  Channel 
width (m)  

Morphology  Confinement  Qmean  
 (m 3 /s)  

Q2   
(m 3 /s)  

Degraded  4280  32  Sinuous  U 16.9  36.3  

Restored  5421  59  Anabranching  U 16.9  36.3  
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Figure 1 .16  Upper Narew catchment: delineation of landscape units and segments 
(codes from S1 to S7). Landscape units: (1) f orested areas, (2) agricultural and urban 

areas.  

 

Figure 1 .17  Satellite image of the Narew River, including both the degraded and the 
restored reach . 

RESTORED REACH 

DEGRADED 

REACH 
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Figure 1 .18  Narew River, view of the degraded reach (A) and restored reach (B).  

The upstream study reach (segmentation code 6_30) presents an anabranching 

morphology, where a main channel can be identified, due to its larger width and its 

regulated planform, while secondary channe ls present more natural features ( Figure 

1.18  and  Table 1.15 ). The main channel underwent a series of interventions of 

straightening and rectification in the 1970s, which also concentrated the majority of the 

flow into this channel, leading to lowered water levels in the secondary channels. Islands 

and floodplain areas are mainly covered by herbaceous peat - forming vegetation and 

grasslands , while arboreal vegetation is generally scarce. Aquatic macrophytes are 

abundant in the secondary channels while th eir presence is rare along the main channel  

(Figure 1 0) . The upstream limit of this study reach is defined by the presence of an 

artificial structure (i.e. a weir), that causes a longitudinal discontinuity along the main 

channel, while the downstream limit  consists of  a change of channel morphology (i.e. 

from anabranching to sinuous) and of  the presence of another weir. Restoration activities 

were carried out in this reach since 1995 and they consisted of  removing of excess 

sediment and vegetation to reconn ect secondary side channels. In addition two 

submerged sills were constructed a few hundred meters upstream from  the reach in 

order to raise water levels in the reactivated secondary channels ( Figure 1.19 ).  

 

 

Figure 1 .19  Upstream study reach: one of the submerged sills that is present a few 
hundred meters upstream of the restored reach (A)  and a secondary channel with 
abundant aquatic vegetation (B).  

The adjacent downstream reach (segmentation code 6_31)  is the other case study. Its 

downstream limit corresponds to the confluence with the SupraŜl River. The morphology 

A B 

B A 
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of the reach w as anabranching until the 1970s, when severe interventions of 

straightening and rectification were carried out and established the present  sinuous 

morphology ( Figure 1.18  and Table 1.15 ). Remnants of abandoned channels and oxbow 

lakes are present in the adjacent floodplain  that is mainly covered by grasslands, with a 

scarce presence of arboreal vegetation ( Figure 1.20 ).  

  

Figure 1 .20  Downstream study reach: the weir located at the upstream limit of the 
degraded reach (A) and a disconnected secondary channel with abundant aquatic 
vegetation (B).  

ArcGIS basemap images ( obtained  in April 2011) were used to  define the limits of the 

study reaches, to measure channel width and to conduct the remote -sensing analysis 

that is required to evaluate a set of MQI indicators. Historical maps from  1933 on a  

1:100000 scale were used to evaluate adjustments in channel p attern and width (i.e. 

indicators CA1 and CA2) since historical aerial photographs of that period were not 

available.  The presence of  artificial structures in  the study reaches (i.e. bank protections, 

levees) was checked for on topographic maps (scale 1:10 000) and then verified during 

the field surveys that were carried out in July 2014.  

1.7.2.   Results  

The downstream degraded reach (segmentation code 6_31) presents a moderate 

morphological condition (i.e. MQI value = 0.64) ( Table 1.16 ). The  main impacts are 

related to the significant artificial changes of the river course (A8 indicator) which were 

carried out during the 1970s and which caused a change of the channel patter n from 

anabranching to sinuous (CA1 indicator) and a related intense narrowing of the channel 

width (CA2 indicator) ( Figure 1.21 ). There is a limited presence of func tional vegetation 

along the banks, of aquatic emergent macrophytes (F13 indicator), and a complete 

absence of dead wood (F11 indicator). Additionally, channel forming discharges (A1 

indicator) and sediment transport (A2 indicator) are altered by the presen ce of the 

Siemianówka dam in the upstream catchment, near Bondary. In addition, sediment flux 

is impacted by the weir located at the upstream limit of the reach ( Figure 1.20 ).  

A B 
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Figure 1 .21  Adjustments in channel pattern in the downstream study reach: 
anab ranching morphology in the 1930 s (topographic map -  A) and actual sinuous 
morphology (satellite image -  B).  

 

Table 1 .16   Narew River: summary of the MQI indicators for the degraded and restored 

reach before (BR) and after the restoration (AR).  

Indicator  Degraded  Restored (BR)  Restored (AR)  

FUNCTIONALITY  

F1 B B B 

F2 A A A 

F4 Not evaluated  Not evaluated  Not evaluated  

F5 A A A 

F7 B B B 

F8 B A A 

F9 Not evaluated  Not evaluated  Not evaluated  

F10 Not evaluated  Not evaluated  Not evaluated  

F11 C C C 

F12 B A A 

F13 C B B 

ARTIFICIALITY  

A1 C C C 

A2 B1 B1 B1 

A3 A A A 

A4 A B B 

A5 B B B 

A B 

A B 
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Indicator  Degraded  Restored (BR)  Restored (AR)  

A6 A A A 

A7 A A A 

A8 C A A 

A9 A A A 

A10  A A A 

A11  A A A 

A12  C C C 

CHANNEL ADJUSTMENTS  

CA1 B A A 

CA2 C C C 

CA3 A A A 

SCORE AND CLASS  

MQI  0.64  0.70  0.70  

CLASS  MODERATE GOOD GOOD 

The morphological condition of the upstream anabranching  reach (segmentation code 

6_30) before the interventions of restoration was good (i.e. MQI value = 0.70). The 

interventions of straightening and rectification of the 1970s were carried out only on the  

main channel within this reach (A8 indicator in class A ) and therefore it maintained its 

anabranching morphology (CA1 indicator in class A), characteri sed by the presence of 

secondary channels and typical land forms such as oxbow lakes and abandoned channels 

in the floodplain  (F8 indicator in class A) (Figure 1.19 ) . The interventions of restoration 

did not lead to  any improvement of the MQI value. Also the application of the MQIm 

index does not underline any signific ant change of morphological quality before and after 

the interventions of restoration ( Table 1.17 ). The evaluation  of all the  indicators 

remaine d the same, with the exception of the negligible  modifications of F12m, A5m, 

A6m and A7m indicators  (Table 1.17 ) .  

Table 1 .17   Narew River: summary of the MQIm indicators for the degraded and restored 
reach before and after the restoration . 

Indicator  Before restoration  After restoration  

FUNCTIONALITY  

F1m  4.00  4.00  

F2m  0 0 

F4m  Not evaluated  Not evaluated  

F5m  0.16  0.16  

F7m  2.57  2.57  

F8m  0 0 

F9m  Not evaluated  Not evaluated  

F10m  Not evaluated  Not evaluated  

F11m  3.50  3.50  

F12m  0.51  0.55  

F13m  3.70  3.70  

ARTIFICIALITY  

A1m  7.50  7.50  

A2m  6.97  6.97  

A3m  0 0 
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Indicator  Before restoration  After restoration  

A4m  4.00  4.00  

A5m  2.11  2.34  

A6m  0.32  0.25  

A7m  0.13  0.11  

A8m  0 0 

A9m  0 0 

A10m  0 0 

A11m  0 0 

A12m  6.50  6.50  

SCORE  

MQIm  0.7 6 0.7 6 

The lack of a remarkable improvement of the morphological conditions of the restored 

reach depends on the original objectives of the restoration  interventions. They were 

planned with specific ecological purposes, i.e. to maintain and restore semiaquatic 

habitats such as peat -bogs and periodically inundated grasslands, which were 

endangered by the low water level in the secondary channels, and not f or a sound 

morphological rehabilitation of the reach. The main morphological effect of restoration is 

the increase of the value of the anabranching index, from 2.40 to 2.96, due to the 

reconnection and reopening of secondary side channels ( Figure 1.22 ).  

  

Figure 1 .22   Upstream study reach: active channels before (A) and after restoration (B).  

 

1.8   Thur  River (Switzerland)  

1.8.1.   Study area  

The Thur is a tributary of the Rhine river , with a length of 127 km , flowing from the 

Swiss Alps in the north east of Switzerland. The Thur catchment is 1730 km 2 and is a 

mainly limestone dominated alpine headwater, wherea s the pre -alpine lowlands are 

dominated by óMolasseô-Sandstones and Pleistocene unconsolidated sediments.  

The discharge regime of the Thur is similar to unregulated alpine rivers due to the 

absence of natural or artificial reservoirs along its course. Thus , the water level can 

increase rapidly during rain events or snowmelt.  

In the late 19th century , in order to protect residential areas from floods, the Thur river 

was embanked and its natural floodplain was drastically reduced. To date, efforts are 

being made  aimed at increasing  the natural protection against floods, and, at the same 

time promoting natural processes and habitat diversity.  

A B 
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In 2002 a restoration project was initiated  near the villages of Niederneunforn and 

Altikon. At this point the upper ca tchment measures about 1605  km². The mean 

discharge near the site is 52.9  m³/s. The length of the restoration is about 1.55 km. 

Here the river was widened and embankments along the right side of the river were 

removed to provide a larger space for  the rive r. Additional wood en structures were 

added to enhance the ability of the river to meander.  

According to the procedure summarized in Section 1.3 , the Thur river was  delineated 

and 5 segments were defined based on the geological map and the presence of major 

tributaries. Confinement, channel morphology and other longitudinal discontinu ities were 

used to define reaches.  

Two contiguous reaches were selected for the application of the MQI and MQIm: a 

degraded and a restored one ( Figure 1.23 ). The catchment area at the restored reach is 

1243 km 2.  

 

Figure 1 .23   Aerial photo of the Thur  River, including both the degraded and restored 

reaches (Google earth, 2012).  

Both reaches fall within a hilly physiographic unit and are unconfined. The degraded 

reach has a length of about 5654 m, an average channel width of 51 m and presents a 

straight   morphology, having a channel sinuosity of 1.002 ( Table 1.18 ). The degraded 

reach is characteri sed by the presence of lateral bars. The beginning of t heir presence 

defines the upstream limit of the reach. A view of the degraded reach is reported in 

Figure 1.24 A.  

The restored reach has a length of ab out 1777 m and an average channel width of 87 m. 

Its sinuosity is higher than 1.05 and the channel morphology is wandering ( Table 1.18 ). 

The change of  channel morphology marks the upstream limit of the restored reach. A 

view of the degraded reach is reported in Figure 1.24 B.  

Table 1 .18   Thur River: main characteristics of the study reaches.  

Reach  Length  
(m)  

Channel 
width (m)  

Morphology  Confinement  Qmean  
 m 3 /s)  

Q1.5  
(m 3 /s)  

Degraded  5654.5  51.2  Straight  Unconfined  52.9  N.A.  

Restored  1773.6  87.4  Wandering  unconfined  52.9  N.A.  

 

DEGRADED REACH  

RESTORED REACH 



D6.2 Methods for HyMo Assessment  

Part 5 Applications  

Page 35  of 93  

  

Figure 1 .24   Degraded (A) and restored (B) reach along the Thur river .  

Aerial photos of 2012 together with historical maps of 1935 were used to measure the 

channel width, its variations and the sinuosity as well as to conduct the remote -sensing 

analysis that is required to evaluate a set of MQI and MQIm indicators. The indicat ors 

measured by remote -sensing were later verified during the field surveys carried  out  in 

July 2014.  

1.8.2.   Results  

The downstream degraded reach presents a moderate morphological condition (i.e. MQI 

value = 0.64) ( Table 1.19 ). This is mainly related to the negligible presence of riverbank 

processes (F4), the limited presence of potentially erodible corridor (F5) linked to the 

presence of artificial levees  (A7) and the consistent alteration of the morphological 

pattern (F7) especially due to the continuous presence of bank protections (A6) built 

together with levees in the late 19th century to protect residential areas from floods.  

Similarly to the degraded  reach, the morphological quality of the upstream reach before 

the interventions of restoration was moderate (MQI value = 0.65). Compared to the 

degraded reach , the functional vegetation is wider (about 110 m compared to 20 m), 

whereas its linear extension  is lower (88% against 94%).  

The interventions of restoration caused an improvement in  morphological quality, and 

the class of morphological conditions improved  to good (MQI value=0.8).  

The improvement is related to the removal of bank protections (A6) w hich promoted the 

reactivation of bank processes (F4) and the development of morphological units (F7).  

Also , the application of the MQIm underlines a significant change of the conditions before 

and after the interventions of restoration with an increase of  0.14 points  (Table 1.20 ) . 

The most significant improvement can be observed in indicators related to the presence 

of bank protections (A6m), but also in the indicator s of processes of bank retreat, the 

presence of potentially erodible corridor, the variability of the cross section and width of 

functional vegetation (F4m, F5m, F9m and F12m).  

 

Table 1 .19   Thur  River: summary of the MQI indicators for the degraded and restored 
reach before (BR) and after the restoration (AR).  

Indicator  Degraded  Restored (BR)  Restored (AR)  

FUNCTIONALITY  

F1 A A A 

F2 A A A 

A B 
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Indicator  Degraded  Restored (BR)  Restored (AR)  

F4 C C A 

F5 C C A 

F7 C C B 

F8 Not evaluated  Not evaluated  Not evaluated  

F9 C C B 

F10 Not evaluated  Not evaluated  Not evaluated  

F11 A A A 

F12 C A A 

F13 A B B 

ARTIFICIALITY  

A1 A A A 

A2 A A A 

A3 A A A 

A4 A A A 

A5 B A A 

A6 C+penalty  C+penalty  C 

A7 B B B 

A8 A A A 

A9 A A A 

A10  A A A 

A11  A A A 

A12  B B B 

CHANNEL ADJUSTMENTS  

CA1 A A NO 

CA2 A A NO 

CA3 B B B 

SCORE AND CLASS  

MQI  0.64  0.65  0.80  

CLASS  MODERATE MODERATE GOOD 

 

Table 1 .20   Thur River: summary of the MQIm indicators fo r the restored reach before  
and after the restoration . 

Indicator  Before restoration  After restoration  

FUNCTIONALITY  

F1m  0 0 

F2m  1.79  1.77  

F4m  3.5  0 

F5m  3.5  1.77  

F7m  6 2.35  

F8m  Not evaluated  Not evaluated  

F9m  6 2.35  

F10m  Not evaluated  Not evaluated  
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Indicator  Before restoration  After restoration  

F11m  0 0 

F12m  1.18  0.97  

F13m  1.59  1.59  

ARTIFICIALITY  

A1m  0 0 

A2m  0 0 

A3m  0 0 

A4m  0 0 

A5m  0 0 

A6m  21  7.94  

A7m  2.88  2.88  

A8m  0 0 

A9m  0 0 

A10m  0 0 

A11m  0 0 

A12m  0 0 

SCORE  

IQMm  0.74  0.88  

 

1.9   Töss River (Switzerland)  

1.9.1.   Study area  

The Töss is a 56 km long river flowing in the north east of Switzerland, originating in the 

north east of the Swiss Alps. As well as the Thur river, the Töss is a tributary of the 

Rhine river. It is a pre -alpine river, without natural or artificial reservoirs along its 

course. The natural morphological conditions have been highly modified due to the 

presence of numerous artificial weirs and embankments constructed in the early 20th 

century for flood protection purposes and to provide more land for agriculture.  

In 1999 the Töss was restored for a total length of 200 met res . The river was widened 

on both sides of the main river channel. Along the course of the river, embankments 

were removed to provide more space for  the river. Additionally, wood en structures wer e 

added to promote the development of morphological features and to increase the 

diversity of instream habitats and the corresponding biota.  

The Töss was delimitated according to the procedure summaris ed in Section 1.3 . 

Confinement, channel morphology and other longitudinal discontinuities were used to 

define the reaches. Given the short extent of the restoration (about 2 00 m) which 

induced only loc al  widening processes, it was not possible to identify 2 different reaches 

representing a restored and a degraded condition, as was the case  in the other case 

studies. Thus, the MQI and the MQIm were applied only at one reach which includes the 

restoration  site ( Figure 1.25  and Figure 1.26 ) , and an adjacent reach with comparable 

characteristics (in terms of confinement, degree of artificiality, etc.)  was not available . 

This selected reach is 4746 m long. The upstream limit of the reach is represented by an 

out - take and the downstream limit is defined  by the presence of a tributary. The reach is 

partly confine d and presents straight channel morphology, having a sinuosity index of 

1.03. Its average channel width is about 21 m ( Table 1.21 ). The portion of the reach 

which was not restored is characteri sed by the presence of numerous sills  (Figure 

1.26 A) . 
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Aerial photos from  2012 provided by Google Earth together with historical maps from  

1935 were used to measure the channel width, its variations and sinuosity as well as to 

conduct the remo te -sensing analysis that is required to evaluate a set of MQI and MQIm 

indicators. The indicators measured by remote -sensing were later verified during the 

field surveys carried out in July 2014.  

 

Figure 1 .25   Aerial photo of the Töss River at the selected reach (Google earth, 2012).  

  

Figure 1 .26   Töss  River, view of the not restored portion of the reach characteri sed by 
the numerous presence of sills  and portion of the restored reach in A and B, 
respectively . 

Table 1 .21   Töss River: main characteristics of the study reaches.  

Reach  Length (m)  Channel 
width (m)  

Morphology  Confinement  Qmean  
 (m 3 /s)  

Q1.5  
(m 3 /s)  

 
4746  20.5  Straight  

Partially 
confined  

9.9  N.A.  

A B 
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1.9.2.   Results  

The morphological quality of the reach before the interventions of restoration was 

moderate with the MQI value equal to 0.54 ( Table 1.22 ). This is mainly related to the 

negligible presence of floodplain (F2) and potentially erodible corridor (F5) due to the 

continuous presence of bank protections. These latter, together with a n important 

presence of bed stabilization structures (96 sill s were counted along the reach) , are also 

responsible for the absence of riverbank processes (F4) and variability of cross section 

(F9), and the occurrence of consistent alterations of the morpho logical patter (F7).  

The interventions of restoration caused only a slight improvement of the MQI whose 

value increased from 0.54 to 0.56 while the class of morphological conditions did not 

change. The improvement is only related to a slight widening of t he floodplain, which 

increased from about 7 m to 12 m. Although bank protections were removed and the 

channel was widened, the short extent of these interventions did not allow the MQI 

indicators to change the class and therefore to capture any improvement  in the 

functionality of the reach.  The removal of bank protections and the resulting 

improvement of the morphological quality of the reach in terms of enhanced variability of 

cross section and decrease of morphological alteration can be observed only in t he 

corresponding MQIm indicators (i.e. A6m, F7m and F9m, respectively in  Table 1.23 ).  

However , the application of the MQIm also does not highlight  any significant change of 

the conditions before and after the interventions of restoration and the final scores only 

differ by 0.01.  

 

Table 1 .22   Töss River: summary of the MQI indicators for the reach before  and after the 
restoration.  

Indicator  Before restoration  After restoration  

FUNCTIONALITY  

F1 A A 

F2 C B2 

F4 C C 

F5 C C 

F7 C C 

F8 Not evaluated  Not evaluated  

F9 C C 

F10 A A 

F11 C C 

F12 A A 

F13 A A 

ARTIFICIALITY  

A1 A A 

A2 A A 

A3 A A 

A4 A A 

A5 B B 

A6 C+penalty  C+penalty  

A7 A A 

A8 A A 

A9 C1 C1 

A10  A A 
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Indicator  Before restoration  After restoration  

A11  B B 

A12  B B 

CHANNEL ADJUSTMENTS  

CA1 Not evaluated  Not evaluated  

CA2 Not evaluated  Not evaluated  

CA3 B B 

SCORE AND CLASS  

IQM  0.54  0.56  

CLASS  MODERATE MODERATE 

 

Table 1 .23   Töss River: summary of the MQIm indicators for the reach be fore and after 

the restoration.  

Indicator  Before restoration  After restoration  

FUNCTIONALITY  

F1m  0 0 

F2m  4.4  3.81  

F4m  3.5  3.5  

F5m  3.5  3.45  

F7m  6 5.88  

F8m  Not evaluated  Not evaluated  

F9m  6 5.88  

F10m  0 0 

F11m  3.5  3.5  

F12m  0.43  0.44  

F13m  0 0 

ARTIFICIALITY  

A1m  0 0 

A2m  0 0 

A3m  0 0 

A4m  15.06  15.06  

A5m  2.27  2.27  

A6m  21  19.8  

A7m  0 0 

A8m  0 0 

A9m  0 0 

A10m  0 0 

A11m  3.5  3.5  

A12m  3.5  3.5  

SCORE  

IQMm  0.62  0.63  
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1.10   Vaarajoki River (Finland)  

1.10.1.  Study area  

The Vääräjoki river catchment is located in the central -western part of Finland, in the 

Kalajoki river catchment ( Figure 1.27 ). It is 835 km 2 at the downstream reach outlet and 

is located in a low - relief area, where the ancient reliefs have been modelled by glacier 

erosion during the Quaternary glaciations. The geol ogy is thus dominated by old rocks 

unearthed by the action of glaciers: metamorphic (i.e. mica schists and mica gneiss) and 

intrusive crystalline (i.e. granite and granodiorite) rocks. Moraines and other finer 

lacustrine -glacial sediments dominate the supe rficial deposits. The hydrographical 

system is fluvio -glacial and fluvio - lacustrine where rivers and lakes mainly occupy the 

groove dug by glaciers. Like in the rest of Finland, there is a low evapotranspiration and 

low soil permeability (i.e. 10% of the F innish surface is occupied by lakes). The 

hydrological regime is highly dominated by snow and glacier melt (high flows in spring) 

and rain (high flows in autumn).  

The Vääräjoki river is about 107 km in length, and has mainly a sinuous unconfined 

channel, w ith low slopes (i.e. 0.1% along the segment where studied reaches are 

located). The dominant channel sediments are boulders and cobbles, whereas in the 

surrounding plain area fine sediments dominate (i.e. peat, clay and silt). For this reason, 

differently from other low gradient streams, the channel bed shows a relative 

heterogeneity of sediment and geomorphic units (i.e. presence of areas of relatively 

turbulent flow, bars and islands with heterogeneous sediment).  

The river and its catchment have been in fl uenced  by human impacts over time, where 

the most important has been the removal of  a huge amount of coarse sediment (about 

200 ,000 m 3) in order to allow transport of wood for the timber activity, before the 1950s 

(mainly in the decade 1920 -1930) ( Figure 1.28 ). During the 1950s (1955 -1959) 

additional sediment was  been removed for flood protection, together with river 

channeli zation (about 320 ,000  m 3). Th is caused a reduction of instream habitats and an 

overall river channel homogenisation (i.e. loss of areas with rapids). At the beginning of 

the 20th century two lakes located along the main course of the Vääräjoki were drained , 

in order to provide  lands for agriculture. Several secondary channels were also activated 

for the implementation of watermills. Since the 1990s a widespread programme for river 

restoration in volv ed the most Finnish river s, including the Vääräjoki. Here the restoration 

occurr ed between 1997 and 2006 and mainly concerned the improvement of instream 

habitats for fish for about 16 km of the river ôs length.  

The Vääräjoki river was divided into segments and reaches according to the procedure 

summarised in Section 1.3 . Topographic  maps having a resolution of about 2.5 m 

property of the NLS (Natural Land Survey of Finland; http://kansalaisen.karttapaikka.fi ), 

geological and land use maps (Corine Land Cover 2006 of level 1), images from Google 

Earth, and GIS layers including the catchment area and the stream network, were used 

for this purpose.  

 

http://kansalaisen.karttapaikka.fi/
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Figure 1 .27   Location of the Vääräjoki river catchment.  

 

 

Figure 1 .28   Dredging along the Vääräjoki river during the 1920s .  

The relief of the catchment does not vary significantly (from 150 until 60 m a.s.l.); thus, 

landscape units were delineated on the basis of geology and land use at the catchment 
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scale. First, 4 macro -areas for 3 homogeneous bedrock geology classes were ide ntified: 

intrusive crystalline rocks (granite and granodiorite) versus metamorphic rocks (mica 

schist and mica gneiss), plus an intermediate class. Then, these areas with 2 classes of 

land use (forest and semi -natural areas; agriculture and urban areas) we re combined, 

and 5 landscape units were identified ( Figure 1.29 ). The combination of the landscape 

units and the river course and the location of confl uences with main tributaries (i.e. 

having a catchment area at least 2/3 of the main river catchment area) provided the 

delineation of 8 segments.  

 

Figure 1 .29   Vääräjoki River : the delineation of landscape u nits and reaches. Landscape 
units: (1) Intrusive crystalline rocks, forested and semi - natural areas; (2) Metamorphic 
rocks, forested and semi - natural are as; (3) Metamorphic rocks, agriculture and urban 
areas; (4) Intermediate rocks, forested and semi - natural areas; (5) Intermediate rocks, 

agriculture and urban areas.  

The confinement index and degree were calculated considering that the only elements of 

confinement are represented by glacial deposits, such as hummocky moraines. The 

resulting values , together with the indexes of channel pattern morphology (i.e. sinuosity 

and anabranching index), the presence and the assemblage of morphological units, 

artificial elements (i.e. channelization) and tributaries, allowed for the delimitation of 19 

reaches . 

The two selected reaches are located along segment 8. Their main characters are 

reported in Table 1.24 .  

The two reaches selected for this study are  located in the downstream portion of the 

Vääräjoki catchment, about 18 km from the confluence with the Kalajoki river, in an 
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agricultural area. Reaches are 1895.1 and 5857.7 m long, i.e. the upstream degraded 

and the downstream restored, respectively ( Figure 1.30 ). The restoration in the restored 

reach area concerns about 1.4 km river length (mainly in the downstream portion of 

reach 8.4). Boulders rem oved for the timber activity have been reintroduced in the 

channel (mainly along the margins) in order to improve the bed heterogeneity and 

recreate habitats for fish (i.e. enable the breeding and migration of fish). Also some finer 

sediment (i.e. gravel) was introduced to provide nursery habitats for salmonids. Some of 

the artificial channels used for direct water through the watermills have also been 

restored (i.e. secondary channels).  

In order to apply the second phase of calculation of the MQI and MQIm index, additional 

data were acquired:  

-  aerial photos: recent images (2010) of about 2 m of resolution; old images (1956 and 

1947 for the degraded and restored reaches, respectively) of about 50 cm of 

resolution, property of the Finnish NLS (National Land Survey of Finland 

(http://www.maanmittauslaitos.fi/en/kartat);  

-  online information about superficial sediment and geology 

(http://gtkdata.gtk.fi/maankamara/);  

-  discharge data (between 2002 and 2012; modelled): the mean annual discharge and 

the 2 -year flood d ischarge;  

-  information on the existing human pressures at the catchment scale (e.g. 

embankments and channeli sed segments; presence of structures which may alter the 

hydrology and sediment regimes;  

-  location of the restoration and information on the type of r estoration.  

The indicators measured by remote -sensing were later verified during the field surveys 

carried out in the period June 15th to 19th 2014.  

  

Figure 1 .30   The two studied river reaches of the Vääräjoki river: (a) reach 8.1 
degraded; (b) reach 8.4 restored  

B A 
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Table 1 .24   Vääräjoki River: main characteristics of the analysed reaches.  

Reach  Length 
(m)  

Channel 
width (m)  

Morphology  Confinement  Qmean  
 (m 3 /s)  

Q2   
(m 3 /s)  

Degraded  1895.1  41.2  Sinuous  U 9.9  60.4  

Restored  5857.7  26.8  
Sinuous (with local 

anabranching)  
U 9.9  60.4  

1.10.2.  Results  

The results of the application of the MQI and MQIm index are reported in  Table 1.25  and  

Table 1.26 , respectively. Figure 1.31  and Figure 1.32  shows some representative 

pictures of reaches 8.1 (de graded) and 8.4 (restored), respectively. Note that the 

indicator F9 (i.e. Variability of the cross section) was applied. In fact, although this is a 

low energy river, the presence of heterogeneous sediment (i.e. inherited by glacial 

activity) determines a  certain variability of the cross section.  

 

  

  

Figure 1 .31 -  Vääräjoki River : pictures of the reach 8.1 degraded (upstream), from 
upstream to downstream.   

The score of the MQI is quite similar between reaches and even before and after the 

restoration for the restored reach 8.4 ( Table 1.25 ). Both reaches show a good 

morphological quality. Even if the functionality of the reaches shows some critical points, 

especially in the degraded reach and the restored one before the restoration (i.e. the 

variability of the cross section and related geomorphic units), there is a scarce presence 

of artificial elements, especially at the catchment scale (without considering land use). 

The widespread and significant removal of sediment before the 1950s did not cause 

severe channel adjustments.  

A B 

C D 
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The score of the MQIm index also does not vary significantly between b efore and after 

the restoration for reach 8.4 ( Table 1.26 ). Again, the main differences before and after 

the restoration interventions are determined by the improvemen t of the instream 

habitats that enhanced the cross sections and geomorphic units variability.  

 

  

  

Figure 1 .32  Vääräjoki River : pictures of the reach 8.4 restored (downstream), from 
upstream to downstream.  

 

Table 1 .25   Vääräjoki River: summary of the IQM indicators for the degraded and 
restored reach before (BR) and after the restoration (AR).  

Indicator  Degraded  Restored (BR)  Restored (AR)  

FUNCTIONALITY  

F1 A A A 

F2 B1 B1 B1 

F4 Not evaluated  Not evaluated  Not evaluated  

F5 A A A 

F7 C C B 

F8 Not evaluated  Not evaluated  Not evaluated  

F9 C C B 

F10 A A A 

F11 A A A 

F12 B A A 

A B 

C D 
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Indicator  Degraded  Restored (BR)  Restored (AR)  

F13 A A A 

ARTIFICIALITY  

A1 A A A 

A2 A A A 

A3 A A A 

A4 A A A 

A5 B B B 

A6 B A A 

A7 A A A 

A8 A A A 

A9 Not evaluated  Not evaluated  Not evaluated  

A10  B1 B1 B1 

A11  A A A 

A12  B B B 

CHANNEL ADJUSTMENTS  

CA1 A A A 

CA2 A A A 

CA3 B B B 

SCORE AND CLASS  

IQM  0.78  0.82  0.85  

CLASS  GOOD GOOD HIGH  

 

Table 1 .26   Vääräjoki River: summary of the IQMm indicators fo r the restored reach 
before and after the restoration . 

Indicator  Before restoration  After restoration  

FUNCTIONALITY  

F1m  0 0 

F2m  1.86  1.86  

F4m  Not evaluated  Not evaluated  

F5m  1.03  1.03  

F7m  4.62  3.3  

F8m  Not evaluated  Not evaluated  

F9m  4.62  3.3  

F10m  0 0 

F11m  0 0 

F12m  0.94  0.94  

F13m  0.66  0.66  

ARTIFICIALITY  

A1m  0 0 

A2m  0 0 

A3m  0 0 

A4m  0 0 

A5m  2 2 
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Indicator  Before restoration  After restoration  

A6m  0.53  0.53  

A7m  0 0 

A8m  0 0 

A9m  0 0 

A10m  4.5  4.5  

A11m  0 0 

A12m  3.5  3.5  

SCORE  

IQMm  0.87  0.89  
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1.11   Results  

The first important goal of this study  is represented by the improvement of the original 

version of the Morphological Quality Index (MQI) and Morphological Quality Index for 

monitoring (MQIm) developed in Italy (Rinaldi et al. , 2013). In fact, the application of 

the indices to the European cas e studies allowed the testing of  the original version s and 

adapt ing  them in order to better represent those alterations and channel morphologies 

which were under - represented in the Italian version.  

The changes in volv ed various  aspects, includi ng the score of some indicators and  the 

inclusion of channel morphologies which were not accounted for in the original version. 

Significant changes were implemented to  the indicators related to the functionality and 

artificiality of the vegetation (see D6.2 Part 3) .  

Looking at the results of the applications carried out with the new version of the MQI and 

MQIm, a summary of the overall outcomes is reported in Figure 1.33  and Table 1.27 . 

Figure 1.33 A shows that f or each case study , the morphological conditions of the 

degraded reaches are worst compared with the quality of the restored reaches . In more 

detail, one case (Becva) falls into the class ópoorô (i.e., 0.3ÒMQI<0.5); five cases (i.e. 

Aurino, Drau, Narew, Thur and Lippe) in the class ómoderateô (i.e., 0.5ÒMQI<0.7); one 

case (Vªªrªjoki) in the class ógoodô (i.e., 0.7ÒMQI<0.85).  

Similarly, the initial morphological quality (before re storation ) of the restored reach is 

extremely variable  (Figure 1.33 B) , ranging from poor (MQI=0.34, Becva) to good 

(MQI=0.82, Vääräjoki). In detail, one case (Becva ) falls into the class ópoorô , five cases 

(Aurino, Drau, Lippe, Thur , Tºss) in the class ómoderateô, two cases (Narew, Vääräjoki) 

in the class ógoodô. No cases fell into bad  (MQI<0.3) or high  (MQIÓ0.85) initial 

conditions. It is clear that, in most cases,  pre - restoration hydromorphological conditions 

were critical (poor or moderate classes) and restoration was actually aimed at enhancing 

some morphological processes and/or forms, but in two cases initial morphological 

quality was not a main issue and resto ration measures were mainly addressed to 

enhanc e ecological conditions.  

In general, as expected, in all the cases the hydromorphological measures undertaken 

by the restoration projects improved the morphological conditions. However, the 

enhancement of mor phological quality was variable. In most cases the morphological 

conditions improved from a moderate to a good state (Drau, Thur, Lippe and Aurino). In 

other cases the MQI class did not vary (Töss and Narew) . In the next section the reasons 

for  this variabi lity are discussed.   

In Figure 1.33 C, the difference of the index between the two assessments confirms the 

improvement of the morphological state of the reaches following  the restoration 

interventions . Due to the different scor e system, based on continuous mathematical 

functions instead of classes, the variations of the MQIm before and after the restoration 

differ from the variations of the MQI (see also Table 1.27 ) . However, it is important to 

note  that the MQIm only provide a tendency of morphological conditions  (enhancement 

or deterioration) which can be evaluate by the difference of two conditions, whereas the 

value of MQI m related to a single situation is not meaningful.  

Cross checking results in Figure 1.33  and Table 1.27  we also observed that the 

morphological conditions of the degraded reac hes are very similar to the morphological 

conditions before the restoration, although in most cases the pre - restoration conditions 

are slightly better than the conditions of the degraded reaches. Small differences could 

be due to some gaps  of data of the  pre - restoration  conditions , given that this analysis 

has been carried out a posteriori ,  implying that some uncertainty exist on some of the 

indicators.  

Table 1.27  also summari ses indicators of functionality and artificiality which varied in the 

different assessments. As expected, changes in volved  not only those indicators strictly 

related to the intervention measures. For instance, in the case of the removal of bank 

protection and/or artificial levees, not only the indicators F4/F4m, A6/A6m and A7/A7m 
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varied, but also indicators related to the cross section variability and morphological 

units.  

Specifically, in case of Becva, Lippe, Vaaraoki , Aurino, Drau and Thur, the most sensitive 

indicators to the restoration measures are those related to the bank processes, cross 

section variability and morphological units (F4, F7, F9 and A6). In two  cases (Becva and 

Lippe) we also noted an increase of t he floodplain, the potentially erodible corridor and 

the linear extension of the riparian vegetation.  

In case of the Narew, the indicators which varied with the restoration are those related 

to the functionality of vegetation in terms of width, and those r elated to the removal of 

bank protections and artificial levees.  

 

Figure 1 .33   Summary o f results. A: MQI for degraded and restored  conditions; B:MQI  
before restoration and after restoration ;  C: MQIm  before and after restoration. 1: 
Aurino; 2: Becva; 3: Drau; 4: Lippe; 5: Narew; 6: Thur; 7: Töss  ; 8  : Vääräjoki.  
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Table 1 .27   Summary of the main characteristics of the reaches and the results of the applications of the MQI and MQIm ind ices.  DMQIm 

is the variation of the MQIm given by the difference between the MQIm after the restoration and the MQIm before restoration . The term 
óChangesô refers to the MQIm indicators which varied at the restored reach  before and after the restoration. 

River name  Drau  Thur  Becva  Vääräjoki  Lippe  Narew  Töss  Aurino  

Catchment (km²)  2433  1605  1532  835  1896  3680  188  629  

Bed sediment  G G G B S S G G 

Confinement  U U U U U U PC PC 

Morphology  W W S S S A St  M 

Qmean (m³/s)  62.6  52.9  16.6  9.9  17.7  16.9  9.9  20  

Restoration 
Length (km)  

1.9  1.55  0.45  1.4  2.0  4.6  0.21  1.19  

MQI  
degraded  

MODERATE
(0.50)  

MODERATE 
(0.64)  

POOR 
(0.34)  

GOOD 
(0.78)  

MODERATE 
(0.56)  

MODERATE 
(0.64)  

-  
MODERATE 
(0.59)  

MQI   
Pre - restoration  

MODERATE 
(0.55)  

MODERATE 
(0.65  

POOR 
(0.34)  

GOOD 
(0.82)  

MODERATE 
(0.55)  

GOOD 
(0.70)  

MODERATE 
(0.54)  

MODERATE 
(0.54)  

MQI  
Post - restoration  

GOOD 
(0.75)  

GOOD 
(0.80)  

MODERATE 
(0.58)  

HIGH  
(0.85)  

GOOD 
(0.74)  

GOOD 
(0.70)  

MODERATE 
(0.56)  

GOOD 
(0.73)  

DMQIm  0.13  0.14  0.24  0.02  0.16  0.00  0.01  0.12  

Changes in  
Functionality  

F4m, F7m, 
F9m, F11m  

F2m,F4m,F
5m,F7m, 
F9m, F12m  

F1m, F2m, 
F4m,  F5m, 
F7m, F9m, 
F11m, F12m  

F7m, F9m  
F2m, F5m, 
F12m, 
F13m  

F12m  
F2m, F5m, 
F7m, Fm9, 
F12m  

F4m, F7m, 
F10m, F11m, 
F12m, F13m  

Changes in 
Artificiality  

A6m  A6m  
A6m, A10m, 
A11m  

-  
A6m, A7m, 
A9m  

A5m, A6m, 
A7m  

A6m  
A5m, A6m, 
A9m, A10m  

Bed Sediment: G=Gravel, S= Sand, B= boulder, blocks, cobbles; Morphology: St=Straight, S=Sinuous, M=Meandering, W=wandering, A=Anabranching; 

Confinement : U=unconfined, PC= Partially confined.  

River name  Drau  Thur  Becva  Vääräjoki  Lippe  Narew  Töss  Aurino  

Catchment (km²)  2433  1605  1532  835  1896  3680  188  629  

Bed sediment  G G G B S S G G 

Confinement  U U U U U U PC PC 

Morphology  W W S S S A St  M 

Qmean (m³/s)  62.6  52.9  16.6  9.9  17.7  16.9  9.9  20  

Restoration 
Length (km)  

1.9  1.55  0.45  1.4  2.0  4.6  0.21  1.19  

MQI  
degraded  

MODERATE
(0.50)  

MODERATE 
(0.64)  

POOR 
(0.34)  

GOOD 
(0.78)  

MODERATE 
(0.56)  

MODERATE 
(0.64)  

-  
MODERATE 
(0.59)  

MQI   
Pre - restoration  

MODERATE 
(0.55)  

MODERATE 
(0.65  

POOR 
(0.34)  

GOOD 
(0.82)  

MODERATE 
(0.55)  

GOOD 
(0.70)  

MODERATE 
(0.54)  

MODERATE 
(0.54)  

MQI  
Post - restoration  

GOOD 
(0.75)  

GOOD 
(0.80)  

MODERATE 
(0.58)  

HIGH  
(0.85)  

GOOD 
(0.74)  

GOOD 
(0.70)  

MODERATE 
(0.56)  

GOOD 
(0.73)  

DMQIm  0.13  0.14  0.24  0.02  0.16  0.00  0.01  0.12  

Changes in  
Functionality  

F4m, F7m, 
F9m, F11m  

F2m,F4m,F
5m,F7m, 
F9m, F12m  

F1m, F2m, 
F4m, F5m, 
F7m, F9m, 
F11m, F12m  

F7m, F9m  
F2m, F5m, 
F12m, 
F13m  

F12m  
F2m, F5m, 
F7m, Fm9, 
F12m  

F4m, F7m, 
F10m, F11m, 
F12m, F13m  

Changes in 
Artificiality  

A6m  A6m  
A6m, A10m, 
A11m  

-  
A6m, A7m, 
A9m  

A5m, A6m, 
A7m  

A6m  
A5m, A6m, 
A9m, A10m  

Bed Sediment: G=Gravel, S= Sand, B= boulder, blocks, cobbles; Morphology: St=Straight, S=Sinuous, M=Meandering, W=wandering, A=Anabranching; 

Confinement : U=unconfined, PC= Partially confined.  
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1.12   Discussion  

Although the number of case studies is relatively low to provide statistically robust 

correlations, the results of the applications have been analysed in order to identify the 

dominant factors responsible for the morphological response of the selected rive rs to the 

restoration measures.  

The increment of MQIm ( expressed by DMQIm) is used as a measure of the 

morphological enhancement due to restoration, because the MQIm is more sensitive to 

the effects of the interventions.  

The varying response of morphologi cal quality related to the restoration measures may 

depend on a number of factors. We divided them into two broad groups : (1)  initial 

morphological conditions ;  and (2) restoration interventions . 

(1)  Initial morphological conditions  

Different initial condition s have been taken into account . Figure 1.34  summari ses the 

results of the analyses related to this aspect.  

First of all, the c hannel morphology before the re storation has been considered, being 

strictly linked to the potential for morphological changes. In Figure 1.34 A, channel 

morphologies represented by the case studies have been included according to the  

increasing order of sensitivity  (D6.2 Part 1 ) . We observed that the improvement of the 

MQIm in reaches with a low sensitivity (Narew and Töss , anabranc hing and strai ght, 

respectively ) was very low. The improvement was higher in those r eaches charactheri zed 

by a channel morphology with a higher sensitivity (Aurino and Drau , meandering and 

wandering, respectively) . For sinuous morphology the response of reaches to the 

restoration was variable .  

The channel width before the restoration was also considered , but a great er  data 

dispersion was found and the results do not show any trend  (Figure 1.34 B) . For instance, 

in the case of narrow reaches  (Töss and Lippe) , the response to the restoration was very 

different, with the improvement of the MQIm varying from 0.01 and 0.16, respectively.  

This suggests that channel width does not have a significant influence on restoration 

response, probably because other factors are more relevant.  

The initial morphological quality may have an important  influence on the increment of 

quality that it is possible to achieve. This aspect is analysed in  Figure 1.34 C, where the 

initial morphological quality is expressed by the pre - restoration MQI. The tren d line does 

not have a statistical significance but is used to visualise the overall trend. It is evident 

that the degree of improvement drastically decreases with increasing initial 

morphological quality, i.e., the benefit of the restoration is very low w hen the initial 

quality is already high. The Becva (2) is the river with the lowest initial MQI and the 

highest increase of morphological quality. The Töss (7) is clearly out of this trend, i.e. 

the increment of quality is extremely low although the initia l MQI is relatively low. This is 

mainly related to the spatial scale of the intervention.  

The results do not vary if we consider separately the variations in terms of functionality 

(DMQIFm) and artificiality ( DMQIAm). This is shown in Figure 1.34 D and Figure 1.34 E 

where the DMQIFm and DMQIAm in the y -axis represent the per cent var iation of the 

sub - indices of Functionality and Artificialities of the MQIm.  
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Figure 1 .34   Increment of MQIm ( DMQIm ) vs. initial channel morphologies, channel 

width and morphological quality in A, B and C, respectively. Increment of functionality 

(DMQIFm) and artificiality ( DMQIAm) vs. initial morphological quality in D and E, 

respectively. 1: Aurino; 2: Becva; 3: Drau ; 4: Lippe; 5: Narew; 6: Thur; 7: Töss; 8: 
Vääräjoki.  
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(2)  Restoration interventions  

A second aspect considered in the analyses is the restoration intervention, in terms of 

spatial and temporal scale and type of measures.  

Concerning the spatial scale, Figure 1.35 A plots the increment of MQIm as a function of 

the restored length (%). As expected, the overall tendency (trend line) shows that the 

enhancement in morphological quality increases with the percentage of restored length. 

Along this trend line, the negligible increment of morphological quali ty for the Töss (7), 

the Vääräjoki (8), and the Narew (5) is clearly explained by the small percentage of the 

restored site when compared to the total reach length. Conversely, the Lippe (4), Thur 

(6), Drau (3) and Aurino (1) show a significant increase in  morphological quality in 

relation to a high percentage of restored length. A notable exception from this trend line, 

which clearly appear s as an outlier, is the Becva (2), which is characterised by the 

highest increment in morphological quality but with a  low percentage of restored reach.  

 

Figure 1 .35   Increment of MQIm ( DMQIm) vs. the percentage of restored reach, the 

different type of interventions, and the years since the beginning and the end of the 
res toration in A, B, C, and D, respectively. FB= Form - based, PB= Process - based. 1: 
Aurino; 2: Becva; 3: Drau; 4: Lippe; 5: Narew; 6: Thur; 7: Töss; 8: Vääräjoki.   
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Regarding the temporal scale, the increment of MQIm as a function of the years between  

the beginning and the end of the interventions w as examined in Figure 1.35 C and Figure 

1.35 D, respectively. In some cases the years since the beginning and the end of the 

interventions coincide  (i.e., the restoration interventions were completed in one year) . 

This is the case  with  the Becva, where th e restoration consisted in the 1997 flood of  

removing bank protections , and the Thur, where interventions were concluded in one 

year. Figure 1.35 C show s a wide  data dispersion, whereas a positive trend can be seen 

in Figure 1.35 D, meaning that the years from the end of the restoration are more 

relevant.  

Concerning the influence of the type of restoration measure on the morphological quality 

increment, the data availa ble are clearly rather limited to enable a conclusion to be 

reached. However, our analysis showed that removal of bank protection and widening 

appear to be the most effective types of measures (except for the Töss where the length 

of removed bank protectio ns is too limited), while secondary channels and instream 

measures for habitat enhancement produce limited effects when performed alone . This is 

not surprising, given that the removal of bank protections and widening directly affects 

processes, enhanc ing  lateral continuity and channel pattern, while secondary channels 

and instream measures have limited (or no) effects on processes. These considerations 

are summari sed in Figure 1.35 B, where the intervention types of the case studies are 

grouped into process -based (PB), form -based (FB) and in the combination of process -

based and form -based (PB+FB). The figure clearly shows that process -based 

interventions a re more effective on the enhancement of the morphological quality.  

1.13   Conclusions  

The Morphological Quality Index (MQI) and the Morphological Quality Index for 

monitoring (MQIm) have been applied to eight European case studies, which included 

restoration measures. This allowed for the improvement of a new version of the two 

indices to better represent those alterations and channel morphologies which were 

under - represented in the original version of the MQI and MQIm, but which can  occur 

throughout the European context .  

Furthermore, these applications allowed for an analysis of the hydromorphological 

response to various restoration measures. Although the number of case studies is rather 

limited for statistically consistent analyses,  some preliminary conclusions can be outlined 

as follows:  

(1) A significant increment of morphological quality is unlikely to be obtained by 

restoring river reaches already in good condition. For such cases, actions at preserving 

current conditions should be preferred to restoration interventions.  

(2) Sensitivity of channel morphologies is an important parameter to be considered when 

interventions aimed at improving hydromorphological quality are planned. An increase of 

morphological quality is more difficu lt to obtain in low sensitive morphologies, 

particularly in the case of measures supporting morphological changes.  

(3) Site scale interventions generally have little effect on hydromorphological conditions 

when considered on a scale meaningful for morpholo gical processes (reach -scale).  

(4) Measures promoting the recovery of natural processes  (process -based interventions) , 

such as the removal of bank protection and widening, are more effective than measures 

recreating forms  (form -based interventions) . 

(5) Mo rphological quality is likely to progressively improve over the years following the  

restoration.  
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2.  Application of r emote sensing  data for 

hydromorphological characterization  

Simone Bizzi, Luca  Demarchi  

JRC, ISPRA (Italy)  

2.1   Introduction  

This chapter  provides a case study to show the potential of currently available Remote 

Sensing (RS) information to support the  characterization of HYdroMOrphological (HYMO) 

features of European river systems. The case study is the River Orco a high energy 

gravel bed r iver, tributary of the River PO in the North -West of Italy (see Figure 2.1). RS 

technology is more than a decade that has started to change and enrich our ability to 

monitor river systems and consequently to enhance our comprehension of fluvial 

processes (Marcus and Fonstad 2010; Carbonneau and Pi égay 2012) . Within the 

Reformôs Deliverable D2.1 , Annex J ñImproving h ydromorphological  assessment by 

remote sensing assimilations ò provides a review on the capacity and future perspectives 

of different remote sensing technologies to investigate different components of river 

hydromorphology. This chapter  provides a practical implementation o f some of those 

potentials discussed in the review . It demonstrates  what can be measured using 

commonly available RS data at large scale in Europe to better support the 

characterization of river hydromo rphology. The current availa bility of RS data is 

nowad ays notable  in Europe, and it is expected to grow enormously  in the near future 

(Bizzi et al. 2015) . However, this rich resource is not yet properly , and effectively 

exploited by water authorities  and river managers across Europe  for river 

hydromorphological characterization .  

The chapter  is so organized: first, the case study and data availability are introduced, 

and then the aim of the semi -automated procedure is described indicating which river 

HYMO features will be classified. The main steps of the RS based procedure will be 

introduced so to facilitate future applications. The d erived classification will be then used 

to segment and characterize the River Orco. Potentials and research challenges about 

the use of RS for river hydromorphological assessments will be shortly commented in a 

conclusive section.  A final section will lin k the case study method and findings with the 

methodological and operational tools proposed in D6.2, in particular the MQI, MQIm and 

GUS.  

2.2   Study area and data  

2.2.1.   The River  Orco  

The River  Orco  is a large Italian stream arising from the Gran Paradiso  Mountains at 

3.865 meters above sea level, between Aosta Valley and Piedmont regions, in the north -

west of Italy ( Figure 2.1). After  flowing for about 80 km, it reaches the River  Po. Its 

drai nage basin area is about 900 km 2, characterized by a relatively high perenni al 

discharge, ranging from 13 m 3/s in February to 45 m 3/s in June . Five hydropower dams 

are present in the catchment. The  River  Orco  is an alpine gravel -bed high energy river 

with single thread sinuous channel (meandering) in the upstream part of the catchment, 

which turns into a wandering type (multi - thread with vegetated and unvegetated 

sediment bars) forty ki lometres befo re joining the River Po  where the valley floor 

widens . This is the area analysed, highlighted in Figure 1 by t he Disaggregated 

Geographical Object (DGO), which segment the river in units of 100 meter (for deta ils 

see following sections).  
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During the 20th c entury, this stretch of the  river experi enced severe riverbed incision 

due to gravel mining activities, dam constructions and land use changes occurred in the 

basin  (Turit to et al. 2010) . As a consequence of the riverbed incision and channel 

maintenance works the wandering multi - threads river stretch was transformed into a 

single - thread sinuous configuration. This progress simplification of the fluvial pattern 

resulted i n the abandonment of secondary channels, the joining of islands into the 

surrounding floodplain, and a significant deepening of the riverbed (1÷2 m on an 

average and a local maximum of 3.5 m). Gravel mining activities have been regulated 

and limited over t he last decades and the phase of riverbed incision recently has 

progressively decreased. Severe floods occurred during years 1993 and 2000, which 

significantly modified the channel geometry showing a river tendency to recover towards 

a wandering pattern . I ndeed, in some river reaches  old channels were reactivated and 

morphologically active part of the channel widened  significantly (Pellegrini et al. 2008) . 

 

Figure 2 .1   River Orco study area. The Disaggregated Geogra phical Objects (DGO), which 
segment the river in units of 100 meter (for details see following sections), highlight the 
river stretch analysed.    

2.2.2.   Classification framework: the Riverscape units  

The notion of riverscape  units refers to the assemblage of all those landscape elements 

that are relevant for describing river hydromorphology. Here, we propose a description 

of the riverscape functional to introduce the processing of RS information introduced in 

this case study.  A final section will integrate the proposed indicators in the context of 

Reformôs methods and tools developed in D2.1, D6.2, such as the MQI, MQIm and GUS.   

The riverscape include all landscape elements directly affected by fluvial processes, so in 

parti cular the FloodPlain units (FPU) and the morphologically active channel, named 

Active Channel (AC). FPU composes the valley bottom and it is most of the time 

composed of alluvium sediments. FPU links the AC with surrounding terraces or 

hillslopes. The AC i s defined in literature as the low - flow channel plus adjacent exposed 

sediment bar surfaces between established edges of perennial, terrestrial vegetation, 

which are generally subjected to erosion or deposition  (Marcus et al. 2012; Belletti et al. 

2013; Toone et al. 2014) . Bars of bare sediments are the result of recent activities of 








































































