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Summary

Background and Introduction to Deliverable 6.2

Work Package 6 of REFORM focuses on monitoring protocols, survey methods,
assessment procedures, gu idelines and other tool s for characterising the consequences
of physical degradation and restoration, and for planning and designing successful river
restoration and mitigation measures and programmes.

Deliverable 6.2 of Work Package 6 is the final report on methods, models and tools to
assess the hydromorphology of rivers. This report summarises the outputs of Tasks 6.1

(Selection of indicators for cost -effective monitoring and development of monitoring
protocols to assess river degradation and restoration ), 6.2 ( Improve existin g methods to
survey and assess the hydromorphology of river ecosystems ), and 6.3 ( Identification
and selection of existing hydromorphological and ecological models and tools suitable to

plan and evaluate river restoration ).

The deliverable is structured in five parts. Part 1 (this volume) provides an overall
framework for hydromorphological assessment. Part 2 includes thematic annexes on

protocols for monitoring indicators and models. Part 3 is a detailed guidebook for the

application of the Morphological Q uality Index (MQI). Part 4 describes the Geomorphic
Units survey and classification System. Part 5 includes a series of applications to several
case studies of several tools and methods reported in the previous parts.

Summary of Deliverable 6.2 Part 1

Obje ctive

The aim of this Deliverable is to provide a flexible, open -ended framework of procedures
and tools through which practitioners can summarise river conditions, set monitoring
activities, support the selection of appropriate and sustainable restoration actions.

Methods and Results

The overall assessment framework presented in this Deliverable is a more prescriptive
version of the open -ended REFORM hydromorphological framework devel oped in
Deliverable 2.1 . Therefore, it provides a more formal set of met hods and tools with
which to practically assess and monitor hydromorphological conditions.

Some of the key features of the REFORM hydromorphological framework presented here
are the following: (i) it provides a flexible set of procedures such that member s tates can
incorporate their own data sets and methods; (i) it is organised in a sequence of stages,
each one containing a series of procedural steps that support the assessment of river

conditions in a  consistent manner; (iii) its application allows repre sentative reaches or
sites to be selected for monitoring river conditions, and for appropriate upscalin g or
downscaling of information; (iv) it can be used to classify and understand current
conditions , to assess the pote ntial for morphological changes, an d to support
prioritisation of actions and selection of sustainable management strategies.

This report (D6.2 Part 1) describes the succession of logical stages required to
implement the framework and its  assessment s as follows.

(1) Catchment -wide d elineati on and spatial characterization of  the fluvial system . This
phase provides a delineation, characterization and analysis of the river system in its
current conditions, according to the framework developed in D2.1.

The m ain outputs are: (i) delineation of spatial units; (i) ch  aracterization of spatial
units, including hydrological characteristics, sediment sources and delivery,
characteristics of the river and its corridor , typical assemblages of geomorphic units ; (i)
synthesis of the main physical pressu res and impacts at catchment scale ; (iv) spatial
patterns of the main morphological parameters and their control on channel morphology
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(2) Assessment of temporal changes and current conditions . This phase involves
reconstructing the history and evolutiona ry trajectories of morphological changes and

assessing river conditions  in its present state.

The m ain outputs are: (i) natural and human factors influencing the different spatial

units in historical times ; (ii) evolutionary trajectories of channel changes ; (iv) GIS

mapping synthesizing pressures and critical reaches at catchment scale ;)

hydrol ogical, mor phol ogi cal and riparian vegetation
(vi) geomorphic units existing along the investigated reaches ; (vii) identifica tion of the

problems and the most critical reaches at catchment scale ; (viii) reports on monitored

parameters or indicators and their temporal changes.

(3) Assessment of scenario -based future trends . This phase is aimed to identify possible
scenarios of hy dromorphological modification.

The main outputs are: (i) mapping of sensitivity and morphologic al potential at
catchment scale; (ii) synthesis of past channel evolution, current conditions, and
possible future trends

(4) Identification of management actio ns. This last phase is aimed to identify possible
hydromorphological restoration or management actions, and strongly interacts with the
identification of restoration potential and strategies developed in REFORM WP5.

Each stage contains a series of procedur al steps that are followed to conduct an
assessment of river conditions and lastly to support the selection of appropriate
management actions in a meaningful, coherent, and consistent manner.

The m ain outputs are: (i) d efinition of one or more scenarios of management actions or
restoration interventions ; (i) potential effects of proposed interventions on physical
processes and overall hydromorphological conditions

The methods and tools developed or revised in this Deliverable have relevance for
hydromorp hological assessment and monitoring aimed at implementing the WFD.
Concerning the definition of WFD water bodies, the REFORM framework uses a more
standard geomorphological terminology for the spatial units and the procedures
recommended include a more com prehensive and explicitly process -based set of criteria.
Application of the REFORM framework to delineate segments often generates boundaries

that correspond to WFD water body boundaries , Which can be further subdivided into
6 r e a c bsing additional geom orphological criteria such as the classification of river
typologies.

This Deliverable also suggests suitable methods for the evaluation of the different
component s of an overall 6r i vy esuch aso fiod ihydrologital as s e s s mo
assessment (IARI, IAHR IS), morphological assessment (MQI, Rivers -MImAS, SYRAH) ,
and riparian vegetation  assessment (RQIl ). Specifically, the  Morphological Quality Index
(MQI) has been extended and tested during the project and is the recommended method
from REFORM for th e assess ment of morphological conditions

Conclusions and recommendations

In order to characterise, assess, and monitor hydromorphological conditions of rivers, a n
overall analysis of different components (hydrology, morphology, riparian vegetation) is
required. T he analysis must be based on appropriate spatial and temporal scales.

For sustainable solutions to river management problems, it is crucial to develop
understanding of the functioning of a river reach in the context of the character and
changes in the spat ial units (segment, landscape unit, catchment, biogeographical
region) within which the reach is located.

Knowledge of past hydromorphological changes which have occurred at different spatial
scales, their causes, and reconstruction of the river evolutiona ry trajectory  in response
to those changes is a fundamental component of the analysis.
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We provide t he following key recommendations  for stakeholders

A We recommend using two linked process -based approaches to achieve a
comprehensive and synergic hydromorp hological assessment: (i) a multi -scale, open -
ended framework to develop an understanding of river reach hydromorphology; (ii) a

more prescriptive approach based on the integration of more specific assessment tools

A The delineation of WFD water body boun daries can be integrated into the
REFORM framework atthe segment scale, and then the water bodies can be further sub-
dividedinto 6 r e a c Usimgsadditional geomorphological criteria such as the identification
of river (morphological) types

A The Morphol ogical Quality Index (MQI) is recommended to assess river
conditions, i.e.  for analysing and interpreting critical pr oblems and causes of alteration.
The method should be implemented for the entire gradient of morphological conditions

(not only for high st  atus water bodies) for su  pporting interpretation of BQEs, and should
be integrated with a characterization of the assemblage of geomorphic units (GUS) that
determin e the morphology at reach scale.
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1. Introduction

This Deliverable is the main output of the activities carried out in Tasks 6.1, 6.2 and 6.3

of Work Package 6 of the REFORM project. It is organised in the form of a
methodological framework, structured in stages and steps  reflecting the logical sequence
of analysis that should be undertaken.

Some of the activities carried out in Tasks 6.1, 6.2 and 6.3 are also reported in othe r
deliverables (e.g., D6.3). In particular, note that ecological monitoring indicators are not

included in this Deliverable, as they are widely reported in other Work Packages (e.g.,

WP3) and summarised in the Wiki and in Deliverable 6.3.

1.1 The Aims of Tasks6.1,6.2 and 6.3 of REFORM WP6

This report and its annexes summarize the outputs from Tasks 6.1, 6.2, and 6.3. As
described in the original proposal, the aims of these tasks were as follows:

Task 6.1: Selection of indicators for cost -effective monito ring and development of
monitoring protocols to assess river degradation and restoration

This task select s and identifies key indicators from the candidate indicators developed in
previous WPs, encompassing the impacts of pressures and the benefits of meas ures on
the ecological status and ecosystem services of rivers and floodplains. The indicators will

have a close link to particular hydromorphological conditions. For each indicator a

protocol for cost -effective monitoring will be made to support monitorin g programmes
for the WFD, GWD and river restoration projects. The preliminary selection of indicators

in this task will be tested and validated on the case studies within WP4.

1 Selection of indicators (hydrological, morphological, ecological and indicators for river
ecosystem goods and services) sensitive to changes in hydromorphology i.e. both
degradation and recovery through restoration.

9 Deriving improved single metrics with higher sensitivity towards hydromorphological
change as well as multi  -metrics that are sensitive to multiple pressures.

1 Development of web -based guidelines with protocols to cost - effectively monitor the
selected indicators.

Task 6.2: Improve existing methods to survey and assess the hydromorphology of river
ecosystems

This task produce s a cost -effective and widely applicable system for channel - floodplain
hydromorphological survey, assessment and classification, with specific consideration to

channel dynamics and floodplains, and practical suitable for the WFD and consistent with

CEN (2 002) standards. The method progresses beyond the state -of-the -art as it gives
insight into hydrological and morphological patterns and processes at various scales with

links to the ecological status. The task is complementary to task 6.1, which provides

selected indicators, and will build on results of WP 2, 3 and 4.

1 Improvement and expansion of a process -based method, recently developed in Italy

(Rinaldi et al. 2010), that can be applied across Europe, by defining a scoring system
based on key hydromorphol  ogical indicators that are ecologically relevant.

1 The draft method will be applied and tested within WP4 and using existing data from a
selected number of case studies across a representative range of European streams,
in terms of: (i) catchment and natura I channel typology; (ii) types and degree of
human alterations and consequent channel adjustments.

Page 8 of 112
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Task 6.3: Identification and selection of existing hydromorphological and ecological
models and tools suitable to plan and evaluate river restoration

This ta sk builds on the results of task 1.1 and aims to produce a guideline for the use
mathematical models and other quantitative tools by scientists and consultants
supporting stakeholders and practitioners to assess rivers and their restoration.
Furthermore, a pplications and experiences of models used in other WPs (i.e. WP4) are
summarized in this task to advice on their applicability in river restoration projects.

9 Development of guidelines and recommendations on possible use of mathematical
models and other to ols to solve specific problems related to river assessment and
restoration, and definition of criteria for the use of more advanced numerical models
in assessing effectiveness, impacts and sustainability of hydromorphological complex
restoration approaches

1.2  Contents of this Report in Relation to the Originally Proposed
Work

As described in the original proposal, the report contains: (1) guidelines containing
criteria for the use of mathematical models and tools; (2) factsheets and monitoring
protocols f or indicators detecting hydromorphological change when assessing ecological
status of rivers and floodplains; (3) improved method s for hydromorphological survey.

The overall methodological structure of the assessment of hydromorphological conditions

stems from the multi -scale framework developed in REFORM Deliverable 2.1 and partly

builds on existing geomorphological approaches ( e.g., Brierley and Fryirs, 2005; Rinaldi
et al., 2015). However, t he overall assessment framework presented in this Deliverable

is a more prescriptive version of the open -ended REFORM hydromorphological
framework devel oped in Deliverable 2.1 . Therefore, it provides a more formal set of
methods and tools with which to practically assess and monitor hydromorphological
conditions. here the framework is presented in a more formal way. In particular:

(1) The framework provides a structure, organized in stages and steps that are
consistent with Deliverable D2.1, on how to assess and monitor hydromorphological
conditions.

(2) The deliverable  emphasizes the practical application of assessment and monitoring

tools fo r the implementation of the WFD, including both e xisting and newly developed
methods and tools that fit with in this framework.

The overall framework is described in this main report , which is composed of six
chapters. S ome thematic aspects, methods, and applications are further elaborated in a
series of annexes.

The main report is organised in the following chapters:

1. Introduction

2. The Overall Methodological Framework

3. Stage |: Catchment -wide Delineation and Spatial Characterization of the Fluvial
System

4, Stage Il:  Assessment of Temporal Changes and Current Conditions

5. Stage lll: Assessment of Scenario -Based Future Trends

6. Stage IV: Management

The first volume of ann  exes (Part 2) focuses on methods for monitoring indicators and
related models, and comprises the following parts:

Hydrological monitoring indicators

Morphological monitoring indicators

Riparian vegetation =~ monitoring indicators

Hydromorphologica | m odels

OO

Page 9 of 112
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The second annex (Part 3) is a Guidebook for the evaluation of stream morphological
conditions by the Morphological Quality Index (MQI) , and comprises the following parts:
1. The Morphological Quality Index (MQI)

2. The Morphological Quality Index for m onitoring  (MQIm)

Appendix 1: Evaluation Form for Confined Channels

Appendix 2: Evaluation Form for Partly Confined or unconfined Channels
Appendix 3: Guide to the Compilation of the Evaluation Forms

Appendix 4: lllustrated Guide to the Compilation of the E valuation Forms

The third volume of annexes (Part 4) describes the Geomorphic Units survey and
classification System (GUS), and is composed by the following parts:
A. The Geomorphic Units survey and classification System (GUS)

B. Guide to the application of the GUS

Appendix 1: Survey and classification forms
Appendix 2: Geomorphic units and macro -units list
Appendix 3: Glossary

The last annex (Part 5) presents the following applications o f some of the methods or
components o fthe overall framework:
1. Applications of MQI and MQIm to European case studies

2. Application of remote sensing data for hydromorphological characterization
3. The Hydromorphological Evaluation Tool (HYMET)

IMPORTANT NOTE : The method s and tools included in this framework and used to assess
hydromor phological conditions are dra wn from the disciplines  of hydrology ,
geomorphology , and riparian -floodplain vegetation dynamics . Therefore, the
participation of a trained hydrologist/geomorphologist in the application of the
methodology is essential if misin terpretations are to be avoided. Furthermore, although
secondary sources provide much of the required information, data acquisition and

checking by field survey is strongly recommended. Application of the framework  without
the necessary skills  and field su rvey could seriously limit  the validity of its application

Page 10 of 112
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2. The Overall Methodological Framework

The overall methodological ~ framework provides  a coherent set of methods and tools with
which to practically assess and monito r hydromorphological condition s. The framework is
structured into  a sequence of procedural stages and steps in order to assess river
conditions and to support the selection of appropriate management actions.

The spatial and temporal context s are based on the multiscale, process -based,
hierarchical framework developed in D2.1 (Gurnell et al., 2014 ).

The overall framework incorporate s four stages : (1) delineation and characterization of
the river system; (2) assessment of past temporal changes and current river conditions;
(3) assessment of future trends; (4) identification of management actions.

2.1 The Spatio -Temporal Context

This section briefly reviews some of the key concepts that underpin  the methodology.

The assessment of hydromorphological conditions requires that a given river rea ch must
be placed in an appropria te spatial and temporal context, understanding connectivity of
physical processes between different spatial units , their temporal evolution , and causes
of change.

Concerning the  spatial context of analysis , a multiscale hie rarchical approach is
fundamental for many management applications, for example for selecting sampling and

monitoring sites, and interpret ing and extrapolating information gathered at specific sites
to other similar sites (Brierley et al., 2013). The multi -scale hierarchical approach
developed in Gurnell et al. (2014) (Figure 2.1) provides the spatial framework for

assessment described in this deliverable.

The temporal context  of the framework is  also developed from D2.1 and recognises that
fluvial systems are dynamic and follow a complex evolutionary trajectory with time in

response to a series of driving variables acting at various spatial and temporal scales

(e.g., Brierley et al., 2008; Dufour and Piégay, 2009).

Rivers continuously adjust their morpholog y through time in response to changes in

boundary conditions, such as variations in fluxes of water and sediment. Each river may
have specific characteristics determined by its historical evolution, including human
factors and particular sequence of events , SO interpretation of local temporal

adjustments in  morpholog y is essential for  assessing current conditions and possible
future adjustments and  scenarios.

Awareness that current river morphology is simply a point along a variable evolutionary

trajectory i mpl i es that in most cases a Orecoveryb6 to a hi
take place because of completely changed boundary conditions (Dufour and Piégay,
2009) , and that identification of a morphological 0

proc esses should be considered in setting restoration goals. The dynamic nature of rivers

also implies thata  well -defined channel geometry is rarely achievable as a morphological

target condition for restoration. I nsteadIdtbdhe o6refe
replaced by a targeted, objective -based strategy that accounts for less human influence

driving natural processes and the ecosystem services associated with them (Dufour and

Piégay, 2009). In this sense, restoration targets should be consistent with the current

and future natural morphological potential and should be supported by an historical

analysis of the evolutionary trajectory and by assessing disruptions to the primary

driving processes (Kondolf et al., 2001; Beechie et al., 2010).

Page 11 of 112
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Figure 2 .1 Hierarchy of spatial scales for the European Framework for
Hydromorphology, including indicative spatial dimensions and timescales over which
these units are likely to persist (from Gurnell et al., 2014)
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Figure 2. 2 The concept of an evolutionary t rajectory (modified from Dufour & Piégay,
2009).
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2.2 The Overall Framework

The overall spatio -temporal framework for assessment, analysis, and monitoring of
hydromorphological conditions presented in this document directly stems from the multi
scale meth odological procedure developed in REFORM deliverable D2.1 (Gurnell et al.,
2014) . Four main stages are identified (Figure 2.3) : (1) delineation and characterization
of the river system; (2) assessment of past temporal changes and current river
conditions; (3) future trends ; (4) identification of management actions

(1) Catchment -wide d elineation and spatial characterization of  the fluvial system . This
phase delineat es, characteri ses and analys es the catchment and river system in  their
current conditions.

(2) Assessment of temporal changes and current conditions . This phase involves
reconstructing the history and evolutionary trajectories of morphological changes that
have resulted in present river conditions.

(3) Assessment of scenario -based future trends . This phase identifies possible future
scenarios of hydromorphological modification.
(4) The final phase identifies possible hydromorphological restoration or management

actions, and strongly interacts with the identification of restoration potential and
str ategies developed in the REFORM WP5.

Each stage contains a series of procedural steps that are followed to conduct an
assessment of river conditions and lastly to support the selection of appropriate
management actions in a meaningful, coherent, and consis tent manner.

Spatial context Temporal context

Stage II: Assessment of
temporal changes and current
ol 1]
Stage I: Catehment-wide conditions go
delineation and spa rial R REE et L LR P T PR L PP PE P ER PP PP - = .
. - . Q3 8y
characterization of the fluvial Stage Ill: Assessment of : H{, |
system seenario-based future trends F
! a
[=
4
2
s
-1
w
Stage IV: Management
Figure 2. 3 Structure of the overall hydromorphological framework . On the right side,
the graph emphasises that the present state of the river system represents a spot within
a long trajectory of evolution that needs to be known to understan d current conditions

and possible future trends.
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Box 2.1: Definition of terms used in the framework

Delineation (or segmentation ): delimitation of the boundaries of the spatial units of a
catchment and its river system.

Characterization : description of the spatial units  of a catchment and its river system to
support understanding of system functioning

Assessment : evaluation of the conditions and functioning of the spatial units of a

catchment and its  river system.

Monitoring : periodic measurement (or e  valuation) of parameters or indicators to assess
the changes that are occurring.

Modelling : simplifying abstraction or idealization of reality that results in quantitative or
qualitative understanding of how the system could change in the future.

Predictio n: qualitative or quantitative description of how forms or processes could evolve
in the future.

Evaluation : systematic and structured determination, interpretation or judgement.

Key features and applications of the REFORM hydromorphological framework

- The framework provides a flexible set of procedures that can be used to conduct a
catchment -based survey and assessment. The approach is open -ended to the extent
that member states can incorporate their own data sets and methods

- The framework is organ ised in a sequence of stages , each one co ntaining a series of
procedural steps that support the assessment of river conditions in a meaningful,
coherent, and consistent manner.

It is not necessary to carry out all of the steps . The steps that need to be included
depend on the degree of detail that is needed and the specific problems to be
addressed . The components of the framework can be adjusted and additional
indicators or tools can be incorporated to expand the details of any assessments to
suit local circumstances

Application of a catchment -based, hierarchical framework allows representative
reaches or sit es to be selected for monitor ing river conditions , and for appropriate
upscaling or downscaling of information

- The framework can be used to classify and under stand current conditions and to
assess the potential for morphological changes

- The framework can also be used to support prioritis ation of actions and select ion of
sustainable  management strategies

I Ecological relevance
|

- Physical processes and structu res are relevant to the provision of habitats to support
the entire life cycle of organisms including refuge, feeding, spawning habitats , etc.
Thus, a process -based, multi -scale understanding of hydromorphology is essential for
identifying degraded segmen  ts and reaches of river s and for developing sustainable

| restoration approaches consistent with hydromorphological functioning from catchment

| to reach scales.

e
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Links
A The REFORM Deliverab le D2.1 (Gurnell et al., 2014)
A A summary of the D2.1 methodology is reported in Gurnell et al. (2015a)
A Existing geomorphological frameworks with a similar structure are the River
Styles Framework by Brierley and Fryirs (2005), and the IDRAIM methodology by
Rinaldi et al. (2015) which is also available in Italian
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3. Stage | Catchment I wide delineation and
spatial characterization of the fluvial system

Stage | und ertakes a catchment -wide delineation, characterization and analysis of
catchment and river system in their current condition in two steps: (1) delineation of
spatial units; (2) characterization of spatial units.

Delineation subdivides the catchment and riv er network into a hierarc  hy of spatial units,
where the reach is the key spatial scale useful for the assessment of hydromorphological
conditions.

Once the spatial units have been delineated, their properties are quantified during the
characteri zation phas e, and then appropr iate characteristics are used to define indicators
of processes, forms and human interventions

Step 17 Delineation of
spatial units

l

Step 27 Characterization of
spatial units

Figure 3.1 Steps of the Stage |

For the theoretical background and a wider description of the multi -scale, hierarchical
framework , refer to REFORM Deliverable D2.1 (Gurnell et al.,, 2014) . This chapter
summar izes th e methodology

3.1 Step 1: Delineation of spatial units

Delineation subdivid es the catchment and  river network into a hierarch  y of spatial units,

where the reach is the key spati al scale for the assessment of hydromorphological
conditions.
The hierarchy of spatial units within which relevant properties, forms and processes can
be investigated is illustrated in  Figure 2.1. A summary of definitions and delineation
criteria for each spatial unit is provided in th is section.
Basic Questions of  Stagel - Step1l
- What are the landscape units  within the catchment and what are the factors (geology,
elevation, relief, vegetation coverage) that can be used to differentiate them ?
- Do segmen ts derived from the boundaries of landscape units need to be further divided
based on additional factors (e.g., major changes in valley gradient, valley lateral
confinement, catchment area )?
- What morphological river types are found in the investigated ri ver network, and do
these suggest that segments need to be subdivided into reaches ?

Are there additional factors (e.g. reach -scale changes in confinement setting, bed

slope, sediment calibre, discharge and sediment supply associated with tributary
conflu ences or artificial discontinuities ) that should also be considered for reach
delineation ?
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The multi -scale procedure is designed to be suitable for management application by
environmental or water agencies. The approach is deliberately open -ended to allow for
optimum use of locally available data sets, particularly information already gathered to

meet WFD requirements. Therefore, the delineation is largely based on existing
information (e.g., topographical, geological, land use data) and remote sensing data

analyzed within a GIS. The requirement for the collection of new data is kept to a

minimum . The spatial extent and detail of the delineation varies depending on
management objectives an d the size of the catchment:

- For smaller catchments or where there a re multiple objectives , the entire catchment is
subdivided in to a complete set of spatial units from catchment to reach scale.

In large catchments, delineation of the complete set of units may not be feasible.
Under such circumstances, a complete set of landscape units and segments is
delineated, but reaches are only delineated for specific portion s of the catchment or  for
specific river segments that require detailed investigation.

- Where the interestis on one or more specific  reach es, a minimum delin eation should
focus on the spatial units  (landscape units and segments) containing the investigated
reach(es), atlea stinthe firsti nstance.

Delineation is achieved through a flexible and adaptive procedure rather than a rigid set

of rules. Recent develo pments in automated spatial disaggregation and discretization of
fluvial features (e.g., Alber and Piégay, 2011) could potentially be implemented for some

steps of the procedure (an example application of automated delineation of river reaches
is reported in Deliverable 2.1, Part 2, Annex A).

Definition s, delineation criteria, methods and data sources for each spatial scale are
summari zed below .

Region

Alternative equivalent terms
Ecoregion, Biogeographical region

Indicative space and time scale
>10 * km 2

>10 “ yrs

Description

Relatively large area containing characteristic assemblages of natural communities
and species that are the product of climate, relief, tectonic processes, etc.

Delineation criteria
Differences in main climatic variables and distr ibutionof 6 n at u wegdtafion types

Methods and data sources
www.globalbioclimatics.org , using Biogeographic Region and Sub -Region .

Catchment

Alternative equivalent terms
Drainage basin, Water shed

| ndicative space and time scale

1027 10° km 2

10%i 10 yrs

Description

Area of land drained by a river and its tributaries

Delineation criteria
Topographic divide (watershed)

Methods and data sources
Digital Elevation Models (e.g. SRTM, ASTER GDEM) us ing GIS algorithms to delimit the
topographic divide .
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Landscape unit

Alternative equivalent terms

Physiographic unit , Process domain

Indicative space and time scal e

1027 103 km 2

10%i 10° yrs

Description

Portion of a catchment with similar landscape morphological characteristics

(topography/landform assemblage)

Delineation criteria
Topographic form (elevation, relief T dissection, often reflecting rock type(s) and
showing characteristic land cover assemblages)

Methods and data sources

GIS overlay of some of the following in the stated order of priority: (1) Digital Elevation
Model (e.g. SRTM, ASTER GDEM); (2) Geological maps (One Geology Europe); (3)

CORINE Land Cover; (4) Supporting information from: Google Earth / Orthophotos

Segment

Alternat ive equivalent terms

Sector

Indicative space and time scale

10'7 102 km

10%i 102 yrs

Description

Section of river subject to similar valley - scale influences and energy conditions
Delineation criteria

Change of landscape unit (e.g. abrupt change in geo logy); m ajor changes of valley
gradient;  m ajor tributary confluences (significantly inc reasing upstream catchment
area and river discharge); valley confinement (confined, partly - confined, unconfined);
in mountainous areas, very large lateral sediment input S.

Methods and data sources

DEMSs; Google Earth images; Orthophotos. 1) Major segments are identified by applying

GIS tools to a DEM with river network overlay, to define downstream breaks in valley

gradient (and width) and in upstream contributing area; ( 2) Major segments may be
further  subdivided according to distinct changes in valley confinement

Reach

Indicative space and time scale
10 *i 10* km

(20+ widths)

10%i 102 yrs

Description

Section of river along which boundary conditions are sufficient ly uniform that the river
maintains a near consistent internal set of process -form interactions (a river segment
can contain one to several reaches).

Delineation criteria

Channel morphology (particularly planform . see Basic River Typology , Table 3.1, Figu re
3.2 ) (minor changes in bed slope, sediment calibre, may be relevant);  floodplain

features ; artificial discontinuities that affect longitudinal continuity (e.g. dams, major

weirs / check dams that disrupt water and sediment transfer)

Methods and data s ources
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Segments are subdivided into reaches by visual interpretation of consistent river and

floodplain (bio) geomorphic pattern using: Google Earth; Orthophotos; Multi - spectral
remotely -sensed data; Lidar data; (Field reconnaissance can provide useful

con firmation / additional data)

Geomorphic unit
Alternative equivalent terms

Morphological unit, Meshohabitat, Sub -reach or Site

Indicative space and time scale

10%7 102 m

(0.1 7 20 widths)

10°%7 10* yrs

Description

Area containing a landform created by erosion and/or deposition inside (instream
geomorphic unit) or outside (floodplain geomorphic unit) the river channel.

Geomorphic units can be located within the channel (bed and mid - channel features),
along the channel edges (marginal and bank features ) or on the floodplain, and include

secondary aquatic habitats within the floodplain.

Delineation criteria

Major geomorphic units of the channel or floodplain distinguished by distinct form,

sediment structure / calibre, water depth/velocity structure and sometimes large
wood or plant stands (e.g. aquatic / riparian, age class)

Methods and data sources
Requires field survey but preliminary analysis can use: Google Earth; Orthophotos;
Multi - spectral remotely -sensed data; Lidar data

Hydraulic unit

Altern ative equivalent terms
Microhabitat

Indicative space and time scale
107 10' m

(57 20D )

10 '7 10 yrs

Description
Spatially distinct patches of relatively homogeneous surface flow and substrate
character (a single geomorphic unit can include from one to several hydraulic units)

Delineation criteria
Patches with a consistent flow depth / velocity / bed shear stress for any given flow
stage and characterized by narrow range in sediment calibre

Methods and data sources
Field survey ; Hydraulic model ling

River element

Alternative equivalent terms
Microhabitat

Indicative space and time scale
10727 10t m

(10 ° 7 10! Dg)

1027 10° yrs

Description

Elements of river environments including individuals and patches of sediment, plants,
wood, etc.
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Delineation criteria
Significant isolated elements creating specific habitat or ecological environments

Methods and data sources
Field survey

3.1.1 Basic River Typology (BRT)

The first level of reach morphological classification consists of a simple proc edure based
on river channel planform character (number of threads and planform pattern) framed in
the context of valley setting (confinement).

The BRT classifies reaches using readily  -available information, mainly remotely -sensed
imagery. The typology def ines seven river types (plus a type O for highly altered
reaches) (Table 3.1, Figure 3.2 ). Different channel morphological types are associated

with two broad categories of valley confinement (i) confined reaches, and (ii) unconfined

and partly -confined re aches.

Table 3.1 Basic River Typology based on Confinement and Planform .
Type Valley Threads Planform Si Bi Ai

Confinement
0 Heavily Any Any Any Any Any
artificial
1 Confined Single Straight - n/a approx. 1 approx. 1
Sinuous
2 Partly Single Straight <1.05 approx. 1 approx. 1
confined /
Unconfin ed
3 Partly Single Sinuous 1.05< Si approx. 1 approx. 1
confined / <15
Unconfined
4 Partly Single Meandering >1.5 approx. 1 approx. 1
confined /
Unconfined
5 Confined / Trans itional ~ Wandering 1< Bi< Ai <15
Partly 15
Confined /
Unconfined
6 Confined / Multi - Braided Bi >1.5 Ai <15
Partly thread
Confined /
Unconfined
7 Confined / Multi - Anabranching Bi <1.50r Ai >15
Partly thread Bi >15
Confined /
Unconfined
In the case of confined reach es, streams are divided into three categories (Table 3.1)
based on the number of threads, i.e. single -thread; transitional (wandering); multi -
thread. For single -thread, confined reaches (type 1), sinuosity is not meaningful as it is
determined by the valle vy rather than the channel planform . Therefore, these channels

are not further  subdivided at this stage, because it is not possible to make accurate
distinctions based on other characteristics, particularly the bed configuration, from

remotely sensed source s. Transitional and multi  -thread confined reaches are identified
using the same criteria as for unconfined and partly -confined transitional and multi -
thread channels (see below). These confined channel types are usually sufficiently large

to be discriminat ed by remote sensing. However, it may only be possible to confirm
some small transitional or multi -thread streams following field survey, in which case they

are classified as type 1 reaches during the delineation phase.
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In the case of unconfined and partly  confined reaches , six broad types (2. Single -thread:

Straight; 3. Single -thread: Sinuous; 4. Single -thread: Meandering; 5. Transitional:
Wandering; 6. Multi  -thread: Braided; 7. Multi -thread: Anabranching) are distinguished
(Table 3.1). The classification is based on a planform assessment (from aerial imagery)
of three indices: sinuosity, brai ding, and anabranching indices.

The sinuosity index  (Si) is the ratio between the distance measured along the (main)
channel and the distance measured following the di rection of the overall planimetric
cour se (or 6meander belt axisbd foe, s1angde
Bravard, 2010; Al ber and Pi®gay, 2011).

The braiding index  (Bi) is the number of active channels separated by bars at baseflow .

The recommended method for estimating Bi is the average count of wetted channels in
each of at least 10  cross sections spaced no more than one braid plain width apart (Egozi
and Ashmore, 2008).

The anabranching index  (Ai) is the number of active channels separated by vegetated
islands at baseflow . Similarly to the braiding index, the recommended method for
estimating Ai is the average count of wetted channels separated by vegetated islands in
each of at least 10 cross sections spaced no more than the maximum width enclosing
the outer wetted channels apart.

Lastly , it is important to identify reaches of suffic ient length  (of the order of at least 10
times the channel width) with highly modified characteristics (e.g. urban and other
highly channelised / reinforced reaches) as a separate category (type 0), since their

lateral stability and geomorphic units cannot reflect any o6natural 6

this case, the previous indices are not used as criteria to discriminate within this
category.

Single-thread Transitional Multi-thread

Confined single-thread

Unconfined single-thread Braided

Straight Sinuous  Meandering

Wandering

Anabranching

Figure 3. 2 The seven main morphological types identified from remote sensing and used
as one of the criteria fo r delineation of river reaches.
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Main Outputs of Stagel - Stepl

- Synthesis of data sources used to define landscape units and segments, such as a
catchment -based geolog ical sketch, DEM, and longitudinal profile of valley gradient with
contributing are  a plots.

- GIS map with landscape units, segments, and reaches

- Summary Tables with  a list of spatial units ( landscape units, segments, and reaches ),
and information on delineation criteria used to define their boundaries .
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3.2 Step 2: Characterization o f spatial units

Having defined the boundaries of the spatial units (delineation), the y are characterise d
or describe d to support understanding of their conditions and functioning and to provide
information necessary for the ir assessment. A detailed descrip  tion of data sources and

characteristics that can be extracted at different spatial scales is reported in REFORM
deliverable 2.1 (Gurnell et al., 2014) , While a  brief summary follows in this chapter
Basic Questions of Stagel - Step 2

What are the characteristics of the catchment  (geology, topography, hydrology,
vegetation cover, land use) and of the landscape units identified during the previous
step?
- Where are the main  sediment sources | ocated within the catctlsn
and segments?
- What are the main  processes of sediment delivery and wood recruitment (landslides,
soil erosion, bank erosion, etc.) and their potential contribution to sediment production?

- What are the characteristics of the river and its corridor (I ateral confinement, river
morphology, channel dimension, river energy, bed and bank sediments, flow regime,

floodplain, groundwater T surface water interactions , riparian and aquatic vegetation )?
- What are the assemblages of channel and floodplain geomorp hic units characterising
each river type ?

What are the physical pressures and human impacts on river processes and

morphology? Are there barriers or artificial elements interrupting or altering longitudinal
and/or lateral continuity?

What are the catch ment and landscape unit controls on river characteristics? For
example, what is the downstream pattern of channel morphology and floodplain features
and what are the main controls on such pattern? Why do change s occur at reach
boundaries?

nent 6s

In the following  sections , a series of indicators are listed for each of the spatial scales
(section 3.2.1), and then four classifications that act as indicators are described in

greater detail: an extended river typology (section 3.2.2) a nd floodplain typology
(section 3.2.3) are applicable at the reach scale, whereas a flow regime typology
(section 3.2.4) and a description of types of groundwater -surface water interaction

(section 3.2.5) are more relevant to the segment scale.

3.2.1 Indicators

A series of properties can b e used to characterise units at each spatial scale in the
hierarchy. These are summarised as follows.

At the regional scale , macro -features of biogeography and hydroclimate provide broad
boundary conditions for the characteristics of the study catchment at all spatial scales.
Two properties are considered: (1) Main river basin or district; (2) Biogeographic Region

or Ecoregion.

At the catchment scale , the aim is to give an overview of the topographic, geological and
land cover controls on hydrological respo nsiveness and sediment delivery to the river
network. Three properties are suggested: (1) Size, Morphology, Hydrological Balance;

(2) Geology/Sails; (3) Land cover.

Landscape units are characterised in a similar way to the entire catchment but to a
greater level of detail, including the following properties: (1) Water production; (2)
Sediment production; (3) Physical pressures on sediment regime.
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River segments

are characterised according to: (1) Flow regime; (2) Valley
characteristics; (3) Sediment; (4) Ri

parian corridor features; (5) Physical pressures.

River r eaches are the key spatial units for the assessment of river conditions. They can
be characterized by a combination of properties, including: (1) Channel dimensions

(width, planform, gradient); (2) R

and aquatic vegetation; (5)

Geomorphic _units

represent a n important
channel and the river corridor. At a first stage,

iver energy; (3) Bed and bank sediment; (4) Riparian
Wood production; (6)

Physical pressures.

component of the characterization of the
characteristic geomorphic units can be

extracted from aerial imagery and existing habitat / morphological surveys. Then, a
purpose -specific field survey is needed to provide a comprehensive record of the

geomorphic units

existing within the active channel and

alluvial plain. During this survey,

additional information concerning hydraulic units and river elements within the

geomorphic units can be collected.

Table 3.2
at spatial scales f

Key Processes
Catchment scale
Water production

Landscape unit scale
Runoff production / retention

Sediment production

River segment scale
Valley features

River flow regime

Sediment delivery and transport
regime

Disruption of longitudinal continuity
of water, sediment and wood

Riparian corridor size, functions,
succession, wood delivery potential

Summary of main hydromorphological indicators representative of processes
rom catchment to river segment.

Indicators indicative units
Catchment area (km )

Average annual precipitation (mm)

Average annual runoff / water yield (mm)
Average runoff coefficient (dimensionless)
Geology (% WFD classes)

Land Cover (% CORINE level | classes)

Exposed aqg uifers, permanent snow  -ice cover (%)

Soil permeability (% permeability classes)

Large surface water bodies (% cover)

Delayed, intermediate, rapid runoff production areas (%
cover based on CORINE level 2, 3 land cover classes)

Soil erosion (t/ha/year)

Coarse sediment source areas (unstable slopes, gullies,
etc., ha, % area)

Valley confinement (categorical)

Valley gradient (m/m, %)

River confinement (valley width/river width, dimensionless)
Flow regime type (categorical)

Average annual flow (m  3/s)

Base flow index (categorical)

Annual flood s of different return periods (Q P2, Qpio,
meedian ,m 3/5)

Timing of maximum and minimum flows (Julian day)

Eroded soil delivery (t/year/km 2)

Annual suspended load (t/year, t/lkm 2lyear)

Annual bed load (t/year, t /km 2lyear)

Sediment budget (categorical (gain, loss, balanced);
t/year, ttkm 2/year)

Number of major (categorised as high and medium)
blocking and spanning structures (e.g. dams, drop
stru ctures, weirs, bridges)

Size of riparian corridor (average width, m)

Longitudinal ¢ ontinuity [ fragmentation of riparian
vegetation along river edge (% of river length )

River chann el edges bordered by mature trees (i.e.
potential sources of large wood, %)

Dominant riparian plant associations
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The information assembled during the characterization phase is based on a list of
indicators that support the assessment of current and past functioning of the catchment
and its spatial units (Stage Il). Table 3.2 and 3.3 list the main indicators that reflect key
hydromorphological processes from the catchment to the reach scale and that may act
as characterization and classification criteria.

Table 3. 3 Summary of main hydromorphological indicators representative of processes

at reach scale (note: geomorphic units are used as reach -scale indicators)
Key Processes Indicators indicative units

River reach scale

Stream power Specific stream p ower at contemporary bankfull width (Q P2, QPio,
meedian ) W/m 2)

Flooding extent % floodplain accessible by flood water

Channel type and dimensions Average bankfull channel width (m), depth (m), width/depth,
slope (m/m)

Bed and bank sediment size (domin ant size class, D50, cm)
Channel type (categorical)
Floodplain type (categorical)
Presence of geomorphic units typical of channel and floodplain
type (categorical scale)

Contemporary evidence of Eroding banks (% active channel le ngth)

channel adjustments Laterally aggrading banks (% active channel length)
Bed covered by bars, benches, islands (% area)
Channel widening, narrowing, bed aggradation, bed incision (in
each case indicated by the extent of indicative geomorphic units
and assemblages, Yes if a sufficient % channel length is affected)
Bed sediment structure (armouring, clogging) indicative of
incision or aggradation (% channel bed area, categorical
abundance scale)
Riparian, emergent aquatic vegetation encroachment (% channel

area)

Constraints on channel Average width of erodible corridor (m)

adjustments and water, Longitudinal continuity (poor, intermediate or good categories,

sediment, wood continuity depends on number and type (high, medium, low) of channel
blocking / spanning s  tructures, e.g. dams, drop structures, weirs,
bridges)

(poor, intermediate or good categories, depends on proportion of
channel banks erodible (unreinforced) (%) and proportion of river
bed erodible (%))

Vegetation dynamics Proportion of riparian corridor with riparian vegetation (%)
(riparian, aquatic vegetation Dominant riparian tree species
and wood) Riparian vegetation age structure (mature, balanced, immature

categories, reflecting proportions under mature trees, shrubs,
shorter vegetation, bare )

Lateral gradient in riparian vegetation (strong, subdued, absent
categories)

Patchiness of riparian vegetation (strong, some, none categories)
Presence of large wood and fallen trees in channel and riparian
corridor (absent, occasional, present, ab undant categories)
Wood budget (good, moderate, degraded, severely degraded
categories, depends on presence of fallen trees and wood in
channel and riparian corridor)

Abundance of riparian tree and large wood associated geomorphic
units (absent, occasi onal, frequent, abundant, abundant and
diverse categories)

Aguatic plant extent (% river bed)

Aquatic plant patchiness

Number of aquatic plant morphotypes or species

Abundance of aquatic plant associated geomorphic units (absent,
occasional, freque nt, abundant, abundant and diverse categories )
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3.2. 2 Extended River Typology (ERT)

Based on the additional knowledge developed during the characterization phase , an
extended classification  of channel morphology  (ERT) is applied during this step

Twenty -tw o extended morphological types are identified (Table 3.4, Figures 3.3 and 3 4)
and described according to their confinement (confined, partly confined, unconfined),

dominant bed material calibre (bedrock, boulder, cobble, gravel, sand, silt), and

planform  (straight -sinuous, meandering, pseudo -meandering, wandering, braided,
island -braided, anabranching).

Table 3. 4 Main characteristics of the 22 morphological types of the Extended River

Typology. ERT: Extended River Type; BRT: corresponding Basic River Type ; C: Confined;
PC: Partly confined; U: Unconfined.
ERT (BRT) Confinement Bed material Planform Typical slope
class calibre mm !
Heavily Artificial
0 C,PC,U Artificial Any Any
Bedrock and Colluvial Channels
1(1) © Bedrock Straight -Sinuous Usually steep
2 (1) © Coarse mixed Straight -Sinuous Steep
3(1) € Mixed Straight - Sinuous Lower than
ERTs 1 and 2
Alluvial Channels
4 (1) © Boulder Straight - Sinuous >>0.04
5(1) © Boulder , Cobble Straight -Sinuous >0.04
6 (1) © Boulder, Cobble , Straight - Sinuous >0.02
Gravel
7 (1) © Cobble, Gravel Straight - Sinuous >0.01
8 (6) C,PC,U Gravel , Sand Braided <0.04
9 (6) C,PC,U Gravel , Sand Island -Braided <0.04
10 (7) C,PC,U Gravel , Sand Anabranching <0.01
(high energy)
11 (5) C,PC,U Gravel , Sand Wanderin g <0.04
12 (3) C,PC,U Gravel , Sand Pseudo - <0.04
meandering
13 (2/3) PC, U Gravel , Sand Straight - Sinuous <0.02
14 (4) PC, U Gravel , Sand Meandering <0.02
15 (6) C,PC,U Fine Gravel, Sand Braided <0.02
16 (3) C,PC,U Fine Gravel, Sand Pseudo - <0.02
meander ing
17 (1/2) PC, U Fine Gravel, Sand Straight - Sinuous <0.02
18 (4) PC, U Fine gravel, Sand Meandering <0.02
19 (7) C,PC,U Fine Gravel, Sand Anabranching <0.005
20 (2/3) PC, U Fine Sand, Silt , Straight - Sinuous <0.005
Clay
21 (4) C,PC,U Fine S and, Silt , Meandering <0.005
Clay
22 (7) C,PC,U Fine Sand, Silt , Anabranching <0.005

Clay

Characterization of bed sediment size is needed for application of the extended
morphological classification, and characterisation of geomorphic units supports th e
assessment of the functioning of each type. The Geomorphic Units survey and
classification System (GUS) can be used in this context (see D6.2 Part 4). The s patial
pattern of the morphological types and associated assemblage of geomorphic units is
fundame ntal for interpreting fluvial processes and controls of the river at catchment

scale.
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BED MATERIAL PLANFORM
CALIBRE ANY
Any
Artificial bed
[}

Artificial: no natural
river bed exposed

BED MATERIAL

Coarse - Mixed

CALIBRE

PLANFORM
SINGLE-THREAD

Straight - Sinuous

Bedrock and Colluvial
1

2

‘ 3I

Alluvial (confined single-thread)

Bedrock

Mixed

4

Boulder -
Cobble

Boulder -
Cobble -
Gravel

Cascade
Step-pool 7

Cobble -
Gravel

Plane bed

Riffle-pool

Figure 3.3 River types from 0 to 6 of the Extended River Typology.
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(high energy)
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(partly confined/unconfined single-thread
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confined/partly confined/unconfined multi-thread )
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12 13 14 E
16 17 18 5 19

20 21 22

Figure 3 .4 River types from 7 to 22 of the Extended River Typology.
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The twenty -two extended type s are not an exhaustive list of possible combinations of
planform, morphological units, valley setting and sediment size, but rather an indicative,

general framework for identifying catchment - or region -specific ranges of morphologies.
This is because rive r characteristics cannot be neatly divided into classes ; they vary
continuously and thus transitional types are likely to be encountered quite frequently

(Kondolf et al., 2003).

3.2. 3 Floodplain Typology

The extended classification of river types is design ed to provide a simple means for
managers to allocate a river reach to a type. In many cases the observed planform may

be an art efact of human modifications to the reach or to larger spatial units that
influence the reach. However, the presence of geomorph ic units, bed sediment calibre
and apparent channel stability that are appropriate to the river type provide evidence
concerning whether or not a particular reach is functioning in accordance with its type.

Since alluvial rivers provide the sediments to bu ild their floodplains, the characteristics of
the floodplain provide further evidence that the river is functioning in an appropriate way

for its type.

Nanson and Croke 6 s(1992) floodplain classification , which is based on river energy

(bankfull unit strea m power) and floodplain sediments (non -cohesive or cohesive) has
been adapted to recognise broad categories of floodplain and link them to the extended
river types that may have constructed them. Table 3.5 summarises 10 broad types of
floodplain that are | ikely to be encountered widely across Europe, and a further three
types (described by Nanson and Croke for semi -arid environments), which may have
some relevanc e to the driest parts of Europe. Seven of the ten floodplain types listed in
Table 3.5 that are likely to be widely encountered across Europe are represented in
Figure 3.5.
Table 3. 5 1 Classification of Floodplain Typology (FT).
ERT Floodplain Class Floodplain Type (FT) Unit stream
power (Wm 2
1), 2,4,5 High energy, non - A. Confined, coarse textured > 1000
3,6,7 cohesive B. Confined, vertical accretion 300 i 1000
floodplains
8,9, 15 Medium energy, C. Braided 50 7 300
10, 11 non -cohesive D. Wandering, gravel -bed 30 7 200
12,13 floodplains E. (Sinuous / meandering) 10 7 60
lateral migration, non  -scrolled
13,14 F. (Sinuous / meandering) 10 7 60
lateral migration, scrolled
16, 17, 18 G. (Sinuous / meandering) 10 i 60
lateral migration, backswamp
17, 18 H. (Partly -confined, sinuous / 10 7 60

meandering) lateral migration,
counterpoint

20, 21 Low energy, |. Laterally stable <10
19, 22 cohesive J. Anabranching (low energy), <10
floodplains organic rich

Floodplain types defined by Nanson and Croke (1992) that are unlikely to be
encountered in Europe

20 High energy, n on- K. Unconfined, vertical 300 i 600
(semi -arid) cohesive accretion, sandy
16 floodplains L. Cut and fill ~ 300
(semi -arid)
19, 22 Low energy, M. Anabranching (low energy), <10
(semi -arid) cohesive inorganic

floodplains
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A. Confined, coarse textured B. Confined, vertical accretion

Figure 3.5 Seven of the ten floodpla in types listed in Table 3.5 that are likely to be
widely encountered across Europe (three types are excluded: type D T wandering is
excluded because it is a mixture of other types; types E and | are excluded because

these floodplains are relatively featur eless) (Diagrams from Nanson and Croke, 1992)

3.2. 4 Flow Regime Typ ology (FRT)
Starting from the classification scheme proposed by Poff & Ward (1989) and Poff (1996)

for the streams in the United States, a classification in flow regime types (FRT)
applica ble to European rivers has been developed (Bussettini et al., 2014) . T he following
characterization criteria are considered: (i) intermittency; (ii) river -aquifer interaction
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(Boni et al., 1993); (iii) prevailing type of river flow source (Poff and Ward, 1 989; Poff,
1996; Poff et al., 1997).

The classification is based on threshold values of the hydrological indicators summarised
in Table 3.6. The threshol d 0ZERODAYO6>0 separates 0inter

regi mes. Subdivision of &&Odapgtes mditftfeenrt dntr egalmeess of t
indicator which have been previously identified and calibrated on the rivers of the

Medi terranean areas of Europe by Ouesl at]i et al . (20
regimes use combinations of threshold val ues of several indicators (FLDPRED, FLDTIME,

BFI, DAYCV, Figure 3.6 and Table 3.7).

Table 3.6 Hydrological indicators used for the classification of Flow Regime Types.

Acronym Extended name Definition

DAYCV Daily discharge Ave rage (across all years) of the standard
coefficient of variation deviation of daily discharge divided by the
(%) annual mean discharge (x 100)

FLDFREQ Flood frequency (1/yr) Average number of floods per year with dis -

charge higher than the mean annual maximum
daily discharge (floo  d threshold)

FLDPRED Seasonal flood Maximum proportion of all peaks over the
predictability discharge threshold (POT) that falls in one of
the twel-da&y is®asonal wind
Feb,..., Dec -Jan), divided by the total number
of POTs.
FLDTIME Timing o f floods (day) First day of the 60 -day seasonal windows

when FLDPRED is highest. The first 60 -day
period is January -February and the last one is
December -January

BFI Base Flow index (%) Proportion between the #fn
di schargeo andt Aimgadi moha
multiplied by 100

ZERODAY Extent of intermittency Average annual number of days having zero
(number of days) discharge
ZERODAY > 240 HARSH INTERMITTENT ‘
NO

ZERODAY < =120
YES|FIDFREQ < 0.60

/

120 <= ZERODAY <= 240

ZERODAY < =120 INTERMITTENT FLASHY ‘
FLDFREQ >= 0.60

Y

m

S| INTERMITTENT RUNOFF

N TN

ZERODAY »- 1
v FLOPRED >= 0.70 YES | SNOWMELT
NO | sNowsRAIN
FLDPRED >= 0.60
NO
121 <= FLDTIME <= 182 2 YES [eF1>-50 YES |SUPERSTABLE
BFI >= 30 / NO [STABLE
NO
DAYCV<=100 N\
R Y
NO |FLDFREQ >= 0.60 YES |PERENNIAL FLASHY
NO |PERENNIAL RUNOFF

Figure 3. 6 Conceptual model of Flow Regime Classification.
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Data required for the application of this method cons ist of long -term series of daily data
flow (average daily flow); at least 20 -years of records are required for a robust analysis
(Huh et al. 2005). The classification model assigns a hydrological type to each gauged

stream whose discharge time series has b een estimated. Within the hierarchical
framework, the flow regime type (FRT) is estimated at the segment scale, given that
typically, variability of flow regime occurs at a larger spatial scale than the reach.
Therefore, reaches are classified in terms of FRT by the class assigned to the segment
within which they are located.

Table 3.7 Classification of Flow Regime Type

Class Definition

I. Temporary streams

1. Harsh Intermittent (HI) Streams without flow for almost the whole year. Flow is
activated duri ng intense rainfall (e.g., streams of the
Southern Europe and Mediterranean areas).

2. Intermittent Flashy (IF) Streams with runoff in the river bed for less than 8
months/year; runoff is present occasionally, because of
rainfall, snowmelt or seasonal flu ctuations of the aquifer

level.

3. Intermittent Runoff (IR) Stream with runoff in the river bed for more than 8
months/year.

Il. Perennial rivers fed predominantly by snowmelt

4. Perennial Snowmelt (SN) Streams prevailingly fed by snow and glacier melt.

5. Perennial Snow -rain (SR) Streams fed by a mix of surface runoff and snow melt.

I1l. Perennial rivers fed predominantly by groundwater

6. Perennial Super - stable Rivers with very low variability of the flow regime; in

(SS) the case of unregulated rive rs (natural regime), these
are predominantly groundwater fed (baseflow).

7. Perennial Stable (SG) Rivers having a stable flow regime, due to the

regulation effect of groundwater; in the case of
unregulated rivers, flow is predominantly fed from
groundwate r (baseflow).

IV. Perennial rivers fed predominantly by surface runoff

8. Perennial flashy (PF) Rivers fed predominantly by surface runoff (quick flow),
with high flashiness of floods. Flow regime is highly
influenced by intense flood events and seasonal
droughts.

9. Perennial runoff (PR) Rivers fed predominantly by surface runoff (quick flow)
and groundwater (baseflow). Flow regime is
characterized by low seasonal variability.

3.2. 5 Groundwater I Surface water Interactions (GSI)
A critical hydrological aspect of the 22 river types that strongly affects their flow regime
as well as their ecology is the nature and extent of any groundwater -surface water

interactions (GSI) that are likely to occur. One important aspect of river ecology that

feeds back into  river morphology, is the type, density and vigour of any riparian and
aquatic vegetation that is present. This is heavily dependent upon water availability

(access to soil moisture and near -surface groundwater) and river flow reliability and
energy / dist urbance (the river flow regime) (Gurnell, 201 4). Therefore, GSI have been
addressed as well as the flow regime in the baseline categorisation of river types. The

river flow regime type is a first indicator of the importance of GSI, but the nature of any

GSI has also been categorised, reflecting the geological and climatic setting of each river
morphological type, including the nature and confinement of the floodplain or corridor.

The interactions fall into four main groups, depending upon predominant valley
confinement and the calibre of the substrate: (i) confined bedrock or colluvial channels,

(i) mainly confined alluvial channels on coarse substrates, (iii) confined, partly -confined
or unconfined alluvial channels on intermediate (gravel -sand) substrates , or (iv) partly
confined / unconfined alluvial channels on fine (silt/clay) substrates. A total of 10
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possible GSI with climate  -related subtypes have been identified within these four broad

groups in relation to the different classes of the ERT, and are s ummarised in Table  3.8.

Table 3.8 Typical Groundwater I Surface water Interactions (GSI). In bold: dominant

bed material type / calibre.

ERT Bed material Typical GSI

calibre

A. Confined bedrock and colluvial channels

1 Bedrock No GSI or limited GSI with phreatic aquifer formed by the colluvial.

2 Coarse mixed Additionally, if permeable faults or fracture zones are present, local GSI in

3 Mixed these zones. Local flow paths are likely to be dominated by direct exchange
through river bedding and overland flow over bedrock river banks.

B. Confined alluvial channels on coarse substrates

4 Boulder Local GSI with phreatic groundwater body via river bedding. In case the
phreatic aquifer is connected to deeper groundwater bodies, GSI at (sub -)

5 Boulder , Cobble, catchment sc ale with deep semi  -confined aquifers occurs. Local flow paths

6 Boulder, Cobble , are likely to be dominated by overland flow on the river banks and direct

Gravel exchange through river bedding.

7 Cobble, Gravel

C. Partly confined, unconfined (or confined multi -thread) alluvial channels on intermediate

(gravel -sand) substrates

8-11 Gravel , sand Extensive GSI with phreatic groundwater body at reach scale in riparian

12-13 zone (only unconfined reaches) and via river bedding. In case the phreatic

14 Fine gravel, sand aquifer is connected to deeper groundwater bodies, GSI at (sub -) catchment

15 scale with deep semi  -confined aquifers occurs. Local flow paths in the

16 -18 riparian zone are likely to be dominated by diffuse flow or direct exchange

19 through river bedding.

D. Partly confined, unconfined (or confined multi -thread) alluvial channels on fine (silt -clay)

substrates

20-21 Fine sand, silt , Limited and/or localized GSI with phreatic groundwater body at reach scale

22 clay in riparian zone (only unconfined reaches) and via river bedding. In case the
phreatic aquifer is connected to deeper groundwater bodies, GSI at (sub -)
catchment scale with deep semi -confined aquifers occurs. The fine sediment

fraction of the substr  ates prevents large GSI fluxes, and may cause local
GSl in zones with higher permeability. Otherwise, local flow paths in the
riparian zone are likely to be dominated by overland flow or drainage.

3.2.6 Physical pressures

An overview of the physic  al pressures acting at different spatial scales that need to be
characterised at this stage is reported in Table 3.9.

Table 3.9 Summary of physical pressures that need to be assessed at different spatial
scales .

Landscape unit scale

Types of p  ressures
Major t ransverse structures, including hydropower plants, which cause major disturbances of the
natural sediment regime, in terms of continuity of sediment and woody debris

Methods and data sources
Map layers of interventions, aerial images, topographic map S

Segment scale

Types of p ressures

Structures affecting longitudinal continuity of hydromorphological processes, including water
transfer or abstraction, flow regulation, major points of sediment interventions (dredging, gravel

mining), blocking (dam / ¢ heck dam / weir / pier  -deflector) structures and spanning / crossing
structures (bridges)

Methods and data sources
Map layers of interventions, aerial images, topographic maps
Reach scale

Types of pressures
(1) River bed : atrtificially reinforced bed; ch annel blocking structures (subset of the segment scale
data); sediment, wood, aquatic vegetation removal from the active channel ;

Page 32 of 112



D6.2 Methods for HyMo Assessment

REFD,.RM Part 1. Main Report

ivers FOR effective catchment Management

(2) Riverbank s: bank reinforcements
(3) Riparian corridor: artificial levées, infrastructures (buildings, roads, etc.), vegeta tion
management activities (partial or total cutting of riparian vegetation, wood removal)

Methods and data sources
Map layers of interventions, aerial images, field reconnaissance

Main Outputs of Stagel - Step 2
- Summary Tables describing the characteristics of catchment and landscape units.

- Summary Table of hydrological characteristics and indicators for the existing gauging
stations in the catchment used to define their Flow Regime Type.

- GIS maps, synthetic  tables and/or graphs summarising sediment sources and delivery .

- Tables summarising the characteristics of the river and its corridor for each reach

(lateral confinement, river morphology, channel dimension, river energy, bed and bank
sediments, floodpla in, groundwater 1 surface water interactions , riparian and aquatic
vegetation ).

Summary Tables with typical assemblages of geomorphic units characterising each
river type

- Summary Table and GIS map synthesising the main physical pressures and impacts a t
catchment scale (e.g., dams, check dams, fixed reaches, etc.).

- Graphs visualising the spatial pattern s of some morphological parameter s (e.g., bed
slope, channel width, floodplain width) and their control on channel morphology.

Box 3.1: Links between River Reaches and the WFD Water Bodies

What are the relations between hierarchical spatial units and water bodies defined in the
context of the WED?

The REFORM multi -scale, hierarchical framework has relevance to the CEN (2004)
guidance on the assessment o f hydromorphology and also the definition of WFD water

bodies. However, it is important to understand that the REFORM framework aims to be

process -based with an explicit focus on understanding hydromorphology in a dynamic

way that takes account of changes through time and across spatial scales. This is a

di fferent aim from the CEN (2004) guidance, wh
physical features of ri ver so r atbasedunderstanding.pltriso v i
also different from the WFD water bodies, which are management units that should be
homogeneous with respect to the pressures that affect them and should not contain
elements of differ ing ecological status. Therefore, more than hydromorphological factors
influence their identificati on.

In relation to WFD water bodies, application of the REFORM framework to delineate
segments often generate s boundaries that correspond to WFD water body boundaries.
Furthermore, there is no reason why these segments should not be subdivided using
additi onal boundaries that correspond to those of water bodies.

The European St andar d i 6GMadneer StaQdaml | for t agsessing the
Hydromorphological Features of Ri ver sd ( CEplagces2a0 04s)ur vey uni t
into the context of the WFD river typ ology (types A and B). Each catchment is
subdivided into subcatchments or subareas (cal
altitude , and geology. The river network within these subareas is then subdivided into
0reachesd based on s i mvallew rfornt, yslopey fplanfgrm,o disohgrge
(specifically inputs from significant tributary / change in stream order), land use, and

sediment transport (lake, reservoir, dam, major weirs). Finally reaches are subdivided

into survey units.

i ch prc
ding a

D asses
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The REFORM framewor k uses a more standard geomorphological terminology for the
spatial units and, although there is some correspondence in delineation criteria, the
procedures recommended for the REFORM framework include a more comprehensive and
explicitly process -based set of criteria. Thus, the REFORM framework defines catchments
and landscape units which are not dissimilar to the WFD river types. It also defines
segments and reaches, where the segments have many similarities to the CEN (2004)
reaches but exclude planform a s a criterion. This is because planform and other river
channel characteristics can vary widely over much shorter river lengths than a segment.
These shorter river lengths of similar river channel characteristics are defined as reaches

in the REFORM framew ork. Thus in the REFORM framework, segments describe river
lengths subject to a set of broadly consistent external controls on river geomorphology
(valley confinement and gradient, land cove r, flow amount and regime, etc. ) whereas
reaches refer to river le  ngths with similar local geomorphological controls and river
channel characteristics (planform, bed and bank material and structure, assemblage of
geomorphic units, etc.).

I Influence of Hydromorphology on Biota and Ecosystem Function I

I In this box, some of t he main controls and influences of hydromorphological processes |

I on biota and ecosystem function are recalled (details are reported in the REFORM |

Deliverable D2.2 and in the references below) |

|

I I. Vegetation I
The main hydromorphological controls on riparian v egetation are:

(i) Climate , from the biogeographical region and catchment until the reach scale (micro -
climate). It determines the presence of specific plant species and communities 1
(‘potential' vegetation). |
I (i) Moisture availability , from catchment (hill slopes) to segment and reach scales (within |
I the river bed and on river margins). It depends on the flow regime (influenced by the |
climate at upper scales), soil permeability (and related aquifers) and river type (single |
thread versus multi -thread). It dete rmines the presence of specific plant species and I
communities (‘potential' vegetation) at specific location within the river corridor, as well
as plant growth performance. |
(iii) Fluvial disturbances , at segment and reach scales. They depend on flow and 1
|
|
|
|
|
|
\

sediment regimes at catchment and landscape unit scales and are moderated by valley

I setting (width, gradient, topography) and river type (e.g. channel width and transversal

I gradient of topography; Figure 3.7) at segment and reach scales, respectively. The
mag nitude, duration and timing of disturbance (inundation), shear stresses or drag by

flow, sediment erosion or burial, all determine: the 'potential’ vegetation (plants show
different tolerance to disturbance), plant recruitment, establishment, growth and

| survival.

Lo o e o o e e e e e - ——
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I Il. Macroinvertebrates I
I The main hydromorphological controls on macroinvertebrates are (Table 3.10, Figure I
1 3.8): I
] () Climate , at the region scale. Together with biogeography and evolutionary history of 1
| different taxa, it determines th e long terms composition of macroinvertebrate |
I community within catchments of a given region. |
I (i) Hydrologic, geologic, topographic and land cover conditions , at the catchment scale. |
They determine the longitudinal gradient (continuum) of physical conditio ns along the |
I river network. They influences the composition of the macroinvertebrate community at :

smaller spatial scales. I
I (i) Presence (or absence) and type of riparian corridor , at the landscape unit and I
| segment scales. It determines the input of coars e and dissolved organic matter (food 1
| source), and influence the type and structure of the macroinvertebrate community at |
I segment and smaller spatial scales. It also supports the adult life stage of several |
I species (e.g. dragonfl ies). |
I(iv) Fluvial hydromorp hological processes (flow and sediment regime, in terms of |
I erosion, deposition, transport), at the segment scale. They are influenced by the valley :

setting, the geology, the presence of tributaries and contribute to determine the habitat I
I conditions for the macroinvertebrate community at smaller scales. The longitudinal I
| continuity of processes, at the segment scale, is also included. Indeed high flow and I
| flood events are responsible of the colonization by macroinvertebrates of new sites |
I downstream. As well, the sedimentary continuity within the alluvial bed contributes to |
I macroinvertebrate dispersal. |
l (v) Habitat conditions  and heterogeneity , at the reach and smaller scales, are the most |
important hydromorphological controls on macroinvertebrate community. The y are :
intended in terms of the presence and characteristics of different geomorphic and I
hydraulic units and river elements. Habitat conditions at the reach scale differ amongst I
| river types and are imposed by hydromorphological controls at upper scales. The most |
| important habitat conditions for macroinvertebrates are water depth, velocity and |
I substrate grain size and their dynamics and variability across the channel, at the |
I geomorphic and hydraulic unit scal e as well as smaller scales (mi crohabitat). Other |
significant hydraulic variables at the microhabitat scale are Froude number, shear stress, l
I Shield entrainment function. Sedimentary characteristics of the alluvium within the river :

bed (hyporheic interstitial environment) are also important, for e.g. as a r efuge during I
I disturbance events, for dispersal, for feeding. Habitat conditions and heterogeneity I
| determine the macroinvertebrate community composition and structure at the reach and I
I smaller scales, since macroinvertebrates display several adaptations to d ifferent habitat |
I conditions (e.g. fast versus slow waters, coarse versus fine sediment). |
I Macroinvertebrates may also adapt to different habitat conditions during a single species |
: life cycle. :
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ITable 3.10 Scale -dependent influences of water -related physica | processes that
determine the macroinvertebrate community according to their hydromorphological
requirements (f rom Garcia De Jalon et al. , 2015).

I Figure 3.8 Biotic processes and patterns at various scales: the boundary conditions for
I units at a cer tain scale are given by processes acting at larger scale (from Garcia de
I Jalonetal, 201  4).

T
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