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1. Introduction 

In recent years a procedure has been developed for the survey and assessment of the 
hydromorphology on federal waterways in Germany (Quick 2010, 2011a, 2011b; BfG 2011a; 
Quick et al. 2012a, 2014; Cron et al. 2014a; König et al. 2012, 2014; Rosenzweig et al. 
2012). The Valmorph method (= eVALuation of MORPHology) was developed by the 
German Federal Institute of Hydrology (BfG) on behalf of the Federal Ministry for Transport 
and Digital Infrastructure (BMVI) as quantitative method for the compilation, calculation 
and assessment of hydromorphological conditions and changes in and along the large 
and navigable surface waters, their riparian zones and floodplains.  

The method is applied as measurement and assessment procedure for the support of tasks 
on federal waterways. It promotes, for example, the context of  

• Investigation into environmental compatibility in accordance with the UVPG 
[German Environmental Impact Assessment Law, Environmental Impact 
Assessments (EIA)] (1990),  

• Sediment management and in general in the handling of dredging spoil, 
• Maintenance of surface waters, e. g. within the context of water management 

maintenance (BMVBS [currently BMVI] 2010),  
• Responses to hydraulics problems (e. g. analyses of issues, -predictions), 
• The implementation of the EC-WFD (2000) (River basin management),  
• Sustainable water resources management, 
• Quantification of hydromorphological changes, 
• Investigations of dynamic processes and developments,  
• Linkages for biology /ecology,  
• Plausibility checks of biological-monitoring programmes, 
• Pollutions, 
• Sustainable, natural development of surface waters / ecological self dynamic 

developments of surface waters, 
• Efficiency controls / monitoring of implemented compensation and replacement 

measures or, for example, of renaturalisation projects, 
• Establishment and implementation of measures, 
• etc.  

as basis for surveys and ratings of conditions, decision making, prioritisation of options for 
actions as well as the river basin management planning and implementation. Sedi-
mentological and hydromorphological results for the planning, execution and efficiency 
control of construction and maintenance measures can also be furnished using the Valmorph 
module. 

It concerns an indicator-based process. It promotes practical experience, e. g. in that it can 
support the decision making in the run-up to the approval of a construction project within the 
framework of an environmental impact assessment (Quick et al. 2016a). The Federal 
Waterways and Shipping Administration (WSV) has the legal mandate to take care of the 
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security and facility of the traffic on the federal waterways. Measures, which lead to changes 
in the rivers, riparian and floodplain areas, have to be detected and assessed for their impacts. 
The forecast of changes in the marine and freshwater ecosystems as a result of 
maintenance and construction measures or, for example, climate change takes on an 
important role for the WSV. Significant reasons for this are, inter alia, statutory nature 
conservancy provisions which are to be observed and the tasks of the WSV within the scope 
of water management maintenance, which  have applied since 2010 (BMVBS 2010; WHG). 
The BfG has taken this development into account at an early stage and in recent years has 
created the modular structured integrated floodplain model INFORM (INtegrated 
FlOodplain Response Model), with which the ecological modelling can be carried out (see, 
for example, BfG 2003a, 2007, 2010a, 2011a; BCE & Conterra 2010) and to which the 
Valmorph module (Rosenzweig et al. 2012) also belong, which for the first time included the 
hydromorphological components. The Valmorph procedure, however, is also independent of 
the INFORM model system. It is applicable and usable through, for example, GIS- and 
various spreadsheet programs such as, for example, Excel processing and analysis.   

In this report the hydromorphological classification tool Valmorph 2 is presented 
specifically (in short description just named Valmorph). Here it concerns the further 
development of the module according to Rosenzweig et al. (2012). Belonging to the tasks of 
the BfG are, inter alia, the monitoring, documentation and evaluation of the status of 
Germany’s major rivers, transitional and coastal waters and canals as well as to carry out the 
further development of methods, processes, modules etc. Further informations for the 
application within the scope of INFORM can be taken, for example, from Rosenzweig et al. 
(2012) or BfG (2011a). 

Following a general process description in Chap. 2, Valmorph for the inland and coastal area 
is presented in Chap. 3. The procedure on canals is explained in Chap. 4. Finally, a summary 
is made in Chap. 5. 

 

1.1 Impulse and objectives 

The aim of the Valmorph module is to close the gaps in order to be able to calculate and 
assess the hydromorphological conditions and changes on the basis of quantitative values and 
to be able to observe the requirements in accordance with, for example, the EC-WFD, Natura 
2000 or the EIA Directive adequately with the aid of precise values. In addition, for the 
navigable surface waters which have been designated as heavily modified and artificial, an 
approach is to be provided, which functions with reduced environmental targets and basic 
assessment principles for these water bodies (s. Chap. 2.3.2.2). 

The Valmorph 2 approach presented here uses representative hydromorphological pointers, 
so-called “indicators”. With the aid of the procedure clearly defined hydromorphological 
indicators can be elaborated for the navigable surface waters and highlighted with 
quantitative verifiable and appraisable comparative and threshold values for magnitudes of 
class intervals. The indicators are called upon in order, for example, to be able to derive 
necessary hydromorphological measures of improvement or recommendations for action on a 
technical basis (comp. for example, CIS ECOSTAT 2012; COM 2015). The report presented 
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explains the technical fundamental principles and approaches for the assessment, calculation 
and assessment of the hydromorphological indicators (s. Chap. 3.1 to Chap. 3.10, Chap. 4).  

In 2000 the EC Water Framework Directive (EC-WFD 2000) came into force. Goal was 
the achievement of a good ecological (GES) and chemical status of natural surface water and 
groundwater bodies by 2015 as well as the good ecological potential (GEP) for heavily 
modified and artificial surface water bodies. The assessment in accordance with the EC-WFD 
orients itself on the biological quality components and specific pollutants. In support 
hydromorphological, chemical and physico-chemical elements are considered. The heavily 
modified waters have been designated on the basis of the hydromorphological conditions as 
well as on an analysis of relevant usages in accordance with Art. 4 (3) EC-WFD (CIS 2003; 
CIS-ECOSTAT 2006; Rakon VI 2009, 2012). The goals of the EC-WFD have been 
converted into national law and are thus, inter alia, part of the German Water Resources Law 
(WHG) and of the German Surface Waters Ordinance (OGewV). 

The current hydromorphological condition of the water bodies in Germany has been 
comprehensively anthropogenically modified (comp. also UBA 2016). Changes of the 
hydromorphological characteristics in larger flowing waters result, above all, from 
straightening of the river course and/or river course shortening, river regulation measures, 
bank revetments, dyking of floodplains and prevention of sediment continuity which, for 
example, is induced through barrages locally up to the river basin. These anthropogenic 
factors possess multifaceted interactions among one another and in part are superimposed in 
their impacts. On the other hand the supply of sediments as well as the erosion, transport and 
sedimentation processes, which take place in the water bodies, along with further important 
natural environment boundary conditions, play a decisive role. The anthropogenic and natural 
environmental factors also work together in various ways and interact, s. Fig. 1 (Quick et al. 
2013). 

With regard to the achievement of objectives in accordance with the EC-WFD the federal 
waterways in Germany as with the complete Federal German water bodies (s. UBA 2016) are 
as yet still far removed from the GES and GEP: The large and navigable surface waters in 
Germany have been declared to almost 80 % as heavily modified and as artificial water 
bodies. For these the goal attainment of good ecological potential in accordance with the EC-
WFD (2000) applies (Cron et al. 2014b, 2015). 

The assessment of condition for the federal waterways (rivers and canals), related to the 
length of the watercourses, indicates an achievement of good ecological status for natural 
federal waterways of < 3 % as well as a goal attainment of good ecological potential for 
federal waterways, declared as being heavily modified, of < 2 % and < 1 % for artificial 
federal waterways, and for federal waterways designated collectively as heavily modified and 
artificial less than 2 % (Cron et al. 2015). 

The reasons for the missed targets in the German river basins are in general very diverse. 
The hydromorphology here plays an important role: In all ten river basins in Germany the 
hydromorphology and the continuity are given as reasons for the missed targets (UBA 2008, 
2016). According to the EEA1 ca. 87 % of the total German water bodies display significant 
hydromorphological impairments (EEA 2012). By implication this means that for the 
achievement of objectives in accordance with the EC-WFD, WHG and OGewV a compre-

                                                           
1 EEA = European Environmental Agency 
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hensive need for action for the future is to be derived and numerous hydromorphological 
improvement measures are required (Rosenzweig et al. 2012; Quick et al. 2012; COM 2015; 
UBA 2016; Quick et al. 2016b). For water bodies for which an application of extensions for 
the achievement of objectives beyond 2015 has been made use of, all environmental 
objectives of the directive are to be achieved at the latest by 2027 following the two further 
updates of the river basin management cycles (EC-WFD 2000). Furthermore, the 
“improvement of the hydromorphological conditions of water bodies” as well as the 
“improvement of the linear continuity” represent two of the six key measures for Germany 
selected on the part of the German Working Group on water issues of the Federal States and 
the Federal Government (LAWA) (UBA 2013, 2016; Busskamp et al. 2013). 

 

 

Fig. 1: Natural and man-made factors, that influence the hydromorphology and the sediment 
budget as well as their interaction, modified after Charlton (2008), Frings et al. (2014). 

Reference: Quick et al. (2013). 

 

Alongside the EC-WFD the MSFD (2008), FFH-Directive (1992), EIA Directive (UVP-RL 
1985 and the UVPG 1990) etc. are also to be invoked as abiotic habitat prerequisites for the 
requirement of the improvement of the hydromorphological conditions. This underlines the 
future relevance of the hydromorphology which continues to be anticipated. 

Already in the past, independent of the EC-WFD and other directives, comprehensive 
assessment processes for the structure of water bodies (river habitats) have also been 
developed (comp, e.g. König 2011). Above all, from the hydromorphological point of view, 
to be mentioned are the German river habitat survey (LAWA 1999, 2001, 2002, 2017a, 
2017b; LANUV NRW 2012; LUA NRW 2001; LWRP 1994, 1995, 1996; BfG 2001; LUBW 
2008 etc.), as well as the subsequent provisions of the German and European standards DIN 
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EN 14614 (2005), DIN EN 15843 (2010) and DIN EN 16503 (2013). Here respectively 
hydromorphological features of flowing waters and their immediate environment are 
compiled and accordingly serve as basis for the subsequent assessment of conditions.  

The Valmorph module presented in this report takes account of the various assessment 
processes with aspects applying for the large and navigable surface waters. In addition, 
further indicators are taken into account. For each hydromorphological indicator 
considered a quantitative survey, calculation and assessment methodology was 
developed for the federal waterways, which is ready for application (s. Chap. 3.1 to Chap. 
3.10). 

 

1.2 Field of application navigable surface waters 

An overview of the federal waterways for which the Valmorph module has been developed, 
is to be found for all surface waters categories of the waterways (rivers, lakes, transitional and 
coastal waters) inclusive their respective designation as natural, heavily modified or artificial 
water bodies, in Fig. 2. 

 

1.3 Hydromorphology 

Hydromorphology describes the type-specific abiotic conditions of a surface water with 
regard to the hydrological/hydraulic, sedimentological and structural characteristics and their 
interdependencies. To these belong, the temporal and spatial development, configuration and 
variability in and on the river and its riparian zones and floodplains as well as their 
significance for biotics.  

It considers all surface waters categories (rivers, lakes, transitional and coastal waters) (inter 
alia EC-WFD 2000; CIS ECOSTAT 2006; DIN EN 14614 2005; DIN EN 15843 2010; Quick 
et al. 2013, 2014). The hydromorphology investigates and assesses the respective character-
istics such as also reciprocal influences between the three hydromorphological component 
groups  

(1) Hydrological regime and tidal regime by means of the parameters discharge, quantity 
and dynamics of water flow, flow velocities, tidal range, fresh water inflow, linkage 
to groundwater etc., 

(2) Sediment budget by means of the ecological continuity for sediments (bed load and 
suspended load) and  

(3) River morphology with the indicators bed structures, substrate of the river bed, 
channel morphological pattern, development of the river bed, width/depth variation, 
bank forming, floodplain relief, inundation areas, etc.  

In addition to the shape of the abiotic features of a water body, the hydromorphology also 
concerns itself with the processes of its creation. Hydromorphological characteristics are 
furthermore  the  result  of  the  reciprocal  influences  between  the  abiotics,  the   ecological  
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Fig. 2: Federal water bodies inclusive their respective designation as natural, heavily modified  
  or artificial water bodies. 

 
Reference: Cron (2017). 
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functioning of surface water systems, including the shape of all morpho- and hydrodynamic 
processes as well as the impacts of anthropogenic interventions and influences (e. g. DIN EN 
16503, 2013; DIN EN 14614 2005; DIN EN 15843 2010; EC-WFD 2000; OGewV; Quick et 
al. 2013, 2014; BfG 2011b). 

Thus the hydromorphology implies hydrological regime, tidal regime, sediment budget as 
well as river morphology-relevant aspects. At the same time it is relevant for their reciprocal 
impacts and conditions with regard to habitat existence and suitability for plants and animals 
(e. g. Jährling 2012; Hauer et al. 2013). Hydromorphological parameters act indirectly on the 
natural communities via the influence of physico-chemical parameters, e. g. through the 
modification of oxygen, temperature or lighting conditions. The hydromorphology is thus 
also concerned with the relationships between abiotics and biotics. Hydromorphological 
components possess pointing functions for habitat shape and are therefore, for example, 
suitable as assessment elements for the ecology/biology (Quick et al. 2012a). They are, inter 
alia, of relevance within the framework of the EU Water Framework Directive- (EC-WFD 
2000) as well as of the EU Marine Strategy Framework Directive (EC-MSFD 2008; DIN EN 
16503, 2013) and their implementation in national law. 

Additionally, the hydromorphology is of decisive significance for the generation/creation of 
stream typologies, water body classifications, designation of heavily modified water bodies, 
derivation, establishment and implementation of measures, maximum/good ecological 
potentials (MEP/GEP) determinations, impact analyses, monitoring, etc. 

 

 

 

 
2 Process description Valmorph 2 

Quantity is a special feature of the Valmorph process: With the quantitative procedure 
(morphometry) Valmorph differs from the verbal argumentative and qualitative processes 
(morphography) in river morphology (Quick et al. 2012, 2016a; Rosenzweig et al. 2012). 
Through working with quantitative data and threshold values for magnitudes of class 
intervals, the objectivity of hydromorphological survey and assessment processes increases 
considerably. The process demands good data bases, which are anyway, as a rule, present in 
navigable waters. The classification to the assessment of the hydromorphological degradation 
or changes in classes takes place in a five stage evaluation system (s. Chap. 3.1 to 3.10). 

The detection of the various comparative conditions (s. Chap. 2.3.2) can be carried out for 
rivers and streams due to the good data bases, as a rule to a great extent at the desk, for exam-
ple through the use and analysis of remote sensing data (comp. Chap. 2.3.3).  

In order to apply the process, it is necessary for the person in charge to have knowledge of 
and experience in river morphology and hydromorphology. 
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The process with its contents and with the procedure is described below, before the hydro-
morphological indicators are gone into precisely in detail in Chapters 3 and 4. 

 

2.1 Space and time scales 

The Valmorph method includes the spatial and temporal development of the respective 
indicators. For the derivation of comparative conditions (s. Chap. 2.3.2), for example, data on 
the characteristic of the indicators from several years up to decades can be drawn upon and 
thus enable the appraisable comparison of various eras (epoch comparisons, BACI approach 
etc.) (s. Chap. 2.3.2.3). This procedure also implies dynamic aspects of flowing waters and 
their processes.  

The Valmorph procedure functions principally with quantitative data from measuring points. 
Subsequently, the results of the measuring points were aggregated, as a rule, on a 1 km 
section basis. Then, these 1 km long river sections for investigations can be aggregated 
variably. Valmorph, based on the comprehensive aggregation possibilities of the equidistant 
sections of 1 km length, therefore enables considerations on various spatial scales, e.g. from 
the local level via 5 km aggregated sections as well as on water bodies combined up to river 
stretches and catchment area-wide considerations (Fig 3). 

Indicators, whose database is ascertained at individual, fixed measuring points over large 
distances, such as the suspended sediment budget, however, cannot be processed on a 1 km 
section basis (comp. Chap. 3. 5). 

In order to enable suitable comparisons along longer stretches of the large and navigable 
surface waters with each other, to identify trends and to maintain detailed spatial 
assignments, the formation on rivers and streams of equidistant sections of 5 km length from 
the 1 km sections per hydromorphological indicator, in accordance with the Valmorph 
method, is recommended. 

 

2.2 Hydromorphological indicators on federal waterways  

The representative indicators act in place of the predominant hydromorphological conditions 
of the surface waters to be investigated and assessed. It is a question of meaningful “pointers” 
(indicators), which are sensitive to anthropogenic modifications in a water ecosystem and to 
relevant impacts on the hydrological regimes and sediment budgets. 

The structural characteristic of the “morphology” and “continuity” for sediments is crucially 
influenced by the “hydrological regime” and the “tidal regime” (s. Chap. 1.3). Conversely, 
the morphology and the sediment continuity also impact the hydrological regime (e.g. 
connection to groundwater bodies through the composition and characteristic of the granular 
structure of the substrate of the river bed as well as occurrences of clogging through fine 
sediment accumulations, e.g. in front of cross structures) and also the tidal regime 
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(examples: altered longitudinal profile, changed bottom roughness values which, for 
example, can also determine a modified tidal range). 

 

 

 
 

Fig. 3:  Spatial scales of the Valmorph 2 method. 

 

With the survey and assessment of the hydromorphological indicators employing the 
Valmorph 2 procedure therefore the development of the flows over time as well as the 
dynamics of water flow are always taken into account, (comp. e. g. Chap. 3.1 Width 
variation, Chap. 3.5 Suspended sediment budget and Chap. 3.9 Ratio of morphological and 
recent floodplain areas (current inundation areas)). Likewise, linkages to water level 
developments of surface waters as well as the groundwater level situations are also taken 
into account (comp. e. g. Chap. 3.3 Depth variation and Chap. 3.4 Mean bed level changes; 
König et al. 2012; Rosenzweig et al. 2012; Quick et al. 2014, 2016a).  

Based on Tab. 1 it appears that the number of the possible indicators to be processed in river 
and coastal areas is the same (s. Chap. 3). However, with canals only a reduced indicator set 
is to be processed (damage indicators, s. Chap. 4).  
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Tab. 1:  Hydromorphological indicators of the Valmorph 2 method. 

 

Reference: Quick (2011a); Rosenzweig et al. (2012); Quick et al. (2016a) – modified.  

 

For the selection of the indicators for the fields of application “River”, “Coast” and 
“Canal” (comp. BfG 2011b) the following limitations are to be used, which are also 
visualized in Fig. 4: 

Field of application River: To be applied on all natural inland surface waters and those 
designated as heavily modified. Valid up to the boundary of the tidal influence as 
transition to the North Sea coastal region and up to the upstream boundary location of the 

Icons Indicators RIVER  
 

(Inland Rivers) 

NWB and HMWB 

Indicators COAST   
 

(tidal-, back- and brackish-water 
influenced water bodies  
such as coastal waters) 

NWB and HMWB 

Indicators CANAL  
 

(exclusively artificial water  
bodies; damage indicators only) 

 

AWB 

 

 
  Width variation   Width variation   

 

 
  Sediment continuity   Sediment continuity   Cross-structures 

 

 
  Depth variation   Depth variation  

 

 
  Mean bed level changes   Mean bed level changes   

   Suspended sediment budget  
  (loads, concentrations) 

  Suspended sediment budget 
  (quantity, loads, concentrations)  

 

 
  Substrate of the river bed   Substrate of the bed (river,     

  transitional and coastal bed)   Bed / bottom protection 

 

 
   Structure of the riparian zone   Structure of the riparian zone     Bank fixation 

   Areal changes (development of  
  the subaquatic areas out of the  
  navigable channel up to MW) 

  Areal changes of  
  the eulittoral zone   

 

 
  Spatial proportion of the current 
  floodplains 

  Spatial proportion of the current 
  floodplains / marshland   

 

 
  Structures of the river bed and 
  structures of the floodplains 

  Structures of the bed and  
  structures of the supra- and  
  epilittoral / floodplain / marsh 
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brackish water- and backwater-influenced waters in the Baltic area (represented in blue in 
Fig. 4). 

Field of application Coast: To be applied on all natural surface waters and those designated 
as heavily modified on the North Sea coast, downstream of the boundary of the tidal 
influence and thus also for the surface water body types marshland rivers and streams of 
the coastal plains, transitional waters up to including the mudflats and open coastal 
waters. On the Baltic Sea coast downstream of the brackish water- and backwater-
influence (identified as Type 23: Backwater and brackish water influenced Baltic Sea 
tributaries, s. Annex. 1 to § 3 para 1, sect. 2 OGewV) to inclusive of the inner and open 
coastal waters (represented in green in Fig. 4). 

Field of application Canal: To be applied on all exclusively artificial water bodies (BfG 
2011b; Quick 2010, 2011a) (represented in red in Fig. 4). Canals, which extend into 
former river beds and thus have been declared as designated heavily modified water 
bodies such as, for example, the Dortmund-Ems canal (DEC) in some sections of its 
course, where it uses the Ems river bed, are not included. In these cases it is therefore not 
the application field Canal, but rather, as the case may be, the application field River or 
Coast which is to be applied.  

For lakes, the methods of the relevant indicators are applicable in modified form. Here the 
respective application field is to be applied in which a federal waterway runs through a lake 
(DIN EN 16039, 2011). 

The hydromorphological Valmorph indicators in part match up with the hydromorphological 
quality components demanded in der EC-WFD (2000). In addition, however, also further 
indicators are processed in order, for example, to be able to satisfy demands for the 
development of sediment management concepts and for a type-specific sediment 
management (Quick 2012; Vollmer et al. 2012; IKSE 2014; Quick et al. 2014). This extended 
knowledge offers an important basis for the improvement of the characteristics of fluvial 
ecosystems and is, inter alia, a key question with regard to hydromorphological improvement 
measures (e.g. Kampa et al. 2013; UBA 2014; Quick & Jährling 2016; Gurnell et al. 2014; 
LAWA 2017a, 2017b; DIN EN 14614, 2005; DIN EN 15843, 2010 etc.).  

As relevant indicators for the derivation of management-relevant information are named, for 
example, according to Gurnell et al. (2014), grain size parameters, floodplain widths, 
sediment budget, extent and structure of the bank zone, changes of the longitudinal continuity 
for sediments, river bed width, changes of the condition of the river bed such as armouring, 
clogging, deepening etc. Valmorph depicts these indicators well. Furthermore, certain 
hydromorphological indicators prove themselves to be particularly relevant with regards to 
structural effects on the ecological status. For example, some indicators exercise a distinct 
influence on the colonisation of the water body. These indicators supply detailed information 
on the composition of the bed substrate, on inundation areas, on the intensity of dynamic 
processes in the stretches of water or, for example, on ecological continuity. By way of 
example bed erosion, the longitudinal and lateral continuity as well as the bed load budget 
can be quoted here (UBA 2014; Quick et al. 2014). They can also be addressed through 
Valmorph 2. 

This knowledge also underlines the significance of hydromorphological indicators and the 
necessity of their expansion beyond the EC-WFD. 



 

19 
 

Federal Institute  
of Hydrology 
 
BfG-1910 
Valmorph 

 
Fig. 4: Federal water bodies and the fields of application “River”, “Coast” and “Canal”  

for the selection of the indicators. 

 
Reference: Quick (2011a) – modified. 
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2.3 Procedure  
The statistical procedure with regard to the implementation of investigations, calculations and 
assessments of hydromorphological conditions on waterways are described below. Following 
a measure- and/or question-related selection of indicators (Chap. 2.3.1), the determination of 
the comparative conditions is to be carried out with the aid of the water body designations 
(comp. Fig. 2 and Fig. 4) (comp. also Quick 2012; Quick et al. 2016a; s. Chap. 2.3.2). 
Subsequently the survey of the actual status as well as, if required, the forecast conditions for 
the indicators takes place, before the calculation, classification and assessment can be carried 
out (Chap. 2.3.3 to Chap. 2.3.6). 

 

2.3.1 Indicator selection 
Depending on the project considered (e. g. compensation and replacement measures, 
restoration-, maintenance measures) only the respectively case-specific indicators concerned 
are to be processed. If, for example, with a measure no floodplain area is affected, then these 
indicators are also not to be processed. Consequently, from the whole, only a respective 
measure- or question-specific relevant set of indicators is to be selected (s. Tab. 1, Fig. 5 
and Fig. 6). 

 

 

 

Fig. 5: Selection of measure- or question-specific set of indicators of the Valmorph 2 method. 

Reference: Quick et al. (2016a). 

 

 

The respectively selected parameters can function as indicators of the hydromorphological 
condition per investigation area and question-related. With their help the degree of the 
impairment and modification is then respectively calculable and assessable. The selection 
of indicators as also with the selection of the adequate spatial and temporal basis and scales 
(Chap. 2.1) must be matched to the issues and objectives (Buijse et al. 2013) (s. Chap. 3.1 to 
3.10). 
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Fig. 6: Procedure to identify, quantify and evaluate hydromorphological conditions via 
Valmorph – a hydromorphological classification tool for large and navigable surface 
waters.  

Reference: Quick et al. (2016a). 

 

2.3.2 Determination of comparative conditions 
First, the determination of comparative conditions for the selected indicators is required 
(Chap. 2.3.2). The later assessment of the current condition or of forecast conditions takes 
place through a comparison with the comparative condition. This is variously defined within 
the scope of the Valmorph 2 module for natural water bodies (NWB), for heavily modified 
designated water bodies (HMWB) and artificial water bodies (AWB) in the context of the 
management of federal waterways and of the river basin management (Chap. 2.3.2.1 und 
2.3.2.2). Below therefore, as a rule, reference condition (NWB) or usage-characterised 
condition (HMWB, AWB) is selected for the specification of the respective comparative 
conditions.  

In the context of Natura 2000, hydraulic engineering issues, investigations on dynamic water 
body development etc. era comparisons and similar can be carried out for the navigable 
surface waters (scenario conditions, Chap. 2.3.2.3). 

 

2.3.2.1 Natural surface waters (Reference condition) 
For natural water bodies a reference condition based on the type-specific reference 
conditions corresponds to the comparative condition. Therefore the term is used in the sense 
of a historic natural or near-natural condition of the surface waters. This, inter alia, is 
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reconstructed with the aid of historic data (comp. e.g. EC-WFD 2000). On federal waterways 
there are, as a rule, comprehensive data available, which are suitable for a derivation of a 
historical natural or near-natural type-specific hydromorphological water body condition. The 
assessment takes place within the scope of Valmorph 2 on natural water bodies on the basis 
of such a reference (e. g. Rosenzweig et al. 2012; König et al. 2012; Vollmer et al. 2013). 

In contrast, the term reference condition is on an equal footing in Germany compared with 
the terms guiding principle (overall concept), today‘s potential natural condition, type-
specific reference condition and high ecological status. 

The high ecological status signifies that with the respective surface water body type no, or 
only very minor, anthropogenic alterations to the values of the physico-chemical and 
hydromorphological quality elements for the surface water body type from those normally 
associated with that type under undisturbed conditions (EC-WFD 2000; OGewV). The 
concept of the guiding principle was already introduced in Germany before the EC-WFD. 
The guiding principle in Germany is equated with today’s potential natural condition, the 
type-specific reference conditions and with the high ecological status (LANUV NRW 2012; 
LAWA 2015). 

The Valmorph process employs the term reference condition in a modified sense, as the 
compilation and assessment processes work with quantitative values and quantitative 
magnitudes of class intervals (class values). For this purpose appropriately compiled data sets 
are necessary. For the determination of reference conditions for natural water bodies, 
quantitative suitable data must be available. They have to be considered, analysed and 
evaluated. The suitability of these historic data is based on the point in time as well as on the 
quality of the data collection.  

On the federal waterways there are, as a rule, comprehensive data from beginning to end of 
the first river training works (along navigable rivers in the main ca. 1820 to ca. 1900), which 
are suitable for a derivation of a historic near-natural water body condition. Although 
quantitative morphological recordings of the federal waterways were encouraged in the 
course of larger hydraulic engineering measures. These recordings can, however, describe a 
hydromorphological condition, which in comparison with the actual status is to be 
characterised as clearly less modified and thus was formed as substantially more near-natural 
than as the recent condition. 

This, inter alia, is down to the fact that the full effect of hydraulic engineering measures / 
river training works are often first achieved years or decades after the construction of 
engineering works and with completion of the so-called morphological follow-on (it should 
be kept in mind that the morphological effects of river regulation occur much later) (König et 
al. 2012;  Rosenzweig et al. 2012; Vollmer et al. 2013). The Valmorph procedure 
consequently defines the reference condition empirically and statistically, inter alia, based on 
historic data. 

The reference condition for natural water bodies with the Valmorph procedure is determined 
by indicators and conforming with river types and is section-related based on the best 
possible available quantitative data bases and is therefore based on the type-specific 
reference conditions. As a general rule conditions of more than about 100 years ago and their 
then-documentations correlate to the reference conditions of the respective 
hydromorphological indicators (example: Elbstromwerk from 1898). They provide corre-
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sponding, high-quality quantitative data bases, which are available consistently for the whole 
water courses.2 

Class 1 with natural water bodies corresponds with the circumstances in the reference 
condition; the derivation of further assessment levels orients itself on this rating scale as 
reference figure and classifies deviations from this reference by means of structural features. 
The feature characteristic attributes are variable in each case within certain magnitudes of 
class interval widths and are highlighted using adequate quantitative values depending on the 
indicator considered (s. Chap. 3.1 to Chap. 3.10). 

 

2.3.2.2 Heavily modified and artificial surface waters  
(usage-characterised condition) 

For heavily modified water bodies the comparative condition within the context of the 
management of federal waterways and river basin management correlates with the 
requirements of the specified uses in accordance with Art. 4 (3) EC-WFD in the context of 
the characteristics matched. Thus reduced environmental objectives are also considered as 
basis for the calculation and classification. It concerns a usage-characterised condition.  

Up to now this is justified for need of the necessary knowledge of the GEP detailed for 
quantitative assessments (abiotic conditions). This co-called usage-characterised condition is 
applied within the scope of the survey and assessment Valmorph method in 1999, before 
introduction of the EC-WFD (2000), as the WFD first involved a designation of “heavily 
modified” surface water bodies with reduced environmental objectives. The approach also 
corresponds with the aim of preventing a deterioration of the state of the surface water bodies 
(EC-WFD 2000). Should quantitative data sets on individual hydromorphological indicators 
are available shortly before or shortly after 1999, then this data can be consulted alternatively 
for the usage-characterised condition of the indicators related. A time span of maximum 5 
years should not, however, be exceeded. 

This point in time before the introduction of the EC-WFD lies in the recent past and was 
anthropogenically influenced in federal waterways, i.e. the navigable waterway construction 
of the federal waterway and, as a rule, also its morphological follow-on (modifications over 
time) had already, but not necessarily compulsorily (completely) taken place (Rosenzweig et 
al. 2012). The determination of 1999 with this already implies the hydromorphological 
conditions and the specific uses, which have led to the designation as heavily modified water 
body. The usage-characterised condition as comparative condition for heavily modified water 
bodies thus describes a condition, which is to be taken into account due to a reduced 
objective for HMWB. At the same time, this usage-characterised condition offers a com-

                                                           
2 As far as the historical status of the hydromorphological indicators are to be reproduced only by river sections in sufficient 
quantity, factors can be determined on the basis of this course section through the local comparison with appropriate later 
conditions or with the actual states. With the aid of which a reference can be generated also for the historically less well-
represented course section of the surface water body to be investigated. In this case either the actual state or another up-to-date 
water body condition, e.g. from the later part of the 20th century, would be multiplied with such a derived factor in order to 
obtain a representative value for the reference condition. 
Should there be no reliable data basis for a river or stream, if required it can be deduced from the reference level from the 
transferability of available measurements on comparable German surface water body types or on Central European or even 
International water bodies of the same type. Frequently, however, at least local references to water body structures are available 
for the derivation of the type-specific reference condition, documented from history or still existing in the present time (Quick 
2004).  
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parable point in time for every federal waterway and all hydromorphological indicators. The 
usage-characterised condition is defined empirically and statistically. 

For artificial water bodies an alternative approach is followed with the Valmorph module. 
Therein, only so-called “damaging indicators” are included into the survey and assessment. 
They characterise the level of engineering works of a canal (s. Chap. 4). 

In contrast, the objective of the GEP for water bodies designated as heavily modified and 
artificial in Germany actually addresses a condition, which derives from the maximum 
ecological potential (MEP). The MEP is achieved if all hydromorphological improvement 
measures are carried out (implementation of all technically feasible measures for the 
ecological upgrading of a water body), which have no significant adverse 3 effects on the uses 
according to Article 4, Para. 3 WFD. The values of the biological quality elements 
corresponding to these hydromorphological conditions determine the MEP. The GEP may 
deviate only insignificantly from the MEP in the biological values (LAWA 2012, 2015) (the 
values of the biological quality elements for the surface water body type show low levels of 
distortion resulting from human activity, but deviate only slightly from those normally 
associated with the surface water body type under undisturbed conditions, s. WFD). 

In the absence of the detailed knowledge of the GEP, inclusive of quantitative 
hydromorphological conditions, on federal waterways, which must be available in detail 
at least by kilometre along the complete waterways in longitudinal and transverse profile, the 
here described, simplified procedural path is therefore selected using the Valmorph 
procedure for HMWB and AWB.  

It is worth considering that heavily modified surface waters (Chap. 3.1 to Chap. 3.10) and 
artificial (Chap. 4) surface waters can receive a high to good assessment due to the simplified 
method, without this is conforming to the MEP/GEP (comp. Chap. 1). These comparative 
conditions (the so-called usage-characterised condition) should be applied only for 
examinations within the context of the EC-WFD for the detection of the prohibition of 
deterioration.  

For HMWB and AWB, the visualisation by colour coding of the classes can be used. But the 
terms “very good”, “good” etc. should be avoided due to the possibility that the comparative 
condition (usage-characterised condition) will not necessarily represent a “very good” or 
“good” condition. A “good” designated, depending on the comparative condition achieved 
assessment can possibly be misleading; therefore the assessment should only contain the 
corresponding degree of deviation in combination with the related colour coding (e.g. “minor 
changes”). 

                                                           
3 If the modifications of the hydromorphological characteristics of the water body required to achieve a GES would have 
significant adverse effects on the uses specified according to Article 4, Para. 3 WFD, a surface water body can be designated as 
heavily modified. To these uses belong, for example, navigation (LAWA 2012). The definition and assessment of the 
significance has not been finally elaborated within the framework of the LAWA (2015) and would be required for the concrete 
determination of the GEP. A functional definition has been applied for the derivation of measures in order to make a selection of 
measures justifiable. This indirect, purely functional definition of the significance concerning measures, which effect no 
significant impairment of the use, refers with regard to the shipping to the criteria “navigable days” and “safety and facility of 
navigation”. Here, there is no significant impairment with measures and combinations of measures present, whose 
implementation does not impair the number of navigable days and the guarantee of the safety and facility of navigation (LAWA 
2012). With heavily modified water bodies therefore it is not the type-specific reference conditions that are taken as assessment 
factor, but the management objective derived in Germany via hydromorphological measures and the therefrom resultant 
biological values (LAWA 2012, 2015; BMVI 2016). Further specified uses, which also may not be significantly impaired also 
influence the characterisation of the hydromorphological conditions on the federal waterways (flood protection, power 
generation such as hydropower, urbanisation etc.). 
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For EIAs etc. appropriate scenario conditions are to be used as comparative conditions for 
HMWB (s. Chap. 2.3.2.3). 

 

2.3.2.3 Context EIA Directive, hydraulic engineering, Natura 2000, dynamics etc. 
(Scenario condition) 

Should other issues be considered within the context of the EIA, Natura 2000, hydraulic 
engineering issues, investigations of dynamic developments etc., such as for example, in 
general on the temporal development of certain indicators, then epoch comparisons, time 
spans or similar can be carried out for navigable surface waters. These, with water bodies, 
also designated as heavily modified, can also go back further than 1999 (s. BfG 2017b). 
Epoch comparisons and time spans can be presented both on the basis of the data and also on 
the basis of the assessments (s. Chap. 3.5.5). 

 

 

2.3.3 Determination of the actual condition 
In the context of the Valmorph 2 hydromorphological classification tool the actual condition 
for the selected hydromorphological indicators (Chap. 2.3.1) is to be determined (s. Fig. 6). 
This requires for each indicator specific data acquisitions, analyses and evaluations, which 
are described in Chapters 3.1 to 3.10. Fundamentally a variety of data is called on for the 
determination of the actual state, such as  

• topographical maps 
• geological maps 
• soil maps 
• aerial photographs 
• satellite images 
• drones (unmanned multicopters/UAS and manned gyrocopters) 
• LiDAR 
• Land utilisation data (e.g. CORINE) 
• Biotope type mapping 
• INSPIRE 
• existing data bases such as DBWK2, inundation areas of the EC Floods Directive 
• echo sounding data, shaded relief of the river bed, difference models etc. 
• Water level survey, water-level datum 
• modelling results 
• etc. 

 

The determination of the actual state can, as a rule, take place mainly at the computer due to 
comprehensive data and information (s. e.g. Gurnell et al. 2014; Bizzi et al. 2016). Only the 
missing data has to be still gathered from the field mapping. 
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2.3.4 Determination of the forecast condition 
Forecast states can, for example, be determined on the basis of planning documents or by 
means of modelling. As a result of, for example, renaturalisation plans, projects including an 
official approval of a plan or planning of measures for the maintenance of surface waters 
within the sense of water management maintenance (BMVBS 2010), predictions can be made 
through status comparisons of anticipated improvements or deteriorations. Specific analyses 
of the different projects can be undertaken through comparison of the value levels by means 
of quantitative values for the illustration of the degree of change. 

Through comparison of the value levels of actual and forecast conditions the degree of 
modification through a concrete measure (in both positive and negative direction) is 
identifiable. Through the comparison of actual and target states within the sense of a 
development target (also known as desired state), the requirement for action becomes visible 
related to the derivation, establishment and selection of suitable recommendations for action 
(comp. BfG 2011b; Quick 2012). Fig. 7 illustrates the procedure for the assessment as an 
example within the framework of sediment management with special regard to 
hydromorphological aspects (Quick 2012).  

 

2.3.5 Calculation  
The comparisons of comparative condition and actual and/or forecast states takes place with 
the aid of furnished indicator-specific calculation methods and formula (s. Chap. 3.1 to Chap. 
3.10). The respective comparative condition is placed in relation to the actual state or forecast 
state for its measurement.  

 

2.3.6 Classification and assessment  
The classification takes place with the aid of a five stage classification system, namely high, 
good, moderate, poor and bad hydromorphological conditions. The scale is visualised in 
colour; Class 1 “High” for the classification of the hydromorphological conditions the colour 
code blue, Class 2 “Good” green, Class 3 “Moderate” yellow, Class 4 “Poor” orange and 
Class 5 “Bad” red. In addition, it should be considered that for HMWB and AWB the 
visualisation by colour coding of the classes can be used for an assessment, but the terms 
“very good”, “good” etc. should be avoided due to the possibility that the comparative 
condition (usage-characterised condition) will not necessarily represent a “very good” or 
“good” condition. In these cases, the colour coding in combination with the corresponding 
degree of deviation (e.g. “minor changes”) is to be specified (s. Chap. 2.3.2.2). 

Quantitative magnitudes of class intervals for the assessment (class ranges) were formed 
per indicator for the classification. Due to the class ranges there is a variability given in the 
form of the individual class conditions. This also corresponds with dynamic variations of 
individual hydromorphological forms, which can be characteristic in water body systems. 

The class limits are based on resultant values of appropriate relationships between state and 
valence of the exemplary investigation areas (s. Chap. 2.8). These were verified and 
confirmed by means of expert judgements at presentations in front of national and 
international committees (e.g. LAWA experts on hydromorphology and IKSE expert group 
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on sediment management) and at national as well as international conferences (e.g. Quick 
2010; Quick 2011a; Quick et al. 2012; IKSE 2014; Cron et al. 2014a; König et al. 2012, 
2014; Quick & Langhammer 2015; Borgsmüller et al. 2016; comp. also DIN EN 14614, 
2005; DIN EN 15843, 2010).  

Thus, with the hydromorphological classification tool Valmorph the rules for the value scales 
of the indicators are determined as representative index for the hydromorphology. The 
subdivision of the scale as well as the scale type, the so-called scale level, are fixed indicator-
specifically. Consequently, an objectivity, reproducibility, validity, applicability and 
transparency or traceability of the assessment is ensured (König 2011). 

Through the determination of assessment levels and assignment of the values an assessment 
of the actual and/or forecast state can be carried out. Depending on the investigated stretch of 
water the quantitative data is to be analysed. After that, it is to be classified by means of 
indicator-specific calculations according to the calculation formula and the matrix (s. Chap. 
3.1 to 3.10; e.g. Quick 2010; Rosenzweig et al. 2012; Baulig 2014; König et al. 2015; 
Borgsmüller et al. 2016). For this, comprehensive evaluations of the available data on 
hydromorphology are to be undertaken for the comparative condition and for the actual or 
forecast condition (comp. also Fig. 6). Quantitative threshold values per indicator result as 
class limits.  

 

The assessment within the framework of the procedure presented here takes place  

• on natural water bodies in comparison with the “reference condition”, 

• on heavily modified water bodies in comparison with the “usage-characterised 
condition” and 

• on artificial water bodies through the analyses of so-called damage indicators. 

 

The assessment takes place based on the respective degree of the deviation from the reference 
or usage-characterised condition both for the actual state and also the forecast state (s. Chap. 
2.3.2, 2.3.3, 2.3.4) through comparison of the value levels on the basis of quantitative values 
(Quick et al. 2016a). As each assessment matrix displays respectively percentage gradations 
from the comparative condition (reference/usage-characterised condition) and a classification 
on the basis of the quantitative data of the water body investigated is carried out, a type-
specific relation is implied, both for natural and also heavily modified surface waters. 
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Fig. 7: Sediment management with special regard to hydromorphological aspects.  

Reference: Quick (u. a. 2012).  

 

 

 
 

 

Analysis of deficits and assessment  
by comparison of the actual condition and the type-specific comparative conditions / aims in the sense of the European Water 

Framework Directive (EG-WFD 2000), respectively, with simultaneous designation of pressures and restrictions and  
with identification of the potential to improve hydromorphological and sedimentological conditions of the water bodies 

Knowledge of the system, bed load budget and morphological developments 
e.g. sediment regime, sediment transport, discharge rates, bed-forming processes, natural variation, type-specific comparative 

conditions of the waterbody etc. as requirements for succesfull and sustainable sediment management 

Maintenance 
e.g. adapted type-specific  

bed load addition, 
maintenance dredging, 

dredged material relocation, 
sediment catch, river control 

structures / maintenance 
works  

 

Identification of the actual condition 
Determination of the water body type, volume and characteristics of dredged material, dumping sites, necessity of dredging, hydromorphology 

 

Definition of the comparative conditions respectively the aims in the sense of the WFD 
Reference conditions, good ecological status of natural water bodies (NWB), 

Usage-characterised condition, good ecological potential of heavily modified water bodies and artificial water bodies (HMWB, 
AWB) 

Derivation, designation and selection of appropriate measures 
for the safety of navigation, improvement of morphology (river bed, floodplains) etc. (need for action caused by the comparison of current- and target-status) 

Efficiency control (including assessment) / monitoring 
Deterioration of the hydromorphological situation / status of waters?   

Sediment management concept with special regard to hydromorphological aspects 
(management of non-cohesive and cohesive sediments) in and at large navigable rivers, their floodplains and tributaries 

Preparation of development objectives („target-status“, realistic possibilities by considering boundary conditions) 
Considering dimensions (water body/regional/river basin scale etc.), restrictions of a cultivated landscape, contaminants, socio-econonic terms etc. 

Derivation of type-specific sediment management aims 
(„ideal-status“ in the sense of the comparative condition) 

Creation of a balanced sediment budget, activation/reduction sediment 
transport, protection or creation of type-specific substratum characteristics,  

protection or development of type-specific river structures, to support 
sediment continuity, relocation in the system etc. 

River training 
e.g. waterway deepening, 

afflux by dams/barriers, new 
construction of locks, 

stream regulation, 
river training of canals 

  yes        

Technical sediment 
management measures 

e.g. support of sediment 
continuity for example by 

continuous sediment 
displacement over flushing 

pipes, alternative methods of 
construction 

Non-technical sediment 
management measures 
(= except initial measures) 

e.g. activation of side 
channels, reconnection of 

ox-bows, renaturalisation of 
tributaries, reconnection of 
floodplains, enlargement of 
cross sections, removal of 

bank fixations 
 

Abstraction of dredged material 
in consideration of type-specific river bed structures and grain sizes, of impacts to the river-  

and ground water level, of the natural foundation conditions etc. 

Dumping / placement of dredged material 
in consideration of type-specific river bed structures and grain sizes, of predominate substratum conditions  

at the dumping site, of adherence to natural or near-natural turbidity values etc.  

 no 

Realisation of measures 

Prediction of impacts 
Are there negative impacts to be expected to the hydromorphological indicators like bed load, suspended load budget, sediment transport, substratum 

characteristics or morphological structures etc.? (e.g. quantity, structure and substrate of the bed pursuant the hydromorphological quality elements of the WFD),  
NATURA 2000-areas, flood protection etc.? 

    
 

Abandonment of the measures,  
for supporting the aims especially of the WFD  

(no endangerment of objectives /  
deterioration is prevented) 

 yes   no 

 yes 

 no 

Modification of the measures,  
for supporting the aims especially of the WFD  

(no endangerment of objectives /  
deterioration is prevented) 

Options of compensatory measures / 
additional requirements 

in another section type of large rivers, in floodplains, 
support continuity, sediments not all in all to the system, 

no highly concentrated turbidity, various discharges... etc.   

Derivation of optimized sedi- 
ment management strategies 

Management practice 

Derivation of maintenance and river training aims 
 („ideal-status“ in the sense of navigation/utilisation) 
Safety of navigation, warranty of the discharge, creation of a balanced 

sediment budget, to support sediment continuity, control of the erosion of the 
river bed – e.g. Sedimentmanagementplan Elbe River, Sohlstabilisierungs-

konzept Elbe River, Sohlerosionsbericht  Rhine -, reduction maintenance etc. 
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2.4 Hydromorphological risk analysis  
and derivation of recommendations for action 

The hydromorphological risk analysis is an instrument for the transfer into practice of the 
detailed results of the Valmorph 2 module applied. This risk analysis is an optional further 
use of the results generated using Valmorph. With the aid of a hydromorphological risk 
analysis the coupling between the results and a derivation of recommendations for action is 
achieved: 

If Classes 1 and 2 are determined, this implies on NWB very good to good 
hydromorphological and sedimentological conditions. No recommendations for the 
improvement of the hydro-morphological condition are necessary as the conditions are 
characterised as good or better (FGG Elbe 2013, IKSE 2014) (Chap. 2.3.2.1). From Class 3 
along NWB recommendations for the improvement of the hydromorphological condition are 
to be declared in order, for example with regard to the sediment management aspect, to 
prevent the risk of missing the target of the support of a balanced sediment budge. In contrast, 
for HMWB already from Class 1 and 2 required actions are possible, because the comparative 
condition (usage-characterised condition) does not necessarily represent a “very good” or 
“good” condition (s. Chap. 2.3.2.2). 

An assessment with class 2 or better may not lead to the conclusion that planned or already 
existing (also long-term) management approaches and concepts such as sediment 
management can be terminated due to this achievement, neither for NWB nor for HMWB. In 
these cases, the assessment is a positive outcome of a functioning river basin management 
and the measures are not allowed to cancel. While maintaining the boundary conditions, this 
would lead otherwise then again to negative alterations (example depth erosion of the river 
bed, indicator mean bed level changes). 

Each indicator is classified and assessed on the basis of the 5-stage classification system and 
participates respectively individually in the risk analysis. The recommendations for action 
imply proposals for options for measures to improve the analysed hydromorphological 
characteristics (for more detailed information s. FGG Elbe 2013; IKSE 2014; Quick et al. 
2014; Heininger et al. 2015). Depending on the problem a weighting is also possible (s. Chap. 
2.6.2). 

 

2.5 Implementation of measures and  
efficiency controls, monitoring 

After the implementation of measures and measure options, Valmorph can also serve for 
efficiency controls or a monitoring. The efficiency control and/or the monitoring would begin 
in accordance with Figure 6 based on the measures, again with the actual condition 
investigation of the hydromorphological indicators, and run through the procedure for the 
evaluation of the measures (Quick et al. 2016a). 

It is to be noted that both, the new actual condition (after the implementation of measures) 
and the “old” actual condition (before the realisation of measures) are to be assessed with the 
comparative condition. Subsequently, the degree of the enhancement due to the 



 

30 
 

Federal Institute  
of Hydrology 
 
BfG-1910 
Valmorph 

implementation of a measure (or a combination of measures) can be seen. This is to be 
carried out with the aid of a comparison of the resulting assessment classes of the new actual 
condition after the implementation of measures, for example in regard to restoration aspects, 
and the previous actual condition before realisation of the measure/s. 

For efficiency controls and monitoring programmes associated with renaturalisation of 
HMWBs, scenario conditions should be used as a rule as comparative condition (considering 
the aims of the project). These scenarios have to include as natural or near natural as possible 
characteristics concerning the investigated indicators. Consequently, as a rule, the scenario is 
to be used instead of the usage-characterised condition (s. Chap. 2.2.3.2). Solely this enables 
a rating of the level of the achievement of objectives of a near-natural condition for HMWB 
in the context of restoration projects of surface waters (comp. BfG 2017b). 

Even if the implemented measure results in a quantifiable enhancement, it is still possible that 
this enhancement will not lead to another assessment class. This is, for example, the case if 
extreme deteriorations of the hydromorphological conditions have occurred in the past or if 
improvements of the conditions do not exceed class limits (i.e. the improvement remains in 
the range of quantitative magnitudes of the former class interval). In such cases the 
maintained classes shall be given in combination with the measured values of enhancement 
by means of the quantitative data. 

 

2.6 Aggregation possibilities and weighting 

In general, the retention of the individual evaluations of the hydromorphological indicators is 
recommended, in order to have available an as detailed as possible statement on the 
characterisations (comp. Fig. 8). With the aid of these detailed findings for example concrete 
measures and their localisation can be derived as conclusion for the improvement of the 
hydromorphological and sedimentological condition of the waters. Therefore, for the water 
resources management, the discrete knowledge of the assessment is important (DIN EN 
15843 2010). 

Should, however, an aggregation or weighting be desired various possibilities exist: 
 

2.6.1 Aggregation possibilities 
As first possibility an arithmetic averaging is to be initiated, in which all indicators con-
sidered are adopted, weighted equally. Thus all assessments are of identical significance for 
the achievement of an overall result. 

Altogether, there are ten hydromorphological indicators both for the inland as well as for the 
coastal areas. These stand as representative for the hydromorphological characterisation of a 
surface water and possess, also under habitat quality aspects, a considerable significance (s. 
Tab. 1, s. Chap. 1.3, 2.2, 3.1 to 3.10).  

Four of the ten indicators, in addition, subdivide into a right and a left side: structure of the 
riparian zone, areal changes of the eulittoral zone, spatial proportion of the current 
floodplains, structure of the river bed and structure of the floodplains. While maintaining the 
individual evaluations according to left-hand and right-hand river side, there are consequently 
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assessments of up to fourteen indicators possible for the surface waters investigated. The 
indicators with two assessments for the left and right side of the represented indicators can be 
brought together into one assessment class through the formation of the arithmetic mean 
value. 

Additionally there would be the possibility to aggregate the indicators as required according 
to river bed, river bank and floodplain. This, however, makes no sense with the background 
of uneven distribution of the indicators to these three compartments as the area of the bed 
itself is best represented with the Valmorph procedure for navigable surface waters (comp. 
Tab. 1). 

In general a rounding is carried out for decimal figures of an averaged end result (e.g. average 
end result: 2.5 – overall assessment: 3). The determination of the respective mean value in the 
individual aggregation steps must take place always without previous rounding, as otherwise 
the end result is falsified through this. 

Nevertheless, in general, the retention of the individual evaluations of the hydromorpho-
logical indicators is recommended. 

 

2.6.2 Weighting 
Alternatively, the introduction of a weighting for hydromorphological indicators with 
particular significance for a certain problem is also conceivable. Here, for example, the 
indicators of outstanding significance can be valued doubled (Rosenzweig et al. 2012).  

It can also make sense, to include certain indicators relevant for concrete problems with 
priority in the derivation of options for action for the improvement of the hydro-
morphological conditions. This was, for example, the case with the sediment management 
concept for the Elbe River (s. FGG Elbe 2013; IKSE 2014; Heininger et al. 2015). As a result 
of the processing using the Valmorph module it showed both hydromorphological indicators, 
mean bed level changes – sediment balance and sediment continuity, to be particularly 
significant for the derivation of recommendations for action within the context of sediment 
management, as they possess a special pointing and thus key function for the sediment 
budget. Within the framework of the hydromorphological risk analysis these two key 
indicators have therefore been prioritised in a first step for the derivation of recommendations 
for action for the improvement of the hydromorphological conditions (FGG Elbe 2013; IKSE 
2014; Heininger et al. 2015; Quick et al. 2016a). 

 

2.7 Relationship DPSIR concept 
The Valmorph module also stands in close relationship to the DPSIR concept (Driving 
Force-Pressure-State-Impact-Response) (OECD 1993, 1994; EEA 1999). The concept deals 
with water resources management as a 5-stage cycle on the basis of a system analytic view, 
which is controlled through the continuous feedbacks between environment and society. With 
regard to the hydromorphological aspects, human activities (driving forces) and therewith 
related pressures for waters as a result of use etc. (pressures) have impacts on the type-
specific boundary conditions and the quantitative, hydromorphological condition (state). This 
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can lead above a certain degree of pollution to a deterioration and/or limitations on use 
(impact). On the other hand, in each phase, measures (responses) can be taken (after analysis 
of the deficits). As a result, decision-making principles can take place by using Valmorph 
module, above all in that various forecast scenarios (scenarios) can also be surveyed and 
assessed by Valmorph. Through the possibility of also being able to classify and evaluate 
forecast conditions of various measure scenarios, Valmorph 2 is also a prognosis tool, which 
can detect and evaluate the efficiency of measures within the sense of a sustainable water 
resources management. 

The statistical procedure with its indicator-related methods can also reveal pressure factors 
for the hydromorphological condition of large and navigable surface waters. It can also define 
success factors for their improvement and for management (local to right across the river 
basin) through the derivation of recommendations for action on the basis of detailed results. It 
serves, inter alia, for the support of decision-making processes (Quick et al. 2016a). The 
pressure factors thereby do not concern exclusively the shipping, but rather imply all uses, 
which can also influence the characteristic of navigable waters such as, for example, also 
flood protection and urbanisation. 

 

2.8 Exemplary applications 

The hydromorphological indicators possible within the framework of the application of the 
Valmorph module presented here are each to be surveyed, calculated and assessed with the 
aid of a parameterized methodology. These methods are described in Chap. 3 and 4.  

Various sections of the federal waterways have been designated as exemplary areas of 
investigation for the testing, verification and optimisation of the methods. Here for the “river” 
area, river stretches of the inland Elbe River have been investigated as natural water body 
(Type 10: Very large gravel-dominated rivers and Type 20: Very large sand-dominated 
rivers). River stretches of the Mosel (Type 9.2: Large highland rivers) and Rhine (in the area 
“narrow valley type of the Middle Rhine” according to IKSR 2009; Type 10: Very large 
gravel-dominated rivers in the area of the Lower Rhine) as heavily modified water bodies 
were also considered for the field of application River (s. Chap. 2.2) as case studies. For the 
field of application Coast the Peene acts as example for the Baltic Sea as natural water body 
to be investigated (Type 23: Backwater and brackish water influenced Baltic Sea tributaries, 
inner and subsequently open coastal waters of the Baltic Sea). For the heavily modified water 
bodies the tidal Ems River is called on for the North Sea (Type 22: Marshland streams of the 
coastal plains) (s. also Chap. 3.8.4). Finally the Canal field of application is also tested by 
means of exemplary stretches of the Dortmund-Ems canal (DEC) and the North Sea and 
Baltic Canal (Kiel Canal) (i. a. Untenecker 2009; Rupp 2009; Gültekin 2011; Quick 2010, 
2011a; König et al. 2012, 2014; Borgsmüller et al. 2016). Furthermore, the Valmorph method 
is applied for the lower reaches of the Schwarze Elster (Type 15: Mid-sized and large sand 
and loam-dominated lowland rivers), Mulde (Type 17: Mid-sized and large gravel-dominated 
lowland rivers), Havel (Type 20: Very large sand-dominated rivers) (respectively natural) and 
Saale (Type 17: Mid-sized and large gravel-dominated lowland rivers) (heavily modified) 
(BCE 2012; FGG Elbe 2013; IKSE 2014). 
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In this report, by way of example, some results are presented, which have been achieved on 
the inland Elbe River (natural water bodies), Rhine, tidal Elbe and tidal Ems River (heavily 
modified water bodies), s. Chap. 3.1 to 3.10. An example of some assessment results can be 
seen in Fig. 8.  

 
 

 

 

 

leftmost band = Spatial proportion of the current floodplains (left) 

left band = Bed substrat 

center = Mean bed level changes 

right band = Depth variation 

rightmost band = Spatial proportion of the current floodplains (right) 

Quelle: FGG Elbe (2013); IKSE (2014). 

 

The hydromorphological indicators of the Valmorph 2 module are presented in more detail 
below. The assessment methods are explained and exemplarily highlighted using examples 
including assessment results (Chap. 3 and 4). 
  

Fig. 8:  Results of the Valmorph method for the upper 
inland Elbe between the German-Czech border 
and Dresden (Elbe-km 0 and Elbe-km 50). 
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3 Quantitative survey, calculation and  
assessment methods for hydromorphological 
indicators, rivers and coasts  

 
 
 

3.1 Width variation 

 

3.1.1 Definition  
The variation of the width of the water level is determined on the basis of the width variation. 
The width variation of a surface water is a representative indicator for the hydrological and 
morphological conditions. Changes in the width conditions directly reflect the degree of 
possible anthropogenic influences. Depending on the discharge it affects in particular the 
habitat availability and diversity in the riparian zone and the lateral connectivity with the 
floodplains. In addition, there is a direct connection with the flow diversity, the depth 
variation and prevailing sediment (substrate diversity, erosion and sedimentation processes) 
(comp. Fig. 9) (König et al. 2015; Pottgiesser et al. 2013; Jährling 2009; Patt et al. 2008).  

 
 

 
Fig. 9:  Possible characteristics of the width variation. 

Reference: BUWAL (1998) – modified. 

 

 

The width variation, in narrow valley situations, can be reduced naturally. It varies type-
specifically in the longitudinal course of a river as well as in the discharge dynamically 
changing rhythm. The width variation is one of the hydromorphological parameters for the 
support of the biological components within the morphological conditions according to EC-
WFD (2000) and OGewV. 
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3.1.2 Methodology 
Depending on the data situation, the indicator is to be determined by using different methods. 
Fundamentally, the determination should be based on the same discharge conditions in the 
comparative, actual and forecast conditions. These discharges should - depending on the data 
basis and guiding question - lie between low water and the bankfull discharge conditions. 
Frequently, however, a comparison based on identical discharge conditions is not possible 
due to a lack of information, in particular with the determination of the reference condition. 
Therefore, two methods are presented below, which - depending on the data situation - enable 
a determination and assessment of the width variation. The selection of one of the two 
methods should take place based on the data situation, a combination of both methods on one 
surface water to be investigated is not recommended. The indicator should be determined for 
a longer stretch of surface waters as it is characterised, for example, by the degree of winding, 
the type of (water) course, the sediment transport or the gradient conditions. As a 
consequence, an aggregation of 5 km sections is recommended (Chap. 2.1, Chap. 3.1.3). The 
water level width is to be taken at right angles to the axis of the surface water. With side 
channels or meandering surface watercourses, the width is surveyed at right angles to the total 
discharge corridor under consideration (s. also Gurnell et al. 2014, comp. e.g. BCE 2012).  

 

Methodology 1 (Precise details of water level and/or discharge present) 

If for both, comparative as well as actual and forecast condition, there is concrete information 
available on discharge, the water level width can be determined in separation of 100 m - 
sections, for example in ArcGIS, based on topographical maps or the DBWK2, model results 
or aerial photos. The variance can be calculated for aggregated 5 km sections for the 
corresponding condition. The main channel is to be considered inclusive of lateral structures 
and side channels (complete water surface). Thus, for example, the modified offer in bank 
habitats can be estimated (comp. Chap. 3.10). I.e., for the respective discharge, areas perma-
nently flowed through (side channels, stretches of water for example behind training walls, 
harbours without bank fixation etc.) are to be included in the calculation. For the section 
lengths of 5 km, initially the variance is defined based on the numerical value of the water 
level widths as follows: 

 

( )
1

2

−
−∑

=
n

xxWV i  

 
 
x   = mean value from all water level widths of a section 

xi  = respective water level width, e.g. per 100 m 
n  = number of summed water level widths within a section 
WV  = width variance 

 

The moving average of the variance can also be derived for the smoothing of the measured 
data. If there are only details of the water level present in the data basis these are to be 
assigned to the corresponding discharge. For the actual and forecast conditions the water 
level areas for the discharges in the comparative condition can also be calculated, e.g. with 
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the aid of the river hydrological software FLYS (BfG 2017a) (comp. Chap. 3.1.4; König et al. 
2015).  

 

Methodology 2 (No precise water level and/or discharge information available) 

If neither concrete discharge nor water level information is available for the detection of 
comparative conditions, a methodology is to be used with which the available water level 
widths in the data basis are applied, without an exact conformity of the discharge conditions. 
In these cases, attention is to be paid for the most equivalent discharge conditions possible. If 
the discharge conditions between comparative and actual conditions differ strongly from each 
other, a determination of the width variation is not possible. This methodology is applied 
mainly along natural waters and the use of a reference condition or the derivation of a 
scenario condition (historical data). For other conditions (usage-characterised condition, fore-
cast condition) details on the water level or on the discharge conditions should be available 
(Chap. 2.3.2). 

The width of the water level surfaces is to be determined respectively with similar discharges 
(e.g. MQ, bankfull). For this purpose, for example for all 100 m-, 200 m- or 1,000 m-
sections, the minimum and maximum values of the water level width are to be measured. For 
that, all relevant widths are to be recorded in the GIS using visual inspection, for example 
with the aid of maps (DGK5, DBWK2 etc.), in order to measure the actual smallest and 
largest value for the section under consideration. Should the bankfull width be investigated, 
the supporting embankment signatures and terrain height details of the maps can be used.  

The width variation presented here shows no variance in the mathematical sense. It is cal-
culated according to the following formula: 
 
 

Act

Act
Act W

W
WV

min_

max_=  - 1 

 

Comp

Comp
Comp W

W
WV

min_

max_=  - 1 

 
 
WVAct  = Width variation in the actual condition (or WVFore for the forecast condition) 
WVComp = Width variation in the comparative condition 
Wmax_Comp / Act = Value of the greatest width in the comparative or rather in the actual    
       condition (or Wmax_Fore for the forecast condition) within the stretch under  
      consideration in m (maximum) 
Wmin_Comp / Act = Value of the smallest width in the comparative or rather in the actual  
       condition (or Wmin_Fore for the forecast condition) within the stretch under  
      consideration in m (minimum) 
 

For the determination of the relationship of the largest to the smallest channel bed width, 
existing island areal, with complete connection and flow of a meander bow from main 
channel bed to throughflown side channel, is to be included (BfG 2001). In the area of har-
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bours or non-permanently connected floodplain structures (e.g. oxbow lakes cut off from the 
river, Chap. 3.10), the width variation is measured in the main channel bed only. 

The following sources can be used for Methodology 1 and Methodology 2: 

Reference condition: A derivation for the reference condition for natural waters can take 
place on the basis of historical maps, digital terrain models (DGM), aerial photos, river 
training works documents etc. (s. Chap. 2.3.2.1). Current databases such as, for example, 
topographical or geological maps, due to the persistence of river morphological structures, 
can also contain important information on the earlier condition of a river.  

Usage-characterised condition: The usage-characterised condition is to be used for the 
determination of the width variation for HMWB (1999, s. Chap. 2.3.2.2). Topographical 
maps or, for example, the DBWK2, model results and remote sensing data (multicopter / 
gyrocopter, aerial photos etc.) can be used as data basis. 

Actual condition: The determination of the actual condition can take place, for example, 
with the aid of model results, FLYS, aerial and satellite images, drones (surveying flying), 
DBWK2, water level fixations, topographical maps etc. 

Forecast condition: The changes with regard to width variation can, for example, be estab-
lished on the basis of planning documents or results of modelling (s. Chap. 2.3.4). The 
methodology can be made as explained above. 

Alternatively, various other approaches are productive such as a comparison of wetted water 
surfaces or of bank line lengths (König et al. 2015; comp. Chap. 3.10). 

 

 

 

3.1.3 Assessment  
The width variation is determined through the comparison of the comparative and the actual 
or forecast condition. The assessment is to be implemented identically for both methods, 
independent of whether it is a question of the width variance in the mathematical sense 
according to Method 1 or the width variation according to Method 2. The assessment takes 
place for aggregated 5 km stretches of water pursuant to the calculation formula: 
 

Assess_WV = 100*








 −

Comp

ActComp

WV
WVWV

% 

 
Assess_WV = Calculation of width variation as basis for the assessment in % 
WVComp = Width variation comparative condition  
WVAct  = Width variation actual condition  
    (or rather WVFore alternative for the forecast condition)  
 
 
The percentage value calculated on the basis of the formula is to be compared with the 
assessment matrix (Tab. 2): 
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Tab. 2:  Assessment matrix for the indicator width variation. 

 
 

Width variation 
 
 
 

Class 

Width variation 
percentage deviation 
from the comparative 

condition 

Assessment 

high very minor changes < 10% 1 

good minor changes < 25% 2 

moderate moderate changes < 50 % 3 

poor major changes < 75 % 4 

bad very major changes < 100 % 5 

 
 

As the usage-characterised condition is already used for HMWB (see above), no further 
differentiation has to take place within the assessment. Therefore, for the assessment both, for 
natural waters and for HMWB, the procedure in accordance with Tab. 2 is applied (s. Chap. 
2.3.6). 

In special cases, in which there is an increased width variation in the actual condition due to 
the anthropogenic interventions, expert assessments are to be undertaken and, if necessary, a 
malus system is to be introduced. If the width variation in the actual condition is greater, it 
results in a negative deviation. In the case of an improvement of the ecological condition of a 
surface water a better evaluation is justifiable. If, however, anthropogenic encroachments 
with negative ecological consequences for surface waters, such as artificial widening in front 
of cross-structures with reduced sediment transport rates, flow velocities etc. and increased 
areas of sedimentation are to be invoked as causes (comp. Chap. 3.2), a better evaluation of 
these areas is not expedient (not type-specific) (Chap. 2.3.2). Furthermore, to such special 
cases belong, for example, a cutting of meanders, which was not present in the comparative 
condition and forms no natural terrain situation, but rather represents an artificial widening of 
the river bed (large maximum values). Equally, a reduction of the minimum width through 
river training measures with constant maximum width is to be cited. In addition, a high 
maximum and a high minimum width in the comparative condition possibly results in the 
same quotient as low maximum and low minimum width in the actual condition, despite 
considerable narrowing of the river having taken place. The quotient therefore does not 
necessarily indicate the type-specific width conditions. For these reasons, the verification of 
the results achieved by experts is necessary and a malus of at least -1 or -2 is to be awarded 
according to the case consideration (s. for example Rosenzweig et al. 2012; FGG Elbe 2013). 
Should a malus lead to an assessment having to be theoretically worse than Class 5, then the 
malus remains ignored as the river stretch has already been evaluated with the worst assess-
ment grade.  



 

39 
 

Federal Institute  
of Hydrology 
 
BfG-1910 
Valmorph 

3.1.4 Explanation of the procedure using the example of the inland Elbe 
The German inland Elbe is a federal waterway which has been classified as natural waters. 
From Elbe-km 0 to Elbe-km 96 it conforms with Type 10 “Very large gravel-dominated 
river”, downstream to the tidal limit at the Geesthacht weir with Type 20 “Very large sand-
dominated river”. The inland Elbe has been surveyed and assessed over the complete stretch 
using Method 2. Only between Elbe-km 280 (Aken) and Elbe-km 380 (Tangermünde) do 
maps exist with details of older water level information available for the reference condition 
at the time of the survey. As a result, for this 100 km long section Methodology 1 was 
additionally applied. 

Methodology 1: The reference condition was based on historical maps with a scale of 
1:5.000 determined from the period 1830-1850 (BfG 2012a). On the historical maps 
additional water level details at the time of mapping were given for the section from Elbe-km 
280 to 380.  

 

   

Fig. 10:  Water surface of the main channel inclusive distributaries  
and side structures in the reference condition (darkblue) and  
the actual condition (lightblue; with cross sections of the  
river width (grey) in a constant distance of 100 m). 

 
Reference: König et al. (2015). 
 

 

This enabled a comparison of the width relationships in the reference and actual conditions 
for identical discharge situations. For this, the historical water level information was assigned 
to the corresponding discharges. For the actual condition inundation polygons for these 
discharges were calculated with the aid of FLYS (BfG 2017a), based on digital terrain 
models from 2003-2007. The city of Magdeburg was selected as reference gauge for the 
calculation of the water level location. The main channel inclusive of side structures and side 
channels was considered (total water surface) (comp. Fig.10, Chap. 3.1.2). The mean water 
level width can be determined from the inundation polygons (water surfaces), calculated and 
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processed in the ArcGiS. The determination of the width of the water level positions takes 
place automatically, also in the ArcGiS in 100 m intervals (comp. Fig.11). 

 

 

Fig. 11:  Overlap of the reference condition (areas of water 1830-1850 in dark green; islands 
1830 – 1850 in light green) and the actual condition (water in light blue; terrain 
inclusive dike and embankments in violet) for the calculation of the width variation 
(exemplary illustration). 

Reference: Vollmer et al. (2013) (Source BfG 2012a and DBWK2). 

 

In some cases a manual post-editing was necessary in order that all lines were aligned across 
the axis of the river, in particular in side channels and if bends in the course occurred. The 
width variance was calculated for sections of 5 km length and subsequently evaluated (comp. 
Chap. 3.1.3). 

Methodology 2: The digital reconstruction of the water course of the Elbe was used as basis 
for the identification of the reference condition based on the hydrographic maps from 1830-
1850 (BfG 2012a). In this reconstruction, along with the riparian zones additionally islands, 
former braided river sections, side channels and former branches are represented (Chap. 
3.10). The historical map allows no consistent representation of the condition around 1830. 
Consequently, for ca. 125 km (ca. 21 %) of the 586 river kilometres, instead the conditions 
around 1850 were applied. Thus, this basis reproduces a status to which the Elbe can still be 
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characterised as comparatively near-natural. Local groyne structures etc. exist, but a 
continuous systematic river training has still not taken place (comp. Chap. 2.3.2.1). The 
determination of the minimum and maximum width happens for each kilometre by 
measurement (BfG 2012a; Vollmer et al. 2013; FGG Elbe 2013; IKSE 2014). For this, the 
river widths were measured at intervals of ca. 200 m. The DBWK2 was used for the investi-
gation of the actual condition (s. Fig. 4, Chap. 3.1.2). 

Results Method 1 and Method 2: Both methods indicate a larger and heterogeneous width 
variation in the reference condition from 1830/50 (comp. Fig. 10 and 11). The results are 
based on the assessment at various water levels: With Method 1, the discharges lay in the 
range lower to medium discharge conditions; with Method 2 between medium to bankfull 
discharge conditions. The various discharge situations lead to differences in the evaluations. 
Overall, it is observed that the results with increasing discharges and thus larger considered 
water surfaces tend on average to turn out better (comp. König et al. 2015). The results are 
illustrated as examples in Fig. 12, Fig. 13 (Method 1) and Fig. 14 (Method 2). 

 

 

Fig. 12:  Water body width for the reference condition and actual condition,  
determined using method 1 (Elbe-km 280 – 380). 

Reference: König et al. (2015). 
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Fig. 13:  Width variation for the reference condition and actual condition, determined 
using method 1 (Elbe-km 280 – 380). 

 

 
Fig. 14:  Assessment of the width variation of the Elbe (Elbe-km 0 – 586) and the lower  

reaches of four tributaries; determined using method 2. 

Reference: Rosenzweig et al. (2012); Quick et al. (2012, 2014); FGG Elbe (2013); IKSE (2014).  
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3.2 Sediment continuity 

 

3.2.1 Definition  
Sediment continuity is understood as a type-specific transport of sediments (bed load and 
suspended load) over time. Thereby the transport does not have to occur continuously; rather 
it can take place variably both spatially as well as temporally (e.g. BMVI 2016). For the 
ensuring of a type-specific sediment transport there are either no cross-structures present or 
those present are derelict, or if existing can at least in part be controlled for a passability of 
the sediment (e.g. lowering or lifting of the cross-structure).  

The sediment continuity bears a close relation to the existing cross-structures (transverse 
structures with impacts in particular on longitudinal continuity) due to their possible impacts 
on, for example, the structural and substrate-conditioned characterisation of a river. Cross-
structures are defined as transverse structures which have a barrier effect in the river and are 
arranged transverse to the flow direction, such as, for example, weirs or barrages (according 
to DIN 4047-5, 1989 and DIN 19661-2, 2000) (s. Fig. 15). Bed structures such as ramps or 
glides are also to be assigned to the category of sediment-relevant cross-structures.  

 

 

 

 

 

 

 

 

 

 

 

 

Reference: Kempmann/WSA Freiburg (2012). 

 

Cross-structures frequently cause a backwater with untypical structural characteristics of the 
river bed with modified, reduced flow conditions. Often, the sediment continuity is reduced 
until completely suppressed, the cross-structures function as sediment traps in the upstream 
area from the structure. Along with the bed load transport it comes likewise to a reduction 
down to a suppression of the suspended sediment transport. Both are also decisive for the 
hydromorphological quality of a river (Rosenzweig et al. 2012; Quick & Langhammer 2015; 
Quick & Jährling 2016).   

Fig. 15: Barrage Iffezheim. 
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Measurement data on sediment loads are available for the navigable waters; they are recorded 
by the German Waterways and Shipping Administration with specialist technical support by 
the BfG within the scope of various monitoring networks. Bed load is recorded in the free-
flowing stretches of the rivers Rhine, Elbe, Saale, Danube, Oder and Warthe in ca. 85 
monitoring stations at several points distributed over the bed load carrying width of the river 
cross-section (up to 4 to 6 measurements per year). Multi-point measurements are carried out 
in the flow cross-section also in the free-flowing stretches of the Rhine, Elbe, Saale, Danube, 
Oder and Warthe in ca. 65 monitoring stations (up to 2 to 3 measurements per year) for the 
recording of the suspended sediment transport. In addition, the suspended sediments are 
surveyed in the form of single-point measurements in 67 monitoring stations in the free-
flowing and impounded stretches of the federal waterways (weekday random sample mea-
surement) (s. BMVI 2016). Otherwise, quantitative measurement data, as a rule, is rather 
seldom available for surface waters in Germany e.g. from individual measurement cam-
paigns. 

Due to the retained sediments, in close vicinity or further removed, there are frequently depth 
erosions of the river bed downstream of cross-structures. Due to the possible influences of the 
structural characteristics of the river including, for example, the substrate diversity, the 
indicator can possess a particular significance for the diversity of the range of habitats and the 
habitat suitability and quality for species (Quick et al. 2014; com. Chap. 3.4).  

The sediment continuity, in the EC-WFD (2000), is one aspect of the hydromorphological 
quality component groups river continuity. The hydromorphological elements support the 
biological elements. A restored, undisturbed sediment continuity can help to initiate missing 
habitats, but must not per se lead to positive developments as it can, for example, come to the 
mobilization of contaminated sediments. It is essential to observe this hazard and also to take 
it into account for a planned control of cross-structures. It is to be ensured that no con-
taminated or oxygen depleting fine sediments are mobilised (comp. also BMVI 2016). Non-
type-conform sediments, for example in the form of significant fine sediment amounts can, 
for example, lead to clogging or the covering of relevant structures of the river bed at other 
places. Therefore, only uncontaminated and type-specific substrates and substrate quan-
tities corresponding to a type-conform sediment transport may be mobilised. They may 
not induce negative environmental impacts elsewhere. 

CIS-ECOSTAT (2006) also underlines the significance of the river type with sediment 
transport: With the planning and implementation of hydromorphological measures on 
sediment carrying rivers, it is to be ensured that the natural continuity for the sediment 
transport is restored. In particular, that the bed load is imparted to the river stretch down-
stream of a cross-structure and that the sediment transport, due to the execution of these 
measures, is not negatively affected. With type-specific non-sediment carrying rivers, in 
contrast, this is to be ignored (s. CIS-ECOSTAT 2006; UBA 2008).  

 

3.2.2 Methodology  
Along with the cross-structures considered here the sediment continuity is in general co-
determined also by numerous further natural environmental and anthropogenic factors. These 
influence the characterisation of the hydromorphology and of the sediment budget as well as 
their interaction (comp. Fig. 1). These further factors are extremely diverse with regard to 
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quantity and their interdependencies. Consequently, they are too varied to be object of the 
survey and evaluation of the sediment continuity. Causal correlations, furthermore, are not 
always clearly definable. To these factors also belong, for example, sediment management 
and bed load additions (sediment supply). Aspects of the compensation of the sediment 
deficits are thus also not considered. Valmorph, therefore, makes available a simplified, 
standardised method for the classification of the sediment continuity, which can be used 
nationwide on the basis of the available databases for the cross-structures.  

Standardised survey and assessment procedures for sediment continuity do not yet exist. 
Currently a LAWA LFP project, inter alia for the continuity for sediments, is in development. 
A practical test follows. There are further qualitative-quantitative specifications on the part of 
DIN EN 14614 (2005) and DIN EN 15843 (2010) for the inland area. In addition, for 
example, Gurnell et al. (2014) make three-stage proposals (count of high, medium and low 
impact blocking structures) for the classification: (a) high – substantial structure and 
upstream storage area, sufficient to intercept > 90 % river flow, or the majority of transported 
sediment and wood; (b) medium – substantial structure completely blocking the channel but 
with relatively low storage giving lower impact on flow, sediment or wood continuity; (c) 
low – minor channel blocking (e.g. low check dam) structure with minor impact on flow, 
sediment, or wood continuity. These proposals also refer exclusively to cross-structures or 
artificial barriers constructed in the river bed (DIN EN 15843 2010; Gurnell et al. 2014). 

Reference condition: For natural surface waters a determination of the reference condition is 
not necessary, as in the natural or near-natural condition a continuity for sediments is ensured 
due to missing or controllable, derelict, and thus sediment passable cross-structures (Quick et 
al. 2014). Decisive is that the sediment continuity is not impaired by human activities or 
encroachments and the type-specific transport of sediments unhindered is possible (EC-WFD 
2000; DIN EN 14614 2005; UBA 2008). This must not, however, take place continuously, as 
also under natural to near-natural conditions a sediment continuity with, for example, flow-
induced interrupted transport processes can be typical. 

Usage-characterised condition: In the case of sediment continuity for heavily modified 
water bodies no other comparative condition is used than for natural waters. This is 
conditioned as a result, that waterways identified as natural have cross-structures (examples: 
Rivers Leine, Elbe, Havel, Fulda and Werra) and waterways designated as heavily modified 
over long reaches have no cross-structures (“free-flowing”, example: River Rhine between 
Iffezheim and the German-Dutch border). Moreover, the existing cross-structures both with 
natural as well as with heavily modified waters, can be or could become “sediment 
continuous” (Class 1). Theoretically, also for HMWB, a restoration of the sediment 
continuity with the guarantee of no significant adverse effects on the uses specified according 
to EC-WFD (2000) or the avoidance of other negative environmental impacts would be 
possible (s. Chap. 3.2.1). In addition, a sediment continuity does not have to be guaranteed 
permanently – even under natural or near-natural conditions it can happen intermittently. 
Therefore, no further differentiation has to take place within the classification.  

Actual condition: Current cross-structures can be surveyed with the aid of various sources. 
An acquisition is possible from the aerial photograph, from drone sorties (unmanned 
multicopter/UAS and manned gyrocopter), on the basis of various map series (e.g. DGK5, 
TK25), digital datasets (e.g. DBWK2) etc. If necessary, an enquiry can be made with the 
responsible authorities. With the German federal states there are often cross-structure 
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cadastres available. An overview for the year 2005 is given by a UBA project (UBA 2005). 
In future, for example, the INSPIRE (Infrastructure for Spatial Information in the European 
Community) data will also be applicable. Additionally, results from the mapping of the 
quality of waters (German River habitat survey) can be used. Cross-structure controls, as a 
rule, have to be queried with the operators. 

Forecast condition: On the basis, for example, of river training documents the respective 
changes (fall heights, distances from cross-structures in the main watercourse and in 
tributaries) are to be determined within the scope of an environmental impact study. Thus as a 
result, for example, of projects including an official approval of a plan, statements can be 
made on the improvements or deteriorations to be anticipated. The forecast condition can 
also, for example, be determined for the removal of a weir. 

 

 

3.2.3 Assessment  
The assessment of the sediment continuity has as objective the classifying of the continuity 
for sediments. The assessment is carried out for 5 km aggregated sections in accordance with 
the following calculation formula: 

 
Assess_SC   = CST, A Step 1 – (MStep 2 DMR) – (MStep 3 DSSW) 
 
 
Assess_SC  = calculation of sediment continuity as basis for the assessment  
CST, A Step 1  = cross-structure type: Kind of the cross-structures and fall height 
MStep 2 DMR   = malus system distance of upstream existing cross-structures in the  
          main river bed considered of the river under investigation  

   and in tributary lower reaches designated as relevant 
MStep 3 DSSW  = malus system distance of upstream existing cross-structures in 

   inflowing smaller side waters 

 

 

This three-stage procedure implies quantitative information about type, quantity and 
distance of the cross structures and is described below: 

1st. Step: The survey, classification and assessment take place in the bed of the main 
watercourse section-related on the basis of the kind of the cross-structure (barrage, reservoir, 
rough ramp, partial ramp etc.) and the existing fall heights in accordance with Tab. 3, for the 
5 km section investigated. As all types of cross-structures are to be documented, multiple 
responses for a 5 km section are possible. However, only the worst value goes into the 
assessment (“pessimistic assessment”, worst case).  

With the height of the transverse structure and the height of the water level or the bed level 
difference in the upstream and downstream area the barrier effect as a rule increases until the 
sediment continuity is completely prevented. As a rule, as fall height is defined the transverse 
structure height to the water level height in the downstream area of the cross-structure during 
medium flow conditions.  
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Tab. 3:  Assessment of the hydromorphological indicator sediment continuity, 
1. Step - cross-structure type and fall heights. 

Cross-structure (incl.  
river bed control structure) 

Fall height  
< 0.3 m 

Fall height 
0.3 – 1.0 m 

Fall height  
> 1.0 m 

Rough ramp, rough river glide 2 3 3 
Partial ramp 2 2 2 
Fall, smooth glide / smooth ramp  
- without migration aids 3 5 5 

Fall, smooth glide / smooth ramp  
- with migration aids 2 3 4 

Fall, smooth glide / smooth ramp  
- with technical pass 2 4 4 

Derelict cross-structure 1 1 1 
No cross-structure, but located in 
the backwater section of a  
cross-structure  

4 4 4 

Barrage, weir, hydroelectric power 
plant  
- without migration aids 

5 5 5 

Barrage, weir, hydroelectric power 
plant 
- with fish ladder / -pass / -sluice /  
-lift 

3 4 4 

Barrage, weir, hydroelectric power 
plant 
- with fish ladder / -pass / -sluice /  
-lift and bypass channel 

3 3 4 

Barrage, weir, hydroelectric power 
plant 
- with bypass channel 

3 3 4 

Reservoirs, dam 5 5 5 
Controllable cross-structure 1 1 1 
No cross-structure 1 1 1 
 
Reference: Quick (2011b); Rosenzweig et al. (2012); DIN EN 15843 2010; following BfG (2001), 
LUA NRW (2001) und LAWA (2002); modified.  

 

 

2nd. Step: The assessment of the different cross-structures and their fall heights from the first 
step is now combined, with aid of a malus system, with the distance of the cross-structures 
present upstream in the bed of the main watercourse considered, and in tributaries designated 
as relevant4 rom the 5 km section to be assessed. This is of significance as the cross-
structures lying upstream in the main river bed and likewise, from the quantitative aspect in 
relevant side waters, can cause considerable influence on the bed load and suspended 

                                                           
4 Tributaries are to be designated as “relevant” if, due to their quantitative characteristics, they have a significant impact on the 
situation in the main river bed. Decisive for this can be, for example, areal shares in the catchment area, the discharge and/or 
sediment transport. The values are to be determined based on the surface water considered.  
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sediment inputs of the section of waters considered – even if no cross-structure is present in 
the considered 5 km section itself.  

The following malus system (Tab. 4) is to be applied in the main river bed and identically in 
the tributaries designated as relevant: 

 

 

 
 

  2. Step 

malus system distance of upstream existing cross-structures in the 
main river bed of the river under investigation 
and in tributary lower reaches designated as relevant 

Cross structures up to 5 km distance               = Malus -3 

Cross structures in 5 to 20 km distance               = Malus -2 

Cross structures in 20 to 50 km distance                = Malus -1 
 
Reference: Rosenzweig et al. (2012); Quick et al. (2014); Quick & Langhammer (2015). 

 

 

Fig. 16 illustrates the 2nd step by means of a simplified schematic diagram. 

 

 

Fig. 16:  Hydromorphological indicator sediment continuity, 2. Step main river bed and 
tributary lower reaches designated as relevant - schematic diagram 
(Rel = Relevant, s. footnote 4). 

 

 

3rd Step: In the third step an assessment of the various cross-structures and their fall heights 
(1st step) takes place as well as of the distance of the existing cross-structures upstream in the 
main watercourse bed or in the tributaries designated as relevant (2nd step) combined with 
cross-structures on smaller confluent side waters (beck, creek, ditch). To this, the distance of 
cross-structures present in smaller tributaries up to 10 km is added with a malus of -1, s. Tab. 
5. Smaller confluent side waters, through sediment inputs reduced by cross-structures, can 
induce a not insignificant influence on the hydromorphological conditions and on the 
sediment budget of the investigative waters. 

Tab. 4:  Assessment of the hydromorphological indicator sediment continuity, 2. Step 
– Malus system main river bed and tributary lower reaches designated as relevant. 
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  3. Step 

malus system distance of upstream existing cross-structures in 
inflowing smaller tributaries up to10 km distance              = Malus -1 

 
 
Reference: Rosenzweig et al. (2012); Quick et al. (2014); Quick & Langhammer (2015). 

 

 

Fig. 17 illustrates the 3rd step by means of a simplified schematic diagram. 

 

 

Fig. 17:  Hydromorphological indicator sediment continuity, 3. Step smaller tributaries 
- schematic diagram (Rel = Relevant, s. footnote 4). 

 

 

Should the malus in Step 2 and/or Step 3 lead to the situation that, theoretically, an assess-
ment might have to take place which is worse than Class 5, then it remains, despite the con-
sideration of a malus, as Class 5 (the worst assessment level). 

The final overall assessment as classification of the sediment continuity thus results overall 
from a sequence of the three assessment steps. The assessment takes place based on the 
respective degree of the deviation from the comparative condition (here Class 1: Sediment 
passable) both for the actual and for the forecast condition (s. Tab. 6). With this simplified 
procedure for the sediment continuity it is assumed that a passability for sediment is always 
given type-specifically. For medium-sized and smaller rivers a mapping by kilometre is 
recommended (1 km sections which, as required, can also be aggregated later into 5 km 
sections, comp. Fig. 3). These are then in each case considered as main water-course. 

With the Valmorph method the assessment is possible in various spatial scales (s. Chap. 2.1, 
s. Fig. 3), such as (1) locally in the watercourse investigated (location cross-structure), (2) 1 
km sections, (3) 5 km sections, (4) water body (WFD), (5) transregional river stretch and (6) 
surface water system.  
  

Tab. 5:  Assessment of the hydromorphological indicator sediment continuity, 3. Step 
– Malus system inflowing smaller tributaries. 
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Tab. 6:  Assessment matrix for the indicator sediment continuity. 

 
 
 

Sediment continuity  
 

Class 

Deviation of the 
sediment continuity Assessment 

high sediment continuity none 1 

good nearly sediment 
continuity 1 class 2 

moderate moderate sediment 
continuity 2 classes 3 

poor poor sediment continuity 3 classes 4 

bad no sediment continuity 4 classes 5 

 

 

3.2.4 Explanation of the procedure using the example of the inland Elbe 
The German federal waterway inland Elbe has been classified as natural surface water. From 
Elbe-km 0 to Elbe-km 96 the Elbe corresponds to surface water body Type 10 “Very large 
gravel-dominated river”, downriver to the tidal limit at the Geesthacht weir Type 20 “Very 
large sand-dominated river”. In pilot studies five representative river stretches of the Czech 
Elbe with a length of in total 119 km have also been investigated (Langhammer 2013; Quick 
& Langhammer 2015). 

As presented in Chap. 2.3.2.1, for natural waters a determination of the reference condition 
is not required; there is a continuity for sediments ensured. Nestmann & Büchele (2002) point 
out that up to the middle or rather the end of the 18th century a relatively natural or near-
natural Elbe River was characteristic. Although encroachments had already occurred in the 
form of the installation of mills, dykes and the cutting off of meander loops, the impacts of 
these measures were rather more locally limited and had no large-scale influence on the 
course of the river or the longitudinal sediment continuity.  

For the determination of the indicator in the actual condition an inquiry took place in the 
German federal states on the existing cross-structures within the catchment area. Cross-
structures in the bed of the main river were first constructed in the more recent past (e.g. Usti 
nad Labem barrage 1923-1936, Geesthacht weir 1957-1960). An updating of the UBA dataset 
(2005) took place (s. Rosenzweig et al. 2012). 

The classification and assessment was applied in the first step based on Tab. 3. The greatest 
part of the assessed river section in the first step achieved an evaluation of Class 1 (sediment 
continuous), as in the German inland Elbe only the Geesthacht weir itself at Elbe-km 586 is 
present. It is located within the last downstream section to be assessed at the transition to the 
tidal Elbe. This is conform in accordance with Tab 3 with the category “barrage, weir, 
hydroelectric power station – with fish ladder/pass/lock and bypass channel”. The fall height 
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of the weir is 4.5 metres (Vattenfall Europe AG 2012). Accordingly, the section is to be 
assessed as Class 4. Due to the backwater effect of the cross-structure, which still extends up 
to a distance of 21.9 km upstream during medium flow (IKSE 2005), the three 5 km stretches 
above Geesthacht (Elbe-km 565-580) are accordingly also assessed as Class 4 (“No cross-
structure but located in the backwater area of a cross-structure”, s. Tab. 3) (Quick et al. 2014; 
Quick & Langhammer 2015). 

In the second step of the assessment further transverse structures are identified upstream in 
the main river bed. Relevant for the assessment is here the barrage lying upstream in the 
Czech Elbe at Strekov/Usti nad Labem. The distance of the cross-structure to the German 
border is ca. 35 km. Consequently, within the 5 km stretches in the upstream area of the 
German inland Elbe between Elbe-km 0 to including Elbe-km 15, there was a malus of -1, as 
the distance of a cross-structure in the main river bed in a 20 to 50 km distance resulted in a 
malus of -1 (s. Tab. 4). For the first three 5 km sections located upstream of the German 
inland Elbe there was thus a reduction of the first assessment step of 1 to Class 2. The 
predominant Elbe sections (Elbe-km 15-565) received no malus award and as a result remain 
in classification level 1. The last downstream river kilometres from Elbe-km 565 to 586 in the 
second assessment step also received no malus and as a result remain with the Class 4 from 
the first step. 

Additionally, cross-structures in the side waters Schwarze Elster, Mulde, Saale and Havel, 
designated as relevant5 were considered as in the main river bed using the malus system. The 
malus system was implemented on all four tributaries. The methodology was applied in 
consultation with representatives of the Czech Republic within the framework of the 
sediment management concept for the Elbe (IKSE 2014). The method represent the impact of 
cross-structures on the sediment flow and on the sediment input (Quick et al. 2014; Quick & 
Langhammer 2015). 

Lastly, the final classification and assessment took place in the third step: If smaller side 
waters are present, which have cross-structures up to 10 km upstream, they are awarded a 
malus of -1 (Tab. 5). The final overall assessment can be taken from Fig. 18. The red and 
orange colouring in the lower reaches of the side waters and in the Czech Republic illustrates 
the causes in the cross-structure-influenced river areas. The backwater of the Geesthacht weir 
is also apparent (FGG Elbe 2013; IKSE 2014; Quick et al. 2014; Quick & Langhammer 
2015). The river mouths of the side waters also obviously characterise the Elbe in places 
downstream of the confluences. Class 1 “high” according to the reference condition was 
achieved in 21.4 % of river length of the German inland Elbe (Quick et al. 2014). 

 

                                                           
5 Quoted as most important quantitatively significant criterion in accordance with FGG Elbe (2013) and IKSE (2014) was an at 
least 10% share in the mean suspended sediment load (2003-2008) of the respective monitoring station downstream of the 
confluence with the Elbe. Relevant side waters of this category are the rivers Schwarze Elster, Mulde, Saale and Havel. Strictly 
speaking, the Schwarze Elster does not meet the 10%-criterion. However, as significant tributary of the Elbe the Schwarze Elster 
flows into a quantitatively strongly deficient section of the Elbe (sediment deficit). Therefore, the Schwarze Elster has, 
nevertheless, been ranked in this category (FGG Elbe 2013; IKSE 2014; Heininger et al. 2015). 
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Fig. 18:  Exemplary results of the hydromorphological indicator sediment continuity for the 
Elbe. 

Reference: IKSE (2014); Quick & Langhammer (2015). 

 

 

3.3 Depth variation 

 
 

3.3.1 Definition 
Depth variation is to be understood as the frequency and extent of the spatial change of the 
water depth in the longitudinal profile during mean discharges. It is an indicator both for the 
hydraulic, sedimentological as well as for the biological effective diversity of the river bed 
and of the water body. The more frequent and various the depth of the medium flow river 
bed, the larger is, for example, the variability of existing sediment fractions and the flow 
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diversity. The depth variation is thus an indicator for the variety of the habitats and the 
potential biological species spectrum. It indicates, for example, through the number of 
mesohabitats (pool and riffle, etc.), the ecological quality of the waters (LAWA 2001; LUA 
NRW 2001; Quick et al. 2012; König et al. 2012, 2015). 

 

3.3.2 Methodology  
The standard deviation is used as statistic measure for the depth variation. Compared to the 
variance it has the advantage of illustrating the variability on the measurement scale 
(normally water depth in metres). It is advisable to determine the depth variation by river 
stretch over 5 km sections (s. Chap. 2.1). The standard deviation is calculated from the water 
depths within these assessment sections. Through this procedure, overall trends within the 
variability of the depth along the river axis are well-depicted. Furthermore, the consideration 
of larger sections allows the calculation of the depth variation, if required also for data sets 
with low resolution. 

For the defined section lengths the standard deviation is determined, as follows, on the basis 
of the values of the water depths in m (calculation of the water depths with the aid of data 
from bed soundings and mean water level position, water depth = mean water level position – 
bed level): 

 

σ2 ( )
1

2

−
−∑

=
n

xxi  

 

)(2 xσσ =  
 
x   = mean value of several water depths of a section 

ix   = respective water depth of a water section 
n  = number of the summed water depths within a section 
σ   = standard deviation 
σ2   = variance 
 

 

With regard to the water level positions, the application of the medium flow is recommended. 
The levels of the mean-flow conditions as a rule both historically and currently, are best 
documented. Fundamentally, attention is to be paid that the water level positions to be 
compared refer to the same rates of flow (comp. Chap. 3.2.4). In the interests of 
comparability, the bed levels and water level positions of the comparative conditions are to be 
taken at consistent river kilometres or, in an appropriately consistent way, averaged by 
section. The consistent position of the bed levels in the cross-section (e.g. in the thalweg) is 
also to be noted. Due to today’s common practice of echo soundings of spaces on federal 
waterways it is possible to define any river longitudinal profile, along which the bed levels 
can be taken. In the interests of comparability between historic and current data it should be 
noted how historic longitudinal soundings were carried out. If the approach to the determi-
nation of the comparative conditions with soundings in old sources are not or only barely 
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described, then it is to be assumed that river longitudinal soundings in the past have taken 
place along the stream axis or even along a possibly already existing shipping channel centre 
and thus in the thalweg, s. Chap. 3.3.4 and Chap. 3.4.  

 

Reference condition: For natural waters (s. Chap. 2.3.2.1), the oldest available and classified 
as suitable historical data of the river bed, so far as existent, and the water level positions are 
to be applied as reference condition.  

Water levels have been recorded as far back as before the systematic river training measures, 
for example, since 1782 daily on the Rhine River (water gauge, Cologne). Systematic water 
level observations began, as a rule, at a later date. In the case of the example from the 
Cologne water gauge, they started around 1815 with the installation of a new main water 
gauge (Eckholdt 1971; KHR 1978).  

Data on the water level and on the river bed are available mostly as historic maps with 
sketched-in values or in tabular listing, for example in archives or monographs (e.g. 
Elbstromwerk 1898). Generally, the reference condition in comparison to the actual condition 
is characterised by a higher depth variation. This is due to the fact that formerly, today’s 
federal waterways were more heterogeneously characterised river beds and possessed more 
differentiated flow velocities.  

Usage-characterised condition: For the determination of the depth variation for heavily 
modified water bodies, the usage-characterised condition which lies in the recent past is to be 
called upon (1999, s. Chap. 2.3.2.2).  

Actual condition: For the determination of the depth variation in the actual condition the bed 
depths or bottom levels are to be taken either directly from the measurements (bed soundings) 
or from digital terrain models (DTM) generated therefrom (depending on existing data 
situation, preferably in the longitudinal profile).  

Should no bed soundings or therefrom generated digital terrain models exist, as far as 
possible other depth recordings such as, for example, depth profile measurements or vertical 
profile recordings (s. for example BfG 2011c), ADCP measurements, sounding pole surveys 
in shallow water areas etc. are to be used. Water levels can, for example, be determined with 
the aid of the river hydrological software FLYS (s. Chap. 3.3.4). 

Forecast condition: Changes with regard to depth variation are to be forecast with the help 
of, for example, planning documents or modelling results (e.g. with the aid of one- or 
multidimensional models, comp. for example Rosenzweig et al. 2012). As a result of, for 
example, projects with an official plan approval procedure, predictions can be made about the 
anticipated improvements or impairments of the depth variation. Thus, for example, within 
the framework of environmental impact assessments, concrete assessments of the project on 
the basis of quantitative values for the illustration of the degree of the change can be carried 
out (comp. BfG 2011b; s. Chap. 2.3.2.3). Measures of river maintenance within the interests 
of water management maintenance (BMVBS 2010), on the basis of the portrayed procedure, 
can also be investigated and evaluated. The methodology is effected as explained above. 
Attention is to be paid to the comparability of the conditions (comp. also Chap. 3.11.). 
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3.3.3 Assessment  
The depth variation is determined through the comparison of the standard deviations of the 
comparative- and actual or forecast condition. The assessment takes place according to the 
formula: 
 

100*1_ 



















−=

Comp

ActDVAssess
σ
σ

 % 

 
Assess DV = calculation depth variation in % as basis of the assessment  
σAct  = standard deviation of the water depth in the actual condition  
    related to the section  
    (or σFore alternative for the forecast condition)  
σComp = standard deviation of the water depth in the comparative condition 

related to the section 
 
The findings resulting from this are subsequently matched using the assessment matrix (s. 
Tab. 7). 

While for HMWB the usage-characterised condition is called upon as comparison (s. Chap. 
2.3.2.2 and 3.3.2), no further differentiation has to take place within the assessment. 
Therefore, for the classification and assessment both for natural as well as for heavily 
modified waters the matrix in accordance with Tab. 7 is applied. Within the assessment 
matrix both positive and also negative percentage deviations are taken into account. Positive 
percentage deviations show that the standard deviation of the actual condition in comparison 
with the comparative condition has become smaller, whereas negative percentage deviations 
indicate an increase of the standard deviation of the actual state in contrast to the comparative 
condition. 

 
 
Tab. 7:  Assessment matrix for the indicator depth variation. 

 
 

Depth variation 
 
 

Class 

Depth variation 
percentage deviation 
from the comparative 

condition 

Assessment 

high very minor changes -15 % bis 15 % 1 

good minor changes < -15 % / > 15 % 2 

moderate moderate changes < -30 % / > 30 % 3 

poor major changes < -45 % / > 45% 4 

bad very major changes < -60 % / > 60 % 5 
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3.3.4 Explanation of the procedure using the example of the inland Elbe  
The Elbstromwerk (1898) “The Elbe stream. Its catchment area and its most important 
tributaries” has been classified as suitable data base for the definition of the reference 
condition of the depth variation for the inland Elbe which is designated as a natural water 
body. The Elbstromwerk represents the sole inland Elbe-wide available data base, in which 
historical data in adequate resolution are available. This enables predictions on the 
development of depth variation. The data were published in 1898 and represent a condition 
still before the completion of the so-called morphological follow-on (see Chap. 2.3.2.1). 
Furthermore, the data in the area downstream from Elbe-km 430 present a quite natural 
condition, as larger regulation and river training works for navigation did not begin before the 
Second World War (König et al. 2012). 

From the volume of maps of illustrated longitudinal sections of the Elbe the bed levels as 
well as a water level position corresponding to the medium flow have been digitalised (the 
water level positions are given for specific days), s. Fig. 19. 

The distance between the bed soundings in the historical longitudinal section is on average 
160 m, however varies, in part strongly. In some extreme cases only one measurement value 
over a length of one kilometre exists (valid for Elbe-km 134, 157, 164, 184, 189 and 213). At 
this point it becomes clear why aggregated assessment sections of several river kilometres 
should be involved. No standard deviation can be determined, if it only gives one historical 
value for the bed level or the water depth per kilometre. With the water level positions this is 
no problem. Through linear interpolation the appropriate data can be obtained for them at any 
river kilometre. The data on the Elbe water levels and bed levels have been determined for 5 
km sections. Subsequently, the depth variation was calculated as standard deviation (s. Fig. 
20).  

 

 
Fig. 19:  Digitisation of the water level corresponding to the medium flow (light blue) and 

the river bed level (red) within a reference coordinate system. Extract from an 
historical profile of the Elbe (Elbstromwerk, 1898). 

Reference: Quick et al. (2012). 
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Fig. 20:  Calculation of water depths to determine the standard deviation; example for 

Elbe-km  260-270 (σhist = 0.54 m, σrecent = 0.31 m). 

Reference: Rosenzweig et al. (2012); FGG Elbe (2013); IKSE (2014). 

 

For the actual condition a digital terrain model (DGM 2004) based on the multi-beam echo 
sounder recordings of 2004 and further data (e.g. LIDAR data) from the period 2003-2006 
(BfG 2008) were used as basis for the determination of the bed levels. The mean resolution of 
the echo sounding data is ca. 1 m. At the points (river kilometre and thalweg), at which the 
historic sounding data was available, the recent bed levels were taken from the DGM 2004, s. 
Fig. 21. The water levels were taken at regular intervals and interpolated to the river 
kilometre, at which the sounding data of the river bed had been selected. Finally, they were 
determined at 5 km sections. The depth variations were then calculated via these as standard 
deviations (s. Chap. 3.3.2, s. Fig. 20). 

 

 
Fig. 21:  HYDAP-Scene with a small part of the DGM 2004 at Elbe-km 279,8 – 281,0.  

(the black line illustrates the corridor, along which the bed levels were taken from; bed 
levels from DGM 2004 (navigation channel) with a distance of 0,5 – 2 m). 

 
Reference: Rosenzweig et al. (2012); FGG Elbe (2013); IKSE (2014).  
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For comparability, it is of primary importance to generate the recent water level positions 
from flows, which correspond with the historic water level positions documented in the 
Elbstromwerk (1898). However, no flow data were documented on the levellings undertaken 
historically. Based on hydrologically calculations, which were carried out at the Karlsruhe 
Institute for Technology, the discharges were determined at the given water level positions 
(daily values) in the Elbstromwerk (KIT 2012). The water level positions of the actual status 
for these flows were established with the aid of the BfG river hydrological software (FLYS). 
These were then also interpolated to the specific river kilometre given by the historic data 
sets. The flows determined correspond approximately with low (~NQ), medium (~MQ) and 
high (~MHQ) flow conditions (Quick et al. 2012). 

Analogous to the establishment of the depth variation in the reference condition the standard 
deviation for the actual condition has been calculated from the water depths over 5 km 
sections (comp. Fig. 22). 

 

 

 
Fig. 22:  Comparison of the standard deviation of the water depths in the reference condition and 

the actual condition for the German inland Elbe. 

 

Reference: Rosenzweig et al. (2012); FGG Elbe (2013); IKSE (2014). 

 

With the assessment it becomes clear that the depth variation in the reference condition is 
higher than the depth variation in the actual condition. In the reference condition the indicator 
along the Elbe River is considerably more heterogeneously formed than the comparatively 
even depth variation in the actual condition. Above all, what is conspicuous, is the increase of 
the depth variation in the reference condition downstream of km 430 (Fig. 22). From Elbe-km 
430, large bedforms (subaquatic dunes) appear. The Havel mouth is located here, which acted 
as sediment supplier and provided the material for the formation of bedforms in addition to 
the increasingly sandy river bed of the Elbe. Sediment transport bedforms are today also a 
dominating structural characteristic in this section of the River Elbe. Nevertheless, compared 
with the historical condition, the relief induced through it is significantly weaker character-
ised. This is induced, inter alia, through the removal of material for the purpose of safe inland 
shipping (Quick et al. 2012; König et al. 2012). 

Figure 23 illustrates the results for assessment sections of 5 km length based on the described 
methodology. 
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Fig. 23:  Assessment of the indicator depth variation for the German inland Elbe 

and the lower reaches of the tributaries Schwarze Elster, Mulde, Saale 
and Havel. The dashed brownish line illustrates the state border, while the 
black line illustrates the river basin of the Elbe. 

 

Reference: IKSE (2014); FGG Elbe (2013); Quick et al. (2012, 2014);  
  Rosenzweig et al. (2012); König et al. (2012); BCE (2012). 

 

 
 

3.4 Mean bed level changes 

 

3.4.1 Definition 
The indicator mean bed level changes is expressed and determined as change rate, i.e. level 
changes over time, e.g. in cm/a. The mean bed level change is a measurement for possible 
sedimentation processes or erosion processes within a defined period of time or rather it 
indicates a balanced sediment budget, where appropriate. Long-term and spatially extensive 
bed level changes concerning the longitudinal profile are considered but no local and 
temporary or solely short period bed level changes, which are also typical within the scope of 
natural morphological dynamics. On the basis of the development of the sediment budget 
over time this indicator characterises a water system as deficient, excessive or balanced 
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(Quick et al. 2012, 2014). Sedimentation, transport and erosion processes are in direct 
correlation with the flow behaviour (flow velocity, bed shear stress etc.) and can lead to 
difficulties with the waterway depth for ships, to damage to the structural infrastructure in 
and on the river as well as to ecological impairments. Federal inland waterways as a rule are 
characterised as erosive, due to their course regulations and shortenings, sealing of land 
within the whole catchment area, bank fixations, embankments, cross-structures etc. They 
often have a deficient sediment regime. Depth erosion from the river ecological aspect has a 
negative effect, for example, on the floodplains (effect mechanism over mean water level 
position deterioration, lower flooding frequencies, heights and durations, reduction of 
groundwater levels etc.). This is frequently associated with a decline in floodplain-typical 
habitats, and in animal and plant species (inter alia Hügin 1962; Dister 1983; Gallusser & 
Schenker 1992; Tittizer & Krebs 1996; Vollmer et al. 2013; Schleuter et al. 2014).  

Objective for the hydromorphological indicator mean bed level changes therefore, is the de-
coupling of river and floodplain and thus in particular to classify the depth erosion.  
 

3.4.2 Methodology  
For the establishment of the mean bed level changes the difference of bed levels of the 
reference or the usage-characterised condition and the actual or the forecast condition is 
determined (s. Chap. 2.3). This difference can be given either as absolute value in m or as 
average value in cm/year. Negative values indicate a deepening/erosion, positive values a 
sediment accumulation/sedimentation (comp. Fig. 24). In order to enable a better analysis of 
data and comparisons among one another, to be able to recognise trends and balance local 
fluctuations, a formation of equidistant sections of 5 km length (s. Chap. 2.1) and the 
formation of the moving average is recommended on large and navigable rivers. As database, 
for example echo soundings (area or cross-section soundings) can be employed. If necessary 
the mean bed levels can also be taken from the river hydrological FLYS module (BfG 
2017a). 

The bed level changes (cm/a) can be determined through calculation of the differences 
between the various conditions (e.g. reference and actual condition). Only conditions with a 
time difference of at least ten years should be compared, as otherwise uncertainties and 
local fluctuations carry too much weight. For the purpose of comparability, the bed levels 
should be taken at analogous river kilometres and have been determined in an appropriately 
consistent manner averaged by sections (5 km sections). The consistent position of the bed 
levels in the cross-section (e.g. in the thalweg) is also to be noted. 

In addition, the difference of the water level positions should be considered for the validation 
of the indicators. In particular, low water level positions reproduce the river bed positions 
very well and are therefore suitable for the validation. The water level positions in the 
longitudinal section should also be determined analogously to the appropriate river kilometre; 
however, they can also be interpolated (s. Chap. 3.3).  

Furthermore, load balancing from sediment transport measurements is a further adequate 
instrument of ensuring achieved results. The mean bed level change can be called upon for 
the generation of a sediment regime/balance (Quick et al. 2012; Vollmer et al. 2014). Also 
developments of the discharges over time shall be taken into account. 
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Reference condition: For natural waters (s. Chap. 2.3.2.1) the reference conditions can be 
determined by means of the Holocene deepening tendency, from comparable river types 
and/or application of suitable historical data, which represent an as far as possible natural or 
near-natural condition. The Holocene deepening tendency signifies that the development of 
the deepening of a river in the period of the Holocene (beginning ca. 11,000 years ago) is 
deduced. According to Dröge et al. (1993) the Holocene deepening tendency, for example, 
for the River Rhine is 0.1 mm/a. In the natural or near-natural condition the river beds 
and floodplains as ecological units developed in altitude collectively so that no 
decoupling took place.  

Historical data (e.g. from the last century) can contain recordings of the river bed positions in 
the longitudinal and cross-section profiles with detailed depth data. If applicable, depending 
on the scale used, these must be still converted into today’s valid length and depth 
dimensions (s. also Chap. 3.11). Possibly, a terrain model can be generated based on the 
historical data (s. Chap. 3.4.3).  

Usage-characterised condition: For the determination of the mean bed level changes for 
heavily modified water bodies a usage-characterised condition is to be called upon, which 
represents the condition before 2000 and thus as far as possible from 1999 (comp. Chapter 
2.3.2.2). Data can be used, for example, from existing bed soundings or older digital terrain 
models (s. Chap. 3.4.3).  

Actual condition: For the investigation of the mean bed level changes in the actual condition 
current bed soundings and/or digital terrain models generated therefrom can be used. These 
reflect the representative river morphological conditions under the constraint of the current 
river geometry.  

Forecast condition: The modifications with regard to the mean bed level changes are to be 
predicted on the basis of, for example, planning documents or modelling results. The findings 
are subsequently to be compared with the reference, the usage-characterised or the actual 
conditions for an evaluation. With this, attention is to be paid to the comparability of the 
conditions (Chapter 3.11). 

 

3.4.3 Assessment  
The assessment of the mean bed level changes takes place with the aid of the following 
calculation formula: 
 

100*_ 






 −
=

n
hh

MBLAssess CompAct  

 
Assess MBL = calculation bed level change in, for example, cm/a as basis for the assessment 
hAct = value of the bed level in the actual condition, indication as height above sea level 

in m (or hFore alternatively for the forecast condition)  
hComp = value of the bed level in the comparative condition, indication as height above sea 

level in m 
n = number of years between comparative and actual conditions 
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With this it should be noted that the position (in the cross- and longitudinal section) and/or 
averaging (e.g. raster magnitudes) of the bed levels used is broadly identical. The results are 
then averaged on 5 km long sections and compared with the following assessment matrix (s. 
Tab. 8). The derived quantitative values have to be reduced to two decimal places without 
rounding. 

 

 

Tab. 8:  Assessment matrix for the indicator mean bed level changes. 

 
 

Mean bed level changes  
 
 

Class 

Mean bed level changes  
percentage deviation 
from the comparative 

condition 

Assessment 

high accumulation / no erosion 0 % 1 

good minor erosion > 0 % – 15 % 2 

moderate moderate erosion >15 % – 30 % 3 

poor major erosion > 30 % – 60 % 4 

bad very major erosion > 60 % 5 

 
 

 

For Class 1 a deepening of the river compared to the floodplain of approximately 0 cm is 
assumed. The Holocene deepening rate of the River Rhine of 0.1 mm/a lies very near to this 
information (comp. Chapter 3.4.2). Local variations of a morphodynamically active river, 
which occur, are taken into account by the tolerance value of 0.25 cm/a. Class 1 is thus, in 
contrast to the other classes, limited to a maximum erosion rate of – 0.25 cm/a; this is equated 
to a deviation of 0 %.  

Accumulations in the river bed are also valued with a 1 (> 0.0 cm/a), as they induce no 
reduction of groundwater levels or reduced flooding frequencies etc. and the focus with the 
classification of this indicator lies on the classification of the depth erosion respectively the 
decoupling of river bed and floodplain (Quick et al. 2014). Thus, in addition, further river 
ecological aspects are also addressed (s. Chap. 3.4.1, comp. Schleuter et al. 2014). The type-
specific quantitative ranges for Classes 2 to 5 result using the following formula: 
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Sn = P / 100* Delta s + (-0.25) 
 
 
Sn  = quantitative magnitudes of class interval widths (class ranges) 
P = percentage class limits 
Delta s = max E - (-0.25)  
max E = respective largest occurring erosion rate (smallest value), which arises 

with the determination of the bed level difference between the various 
conditions for 5 km length sections 

 
 

The largest occurring erosion rates can turn out to be very different, depending on the river, 
anthropogenic influence etc. On the River Elbe they are, for example, ca. 1.93 cm/a (comp. 
Chapter 3.4.2), on the Rhine ca. 2.22 cm/a (comp. Chapter 3.4.2) as well as, for example, on 
the Danube downstream from Vienna ca. 2 to 3 cm/a (Danube-km 1921.0 to Danube-km 
1872.70) (s. Habersack et al. 2008b; Tögel 2015).  

The assessment matrix applies for free-flowing waters and has been developed for the surface 
water body types 10 (Very large gravel-dominated rivers) and 20 (Very large sand-dominated 
rivers). For surface water types other than those named here a specialised type-specific 
adaption of the class limits is necessary, where appropriate. It is recommended, due to 
occurring erosion rates of international surface waters (Gintz 2017), to minimise and fix the 
value of the largest erosion rate for gravel- and sand-dominated rivers to 3 cm/a, for example 
for international comparisons. Higher occurring rates can result mostly from special events 
(e.g. breach of the river bed - “Sohldurchschlag“). In these cases, concerned sections of the 
river can be assigned in addition to class 5. 

As the usage-characterised condition is already called on as comparative condition for 
HMWB, no further differentiations within the assessment have to take place. For the 
classification and assessment therefore for natural and also for heavily modified water bodies 
the scheme in accordance with Tab. 8 is applied.  

 

3.4.4 Explanation of the procedure using the example of the inland Elbe 
The German inland Elbe has been classified as natural. From Elbe-km 0 to Elbe-km 96 the 
River Elbe corresponds to the surface water body Type 10 “Very large gravel-dominated 
river”, downriver to the tidal limit at the Geesthacht weir, Type 20 “Very large sand-
dominated river”. 

The Elbstromwerk (1898) “The Elbe stream. Its catchment area and its most important 
tributaries” has been classified as suitable data base for the definition of the reference 
condition for the Elbe (Rosenzweig et al. 2012; König et al. 2012; Quick et al. 2012, 2014; 
IKSE 2014; FGG Elbe 2013). From the volume of maps of illustrated longitudinal sections of 
the Elbe the bed levels and, for the validation, the water level positions have been digitalised 
(s. Fig. 24). A detailed description of the procedure is to be taken from the description of the 
depth variation indicator (Chap. 3.3). The Elbstromwerk represents the sole inland Elbe-wide 
available database, in which historical data in adequate resolution are available. This enables 
investigations on the development of mean bed level changes. 
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Fig. 24:  Mean bed level and water level changes in cm/a of the Elbe between 1898 und 2004. 

 

Reference: Quick et al. (2012). 

 

For the actual condition a digital terrain model (DGM 2004) based on multibeam echosound 
images from 2004 and further data (e.g. LIDAR data) from the period 2003-2006 (BfG 2008) 
were used as basis for the determination of the bed level. The average resolution of the echo 
sounding data is ca. 1 m. The data originates from soundings of the river bed of the 
Waterways and Shipping Administration Offices in Dresden, Magdeburg und Lauenburg. At 
the points (river kilometres and thalweg), at which historical sounding data lay, the recent bed 
levels have been drawn from the DGM 2004. After 1990, a series of bed echo soundings in 
the sectors of the inland Elbe are available as original digital databases. With exception of the 
DGM 2004 there is, however, no continuous bed recording for the complete river stretch of 
the Elbe River from km 0 to 586 (Vollmer et al. 2013). Therefore the DGM 2004 has been 
used as most suitable database (i. a. IKSE 2014; FGG Elbe 2013).  

For the classification and assessment of the mean bed level change of the River Elbe the 
difference from the bed levels of the reference condition and the bed levels of the actual 
condition at consistent kilometres in the thalweg has been determined, averaged on 5-km 
sections and subsequently evaluated with the aid of the assessment matrix (s. Tab. 8 and Tab. 
9). The quantitative magnitudes of class interval widths (class ranges) could be derived 
from the percentage deviation of the bed level change on the basis of the concrete 
quantitative data sets on the reference and on the actual conditions of the Elbe (comp. 
Chap. 3.4.3).  

Here, the derived values are reduced to two decimal figures without rounding. Figure 25 
(comp. also Fig. 24) illustrates the results for assessment sections of 5 km length based on the 
described methodology. Attention is to be paid that deepening of the river bed in the period 
1898 to 2004 allow no conclusions about which tempo the erosion progressed in the 106 year 
long period, as the erosion can take place either continuously or, equally, as a result of, for 
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example, flooding events. A similar mean erosion rate as for the 106 year long period 
considered also resulted from the valuations for the last two decades (Vollmer et al. 2013; 
Vollmer et al. 2014). 

 

 

Tab. 9:  Assessment matrix for the indicator mean bed level changes inclusive the associated 
classes for the German inland Elbe in cm/a (Max E = -1,93 cm/a). 

Mean bed level changes  
 

Mean bed level 
changes  

percentage deviation 
from the comparative 

condition 

Mean bed level 
changes  

 range [cm/year] 
Assessment 

Class 

accumulation / no erosion 0 % up to - 0,25 1 

minor erosion > 0 % – 15 % < - 0,25 to  - 0,5 2 

moderate erosion > 15 % – 30 % < - 0,5 to  - 0,75 3 

major erosion > 30 % – 60 % < - 0,75 to  - 1,25 4 

very major erosion > 60 % < - 1,25 5 
 
Reference: Rosenzweig et al. (2012); Quick et al. (2012, 2014); FGG Elbe (2013); IKSE (2014). 

 

 

The water level change calculated for the validation shows an analogous development as for 
the bed level change. Deviations are to be found solely from Elbe-km 0 to Elbe-km 60 and 
downstream of Elbe-km 430. In the upstream region these deviations are to be traced back to 
methodological inaccuracies. Due to non-existent information from the Czech Republic the 
discharge could be determined for those water level positions given in the Elbstromwerk up 
to the Dresden gauge only (Elbe-km 55.6). The flows to the Czech border were extrapolated. 
Furthermore, the deviations in the upstream region could be traced back to the fact that the 
engineering for the medium flow (river training works) in Saxony first took place (Rommel 
2000) and was completed before the establishment of the Elbstromwerk (1898). Deepening of 
the river bed in this region, which already occurred before the period from 1898, has not been 
considered. There, coupled with a rougher bed (coarser sediment), the conditions since 1898 
have remained largely stable and therefore are characterized more frequently by high and 
good assessments (s. Fig. 25). 

The variations from km 430 are presumably induced by the development of the sediment 
transport bed forms in this area (Quick et al. 2012; Faulhaber 1999; Wirtz 2004). Down-
stream from Neu Darchau (km 536.4), since the construction of the Geesthacht weir in 1960, 
there has been a stabilised water level (IKSE 2005; s. Chap. 3.2 and 3.3). 

An appraisal of the flows at the Dresden and Neu Darchau gauges over the period from 1898 
to today resulted in a slight increase of the low water flows (potentially, the anthropogenic 
impacts concerning reservoir management etc., however, are also to be pointed out as 
causes). With regard to the medium  flow  discharges  almost  no to very slight increases have 
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Reference: Quick et al. (2014); IKSE (2014); FGG Elbe (2013); Rosenzweig et al. (2012);  
  Quick et al. (2012); König et al. (2012); BCE (2012). 

 

 

appeared in the last 113 years (Quick et al. 2012). A reduction of the flows cannot therefore 
be causal for the development of the water level positions; here the water level positions 
extensively follow the bed level developments of the Elbe, if the bed level change is the 
dominating system change or if no other relevant boundary conditions change (Vollmer et al. 
2013). 

Easily recognisable are the stretches of erosion from Elbe-km 130 to 220 as well as in the 
area of the city of Magdeburg (Elbe-km 326) and the tightened regulation stretch from Elbe-
km 333 to 344. Averaged for the ca. 300 km long river stretch of the Elbe between Elbe-km 
75 and 370 results a mean erosion rate of ca. -1.0 to -1.25 cm/a for the 106 year long period. 
The investigations of the water level positions show a similar development (Vollmer et al. 
2013; FGG Elbe 2013; Quick et al. 2014; IKSE 2014). Calculations for the sediment regime 
were also carried out in support. Additional explanations regarding this are presented in the 
BfG report “Sediment transport and river bed development of the Elbe” (Vollmer et al. 2014). 
 

Fig. 25:  Assessment of the indicator mean bed level changes for the German inland Elbe 
and the lower reaches of the tributaries Schwarze Elster, Mulde, Saale and Havel. 
The dashed brownish line illustrates the state border, while the black line illustrates 
the river basin of the Elbe. 

*Assessment of the tidal Elbe with another method 
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3.4.5 Explanation of the procedure using the example of the Rhine 
The methodology for heavily modified water bodies is explained using a section of the Lower 
Rhine from Rhine-km 640 to Rhine-km 865. In this section the Rhine corresponds to surface 
water body Type 10 “Very large gravel-dominated river” and Type 20 “Very large sand-
dominated river” (Sommerhäuser & Pottgießer 2004, 2008) or rather “Type of the Lower 
Rhine characterized by uplands” (Rhine-km 639 to 701), “Type of the Lower Rhine with few 
side waters” (Rhine-km 701 to 775) and “Type of the Lower Rhine with many side waters” 
(Rhine-km 775 to 865,5) (IKSR 2009).  

For the usage-characterised condition, data from the 5-year epoch around 2000 are used, as 
the data situation from 1999 was not available (comp. Chap. 2.3.2.2). As basis for the 
determination, cross-section soundings in the navigation channel were used, which were 
made available by the Waterways and Shipping Administration Office in Duisburg-Rhine. 
For the establishment of the actual condition cross-section soundings of the navigation 
channel from 2010 were applied and processed analogously to the procedure with the 
determination of the usage-characterised conditions.  

For the classification and assessment of the mean bed level changes of the Rhine section the 
difference from the bed levels of the usage-characterised condition and the bed levels of the 
actual condition was determined, averaged over 5-km sections and subsequently evaluated 
with the aid of the assessment matrix (s. Tab. 10). On the basis of the concrete quantitative 
data sets for the usage-characterised and to the actual conditions of the Lower Rhine the 
quantitative range classes could be derived from the percentage deviation of the bed level 
change (comp. Chapter 3.4.3). For heavily modified surface waters (HMWB), the terms “very 
good”, “good” etc. should be avoided (comp. Chap. 2.3.2.2 and 2.3.6). 

 

 

Tab. 10:  Assessment matrix for the indicator mean bed level changes inclusive the associated 
range classes for the lower Rhine in cm/a (Max E = -2,22 cm/a). 

Mean bed level changes  
 

Mean bed level 
changes  

percentage 
deviation from the 

comparative 
condition 

Mean bed level 
changes  

 range [cm/year] 
Assessment 

Class 

accumulation / no erosion 0 % up to - 0,25 1 

minor erosion > 0 % – 15 % < - 0,25 to  - 0,54 2 

moderate erosion > 15 % – 30 % < - 0,54 to  - 0,84 3 

major erosion > 30 % – 60 % < - 0,84 to  - 1,43 4 

very major erosion > 60 % <  - 1,43 5 
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The following table and figure (Tab. 11. and Fig. 26) illustrate the results based on the above 
described methodology. 

 
 

Tab. 11:  Assessment of the lower Rhine (Rhine-km 640 – 865) with the hydromorphological 
indicator mean bed level changes between the years 2000 and 2010 (data: WSA 
Duisburg – Rhine). 

Rhine-km Assessment Rhine-km Assessment 
640 - 645 4 755 - 760 2 
645 - 650 2 760 - 765 4 
650 - 655 2 765 - 770 1 
655 - 660 1 770 - 775 1 
660 - 665 2 775 - 780 1 
665 - 670 4 780 - 785 3 
670 - 675 3 785 - 790 1 
675 - 680 1 790 - 795 1 
680 - 685 3 795 - 800 5 
685 - 690 1 800 - 805 5 
690 - 695 3 805 - 810 1 
695 - 700 1 810 - 815 1 
700 - 705 3 815 - 820 1 
705 - 710 4 820 - 825 1 
710 - 715 1 825 - 830 2 
715 - 720 3 830 - 835 1 
720 - 725 1 835 - 840 1 
725 - 730 1 840 - 845 1 
730 - 735 2 845 - 850 2 
735 - 740 3 850 - 855 1 
740 - 745 4 855 - 860 3 
745 - 750 3 860 - 865 1 
750 - 755 1     
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Fig. 26:  Mean bed level changes in cm/a from Rhine-km 640 to Rhine-km 865 between 2000 

and 2010 (data: WSA Duisburg – Rhine). 

 

 

 

 

3.5 Suspended sediment budget 

 

3.5.1 Definition 
Suspended sediment is a very fine, often cohesive material with a variable organic 
component. It has been dissolved out of river bed, bank and floodplain substrates in the upper 
reaches, originates from abrasion processes or has been entered into the waters through 
surface erosion in the catchment area. In the estuarine area, suspended sediments reach from 
two directions into the transitional water body, both from the inland area over the tidal limit 
and also from the sea. Thus, in the estuary, there is a mixing of marine and fluvial suspended 
sediments. The mixing ratio is dependent on the inland side surface water inflow as well as 
on the form and shape of the estuary. Suspended sediments are generally transported in the 
water columns as particles and consequently are transported by the discharge, as a rule 
without contact with the river bed (s. Fig. 27). Suspended sediments, however, can also be 
stored temporarily on the river bed. With increasing bed shear stress they can then be 
resuspended (DWA 2012; Jürging & Patt 2005).  
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Fig. 27:  Measurement of the suspended sediment transport  
in a cross section of the tidal Ems. 

Reference: BfG (2010b).  

 

The suspended sediment budget (suspended sediment transport, quantity/loads, concen-
trations) can significantly impact type-specific grain-size compositions, clogging processes, 
fine material deposits in the foreshore, silting of floodplain waters, turbidity and, as a 
consequence, oxygen concentrations etc. Therefore, the hydromorphological indicator 
suspended sediment budget has a high significance for the habitat quality and diversity (e.g. 
Kemp et al. 2011; Jones et al. 2012a, 2012b; Quick et al. 2013; Murphy et al. 2015). 

 

3.5.2 Methodology 
In the federal waterways the suspended sediment budget is recorded with high temporal 
resolution as suspended sediment concentration at permanent control points, as a rule as 
individual measurement at one defined location using optical or acoustic measurement 
instruments. The suspended sediment budget can also be determined through the taking of 
pump or bailed samples in a periodic rota. With this, attention is to be paid that with the 
optical approaches the turbidity of the waters is determined, which can be converted into 
suspended sediment concentrations only subsequently due to the correlation with suspended 
sediment samples. In the past, the suspended sediment loads were usually determined through 
bailed or pump samples in often significantly smaller temporal resolution. For a comparison 
of historic with current suspended sediment time series, the different recording 
intervals and methods and, if required, the different sampling depths are to be taken 
into account.  

The hydromorphological indicator suspended sediment budget is, as a rule, represented by the 
mean annual suspended sediment concentrations. In addition to suspended sediment data 
from permanent measuring points, results can be used from field campaigns and individual 
measurements for the description of the respective condition. Even data from federal state 
sedimentation boxes (centrifuges) can be used, if no suspended sediment concentrations or 
similar should exist. If sufficient suspended sediment samples in a cross-section (e.g. in the 
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course of suspended sediment multipoint or ADCP/PDT measurements, comp. also Chap. 
3.2.1) as well as in an associated discharge are available, suspended sediment transport or 
loads can also be determined. As the suspended sediment data are generally investigated at 
local points and not available in the complete longitudinal profile, the calculation of the 
change based on the measured values takes place selectively in the surface waters (s. Chap. 
2.3.2.).  

Reference condition: For natural surface waters, historic data can be used for the 
determination of the reference condition (s. Chap. 2.3.2.1). For the determination of the value 
for the reference condition a longer time series should be available. The arithmetic mean of 
the first five years of the time series is recommended as value for the reference condition. 
Thus it is to be guaranteed that the comparative value was not subject to any temporary 
variations: A strongly deviating value can, for example, arise through particularly high or low 
annual discharges. 

Usage-characterised condition: For the determination of the hydromorphological indicator 
suspended sediment budget for heavily modified surface water bodies, the usage-
characterised condition, which was available before the introduction of the EC-WFD (2000), 
is used (1999, s. Chap. 2.3.2.2). If a time series with annual mean values is available, the 
simple moving average value, centred on 1999 (see Fig. 28), is recommended for the 
determination of the value for the usage-characterised condition. The length of the time series 
segments should be five years. With the application of the simple moving average the 
associated arithmetic mean is calculated for equal length time series segments and assigned to 
the respective temporal mid-point of the segment.  

Actual condition: For the determination of the suspended sediment budget in the actual 
condition, data can be taken, for example, from the BfG suspended sediment database 
(SchwebDB), and in case it is not available there, where appropriate, from the BfG sediment 
database (SedDB), from field campaigns and federal state permanent measuring points. An 
averaging of the last five available annual values is recommended for the determination of the 
actual condition.  

Forecast condition: The determination of the forecast condition can, for example, take place 
within the framework of the EIAs with the aid of the river training planning documents as 
well as of the project description. These documents often contain essential information 
including modelling of the possible changes. Further information, if required, can also be 
taken from modelling which has already taken place, such as, for example, from the German 
Federal Waterways Engineering and Research Institute (BAW) or other expert opinions. 

 

3.5.3 Assessment 
Increases and declines of the suspended sediment concentrations or, for example, loads 
compared with the comparative condition are to be assessed quantitatively. The current 
suspended sediment concentrations, transport rates and/or loads (quantity) compared with the 
comparative condition today can be both higher and lower. In the actual condition, in the 
inland region a decline of the suspended sediment load and suspended sediment transport 
frequently dominates in large and navigable rivers and streams as, for example, cross-
structures, creation of sealed areas, bank fixation etc. reduce or prevent the sediment input 
into the surface waters (comp. Fig. 1; Chap. 1.1; Quick et al. 2013). An assessment of the 
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indicator must therefore take into account both the reduction as well as the increase of the 
suspended sediment contents. 

As the respectively used initial values with NWB and HMWB already differ, the same 
procedure is to be carried out for the evaluation and leads to correspondingly different results. 
In order to take into account that changes in suspended sediment concentrations may increase 
with time, the percentage change of suspended sediment concentration is determined 
annually. The assessment of the indicator suspended sediment budget takes place in 
accordance with the assessment matrices of Tab. 12 and Tab. 13 below from the previously 
determined values for the comparative and actual conditions according to the following 
calculation formula (s. Chap. 3.5.2): 

For a decline of the suspended sediment budget compared with the comparative condition:  

[%]100*1_
nC

CSBAssess
Comp

Act





















−=  

 

For an increase of the suspended sediment budget compared with the comparative condition: 

[%]100*1_
nC

CSBAssess
Comp

Act











−










=  

 
Assess_SB = deviation of the mean suspended sediment concentration (or load etc.) 

from the comparative condition in % as basis for the assessment  
CAct = mean suspended sediment concentration in the actual condition related 

to the river section investigated (or CFore alternative for the forecast 
condition)  

CComp =     mean suspended sediment concentration in the comparative condition 
related to the river section investigated 

n = length of the period investigated in years 
 

Tab. 12:  Assessment matrix for the hydromorphological indicator suspended  
sediment budget (increase). 

Suspended sediment budget 
Annual deviation of the 

suspended sediment 
concentrations (or load etc.) 

from the comparative 
condition – increase 

Assessment 

Class 

high very minor changes 0 - 2 % / a 1 

good minor changes > 2 – 5 % / a 2 

moderate moderate changes > 5 - 7,5 % / a 3 

poor major changes > 7,5 - 10 % / a 4 

bad very major changes > 10 % / a 5 
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Tab. 13:  Assessment matrix for the hydromorphological indicator suspended  
sediment budget (decrease). 

Suspended sediment budget 
Annual deviation of the 

suspended sediment 
concentrations (or load etc.) 

from the comparative 
condition – decrease 

Assessment 

Class 

high very minor changes 0 - 0,75 % / a 1 

good minor changes > 0,75 – 1,5 % / a 2 

moderate moderate changes > 1,5 - 1,8 % / a 3 

poor major changes > 1,8 - 3,5 % / a 4 

bad very major changes > 3,5 % / a 5 

 
 

3.5.4  Explanation of the procedure using the example of the Rhine 
The Rhine is designated as heavily modified surface water (International Commission for the 
Protection of the Rhine - IKSR 2009). Data from the BfG SchwebDB (Inland) of the 
Emmerich measuring point (Lower Rhine River) is used as data basis for the exemplary 
illustration of the methodology. 

Usage-characterised condition: For the hydromorphological indicator suspended sediment 
budget, 1999 was used as usage-characterised condition for the Rhine (HMWB) (Chap. 
2.3.2.2). Fig. 28 elucidates the development of the suspended sediment concentrations of the 
Rhine at the Emmerich measuring point on the German-Dutch border. For this measuring 
point the mean annual suspended sediment concentration is available from 1971. The 
determined value of 31.56 g/m³ for the usage-characterised condition results from the moving 
average, centred on 1999. The area marked in red in Fig. 28 shows the years from which the 
mean suspended sediment concentrations were used for the determination of the value for the 
usage-characterised condition. 

Actual condition: For the hydromorphological indicator suspended sediment budget the 
predominant suspended sediment concentrations for the actual condition were also taken from 
the sources named in Chap. 3.5.2. The determined value of 16.4 g/m³ for the actual condition 
results from the arithmetic mean of the last available five annual suspended sediment 
concentrations. The area marked in green shows the years from which the mean suspended 
sediment concentrations were used for the determination of the value for the actual condition 
(s. Fig. 28). 

Assessment: The suspended sediment concentrations or loads are evaluated via the deviation 
from the comparative condition. For the Rhine, significant reductions of the suspended 
sediment concentrations can be assessed based on the data from the Emmerich measuring 
point. Taking into account the assessment according to Tab. 13 for the decrease of the 
suspended sediment concentration within the considered time of fourteen years the following 
values given in Tab. 14 result.  
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Fig. 28:  Mean annual suspended sediment concentration and mean discharge at the 
measuring station Emmerich (data: BfG suspended sediment database (SchwebDB)). 

 

 

 

Tab. 14:  Application of the Valmorph 2 assessment matrix for the indicator suspended 
sediment budget (actual condition/usage-characterised condition) for the 
Lower Rhine at the measuring station Emmerich.  

Station 

Annual deviation of the mean 
annual suspended sediment 

concentrations (actual condition) 
from the usage-characterised 

condition – decrease [%/a] 

Assessment 

Emmerich (km 851,90) 3,4 4 

 

 

 

Related to the suspended sediment concentrations of the Lower Rhine at Emmerich of 31.56 
g/m³ and 16.4 g/m³ for the comparative and actual conditions, there results a reduction of the 
values by 15.16 g/m³ (3,4%/a). The averaged annual suspended sediment concentrations have 
slightly less than halved, whereof an evaluation of assessment class 4 results. The suspended 
sediment budget has accordingly achieved major modifications in comparison with the usage-
characterised condition. For HMWB, the terms “very good”, “good” etc. should be avoided 
(comp. Chap. 2.3.2.2 and 2.3.6). 
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3.5.5  Explanation of the procedure using the example of the tidal Ems 
The application of the Valmorph method is described for the tidal Ems between Knock and 
Herbrum, designated as heavily modified. Seaward of Leer, the river stretch belongs to 
transitional waters and between Leer and Herbrum, the tidal Ems corresponds to the surface 
water body type Marshland streams of the coastal plains. 

Since the beginning of the 20th century there have been large anthropogenically caused 
morphological changes in the tidal Ems. Through the construction of the Geise training wall, 
deepening of the navigational route in the Outer Ems and the construction of a weir in 
Herbrum, which represents the tidal limit, there have been significant changes of the tidal 
dynamics. In order to make the passage into the North Sea possible for larger ships, the 
Lower Ems between Papenburg and Emden has been deepened, in all three times between 
1985 and 1996, from a previous 4 m to 7.30 m today (KÜFOG 2014; Borgsmüller et al. 
2016). Since the beginning of the deepening of the navigation channel, fundamental changes 
of the suspended sediment distribution could be observed and in particular an increase of the 
suspended sediment budgets in the Lower Ems. These modifications can be traced back to an 
engineering works-conditioned increase of the tidal asymmetry and the tidal pumping caused 
by this, thus the intensified upstream transport of suspended sediments (de Jonge et al. 2014; 
Deltares 2012).  

In order to be able to examine these changes in detail, in the subchapter “Scenario condition” 
below, using a consideration of scenarios, the change of the suspended sediment budget has 
been investigated since the beginning of the navigation channel deepening using the survey 
and assessment method Valmorph 2 (comparison actual condition with scenario condition). 
Such a scenario condition enables, for example, the consideration of temporal developments, 
assessment of impacts, and satisfies objectives, or example, within the framework of Natura 
2000 (Chap. 2.3.2.3). Because the Lower Ems is designated as HMWB, reduced 
environmental targets for the classification are taken as a basis (Chap. 2.3.2.2). In order to 
take account of these reduced environmental objectives, the changes of the suspended 
sediment budget of the tidal Ems are described in the subchapter “Usage-characterised 
condition“ (see below after the subchapter Scenario condition), taking into account an usage-
characterised condition immediately before the introduction of the WFD. 

 

Scenario condition (1979 to 1984,  
before the beginning of the navigational route deepening in the Lower Ems) 

For the description of a scenario condition, which represents the suspended sediment budget 
before the beginning of the navigation channel deepening, bail samples were used from the 
years 1979 to 1984. The large temporal and spatial variability of the suspended sediments in 
the estuarine area represents a particular challenge in relation to the comparability of the 
different data sets.  

In order to quantify the changes in the suspended sediment budget by sections, the 
description of the actual condition data of the suspended sediment concentration from eight 
permanent measuring points, both from the ologohaline and from the limnic area of the tidal 
Ems, were used. These are operated by the Lower Saxony Water Management, Coastal 
Defence and Nature Conservation Agency (NLWKN) and from the BfG. 
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The data of the years 1979 to 1984 have been compiled within the scope of an annually 
implemented measurement campaign, in which the suspended sediment contents over a 
complete tide at two different water depths have been surveyed with the aid of bail samples. 
These were taken by the Aurich Water Management Office at all measuring stations of the 
Lower Ems. In comparison, there exists the data set of the actual condition from high-
resolution probe measurements (saved as 5 minute values) for the permanent measuring 
points, which were recorded in the middle of the water column. 

With the use of the Valmorph methodology the various data collection processes, the impact 
of the discharge from the inland as well as the extreme variations of the suspended sediments 
depending on the tidal phase and the sampling depth had to be taken into account, in order to 
ensure the comparability of the data sets (Borgsmüller et al. 2016). In addition, the high 
resolution suspended sediment data from 2013, used for the description of the actual 
condition, have been averaged in each case over a tidal phase. To that end, 2013 was used as 
example for the presentation of the procedure. Due to the gaps in data in the other years a 
consideration of a 5-year mean value was disregarded. For further analysis data sets of the 
discharge class 40 – 60 m³/s were exclusively taken into account, as almost all the historical 
data sets were recorded with these discharge conditions and thus a comparability of the 
hydrological boundary conditions can be guaranteed. Subsequently, an annual mean value for 
2013 was created from the tidal mean values for the description of the actual condition.  

The historical data sets of the years 1979 to 1984 were also averaged in each case over the 
total recorded tide and over the water depth. Here also, for further analysis and for reasons of 
comparability, only data from the discharge class 40 – 60 m³/s were used, which subsequently 
were averaged for the complete period, so that a historical value was available for each 
measuring station. In the next step, the deviation of the suspended sediment concentrations of 
the actual condition (2013) from the scenario condition at each station was (section by 
section) quantified. In the graphic below the results of the data analysis are presented by 
section for the various measuring stations of the Lower Ems (s. Fig. 29). 

The classification and assessment were carried out with the aid of the assessment matrix 
presented in Chap. 3.5.3 (Tab. 12). In the following assessment matrix for the indicator 
suspended sediment budget (increase) the deviation from the scenario condition is presented 
by section and is provided with the appropriate colouration, s. Tab. 15 and Fig. 30. 

The results (Tab. 15, Fig. 30) are particularly valuable for the understanding of the system, as 
they can quantify section by section the changes of the suspended sediments since the 
beginning of the deepening of the navigable channel of the Lower Ems. Here it is clear that in 
the limnic part of the Lower Ems the suspended sediment conditions have fundamentally 
changed, while in the ologohaline section, which in the past represented the centre of the 
turbidity zone, only moderate increases of the suspended sediment concentrations were 
determined. A detailed analysis of these changes can be taken from the publication of 
Borgsmüller (2016). 
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Fig. 29:  Suspended sediment concentration (g/l) at the measuring stations of the Lower Ems 
(1979 – 1984 and 2013). 

Data: Niedersächsischer Landesbetrieb für Wasserwirtschaft, Küsten-und Naturschutz 
(NLWKN), BfG. 

 
 
Tab. 15:  Application of the Valmorph 2 assessment matrix for the indicator suspended 

sediment budget (actual condition/scenario condition). 

Treatment section 

Annual deviation of the mean 
annual suspended sediment 

concentrations (actual condition) 
from the scenario condition 

increase [%/a] 

Assessment 

Emden (km 40.1) 2,1  2 

Gandersum (km 31.7) 2,6  2 

Terborg (km 24.6) 18,4  5 

Leerort (km 14.7) 63,2  5 

Weener (km 6.8) 449,6  5 

Papenburg (km 0.3) 591,2   5 
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These changes are apparent in a more than 500 % annual increase of the suspended sediment 
con-tents in Papenburg compared with the period before the first deepening of the surface 
water stretch for preparing the navigable route.  

The drastic increase of the suspended sediment concentrations is, however, not apparent 
through the colouration in the assessment matrix alone, as the class limitation > 10 %/a has 
clearly been exceeded. For this reason the absolute deviations are additionally given as 
numerical values in the tabular presentation. For HMWB, the terms “very good”, “good” etc. 
should be avoided (comp. Chap. 2.3.2.2 and 2.3.6, see Fig. 30). 

 

 

 

Fig. 30:  Assessment of the hydromorphological indicator suspended sediment 
budget for the tidal Ems: comparison of the actual condition (2013) 
with the scenario condition (1979 – 1984, before the beginning of the 
navigational route deepening). 
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Usage-characterised condition (2001 - 2003) 

The usage-characterised condition is used for the determination of the changes in the 
suspended sediment budget for heavily modified surface water bodies (1999, s. Chap. 2.3.2.2, 
s. Chap. 3.5.2). For the tidal Ems, suspended sediment data have been available since 2001 at 
eight permanent measuring points. These are recorded temporally with high resolution with 
the aid of turbidity probes. Other than with the application presented in the previous 
subchapter, thus here both for the usage-characterised as well as for the actual conditions a 
uniform data set created using the same methods can be drawn on. With this, suspended 
sediment data sets of the years 2012 to 2014 for the actual condition are compared below 
with suspended sediment data sets of the years 2001 to 2003 for the usage-characterised 
condition.  

Nevertheless, the data sets, which were taken as a basis for the usage-characterised condition, 
frequently present large data gaps, so that they can no longer apply as being representative for 
a year. A further problem is posed by the repeated adjustment of the measuring range of the 
probes at some measuring points, which considerably limits the comparability of most of the 
data sets from the two time periods. Therefore, a comparison cannot be carried out for all 
stations and at some stations only data sets of individual years can be taken as a basis. For the 
above given reasons there has to be a deviation from the period under consideration of five 
years recommended in the methodology for the respective conditions (Chap. 3.5.2). The 
averaging of the data sets to an annual mean value or to one of the three years 2012 - 2014 
recorded value was carried out as described in the subchapter “Scenario condition” (see 
above). In Fig. 31 below the mean annual suspended sediment contents for both periods 
(actual condition and usage-characterised condition) are presented along the river axis. 

 

 

Fig. 31:  Suspended sediment concentration (g/l) at the measuring stations of the Lower Ems 
(2001 – 2003 and 2012 -2014). 

Data: Niedersächsischer Landesbetrieb für Wasserwirtschaft, Küsten-und Naturschutz 
(NLWKN), BfG.  
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Subsequently, also for these two periods, the classification and assessment have been 
carried out with the aid of the assessment matrix (Tab. 12) presented in Chap. 3.5.3. For this, 
the deviation of the suspended sediment concentrations of the actual condition (2012 - 2014) 
from the usage-characterised condition (2001 - 2003) has been quantified at each station and 
presented tabularly and graphically, s. Tab. 16 and Fig. 32. 

Although the comparison period considered in this example is clearly shorter, here also there 
occur the greatest changes in the suspended sediment budget in the limnic section of the 
estuary, which point to fundamental changes in the suspended sediment budget upstream 
from Leerort (Borgsmüller et al. 2016). The use of the verbal classifications “very good”, 
“good” etc. should be avoided during an assessment of HMWB (comp. Chap. 2.3.2.2 and 
2.3.6). 

 
 

Tab. 16:  Application of the Valmorph 2 assessment matrix for the indicator suspended sediment 
budget (actual condition/usage-characterised condition). 

Treatment section 

Annual deviation of the mean 
annual suspended sediment 

concentrations (actual condition) 
from the usage-characterised 

condition – increase [%/a] 

Assessment 

Knock (km 50.8) 0,9  1 

Pogum (km 35.3)  4,4  2 

Gandersum (km 31.7) 5,6  3 

Terborg (km 24.6) 10,7  5 

Leerort (km 14.7) 17,8  5 

Weener (km 6.8) 20,2  5 

Papenburg (km 0.3) 27,7  5 
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Fig. 32:  Assessment of the hydromorphological indicator suspended sediment budget for 
the tidal Ems: comparison of the actual condition (2012 - 2014) with the usage-
characterised condition (2001 – 2003). 

 
 
 
 
 

3.6 Substrate of the bed 

 
3.6.1 Definition  
The bed substrate plays an important role in the sediment budget and in the river (lake, 
estuary, coast) morphology and has a fundamental impact on the habitat suitability for flora 
and fauna. The mean (or also characteristic) grain size diameter Dm is a representative 
characteristic value for the description of the in-situ bed substrate and is used here as 
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indicator. The Dm is representative for the grain size predominant in the surface waters. It is 
also co-determined from the discharge conditions and the discharge history. The erosion, the 
transport and the depositing of sediment particles is crucially influenced by the grain size 
(Folk & Ward 1957; Friedman 1979). The Dm belongs to the statistical parameters, similarly 
as, for example, the sorting or the skewness. The statistical parameters can be calculated in 
different processes in order to characterise sediment samples in regard to their grain size 
distribution. The Dm was selected as representative key performance indicator due to the fact 
that for the reference condition (Chap. 2.3.2.1) as a rule no sediment sampling and analyses 
according to the quantitative demands of the Valmorph method are available and it can be 
calculated for the reference condition (s. Chap. 3.6.2). 

 

 

Fig. 33:  Example of the substrate of the bed (Mosel) (left: area around Lehmen, 
right: area around Wintrich). 

 

The substrate of the river bed (or rather bottom of the surface waters and the substrate of the 
lake/transitional/coastal bed) equates to a parameter of the hydromorphological quality com-
ponent group morphology of the WFD for the surface water categories rivers, lakes, tran-
sitional and coastal waters (EC-WFD, OGewV, s. Fig. 33). 

 

3.6.2 Methodology  
The mean grain size diameter Dm is calculated arithmetically according to Meyer-Peter and 
Müller (1948) as follows:  
 

100
∑ ∆

= ii
m

pD
D  

 
Δpi =  proportion of the fraction of the overall weight 
Di =  mean grain diameter of a fraction 

 

Reference condition: For natural surface waters, for the determination of the mean grain size 
diameter Dm, in the best case records of the historical sediment samples and/or grain size 
distributions and the mean grain diameter are to be used. If these are not available, possibly 
deeper horizons of the substrate in available sediment samples (for example freeze-core 
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technology for collecting fluvial sediments) or other information (historical descriptions, 
river training works documents, research work, analyses of deeper bed horizons of groyne 
field samplings, publications etc. for example on sampled former water courses) are to be 
investigated.  

Attention is to be paid that the sediment information as far as possible corresponds to the 
locations, which also today lie in the area of the navigation channel and represent the river 
type typical grain distribution in the corresponding river stretch (s. also Chap. 2.3.2.1).  

In general, information on the sediment in the reference condition, however, has still barely 
been documented and thus, as a rule, is not available. In these cases by means of the available 
historical water depths, water level positions and/or bed data from the actual condition, the 
mean bed shear stress is applied as indirect methodology for the derivation of the historical 
grain size diameter Dm. The mean bed shear stress is calculated as follows: 
 

EghIρτ =  
 
τ =  bed shear stress [kN/m²] 
ρ =  density of water [kg/m³] 
g =  earth acceleration [m/s²] 
h =  water depth [m] (wall effect can be neglected and h is constant over the width) 
IE =  energy gradient (assumption of stationary, constant discharge; here the water level line gradient 

has been used)  
 

The water depths used with this should correspond approximately with the medium flow 
discharge. Higher discharges can be used for validation. The determination of the Dm in the 
reference condition takes place under the assumption that the bed shear stress, depending on 
the discharge, has a significant impact on the grain distribution of the bed sediments and the 
ratio of the bed shear stress distributions in the historic and recent conditions thus 
corresponds to the ratio of the mean grain size diameter in the reference and actual conditions 
(s. König et al. 2012):  
 

recentm

historicalm

recent

historical

D
D

=
τ
τ  

 

Usage-characterised condition: For the determination of the mean grain size diameter (Dm) 
for HMWB the usage characterised condition, which was defined for 1999, is applied (s. 
Chap. 2.3.2.2). For the usage-characterised condition the mean grain size diameter can be 
calculated on the basis of measured data from 1999. These can, for example, come from the 
BfG sediment database (SedDB), from federal states data, research projects, publications or 
other terrain campaigns (bed samplings, bed load measurements, etc.).  

Actual condition: The calculation of the mean grain size diameter Dm for the actual 
condition takes place on the basis of the sources mentioned as for the usage-characterised 
condition, but only for the timescale of the actual condition. The actual condition can also be 
determined with the aid of models when these are validated appropriately. New techniques 
such as the automatic object recognition for the investigation of the grain size distribution 
from Detert & Weitbrecht (2012) are also suitable.  
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Forecast condition: The changes with regard to grain size distribution of the bed substrate 
are to be predicted on the basis of, for example, modelling results (e.g. using the 1D-model 
SOBEK). Thus, as a result for example of projects, which are to be officially approved, 
predictions on the anticipated changes of the Dm can be made. Accordingly, precise 
classifications of the project can be undertaken on the basis of quantitative values for the 
illustration of the level of the change (comp. BfG 2011b), for example within the scope of 
EIAs. Also measures of maintenance of surface waters in the interests of water management 
maintenance (BMVBS [currently BMVI] 2010) can be surveyed and assessed on the basis of 
the depicted procedure. The methodology shall be utilized as described above.  

Additionally, the coefficient of uniformity or the porosity, for example, can also be consid-
ered for the description of the sediment distribution. 

 

 

3.6.3 Assessment  
The deviation of the mean grain size diameter Dm in the actual or forecast condition from the 
comparative condition is assessed using the following calculation formula: 
 

100*1_
_

_





















−=

Compm

Actm

D
D

GSDAssess % 

 
Assess_GSD = Calculation of the deviation of the mean grain size diameter in % 

as basis for the assessment 
Dm_Act = Mean grain size diameter within a section in the actual condition, for 

example in cm or mm (or rather Dm_Fore for the forecast condition) 
Dm_Comp = Mean grain size diameter within a section in the comparative 

condition (e.g. in cm or mm) 
 

 

The percentage grading of the actual condition or/and of the determined forecast condition 
from the comparative condition enables the assessment according to table 17. Fundamentally 
it is to be assessed whether the substrates develop type-specifically or whether they diverge 
from that. With deficient river systems (such as, for example, the Elbe and the Rhine in wide 
parts of the German river systems) and prevailing tendency to depth erosion, over the time 
period tendentially a coarsening of the grain size composition takes place (conditioned by 
high flow velocities, low flow diversity, sealed catchment areas, reduced sediment input from 
the tributaries due to cross-structures and obstructed riverside areas, s. Chap. 3.2, etc.). This 
is to be recognised by the increase of the Dm. The phenomenon is typical for surface waters of 
the inland area (Quick 2011a; Rosenzweig et al. 2012). In the coastal area in part the reverse 
development is to be noted. Here, partially due to the increased marine input of suspended 
sediments, an increase of the finer fractions is to be registered and thus a decline of the Dm. 
As both an increase and also a decline of the Dm from the comparative condition can be 
possible, the deviations must be quantitatively assessable for both cases (s. Tab. 17). 
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Tab. 17:  Assessment matrix for the indicator substrate of the bed (Dm) according to the 
percentage deviation from the comparative condition. 

 
 

Substrate of the bed 
 
 

Class 

Dm 
percentage deviation 
from the comparative 

condition 

Assessment 

high very minor changes -10 % bis 10 % 1 

good minor changes < -10 % / > 10 % 2 

moderate moderate changes < -25 % / > 25 % 3 

poor major changes < -50 % / > 50 % 4 

bad very major changes < -75 % / > 75 % 5 

 

As the initial values used respectively for NWB and HMWB already differ, the same 
procedure is to be undertaken with the evaluation for both, which leads to correspondingly 
varying results. 

 

3.6.4 Explanation of the procedure using the example of the inland Elbe 
From Elbe-km 0 to Elbe-km 96 the Elbe conforms to the river type 10 “Very large gravel-
dominated rivers”, downstream to the tidal limit at the Geesthacht weir to type 20 “Very large 
sand-dominated rivers”. For the indicator grain size distribution of the substrate of the river 
bed no information was available for the German inland Elbe in the reference condition (the 
inland Elbe is designated as natural water). Therefore, the mean bed shear stress was applied 
as indirect methodology for the derivation of the historic grain size diameter Dm by means of 
historic water depths, water level positions and bed data from the actual condition (s. Chap. 
3.6.2; König et al. 2012). Because of the historical Elbstromwerk (1898) there was a suitable 
data basis for the calculation of the mean bed shear stress and the derivation of the 
characteristic mean grain size diameter Dm of the reference condition for river stretches on 
the Elbe with a length of 5 km (comp. Chap. 2.1). From the longitudinal profiles of the Elbe 
illustrated in the map volume (comp. Fig. 19), the bed levels and the water level positions 
were digitalised and the water depth subsequently determined (s. Chap. 3.3).  

Following this, the bed shear stress for the actual condition was calculated (s. Chap. 3.6.2). 
With this – analogous to the procedure with the indicators depth variation (Chap. 3.3) and 
mean bed level changes (Chap. 3.4) – the data from the Federal Waterways and Shipping 
Administration (echo soundings) and calculated water level positions were utilised. The mean 
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grain size diameter for the actual condition was deduced on the basis of sediment samples 
from the SedDB of the BfG. The sediment samples originated from the years 1993/1994 and 
2006. The values were also averaged over stretches of 5 km length and occasionally 
interpolated so far as the data was not completely available. 

Fig. 34 shows the trend of the mean grain size diameter Dm in the actual condition (depicted 
in red) and in the calculated reference condition determined in accordance with the 
methodology portrayed above (depicted in blue) for the inland Elbe from Elbe-km 0 to 586. 
The calculations were carried out for mean discharges; a validation with higher discharges 
resulted in good conformity. The mean grain size diameters overall show heavy fluctuations 
and are subject to natural environmental influences (e.g. existing bed material according to 
the deposition of sediments from the Holocene and Pleistocene periods, tributaries, varying 
flow velocities in regard to the watercourse pattern and so on). 

 

 
Fig. 34:  Development of the mean grain size diameter of the German inland Elbe. 

 
Reference: IKSE (2014); FGG Elbe (2013); König et al. (2012); Rosenzweig et al. (2012). 

 

To Elbe-km 120 (above Mühlberg) the results indicate a coarsening of the predominant grain 
size of the river bed between 1898 and 2006. In this area, an armouring of the bed dominates. 
Downstream from ca. Elbe-km 125 the Dm values of the reference and actual conditions have 
an almost identical trend and thus, in the years 1898 and 2006, are located in similar ranges 
(König et al. 2012). As reason for this, on one hand, can be quoted as being actual, small 
changes in the mean grain size of the substrate present on the river bed between 1898 and 
2006. The Elbe is characterised by erosion for supra-regional stretches (s. Chap. 2.4). As a 
consequence, the Holocene and Pleistocene in-situ sediments are truncated and the grain size 
spectrum has possibly not changed. On the other hand, it is possible that through the 
methodology applied, based on several simplified assumptions (s. Chap. 3.6.2), smaller 
changes are not identifiable. The similar trend of the mean grain size diameter is also 
attributable to methodological causes (König et al. 2012). Investigations by Rohde (1971) 
showed for both, historical and also recent conditions, a slightly coarser mean grain diameter, 
in particular downstream from Elbe-km 115. However, Rohde (1971) also describes a strong 
variation of the values. Altogether, the declining Dm of the Elbe river bed can be identified 
between Elbe-km 0 to 586. 
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The coarser Dm of the Elbe bed in the actual condition at ca. Elbe-km 330 is possibly 
attributable to the Old Elbe flowing into this section at Magdeburg and attributable to the area 
downstream of the Magdeburger Domfelsen (Fig. 34). The coarsening at ca. Elbe-km 450 is 
located in an accumulation stretch of the river (comp. Fig. 34 and Fig. 24 and 25 in Chap. 
3.4), which maybe has an impact on the grain size compositions. The Havel mouths (Elbe-km 
428 and 438), from which the lower one have been reshaped and relocated ("Gnevsdorfer 
Vorfluter"), can also have an impact on the grain distribution here. 

Due to the former border between Saxony and Prussia the data in the Elbstromwerk (1898) 
are not continuous. Whence, the gaps in the data at ca. Elbe-km 121.75 resulted (s. Fig. 34 
and 35). The results achieved (IKSE 2014; FGG Elbe 2013) are assessed in accordance with 
the assessment matrix (Tab. 17) for the 5 km river sections as follows:  

 

 
Fig. 35:  Assessment of the hydromorphological indicator substrate of the bed. 

 
Reference: IKSE (2014); FGG Elbe (2013); Rosenzweig et al. (2012). 
 
 
 
 
 

3.7 Structure of the riparian zone 

 

3.7.1 Definition 
For the investigation of the hydromorphological indicator structure of the riparian zone the 
deviation (decrease) of the natural shoreline length is calculated in comparison with the 
respective comparative condition. This is to be performed along the investigated river 
sections (comp. Fig. 36, Chap. 3.7.2, Chap. 3.7.3).  

The upper boundary of the riparian zone is represented by the upper edge of the slope (slope 
top); the lower boundary is marked by the medium flow level position or rather the mean 
high tide line (MHT, MHTL) with transitional and coastal waters. Accordingly, the riparian 
zone is inundated only during higher discharges than medium flow or rather during higher 
water levels than MHT (DIN EN 15843 2010).  
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Fig. 36:  Spoiled riparian zone (left) and surface waters type-specific natural/near-natural 
riparian zone (right) along large and navigable surface waters. 

Reference: Quick (2012, 2016). 

 

The structure of the riparian zone in the natural or near-natural state is largely unspoiled. At 
the same time, untouched or near-natural riparian zones can function as source and or sink for 
the sediment budget (DIN EN 15843 2010; Cron et al. 2014a; König et al. 2015) and create 
numerous habitats for flora and fauna.  

For the indicator structure of the riparian zone the length of the natural or near-natural 
riparian zone is surveyed. Counted as natural riparian zone are all unspoiled and non-profiled 
bank sections. Thereby, as a consequence, the fixed and obstructed part of the riparian area is 
also identified. Fortified or artificially shaped (profiled) bank sections, by means of ripraps, 
groynes, sheet piling etc., are interpreted as being modified riparian zones. Riparian areas, 
although originally fortified, whose bank fixation is destroyed to such an extent that a natural 
riparian-like form dominates, are also mapped as natural riparian zone.  

If they reach a respective minimum criteria, the occurrence of sediment-covered bank 
fixations, unspoiled areas between groynes and a vegetation structure of the riparian zone 
under hydromorphological aspects can lead - as well as, where appropriate, special structures 
of the riparian zone - to an upgrading of the indicator using a bonus-system (Chap. 3.7.3). 

 

3.7.2 Methodology 
For the recording and assessment a mapping of 1 km stretches of water is fundamentally 
recommended. These can later be aggregated to 5 km river sections (comp. Chap. 2.1). 
Should the official chainage (stationing) not correspond to the 1 km stretches (for example 
due to meander cut-offs / avulsion after establishment of the kilometrage), the mapping 
sections are to be oriented on the prevailing kilometre information. If necessary, missing 
linear kilometres are to be left out. Missing linear kilometres are to be noted. 

For each section, for the respective conditions, the length of the natural bank is to be 
measured in m, in each case separately for both riversides into the right and the left bank in 
the direction of flow (or rather in the tidal regime, seawards). The shoreline length is, as a 
rule, to be related to 1 km sections (comp. Chap. 3.1; comp. König et al. 2015, LAWA 2017a, 
BfG 2017b).  
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Generally, only the banks accompanying the main river bed are mapped taking into 
consideration the following guidelines: (1) With long training walls / parallel river training 
structures, which have an area covered with water behind the river control structure, that is 
upwards of mean water (MW) permanently connected to the main river bed and at least 
possesses one opening to the main river bed, the shoreline of the terrain lying behind is to be 
mapped as riparian zone and not the training wall itself. (2) Areas of water, such as side 
channels, secondary channels and gravel pit lakes neighbouring the main surface water bed 
are to be mapped as “natural riparian zone” part. If a harbour joins as tied expanse of water, 
then this adjacent area of water is mapped as “modified riparian zone”. (3) Should islands be 
present, the respective island shoreline is to be added on the respective riparian zone side 
(BfG 2001; Vollmer & Groß 2004; Rosenzweig et al. 2012; Cron et al. 2014a). Thereby, the 
respective not protected and not fixed island shore lengths are to be attributed to the actual / 
forecast condition as well as to the comparative condition. 

Reference condition: In the reference condition the structure of the riparian zone is formed 
predominantly from a natural / near natural riparian characterization (comp. Chap. 3.7.3). 
Class 1 for NWB still exhibits a certain fluctuation range (unmodified up to very minor 
negative changed). The calculations (Chap. 3.7.3) for NWB take place with 100 % natural 
riparian zone share, i.e. as a rule 1,000 m length (see above: exception of island shore 
lengths). 

Usage-characterised condition: A usage-characterised condition is to be used, for which, 
with the Valmorph 2 method, the year before the introduction of the WFD is applied (1999, s. 
Chap. 2.3.2.2) for the determination of the indicator for HMWB as comparative condition for 
a classification and assessment. Data on the then current structure of the riparian zone can, for 
example, be compiled from older maps, river training works documentation or remote 
sensing data at that time. 

Actual condition: The actual condition is collected through remote sensing data (aerial 
photos, satellite images, drones - unmanned multicopter or manned gyrocopter -, LiDAR). 
Supplementary to this, the consultation of topographical maps, such as the DGK5 and from 
river training works documentation is also to be recommended. The DBWK2, in addition, 
contains detailed information, which cannot, for example, be taken from aerial photos 
(existence of ripraps underneath sediment cover). In exceptional cases, examinations in the 
field are also to be carried out.  

Forecast condition: By means of planning documents or of project descriptions it can be 
established whether, in the future, further riparian zones are to be modified and the proportion 
of natural riparian zone stretches will be reduced or increased. The methodology takes place 
as described above. After the modification of the riparian zone stretches has been determined, 
the assessment of the forecast condition (s. Chap. 3.7.3) is conducted in order to achieve 
information on the changes due to the envisaged measures.  
 

3.7.3 Assessment 
The assessment results from the detection of the deviations (decrease) of the natural shoreline 
length of the actual or forecast condition to the respective comparative condition (comp. Tab. 
18) and is calculated as follows: 
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100*1_ 
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Assess_SRZ = Calculation of the deviations of the natural shoreline length in %  

   as basis for the assessment  
LAct   = Natural shoreline length actual condition - natural riparian zone share within  

      a considered section in the actual condition in m (length) (or rather LFore for  
       the forecast condition),  
      respectively for left- and right-hand shore 

LComp   = Natural shoreline length comparative condition - natural riparian zone share  
       within a considered section in the comparative condition in m (length),  
      - for NWB: natural shoreline length of the reference condition (1,000 m), 
       - for HMWB: natural shoreline length of the usage-characterised condition,  
       respectively for left- and right-hand shore  
 

The calculated value is to be classified according to the assessment matrix (Tab. 18). 

As a modified comparative condition is already considered for HMWB (usually), no further 
differentiation has to be made within the assessment. However, it is necessary to note that 
HMWB can receive a high to good assessment without this is corresponding to the MEP/GEP 
(comp. Chap. 1 and Chap. 2). This comparative condition (1999) should therefore only ensue 
for considerations within the context of the EC-WFD for the detection of the dimension of 
the prohibition of deterioration. For EIAs etc., appropriate scenario conditions are to be used 
as comparative conditions (s. Chap. 2.3.2.3). 

Should the denominator (comparative condition) be zero (0 m natural riparian zone length 
share in 1999), then an assessment with Class 1 applies automatically as special case. Should 
an HMWB have received an evaluation with Class 1 using this method, nevertheless, shore 
restorations (removals of bank protections) have taken place in the meanwhile or will take 
place in the future (forecast condition), then the Class 1 is to be additionally provided with a 
* (i.e. 1*) based on DIN EN 15843 (2010). In this way, the riparian zone sections are 
highlighted which, despite the initial basis (usage-characterised condition 1999), in 
comparison with this present an increased natural riparian zone share (comp. BfG 2017b).  
 
Tab. 18:  Assessment matrix for the indicator structure of the riparian zone (deviation decrease) 

(modified after BfG 2001, Rosenzweig et al. 2012, Cron et al. 2014a). 

  
Structure of the riparian zone  

 
Class 

 
Structure of the riparian 
zone - deviation from the 

comparative condition  
decrease 

Assessment 

improved / unchanged to very minor 
negative changes < 10 % 1 

minor to moderate negative changes 10 - < 40 % 2 

moderate to major negative changes 40 - < 70 % 3 

major to very major negative changes 70 - < 90 % 4 

extreme negative changes > 90 % 5 
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Additionally, to the calculated and obtained results, certain enhancement criteria (bonus 
system) become effective, which lead to an award of bonus points. Hereby, it is to be taken 
into account that completely protected and fixed riparian zones, despite award of bonuses, at 
the end should not be assessed better than with assessment Class 3. For HMWB, no 
application of this bonus system is to be carried out, as for these already significantly reduced 
environmental objectives apply (see above). The bonus system for NWB and, if required, also 
for scenario conditions (epoch comparisons and time spans, Chap. 2.3.2.3), takes effect in the 
following special cases: 

(1) Sediment-covered bank fixations. These can be present without these control structures 
being apparent and visually detectable on the terrain surface. Should intact, but sediment 
covered, bank fixations exist between 30 and 60 % of the bank length for a mapped riparian 
zone side in a form similar to natural banks, then the assessment class awarded for the 
mapped section is raised by one class (S1: bonus +1). If the proportion exceeds 60 %, the 
assessment class awarded is upgraded by 2 classes (S2: bonus +2). In cases of doubt, bank 
fixations lying underground can, if required be determined by means of river training works 
documentation, historical maps, of the DBWK2 or by enquiries to authorities. 

(2) Unspoiled areas between groynes. With bank fixations using groynes it is to be 
differentiated along the bank between paved and unpaved groyne fields (s. Fig. 37). If the 
bank sections between the individual groynes are unspoiled along at least 30 % of the surface 
waters section investigated, the assessment class awarded is increased (B1: bonus +1). The 
DBWK2 contains signatures of bank fixations and protections, which can be drawn on for the 
differentiation of fortified and not fortified banks on federal waterways. 

 

 
Fig. 37:  Example of unspoiled banks within a groyne field. 

Reference: WSV GeoViewer (2011); DBWK2. 
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(3) Vegetation structure of the riparian zone under hydromorphological aspects. Separate 
collections of dead woods and drift woods (“Treibsel”) in federal waterways are not entered 
together in the recording and evaluation of the structure of the riparian zone (comp. (4)). But, 
it is important to register the vegetation structure of the riparian zone under hydro-
morphological aspects. This can lead to the formation of habitats on the banks as well as on 
the neighbouring areas. It is a matter of complex site-typical vegetation structures made up of 
trees, bushes and herbaceous plants for example; in part about naturally occurring open areas. 
This vegetation structure of the riparian zone can have a considerable impact on the 
sedimentation and erosion processes in the shoreline areas and riparian strips during higher 
discharges and can thus also influence and characterise the course and profile development of 
a surface water (DIN EN 14614 2005; Rosenzweig et al. 2012; Cron et al. 2014a). The bank 
vegetation, furthermore, gives information on relative changes of the terrain height due to the 
typical vegetation zoning (should, for example, no high-resolution digital terrain models be 
available): Examples here are visualizations of the terrain levels of a riverside forest, which 
contains soft woods, transitional floodplains, deep, medium, high and uppermost hardwood 
alluvial forests. These are type-specific floodplain levels, showing indirectly the differing 
terrain heights (IRP BW 2005; Quick 2006). Due to the relief and the flooding levels and 
durations attributed to it, they can exert an impact on the discharge events, the sediment 
budget and the biota. Without significantly definable slopes, a width of ca. 10 m and ca. 5 m 
can be accepted as “bank” (see above). Special CIR aerial photos, biotope-type mapping, 
unmanned drone systems or even details on the spread of FFH habitats offer themselves for 
the determination of the vegetation structures. Should typical or near natural vegetation 
structures be present along at least 30 % of the map section on one bank side, the respectively 
awarded assessment class for the map section is increased by one assessment level (V1: 
Bonus +1).  

In the context of a monitoring, in addition it is possible to use monitoring observations such 
as the identification of special riparian structures (due to field surveys or remote sensing in 
the context of monitoring programmes from unmanned multicopters or manned gyrocopters) 
as another enhancement criteria:  

(4) Particular structures of the riparian zone. To these special natural bank structures 
belong surface water type-specific form elements such as slip-off banks (convex banks, inner 
banks), erosion banks, external banks (concave bank, outer bank), steep faces / slopes, rocky 
shores, embayments, bank scourings and subsidences, bank edges (toe wall, spur), fallen 
trees, large collections of dead woods, embankments and formation of flood channels in the 
riparian zone (DIN EN 15843 2010; Quick 2004; LAWA 2017a, 2017b; LANUV NRW 
2012; comp. Chap. 3.10). They are typical indicators for untouched or near natural river 
stretches, expression of the morphodynamics and representative for the river development 
capacity (LAWA 2017a; DIN EN 15843 2010; Cron et al. 2014a). Should the riparian zone 
not be clearly definable (comp. Chap. 3.7.1), along surface waters in the inland area without 
clearly definable slope with a river bed width upwards of 20 m and greater, a global width of 
ca. 10 m is assumed as riparian zone. For smaller river widths, ca. 5 m are expected as 
riparian zone (in each case landwards). With flat natural shores, the limitation of the riparian 
zone, under certain circumstances, can be clarified depending on the individual case (e.g. BfG 
2001; LAWA 2001, 2017b; LUA NRW 2001). The particular structures of the riparian zone 
are to be surveyed in this area. They must be clearly identifiable. Upwards of six particular 
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structures of the riparian zone a bonus of +1 is to be awarded (U1), upwards of ten structures 
along the section considered a bonus of +2 (U2) (comp. LAWA 2017a).  

An overview of the bonus system is given in Tab. 19. 

 

Tab. 19:  Overview of the enhancement criteria (bonus system for natural surface waters), 
indicator structure of the riparian zone. 

Enhancement criteria Abbreviation Bonus 

Sediment-covered bank fixations 
(> 30 % of the section) S1 1 

Sediment-covered bank fixations 
(> 60 % of the section) S2 2 

Unspoiled areas between groynes 
( > 30 % of the section) B1 1 

Vegetation structure of the riparian zone 
under hydromorphological aspects 
( > 30 % of the section) 

V1 1 

Particular structures of the riparian zone 
(> six along the section) U1 1 

Particular structures of the riparian zone 
(> ten along the section) U2 2 

Reference: Rosenzweig et al. (2012); Cron et al. (2014a); FGG Elbe (2013); IKSE (2014);  
LAWA (2017a) – modified. 

 

The retention of both bank side assessments is recommended as the opposing riparian zones 
can be formed contrariwise (s. Chap. 2.6). 
 
 
 
 

3.8 Areal changes of the eulittoral zone 

 

3.8.1 Definition 
The indicator can be applied primarily for the surface water body types Rivers of the marshes 
(Subtype 22.2), Very large rivers of the marshes (Subtype 22.3) and transitional waters (Type 
T1 Elbe, Weser, Ems and Type T2 Eider), as here greater tidal flat areas (eulittoral) of the 
Waddensea occur. In the tidal characterised estuarine area the eulittoral zone takes on greater 
expansion.  

Defined as eulittoral zone is the area of the intertidal zone between high tide and low tide, 
which is characterised by the change between ebb and flow. According to DIN EN ISO 
19493 (2007) the eulittoral corresponds to the marine tidal zone, which either periodically 
finds itself, with the tides, in the water or jutting out, or aperiodically, due to other factors, 
finds itself below the water line, sometimes above.  
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As the tidal range on the Baltic Sea coast lies in the decimetre range and is overlapped by 
water level variations from other causes (e.g. wind induced, temperature-conditioned), there 
the range of the annual aperiodic variations is designated as eulittoral (Reinheimer 1996). 

 

 

Fig. 38:  Picture of the Waddensea at Hollerwettern. 

Reference: Schmidt-Wygasch (2012). 

 

3.8.2  Methodology  
In the Valmorph methodology 5-km sections are recommended as basis for the consideration 
by sections. If data sets of already implemented areal surveys are used, which orient them-
selves on another territorial division, the equidistant sections can be deviated from. 

Reference condition: For natural surface waters, historical data can be used for the 
determination of the reference condition (s. Chap. 2.3.2.1). The derivation of the reference 
condition takes place on the basis of the determination of the historical areal distribution or 
the shares of the historical areas of the eulittoral zone. This information can be taken from 
historical maps, research papers, digital terrain models, aerial photographs, remote sensing 
data etc.  

Usage-characterised condition: For the determination of the areal change of the eulittoral 
for heavily modified water bodies the usage-characterised condition, which lies in the recent 
past, is used (1999, s. Chap. 2.3.2.2).  

As comprehensive data sets are surveyed mostly measure-related for this indicator and are 
often available for a few years only, for the description of the usage-characterised condition, 
all available data from a time window of 5 years before and after the point in time of the 
introduction of the WFD can be used (for the formation of a movable average over five 
years). In this period, data is available for example from older surveys including the findings 
of examinations, results of the preservation of evidence procedures, aerial photos or 
topographical maps. As data sources here, in particular for the tidal Ems and the tidal Weser, 
the results of the HARBASINS project (2008) and for the tidal Elbe the results of the 
preservation of evidence of the alignment of the navigation channel 1999 (fairway 
adjustment) can be mentioned which, inter alia, illustrate the areal developments of the 
eulittoral zone (WSV 2017). The methodology takes place as described above for natural 
surface waters. 
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Actual condition: The determination of this hydromorphological indicator can be established 
for the actual condition with the aid of digital terrain models, remote sensing data (e.g. aerial 
photos, satellite images, drone sorties), terrain campaigns or current research etc. With this, 
the recent areal proportion of the eulittoral zone was raised by sections.  

Forecast condition: Possible changes in the forecast condition can be derived by means of 
river training documents and the planning description of a project. Areal changes can also be 
determined with the aid of ArcGIS. Potentially, modelling results can also possibly be used.  

Alternatively, in the inland area, for example, the development of the subaquatic areas 
outside the navigation channel up to the mean water line should be considered.  Both sides of 
the stretches of water can be considered seperately or collectively. 

 

3.8.3 Assessment  
Considered are the areal proportions of today’s (actual condition) and future (forecast 
condition) eulittoral zones (mud-flats) in comparison with the areal proportions of the 
eulittoral zone of the comparative condition (Chap. 2.3.2). The percentage deviation of the 
areal proportions of the actual and/or forecast conditions from the comparative condition 
results in the respective assessment. This is carried out in steps and the results are sub-
sequently presented tabularly or in map form taking into account the appropriate colour 
coding. 

For the determination of a decline of the eulittoral areas compared with the comparative 
condition the following calculation formula applies: 
 
 

nA
AEUAssess
Comp

Act 100*1_ 



















−=  [%] 

 
 
Assess_EU = annual decline of the eulittoral in % as  
    basis for the assessment  
AAct  = area of the eulittoral in the actual condition related to the section  
    (or AFore alternatively for the forecast condition)  
AComp = area of the eulitorral in the comparative condition related to the section 
n = length of the period investigated in years 
 
 

As the respective initial values used with NWB and HMWB already refer to another point in 
time in the past, the same assessment procedure is to be undertaken with both and leads to 
correspondingly different results. In order to take into account appropriately higher natural 
areal changes of the eulittoral during a longer time period, the percentage areal change is 
determined annually. This temporal consideration turns up also in the establishment of the 
class limits. 

The assessment matrix can be taken from the following table (see Tab. 20): 
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Tab. 20:  Assessment matrix for the indicator areal changes of the eulittoral zone. 

 
Areal changes of the eulittoral zone  

 
 
 
 

Class 

Annual areal changes of 
the eulittoral zone, 

percentage deviation 
from the comparative 

condition 

Assessment 

high very minor changes < 0.1 % / a 1 

good minor changes 0.1 – 0.499 % / a 2 

moderate moderate changes 0.5 – 0.999 % / a 3 

poor major changes 1 – 1.999 % / a 4 

bad very major changes > 2 % / a 5 

 

In the assessment matrix only the decline of mud-flats leads to an assessment. If there is an 
increase of mud-flats within the period of consideration, then fundamentally it is to be rated 
positive, as areas of mud-flats, due to their closeness to nature and rarity, are counted as being 
worthy of protection (BfG 2003b). Thus, in the EC-WFD, both for transitional as well as for 
coastal waters the parameter “structure of the intertidal zone” is used as hydromorphological 
component in support of the biological elements (EC-WFD 2000). In the FFH Directive the 
vegetation-free sand-, mud- and mixed flats are defined as FFH habitat type (sandflats and 
mudflats, mixed flats correspond to a transitional environment between sand- and mudflats). 
These are natural and near-natural habitats of general interest, for whose preservation special 
protective areas are to be designated (FFH Directive 2006). 

It is worth noting that the annual areal change does not indicate whether, in the process, it is a 
matter of continuously progressive or in various degrees sporadically occurring areal changes 
(e.g. in the course of flooding or storm surge events). 

 

3.8.4 Explanation of the procedure using the example of the tidal Elbe  
Due to the variety of specific uses of this stretch of water, the tidal Elbe was designated as 
heavily modified (ARGE Elbe 2004). 

Within the scope of the preservation of evidence procedure the percentage development of 
the level surface distribution of deep water, shallow water, tidal flat and foreshore of the tidal 
Elbe has been investigated in steps between 1998 and 2010 (WSV 2017). 

The results of this investigation for the development of the eulittoral zone (tidal flat) are 
presented in Fig. 39 by section. 
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Fig. 39:  Development of the eulittoral zone of the tidal Elbe between 1998 and 2010. 

Data: WSV (2017). 
 

 

 

In this connection, it has been deviated from the step-by-step consideration in 5-km sections 
according to Valmorph, as here the data sets of the already implemented areal consideration 
have been used (comp. Chap. 3.8.2), which take into account only three clearly larger areal 
sections.  

For the three sections of the tidal Elbe respectively a 3-year moving average has been 
calculated for the period under consideration. As the time series with 13 points are relatively 
short, there has been a deviation from the recommendation of forming a moving average over 
five years. With this, it was possible to take into account as many values as possible. 
Subsequently, the moving, centered average value for 2009 (actual condition) was compared 
with 1999 (usage-characterised condition). In this period, the proportion of the tidal flats 
between Geesthacht and Hamburg-Nienstedten was reduced from 16.3 to 14.8 % of the total 
area. In the middle section considered between Hamburg-Nienstedten and the mouth of the 
Oste River the eulittoral area of the tidal Elbe reduced from 23.9 to 22.7 % of the total area. 
In the outer area of the tidal Elbe from the mouth of the Oste River to the sea the tidal flats 
declined from 50.4 to 49.1 % of the total area.   

The results for the outer estuary area, which covers the large eulittoral areas in the estuary, 
show the percentage smallest deviations (s. Tab. 21). Here, however, it is to be taken into 
account that the absolute decline (in ha), due to the large areal spread of this area, is at its 
greatest. For HMWB, the verbal classifications “very good”, “good” etc. should be avoided 
(minor and moderate changes, s. Tab. 21 and comp. Chap. 2.3.2.2 and 2.3.6). 
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Tab. 21: Exemplary application of the assessment matrix for the indicator annual areal changes 
of the eulittoral zone at the tidal Elbe. 

Treatment section 

Annual areal changes of the 
eulittoral zone, percentage 

deviation from the comparative 
condition [% / a] 

Assessment 

Geesthacht to  
Hamburg-Nienstedten 0.87 % / a 3 

Hamburg-Nienstedten to 
Ostemündung 0.46 % / a 2 

Ostemündung to See 0.23 % / a 2 

 
 
 
 
 

3.9 Spatial proportion of the current floodplains 

 
 

3.9.1 Definition 
Changes to the floodable area of the floodplains are considered under this 
hydromorphological indicator spatial proportion of the current floodplains. The areal ratio of 
recent floodplains (current inundation areas) to the morphological floodplains (original 
inundation areas) is investigated for natural waters. For heavily modified surface water 
bodies, within the context of WFD-relevant issues, the areal ratio of recent floodplains 
(current inundation areas) to the floodable area of the floodplains of the usage-characterised 
condition from 1999 is applied (s. Chap. 2.3.2.2, s. Chap. 3.9.2).  

The recent floodplain, due to anthropogenic encroachments on the environment such as 
construction of dykes, large-scale embankments and similar, is isolated from the so-called 
disconnected floodplain, which is situated inland behind the dykes and currently can no 
longer be flooded. The area of the recent floodplains corresponds to the inundated areas in 
which, statistically analysed, a flood event takes place with inundation at least once in a 
hundred years (HQ 100, hundred year flood / return interval T = 100 a). The area therefore 
stretches up to the flood protection dyke or directly connects up with higher situated terrain 
areas. Less high summer dykes are not used as boundaries.  

The morphological floodplain results from the overall spatial proportion of the recent 
floodplains and the disconnected floodplains. This morphological floodplain defines the 
complete former original floodplain areas formed during the Holocene (Brunotte et al. 2009; 
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Günther-Diringer et al. 2007; Quick et al. 2007) (comp. Fig. 40 and 41) and was available as 
inundation area. 

 

3.9.2 Methodology 
Reference condition: In the reference condition the complete morphological floodplain is 
potentially available for displacements of the river course (shifting beds) and for inundations 
and thus also for sediment exchange processes between the river and floodplains. The 
morphological floodplain can thus be characterised by the natural development of surface 
waters and from the discharge dynamics of the waters. It corresponds to a 100 % spatial 
proportion of the floodable former original floodplain areas (recent floodplains plus today’s 
disconnected floodplains). 

Designations of morphological floodplains for the rivers and streams upwards from a 
catchment area of 1,000 km² have been elaborated in the R&D project “Balancing of the 
floodplains and inundation areas on rivers in Germany” on behalf of the German Federal 
Agency for Nature and Conservation (BfN) (Brunotte et al. 2009; Günther-Diringer et al. 
2007; Quick et al. 2007). The results are provided for use via the interactive map service of 
the BfN (Web mapping application). In their extent the areas are available digitally as area 
polygons and are listed in hectares (ha) (Brunotte et al. 2009; BfN 2012). The areas of recent 
floodplains and disconnected floodplains highlighted there are added up for each riverside 
floodplain and each “segment” (= already predefined cross-sections of the floodplains, 
defined in the BfN data sets, comp. Fig. 40 and 41) and thus amount to the overall area (ha) 
of the morphological floodplains. However, it is to be taken into account with application of 
the BfN data set that, due to the already available segmentation in the data set, no precise 
equidistant sections can be analysed based on the river kilometerage (comp. Chap. 3.9.4).  

Should the river under consideration not be covered in the processing setting of the BfN 
project, then the extent of the morphological floodplains can be reconstructed with the aid, 
for example, of geological maps, soil maps, satellite images etc. and topographical maps 
because of deposition of sediments, soil formations and the persistence of the river morpho-
logical structures in the landscape, and the predominant terrain heights, residential structures 
(settlements) and vegetation inventory (s. e.g. LUA NRW 2003; Quick 2004). 

In some circumstances papers, publications, data and so on also exist on overall concepts and 
typology developments from various federal states, which can be used as basis.  

Usage-characterised condition: For the determination of the indicator for heavily modified 
water bodies as comparative condition for a classification and assessment, an usage-
characterised condition is to be used, for which the year before the introduction of the WFD 
is chosen (1999, s. Chap. 2.3.2). The floodable area of the floodplains of the usage-
characterised condition from 1999 corresponds to the then existing spatial proportion of the 
floodable areas during an HQ 100. 

Data on the then current inundation area can, for example, be used from older topographical 
maps, aerial photos, floodplain and inundation area maps, geological maps, research papers, 
documentation of meliorations or river training documents.  

Actual condition: In the actual condition the data survey on rivers and streams in Germany 
also takes place with the aid of the floodplains balancing project (Brunotte et al. 2009; BfN 
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2012). However, this is to be applied only for the recent floodable part of the floodplains. 
Using ArcGIS and the therein contained information tools, the spatial proportion of the 
current inundation areas can be determined in hectares (ha). From the data set the hectare 
information on the recent floodplain for each riverside is screened and selected from the 
respective “segments”. It is to be taken into account that, due to the already available seg-
mentation in the BfN data set, no precisely equidistant sections based on the river 
kilometerage can be analysed.  

If the river under consideration is not included in the processing setting of the BfN-project, 
then the extent of the recent floodplains can be detected with the aid of, for example, flight 
campaigns using drones or topographical maps. These contain dyke lines, former river 
structures such as oxbows or side channels etc., rim synclines (depressions of the floodplain 
relief in front of higher terraces) or terrace edges and thus document the floodplain relief 
(comp. Chap. 3.10). Alternatively, geological maps, soil maps, flood risk management plans 
or overall concepts and typological descriptions from the federal states can be consulted (s. 
also Chap. 2.3.3). 

Forecast condition: The forecast condition is obtained with the help of information from 
existing planning documents and from project specifications. Hereby, possible surface 
changes such as, for example, for dyke relocations, should also be derivable without 
modelling. Subsequently, an assessment takes place of the newly determined spatial 
proportions (s. Chap. 3.9.3). 

In the coastal area the indicator is to be designated as spatial proportion of the current 
floodplains / marsh (s. Tab. 1). The morphological floodplains or marshes include the original 
extent of the floodplains or the supra- and epilittoral zones (areas of the flat coast in the 
intertidal zone inundated by spray water, flooding and storm surges). The area still floodable 
today within the morphological floodplain or marsh, which is limited in its extent through 
anthropogenic modifications such as dykes, embankments and similar, is designated as recent 
floodplain or young marsh. 

In the coastal area the heightening of the marsh area through sedimentation frequently takes 
place in the juvenile marsh. In contrast, the term disconnected floodplain or former marsh 
refers to the areas of the morphological floodplain or marsh which are no longer floodable. 
Currently, if anything, settling of the areas in the old marsh in the coastal area is taking place 
(Brunotte et al. 2002, 2009; Quick 2011a). 

 

 

3.9.3 Assessment 
For the classification of the current inundation area the determination of the percentage 
proportion of the recent floodplains of the actual condition on the morphological floodplains 
for natural waters or the recent floodplains for the comparative condition of heavily modified 
surface waters (s. Chap. 3.9.1, Chap. 3.9.2) takes place on the basis of the following formula: 
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100*_
Comp

Act

A
ARFPAssess = %  

 
Assess RFP =    assessment recent floodplains in % as basis for the assessment of the  

     spatial proportion of the current floodplains 
AAct = area of the recent floodplains (current inundation areas) within an examined stretch 

in the actual condition in ha  
(or AFore for the forecast condition),  
respectively for right and left side surrounding the surface water 

AComp = area of the recent floodplains (current inundation areas) within an examined stretch 
in the comparative condition in ha (Chap. 3.9.1),  

  respectively for right and left side surrounding the surface water 
 

The spatial proportion determined on the basis of the formula is compared with the 
assessment matrix and classified correspondingly, s. Tab. 22. 

As an amended comparative condition is used for heavily modified surface waters, no further 
differentiation within the assessment has to take place. It is worth considering that heavily 
modified water bodies can thus receive a high to good assessment due to the simplified 
method, without this is conforming to the MEP/GEP (comp. Chap. 1 and Chap. 2.3.2.2). Con-
sequently, this comparative condition should be applied only for examinations within the 
context of the EC-WFD for the detection of the prohibition of deterioration. For EIAs etc. 
appropriate scenario conditions are to be used as comparative conditions (s. Chap. 2.3.2.2, 
2.3.2.3).  

 

Tab. 22:  Assessment matrix for the indicator spatial proportion of the current floodplains. 

 
Spatial proportion of the current 

floodplains  
 
 

Class 

Spatial proportion of 
the current floodplains,  
percentage share from 

the comparative 
condition 

Assessment 

high very minor changes > 80 % 1 

good minor changes 60 - 80 % 2 

moderate moderate changes 30 - 60 % 3 

poor major changes 10 - 30 % 4 

bad very major changes < 10 % 5 
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Should the denominator (comparative condition) due to natural conditions be zero, then an 
assessment with Class 1 applies automatically as special case. Should a HMWB have already 
received an evaluation with Class 1 using this method, but dyke relocations have taken place 
in the meantime or should take place in the future (forecast condition), then the Class 1 is to 
be given an * (i.e. 1*), in accordance with DIN EN 15843 (2010). In this way river stretches 
are highlighted, which (despite the starting point of the usage-characterised condition of 
1999) show extensions of the current inundation areas. 

 

3.9.4 Explanation of the procedure using the example of the inland Elbe 
The German inland Elbe has been classified as a natural surface water. From Elbe-km 0 to 
Elbe-km 96 the Elbe corresponds to Type 10 “Very large gravel-dominated rivers”; down-
stream to the tidal limit at the Geesthacht weir Type 20 “Very large sand-dominated rivers” 
(from Elbe-km 96 to Elbe-km 586).  

Reference condition: For the German inland Elbe the geographical position and size of the 
morphological floodplain have been taken from the BfN floodplains balancing project 
(Brunotte et al. 2009; Günther-Diringer et al. 2007; BfN 2012). Using an example of the Elbe 
at Wittenberg, the city of Luther, the methodology is explained in more detail below: 
Through the selection of the data in ArcGIS the surface details for the recent floodplain and 
for the disconnected floodplain, respectively on the left- and right-hand side of the river, are 
given in ha (Chap. 3.9.2). In Fig. 40, a selected segment (defined in the inventory data) is 
presented, as example. In accordance with the example presented, the recent floodplain on the 
left side of the river achieved a value of 175.8 ha. As illustrated in Fig. 41, the determination 
of the areal details for the disconnected floodplain is carried out in the same way. For the left-
hand disconnected floodplain there is accordingly a value of 587.6 ha. 

The spatial proportion of the extent of the left-hand morphological floodplain results from the 
addition of the area of the recent floodplains (on the left side of the river) with the area of the 
left-hand disconnected floodplains, i.e. 175.8 ha + 587.6 ha = 763.4 ha. This value 
corresponds with the maximum reference condition of the left-hand watercourse surroundings 
(= 100 %).  

Actual condition: With the aid of the available data of the BfN floodplain balancing project 
on the Elbe, the spatial proportion of the recent floodplains can be determined for the 
floodplains on each side of the river (Chap. 3.9.2). The proportion of the floodplains still 
existing today on the left-hand side of the river (recent floodplains) for the previously 
portrayed example of the Elbe at Wittenberg, the city of Luther, is 175.8 ha. This corresponds 
to a residual share of the current to the original inundated area of ca. 23 %.   
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Fig. 40:  Exemplary investigation of the spatial proportion of a selected segment of the recent 

floodplain (near Lutherstadt Wittenberg). (recent floodplain = red border, 
morphological floodplain = green border). 

Reference: Brunotte et al. 2009; BfN (2011, 2012; http://www.geodienste.bfn.de/flussauen). 

 

 

This residual share is evaluated with the assessment Class 4 according to the assessment 
matrix (s. Tab. 22). This assessment reflects the current situation of an in large parts dis-
connected floodplain, which no longer stands in direct contact with the river and thus no 
longer has any connectivity, other than via the groundwater.  

The assessment results of the German inland Elbe on each floodplain side for the segments of 
ca. 5 km lengths have been summarized, averaged and visually presented (s. FGG Elbe 2013 
and IKSE 2014; s. Chap. 3.9.2, Chap. 3.9.3, Fig. 42).  

On the basis of the determined assessment classes of this indicator it can be derived that the 
floodplain areas have a reduced extent for today’s flood events and sediment exchanges. 
Besides larger disconnected floodplains, nevertheless, there still exist floodplain areas, which 
have achieved an evaluation of good or better. Local assignments of achieved assessments 
can be taken from Fig. 42. 

It is recommended that there is no averaging of the results achieved for both sides of the river 
environments as the evaluation can be very different even with floodplain sides lying directly 
opposite to each other. 
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Fig. 41:  Exemplary investigation of the spatial proportion of a selected segment of the 

disconnected floodplain (near Lutherstadt Wittenberg). (recent floodplain = red  
border, morphological floodplain = green border). 

Reference: Brunotte et al. 2009; BfN (2011, 2012; http://www.geodienste.bfn.de/flussauen). 

 
 

 
Fig. 42:  Assessment of the indicator spatial proportion of the current floodplains for the 

German inland Elbe and the lower reaches of the tributaries Schwarze Elster, 
Mulde, Saale and Havel. The dashed brownish line illustrates the state border,  
while the black line illustrates the river basin of the Elbe. 

Reference: IKSE (2014); FGG Elbe (2013); Quick et al. (2012, 2014); Rosenzweig et al.  
  (2012); König et al. (2012); BCE (2012); BfN (2011, 2012); modified.  
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3.10 Structures of the river bed and structures 
   of the floodplains 

 

3.10.1  Definition 
The hydromorphological indicator structure of the river bed and structure of the floodplains 
correlates to a value for the structural quality of a surface water. Bed and floodplain 
structures equate to the natural surface relief of the river bed and the floodplains formed 
through fluvial processes (or rather structures of bed and inundation areas of lakes, 
transitional and coastal waters). Depending on the surface water body type appropriately 
characterised bed and floodplain structures can be differentiated, which are often designated 
also within the framework of the German river habitat survey as ‘Special bed structures’ and 
‘special periphery structures’ (e.g. LAWA 2017a, 2017b; LANUV NRW, 2012). These are 
form elements which possess a natural morphological pointing function. To these belong, for 
example, (s. Tab. 23): 
 
Tab. 23:  Examples of river bed and floodplain structures. 

River bed structures Floodplain structures 
grounds embankments 
bars / banks (gravel, sand, etc.) flood channels / side channels / floodplain channels 
islands Connecting channel of various channels (“Nahtrinne”) 

temporal river bed structures enlarged flood channel occupied during high water 
river bed structures washed ashore rim synclines / depressions 
bankheads side waters, groundwater filled side waters („Gießen“) 
braided river sections, river bifurcation side channels, distributaries 
shallow water area former branches / cut-off meander (unilateral connect.) 

pools oxbow lake / back-waters / dead branch (separated) 
riffles floodplain terraces 
deep channels floodplain terraces edges (Holocene) 
scours carved swirl holes 
eddies (natural barrier) slopes / terrace edges 

cascades Small natural levee („Rehne“) 

 

In the flow dynamic changing rhythm the structures of the river bed and the floodplains can 
be permanently or temporally covered with water or be uncovered. The relief forms of the 
bed and floodplains can also appear together, such as for example, in anabranches with 
sediment bars and island formations (comp. Fig. 43; Schirmer 1983; Brunotte et al. 1994; 
Quick 2004; UBA 2014).  

Areas of the bed and floodplain locations characterised as intact are of particular significance 
for the preservation of the biological diversity and as axes for the habitat connectivity. A 
natural or near-natural relief with type-specific bed and floodplain structures offers a 
diversity in living spaces (habitats). The greater the morphological wealth of forms of a river 
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bed and its floodplains is, as a rule the more diverse is the biotope and species diversity of 
flora and fauna.  

The bed structures are equated to the terms bed structure quality, river habitat structures, 
special bed structures, structure of the river bed, of the bottom of the water body and of the 
sea bed. The latter three are also parameters of the hydromorphological quality component 
group morphology according to the EC-WFD (2000), which respectively are of relevance for 
the surface water categories rivers, lakes, transitional and coastal waters. 

 

 

Fig. 43:  Examples of river bed structures and floodplain structures such as sand banks, gravel 
banks, rim synclines / depressions, slopes / terrace edges and river bifurcation. 

Reference: Quick (2012, 2016).  

 

The beds of larger water bodies are often subject to numerous anthropogenic influences. 
Consequently, the structure quality is frequently reduced. The natural floodplain relief with 
its typical inventory of forms is today in many places moulded by anthropogenic impacts and 
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frequently existent only in remnants. The habitats and the corresponding occurrence of 
species (diversity and abundance) can therefore be reduced in all surface water compartments 
(s. for example Brunotte et al. 2009, 2012; Dister 1983, 1986; Jährling 2009; Habersack et al. 
2008a; Hügin 1962). The anthropogenic influences imply, for example, cross-structures and 
river regulation works in the river bed or, for example, heavily levelled terrain areas, 
excavated waters such as gravel pit lakes, rerouting of water bodies, artificial filled ground, 
path embankments, residential areas etc. in the floodplains.  

 

3.10.2  Methodology 
The bed and floodplain structures, which form and characterise the finely textured surface 
shape of the river beds and floodplains, can be calculated quantitatively in their size through 
their spatial extent by means of their surface area or their circumference. With non-areally 
occurrence (e.g. slopes) they can instead be determined by means of their lengths.  

Fundamentally, all structures are to be considered as of equal ranking. Thereby, depending on 
the respective measure, concrete problem and objective, a prioritisation with regard to the 
investigation of certain structures can also take place. Also, considering the size of an area 
under investigation, certain selected structures can be focused on. Moreover, the data 
availability, quality and comparability are critical. This means a selection of the bed and 
floodplain structures can be made. Thus, not all the structures named in Tab. 23 are always 
to be investigated. To be noted for and during the survey are, for example:  

• the type-specific conditions, 
• identical water levels (medium or low flow conditions),  
• the quality, clarity and suitability in particular of the historical fundamentals for the 

detection of structures, 
• a comparability of historical and current data in regard to structures to be surveyed 

(e.g. scales / attention to detail) as well as 
• complete surveys of the structures (relief elevations and depressions) (comp. also 

Chap. 3.11). 

 

Dynamic developments of the structures of the river bed are type-specifically characterized, 
due to hydrological regime and tidal regime relevant parameters (discharge, dynamics of 
water flow, water level dynamics, freshwater flow, wave exposure as well as direction of 
dominant currents etc., see for example EC-WFD 2000; OGewV). Easily detectable can be, 
in particular, bed structures such as islands, river bars, bed structures washed ashore or 
bankheads due to historical cartography or earlier bed recordings. Smaller structures, such as 
pools and riffles or scours can possibly be difficult or impossible to detect for the reference 
condition. In contrast, bed structures can be surveyed nowadays using methods such as 
multibeam echosounder (hydrographic measurement) or difference models. Besides islands, 
bars, grounds etc. pools and riffles, deep channels and scours can be detected at the same 
time. In order to be able to determine the changes of the surface areas or circumferences and 
lengths of the bed structures, the fundamental basis of soundings data, shaded reliefs of the 
river bed, remote sensing data (e.g. aerial photos, unmanned multicopter and manned gyro-
copter), historical cartography, river training documents etc. is to be used. In addition, with 
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appropriate case-specifically concrete questions and requirements, possibly statements can 
also be derived on the spatial shifting bed rates over time for areas with higher sharpness of 
detail of the data recordings.  

For structures of the floodplains of the recent floodplains (s. Chap. 3.9.1) a survey and 
assessment of the development is possible, for example in a 5-year rhythm within the scope 
of detailed monitoring (e.g. via aerial photos or drone missions). Due to the floodable alluvial 
areas, dynamic developments of the structures through discharge embossing are conceivable 
(BfG 2017b). Should floodplain areas be recorded with high detail accuracy, statements can 
possibly be derived on the shifting rates of the floodplain structures (case-specifically as 
required). In contrast, for floodplain structures of the morphological floodplains (s. Chap. 
3.9.1), changes are not or only barely to be reckoned with. This is conditioned through the 
lacking dynamics, as a rule due to the long-standing large-scale dyke constructions, 
infrastructure etc. Here, however, silting processes are possible, which can lead over time to 
reduced water-bearing areas. The detection of the floodplain structures is feasible in each 
case for both, the water-covered and water-uncovered areas (for example, oxbow: Expanse of 
water with medium flow and additionally deepened terrain structure of a previous channel, 
which is not aquiferous with medium flow). This ensures the investigation of the complete 
floodplain structures and thus enables a separate analysis of water-covered and water-
uncovered structures of the floodplains (as a rule during medium flow conditions) (Quick 
2006). As both sides of the surface waters can be very differently characterised (comp. also 
Chap. 3.9), the floodplain structures are to be investigated respectively for each surrounding 
side of the water body. In the coastal area, the floodplain structures are to be designated as 
structures of the supra- and epilittoral / floodplain / marsh (s. Tab. 1). The supra- and epi-
littoral correspond to the spray water, flooding and storm surges inundated areas of the flat 
coast in the intertidal zone (s. Chap. 3.9.2). 

Reference condition: On surface waters designated as natural, the reference condition of the 
bed structures in the river bed can be analysed by means of older topographical maps such 
as the nationwide cartographical original and new recordings from the 19th century 
(“Uraufnahme” and “Neuaufnahme”), historical maps in general, archival documents or, for 
example, river training works documents such as, next to others, engineering for the medium 
flow including earlier bed recordings. They are to be located and digitalised in the GIS 
(surface polygons and lines per type of bed structures, comp. Tab. 23). Surface area or 
circumference and length of the identified bed structures in total correspond to the reference 
condition (s. Chap. 2.3.2.1; comp. for example, Brunotte & Ihben 2000; Quick 2004; Quick 
& Brunotte 2006). Supportingly, detailed studies and data sets for overall concepts and 
typology findings, for instance from the German federal states can be consulted. The 
reference condition for floodplain structures is, as a rule, to be determined on the basis of 
structures within the overall morphological floodplain (s. Chap. 3.9.1). For quantitative 
detection of the surface area or circumference and length expansions of the floodplain 
structures, to be used as determination principles are, inter alia, geological maps (on a scale 
< 1:100,000), soil maps (on a scale < 1:50,000), older topographical maps such as the 
nationwide cartographical original and new recordings from the 19th century, aerial photo 
images from the past, historical maps, archival documents etc. These sources are to be 
investigated and analysed, with regard to the floodplain structures. They are suitable for the 
location of earlier floodplain structures. From these, the extensions for the reference 
condition are to be digitalised, where applicable after a georeferencing before (production of 
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surface polygons and lines for each type of floodplain structure in the GIS). The reference 
condition corresponds to the surface area (or circumference) and length of such quantitatively 
derived floodplain structures (s. Chap. 2.3.2.1; comp. for example, Brunotte & Ihben 2000; 
Quick 2004; Quick & Brunotte 2006). Supportingly, detailed studies and data sets for overall 
concepts and typology findings can be used, for instance from the German federal states. 

Usage-characterised condition: For the determination of the indicators for an HMWB a 
usage-characterised condition, which lies in the recent past, is to be used. As point in time of 
the determination of the usage-characterised condition 1999 was chosen, before the 
introduction of the EC-WFD (2000) (s. Chap. 2.3.2.2). The required data from this time can 
be surveyed for bed structures using aerial photos, echo-soundings, shaded reliefs of the 
river beds, difference models or, for example, measurement campaigns by third parties. For 
floodplain structures, the data from older remote sensing data, topographical maps, 
geological maps, terrain cartography, river training works documents, reports, digital terrain 
models etc. can be used at the then point in time. Frequently, the areal or linear survey can 
already take place through selection of the digital data sets (digital selection of, for example, 
expanses of surface water, soil types, geological deposits, biotopes, geomorphological detail 
cartography including flood channels etc. in the appropriate sources). The methodology 
implies the quantitative analyses and evaluations of these basic principles as explained with 
the reference condition (see above). The floodplain structures for the comparative condition 
for HMWB have to be considered only within the 1999 floodable alluvial areas, so far as 
these at this point in time were already dyked and thus reduced (comp. also EC-WFD 2000; s. 
Chap. 2.3.2.2). Otherwise all floodplain structures of the floodable alluvial areas in 1999 are 
to be determined (comp. Chap. 3.9.2; s. Chap. 3.10.3). 

Actual condition: The bed structures are surveyed in the actual condition by means of 
remote sensing data from such as drones (unmanned multicopter and manned gyrocopter) or 
aerial photos, echo-soundings, shaded reliefs of the river beds, difference models etc. For the 
detection of the floodplain structures the utilisation of topographical maps e.g. on a scale of 
1:5,000 (DGK 5) or 1:25,000 (TK 25), geological maps (scale 1:100,000, 1:50,000, 1:25,000, 
1:5,000), high-resolution digital terrain models, mapping of biotope types or remote sensing 
data (satellite images, aerial photos, drones) etc. are to be recommended as basis for 
assessment (comp. Chap. 2.3.3). Here also an areal and linear structure survey can often take 
place through the selection of the digital data sets in the GIS (areas of water, types of soil, 
geological deposits, biotopes, geomorphological detail cartography etc.). The methodology is 
to be applied as described above. The structures of the floodplains of the actual condition for 
natural water bodies are to be determined in the identical area as with the reference condition 
(as a rule the morphological floodplains). On the other hand, the floodplain structures of the 
actual condition for surface waters designated as HMWB are to be examined in the area of 
the currently floodable alluvial areas and to be compared with those of the usage-
characterised condition (floodable alluvial areas of 1999; comp. also EC-WFD 2000; s. Chap. 
2.3.2.2 and Chap. 3.10.3). 

Forecast condition: Possible modifications are to be taken from the relevant planning 
documents and the plan descriptions of projects (s. Chap. 2.3.4 and Chap. 3.10.3). The 
methodology takes place as described above. The floodplain structures of the forecast 
condition are to be checked against the floodplain structures in the region of the appropriate 
areas of the comparative condition (see above, s. Chap. 2.3.2.2 and Chap. 3.10.3).  
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3.10.3  Assessment 
The assessment of the surface area or determinations of the circumference and linear 
extensions of the bed and floodplain structures happens through the comparison of the actual 
or forecast condition with the reference or usage characterised condition or scenario condition 
(Chap. 2.3.2.3). The classification takes place on the basis of the following calculation 
formulas and is to be carried out separately for the structures of the river bed and the 
structures of the floodplains (respectively right and left surrounding side of the surface 
water) for aggregated 5 km stretches (s. Chap. 2.1): 
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Assess_BFS =    Calculation of surface area of bed structures and floodplain structures in %  

     as basis for the assessment  
AAct = Area (A) of bed or floodplain structures within a stretch of surface waters considered 

in the actual condition (e.g. in ha, m², km²)  
(or rather AFore for the forecast condition) 

AComp = Area (A) of bed or floodplain structures within a stretch of surface waters considered 
in the comparative condition (e.g. in ha, m², km²)  
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Assess_BFS = Calculation of circumference of bed structures and floodplain structures in  % as 

basis for the assessment 
CAct = Circumference (C) of bed or floodplain structures within a stretch of surface waters 

considered in the actual condition (e.g. in m or km)  
(or rather CFore for the forecast condition) 

CComp = Circumference (C) of bed or floodplain structures within a stretch of surface waters 
considered in the comparative condition (e.g. in m or km)  
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Assess_BFS = Calculation of length of bed structures and floodplain structures in %  

as basis for the assessment 
LAct = Length (L) of bed or floodplain structures within a stretch of surface waters 

considered in the actual condition (e.g. in m or km) 
(or rather LFore for the forecast condition) 

LComp = Length (L) of bed or floodplain structures within a stretch of surface waters 
considered in the comparative condition (e.g. in m or km) 

 

The percentage proportion determined on the basis of the formula, separately achieved for the 
bed and floodplain structures, is compared and appropriately classified using the assessment 
matrix, s. Tab. 24. Thereby, the structures of the floodplains are to be investigated 
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respectively for each surrounding side of the surface water. Should both, surface area or 
circumference determinations as well as length extensions of the bed structures and 
floodplain structures have been calculated, it is recommended to retain the respective results 
and not to average the findings (s. Chap. 2.6.1). 

   
 

Tab. 24:  Assessment matrix for the indicator structures of the river bed and structures of the 
floodplains (for each side) (following DIN EN 15843 2010). 

Structures of the river bed and structures 
of the floodplains  

 
 

Class 

Structures of the river 
bed and structures of 

the floodplains,  
percentage share from 

the comparative 
condition 

Assessment 

high unchanged to very minor 
changes 

> 95 % 1 

good minor changes > 85 % 2 

moderate moderate changes > 65 % 3 

poor major changes > 25 % 4 

bad very major changes < 25 % 5 

 

 

As a modified comparative condition is already used for HMWB, no further differentiation 
within the classification and assessment has to take place (s. Chap. 2.3.2.2, Tab. 24). Should a 
HMWB have received an assessment with Class 1 due to constant shares between the actual 
and comparative conditions, nevertheless renaturalisation (river beds, floodplains) or dyke 
reversals (enlargement of floodplains) have taken place or will take place in the future (which 
lead to an increase of the percentage proportion of the bed and floodplain structures), then in 
these cases the Class 1 is to be supplemented with an * (i.e. 1*), based on DIN EN 15843 
(2010). Thus, stretches on HMWB are highlighted, which - despite the initial basis of the 
usage-characterised condition of 1999 and unchanged conditions in the previous actual 
condition - have or will become type-specific enlargements of the bed and floodplain 
structures by renaturalisation or relocations of dykes. 
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3.11 Discussion of uncertainties 

The survey and assessment of the hydromorphological indicators in each case takes place 
with the application of the best available data bases. Nevertheless, with regard to the data 
applied and the methods used, it is essential to take into account some uncertainties, which 
are indicated below as examples. Indications and recommendations on the handling of 
possible uncertainties and which aspects for error reduction are to be heeded can be found 
below and, supplementally, in Chap. 3.1 to 3.10.  

Attention is to be paid that, depending on the prevailing discharge conditions at the time of 
recording, the mapping and cartography results and thus the available data bases, can be 
based on varying discharge situations. Therefore, it is important to consider comparable 
discharge conditions (comp. for example Chap. 3.1). To some extent, current reconstructions 
of former discharges at given water level positions can also be referred to (see, for example, 
Chap. 3.3). 

The scale is also of significance for the detailed required consideration of the indicators. If it 
is selected too small, numerous river morphological structures, under certain circumstances, 
are not indicated. However, even the in general necessary generalisations during the 
production of, for example, topographical maps, under certain circumstances lead to the fact 
that hydromorphological indicators can no longer be represented sufficiently. Consequently, 
acceptably larger scales corresponding to the related question are always to be used. In 
addition, conversions of historical scales into today’s valid length and depth units and height 
systems can be necessary. Here, it has to be kept in mind to pay attention to correct reference 
systems (framework). 

There are also uncertainties with the application of modelling results, as generally even 
model and forecast errors are possible. In these cases it is essential to take into account 
reliability statements on the modelling results. In some circumstances, the comparability 
between models and real conditions (based on natural measurement data) is also only given 
with limitations. Furthermore, current data bases such as digital terrain models can also be 
incorrect.  

It is required, alongside the best possible and best available data bases, to also draw upon 
expert knowledge (FGG Elbe 2013; IKSE 2014; DIN EN 14614 2005; DIN EN 15843 2010; 
DIN EN 16503 2013; CIS-Ecostat 2012). Ultimately, the sources used as well as the results 
achieved should be made plausible by means of expert knowledge and expert verifications. 
For this, for example, referral can be made to oral presentations at national and international 
specialist events and conferences, to meetings of expert groups, specialised publications as 
well as also the formation of specialist groups (accompanying working groups, scientific 
advisory board etc.). Supplementary to this, attention should be paid to use only such basic 
information, which is available homogenously for the total river sections investigated or at 
least larger continuous sections of surface waters. This is valid preferably for the whole 
surface water considered for each hydromorphological indicator. This is because the 
combination of different data sources in the longitudinal course of an investigated surface 
water can also carry uncertainties and sources of error. In addition, the conditions implicate 
only in so far statements on the indicators such as their time span ranges. This is often 
dependent on the respective data availability. Previously occured hydromorphological 
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changes - before the date of recording of respective historical sources took place - could 
consequently not be considered (comp. for example, Chap. 3.4). 

Generally, historical sources such as maps or archival documents can contain errors. Due to 
uncertainties and measurement errors during the detection and analysis of data in general and 
of historical sources a comparison over longer periods is to be recommended. Uncertainties 
and measurement errors can be reduced and carry less weight through the procedure of using 
the data for each hydromorphological indicator investigated including preferably 
representative and/or long time periods. Furthermore, a comparison with other, additional 
sources is recommended. Taking into consideration these aspects, misinterpretations can be 
avoided and sources of error reduced (Vollmer et al. 2013; Quick 2004). 

In part, with the processing of historical sources, assumptions are to be made which should 
also be safeguarded using further considerations. For example, for the indicator depth 
variation it is to be pointed out that, for the example of the inland Elbe, it was assumed that 
the bed soundings for the creation of a historic longitudinal profile of the river bed along the 
thalweg was carried out as deepest area of the river bed for the then shipping. Whether this 
actually took place in this way in the history was not documented and is therefore not proven 
with certainty (Quick et al. 2012). Recordings of the river bed in the 18th and19th centuries 
have, however, due to the then actors - such as Jasmund (1900) or Tulla (1812, 1825) - 
already hold a high degree of accuracy. Contentwise similarly constructed publications with 
comparable map appendices and longitudinal profile sections such as the Elbstromwerk 
(1898) document the river bed situation and levels in the longitudinal profile as thalweg bed 
(example Rhine, Großh. Baden Central Office for Meteorology and Hydrography 1889). 
Additionally, there already existed hydraulic engineering specifications such as in the 
„Anweisung zur Wasserbaukunst“ [Statements on hydraulic engineering skills] by Gilln & 
Entelwein (1818). At this point in time, the Upper Rhine river training work was already 
started (1817-1876) by Tulla. By 1900 the Lower Rhine river training work was also 
completed, which Nobiling as Director of the “Preußischen Rheinstrombauverwaltung” 
[Prussian Rhine River Building Authority] realised. The depth profile recordings in the 
Elbstromwerk from the period before 1898 therefore are concerned in all probability with the 
thalweg of the „Stromthalkarte der Elbe“ [River valley map of the Elbe] presented in the map 
volume, Sheet 12 to 19 (1898) (Rosenzweig et al. 2012).  

Furthermore, uncertainties can result through simplified procedures. These have to be taken 
if no data are available from the comparative condition (s. Chap. 2.3.2, Chap. 2.3.2.1, Chap. 
2.3.2.2). An example here would be to perform the determination of the bed substrate for the 
reference condition: Generally, information on sediment for the reference condition is barely 
or not at all documented. In such cases the Valmorph method functions with an indirect 
methodology for the derivation of the grain size diameter in the reference condition (s. Chap. 
3.6). With regard to the determination of the grain size distribution of sediment samples by 
means of different processes (such as sieving, laser-optical granulometry or measurement of 
the hydraulic particle size via particle sinking velocity) it should be pointed out that each 
process possesses advantage and disadvantages, for example with regard to the methodical 
and temporal expenditure or accuracy. In the Waterways and Shipping Administration 
(WSV) in Germany as well as in the BfG the arithmetic method according to Meyer-Peter & 
Müller (1948) for the calculation of the mean grain size is generally accepted and practiced. 
The method has already been used in earlier works (e.g. Wendworth 1922; Krumbein & 
Pettijohn 1938). With the arithmetic method for the investigation of the mean grain size the 



 

114 
 

Federal Institute  
of Hydrology 
 
BfG-1910 
Valmorph 

coarse parts of the overall distribution exceed in quantity those of the fine (McManus 1988). 
As a result, the geometric or logarithmic methods for the calculation of the mean grain size 
are also employed elsewhere (Blott & Pye 2001). In addition, the splitting of the grain size 
classes can also vary within different geoscientific disciplines or between different authors or 
between different nationalities. In the German-speaking regions the classification according 
to DIN 4022 or DIN EN ISO 14688 is widespread. Consequently, always take note here of 
the application using comparably achieved results (on the basis of similar methods and 
applied classification schemes). In principle, attention is to be paid that the mean grain size as 
isolated statistical parameter is insufficiently suitable in order to describe in general the 
distributions of grain sizes. For the description of these, as a supplement (with appropriate 
data situation), for example the coefficient of uniformity or the porosity can be considered (s. 
Chap. 3.6). 

With the Valmorph method the developments of the indicators over time are not to be 
assigned directly to certain events. Here, for example, the indicator mean bed level changes 
is to be mentioned: The values determined with the aid of the methodology in cm/year 
represent average values of the bed level position developments and allow no inference to the 
respective temporal development or concrete events. To a certain degree uncertainties exist 
also with bed soundings. Therefore, it is necessary to use preferably other data sources for the 
verification of the mean bed level changes. For this, there are comparisons to be undertaken 
using evaluations of bed load transport measurements for recent decades, load balances and 
determinations of water level position differences. In particular low water level positions 
portray river bed positions very well. Discharge developments in the periods considered are 
also to be analysed for the safeguarding of the achieved results. Details on uncertainties of 
bed load transport measurements are to be taken from, for example BfG (2012b) or Vollmer 
et al. (2014), of suspended sediment measurements, for example IKSE (2014) or BfG (2015). 
The ratio of the uncertainties with the analysis of bed soundings, in relation to the size of the 
measurement signal of the bed level change, decreases with the length of the period over 
which they are compared (Vollmer et al. 2013; Busch et al. 2013). Consequently, for the 
derivations of comparative conditions, as long as possible periods are to be used (s. Chap. 
3.4). It is necessary to note that the development of some indicators (such as mean bed level 
changes, depth variation or substrate of the bed) can also be influenced by dredging actions or 
other measures of sediment management.  

As illustrated in Chap. 3, due to the good availability of data, precisely federal waterways 
offer themselves for the quantitative survey and assessment of the indicators. Their hydro-
morphological condition is often easily definable and assessable. The suitability of the data is 
based on the point in time as well as on the quality of the data collection and documentation. 
Attention is always to be paid to a comparability of the conditions. In addition, a certain river 
morphological and hydromorphological specialist knowledge of the cartographer and user is 
necessary and decisive as qualification for the application of the Valmorph 2 method. 
Thereby, the required level of training varies from Bachelor of Science to Post Graduate; the 
expert knowledge of the responsible processor as well as the data situation are, however 
essential. In particular for (smaller) surface waters without navigation often quantitative data 
is missing, in part this also applies for waterways less intensively used for traffic. A 
transferability of the methods is ensured, however, in these cases, mostly initially a survey of 
possibly missing data is necessary. 
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The resultant findings of the hydromorphological indicators are ultimately also dependent on 
the lengths of the surface water stretches investigated, the selected methods and aggre-
gation levels as well on the size of the supporting area of the moving average. In order 
here to be able to obtain as representative as possible specifications for the federal waterways, 
while retaining detailed results, appropriate section lengths, aggregation levels etc. are 
recommended (s. Chap. 2, 3 and 4). Through the averaging over larger sections (for example 
10 km), many of the better and worse assessments (Class 1 and 5) were omitted or were 
averaged to moderate values through the smoothing of the assessment spectrum. However, in 
order to be able to derive adequate recommendations for action for the improvement of the 
hydromorphological conditions, the assessment results should be provided as detailed as 
possible (Chap. 2.6) (for example IKSE 2014; Heininger et al. 2015). 

In summary, it can be concluded that with the Valmorph method, as explained above, 
various basic principles for the greatest possible safeguarding of results were followed, 
in order as far as possible to reduce sources of error and to enable a final estimation of 
the degree of the uncertainties. With the background of the frequently good data bases on 
the German federal waterways and the detailed documentations of indicator-specific 
procedures for the survey and assessment of the hydromorphological conditions, the 
uncertainties overall were classified as slight (s. also FGG Elbe 2013; IKSE 2014; Quick et 
al. 2014). 
 
 
 
 

4  Survey and assessment methods of  
hydromorphological indicators, canals  

 

In canals, which are designated as artificial surface waters, the assessment of the 
hydromorphological situation or also of changes in and on the surface waters is difficult, as 
up until now no or barely assessment principles or necessary detailed comparative conditions 
exist (comp. Chap. 1, Chap. 2.2, Chap. 2.3.2.2; LAWA 2015).  

The hydromorphological indicators presented below are to be applied exclusively to artificial 
canals (s. Chap. 2.2; BfG 2011b; Quick 2010). For canals, which use former river beds, the 
indicators for the inland and coast areas (s. Chap. 3) are to be used, as in these cases the 
surface waters are designated as HMWB and not as AWB (Chap. 2.2, Chap. 2.8). Examples 
for these stretches of water are several sections of the Dortmund-Ems canal (DEC), along 
which the original Ems river bed is used or the Main-Danube canal (MDC), which inter alia 
uses the river bed of the Altmühl over ca. 34 km (s. Fig. 2, Fig. 4).  

Canals are mainly characterised by low flow velocities and an absence of morphodynamics. 
Furthermore, in general approximately constant water level states predominate. Due to these 
requirements a leanly held, strongly simplified and easily applicable method for the 
assessment of exemplary indicators is implemented. This methodology implies the following 
representative hydromorphological indicators, with whose help the different valence between 
various canals can be proven and appropriately classified (s. also Tab. 1). For AWB, as 
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purely artificially created water bodies, only so-called “Damage indicators” (anthro-
pogenically created constructions) are surveyed and assessed: 

 
(1) Cross-structures 
(2) Bed / bottom protection 
(3) Bank fixation 

Changes due to river training works at canals are also documented through the Valmorph 
method and can be assessed. The specification of the respective assessment matrix for the 
three hydromorphological indicators took place under the premise, the less unnatural the 
longitudinal profile, bed and banks of a canal are characterized, the better the assessment (s. 
Tab. 25, 26 and 27) (Gültekin 2011; Quick 2011a). The three indicators are representative for 
the hydromorphological characterisation of the AWB under consideration. They are compiled 
in 1 km and/or 5 km stretches (comp. Chap. 2.1). 

If required, an arithmetical averaging from the results of the respective indicators can take 
place for the overall assessment. Along with an equal ranked weighting, as further aggre-
gation possibility, alternatively the implementation of a strengthened weighting for one of the 
hydromorphological damage indicators with particular significance for a certain problem 
would be conceivable (comp. Chap. 2.6, Chap. 3.11). Generally, however, a retention of the 
assessment of the individual indicators is also recommended for canals, in order, if required, 
to have available an as detailed as possible statement on the characterisation. 

 

 

 

4.1 Cross-structures 

 
Definition, Methodology and Assessment  
 
Definition: Existing cross-structures (such as, for example, locks, weirs, water power stations 
and similar according to DIN 4047-5 1989 and DIN 19661-2 2000) cause a backwater and 
reduce or prevent a sediment continuity due to the low flow velocities (comp. Chap. 3.2). A 
sediment transport in canals as a rule is not present up to being only slightly apparent or, at 
the most, is ship induced.  

 

Methodology: On federal waterways, a compilation of the cross-structures is possible, for 
example from remote sensing data (e.g. aerial photos) or on the basis of various cartographic 
works (e.g. DGK5, DBWK2) (comp. Chap. 3.2). A differentiation of the type of cross-
structure is not undertaken, there results a simplified “Yes/No” survey combined with the 
distance of the cross-structure from the canal stretch under investigation in accordance with 
Tab. 25. 
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Assessment: The evaluation is to be applied on the basis of the assessment matrix in Tab. 25 
below. The further away a cross-structure is, the smaller is its impact with regard to the 
longitudinal profile, the flow velocities and, possibly, also to a certain sediment transport. 
Therefore, the evaluation takes place depending on the distance away from the cross-
structure.  

 

Tab. 25:  Assessment matrix for the hydromorphological indicator  
cross structures (canals). 

Cross-structures Assessment 
Cross structures within the investigated stretch 5 
Cross structures up to 5 km distance 4 
Cross structures up to 50 km distance 3 
Cross structures above 50 km distance 2 
Cross structures only at the inlet and outlet of the canal 1 
 
 
 
 

4.2 Bed / bottom protection 

 
Definition, Methodology and Assessment 
 

Definition: To this belong – so far as applied – the fixation materials on the canal bed for the 
protection of this as well as in the side areas of the canal bed below medium flow.  

 

Methodology: The bed reinforcement can, for example, be determined by means of existing 
river training works or planning documents, inquiries with authorities or, if required, by 
terrain campaigns. 

 

Assessment: Depending on the material used or type of fixation for the protection of the canal 
bed, the assessment takes place according to the following matrix, s. Tab. 26. The less 
stronger the fixation is, the better the assessment levels are for the canal stretch under 
consideration. 

 

Tab. 26:  Assessment matrix for the hydromorphological 
indicator bed / bottom protection (canals). 

Bed / bottom protection Assessment 
Concrete products, sheet piling, massive bed without sediment 5 
Concrete products, sheet piling, massive bed with sediment,  
ripraps, revetment of armourstones, interlocked 4 

Ripraps, revetment of armourstones, uninterlocked 3 
Alternative bed protection (such as vegetation mats) 2 
Unspoiled river bed  1 
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4.3 Bank fixation 

 
Definition, Methodology and Assessment 
 

Definition: To bank protection belongs – so far as existent – the fixation of both sides of the 
canal banks above the medium flow line. Bank revetments serve the purpose of strengthening 
the bank and for the preservation of a navigation channel and of a defined watercourse. Bank 
revetments, in comparison to natural or near-natural bank characteristics, represent degraded 
bank sections in regard to structural aspects. 

 

Methodology: For example, the fixation of the bank can be established by means of DBWK 
2, river training work or planning documents, campaigns using drones or other map bases. A 
visual inspection is as a rule not required along large and navigable canals. 

 

Assessment: Depending on the fixation which has taken place, the evaluation is to be carried 
out according to the assessment matrix in Tab. 27 The award of the assessment classes with 
this occur all the better depending on how less strongly the bank of the canal stretch under 
consideration is protected (comp. e.g. Quick 2011a). 

 

Tab. 27:  Assessment matrix for the hydromorphological indicator bank fixation 
(canals) per side. 

Bank fixation Assessment 
Concrete products, sheet piling, cobblestone / stone paving 5 
Concrete products, sheet piling, cobblestone / stone paving covered with 
sediments and/or vegetation 4 

Ripraps, revetment of armourstones, ungrouted 3 
Alternative bank fixation (such as vegetation mats, living material, wood 
installations - bioengineering measures) 2 

Unspoiled river bank 1 
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5. Summary and outlook 
 

At the German Federal Institute of Hydrology (BfG) the Valmorph 2 method has been 
developed as hydromorphological survey and assessment method for the complete federal 
waterways and their floodplains in Germany. It enables a quantification of hydro-
morphological surface water conditions and modifications per sections. The applied 
Valmorph approach of quantitative hydrology (morphometry) allows a technical, specialist 
processing using type-specific quantitative verifiable and assessable comparative values and 
threshold values. An evaluation takes place originating from the respective degree of the 
compliance with or rather deviation from a comparative condition, which serves as basis for 
calculation and assessment. Valmorph can support decision making processes, for example, 
within the scope of sediment management or EIAs. Forecast conditions of various measure 
scenarios of the natural development of surface waters, of a navigable waterway construction 
etc. can also be classified hydromorphologically with respect to a comparative condition, 
using the five-stage assessment system of Valmorph.  

The method is based on the ten representative indicators width variation, sediment 
continuity, depth variation, mean bed level changes, suspended sediment budget, substrate of 
the bed, structure of the riparian zone, areal changes of the eulittoral zone, spatial proportion 
of the current floodplains as well as structures of the bed and structures of the floodplains. 
These are to be selected according to the concern and relevance for the respective question-
related problems. The characterisation of the indicators is calculated and identified with the 
aid of clearly parameterised methods (s. Chap. 3.1 to 3.10).  

The Valmorph approach implies various states for the achievement of objectives for 
natural water bodies as well as water bodies designated as heavily modified and artificial. The 
method is applicable for all surface waters categories as well as for all surface water body 
types. The large and navigable surface waters are recorded by means of measuring points, 
measuring cross-sections and/or area-measured data and then analysed. On waterways, as a 
rule, the formation and further perpetuation of equidistant sections of 5 km length per 
indicator, in accordance with the Valmorph method, is recommended in order to enable 
detailed spatial assignments and suitable comparisons mutually along longer flow stretches as 
well as to be able to identify trends. The results can be visualised, with the retaining of the 1 
km mapping sections or 5 km aggregated surface water sections, as required respectively for 
water bodies, supra-regional sections of surface waters (e.g. along depth erosion stretches) 
right up to complete water course and total system (s. Chap. 2.1).  

Valmorph 2 represents a supporting tool for the management of large and navigable 
surface waters. With the aid of detailed investigation, recording and evaluation, deficits as 
well as localisations for effective measures of improvement, right up to renaturalisation, can 
be indicated. With this, the effects of recommendations for action and implementation of 
measures are to be spatially oriented on the deficient areas. The determined results can, 
moreover, be used for the identification of good surface water stretches and consequently for 
their protection. The Valmorph method is equally appropriate to be a monitoring tool for 
efficiency controls (comp. Chap 2). For example, within the scope of the second River Basin 
Management Plan (RBMP) prepared under the Water Framework Directive (EC-WFD), 
Valmorph was applied for the Elbe River and present a background document for the Elbe 
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RBMP (Rosenzweig et al. 2012, IKSE 2014 and FGG Elbe 2013). The Valmorph procedure 
is closely connected to the Driving Force-Pressure-State-Impact-Response concept (DPSIR) 
(Chap. 2.7) as well as to the current legal specifications and specialist, technical national and 
international regulations (e.g. EC-WFD 2000; WHG; OGewV; DIN EN 14614 2005; DIN 
EN 15843 2010; BfG 2011b; LAWA 1999 ff.). With this, the Valmorph method ensure with 
its application also a compliance with the requirements, standardisation and shortening of the 
tasks and durations of projects on the federal waterways.  

The structure of the description of the Valmorph procedure presented here depicts, as 
introduction in Chap. 1, impulse and objectives, the field of application as well as 
explanations on the understanding of hydromorphology. In Chap. 2, the scientific approach 
description, including  possible implementations, is effected before the detailed document-
tations of the hydromorphological indicators and their methods for investigation and 
assessment is found in Chap. 3. The presentation of the indicators takes place respectively 
subdivided into definition, method and classification/assessment to be carried out including 
appropriate calculation formulas. All necessary, relevant contents are documented, ranging 
from the data and their analyses up to assessment regulations. In some cases, there are also 
typical case studies to be found. A discussion on the uncertainties follows in Chap. 3.11, 
before artificial waterways are thematised specially in Chap. 4.  

The differentiation of the Valmorph method to other hydromorphological methods results 
through the application of quantitative data and the high degree of detail accuracy resulting 
therefrom. Additionally, the Valmorph procedure operates with a selected, manageable set of 
representative indicators and furthermore includes adjusted procedures with regard to aspects 
relevant to waterways, both in contrast to other hydromorphological methods. As an example 
to be mentioned here is the application of reduced environmental targets for heavily modified 
and artificial designated surface waters. For example, methods for the German river habitat 
survey refer to today’s potential natural condition (hnpG, Chap. 2.3.2.1); as a rule, this leads 
to poor evaluations of heavily modified and artificial designated large and navigable surface 
waters. The Valmorph method takes this factor into consideration (Chap. 2.3.2.2, Chap. 3.1 to 
3.10). Finally, a further essential difference of Valmorph to other methods (with which the 
bed of navigable surface waters is frequently inadequately represented) is the fact that the 
area of the surface water bed itself is best represented using Valmorph (Chap. 2.6.1). 
Additionally, the very precise examination per sections using Valmorph allows also a 
recognition of small-scale, local modifications by contrast with comparative conditions. 

In the future, inter alia the further development of methods, models and tools as well as the 
involvement of current specialised, environmental protection topics relevant and also 
technical developments will belong to the tasks of the Federal Institute of Hydrology as 
supreme federal agency. Therefore, adaptions of hydromorphological indicators could be 
developed for the navigable surface waters. Should relevant progress from a specialised point 
of view (e.g. Chap. 2.3.2.2) and/or requirements from legislation and jurisprudence take place 
and/or further data bases are exploited and are available, then these are to be consulted 
respectively for adapted procedures for the management of the federal waterways and for 
updated processing. 
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List of abbreviations 
 

ADCP:  Acoustic Doppler Current Profiler 
AWB:  Artificial water body 
BACI:  Before-After-Control-Impact 
BAW:   Bundesanstalt für Wasserbau (Federal Waterways Engineering and Research Institute) 
BfG:   Bundesanstalt für Gewässerkunde (Federal Institute of Hydrology) 
BMVI: Bundesministerium für Verkehr und digitale Infrastruktur (Federal Ministry of 

Transport and Digital Infrastructure) 
ca.:  Circa 
Chap.:  Chapter 
CIR:  Color-Infrarot 
Comp.:  Compare 
DBWK 2: Digitale Bundeswasserstraßenkarte 1: 2.000 (Digital map of federal waterways) 
DGK 5: Deutsche Grundkarte 1: 5.000 (Official topographic map) 
DGM:  Digitales Geländemodell (Digital terrain model) 
DIN:  Deutsches Institut für Normung (German Institute for Standardization) 
DIN EN: Deutsches Institut für Normung(German Institute for Standardization, European) 
e.g.:  For example 
cm:  Centimetre 
et al.  Et alii 
etc.:  Et cetera 
EIA:  Environmental Impact Assessments 
Fig.:  Figure 
FLYS:  Flusshydrologische Software der BfG (Hydrological software of the BfG) 
GES:  Good ecological status  
GEP/MEP: Good / maximum ecological potential 
GGInA: Geoportal of the BfG 
ha:  Hectare 
HMWB: Heavily modified water body  
INFORM: Integriertes Flussauenmodell der BfG (INtegrated FlOodplain Response Model) 
km:  Kilometre 
LAWA: Bund-/Länder-Arbeitsgemeinschaft Wasser (German Working Group on water issues 

of the Federal States and the Federal Government) 
LIDAR: Light detection and ranging 
m:  Metre 
MHT / MHTL: Mean high tide (line) 
mm:  Millimetre 
NWB:  Natural water body 
OGewV: Verordnung zum Schutz der Oberflächengewässer (German Surface Waters Ordinance) 
s.  See 
SchwebDB: Schwebstoff-Datenbank der BfG (Suspended sediment database) 
SedDB: Sediment-Datenbank der BfG (Sediment database) 
TK 25:  Topografische Karte 1: 25000 (Topographic map) 
UBA:  Umweltbundesamt (Federal Environment Agency) 
Valmorph: eVALuation of MORPHology 
WHG:  Wasserhaushaltsgesetz (German Water Resources Law) 
WSA:   Wasserstraßen- und Schifffahrtsamt (Waterways and Shipping Office) 
WSV:   Wasserstraßen- und Schifffahrtsverwaltung des Bundes (Federal Waterways and 

Shipping Administration) 
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