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Summary  
 
 
Background  

The purpose of WP3 is to address degraded river systems and u nder D3.1 to specifically 

look at i mpacts  of hydromorphological degradation on ecological status  using existing 

data. The aim of the work was to begin the development of metrics which indicate the 

impact of hydromorphological degradation on biota. The authors were conscious of the 

need of stakeho lders to both evaluate current condition but also evaluate the success of 

river rehabilitation projects.  

HYMO indicators of degradation  

A possible  approach for developing a method of  evaluating the ecological and 

morphological conditions of a river influe nced by human intervention is presented. The 

method is based on a source pool of detailed physical parameters and indicators 

(metrics) that are linked to the data and outputs of other work packages (WP1 & WP2) 

within the REFORM Project. Depending on the fo cus of an evaluation (to choose from 

morphology, vegetation, benthos and/or fish), experts can use these approaches to 

identify a subset of key indicators from this pool. When using t he approach  an evaluation 

is performed comparatively between the benchmar k condition  of the river and the river 

condition  affected by human intervention. The output, an informed choice of key metrics, 

aims to support  the stakeholder decision making processes and their ability to target 

desired project goals. These indicators of  degradation should be viewed as an interim 

solution while a more comprehensive and tested approach is produced from WP2  and the 

final system developed will be an integral part of WP6 . The impact of hydromorphological 

degradation on individual biological Q uality elements is reviewed in the subsequent 

chapters.  

 

Phytobenthos  

It was not possible to detect any effect of the hydromorphological alterations tested, 

which included alterations that influence the flow velocity, the rate of sedimentation and 

the in -stream habitat on metrics based on phytobenthos, although it is reassuring that 

metrics developed to assess eutrophication stress (e.g. TDI, IPS and related indices) 

appear robust to hydromorphological alteration. Furthermore, it was not possible to 

dem onstrate an effective response of the proposed index of fine sediment stress based 

on phytobenthos; % motile taxa appears to be related more to nutrient availability than 

to fine sediment.  

Macrophytes  

No macrophyte metrics sensitive to hydromorphological p ressures exist despite extensive 

literature on the well -described and consistent responses of vegetation to damming, 

weed cutting and dredging. To make the best use of pre -existing monitoring datasets a 

trait -based approach was used to examine the potentia l for new metrics. Clear 

differences in the dominance of plant morphotypes were detected between rivers of 

different geomorphological style, indicating plant responses may differ between different 

river style s. While general responses to hydromorphological  degradation were difficult to 
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detect in some of the large noisy datasets, clear responses of some plant traits were 

detected in others. For stakeholders, the results indicate plants have particularly strong 

potential as useful metrics, especially given th eir intimate role in geomorphological 

processes but significant development is required.  

Macroinvertebrates  

Metrics developed to detect hydrological impairment and hydromorphological degradation 

were not more discriminative than a number of metrics sensit ive to other pressures. 

These findings leave water managers with a significant challenge when diagnosing the 

reason for not obtaining good ecological status in a waterbody. The reasons for the lack 

of sensitivity can be attributed to a number of different factors; explanatory variables 

which are not measured as part of routine monitoring programmes and  

hydromorphological assessment schemes that do not necessarily record variables of 

importance to the in -stream biota. In addition, the present findings sugge st that both 

metric development and sampling scales need to be scrutinised to improve sensitivity.     

Fish  

Sensitivity of fish to hydromorphological pressures  was detected. L ogistic regression 

analyses revealed 69% of the analysed European freshwater spec ies display a significant 

(>90% c.l.) response to HYMO pressures. Responses could be both positive and negative 

depending on whether an alteration had improved or degraded the habitat suitability for 

a species. The confounding effects of multiple stressors  on these potential metrics will be 

elucidated in Deliverable 3.2.  

Joint BQE  

Initial tests on data on diatoms, fish and invertebrates collected at the same sites 

revealed that Ecological Quality Ratios for these groups follow broadly similar patterns. 

Man y of the sites examined were subject to multiple pressures, and the results 

demonstrated that with these data development of a joint metric sensitive to 

hydromorphological pressures was confounded by the overwhelming signal from 

sensitivity to water qualit y. The data, from Finland, exhibit strong water quality gradients 

but relatively weak hydromorphological gradients.  

Fine sediments  

Excess fine sediment input is a diffuse form of hydromorphological pressure which is 

widespread throughout Europe with known  or potential impacts on all BQEs. It is not 

possible to parameterise it effectively using data collected by standard 

hydromorphological monitoring techniques such as the River Habitat Survey. The project 

had access to a specialist dataset where this press ure was examined directly, and the 

response of invertebrates could be elucidated by using traits. In general, invertebrates 

shifted to smaller taxa in response to fine sediment input suggesting that there is the 

potential to develop biotic metrics sensitiv e to this pressure.  

Habitats Directive  

The vulnerability of fish protected under the Habitats Directive and aquatic vegetation 

Habitat 3260 were examined. The potential to assess vulnerability using current 

monitoring techniques was reviewed for fish, and  the extent of hydromorphological 
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pressures at Special Areas of Conservation with Habitat 3260 was quantified. The future 

vulnerability of Habitat 3260 sites to changes in hydrology, driven by climate change and 

socio -economic scenarios, is presented graph ically and suggests increasing vulnerability.  

Sediment quality  

The study showed that river water quality is not only dictated by diffuse or source point 

emissions of contaminants; it is also strongly related to the quality of sediments. High 

discharge eve nts, which may occur more often in the future as predicted in future climate 

scenarios, may mobilise the associated contaminants. Increased contaminant loads at 

high discharge are commonly not signaled or detected by monitoring programmes 

because of the ma sking effect of particle size and dilution. An impact on ecosystem 

health in sedimentation areas cannot be excluded, however.  

 

Groundwater  

Both data analysis and spatially distributed groundwater -surface modelling showed that 

groundwater is an important d river of maintaining good environmental flows during dry 

periods in sandy catchments. Groundwater conditions and environmental flows have 

deteriorated due to anthropogenic changes over the past 150 years, and climate change 

will probably amplify this deter ioration. Our study showed that catchment -scale 

alterations may significantly improve groundwater conditions and stream discharge, for 

instance via changes in groundwater abstraction regime, drainage systems and re -

naturalisation projects.  

Effect of strea m corridor and catchment characteristics  

Land -use in both stream corridors and catchments influences macroinvertebrate 

community composition although natural features such as altitude have to be considered.  

Significant relationships of a number of macroin vertebrate metrics were found with 

agriculture and urban land use in stream corridor and catchment. Additionally metrics 

correlated with proportion of natural or semi -natural vegetation in stream corridor 

upstream studied sites. These findings imply that l and -use data c ould be a more robust 

way of assessing impacts than reach specific data and could be more relevant in the 

decision making process on land -use and HYMO degradation in a catchment management 

perspective.  

Brief overall conclusions / Executive Summary  

¶ There is an acknowledged need among stakeholders that new hydromorphological 

metrics are required to facilitate site remediation and for reporting at national and 

European levels.  

¶ Pressure/ impact data were assembled from across Europe. The task wa s challenging, 

but useful information was gathered.  

¶ For each major hydromorphological pressure, the physical response gradients of 

rivers was summarised as diagnostic diagrams.  

¶ For the first time we provide evidence that metrics indicating HYMO impact could be 

developed from monitoring data on fish and macrophytes.  

¶ For the first time we demonstrate the potential to derive metrics sensitive to fine 

sediment.  
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¶ We provide evidence that phytobenthos (diatoms), invertebrates and macrophytes 

have the potentia l to be used in combined metrics.  

¶ We found that many existing macroinvertebrate metrics lack specificity and can 

provide false positive responses to HYMO pressure, suggesting that disentanglement 

of multi - stressor responses is critical to good diagnosis.  

¶ There is evidence that aquatic habitats protected under the Habitats Directive will be 

increasingly vulnerable to hydrological pressures with the changing climate.  

¶ Frequently, overlooked topics such as sediment quality and groundwater issues ought 

to  suppl ement or be included in HYMO assessments due to their potential for 

explaining variance in biological datasets.  

¶ Land -use data on a spatial scale beyond the reach scale (corridor and catchment) 

relates to site -specific macroinvertebrate metrics and could be  a more robust way of 

assessing impacts.  
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1.  Introduction   
In this introductory chapter we review and synthesise deliverable D3.1 and place the work  

within the current context of the REFORM project and river management in Europe. The 

deliverable is the outcome of Task 3.1. in WP3, which terminated in Month 24, and D3.1 

reports the work undertaken as well as a number of findings. The core of Task 3.1. is to use 

existing data on hydromorphological degradation and Water Framework Directive (WFD) 

biological quality elements to test existing assessment systems and develop new candidate 

metrics. These new metrics will be refined and undergo further testing l ater, in Tasks 3.2. and 

3.3. The main elements of the work have focused on standardi zation of data, statistical 

analyses and subsequent reporting of results in this deliverable D3.1 ñImpacts of 

hydromorphological degradation and disturbed sediment dynamics  on ecological statusò.  

The aims of the deliverable are to:  

1.  Collate existing knowledge from a number of sources and formats:  

a.  Collect and standardise existing pan -European monitoring data, including both 

biological quality elements, data on hydromorphologic al degradation and other 

variables to quantify other stressors/multiple stress scenarios.  

b.  Identify single datasets or case studies that can be used to investigate relationships 

that cannot be tested on the large scale dataset (a) due to lack of appropriate  data.  

c.  Published (grey and peer - reviewed literature) and web -based information on 

pressures and indicators of hydromorphology.  

2.  Quantify impacts of human interventions on hydromorphological processes and forms.  

3.  Review and investigate relationships between  biota, biological metrics and 

hydromorphological pressures including an assessment of the vulnerability to 

hydromorphological degradation of specific Habitats Directive freshwater species and 

habitats and the role of fine sediment.  

 

The timeliness of this  work was underlined at the end -user conference held in Brussels in 

February 2013 as part the REFORM project dissemination strategy. Representatives from a 

wide range of water management organisations, from across Europe, expressed a clear need 

for improve d diagnostic tools. They need tools that indicate whether or not a 

hydromorphological alteration to rivers causes biological degradation, how serious the 

degradation is, and how might it be remedied. Stakeholders strongly emphasised the need for 

new tools (metrics), and many representatives expressed the view that targeted monitoring 

could provide the data needed to develop such tools. The first aim of D3.1 addresses this 

question by looking at the suitability of existing data. In summary, despite intercali bration 

processes, many technical differences remain between the methods of collecting data, 

especially physical data, and these limit the scope for pan -European analyses. Furthermore, it 

has been an extremely time -consuming exercise to standardise these d atasets as they are 

highly variable with regard to both parameters measured and units used. Moreover, typically, 

documentation is in a national language and required translation. Consequently, the crude data 

were refined into very comprehensive national da tasets and pre -existing pan -European 

datasets such as the intercalibration dataset and data collected as part of the previous EU 

Framework Programme projects STAR and WISER. Of these national datasets we have asked 

similar questions allowing consensus opin ions to be developed. Subsequent deliverables from 

WP3 will suggest modifications to field methods and sampling strategy which will include 

options for standardization to help avoid the difficulties encountered in assembling the REFORM 
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data.  

Why are biolog ical metrics sensitive to hydromorphological pressures required? Since the 

inception of the EU Water Framework Directive, assessment of the quality of waterbodies has 

been synonymous with ecological status, i.e. the state of biological communities relative  to 

reference conditions. The short answer is therefore that such metrics are required because 

they identify the pressure primarily responsible for degradation of the ecological status class. 

Within the legislative framework there is a need for tools that allow managers to diagnose and 

prescribe local site remediation, tools that facilitate national strategic solutions, and tools that 

summarise the impact at various levels of the management hierarchy (river basin, national) for 

reporting to DG Environment. Reporting tools may also be used to inform and educate the 

general public. So far, this wide array of requirements has been met with a small suite of 

biological tools (metrics) that are either based on existing water quality metrics or new metrics 

develope d under conditions of some urgency. Consider the origin of biological metrics for 

freshwaters, when the first biological metrics were designed for use with bacteria and benthic 

invertebrates to diagnose the causes of deterioration in biota at a site follow ing a pollution 

incident. A before and after incident condition could be compared. They were designed to be 

sensitive to organic pollution, eutrophication or other chemical pollutant, pesticides, 

acidification, etc. Critically, all of these pollutants are not often visible to the naked eye, they 

may leave a lasting impact on the biota for long periods after being washed downstream, and 

their impact is determined by their concentration, which declines with downstream mixing. 

Typically, metrics are reported a s single values, or if used to summarise the quality of a large 

number of sites, in a small number of categories. It is unusual to see them reported in a 

manner indicating a response trajectory which  would be useful, for example, for assessing site 

restora tion. Typically, they are presented as Ecological Quality Ratios (EQRs) that define an 

observed state in a river against an ideal reference condition. Hydromorphological changes to 

systems are fundamentally different in that direct changes to fluvial geomo rphology are much 

more visible to the naked eye. A dam is obvious and a channelised river reach is often obvious 

too, even when it has not been maintained. Their presence is a constant. Whilst hydrological 

changes are not always directly visible, it is com mon for them to be monitored directly through 

channel gauging and abstraction licensing, allowing remedial environmental flows to be set. 

The question of applying metrics to hydromorphology is therefore somewhat different in terms 

of diagnosis from chemica l pollutants, as the presence of potential geomorphological pressures 

is known. Therefore, the usefulness of metrics is to encapsulate the response and change to 

biological elements, which is attributable to hydromorphological alterations. Basically, the 

purpose is to answer the question: Is a hydromorphological alteration a pressure or not?  

 In a manner analogous to the work of medical doctors, river managers need tools for 

diagnosing how ill their patient (river) is and how best to treat them cost effecti vely. Such a 

toolbox of metrics would supplement WFD metrics already in place and enshrined through the 

intercalibration process. It has often been stated that hydromorphology is a mix of many 

pressures; the term itself is an uneasy amalgam of hydrology an d fluvial geomorphology. Each 

major pressure will require a diagnostic metric which can be used by managers to improve the 

condition of a site. Furthermore, a single combined metric may be required for reporting 

purposes.  

Both aspects relevant to the scien tific community and aspects relevant to the end -user 

community are addressed in this deliverable. It is , however,  important to stress that none of 

topics addressed is completely exhausted and that the data collected merit further analyses, 

which will be undertaken at a later stage of the work package. Deliverable 3.3 will specifically 
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address the issue of BQE respons es to multiple -stressors. A recurring finding in this report, 

across BQE groups, is the need to address the biotic response to hydromorphological pressures 

in a multi -pressure context.  
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2.  Data compilation and standardization  
 

 

2. 1  Introduction  

Work package  3 (WP3) is based primarily on analysis of existing monitoring data. One of the 

first tasks in WP3 was to collect empirical data from monitoring programmes with strong 

gradients in hydromorphological degradation. The partners in WP3 were asked to supply 

mo nitoring data consisting of/in the form of taxa lists for Water Framework Directive biological 

quality elements: macroinvertebrates, macrophytes, fish and diatoms, together with 

hydromorphological measures and other pressures such as water quality measured  at the 

same sites as the biological elements.  

The hydromorphological measures were to include parameters such as flow data, base - flow 

index, ground water level, water abstraction, stream power, velocity, slope, substrate 

composition given as coverage of m ain types, stream/river dimensions given as width and 

depth, a national normalized hydromorphological indicator/degradation index, pressures such 

as erosion, sedimentation, management of in -stream vegetation, riparian vegetation, land use, 

barriers, dams a nd channel modifications.  

Data on water quality were to be supplied to level out the influence of chemistry on the 

relationship between biology and hydromorphology. So water chemistry parameters such as 

nutrients nitrogen (N) and phosphorus (P), alkalinity  and pH were to be included in the 

delivered dataset s.  

2.2  Received data  

Generally, extensive data were submitted, geographically covering most of Europe. Data were 

contributed by the following institutions:  

Country  Biological quality element  Number of sites  Hydrology  

The Czech Republic 

(MASARYK)  

Macroinvertebrates -  indices   No 

Denmark (AU -NERI)  Macroinvertebrates -  species  

Macrophytes ï species  

Fish -  species  

~200  Yes, available data  

Finland (SYKE)  Macroinvertebrates ï species  

Macrophytes ï species  

Moss -  species  

Fish ï species  

Diatoms -  species  

~80  Yes, for ~30 of the 80 

sites  

Great Britain (CEH, 

QMUL)  

Macroinvertebrates ï species  

Macrophytes -  species  

250  

265  

Yes 

Italy ( UNIFI)  Macroinvertebrates ï family  

Macrophytes ï family  

Diatoms ï species  

~100  Yes, for a subset  

The Netherlands 

(ALTERRA)  

Macroinvertebrates ï species  

Macrophytes ï species  

Fish ï species  

Diatoms ï species  

~100  

~10  

~10  

8 

Only for a few sites  
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Country  Biological quality element  Number of sites  Hydrology  

Sweden  (SLU)  Macroinvertebrates ï species  

Macrophytes ï species  

Fish ï species  

~800  Yes 

Spain (Universidad 

Politécnica de Madrid, 

CEDEX) 

Macroinvertebrates ï family  

Fish ï species  

Diatoms -  species  

~70  

~200  

~50  

Yes 

STAR project  Macroinvertebrates ï species  

Macrophytes ï species  

Fish ï species  

Diatoms -  species  

~100  No 

WISER project   Macroinvertebrates ï species  

Macrophytes ï species  

Fish ï species  

Diatoms -  species  

~1500  Yes 

 

The Austrian partner BOKU has submitted dat a from one site in River Traun . The data cover  

the historical, affected and restored condition s and consist of very high quality hydraulic and 

morphologic data . This type of data  enables comparisons on a temporal scale between different 

conditions . Unfortunately biological quality elements and chemistry have not been submitted.  

All four biological quality elements were included in the submitted data, and most data were 

accompanied by macroinvertebrate taxa lists. In total, 26 dataset s encompassing 

approximately 4000 sampling sites were submitted, macroinvertebrate data including 

approximately 3200 sites, macrophyte data 1900 sites, fish data 2100 sites and, lastly, diatom 

cover data encompassing approximately 400 sites. Below, a summary of the data submitted by 

each country is given.  

The Czech Republic  A dataset  on macroinvertebrates. The dataset  does not contain taxa 

lis ts; however, a number of calculated metrics are provided. Furthermore, the dataset  includes 

the following abiotic data: coordinates, altitude, Strahler index, Corine data for a 200 -meter 

buffer zone and Corine data on catchments. Storing format: Excel spre adsheets.  

Denmark  Biological quality elements: macroinvertebrates, macrophytes and fish. The dataset  

covers approximately 200 sites.  

Abiotic data: coordinates, water chemistry, physical data such as substrates and the physical 

index. Flow data. Storing for mat: Dbase files.  

Finland  Biological quality elements: macroinvertebrates, macrophytes, fish (not yet 

submitted), diatoms and mosses. Dataset  covers approximately 80 sites.  

Abiotic data: coordinates, water body information, Corine data, water chemistry, RH S and 

hydromorphological data. Flow data are supplied for 33 sites. Storing format: Excel 

spreadsheets.  

UK  Biological data: a dataset on macroinvertebrates (250 sites) and a dataset on macrophytes 

(265 sites).  

Abiotic data, macrophytes: altitude coordinat es, chemistry , substrate, bank - full width, slope, 

median flow, stream power. Macroinvertebrates: chemistry, coordinates, HMS features, HQA 

features . Flow data included for the invertebrate data. Storing format: Excel spreadsheets and 
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Access database.  

Italy  Biological data: Macroinvertebrates, macrophytes, diatoms. Biological data on 

approximately 100 sites. Macroinvertebrate and macrophyte data are given at family level, 

other elements at species level.  

Abiotic data: coordinates, RHS (most stations), sinuos ity, slope, width, sediment, 

morphological alteration index, morphological quality index, bed configuration, IQM, 

confinement. Flow data submitted for a subset of the sites. Storing format: Excel 

spreadsheets.  

The Netherlands  Biological data: macroinverteb rates (100 sites), macrophytes (10 sites), fish 

(10 sites) and diatoms (8 sites).  

Abiotic data, H&A dataset : dominant substrate, vegetation cover, chemistry and discharge. 

R&D dataset : morphology, shadow, drainage, substrate, land use, stream profile, dis charge 

and chemistry. R&O dataset : morphology, shadow, drainage, substrate, land use, stream 

profile, temperature, chemistry. Storing format: Excel spreadsheets.  

Spain  Biological data: macroinvertebrates (70 sites, family level), diatoms (50 sites) and fis h 

(200 sites).  

Abiotic data: coordinates, flow, index for connectivity. IPA index, substrates, IHF index, for 

some stations data on channelization, morphology (index). For Jucar, a few chemical variables 

(conductivity, oxygen, pH, water temperature, satur ation), QBR, IHF, mean flow. Storing 

format: Excel spreadsheets, PDF, Word and Access databases.  

Sweden  Biological data: macroinvertebrates, macrophytes and fish. Approximately 800 sites 

with biological data.  

Abiotic data: coordinates, stream width, mean depth, bed features (water velocity, substrates, 

aquatic vegetation), riparian vegetation (buffer land cover 30 m, vegetation type 5 m), 

chemistry and toxic substances. Flow data for a subset of supplied stations. Storing format: 

Excel spreadsheets.  

STAR d ata  Biological data: macroinvertebrates, macrophytes, fish and diatoms for 100 sites.  

Abiotic data: coordinates, chemical variables, land use, hydromorphology and microhabitat 

parameters. Storing format: Excel spreadsheets.  

WISER data  Biological data: mac roinvertebrates, macrophytes and fish. Data for 

approximately 1500 sites.  

Abiotic data: coordinates and other station -specific information, climate, land use chemical 

variables. Storing format: Access databases.  

And here summarized by biological quality el ements:  

Macroinvertebrates:  

The Czech Republic: metrics, a number of phylums/classes/orders listed with abundance data  

Denmark: species (abundance)  

Finland: species (abundance)  

UK: species (abundance)  
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Italy: family/genus level (abundance)  

The Netherlands: species (abundance)  

Sweden: species (abundance)  

Spain: family (abundance)  

STAR: species (abundance)  

WISER: species (abundance)  

Macrophytes:  

Denmark: species (cover)  

Finland: species (cover, abundance)  

UK: species (abundance)  

Italy: species/genus/family (co ver)  

The Netherlands: species (cover and presence/absence)  

Sweden: species (abundance)  

Star: species (cover)  

WISER: species (cover)  

 

Fish:  

Denmark: species (abundance)  

The Netherlands: species (abundance)  

Sweden: species (abundance)  

Spain: species (abunda nce)  

Star: species (abundance)  

WISER: species (abundance)  

 

Diatoms:  

Finland: species (4 letter code, abundance)  

Italy: species (abundance)  

The Netherlands: species (abundance)  

Spain: species (abundance)  

STAR: species (4 letter code, abundance)  

 

Mosses:  

Finland: Coverage in percentage with species and family level.  

The following tables present overviews of the received dataset s divided into country, including 

information on pressures and states allocated to the specific dataset s.  

Country  Biological 

elemen ts  

(Samples)  

Data on pressures  Data on states  Total number 

of sites  

The Netherlands 

(ALTERRA)  

R&D 

Algae (25)  

Macrophytes (34)  

Macroinvertebrates 

(239)  

Fish (155)  

 

 

 

 

Weed cutting  

Alteration of riparian 

vegetation  

Embankments, levees 

or dikes  

Point sources  

Land use as proxy for 

point and diffuse 

source pollution  

Groundwater 

Bed features  

Organic pollution  

Physico -chemistry  

Bank features  

Riparian 

vegetation  

Floodplain features 

(very basic data)  

 

 

13 streams,  

8 of which 

have all 

biological 

elements  
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Country  Biological 

elemen ts  

(Samples)  

Data on pressures  Data on states  Total number 

of sites  

 

 

H&A 

Algae  

Macrophytes  

Macroinvertebrates 

(>10)  

Fish (38)  

 

 

 

 

 

 

R&O 

Algae  

Macrophytes  

Macroinvertebrates 

(424)  

Fish 

 

abstraction  

 

Weed cutting  

Alteration of riparian 

vegetation  

Embankments, levees 

or dikes  

Point sources  

Land use as proxy for 

point and diffuse 

source pollution  

Groundwater 

abstraction  

 

Weed cutting  

Alteration of riparian 

vegetation  

Embankments, levees 

or dikes  

Point sources  

Land use as proxy for 

point and diffuse 

source pollution  

Groundwater 

abstraction  

 

 

Bed features  

Organic pollution  

Physico -chemistry  

Bank features  

Riparian 

vegetation  

Floodplain features 

(very basic data)  

 

 

 

 

Bed features  

Organic pollution  

Physico -chemistry  

Bank features  

Riparian 

vegetation  

Floodplain features  

 

 

 

2 streams  

 

 

 

 

 

 

 

 

 

 

 

81 streams  

 

Country  Biological 

elements  

(Samples)  

Data on pressures  Data on states  Total number 

of sites  

Sweden (SLU)  Dalarna  

Macroinvertebrates  

Macrophytes  

Fish 

 

 

 

 

 

 

 

 

 

 

 

 

Em 

Em study  

Emå  

South Sweden  

National survey  

NILS  

Weed cutting  

Sand and gravel 

extraction, dredging  

Alteration of riparian 

vegetation  

Embankments, levees 

or dikes  

Impoundments  

Hydropeaking  

Point sources  

(Land use as proxy for 

point and diffuse 

source pollution)  

Groundwater 

abstraction  

 

Same as Dalarna  

Same as Dalarna  

Same as Dalarna  

Same as Dalarna  

Same as Dalarna  

Same as Dalarna  

Bed features  

Organic pollution  

Physico -chemistry  

Riparian 

vegetation  

(Floodplain 

features)  

 

 

 

 

 

 

 

 

 

Same as Dalarna  

Same as Dalarna  

Same as Dalarna  

Same as Dalarna  

Same as Dalarna  

Same as Dalarna 

~75 sites  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

207 sites  

30 sites  

10 sites  

10 sites  

500 -750 sites  

29 sites  
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Country  Biological 

elements  

(Samples)  

Data on pressures  Data on states  Total number 

of sites  

+ bank features  

 

 

 

Country  Biological 

elements  

(Samples)  

Data on pressures  Data on states  Total number 

of sites  

UK (CEH)  A: Dried up  

Macroinvertebrates  

 

 

 

 

 

 

 

 

 

 

 

B: Country side 

survey  

Macroinvertebrates  

Embankments, levees 

or dikes  

Point sources  

Land use as proxy for 

point and diffuse 

source pollution  

Groundwater 

abstraction  

Surface water 

abstraction  

Channelization  

(Width of buffer strips)  

 

Embankments, levees 

or dikes  

Point sources  

Land use as proxy for 

point and diffuse 

source pollution  

Groundwater 

abstraction  

Surface water 

abstraction  

Channelization  

(Width of buffer strips)  

Bed features  

Organic pollution  

Inorganic pollution  

Physico -chemistry  

Bank features  

Riparian 

vegetation  

Floodplai n features 

(basic)  

 

 

 

 

Bed features  

Inorganic pollution  

Physico -chemistry  

Bank features  

Riparian 

vegetation  

Floodplain features 

(basic)  

250 sites  

 

 

 

 

 

 

 

 

 

 

 

 

220 sites  

 

Country  Biological 

elements  

(Samples)  

Data on pressures  Data on states  Total number 

of  sites  

WISER  

Data from 

Netherlands, 

Germany, Austria, 

France  

Fish (1567 sites)  

Macroinvertebrates 

(2043 sites)  

Macrophytes (1066 

sites)  

In stream habitat 

modified (2366 sites)  

Alteration of riparian 

vegetation (3042 

sites)  

Embankments, levees 

or dikes (2590 sites)  

Channel form modified 

(3084 sites)  

Cross section modified 

(2828 sites)  

Impoundments (2368 

sites)  

Hydropeaking (1403 

Bed features (2145 

sites)  

Organic pollution 

(1487 sites)  

Physico -chemistry 

(1000 -3000 sites)  

Nutrients (2500 

sites)  

Land use (3692 

sites)  
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Country  Biological 

elements  

(Samples)  

Data on pressures  Data on states  Total number 

of  sites  

sites)  

Artificial barriers 

upstream ( 220 -1838 

sites)  

Artificial barriers 

downstream (220 -

1775 sites)  

Water use 1769 sites)  

Velocity increase 

(1495 sites)  

Water abstraction 

(1486 sites)  

 

 

Country  Biological 

elements  

(Samples)  

Data on pressures  Data on states  Total number 

of sites  

Spain (Ministry of 

Agriculture, Food 

and Environment)  

Macroinvertebrates  

Diatoms  

 

IHF fluvial habit index  

QBR riparian 

vegetation quality 

index  

Physico -chemical  50 stations  

 

Country  Biological 

elements  

(Samples)  

Data on listed 

pressures  

Data on listed 

states  

Total number 

of sites  

Czech Republic 

(MASARYK)  

Morava river basin 

2007  

Waiting for 

response 

concerning 

biological elements  

 

STAR data  

 

 

 

 

 

 

 

Becva river  

 

Point sources  

Land use as proxy for 

point and diffuse 

source pollution  

 

 

 

Alteration of in -stream 

habitat  

Point sources  

Land use as proxy for 

point and diffuse 

source pollution  

 

 

Channelization / cross 

sectional alterations  

Alteration of in -stream 

habitat  

Embankments, levees 

or dikes  

Land use as p roxy for 

point and diffuse 

source pollution  

Bed features  

Organic pollution  

Physico -chemistry  

Riparian 

vegetation  

Floodplain land use  

 

 

Bed features  

Channel planform  

Organic pollution  

Physico -chemistry  

Bank features  

Riparian 

vegetation  

Floodplain land use  

 

Bed features  

Organic pollution  

Hydrology  

Physico -chemistry  

Bank features  

Riparian 

vegetation  

Floodplain land use  

105 sites  

 

 

 

 

 

 

23 sites  

 

 

 

 

 

 

 

3 sites (107 

samples)  
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Country  Biological 

elements  

(Samples)  

Data on pressures  Data on states  Total number 

of sites  

Finland (SYKE)  Macrophytes  

Macroinvertebrates  

Diatoms  

Fish 

Sand and gravel 

extraction, dredging  

Impoundments  

Hydropeaking  

Point sources  

Land use as proxy for 

point and diffuse 

source pollution  

Bed features  

Organic pollution  

Physico -chemistry  

Bank features  

Riparian 

vegetation  

Floodplain features  

80 sites  

 

Country  Biological 

elements  

(Samples)  

Data on pressures  Data on states  Total number 

of sites  

UK (QMUL)  RHS 

Macrophytes  

Point sources  

Diffuse nutrient and 

fine sediment input  

Channel station / 

Cross section 

alterations  

Alteration of riparian 

vegetation  

Alteration of in -stream 

habitat  

Embankments, levees 

or dikes  

Anthropogenic 

alterations in sediment 

dynamics  

Land use as proxy for 

point and diffuse 

source pollution  

Bed features  

Physico -chemistry  

Bank features  

Riparian 

vegetation  

 

 

265 sites  
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Country  Biological 

elements  

(Samples)  

Data on pressures  Data on states  Total number 

of sites  

Spain (Universidad 

Politécnica de 

Madrid)  

 

Series 1 Duero  

Macroinvertebrates  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Series 2 Duero  

Macroinvertebrates  

Fish 

Channelization / Cross 

section alterations  

Alteration of in -stream 

habitat  

Sand and gravel 

extraction, dredging  

Alteration of riparian 

vegetation  

Embankments, levees 

or dikes  

Point sources  

Surface water 

abstraction  

Discharge diversions 

and returns  

Inter -basin flow 

transfer  

Artificial barriers 

upstream  

Artificial barriers 

downstream  

Impoundments  

Diffuse nutrient and 

fine sediment input  

Groundwater 

abstraction  

 

Same as series 1  

 

Physico -chemistry  

Bed features  

Fine sediment load  

Low flow and 

drought  

Bank features  

Riparian 

vegetation  

Floodplain features  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Same as series 1  

 

52 sites  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

17 sites  

 

Country  Biological 

elements 

(samples)  

Data on pressures  Data on states  Total number 

of sites  

Denmark (AU -

NERI)  

Macroinvertebrates  

Fish 

Macrophytes  

Weed cutting  

Sand and gravel 

extraction, dredging  

Channelization / Cross 

section alterations  

Alteration of in -stream 

habitat  

Alteration of riparian 

vegetation  

Artificial barriers 

upstream  

Artificial barriers 

downstream  

Diffuse source 

pollution  

Point sources  

Bed features  

Organic pollution  

Nutrients  

Low flow and 

drought  

High flow events  

Physico -chemistry  

Bank features  

Riparian 

vegetation  

Floodplain 

Features  

~200 sites  
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Country  Biological 

elements 

(samples)  

Data on pressures  Data on states  Total number 

of sites  

Land use as proxy for 

point and diffuse 

source pollution  

Soil type  

Classification of main 

pressure  

Catchment area  

 

Country  Biological 

elements  

(Samples)  

Data on pressures  Data on states  Total number 

of sites  

STAR/AQEM  

(Austria, Czech 

Republic, 

Germany, UK, 

Denmark, Sweden, 

France, Greece, 

Italy, Portugal, 

Poland, Slovakia, 

Latvia)  

Lowlands  

Diatoms  

Fish 

Macrophytes  

Macroinvertebrates  

 

Mountains  

Diatoms  

Fish 

Macrophytes  

Macroinvertebrates  

  98 sites  

 

 

 

 

 

86 sites  

 

2.3  Standardi sing biological data  

The abiotic data (hydromorphological measures, chemistry, etc.) have not been standardized 

but were uploaded as received, and most the dataset s have been merged with the 

standardized taxa lists.  
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2.4  Conclusion  

Substantial monitoring data have been submitte d to allow analyses of the relationship between 

biological quality elements and hydromorphological measures. We had hoped to receive the 

data as Excel spreadsheets with taxa lists and combined with abiotic measures; however, the 

data were submitted in a wi de variety of ways as to storage media, species names, and 

hydromorphological and chemical variables. This required extensive standardization of data, 

and not least the process of standardizing species names was highly time -consuming.  

The problems were:  

- Data were submitted in different formats. Standardized formats should have been used 

and agreed upon in the early project state.  

- Species names in taxa lists differed widely between the submitted dataset s.  

- Biological sampling methods differed and were not alw ays described.  

- Abiotic variables (values, fractions, names, definitions) and also geo - referenced 

coordinates were not presented by the same method/submitted in the same format.  

- Varying data storage formats were used, e.g. Excel, Access, csv, SAS. In the su bmitted 

Excel files the data were differently presented as columns/rows or tables in the middle 

of the spreadsheets. This presented a challenge and required a huge work effort to 

make the data readable by the SAS software.  
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3.  Effects of historical and cont emporary human 

interventions on hydromorphological parameters, 

forms and processes  
 

 

3.1  Introduction  

We often forget that human impacts on hydromorphology began  long before the 

industrialisation in the 18th century. Right from the beginning, human beings  had an effect on 

water , simply because we needed it. For instance, a dvanced civilizations in Mesopotamia and 

Egypt built reservoirs (e.g. Wadi Tharthar) and used stream water for irrigation. Thus, water 

supply and channelization became very important , and  a huge network of waterways and 

channels soon came into existence . In Roman times, there was a tradition of shipping  on large 

rivers in Middle Europe (e.g. the River Donau, the River Inn) . In the early Middle Ages people 

started to use water power and est ablished more  waterways. Up to now , industry, water power 

and flood protection  as well as pressures arising from spatial planning and navigation are some 

of the main factors affecting our river systems  (Bayerisches Landesamt für Wasserwirtschaft 

2003; Flem ming 1967).  

This chapter is a review of the effect s on hydromorphological parameters, forms and processes 

caused by human interventions. A key issue in WP3 is the impact of hydromorphological 

degradation on biota, which calls for an in -depth understanding of abiotic drivers of change. 

The aim is to give a clear overview of the hydromorphological parameters that are essential 

drivers for change in  the biota and to provide potential insights into the linkages between 

specific  parameters, forms and processes and biological elements . The chapter adds to the 

kno wledge generated as part of other deliverables such as 1.2 and 2.1 within the REFORM 

project umbrella.  

The chapter is subdivided in to  two main parts : i) a hierarchical setup of abiotic parameters 

divided into main groups and subgroups  and ii)  a list of ant hropogenic interventions and a 

proposal for the assignment of main groups, and main subgroups, of abiotic parameters for 

each impact. The indicators defining the parameters are strongly linked to the indicators used 

within WP2 (deliverable 2.1; chapter 7).   

Furthermore, data reconciliation with deliverable 1.2 was performed. The terminology within 

this present chapter does not exactly match the terminology of D1.2. The connection between 

human interventions used within WP3 and the pressures used in WP1 has been made within 

3.2.1 Human interventions affecting surface water bodies.  The methods produced here should 

be viewed as complimentary to those reviewed in D1.2 and were originally developed with 

Austrian requirements in mind.  

It should  be taken into acco unt that listing of parameters, forms and processes, as well as the 

allocation to human interventions, are at an early stage , and changes and adaptions will be 

made as the work progresses during the duration of the project. For this reason, there is no 

gua rantee at this stage that all aspects relating to hydromorphological degradation are fully 

described  and the approach suggested is a proposal to be further developed during the course 

of the project . Under WP2 detailed work on indicators of hydromorphologi cal processes 
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are under development and it is likely that these will produce more targeted indicators 

in the latter stages of the REFORM project  as part of WP6 .  

3.2  Abiotic parameters, forms and processes  

The following classification of hydromorphological parameters, forms and processes has been 

prepared  in compliance with the list of significant stresses and anthropogenic impacts on the 

condition of surface waters presented in the Austrian national water m anagement plan (NGP) 

2009  (BMLFUW 2009) , which is a planning tool for the implementation of the EU Water 

Framework Directive.  

Four main groups are distinguished:  

 Hydrology  

 Hydromorphology  

 Emissions from punctual or diffuse sources (material and physical)  

 Others  

Within several subgroups , a wide range of abiotic parameters are  provided based on a broad 

list of topic - relevant literature.  

Selected indicators from WP2 Deliverable 2.1 Table B.4 are shown  in blue letters.  

3.2.1  Hydrology  

River - related hydrol ogical indicators  

Parameter  Indicator group  Indicator  

runoff/discharge  

hydrological 
regime  

sh. WP2 D2.1 -  7.2.3 Flow Regime or WP6 discharge 
regime  

discharge /stream 

flow  

magnitude of average discharge  

mean daily discharge  

daily discharge -  coefficient of variation  

base Flow index, %  

extent of intermittency (number of days)  

magnitude of monthly discharge  

annual minima, 1 -day mean  

annual minima, 3 -day means  

annual minima, 7 -day means  

annual minima, 30 -day means  

annual minima, 90 -day means  

number of zero - flow days  

base flow index: 7day minimum flow/mean flow for year  

annual maxima, 1 -day mean  

annual maxima, 3 -day means  

annual maxima, 7 -day means  

annual maxima, 30 -day means  

annual maxima, 90 -day means  
channel forming discharge -  2 year return period peak 
discharge  
channel forming discharge -  10 year return period peak 
discharge  
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Parameter  Indicator group  Indicator  

number of low pulses within each water year  

mean or median duration of low pulses (days)  

number of high pulses within each water year  

mean or median duration of high pulses  
rise rates: mean or median of all positive differences 
between consecutive daily values  

fall rates: mean or median of all negative differences 
between consecutive daily values  

number  of hydrologic reversals  

water level fluctuation  

mean monthly runoff  

alteration of unit stream power from naturalised conditions 
D2.1 -  7.3.  

low flow  

low flow duration  

low flow frequency  

julian date of each annual 1 -day minimum  

dynamics of 
flooding  

duration of average floodplain inundations  

flood frequency, 1/yr  

seasonal flood predictability  

timing of floods; day  

julian date of each annual 1 -day maximum  

frequency of inundations/floods/peaking  

number of hydropeaking events per year  

julian date of hydropeaking events  

slew rate and rate of descent  

flood peak discharge  

connectivity  

lateral connectivity river -  floodplain  
proportion of banks with levées / embankments within 0.5 

channel width or on bank top D2.1 -  7.3.12  

vertical connectivity (interstitial)  

groundwater  
groundwater 
dynamics  

interaction from river to groundwater  

relative distances to groundwater surface  

 

Floodplain - related hydrological indicators  

Parameter  Indicator group  Indicator  

runoff/discharge  

flow   

surface flow  

base flow  

runoff coefficient  

characteristics of 

inundations  

duration of average floodplain inundations  

date/season of inundation  

frequency of inundations  

development/form of flood wave  

connectivity  lateral connectivity river -  floodplain  

evapotranspiration  evapotranspiration  
actual evapotranspiration  

potential evapotranspiration  

interception and 
snow  

interception  

storage capacity  

field capacity / duration of interceptional water storage  

relative permeability  

snow  
melt water  

depth of snow cover  
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Parameter  Indicator group  Indicator  

duration of snow cover  

groundwater  
groundwater 
dynamics  

phreatic line  

connectivity from floodplain to groundwater  

relative distances to groundwater surface  

 

Catchment area - related hydrological indicators  

Parameter  Indicator group  Indicator  

precipitation  
rainfall  

rain magnitude  

drainage rate  

snow  snow magnitude  

runoff/discharge  
flow  

surface flow  

base flow  

runoff coefficient  

basin drainage  

ipsometric Curve  

concentration ratio / time of concentration  

hydrograph  

connectivity  lateral connectivity river -  floodplain  

Interception and 
snow  

Interception  

storage capacity  

field capacity / duration of interceptional water storage  

(relative) permeability  

snow  

glacier ratio  

melt water  

depth of snow cover  

duration of snow cover  

evapotranspiration  evapotranspiration  
actual evapotranspiration  
potential evapotranspiration  

groundwater  
groundwater 
dynamics  

phreatic line  

interaction from river to groundwater  

relative distances to groundwater surface  
 

3.2.2  Hydromorphology  

 

River - related hydromorphological indicators  

Parameter  Indicator group  Indicator  

water body type  fluvial landform  

slope /gradient  

energy grade line  

length of shoreline  
ratio between section with and without influence (e.g. of 

hydropeaking)  

longitudinal  

water depth  
mean water depth  

variation of water depth (Variation coefficient)  

flow velocity  

mean flow velocity  

surface velocity  

velocity near river bed  

variability of flow velocity  
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Parameter  Indicator group  Indicator  

flow velocity distribution  

wetting  wetted surface / wetted area  

turbulence  reynolds number  

continuum  

local longitudinal continuum affected  

regional longitudinal continuum affected  

alteration of Segment longitudinal Continuity D2.1 -  
7.2.10  

alteration of reach longitudinal Continuity D2.1 -  7.3.8  

lateral  

water depth  
mean water depth  

variation of water depth (Variation coefficient)  

flow velocity  

mean flow velocity  

surface velocity  

velocity near river bed  

variability of flow velocity  

flow velocity distribution  

wetting  wetted surface  

continuum  

clogging of hyporheic sediments  
total proportion of the potentially erodible channel margin 

D2.1 -  7.3.11  

lateral barriers  

turbulence  reynolds number  

roughness  mannings value  

dimension  

spatial extension of the aquatic area  

extent of riparian corridor D2.1 -  7.2.7  

structure of riparian corridor D2.1 -  7.2.7  
diversity of channel width and bank forms /processes 
appropriate to channel type D2.1 -  7.3.3  

vertical  

flow velocity  mean flow velocity  

turbulence  reynolds number  

connectivity  
clogging of hyporheic sediments  

connectivity from river to groundwater  

sediment  

soil type  

temporal distribution  

spatial distribution  
sediment 

relocation  relocation capacity  

erosion  

side erosion  

bed erosion  

erodible corridor insufficient for river type D2.1 -  7.3.10  

sedimentation  sedimentation rate  

transport  entrainment  

layer composition  

grain size distribution of cover layer substratum (soil 
texture)  

soil type of cover layer  

hydraulic conductivity of cover layer  

thickness of cover layer / lower layers  

bulk density of cover layer /lower layers  

porosity  

grain size distribution of lower layer substratum (soil 
texture)  

soit type of lower layer  

hydraulic conductivity of lower layer  

thickness of lower layer to consolidated bedrock /clay  
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Parameter  Indicator group  Indicator  

turbidity  FTU (Formazin Turbidity Unit)  

roughness  grain roughness  

condition  alteration of bed condition D2.1 -  7.3.9  

sediment  

sediment 
composition  grading curve  

sediment input  

concentration  

temporal distribution  

spatial distribution  

soit type  

   
  

 

sediment  

sediment 
relocation  relocation capacity  

erosion  

side erosion  

bed erosion  

erodible corridor insufficient for river type D2.1 -  7.3.10  

sedimentation  sedimentation rate  

transport  entrainment  

structures  
woody debris  

input  

transport  

deposition  

driftwood jam  
geomorphic 
structures  diversity of geomorphic structures  

floating solids    amount of floating matter  

ice 

surface ice  

thickness of ice layer  

duration of cover  

ice accumulation/ice jam  

anchor ice  

thickness of ice layer  

duration of cover  

 

Floodplain - related hydromorphological indicators  

Parameter  Indicator group  Indicator  

sediments  

soil composition  

height of soil layer  

amount of organic matter  

water retention curve (pF -curve)  

hydraulic conductivity  

porosity  

sediment 
transport/ 

movement  

erosion (erosivity/erodibility)  

accumulation  

erodibility  

structures  

geomorphic 
structures  diversity of geomorphic structures  

cover  
riparian margin vegetation structure D2.1 7.3.5  
extent of emergent vegetation (relative to that 
achievable) D2.1  -  7.3.6  

geometry  spatial extension of the floodplain zone  
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3.2.3  Material and physical emissions from punctual or diffuse sources  

 

Material and physical emissions from punctual or diffuse sources related to the section  river :   

Parameter  Indicator group  Indicator  

punctual  

temperature 

(water)  

mean water temperature (emission)  

minimum and maximum values of temperature (emission)  

amplitude of water temperature (emission)  

temporal variation of emission (frequency)  

amplitudes of river and emission  

temperature change within river below emission  

temporal variation  
hydrogen ions 

activity  pH value  

salinity  salinity  

punctual  

turbidity  
abrasion  

FTU (Formazin Turbidity Unit)  

organic matter  

BOD (biological oxygen demand)  

DOC (dissolved  organic carbon)  

ammonium  

nitrite  

water 
characteristics  

density  

viscosity  

harmful inorganic 
matter  COD (chemical oxygen demand)  

diffuse (interaction 
with groundwater, 
precipitationé) 
 

temperature 
(water)  

spatial variation  

temporal variation  

turbidity  
abrasion  

FTU (Formazin Turbidity Unit)  

organic matter  

BOD  

DOC (dissolved organic carbon)  

ammonium  

nitrite  
harmful inorganic 
matter  COD (chemical oxygen demand)  
hydrogen ions 
activity  pH Value  

salinity  salinity  

water 
characteristics  

density  

viscosity  

oxygen content  oxygen saturation  

 

3.2.4  Others  

Parameter  Indicator group  Indicator  

solar radiation  
shading  degree of shaded surface area  

sunshine duration  sunshine duration  

air humidity  
 

absolute humidity  

relative air humidity  

wind  
 

velocity of wind  

wind turbulences  

wind direction  
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Parameter  Indicator group  Indicator  

waves   pounding force of waves  

physical properties  
water 
characteristics  surface tension  

temperature  

water 
temperature  

mean temperature  

minimum and maximum values  

amplitude of air temperature  

spatial variation of water temperature  

air temperature  

mean temperature  

minimum and maximum values  

amplitude of air temperature  

 

Additional parameters such as climate change (temperature, evapotranspiration, precipitation, 

snow melt, glacier/ice melt), geology, t ectonic, volcanism, acceptance and economic efficiency 

should be considered. These topics are, however, not taken into account in this chapter.  

3.2.5  Elucidation of k ey literature  

Among other sources, references for data were abiotic parameters from the riverine landscape 

using data from the project Riversmart  (Egger et al. 2005) , the effect of temperature on rivers 

according to Wunderlich  (1996)  and emissions of waste water treatment plants from the 

Handbook for Evaluating Rehabilitation Projects in Rivers and Streams  (Woolsey et al. 2005) .  

 

Historical and contemporary human interventions  

3.2.6  Human interventions affecting surface water bodies  

To ensu re that compliance with the other WPs is as comprehensible as possible , a short 

description is given for all main types  of human interventions. This explanation leads to the 

related pressures within deliverable 1.2 (WP1). For a more detailed description of the related 

pressures , given in italics,  please refer to D1.2.  

Several effects can be assigned to a number of 9 main g roups of interventions. The groups are 

strongly linked to the chapter o n hydromorphological pressures within  D1.2 (connections given 

in italics ). The single hydromorphological pressures defined within D1.2 can often be found in 

more than one of the nine gr oups of human interventions.  

A distinction of punctual (small scale) and extensive (larger scale) effects on parameters 

caused by human impacts should be considered. ñThe forecast-based decision to which extent 

hydromo rpho logical change is still tolerable with regard to compliance with the quality 

objective is to be made easier by §5 to the extent that small - scale exceeds of the quality 

objective in the area of hydromorphological change, which are defined in greater detail do not 

constitute an obstacle for compliance with the quality objectiveò (Explanations Austrian Quality 

Objective Ordinance ï Ecological Status of Surface Waters ´Ecology´§5, 2003). It is therefore 

conceivable that morphological measures such as bank reinforcements yield a much less 

severe  impact than assumed from the range of pressure. It may  also be concluded that even if 

the impacts are punctual , they may have  extensive and long - term effects ;  examples of this are  

transverse structures, spawning grounds, pollution (material or physical) a nd hydropeaking.  

A ï Hydropower [ Jungwirth et al. 2003; Gieseck et al., 2009; Kemp et al. 2008; Ugedal et al. 

2008]   
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This effect includes the following pressures used in WP1; D1.2: hydrological regime/water 

abstraction (discharge diversions and returns), inter -basin flow transfers, hydrological regime 

modification (flow timing or quantity), hydropeaking, reservoir flushi ng, sediment discharge, 

river fragmentation, impoundment, channelization: channel cross section alteration, 

embankments, levees or dikes, alteration of riparian vegetation and alteration of in -stream 

habitat s.   

 

Possible accompanying measures:  

Transverse s tructures (weir s, dam s)/ connectivity interruptions  (Nomachi et al. 2013; Magillan & 

Noslow  2005; Brandt 2000; Poff et al. 2007) .  

 Large dams (transverse)  

 Longitudinal embankments  

 Piping, tubing  

 é 

Common effects:  

 Sediment transport  (Walling 2009)   

 Minimum flow  (Mader 1992)  

 Recess  

 Woody debris  

 Water extraction  (Egger et al. 2004)  

Hydropeaking  (Boavida et al. 2013; Young et al. 2011; Bruder et al. 2012; Baumann & Klaus 

2003)  

 Storage  

 Impoundment  (Lozán & Kausch 1996 ; Vörösmarty et al. 2003 )   

 Ice  

 é 

 

B ï Spatial planning and rural development  (Ligon et al. 1995; Mader 2005; Jungwirth 

1986; Gregory 2006; Mangelsdorf & Scheuermann 1980; Ni ehoff 1996; Jürging et al. 2005).   

This effect includes the following pressures used in WP1; D1.2: hydrological regime/water 

abstraction (discharge diversions and returns), river fragmentation, channelization: channel 

realignment, channelization: channel c ross section alteration, sand and gravel extraction, 

floodplain soil sealing and compaction, alteration of riparian vegetation and alteration of in -

stream habitat s.  

 

Possible accompanying measures:  

 Embankments and dams for infrastructure ï road and railwa y network  

 Surface sealing (settlements)  

 Soil compaction (e.g. caused by heavy agricultural machinery)  

 Deforestation / reduction of forests and orchards  

 Bridges  

Cutting off side channels  (Wyzga & Zawiejska 2012)   
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 Channelization  

 Bed stabilisation  

 Transverse structures  

 Straightening of the river  

 Drainage of alluvial area and swamps for land reclamation  

 Piping / tubing  

 é 

C ï Water extraction  (Mangelsdorf & Scheuermann 1980, Niehoff 1996, Jürging & Oatt 2005; Mader 

2000)  

This effect includes the f ollowing pressures used in WP1; D1.2: hydrological regime/water 

abstractions(discharge diversions and returns), inter -basin flow transfers, hydrological regime 

modification (flow timing or quantity),  channelization: channel cross section alteration,  river 

fragmentation, impoundment, alteration of riparian vegetation and alteration of in -stream 

habitat s.  

 

Possible accompanying measures:  

 Punctual extraction  

 Diversion hydropower station  

 Split into several channels (historical mill canals)  

Irreversible water withdrawal -  transition to other catchment area s 

 Irreversible water withdrawal -  drinking water supply  

 Irreversible water withdrawal -  agriculture and animal husbandry  

 é 

Common effects:  

 Sediment alteration  

 Clogging  

 Silting  

 

D ï Flood p rotection  (Vriend 2013; Dorner et al. 2008; Auerswald 2002)  

This effect includes the following pressures used in WP1; D1.2: hydrological regime/water 

abstraction (discharge diversions and returns), hydrological regime modification (flow timing or 

quantity) , reservoir flushing, sediment discharge, impoundment, large dams and reservoirs, 

embankments, levees or dikes, alteration of riparian vegetation and alteration of in -stream 

habitat s.  

 

Possible accompanying measures:  

Artificial levees  

Flood retention dams/  basins  

Dykes  

 Bank reinforcement  

 é 

Common effects:  
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 Recess 

 Loss of structures  

 é 

 

E ï Navigation  (waterways)  (Arlinghaus et al 2002, Wolter & Arlinghaus 2003)  

This effect includes the following pressures used in WP1; D1.2: river fragmentation, embankments, 

levees or dikes, alteration of riparian vegetation and alteration of in -stream habitat s. 

 

Possible accompanying measures:  

 Locks  

 Port facilities  

 Navigation infrastructure  

 Groynes  (Kadota & Asayama 2013)  

 Channelling  

 Dredging  

 é 

Common effects:  

 Recess 

 Loss of structures  

 é 

 

F ï Pollution  (Calow 1994)   

This effect includes the following pressures used in WP1; D1.2: sediment discharge, river fragmentation, 

thermal changes, eutrophication (nutrient changes) and organic discharge, alteration of riparian 

vegetation and alteration of in -stream habitats.  

 

Common effects:  

Emissions from agriculture  (Hancock 2002)  

 Emissions from animal husbandry  

 Emissions from wastewater treatment plants  (Welch & Lindell 1992)   

 Emissions from infrast ructure (road s, railway s, é) 

 Uncontrolled emissions from inhabitants  

 Pollutant emissions from industry  

Emissions from water -driven cooling systems (industry and power stations)  (Wunderlich 1996)   

 Emissions from navigation (and fishery)  

 é 

 

G ï Biological imbalance  

This effect includes the following pressures used in WP1; D1.2: impoundment s, alteration of riparian 

vegetation and alteration of in -stream habitat s.  

 

Possible accompanying measures:  

Fishery management  (Hickley et al. 1995; Maitland 19 95)   

é 
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Common effects:  

Alien Species ï Neobiota  (Jungwirth et al. 2003)  

é 

 

H ï Measures for tourism, recreation, leisure and aesthetical reasons  (Fillipson et al. 2009)  

This effect includes the following pressures used in WP1; D1.2: hydrological regime/water abstraction 

(discharge diversions and returns), impoundment, alteration of riparian vegetation and alteration of in -

stream habitat s. 

Possible accompanying measures:  

Embankments  

Water abstraction  

Seasonal impact load of wastewater treatment pla nts  

é 

Common effects:  

Temperature  

Pollution  

Loss of structures  

é 

 

I ï Acceleration of climate change  (Magillan & Kausch  2005; Nakicenovic, 2000; Gerstengarbe & 

Werber 1999)  

This effect includes the following pressures used in WP1; D1.2: hydrological regim e modification (flow 

timing or quantity), alteration of riparian vegetation and alteration of in -stream habitat s.  

 

Common effects:  

 Change of hydrological parameters ï regime  (Nester et al. 2005)  

 Temperature  (Lozán & K.H. 1996)  é 

 

3.2.7  Description for evaluation of influence  

Based on a handful of key indicators this method provides an opportunity to assess he effects 

of human interventions on rivers. From this knowledge , we can draw important conclusions for 

the future development of river management. A s an additional benefit . the evaluations help us , 

among other things , to learn from our mistakes, to promote further development of positive 

effects and influences , and to adapt monitoring methods.  
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Guidance for evaluation sheets  

The evaluation sheets for human interventions are structured as follows:  

The title of the evaluation sheet refers to the type of intervention. Therefore , one of the 9 main 

types of human impacts (3.2.1) has to be chosen:  

 A ï Hydropower  

 B ï Spatial planning and rural developme nt  

 C ï Water extraction  

 D ï Flood Protection  

 E ï Navigation (Waterways)  

 F ï Pollution  

 G ï Biological imbalance  

 H ï Measures for tourism, recreation, leisure and aesthetical reasons  

 I ï Acceleration of Climate Change  

As an introduction a general desc ription  is provided:  

To assure statistical reliability and comparability of the datasets , a number of comparable 

parameters are required . Th ese include , on the one hand , System A of the Typology of Surface 

Water Bodies (shown below) and , on the other hand , general information pm  hydrological 

runoff/discharge parameters and geometrical dimensions of the effect of the measure.  

Main group of measure:  shorthand detailed description of the main measure (e.g. pump  

storage -power station, waste water outlet, flood retention basin é) 

Constructed in [year]:   year of completion and , if known , the construction period  

Main measure(s):   list of additional decisive structures of the measure and/or 

accompanying measures (e.g. transversal structures, bed stabilisation)  

Main impact(s):  impacts that reflect the negative environmental effect of pressures 

(e.g. sediment trapping, recess, loss of structures)  

Ecological -oriented measures to reach the state -of- the -art: (vegetation, benthos, fish) . The 

ecological -oriented measures  depending on the edited project. A small selection of essential 

measures is listed below:  

 Hydropower  sediment management  

  groundwater management  

  longitudinal connectivity such as fish pass, minimum flow  

  lateral connectivity  

 Spatial planning and rural development   

  stream course morphology  

  river bed morphology  

  longitudinal connectivity  

  lateral connectivity  

 Water extraction  longitudinal connectivity such as fish pass, minimum flow  

 Flood protection  stream course morphology  

  river bed morph ology  
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  longitudinal connectivity  

  lateral connectivity  

  groundwater management  

  management of riparian forests and floodplains  

 Navigation  river bed morphology  

  lateral connectivity (connection of tributaries)  

 Pollution  multiport systems (distributio n of input)   

Segment length of direct longitudinal influence: approximate value  

Spatial distribution:  punctual  

 longitudinal / lateral  

 spatial  

Typology:  Direct ive 2000/60/EC of the European P arliament and of the Council of 23 October 

2000; System A: (Wate r Framework Directive) :  

 

Ecoregion:  shown on map A in Annex XI  

 1.  Iberic -Macaronesian region  

 2.  Pyrenees  

 3.  Italy, Corsica and Malta  

 4.  Alps  

 5.  Dinaric western Balkan  

 6.  Hellenic western Balkan  

 7.  Eastern Balkan  

 8.  Western highlands  

 9.  Central highlands  

 10.  The Carpathians  

 11.  Hungarian lowlands  

 12.  Pontic province  

 13.  Western plains  

 14.  Central plains  

 15.  Baltic province  

 16.  Eastern plains  

 17.  Ireland and Northern Ireland  

 18.  Great Britain  

 19.  Iceland  

 20.  Borealic uplands  

 21.  Tundra  

 22.  Fenno -Scandian shield  

 23.  Taiga  

 24.  The Caucasus  

 25.  Caspic depression  

 Altitude typology:  high  (> 800 m)  

  mid -altitude  (200 m to 800 m)  

  lowland  (< 200 m)  

 Geology:  calcareous  

  siliceous  

  organic  
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 Catchment area:  small  (10 to 100 km²)  

  medium  (> 100 to 1 ,000 km²)  

  large  (> 1 ,000 to 10 ,000 km²)  

  very large  (> 10 ,000 km²)  

Datasets / models:  provide information on which data the evaluation of the measure is based 

(e.g. maps, project planning data/documents, field studies) . 

EEvaluation category :  provide information on which topic the 

evaluation is focused. This focus will mainly match the topic in which the person processing the 

evaluation is an expert.  

  focus on morphology  

  focus on vegetation  

  focus on benthos  

  focus on fish  

 

Overview -  site plan:  provision of pictures, maps and/or project plans to illustrat e the affected 

area  

Based on the type of human intervention (A - I) and the assigned main measures and impacts 

for this intervention , the expert handling the evaluation of the  measure s prepares a list of 

approximately 10 ï15 key indicators for the evaluation scale . These parameters are selected 

from the extensive list of parameters and indicators provided within topic s 3.1.1. ï 3.1.4. The 

accuracy of the indicators should be at the level of indicator groups to provide clear and 

adequate results. The indicators may vary depending on the  eEvaluation category  focus ed 

upon  by the user based on expert knowledge.  

There will be no stri ctly uniform application of a set of indicators for the 9 main types of human 

interventions as the evaluations and main measures and impacts will differ significantly among 

different countries and individual interventions. A general description of the meas ure including 

the spatial distribution of the measure and general hydrological data is given  at the beginning 

of the characterisation.  

The assessment table contains both the evaluation of the chosen key parameters and further 

general information. Arrangeme nt and order of the indicators follow the structure within 3.1 in 

terms of hydrological indicators, hydromorphological indicators, material and physical 

emissions from punctual or diffuse sources and others. It is not mandatory to insert variables 

of each of the four groups. Information given in this chart should rather be qualitative than 

quantitative. Four selection options are available for assessing the interference of an indicator 

related to the measure (no effect / minor interference / moderate interf erence / high 

interference). The information provided refers to the condition after completion of the measure 

and includes the whole impact discussed within the evaluation sheet.  

As general information on hydrological indicators , furth er details regarding the flow regime (WP 

6 in prep.) are defined.  

 

The result is demonstrated in the radar chart of rated key indicators  where also the values of 

the benchmark of the river condition are shown. The benchmark of the river condition can refer 

to the utterly unaff ected condition as well as to a modified condition (historical). The graph of 
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the benchmark of the river is assessed following the same scheme as the evaluation of the 

measure (no effect / minor interference / moderate interference / high interference). Th e 

option not evaluated is the only additional possible selection only available for the benchmark 

conditions. The correct order of the evaluation measures within the graph from the outside to 

the inside:  

 no effect  

 minor interference  

 moderate interfer ence  

 high interference  

 not evaluated  

The graph illustrates  in a simple way which parameters have been seriously affected by human 

impact s compared to the unaffected river condition , while simultaneously showing which 

parameters do not exhibit  significant changes due to anthropogenic influence.  

Based on the graphical visualization , the expert in charge can define a list of recommended 

measures to improve the current situation. These recommendations may form  the basis for 

further processing and  more detailed projects.  

Finall y,  an expert summary statement  is provided at the bottom  of the evaluation spread  

sheet. This explanation is to describe  special features of the individual human intervention. 

Alterations of individual parameters should  be de scribed relative to the framework conditions 

of the project. Next, t he required measures should  be elucidated. The expert providing the 

recommendation for required measures  needs to consider the maintenance of existing rights as 

well as  the functional capa bility of existing measures.  

3.2.8  Application examples  

The following section presents examples of application of human interventions affecting surface 

water bodies  relative to most of the nine main groups . The main parameters have been 

selected with a view to  further linkage and development in connection with biotic parameters. 

As a result some human influences such as pollution and biological imbalance have not been 

addressed using an example focussing on morphology. Also the acceleration of climate change 

is n ot illustrated with the aid of an example within this deliverable.  

Two out of 9 of the main groups of human interventions are represent ed by more than one 

example.  

Two run -of - river power stations were described to illustrate how easy it is to provide a us eful 

decision support for stakeholders by using the described evaluation method.  

Two different types of flood protection measures were discussed within the intervention group 

of flood protection to show that when contemplating  the same group of measures , strong 

variation exists between the most decisive indicators.   
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Intervention:  Hydropower (A)  

General description  

Main group of measure:  run -of - river power station  

Constructed in [year]:   2009  

Main measure(s):  transversal structures, longitudinal embankment  

Main impact(s):  sediment trapping, recess, hydropeaking  

Ecological oriented measures to reach state of the art:  

  sediment management  in year: 2009  

  groundwater management  in year: 2009  

  longitudinal connectivity (fish pass, minimum flow)  in year: 2009  

  lateral connectivity  in year: 2009  

Segment length of direct lon gitudinal influence: 5 to 10 km  

Spatial distribution:   punctual     longitudinal /  lateral     spatial  

Typology: (EC WFD SYSTEM A)  

 Ecoregion: Alps  Altitude typology: mid -altitude (200 to 800 m)  

 Geology: calcareous  Catchment area: large (>1.000 to 10.000 km²)  

Datasets  / models: historical maps (Land Register of Francis I.), project data  

Evaluation category :   focus on morphology   focus on vegetation    

  focus on benthos   focus on fish  
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Overview -  site plan:  

  

Figure: Status of the stream morphology a) in the early 19 th  century and b) in 2010 . 

Key indicators for evaluation scale   

List of key indicators:  

¶ Interaction river ï groundwater  

¶ Lateral connectivity river ï floodplain  

¶ Longitudinal continuum  

¶ Lateral continuum river ï floodplain  

¶ Variation of flow velocities  

¶ Variation of water depths  

¶ Sediment input  

¶ Sediment transport  

¶ Diversity of geomorphic structures  

¶ Effect on water temperature  

  

a)  b)  
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Assessment table:  

Hydrological indicators  

Runoff/discharge  Change of flow regime:                            no                    yes  

Mean  annual discharge [m³/s]:  

 1 to 20          >20 to 100            >100 to 500           >500  

Lowflow duration [month, period]:   winter  

Occurrence of max. month:             June  

Groundwater  Interaction from river to groundwater  

 no effects    minor interference     moderate interference    high interference   

Runoff/discharge  Lateral connectivity river ï floodplain  

 no effects    minor interference     moderate interference    high interference   

 

Hydromorphological indicators  

Longitudinal  Continuum affected  

 no effects    minor interference     moderate interference    high interference   

Lateral  Interaction from river to groundwater  

 no effects    minor interference     moderate interference    high interference   

Runoff/discharge  Lateral continuum river ï floodplain  

 no effects    minor interference     moderate interference    high interference   

Variation of flow velocities  

 no effects    minor interference     moderate interference    high interference   

Variation of water depths  

 no affects    minor interference     moderate interference    high interference   

Sediment  Sediment input  

 no effects    minor interference     moderate interference    high interference   

Sediment transport  

 no effects    minor interference     moderate interference    high interference   

Structures  Diversity of geomorphic structures  

 no effects    minor interference     moderate interference    high interference   

 

Others  

Temperature  Effect on water temperature  

 no effects    minor interference     moderate interference    high interference   

Turbidity  Effect on water turbidity  

 no effects    minor interference     moderate  interference    high interference   
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Chart of rated key indicators:  

 

Required measures  

To enhance the present status , the following measures are recommended to improve the 

current situation:  

  Interaction river ï groundwater  

  Lateral connectivity river ï floodplain  

  Longitudinal continuum  

  Lateral continuum river ï floodplain  

  Variation of flow velocities  

  Variation of water depths  

  Sediment input  

  Sediment transport  

  Diversity of geomorphic structures  

  Effect on water temperature  

  Others  

 

Expert summary statement  

Regarding the analysis of the run -of - river power station project ,  no atypical effects or 

measures were determined within the evaluation. The corresponding data fundamentals mainly 

consist of historical maps (Franziszeische Landesaufnahme) as well as available project 

documents provided by the operator of the water power station. Because of the initial state of 

interaction river -
groundwater

lateral
connectivity

river-floodplain

longitudinal
continuum

lateral
continuum river-

floodplain

variation of flow
velocities

variation of
water depths

sediment input

sediment
transport

diversity of
geomorphic
structures

effect on water
temperature

unaffected river run-of-river power station

no effects  

minor interference  
moderate 
interference  
high interference  
not evaluated  
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the river concerning stream course and river engineering measures, the interaction of river to 

groundwater, the lateral connectivity between river and floodplain as well as the sediment 

input are only slightly affected. A minor impact  on water temperature is caused by the 

impoundment of the power station. Considering the year of construction (2009) , it is conclu ded 

drawn that the vast majority part of the power plant is planned and constructed according to 

the state of the art. Taking this fact into account, only very minor improvements are feasible , 

and it should be noted  that all measures to enhanc e the present (hydromorphological) status 

would have  adverse impacts on existing utilisations.  
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Intervention:  Hydropower (A)  

General description  

Main group of measure :  run -of - river diversion power station   

Constructed in [year]:   1871 (conversion 1925 )  

Main measure(s):  run -of - river diversion power station,  

transversal structures, longitudinal embankment, water extraction  

Main impact(s):  sediment trapping, connectivity interruption, minimum flow reach  

Ecological oriented measures to reach state of the art:  

  sediment management  in year:  

  groundwater management  in year:  

  longitudinal connectivity (fish pass, minimum flow)  in year:  

  lateral connectivity  in year:  

Segment length of direct longitudinal influence: 2 km  

Spatial distribution:   punctual     longitudinal / lateral     spatial  

Typology: (EC WFD SYSTEM A)  

 Ecoregion: Alps  Altitude typology: mid -altitude (200 to 800 m)  

 Geology: calcareous  Catchment area: large (>1.000 to 10.000 km²)  

Datasets / models: historical maps (Land Register of Francis I.), project data  

Evaluation category :   focus on morphology   focus on vegetation    

  focus on benthos   focus on fish  
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Overview -  site plan:   

 

 

 

 

 

 

 

 

  

Figure: Status of the stream morphology a) in the early 19 th  century and b) 2010 . 

Key parameters for evaluation scale   

List of key indicators:  

¶ Interaction river ï groundwater  

¶ Lateral connectivity river ï floodplain  

¶ Longitudinal continuum  

¶ Lateral continuum river ï floodplain  

¶ Variation of flow velocities  

¶ Variation of water depths  

¶ Sediment input  

¶ Sediment transport  

¶ Diversity of geomorphic structures  

¶ Effect on water temperature  
 

Assessment table:  

Hydrological indicators  

Runoff/discharge  Change of flow regime:               no                        yes  

Mean annual discharge [m³/s]:  

 1 to 20       >20 to 100       >100 to 500       > 500  

Lowflow durati on [month, period]: spring  

Occurrence of max. month: Mai  

Groundwater  Interaction from river to groundwater  

 no effects    minor interference     moderate interference    

high interference   

Runoff/discharge  Lateral connectivity river ï floodplain  

 no effects    minor interference     moderate interference    

high interference   

a)  b)  

weir  

minimum  flow reach  

power station  
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Hydromorphological indicators  

Longitudinal  Continuum affected  

 no effects    minor interference     moderate interference    

high interference   

Lateral  Interaction from river to groundwater  

 no effects    minor interference     moderate interference    

high interference   

Runoff/discharge  Lateral continuum river ï floodplain  

 no effects    minor interference     moderate interference    

high interference   

Variation of flow velocities  

 no effects    minor interference     moderate interference    

high interference   

Variation of water depths  

 no affects    minor interference     moderate interference    

high interference   

Sediment  Sediment input  

 no effects    minor interference     moderate interference    

high interference   

Sediment transport  

 no effects    minor interference     moderate interference    

high interference   

Structures  Diversity of geomorphic structures  

 no effects    minor interference     moderate interference    

high interference   

 

Material and physical emissions from punctual or diffuse sources  

Temperature  Effect on water temperature  

 no effects    minor interference     moderate interference    

high interference   

Turbidity  Effect on water turbidity  

 no effects    minor interference     moderate interference    

high interference   
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Chart of rated key indicators:  

 

Required measures  

To improve the current  situation , the following  measures are recommended:  

  Interaction river ï groundwater  

  Lateral connectivity river ï floodplain  

  Longitudinal continuum  

  Lateral continuum river ï floodplain  

  Variation of flow velocities  

  Variation of water depths  

  Sedi ment input  

  Sediment transport  

  Diversity of geomorphic structures  

  Effect on water temperature  

  Other   
 

Expert summary statement  

The corresponding data fundamentals mainly consist of historical maps  (Franziszeische 

Landesaufnahme) as well as available project documents provided by the operator of the water 

power station. Due to the year of construction (1871) as well as the adaption measures performed in 

the 1920s , it can be confirmed with certainty  that the goals of the EC Water Framework Directive 

have not been taken into account. To sum up measures regarding minimum flow, longitudinal 

continuum, fish migration and groundwater management should be taken into serious consideration 

in the near future .  
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Intervention:  Spatial planning and rural development (B)  

General description  

Main group of measure:  straightening of the river  

Constructed in [year]:   in the 1920s  

Main measure(s):  cutting off meander, transverse structures  

Main impact(s):  recess, l oss of structures, effects on flooding  

Ecological oriented measures to reach state of the art:  

  stream course morphology  in year:  

  river bed morphology  in year:  

  longitudinal connectivity  in year: 1920ies  

  lateral connectivity  in year: 1920ies  

Segment length of direct longitudinal influence: approx. 1 km  

Spatial distribution:   punctual     longitudinal / lateral     spatial  

Typology: (EC WFD SYSTEM A)  

 Ecoregion: Alps  Altitude typolo gy: mid -altitude (200 to 800 m)  

 Geology: calcareous  Catchment area: large (> 1.000 to 10.000 km²)  

Datasets / models: historical maps (Land Register of Francis I.), project data  

Evaluation category :   focus on morphology   focus on vegetation    

  focus on benthos   focus on fish  
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Overview -  site plan:  

  

Figure: Status of the stream morphology a) in the early 19 th  century and b) in 2010 . 

Key indicators for evaluation scale   

List of key indicators:  

¶ Dynamics of flooding  

¶ Slope / gradient  

¶ Length of shoreline  

¶ Water depth  

¶ Flow velocity   

¶ Wetting  

¶ Lateral extension  

¶ Sediment transport  

¶ Structure -  geometry  

 

Assessment table:  

Hydrological indicators  

Runoff/discharge  Change of flow regime:                             no                    yes  

Mean annual discharge [m³/s]:  

 1 to 20          >20 to 100            >100 to 500          > 500  

Lowflow duration [month, period]:   winter  

Occurrence of max. month:             June  

Dynamics of 

flooding  

Effects on flood peak discharge  

 no effects    minor interference     moderate interference    high interference   

a)  b)  
















































































































































































































































































































































































