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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 



D6.2 Methods for HyMo Assessment  

Part 5 Applications  

Page 16  of 93  

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 




























































































































































