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Summary

Background and Introduction to Deliverable 2.1.

Work Package 2 of REFORM focuses on hydromorphological and ecological processes and
interactions within river systems with a particular emphasis on naturally functioning
systems. It provides a context for research on the impacts of hydromorphological
changes in Work Package 3 and for assessments of the effects of river restoration in
Work Package 4.

Deliverable 2.1 of Work Package 2 proposes a hierarchical framework to support river
managers in exploring the causes of hydromorphological management problems and
devising sustainable solutions. The deliverable has four parts. Part 1 provides a full
description of the hierarchical framework and describes ways in which each element of it
can be applied to European rivers and their catchments. Part 2 (this volume) includes
thematic annexes which provide more detailed information on some specific aspects of
the framework described in Part 1. Part 3 includes catchment case studies which present
the application of the entire framework described in Part 1 to a set of European
catchments located in different biogeographical zones. Part 4 includes catchment case
studies which present a partial application of the framework described in Part 1 to a
further set of European catchments.

Summary of Deliverable 2.1 Part 2.

Part 2 of Deliverable 2.1 provides fuller details concerning some specific topics outlined in
Part 1.

A method for automating delineation of river reaches is described and tested (Annex A).
Information on the natural riparian and aquatic plant communities of Europe is tabulated
(Annex B). Flow regime analysis (Annex C) is explored in far greater detail than in part 1,
with indicators fully defined and several different methods described. Quantifying the
calibre and structure of river sediments is a challenging task, so Annex D goes into this
topic in depth, providing the information required for sampling regimes to be designed.
In Annex E, some additional information on the classification of rivers and floodplains is
provided.

Following a brief description of sediment budgets (Annex F), a more extended description
of empirically defined threshold conditions between rivers of different type (Annex G),
and a description of a range of sediment transport formulae (Annex H), Annex | presents
a series of modelling applications that have been developed for network, reach and
habitat scale applications. These are presented in the form of applications of particular
models to individual European rivers, many of which are the focus of catchment case
studies in Parts 3 and 4 of Deliverable 2.1.

Deliverable 2.1 Part 2 concludes with a review of how remote sensing can contribute to
assessment of particular features, processes and characteristics that are required during
the application of the hierarchical framework.

Acknowledgements: The work leading to this report has received funding from the
EU’s 7™ FP under Grant Agreement No. 282656 (REFORM). We gratefully acknowledge
the following for their constructive reviews: Gary Brierley, Judy England, Angel Garcia
Canton, Fernando Magdaleno Mas, Maria Isabel Berga Cano.




D2.1 HyMo Hierarchical Multi-scale Framework Il. Thematic Annexes

REEORM

REstoring rivers FOR effective catchment Management

Table of Contents

This document is part 2 of a 4 part report and contains Thematic Annexes to the

Hierarchical Framework proposed in Part 1.

Annex A: Automated Delineation of River Reaches (Case Study: Upper Esla
River, North West Spain)

Annex B: Riparian and Aquatic Plant Communities of Europe

Annex C: Flow Regime Analysis and Hydrological Alteration

Annex D: Sampling Bed and Bank Sediments in Streams and Rivers

Annex E: Some Further Information on Classifications of Rivers and
Floodplains

Annex F: Sediment Budget: review of definition and principles
Annex G: Threshold Conditions for predicting Channel Patterns
Annex H: Sediment Transport Formulae

Annex |: Models tested at Catchment Case Study Sites

Annex I1: Network-scale sediment budgeting using the Sediment
Impact Analysis Method (SIAM): Application to the lowland River
Frome.

Annex 12: Discussion of the sediment dynamics on a long reach using
1D modelling

Annex 13: Hydraulic modelling of the Magra river (Italy)

Annex 14: Modelling of the Tagliamento River (Italy): prediction of
channel morphology and estimation of bedload transport

Annex 15: Sediment transport and bed evolution modelling:
application to the middle Loire river

Annex 16: Discussion concerning the sediment dynamics of the
lowland River Frome using 1D modelling

Annex 17: Application of hydrodynamical and habitat evaluation
models to a reach of the Lech River

Annex 18: Application of a 2D hydrodynamical model to a reach of
the Drau River

Annex 19: Assessing geomorphic dynamism at the reach scale to
explain biotic responses using 2D models (The Curuefio river,
North-western Spain)

Annex J: Improving hydromorphological assessment by remote sensing
assimilations

20
44
64
80

87

89

96

102

103

120

133
142

146

156

167

185

196

204



REFDRM D2.1 HyMo Hierarchical Multi-scale Framework Il. Thematic Annexes
]

REstoring rivers FOR effective catchment Management

Annex A
Automated Delineation of River Reaches
(Case Study: Upper Esla River, North West Spain)

Vanesa Martinez-Fernandez, Marta Gonzalez del Tanago, Diego Garcia de Jalon
E.T.S. Ingenieros de Montes, Universidad Politécnica de Madrid (UPM), Spain

Summary

This work aims to explain the general procedure for developing automated delineation of
river reaches and to provide an alternative to the traditional delineation approach based
on expert criteria. This methodology has been applied to three Spanish rivers to illustrate
the procedure. The use of automated delineation to identify spatial discontinuities has
recently become very common due to the increase in the availability of GIS and remote
sensing information. The principles indicate that the automated delineation approach
seems to be more objective and statistically reliable than expert criteria. Among the large
number of algorithms that could be considered to identify spatial discontinuities of river
reaches, the Pettit” s test was used. The limitations and advantages of this algorithm are
briefly discussed.

A.1 Introduction

Identification of spatial discontinuities along the continuum of the fluvial systems is
necessary for many purposes. Physical characterization, sampling design, monitoring, or
reference assignment are examples of current procedures that have to be based on
specific river reaches or segments, which need to be delineated in advance.

To date, expert criteria and graphical methods have been the main procedures to detect
different types of discontinuities and delineate nested spatial units for characterizing
stream networks (Schumm et al., 1994; Seelbach et al., 2006). Nevertheless, the
automated segmentation of a river using different types of algorithm is a procedure that
is becoming more frequently applied, because it is efficient and objective. The
segmentation of the Mississippi River made by Shumm et al. (1994) based on expert
criteria was improved by Orlowski et al. (1995), who applied multi-response permutation
procedures proposed previously by Mielke (1991). Brenden et al. (2008) proposed a
spatially constrained clustering program for river valley segmentation from GIS digital
river networks. They applied it to the Michigan and Wisconsin River networks based on
seven physicochemical stream attributes. The results were compared with previous
classifications based on expert criteria (Seelbach et al., 2006), and showed a greater
number of segments with the automated method. More recently, spatial disaggregation
and aggregation procedures for characterizing fluvial features at the network-scale have
been applied to the Rhone basin in France by Alber and Piégay (2011). Their innovative
procedure for obtaining homogeneous spatial units was carried out by applying Pettitt”s
test (Pettitt, 1979) to a set of data measured on the streamline, the valley bottom and
the active channel. More recently, this spatial aggregation method has been applied in

Page 5 of 230
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other research as a necessary step for achieving different objectives (Toone et al., 2014;
Notebaert & Piégay, 2013), including being used as a tool for management aquatic
resources and fishing (Wang et al., 2012). New and improved methods are being
developed for identifying appropriate spatial units for sampling design, data interpolation,
formulation of management actions (Wang et al., 2006) and for application of
morphological (Rinaldi et al.; 2013) and biological indices, where automated
segmentation procedures have enormous potential for objectively and efficiently
detecting homogeneous units within complex fluvial systems.

In this report an example of automated delineation of homogeneous spatial units is
presented. The objective has been to present a potential tool for discretizing the spatial
heterogeneity in stream networks from spatially continuous data related to the
hierarchical framework described in Deliverable 2.1 Part 1. To illustrate application of this
tool, we have applied the methodology to the Upper Esla River (Duero Basin, North West
Spain). In this example application, only geomorphic variables related to fluvial
processes have been used (Kondolf et al, 2003; Brierley and Fryirs, 2000), but other
hydrologic or biologic variables could be used for the same purpose.

A.2 Methodology

We have applied a method for automatically delineating river reaches to the Upper Esla
Basin, Duero Basin, North West Spain (Figure A.1), including the Upper Esla river and the
Porma and Curuerio rivers. This methodology is based on that of Alber and Piégay (2011)
with some modifications which are explained below.

We used two types of raw data available at the scale of the catchment: (i) a DEM with a
5 m spatial resolution (IGN, 2011); and (ii) orthophotograph cover with a 0.25 — 0.5 m
spatial resolution, dated 2007. From these we extracted relevant variables using ESRI
Arcmap version 9.3, with the ArcHydrotools, 3DAnalysis, Spatial analyst and Xtoolspro
extensions.

In this example application, we selected three geographic elements commonly used for
spatial analysis of stream networks: the channel planform, the valley bottom zone and
the active channel, from which we extracted measurements of three variables: the
channel slope, the valley bottom width and the active channel width, respectively. To
achieve this, we followed four steps: (1) Delineation of the three geographic elements;
(2) Delineation of the reference axis of each element; (3) Systematic measurement of
the three variables and creation of a database; (4) Application of an algorithm for
detecting significant discontinuities along each analyzed geographical element, according
to the values of the three variables. Having completed these four stages, segments need
to be delineated manually according to specific objectives, including the potential to
consider additional criteria such as a minimum segment length or a maximum number of
segments. Although this final delineation may be based on practical or relatively
subjective constraints, the characterization of the segments is always supported by
statistical data.

Page 6 of 230
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Figure A.1 Location of the study area (Upper Basin of the Esla River, Duero Basin).

A.2.1 Delineation of geographic elements in which segmentation
procedures are to be applied

Once the geographic elements are selected, their delineation by means of polylines
(channel planform) or polygons (valley bottom zone and active channel) represents the
first stage in the procedure (Figure A.2).

The polyline to schematize the river channel planform was manually extracted from DEM
and orthophotograph information. The polygon to delineate the valley bottom defines the
alluvial zone inside which geographical objects required for subsequent analysis are
located (e.g. active channel, erodible corridor, riparian forest, geomorphic units...). The
polygon was extracted manually, combining information from a DEM and
orthophotographs, and the layout of cross sections. Some semi-automated methods are
available for extracting a valley bottom polygon from a DEM (Williams et al., 2000;
Gallant and Dowling, 2003; Hall et al., 2007) but the results require careful examination
after processing. Finally, the polygon delineating the active channel was manually
extracted from orthophotographs. In this study we considered the single or multiple
channel(s) and adjacent unvegetated gravel bars as the active channel, following
recommendations by Gurnell (1997).

Page 7 of 230
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Figure A.2 Polygons (valley bottom in black and active channel in red) and polylines
(valley axis in yellow, channel planform in blue) delineated in the study area.
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A.2.2 Delineation of the referencing axis

Systematic measurement along the selected geographic objects requires, first, the
creation of a referencing axis on which all the measurements are based. For the channel
planform the reference axis coincides with its polyline. For the valley bottom, the
reference axis is defined using the valley bottom polygon. A semi-automatic procedure
was used, following Alber and Piégay (2011), which is based on Thiessen
polygonalization, and extracts the skeleton of every polygonal and ramified polygon
(Figure A.3). Lastly, the reference axis for the active channel was the same polyline that
schematized the channel planform.

Figure A.3 Thiessen polygonalization procedure to define the axis of the valley bottom
(in red).

A.2.3 Data gathering: Systematic measurements of selected variables in
the geographic elements

Once the respective reference axes have been defined, systematic measurements of the
relevant variables are undertaken at a specific spatial resolution, which is limited by the
resolution of the available data. In the present case a resolution of 200 m was selected,
which is more than 10 times the spatial resolution of the DEM and orthophotographs.

Many different variables could be measured to support the automated delineation
procedure. In the present case we measured the elevation along the polyline
schematizing the channel planform to derive the channel slope and longitudinal profile,
and the width of the valley bottom and the active channel polygons.

Channel slope and longitudinal profile.

First, we measured the elevation along the river channel polyline with a uniform spacing
of 200 m, generating a GIS layer of channel elevations. With the elevation and distance
data we created the longitudinal profile. We corrected this long profile following a method
described in Jain et al. (2006). For example, from the obtained long profiles, we located
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elevation values exceeding upstream elevation values, and then corrected them based on
extrapolation from upstream and downstream “correct” values. Then, we calculated the
channel slope value by dividing the difference between upstream and downstream
elevation corrected values by the measurement interval, which is 200 m.

Valley bottom width and active channel width.

Valley bottom width (Figure A.4) and active channel width (Figure A.5) were
systematically measured every 200 m along the respective polygons. The measurements
were taken orthogonally to the respective reference axis. In the case of the dams, both
variables were recorded as the width of the water surface.

Figure A.4 Valley bottom width measurements.
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Figure A.5 Active channel width measurements.

A.2.4 Application of an algorithm for detecting significant discontinuities

The procedure continues by applying spatial aggregation algorithms to the data created
for the variables measured in the preceding stages, to delineate homogeneous segments
or reaches. Many different algorithms and statistical techniques can be applied to
delineate river reaches. Leviander et al. (2012), compared seven algorithms belonging to
four families: tests of homogeneity methods (Pettitt, 1979; Hubert, 2000; Kehagias et
al., 2005); contrast enhancing methods (Leviandier et al., 2000), spatially constrained
classification methods (Brenden et al., 2008), and hidden Markov models (Kehagias,
2004). They concluded that all methods produced similar segmentations. Notebaert and
Piégay (2013) used a test of homogeneity method employing the Pettitt test to achieve
segmentation of a fluvial system from a geomorphic variable, the floodplain width.

The Pettitt test (a = 0.05) was also used in the present application. This non-parametric,
univariate test detects a unique change point in data series that are non stationary,
following iterative runs of the algorithm. We chose this method because of its low
complexity and easy implementation of the software. A full description of the test can be
found in Pettitt (1979) and Leiviandier et al. (2012). In the present research the
algorithm was implemented using a script by Pascal Haenggi written in R (version
2.15.1).

We identified segments as the portions between two discontinuity and consecutive points
detected by the Pettitt test. The number of segments obtained using each of the three
variables and the average values of segment length were then compared.
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A.3 Results

Figures A.6, A.7 and A.8 show the spatial variability of the measured variables along the
three geographical elements of the rivers, together with the points where significant
changes in this variability were identified according to the Pettit”s test. It is apparent
that each variable produces different results, with the channel slope detecting only four
breaks in the series while the other variables detect many more. The valley-bottom width
showed much greater variability than the active channel width, contrary to what might be
expected, and as a result, analysis of this variable yielded a larger number of smaller
length segments than the other variables.

Table A.1 summarizes the number of discontinuities obtained for each variable, and the
average values of the segment lengths between consecutive discontinuities. Analysis of
channel slope detected four discontinuities in the three rivers resulting in quite different
segment lengths (91 km for the Esla river, 80 km for the Porma river and 48 km for the
Curuenio river). This result reflects the relatively homogenous topography within the
study area, and could be the basis for delineating landscape units or river segments at a
relatively coarse scale. Analysis of the valley-bottom width identified a number of
discontinuities in proportion to the river length (the greater the length, the greater the
number of segments). Finally, analysis of the active channel width detected a larger
number of discontinuities along the Curuefio River than the Porma river, which could be
related to flow regulation by the Porma dam that decreases the heterogeneity of the
channel downstream. Both variables (valley width and channel width) detect a higher
spatial variability than the channel slope, and could contribute to delineating river
reaches or sectors at a relatively fine scale.

The geographical location of variable discontinuities along the studied rivers is shown in
figures A.9 and A.10. In the case of the channel slope (Figure A.9) the results are very
well correlated with topography and with tributary confluences, indicating that the
segments correspond with different landscape units.

Regarding the valley bottom width (Figure A.10 left), the number of discontinuities is
very large, indicating that a post-analysis aggregation stage is needed to produce a
practical segmentation. On the contrary, analysis of the active channel width (Figure
A.10 right) produced a reasonable number of river discontinuities that could be used for
delineating reaches, although once again, some post-analysis aggregation is needed to
yield a practical number of reaches.

Table A.1: Number of discontinuities (N) and values (mean and standard deviation) of
the length of the resulting segments (L)

Channel slope Valley bottom width Active channel width
N | L (km) #+SD N L (km) #+ SD N L (km) #+ SD
Esla 4 10.5 + 6.46 37 2.82 +1.87 10 26.45 + 22.45
Porma 4 13.0 + 14.9 20 3.1+ 2.04 5 18.0 + 8.55
Curuefio 4 5.7+ 3.36 15 2.81 + 1.76 8 11.3 + 10.68
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Figure A.6 Automated delineation of discontinuities along the river Esla based on spatial
variability in three variables.
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Figure A.7 Automated delineation of variable discontinuities along the river Porma,
based on spatial variability in three variables.
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Figure A.8 Automated delineation of variable discontinuities along the river Curuefio,
based on spatial variability in three variables.
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Figure A.9 Location of the channel slope discontinuities along the studied rivers, which
are closely related to the different landscape units (based on topography) and river
segments (based on tributary confluences).

Figure A.10 Location of the valley-bottom width discontinuities (left) and active channel
width discontinuities (right) along the studied rivers.

Page 16 of 230



REFDRM D2.1 HyMo Hierarchical Multi-scale Framework Il. Thematic Annexes
]

REstoring rivers FOR effective catchment Management

A.4 Discussion

A.4.1 Applicability of the automated delineation procedure

The purpose of this example was to show the applicability of the automated delineation
procedure for segmenting the river network into statistically homogeneous reaches, in
the present case based on three geomorphic variables. This methodology could be
applied with other types of variables, and not only for a downscaling discretization of the
river into small portions, but also for upscaling by aggregating previously identified
reaches into larger segments or river sectors.

Following the hierarchical framework proposed within Deliverable 2.1 Part 1, the
procedure could be applied at different spatial scales and according to different criteria.
At the landscape unit scale it might be feasible to segment the catchment area according
to the dominant land use; whereas at segment, reach or smaller scales, segmentation
according to different hydrologic or geomorphic variables could be investigated according
to the purpose of the segmentation. Also physiochemical variables like water
temperature and the grading of the bed, or biotic attributes like the existence of specific
macroinvertebrates or fishes could be used (Rice et al., 2001; Knispel and Castella,
2003; Hitt and Angermeier, 2008, Parker et al 2012). The use of these water quality or
biotic variables would need field work and so would be much more expensive than
geomorphic variables, which can be extracted from DEMs and orthophotographs.

In our work we introduced some variations to the Alber and Piégay (2011) proposal.
These variations included, measuring the variable every 200 m instead of calculating an
average value for the variable every 200 m, allow us to consider the measurement as a
point on the system or a transversal transect of the river (valley bottom width, active
channel width, valley confinement or land use in the watershed), without referencing
each measurements to an area (the disaggregated geographic object) as proposed by
Alber and Piégay. This methodological variation makes the method easier and simpler to
apply, by considering the measurements as systematic samples taken at a defined
interval along the fluvial system.

The spatial data base of variable measurements along the rivers that is generated by our
approach provides geographical information defined at a specific spatial resolution, in our
case every 200 m. This geomorphic database can be enlarged or improved with an
increase of spatial resolution progressing in the disaggregation procedure, or used at
coarse scale by means of aggregating values of the series. Also the database created
with this approach has the potential to be very useful for monitoring long-term changes
of geomorphic variables.

A.4.2 Limitations of Pettit™ s test

The Pettitt (1979) test, which was used in this research, has some advantages in relation
to other algorithms, particularly its simplicity and the fact that it does not require
normally-ditributed data. However, it also has some limitations. First, this test is
univariate, which means that it is not possible to obtain one statistically significant
segmentation across several variables simultaneously as with others tests (Bizzi &
Lerner, 2012). In this case, the results from the application of the test could be combined
using the expert criteria to take account of additional variables. Secondly, the Pettitt test
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detects a single point of discontinuity in the data series and the two resultant subseries
have to be subjected to the test iteratively, until the discontinuities are no longer
significant depending of the a risk that was chosen (in the present case a=0.05). A final
limitation of the Pettitt test, pointed out by Alber and Piégay (2011), is its strong
dependence on the amount of data. In an attempt to address this question in our case
study, all the variables were sampled with the same intensity, every 200 m. In this way,
the effect of the amount of data on the number of segments identified with respect to
each variable, is reduced.

With the widespread availability of GIS and increasingly large quantities of remote
information, the use of algorithms, like the Pettitt test, provide objective alternatives to
delineating and characterizing geographic features. The procedure acquires special
significance when fuzzy boundaries exist along the continuous gradients of natural fluvial
forms and processes at any scale.
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Annex B Riparian and Aquatic Plant Communities of Europe

J.O. Mountford and M.T. O’Hare, Centre for Ecology and Hydrology, UK

This annex contains tables of aquatic (B1) and riparian (B2) vegetation types which are considered natural and may therefore indicate
natural hydrological and fluvial geomorphological conditions. The vegetation communities are taken from EUNIS / PHYSIS and the Natura
2000 (N2K) coding systems.

Table B1: Aquatic Vegetation Types

A first attempt at a Pan-European classification of aquatic vegetation likely to occur in rivers under natural geomorphic conditions. The classification is
based on EUBIS/PHYSIS or a Natura 2000 description.

EUNIS 7/ | EUNIS / N2K EUNIS /7 PHYSIS or N2K description Geographic extent
PHYSIS | PHYSIS Sub- | code

code code

n/a 3210 Fennoscandian natural rivers [N2K manual page 44]. Defined as “Boreal | boreal

and hemiboreal natural and near-natural river systems or parts of such
systems containing nutrient-poor water. The water level shows great
amplitude, up to 6 m during the year. Especially during the spring, the
water level is high. The water-dynamics can vary and contain waterfalls,
rapid streams, calm water, and small lakes adjacent to the river. The water
erosion causes a higher amount of nutrients towards the river-mouth, where
sedimentation starts. In higher levels the rivers are characterised by great,
very cold water flows, coming from glaciers, deep snow-beds and large
snow-covered areas in mire- and woodlands. In addition the water surface
in placid river sections is frozen to ice every winter. These circumstances
create ecosystems unique to this part of Europe. [Mainly Scandinavian and
Russian taiga eco—region
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EUNIS 7/ | EUNIS / N2K EUNIS /7 PHYSIS or N2K description Geographic extent
PHYSIS | PHYSIS Sub- | code
code code
c2.2 Permanent non-tidal, fast, turbulent watercourses
ca.2/ Epirhithral and metarhithral streams (mountain streams)
P-24.12
ca.2/ Hyporhithral streams (lower reaches of mountain sections)
P-24.13
3220 Alpine rivers and the herbaceous vegetation along their banks [N2K manual | Alpine Bio-geographic region
page 44 — equivalent to PHYSIS 24.221 and 24.222].

P-24.221 Open assemblages of herbaceous or suffrutescent pioneering plants, formed in northern boreal
rich in alpine species, colonising gravel beds of streams with an alpine, | and lower Arctic mountains, hills
summer-high, flow regime, (Epilobion fleischeri p.) and sometimes lowlands, as well

as in the alpine and subalpine
zones of higher, glaciated,
mountains of more southern
regions, sometimes with abyssal
stations at lower altitudes
(Epilobion fleischeri p.)

P-24.222 Open or closed assemblages of herbaceous or suffrutescent pioneering | [Includes eco-regions of a)
plants, colonising, within the montane or sub-montane levels, gravel beds of | Scandinavian montane birch forest
streams with an alpine, summer-high, flow regime, born in high mountains | & grasslands; b) Alps conifer &
(Epilobion fleischeri p., Calamagrostion pseudophragmitis). mixed forests; c¢) Carpathian

montane coniferous forests; d)
Pyrenees conifer & mixed forests;
and maybe e)Dinaric Mountains
mixed forests; and f) Urals
Montane tundra & taiga]

P-24.223 3230 Alpine rivers and their ligneous vegetation with Myricaria germanica [N2K | Eco-regions presumably as for

Manual page 45 — equivalent to PHYSIS 24.223 x 44.111]. Communities of
low shrubby pioneers invading the herbaceous formations of 24.221 and
24.222 on gravel deposits rich in fine silt, of mountain and northern boreal
streams with an alpine, summer-high, flow regime. Myricaria germanica and

type 3220

Page 21 of 230




REEORM

g rivers FOR effectiv

D2.1 HyMo Hierarchical Multi-scale Framework Il. Thematic Annexes

EUNIS 7/ | EUNIS / N2K EUNIS /7 PHYSIS or N2K description Geographic extent
PHYSIS | PHYSIS Sub- | code
code code
Salix spp. are characteristic (Salici-Myricarietum
P-24.224 3240 Alpine rivers and their ligneous vegetation with Salix elaeagnos [N2K Manual | Salix elaesagnos is confined to
page 46 — equivalent to PHYSIS 24.224 x 44.112]. Defined as: Thickets or | Pyrenees, Alps, Carpathians,
woods of, among others, Salix spp., Hippophae rhamnoides, Alnus spp., | Apennines and Dinaric mountains
Betula spp., on stream gravels of mountain and northern boreal streams | — so assume relevance to those
with an alpine, summer-high, flow regime. Formations of Salix elaeagnos, | eco-regions
Salix purpurea ssp. gracilis, Salix daphnoides, Salix nigricans and Hippophae
rhamnoides of higher gravel shoals in Alpine and peri-Alpine valleys
P-24.225 3250 Constantly flowing Mediterranean rivers with Glaucium flavum. [N2K Manual | Various eco-regions — see EEA
page 46 — equivalent to PHYSIS 24.225]. Defined as: Communities | map
colonising gravel deposits of rivers with a Mediterranean, summer-low, flow
regime, with formations of the Glaucion flavi. [
P-24.4 3260 Water courses of plain to montane levels with the Ranunculion fluitantis and | Widespread
Callitricho-Batrachion vegetation [N2K manual page 46 — equivalent to
PHYSIS 24.4]. Defined as: Water courses of plain to montane levels, with
submerged or floating vegetation of the Ranunculion fluitantis and
Callitricho-Batrachion (low water level during summer) or aquatic mosses.
[Widespread through Atlantic and Continental and at least the southern
Boreal biogeographic regions (probably further afield but certainly from
Ireland to Romania and north to Sweden) — including many eco-regions]
c2.2/ Acid oligotrophic vegetation of fast-flowing streams ***
P-24.41(p)
ca.2/ Lime-rich oligotrophic vegetation of fast-flowing streams ***
P-24.42(p)
c2.2/ Mesotrophic vegetation of fast-flowing streams ***
P-24.43(p)
c2.2/ Eutrophic vegetation of fast-flowing streams ***
P-24.44(p)
c2.3 Permanent non-tidal, slow, smooth-flowing watercourses
c2.3/ Epipotamal streams
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EUNIS 7/ | EUNIS / N2K EUNIS /7 PHYSIS or N2K description Geographic extent
PHYSIS | PHYSIS Sub- | code
code code
P-24.14
c2.3/ Metapotamal and hypopotamal streams
P-24.15
c2.3/ Mesotrophic vegetation of slow-flowing rivers ***
P-24.43(p)
c2.3/ Eutrophic vegetation of slow-flowing rivers ***
P-24.44(p)
c2.4 Tidal rivers, upstream from the estuary
c2.4/ Brackish water tidal rivers
P-13.11
c2.4/ Freshwater tidal rivers
P-13.12
c2.4/ Mesotrophic vegetation of tidal rivers ***
P-24.43(p)
c2.4/ Eutrophic vegetation of tidal rivers ***
P-24.44(p)
c2.5 Temporary running waters (wet phase)
P-24.52 3270 Rivers with muddy banks with Chenopodion rubri p.p. and Bidention p.p. | Widespread
vegetation [N2K manual page 46 — equivalent to PHYSIS 24.52]. Defined
as: Muddy river banks of plain to sub-montane levels, with annual pioneer
nitrophilous vegetation of the Chenopodion rubri p.p. and the Bidention p.p.
alliances. During the spring and at the beginning of the summer, sites look
like muddy banks without any vegetation (develops later in the year). If the
conditions are not favourable, this vegetation has a weak development or
could be completely absent. [Distribution probably similar to 3260 though
possibly absent from the Boreal biogeographic region
P 24.53 3280 Constantly flowing Mediterranean rivers with Paspalo-Agrostidion species | Assume in all/most eco-regions

and hanging curtains of Salix and Populus alba [N2K Manual page 47 —
equivalent to PHYSIS 24.53]. Defined as: Nitrophilous annual and perennial
grass and sedge formations of the alluvial banks of large Mediterranean

within this Mediterranean
biogeographic region]
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EUNIS 7/ | EUNIS / N2K EUNIS /7 PHYSIS or N2K description Geographic extent
PHYSIS | PHYSIS Sub- | code
code code
rivers, with Paspalum paspaloides, P. vaginatum, Polypogon viridis (=
Agrostis semiverticillata), Cyperus fuscus, and hanging curtains of Salix spp
and Populus alba
P-24.53 & P-| 3290 Intermittently flowing Mediterranean rivers of the Paspalo-Agrostidion [N2K | Assume in all/most eco-regions
24.16 manual page 46 — equivalent to PHYSIS 24.16 and 24.53]. Defined as: | within this Mediterranean
Intermittently flowing Mediterranean rivers with Paspalo-Agrostidion | biogeographic region]
communities. They correspond to the river type 24.53, but with the
particularity of an interrupted flow and a dry bed during a part of the year.
The bed of the river can be completely dry or left with some pools
C2.6 Films of water flowing over rocky watercourse margins
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Table B2: Riparian Vegetation Types

The focus for this table is on (semi-) natural woody vegetation, though some attention is paid to herbaceous vegetation where that might exist naturally

in an undisturbed floodplain.

overlapping with the riparian zone.

Especially in the upland and montane areas, many different types of forest may be found directly adjacent to rivers and

EUNIS / | EUNIS / | N2K EUNIS /7 PHYSIS or N2K description Geographic extent
PHYSIS PHYSIS Sub- | code
code code
53.1 Reed beds (Phragmition australis and Scirpion maritimi)
53.11 Common Reed-beds (Phragmitetum etc) — 3 subdivisions
53.12 Common Clubrush beds (Scirpetum lacustris)
53.13 Reedmace beds (Typhetum angustifoliae and Typhetum latifoliae)
53.14 Medium-tall Waterside Communities. Ten subdivisions, most characterised by a
single major dominant Sagittaria sagittifolia (and Sparganium emersum),
Sparganium neglectum, Sparganium erectum, Acorus calamus, Butomus
umbellatus, Oenantho-Rorippetum amphibae community, Equisetum fluviatile, Sium
latifolium, Hippuris vulgaris, and Eleocharis palustris
53.15 Reed sweet-grass beds (Glycerietum maximae)
53.16 Reed Canary-grass beds (Phalaridetum arundinaceae)
53.17 Halophile club-rush beds (Scirpion maritimi)
53.2 Large sedge communities (Magnocaricion)
53.21 Large Carex beds. Ten major subdivisions (some of which further split) with man
dominants for those most likely to occur in riparian zone being Carex acuta, C.
acutiformis, C. riparia, C. rostrata, C. vesicaria, C. elata, C. paniculata etc
53.22 Tall galingale beds (Cyperetum longi — mainly Mediterranean) mainly Mediterranean
53.3 Fen-sedge beds (Cladietum marisci i.a.) at land-building zone of calcareous
lakes in north and general watersides in Mediterranean.
53.33 Riparian Cladium beds is the most typical type by rivers, and mainly in | mainly in Mediterranean

Mediterranean region.

region
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EUNIS
PHYSIS
code

/

EUNIS /
PHYSIS Sub-
code

N2K
code

EUNIS /7 PHYSIS or N2K description

Geographic extent

***53.4

Small reed-beds of fast-flowing waters (Glycerio-Sparganion). Formations
of smaller helophytes found throughout Europe. Typical dominants include
Glyceria fluitans, G. notata, G. nemoralis, G. declinata, Leersia oryzoides,
Catabrosa aquatica, Sparganium neglectum, S. microcarpum, Nasturtium
officinale, N. microphyllum, Veronica beccabunga, V. anagallis-aquatica,
Apium nodiflorum and Berula erecta at banks of small rivers.

53.5

Tall rush swamps (Agropyro-Rumicion crispi p). See also 37.2 Eutrophic
Humid grasslands

53.6

Riparian cane formations. Two types of Mediterranean region

53.61

Ravenna Cane communities. Dominants Imperata, Saccharum spp, Arundo plinii

53.62

Provence Cane beds dominated by long-introduced Arundo donax

37.1

6410

37.1: Meadowsweet stands and related communities (Filipendulion
ulmariae. Defined as: hygrophile tall herb strips of fertile alluvial stream
banks, often dominated by Filipendula ulmaria, and tall herb stands (F.
ulmaria, Angelica sylvestris) colonising humid hay meadows and pastures
after more or less long discontinuation of mowing or grazing; characteristic
species are Filipendula ulmaria, Achillea ptarmica, Angelica sylvestris,
Cirsium palustre, Deschampsia cespitosa, Epilobium hirsutum, Geranium
palustre, Veronica longifolia, Scutellaria hastifolia, Eupatorium
cannabinum, Lysimachia vulgaris, Lythrum salicaria, Phalaris arundinacea,
Persicaria bistorta and Valeriana officinalis. When occurring as a
hygrophile tall herb strip, this habitat type is of central importance to
REFORM *** Molinia meadows on calcareous, peaty or clayey-silt-laden
soils (Molinion caeruleae) [N2K manual page 76 — equivalent to PHYSIS
37.31]. Defined as: Molinia meadows of plain to montane levels, on more
or less wet nutrient poor soils (nitrogen, phosphorus). They stem from
extensive management, sometimes with a mowing late in the year or, they
correspond to a deteriorated stage of draining peat bogs. Sub-types:

[Widespread through
Atlantic and Continental
and at least the southern
Boreal biogeographic
regions (probably
further afield but
certainly from lIreland to
Romania and north to
Sweden) — including
many eco-regions]

37.311

- on neutro-alkaline to calcareous soils with a fluctuating water table, relatively rich
in species (Eu-molinion). The soil is sometimes peaty and becomes dry in summer.
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EUNIS
PHYSIS
code

/

EUNIS /
PHYSIS Sub-
code

N2K
code

EUNIS /7 PHYSIS or N2K description

Geographic extent

37.312:

on more acid soils of the Junco-Molinion (Juncion acutiflori) except species-poor
meadows or on degraded peaty soils.

6430

Hydrophilous tall herb fringe communities of plains and of the montane to alpine
levels [N2K manual page 78 — equivalent to PHYSIS 37.7 and 37.8]. Defined
as:37.7: Wet and nitrophilous tall herb edge communities, along water courses and
woodland borders belonging to the Glechometalia hederaceae and the
Convolvuletalia sepium orders (Senecion fluviatilis, Aegopodion podagrariae,
Convolvulion sepium, Filipendulion). [Distribution likely to similar to 6410 — see
also Alpine Bio-geographic region]According to CORINE/PHYSIS, this watercourse
veil and shady woodland edge type may be divided into 37.71 Watercourse Veils
and 37.72 Shady woodland edge fringes. Only the former is especially relevant to
REFORM***_  Watercourse veils comprise screens or veils of perennial tall herbs,
small bushes and lianas lining lowland watercourses (and often have many ruderal
and invasive alien plants). Type includes those alliances underlined above and may
be further subdivided:

37.711:

Angelica archangelica fluvial communities. Angelica archangelica ssp littoralis
formations of great formation of great northern rivers, presently rare & threatened.

37.712:

Angelica heterocarpa fluvial communities. Angelica heteropcarpa formations of the
tidal estuaries of the Loire, the Charente and the Gironde [Species is a rare and
very narrow endemic of south-western France]

very narrow endemic of
south-western France

37.713:

Marsh Mallow screens. Althaea officinalis formations of river banks and marsh
edges, particularly on somewhat saline soils ***

37.714:

Butterbur riverine communities. Formations of Petasites hybridus and Cirsium
oleraceum of the banks of small streams *** [Also locally by large rivers]

37.715:

Mixed riverine screens. Formations of Senecio fluviatilis, Calystegia sepium,
Eupatorium cannabinum, Epilobium hirsutum, Sonchus palustris, Urtica dioica and
others species, lining lowland watercourses ***

Page 27 of 230




REstarin

g

EORM

ivers FOR effectiv

D2.1 HyMo Hierarchical Multi-scale Framework Il. Thematic Annexes

EUNIS
PHYSIS
code

/

EUNIS /
PHYSIS Sub-
code

N2K
code

EUNIS /7 PHYSIS or N2K description

Geographic extent

37.2

6440

Eutrophic humid grasslands. Includes the N2K Manual type 6440 Cnidion
dubii (see below under Continental biogeographic region) but also
Molinetalia, Calthion palustris, Bromion racemosi, Deschampsion
cespitosae, Juncion acutiflorae, Agrostietalia stoloniferae and Agropyro-
Rumicion p. Most of these occur in meadows developed on moderately to
very nutrient-rich, alluvial or fertilised, wet or damp swards, often
inundated at least in winter, and relatively lightly mowed or grazed — in
lowland, collinar and montane western and Central Europe, south to
western lIberia [Hence occurring in Atlantic, Continental and parts of
Mediterranean biogeographic regions]. Although all types listed in CORINE
biotopes manual may be found in the riparian zone, the following are
especially typical:

37.24

Flood swards and related communities. Agropyro-Rumicion crispi p.
Defined as: grasslands of occasionally flooded river and lake banks, of
depressions where rain water collects, of disturbed humid areas and
pastures submitted to intensive grazing

37.241:

Tall rush pastures. Rush (Juncus effusus, J. conglomeratus, J. inflexus) colonies of
intensively grazed pastures

*HX37.242:

Creeping bent and tall fescue swards. Flood swards with Agrostis stolonifera, Carex
hirta, Schedonorus arundinaceus, Juncus inflexus, Alopecurus geniculatus, Rumex
crispus, Mentha longifolia, M. pulegium, Potentilla anserina, P. reptans and
Ranunculus repens.

38.2

6510

Lowland hay meadows (Alopecurus pratensis, Sanguisorba officinalis)
[N2K manual page 80 — equivalent to PHYSIS 38.2]. Defined as: Species-
rich hay meadows on lightly to moderately fertilised soils of the plain to
sub-montane levels, belonging to the Arrhenatherion and the Brachypodio-
Centaureion nemoralis alliances. These extensive grasslands are rich in
flowers and are not cut before the grasses flower and then only one or two
times per year. CORINE/PHYSIS subdivides the type into three, none of
which is strictly riparian or confined to floodplains

Distribution similar to
6410 and in the
Continental
biogeographic region as
far as Nn Italy]
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EUNIS
PHYSIS
code

/

EUNIS /
PHYSIS Sub-
code

N2K
code

EUNIS /7 PHYSIS or N2K description

Geographic extent

38.31

6520

Mountain hay meadows [N2K manual page 81 — equivalent to PHYSIS 38.31].
Defined as: Species-rich mesophile hay meadows of the montane and sub-alpine
levels (mostly above 600 metres) usually dominated by Trisetum flavescens and
with Heracleum sphondylium, Viola cornuta, Astrantia major, Carum carvi, Crepis
mollis, C. pyrenaica, Bistorta major, (Polygonum bistorta), Silene dioica, S.
vulgaris, Campanula glomerata, Salvia pratensis, Centaurea nemoralis,
Anthoxanthum odoratum, Crocus albiflorus, Geranium phaeum, G. sylvaticum,
Narcissus poeticus, Malva moschata, Valeriana repens, Trollius europaeus,
Pimpinella major, Muscari botryoides, Lilium bulbiferum, Thlaspi caerulescens, Viola
tricolor ssp. subalpina, Phyteuma halleri, P. orbiculare, Primula elatior,
Chaerophyllum hirsutum and many others. [Possibly of marginal relevance,
although the UK variant (NVC MG3) certainly does occur in the floodplain locally —]

distribution straddles
Atlantic, Continental and
Alpine biogeographic
regions and numerous eco-
regions

7210

Calcareous fens with Cladium mariscus and species of the Caricion davallianae [N2K
manual page 86 — equivalent to PHYSIS 53.3]. Defined as: Cladium mariscus beds
of the emergent-plant zones of lakes, fallow lands or succession stage of
extensively farmed wet meadows in contact with the vegetation of the Caricion
davallianae or other Phragmition species [Cladietum marisci (Allorge 1922) Zobrist
1935

Distribution similar to 6410

54.3

7240

Alpine pioneer formations of Caricion bicoloris-atrofuscae [N2K manual page 88 —
equivalent to PHYSIS 54.3]. Defined as: Alpine, peri-Alpine and northern British
communities colonising neutral to slightly acid gravelly, sandy, stony, sometimes
somewhat argilous or peaty substrates soaked by cold water, in moraines and on
edges of springs, rivulets, glacial torrents of the alpine or sub-alpine levels, or on
alluvial sands of pure, cold, slow-flowing rivers and calm backwaters. A permanent
or continuous soil frost over a long period is essential for the existence of this
habitat type. Low vegetation composed principally of species of Carex and Juncus
(Caricion bicoloris-atrofuscae).

Confined to Arctic, Boreal
and Alpine biogeographic
regions, though rarely on
higher mountains in Atlantic
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EUNIS / | EUNIS / | N2K EUNIS /7 PHYSIS or N2K description Geographic extent
PHYSIS PHYSIS Sub- | code
code code

41.24 9160 Sub-Atlantic and medio-European oak or oak/hornbeam forests of the Carpinion | Apparently occurring in
betuli [N2K manual page 108 — equivalent to PHYSIS 41.24] Defined as: Forests of | Continental, eastern part of
Quercus robur (or Quercus robur and Q. petraea) on hydromorphic soils or soils | Atlantic and southern
with high water table (bottoms of valleys, depressions or in the vicinity of riparian | portion of Boreal
forests). The substrate corresponds to silts, clayey and silt-laden colluvions, as well | biogeographic regions
as to silt-laden alterations or to siliceous rocks with a high degree of saturation.

Forests of Quercus robur or natural mixed forests composed of Quercus robur, Q.
petraea, Carpinus betulus and Tilia cordata. Hyacinthoides non-scripta is absent or
rare.

44.9 Alder, willow and bog-myrtle swamp woods. This main category includes
some Natura 2000 types of restricted distribution (see type 9080 in Boreal
region below). The more widespread types include:

44.91 Alder swamp woods. Woods and scrubs of marshy ground, waterlogged for most of | Atlantic and Continental
year, colonising fens and marshy or permanently inundated alluvial terraces of | regions, as well as Boreal
rivers. 3 main subdivisions, one of which is further subdivided into 2 sub-units. *** | etc.

44.92 Mire willow scrub (Salicion cinereae). Willow dominated formations with Salix
aurita, S. atrocinerea, S. cinerea, S. pentandra, Frangula alnus and Betula humilis
of fens, marshy floodplains and fringes of lakes and ponds. 4 sub-divisions.

44.93 Swamp bog-myrtle scrub. Myrica gale thickets of fringes of fens, drying fens and | middle Europe, mostly

nascent or regenerating bogs of middle Europe, mostly characteristic of the Atlantic
sector.

characteristic of the Atlantic
sector.
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44.A1 - 44.A4

91D0

91D0 * Bog woodland [N2K manual page 111 — equivalent to PHYSIS 44.Al1 to
44.A4]. Defined as: Coniferous and broad-leaved forests on a humid to wet peaty
substrate, with the water level permanently high and even higher than the
surrounding water table. The water is always very poor in nutrients (raised bogs
and acid fens). These communities are generally dominated by Betula pubescens,
Frangula alnus, Pinus sylvestris, Pinus rotundata and Picea abies, with species
specific to bogland or, more generally, to oligotrophic environments, such as
Vaccinium spp., Sphagnum spp., Carex spp. [Vaccinio-Piceetea: Piceo-Vaccinienion
uliginosi (Betulion pubescentis, Ledo-Pinion) i.a.]. In the Boreal region, also spruce
swamp woods, which are minerotrophic mire sites along margins of different mire
complexes, as well as in separate strips in valleys and along brooks. Sub-types:

44.A1:

Sphagnum birch woods. Three subdivisions.

44.A2:

Scots pine mire woods. Almost confined to north and east Germany

44.A3:

Mountain pine bog woods. Alps, Jura and higher Hercynian ranges of Germany

44.A4:

Mire spruce woods [Mainly in Boreal biogeographic region]. Two subdivisions

44.1

/PHYSIS type 44.1 comprises the Riparian Willow formations, of which
several subdivisions are described under N2K types — subdivisions of this
riparian type are listed under the relevant biogeographic region(s). They
are all united by being Salix spp brush or aborescent formations, lining
flowing water and submitted to periodic flooding.

44.12

44.12: Lowland, collinar and Mediterraneo-montane willow brush: linear shrubby
willow formations of river banks in plains, hills and low mountains of middle Europe
and the Mediterranean region, with Salix triandra, S. viminalis and S. purpurea.

There are 7 sub-divisions which are simply listed under below or under other
biogeographic regions if more restricted.

44.121: Almond willow-osier scrub (Salicetum triandro-viminalis) -
Continental and Atlantic
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9.10E+01 | Alluvial forests with Alnus glutinosa and Fraxinus excelsior (Alno-Padion, Alnion | of temperate and Boreal
incanae, Salicion albae) [N2K manual page 113 — equivalent to PHYSIS 44.3, 44.2 | Europe lowland and hill
and 44.13]. Defined as: Riparian forests of Fraxinus excelsior and Alnus glutinosa, | watercourses
of temperate and Boreal Europe lowland and hill watercourses.44.3: Alno-Padion);
riparian woods of Alnus incanae of montane and sub-montane rivers of the Alps and
the northern Apennines (44.2: Alnion incanae); arborescent galleries of tall Salix
alba, S. fragilis and Populus nigra, along medio-European lowland, hill or sub-
montane rivers (44.13: Salicion albae). All types occur on heavy soils (generally
rich in alluvial deposits) periodically inundated by the annual rise of the river (or
brook) level, but otherwise well-drained and aerated during low-water. The
herbaceous layer invariably includes many large species (Filipendula ulmaria,
Angelica sylvestris, Cardamine spp., Rumex sanguineus, Carex spp., Cirsium
oleraceum) and various vernal geophytes can occur, such as Ranunculus ficaria,
Anemone nemorosa, A. ranunculoides, Corydalis solida. This habitat includes
several sub-types:

44.31 ash-alder woods of springs and their rivers (44.31: Carici remotae-Fraxinetum) | small streams in Atlantic,
— type is subdivided into 5 units by CORINE-PHYSIS distributed by small streams in | sub-Atlantic and sub-
Atlantic, sub-Atlantic and sub-Continental Middle Europe Continental Middle Europe

44.32 ash-alder woods of fast-flowing rivers (44.32: Stellario-Alnetum glutinosae) — | hills of northern and
said to occur by CORINE/PHYSIS hills of northern and western Europe (assume | western Europe (assume
Atlantic and Boreal) Atlantic and Boreal)

44.33 ash-alder woods of slow-flowing rivers (44.33: Pruno-Fraxinetum, Ulmo- | central and locally western
Fraxinetum) — subdivided into 2 units by CORINE-PHYSIS and found in central and | Europe (Atlantic but mainly
locally western Europe (Atlantic but mainly Continental) Continental)

44.21 montane grey alder galleries (44.21: Calamagrosti variae-Alnetum incanae Moor 58

44.22 sub-montane grey alder galleries (44.22: Equiseto hyemalis-Alnetum incanae
Moor 58)

44.13 white willow gallery forests (44.13: Salicion albae)
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? Spanish types belong to alliance Osmundo-Alnion (Cantabric-Atlantic & SE | [Distribution may be partly
Iberia peninsula) inferred from description of
sub-types, but clearly found
throughout the Atlantic,
Continental, Alpine
biogeographic regions, as
well as parts of the
Mediterranean, Pannonian
and Boreal regions
44.34 type 44.34: Northern lberian Alder galleries. Various communities and sub-divided | Includes Pyrenees (Alpine
into 3 major units and two sub-units with Alnus glutinosa and Fraxinus excelsior. | region) and Galicia (Atlantic
Includes Pyrenees (Alpine region) and Galicia (Atlantic region) region)
44.12 44.12: Lowland, collinar and Mediterraneo-montane willow brush types atlantic
44.125 44.125: Cantabrian willow scrub (Salicetum cantabricae) — Cordillera | atlantic
Cantabrica
6450 Northern boreal alluvial meadows [N2K manual page 79]. Defined as: Along large | Mainly Scandinavian and

rivers with placid river sections which are frozen every winter, the type is affected
by flooding in spring. The traditional management as hay meadows has usually
ceased. Type includes areas that are not yet severely overgrown with trees and
bushes [Mainly Scandinavian and Russian taiga eco—region]

Russian taiga eco—region
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6530 6530 Fennoscandian wooded meadows [N2K manual page 81]. Defined as: A | Presumably as 6450 — this
vegetation complex consisting of small copses of deciduous trees and shrubs and | habitat type is probably
patches of open meadows. Ash (Fraxinus excelsior), birch (Betula pendula, B. | rare in the
pubescens) and Quercus robur, Tilia cordata, Ulmus glabra or Alnus incana are the | riparian/floodplain zone
common tree species. Nowadays very few areas are managed but traditionally
these areas were managed by a combination of raking, hay-cutting, grazing of
grassland and pollarding or lopping of trees. Species-rich vegetation complexes
with rare and threatened meadow species and well developed epiphytic flora of
mosses and lichens are characteristic. Many threatened species preferring old
pollarded deciduous trees of semi-open habitats occur. The habitat type includes
managed areas and overgrown areas with old pollarded or lopped deciduous trees.
The type does not include abandoned meadows being invaded by trees.
[Presumably as 6450 — this habitat type is probably rare in the riparian/floodplain
zone]
N2K  manual | 9080 9080 *Fennoscandian deciduous swamp woods [N2K manual page 104 — equivalent | [Eco-regions include
page 104 — to PHYSIS 44.9112, 44.915, 44.A14 (1997 version)]. Defined as: Deciduous | Scandinavian and Russian
equivalent to swamps are under permanent influence of surface water and usually flooded | taiga and Baltic mixed
PHYSIS annually. They are moist or wet, wooded wetlands with some peat formation, but | forests
44.9112, the peat layer is usually very thin. Ash (Fraxinus excelsior) in the hemi-boreal zone
44,915, and black alder (Alnus glutinosa) reaching the middle boreal zone are typical tree
44 .A14 (1997 species. Grey alder (Alnus incana), silver birch (Betula pubescens) and willows
version (Salix spp.) are also common. A mosaic of patches with different water level and

vegetation is typical for the type. Around the tree stems are small hummocks, but
wet flooded surfaces are dominant. Deciduous swamp woods are most common in
Finland in the south-western archipelago and other coastal areas. On the mainland
they are rare. In Sweden they are common throughout the whole region. [Eco-
regions include Scandinavian and Russian taiga and Baltic mixed forests
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37.8 & 37.7 6430 Hygrophilous perennial tall herb communities of montane to alpine levels of the | Probably includes eco-
Betulo-Adenostyletea class. 6430 Hydrophilous tall herb fringe communities of | regions of a) Scandinavian
plains and of the montane to alpine levels [N2K manual page 78 — equivalent to | montane birch forest and
PHYSIS 37.7 and 37.8]. Defined as: grasslands; b) Alps conifer
& mixed forests; c)
Carpathian montane
coniferous forests; d)
Pyrenees conifer and mixed
forests; and possibly
e)Dinaric Mountains mixed
forests]
44.12 44.12: Lowland, collinar and Mediterraneo-montane willow brush types mediterranean
44.124 44.124: Ilbero-montane willow scrub (Salicetum triandrae-elaeagni) — | mediterranean
Pyrenees, Iberian Range and Sierra Nevada (thus also Mediterranean region)
37.23 6440 6440 Alluvial meadows of river valleys of the Cnidion dubii [N2K manual page 78 — | Principally in  Germany,
equivalent to PHYSIS 37.23]. Defined as: Alluvial meadows with natural flooding | Czech Republic, Slovakia,

regime belonging to the Cnidion dubii alliance, under continental to subcontinental
climatic conditions. [

Hungary, Poland and into
Romania —  Eco-regions
include Central European
mixed forests (and into
Western too) and
Pannonian mixed forests]
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44 .4 91FO0 Riparian mixed forests of Quercus robur, Ulmus laevis and Ulmus minor, Fraxinus
excelsior or Fraxinus angustifolia along the great rivers (Ulmenion minoris) [N2K
manual page 114 — equivalent to PHYSIS 44.4]. Defined as: Forests of hardwood
trees of the major part of the river bed, liable to flooding during regular rising of
water level or, of low areas liable to flooding following the raising of the water table.
These forests develop on recent alluvial deposits. The soil may be well drained
between inundations or remain wet. Following the hydric regime, the woody
dominated species belong to Fraxinus, Ulmus or Quercus genus. The undergrowth
is well developed.
44.41 44.41: Rhine, Danube, Emst, Elbe, Saale, Weser, Loire and Rhéne-Sabéne 44.41: Rhine,
systems Danube, Emst, Elbe, Saale,
Weser, Loire and Rhoéne-
Sabne systems
44.42 44.42: Residual fragments in the same systems as for 44.41
44.43 44.43: Sub-Mediterranean regions of SE Europe (Balkanic) — sub-units in NE 44.43: Sub-
Italy and Nn Greece Mediterranean regions of SE
Europe (Balkanic) — sub-
units in NE Italy and Nn
Greece
44.44 44.44: Po and its tributaries 44.44: Po and its
tributaries
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41.2A 91L0 lllyrian oak—hornbeam forests (Erythronio-Carpinion) [N2K manual page 117 — | SE-Alpine-Dinaric region,

equivalent to PHYSIS 41.2A]. Defined as: Forests of Quercus robur or Q. petraea,
sometimes Q. cerris, and Carpinus betulus on both calcareous and siliceous
bedrocks, mostly on deep neutral to slightly acidic brown forest soils, with mild
humus in the SE-Alpine-Dinaric region, West- and Central Balkans extending
northwards to Lake Balaton mostly in hilly and sub-montane regions, river valleys
and the plains of the Drava and Sava. The climate is more continental than in sub-
Mediterranean regions and warmer than in middle Europe; these forests are
intermediate between oak-hornbeam woods (e.g. 9170) of central Europe and those
of the Balkans and merge northwards into the Pannonic oak woods (91G0). They
have much higher species richness than the Central European oak woods. Outliers
of these forests also occur in Frioul and the northern Apennines. [Though centred in
the Continental biogeographic region of Serbia, Croatia and Bosnia-Herzegovina,
this type clearly enters the Alpine and Pannonian regions, and the outliers are in the
Mediterranean region]

West- and Central Balkans
extending northwards to
Lake Balaton mostly in hilly
and sub-montane regions,
river valleys and the plains
of the Drava and Sava. The
climate is more continental

than in sub-Mediterranean
regions and warmer than in
middle Europe; these
forests are intermediate
between oak-hornbeam
woods (e.g. 9170) of

central Europe and those of
the Balkans and merge

northwards into the
Pannonic oak woods
(91G0). They have much

higher species richness than
the Central European oak
woods. Outliers of these
forests also occur in Frioul
and the northern
Apennines. [Though centred
in the Continental
biogeographic  region of
Serbia, Croatia and Bosnia-
Herzegovina, this type
clearly enters the Alpine
and Pannonian regions, and
the outliers are in the
Mediterranean region]
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44.162 & 44.6 | 92A0 92A0 Salix alba and Populus alba galleries [N2K manual page 128 — equivalent to | Mostly found in
PHYSIS 44.141, 44.162 and 44.6]. Mostly found in Mediterranean biogeographic | Mediterranean
region (see below) — certainly it reaches its greatest diversity there biogeographic region (see
below) — certainly it
reaches its greatest
diversity there
37.4 6420 6420 Mediterranean tall humid herb grasslands of the Molinio-Holoschoenion [N2K | Passes from Mediterranean
manual page 78 —equivalent to PHYSIS 37.4]. Defined as: Mediterranean humid | region into Black Sea region
grasslands of tall grasses and rushes, widespread in the entire Mediterranean basin, | — covering numerous eco-
extending along the coasts of the Black Sea, in particular in dunal systems [P regions — may be mostly
coastal rather than riparian]
44.12 PHYSIS 44.12: Lowland, collinar and Mediterraneo-montane willow brush types
44.122 44.122: Mediterranean purple willow scrub (Saponario officinalis-Salicetum | Southern France,
purureae) — Southern France, Mediterranean eastern Spain and south to Rio | Mediterranean eastern
Seguara basin (ltaly) Spain and south to Rio
Seguara basin (Italy)
44.123 44.123: Balkanic purple willow scrub (various communities with Salix | Balkans?
purpurea and other willows)
44.124 44.124: Ibero-montane willow scrub (Salicetum triandrae-elaeagni) — | Pyrenees, Iberian Range
Pyrenees, Iberian Range and Sierra Nevada (thus also Alpine region) and Sierra Nevada (thus
also Alpine region)
44.126 44.126: Iberian sage-leaved willow scrub (Salicetum purpureo-salvifoliae) — | Central and southern lberia
Central and southern lIberia
44.127 44.127: Pedicellated willow scrub — subdivided into 4 types confined to a) | a) Andalusia; b) Sardinia;
Andalusia; b) Sardinia; c) Sicily; and d) Calabria c¢) Sicily; and d) Calabria
44.142 44.142: Olive-leaved and ashy willow riparian woods (Rubo corylifolii-Salicetum | from central and southern

atrocinereae and Viti-Salicetum atrocinereae) which occurs with four variants from
central and southern Iberia via Sardinia to Italy and Greece

Iberia via Sardinia to Italy
and Greece
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44.162 & 44.6 | 92A0 ***92A0 Salix alba and Populus alba galleries [N2K manual page 128 — equivalent
to PHYSIS 44.141, 44.162 and 44.6]. Defined as:
44.141 Riparian forests of the Mediterranean and Black Sea basins dominated by Salix | [Distribution may be partly
alba, Salix fragilis or their relatives (44.141) inferred from description of
types, but clearly found
throughout the Continental,
Black Sea, Mediterranean
and Black Sea
biogeographic regions, as
well as parts of the
Pannonian and possibly
Steppic region]
44.6 Mediterranean and Central Eurasian multi-layered riverine forests with Populus | Mediterranean and Central
spp., Ulmus spp., Salix spp., Alnus spp., Acer spp., Tamarix spp., Juglans regia, | Eurasian
Quercus robur, Quercus pedunculiflora, Fraxinus angustifolia, Fraxinus pallisiae,
lianas. Tall poplars, Populus alba, Populus caspica, Populus euphratica (Populus
diversifolia), are usually dominant in height; they may be absent or sparse in some
associations which are then dominated by species of the genera listed above (44.6).
Type is subdivided by CORINE/PHYSIS into 4 major units:
44.61 0 44.61: Mediterranean Riparian poplar forests — further subdivided into five major | Mediterranean
units in lberia, Provence/Languedoc, Corsica/Sardinia, Italy and Greece (Greek
stands are themselves classified into four minor sub-units)
44.62 0 44.62: Mediterranean Riparian EIm forests Mediterranean
44.63 0 44.63: Mediterranean Riparian Ash woods: further subdivided into six units | Mediterranean
distributed from lIberia (3 units) through southern France and northern Italy (1 unit)
to Adriatic Italy and Sicily (1 unit) and Greece (1 unit)
44.64 0 44.64: Hop-Hornbeam galleries: Ostrya dominated and only in SE France SE France
44.52 & 44.54 | 92BO 92B0 Riparian formations on intermittent Mediterranean watercourses with

Rhododendron ponticum, Salix & others [N2K manual p. 128: equivalent to PHYSIS
44.52 & 44.54]. Types:
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44.52 Distinctive, relict thermo- and meso-Mediterranean alder galleries of deep,
steep-sided valleys, with Rhododendron ponticum ssp. baeticum, Frangula alnus
ssp. baetica, Arisarum proboscideum and a rich fern community including Pteris
incompleta, Diplazium caudatum, #Culcita macrocarpa (44.52).
44.54 Relict Betula parvibracteata riparian galleries. The dominant species, an | Found in Montes de Toledo
extremely local endemic, is accompanied by Myrica gale, Frangula alnus, Salix | only]
atrocinerea, Galium broterianum, Scilla ramburei (44.54) [Found in Montes de
Toledo only]
CORINE/PHYSIS lists in addition to these N2K types the following further units:
44.51 44.51: Southern Black Alder galleries in Italy, Cévennes, lberia and Greece | Italy, Cévennes, lberia and
(4 sub-units) Greece
44.53 44.53: Corsican Black and Cordate Alder galleries (2 sub-units both in Corsica Corsica
92CO0 92CO Platanus orientalis and Liquidambar orientalis woods (Plantanion orientalis)
[N2K manual page 129 — equivalent to PHYSIS 44.71 and 44.72]. Defined as:
Forests and woods, for the most part riparian, dominated by Platanus orientalis
(oriental plane) or Liquidambar orientalis (sweet gum), belonging to the Platanion
orientalis alliance. Sub-types:
44.71 44.71: Oriental plane woods (Platanion orientalis) Forests of Platanus

orientalis.
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0 44.711: Helleno-Balkanic riparian plane forests. Platanus orientalis gallery
forests of Greek and southern Balkanic watercourses, temporary rivers and gorges;
they are distributed throughout the mainland and archipelagos, colonising poorly
stabilised alluvial deposits of large rivers, gravel or boulder deposits of permanent
or temporary torrents, spring basins and particularly, the bottom of steep, shady
gorges, where they constitute species-rich communities. The accompanying flora
may include Salix alba, S. elaeagnos, S. purpurea, Alnus glutinosa, Celtis australis,
Cercis siliquastrum, Populus alba, P. nigra, Juglans regia, Fraxinus ornus, Alnus
glutinosa, Crataegus monogyna, Cornus sanguinea, Ruscus aculeatus, Vitex agnus-
castus, Nerium oleander, Rubus spp, Rosa sempervirens, Hedera helix, Clematis
vitalba, Vitis vinifera ssp sylvestris, Ranunculus ficaria, Anemone blanda,
Aristolochia rotunda, Saponaria officinalis, Symphytum bulbosum, Hypericum
hircinum, Melissa officinalis, Calamintha grandiflora, Helleborus cyclophyllus,
Cyclamen hederifolium, C. repandum, C. creticum, Galanthus nivalis ssp reginae-
olgae, Dracunculus vulgaris, Arum italicum, Biarum tenuifolium, Brachypodium
sylvaticum, Dactylis glomerata and may be rich in mosses, lichens and ferns,
among which Pteridium aquilinum is often abundant. Various associations have
been described reflecting regional and ecological variation in composition of the
under-growth. Plane tree galleries are particularly well represented along the
lonian coast and in the Pindus; other important local complexes exist in Macedonia,
in Thrace, around the Olympus massif, in the Pelion, in the Peloponnese,
particularly in the Taygetos, where luxuriant gorge forests reach 1300m, in Euboea
and in Crete; local, distinctive, representatives occur in other Aegean islands e.g.
Rhodes, Samos, Samothrace, Thasos. Restriction to gorges is increasingly
pronounced towards the south.

Greece & Baltics

EUNIS /
PHYSIS Sub-
code

44.711

44.712

0 44.712: Hellenic slope plane woods. Platanus orientalis woods on colluvions,
detritus cones, ravine sides or other poorly stabilised substrates, of Greece.

greece
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44.713

0 44.713: Sicilian plane tree canyons. Relict Platanus orientalis-dominated or P.
orientalis -rich galleries of the Cassabile, the Anapo, the Irminio and the Carbo
rivers, in the lIblei range of south-eastern Sicily, of the gorge of the Sirmeto, in the
vicinity of the Nebrodi. Some of these formations, in particular, in the gorges of the
Cassabile and of the Anapo, are true plane tree woods. Others, such as on the
Sirmeto, are Populus alba, Fraxinus angustifolia, Salix spp. formations with Platanus
orientalis; as they grade into each other, and because of the very isolated
occurrence, and great biogeographical and historical interest of Platanus orientalis
in Sicily, they are all listed here. Plane tree woods have had a much greater
extension in Sicily and probably in Calabria. A large forest has, in particular,
existed on the Alcantara, where the species is now extinct.

sicily

44.72

44.72: Sweet gum woods. Riverine forests dominated by the Tertiary relict
Liquidambar orientalis, with very limited range in south Asia Minor and Rhodes.

south Asia Minor and

Rhodes

44.721

0 44.721: Rhodian sweet gum woods. Liquidambar orientalis gallery forest of the
Petaloudhes Valley, on Rhodes, with poorly developed undergrowth and a ground
layer dominated by Adiantum capillus-veneris in damp areas. This forest
constitutes the only European formation of this species and harbours the unique,
concentrated aggregation of Jersey Tiger Moths, Panaxia quadripunctaria.

Petaloudhes
Rhodes

Valley, on

44.81 to
44.84

92D0

92DO0 Southern riparian galleries and thickets (Nerio-Tamaricetea and Securinegion
tinctoriae) [N2K manual page 130 — equivalent to PHYSIS 44.81 to 44.84]. Defined
as: Tamarisk, oleander, and chaste tree galleries and thickets and similar low
ligneous formations of permanent or temporary streams and wetlands of the
thermo-Mediterranean zone and south-western Ilberia, and of the most
hygromorphic locations within the Saharo-Mediterranean and Saharo- Sindian
zones. Includes formations of Tamarix smyrnensis (syn. Tamarix ramosissima) of
stream sides and coastal localities of the Pontic and Steppic regions of western
Eurasia. The formations with Tamarix africana should not be taken into account.
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EUNIS / | EUNIS / | N2K EUNIS /7 PHYSIS or N2K description Geographic extent
PHYSIS PHYSIS Sub- | code
code code
44.81 44.81: Oleander (Nerium), Chaste-tree (Vitex) and Tamarix galleries. 3 | mediterranean
units defined by the dominant shrub, with Tamarix galleries being further sub-
divided into 4 major sub-units and 4 subsidiary units. Throughout Mediterranean
region
44.82 44.82: South-western Iberian tamujares: characterised by Securinega | southern spain and portugal
tinctoria and found in southern Spain and southern Portugal.
44.83 44.83: Oretanian lauriphyllous galleries: Montes de Toledo (southern Spain) | southern spain
only — Prunus lusitanica and Viburnum tinus.
44.84 44.84: Oretanian bog myrtle & willow scrub: Montes de Toledo (southern | southern spain
Spain) only — Frangula, Myrica gale, Salix atrocinerea, S. salvifolia.
9370 9370 * Palm groves of Phoenix[N2K manual page 133 — equivalent to PHYSIS | Fragata, Maspalomas and

45.7]. Defined as: Woods, often riparian, formed by the two endemic palm trees,
Phoenix theophrasti and Phoenix canariensis.- The palm groves of Crete are
restricted to damp sandy coastal valleys; they include the extensive forest of Vai,
where the luxuriant palm growth is accompanied by a thick shrubby undergrowth
rich of Nerium oleander, and about four other smaller coastal groves, notably on
the south coast of the prefectorate of Rethimnon (Plakias etc).- The Canarian
palm groves are mostly characteristic of the bottom of barrancos and of alluvial
soils, below 600 metres; particularly representative examples are found at Fragata,
Maspalomas and Barranco de Tirajana in the Gran Canary, Valle Gran Rey in La
Gomera, Masca in Ténérife and Brena Alta in La Palma.[Geographical range clearly
indicated in description of the sub-types]

Barranco de Tirajana in the
Gran Canary, Valle Gran
Rey in La Gomera, Masca in
Ténérife and Brena Alta in
La Palma.[Geographical
range clearly indicated in
description of the sub-

types]
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Annex C
Flow Regime Analysis and Hydrological
Alteration

Martina Bussettini, Carlo Percopo, Barbara Lastoria, Giovanni Braca
ISPRA, ltaly

C.1 Flow regime analysis

A river classification into flow regime types is proposed with representative
characteristics for application across European continent. In this classification scheme,
the following characterization criteria are considered: (i) intermittency; (ii) river-aquifer
interaction (Boni et al., 1993-A); (iii) prevailing type of water sources (Poff and Ward,
1989; Poff, 1996; Poff et al., 1997). Furthermore, the classification scheme takes into
account the ecological relevance of hydrological indicators, with the aim of giving an eco-
hydrological overview of European river systems.

C.2 Groundwater and river-aquifer interaction

In order to classify river flow regimes into types, one of the most relevant factors to be
considered is the degree of river-aquifer interaction since it influences the hydrological
response of fluvial systems. Groundwater plays a very different role than surface water in
the hydrological, morphological and ecological processes of fluvial systems.

Several methods for river-aquifer characterization have been developed in the last two
decades. Among these, the “characteristic discharges” method (Boni et al., 1993-B) was
selected since it is one of the most useful approaches starting from daily and/or monthly
flow data. This method describes the quantitative interaction and variation in time
between surface water and groundwater, providing a unified view of the river-aquifer
system.

The baseflow-runoff characterization method is based on the following assumptions:

(i) Discharge in a river gauging section is fed only by groundwater (baseflow) when
surface runoff (quick-flow) ceases;

(ii) Quick-flow ends after the rainfall ends and after a concentration time (the estimated
time required to reach a gauging section starting from the farthest point on the
watershed);

(iii)Baseflow consists of the sum of the contributions of both linear and point springs
located in the catchment area draining to the gauging station. This component has a
relatively regular flow regime and sustains total discharge during minimum flow.

Data required for the calculation consists of long-term time series of daily discharge
recorded at a gauging station for a “representative” number of years. For statistical
representativeness, at least 20 years of continuous records are needed (Huh et al.,
2010).
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For each month of the hydrological average year, some “characteristic discharges” can be
derived. For the description of the characteristic discharge it is useful to define daily and
monthly discharge.

e Daily discharge, QD, is the mean value of all elementary, equally spaced, values
recorded during a day.

¢ Monthly discharge, QM, is the mean value of daily discharges recorded during a
month.

In the following definitions we use the following:
e k: index of day in the month; k=1,... ,M;, where M; is the number of days
in j* month;
e j:index of month in the year; j =1,...,12;

e i: index of year in the data series; i =1,...,N where N is the number of all
years in data series.

1. The “mean monthly discharge” of the j”l month, meanQM;, is the arithmetic
mean (over N years) of the monthly discharge values of the j* month and it
consists of the total discharge, that is the sum of runoff and baseflow, for each

month.
1 N
meanQMj = NZ QMH j=1,..,12
i=1
2. The “mean of minimum daily discharge™ of thejth month, meanQDy,; is the

arithmetic mean (over N years) of the minimum of the daily discharge values in
j*" month. During drought periods it is representative of baseflow, while in the
wet season it represents baseflow plus runoff due to precipitation events with a

duration shorter than the time of concentration of the basin.

N
1 . .
meanQDmin,j = NZ QDmmJ‘i j=1,..,12 where QDmm‘j,i = 1smk|sr1]\/1j (QDk’i)
=1

3. The “minimum of the monthly discharge” of the j®* month, QMpin j, is the

minimum (over N years) of the monthly discharge values and it represents the
calculated baseflow.

QMpnin; = min (QM;;) j=1,...12

4. The “lowest value of the minimum daily discharge” of the j* month,
QDjowest,j » is the absolute minimum daily value (observed throughout the

recordings series) for each month and it represents the minimum baseflow during
the most severe droughts.
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QDigwese; = min ((min, 0Dy;) j=1,...12

In the annual hydrograph, these four “characteristic monthly discharges” identify four
distinct water volumes, corresponding to (Figure C.1):

A. Runoff;

B. Runoff+Baseflow: the “undetermined field”, which consists of discharge that
cannot be divide into baseflow or runoff. It depends on watershed features and
climatic conditions. It should be assigned to runoff in wet periods, while to
baseflow in dry periods;

C. Baseflow;

D. Minimum baseflow, during the most severe droughts. It consists of water
resources that are always available.

The characteristic monthly discharge method provides a simple quantification of
groundwater availability within the watershed. The water volumes identified represent
the groundwater that a catchment yields during its average hydrological year.
Furthermore, these volumes represent the maximum amount of withdrawable
groundwater.

Tiber river at Rome (1971-2010)
280 -
—e— Mean monthly
240 p discharge
= Sl —&— Mean of
- A minimum daily
% 50 discharge
oo
_cc‘i 120 ¢ —&— Minimum of
S B monthly
o discharge
80 1 - .
¥---n" " POt SRR IIE --%-- Lowest of
10 4 D \C ’,X Minimum daily
% .
discharge
0 L] L] L] L] L) L) L] L] L) L] 1
1 2 3 4 5 6 7 8 9 10 11 12
Month

Figure C.1 Characteristic monthly discharge (1971-2010) for Tiber river at Rome
(‘Ripetta’ gauging station). Source: Former Servizio Idrografico e Mareografico
Nazionale database (Hydrological Yearbooks — Second part) and Lazio Region database.

This method is able to represent and quantify interactions between the aquifer and river
and their changes over time. In particular, it provides useful information to evaluate
alteration imposed on water resources by human exploitation.

To correctly apply this method, discharge time series of at least 20 years of data are
needed. When using shorter time series it is possible that the "mean of minimum daily
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discharge" values are less than the "minimum of the monthly discharge”. In such a case,
a hydrogeological interpretation is needed.

A baseflow index (BFI) is proposed for classifying river-aquifer interaction. This index is
calculated as the annual mean of the monthly ratio between the “minimum of the
monthly discharge"” and the “mean monthly discharge” (see C and A values in Figure
C.1).

C.3 Characterising rivers according to the predominant flow
sources

Natural streams are fed by liquid or solid precipitation (rainfall or snowmelt) through
surface or underground pathways.

Surface runoff is represented by overland flows or channelled flows draining slopes.
Surface runoff occurs discontinuously and ends after a variable time interval at the end of
the rain.

Groundwater flow consists of the effective infiltration that feeds the stream network
through underground pathways as follows:

— Point springs: point groundwater sources located in specific locations near to
riverbeds and at defined altitudes;

— Linear springs: dispersed groundwater inputs through river banks and bed and
distributed along river reaches, which are identified with the proper methods of
quantitative hydrogeology (e.g. upstream to downstream discharge measurement
series).

It must be noted that "hypodermic outflow” is included in the “groundwater flow”. It
represents the portion of the groundwater flow that does not reach the aquifer but flows
at shallow depth through the soil (order of meters). Examples are provided by the
hypodermic runoff through thawed soil, and the debris and alluvial deposits feeding the
stream network.

In terms of their water supply typology, rivers can be described as:

1. Groundwater fed: where the discharge is predominantly fed by baseflow
through:

a. point springs;
b. linear springs.
2. Surface runoff fed: where the river is prevailingly fed by surface runoff during

rainy periods. When runoff ceases, perennial rivers of this type are fed by
groundwater (base flow);

3. Snow melt fed: where the river is prevailingly fed by snow melt. When snow
melt ceases, perennial rivers of this type are fed by groundwater (base flow);
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C.4 Flow regime classification

Starting from the classification scheme proposed by Poff and Ward (1989) and Poff
(1996) for the streams in the United States, flow regime classification schemes have
been devised, with some adaptations, for application to European streams (see for
example Oueslati et al., 2010). These methods are based on eco-hydrological indicators
and provide nine flow regime types on the basis of (i) intermittency, (ii) river-aquifer
interaction, and (iii) predominant flow source types (surface water, groundwater, snow
melt).

Intermittent rivers: In the original scheme, a temporary flow regime was based on the
extent of intermittency, with the threshold for perennial flows fixed at 10 days/year of
zero-flow conditions (zero discharge). However, for European streams, we adopt a more
restrictive threshold between perennial and temporary streams, whereby “perennial” or
“permanent” flowing rivers are those that have continuous flow in their channels
throughout the year. Poff (1996) also recognises a “harsh intermittent” regime for those
streams with zero-days (days with no flow) for more than 90 days/year. This threshold is
ecologically representative in North America. However, in the European context, and
particularly in Mediterranean areas, arid conditions heavily affect the flow intermittency
intervals. Therefore, we recognise three types of intermittent stream: (i) harsh
intermittent, (ii) intermittent flashy and (iii) intermittent runoff. These reflect the
thresholds proposed in the intermittency hydrological indicators of Oueslati et al. (2010),
which were calibrated on Mediterranean rivers:

1. Harsh Intermittent: temporary streams having more than 240 zero-days/year;

2. Intermittent Flashy: temporary streams having between 120 and 240 zero
days/year;

3. Intermittent Runoff: temporary streams having less than 120 zero days/year.

Perennial rivers: Perennially-flowing streams are classified according to their
predominant source of flow by (i) groundwater (“stable” and “superstable groundwater”
rivers), (ii) surface runoff (“perennial flashy” or “perennial runoff” rivers) and (iii)
snow melt processes (“snowmelt” or “snow-rain” rivers). The hydrological indicators are
reported below as “characterization indicators” of fluvial systems in Table C.4.

Based on these characterization indicators, a conceptual model of flow regime
classification has been developed (Figure C.2). The data required consists of a long-term
series of daily flow data (average daily flow), and at least 20-years of records should be
considered (Huh et al., 2010). The classification model assigns a hydrological type to
each river in a gauging station or to river-segments.

Threshold values of hydrological indicators to define these river types are shown in Table
C.1. These are based on the original values reported in Poff and Ward (1989) and Poff
(1996), with some modifications for European and Mediterranean regions. The conceptual
flowchart for assigning a flow regime class to a river is shown in Figure C.2. The nine flow
regime classes are described in Table C.2 (perennial streams) and Table C.3 (temporary
streams).

In Tables C.1, C.2 and C.3, and in Figure C.2 (see also Table C.4):

BFI is a baseflow index (BFI) calculated as the annual mean of the monthly
ratio between the “minimum of the monthly discharge" and the “mean
monthly discharge”:
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ZERODAY
FLDFREQ

FLDPRED

FLDTIME

DAYCV

is the number of days without channel flow in a year.

is the average number of floods per year having discharge higher than the
mean of maximum daily discharge (this is a fixed flood threshold).

is the maximum proportion of all floods over the fixed flood threshold that
falls in one of six “60-day seasonal windows”, divided by the total number
of floods. It ranges from 0.167 (absence of seasonality) to 1 (complete
predictability of floods).

is the day number of the first day within the seasonal 60-day windows
when FLDPRED is highest. For the day count, note that the first 60-day
period is January-February and the last one is December-January.

is the average (across all years) of the standard deviation of daily
discharge divided by the annual mean discharge (x 100):

Table C.1 Threshold values of hydrological indicators to define flow regime types.

Flow regime Types Thresholds

Hl Harsh Intermittent ZERODAY > 240

IF Intermittent Flashy 120 < ZERODAY < 240 or (ZERODAY=< 120 and FLDFREQ =
0.60)

IR Intermittent Runoff ZERODAY < 120 and FLDFREQ < 0.60

SN Perennial Snowmelt ZERODAY < 1 and FLDPRED = 0.70 and 121 < FLDTIME <
182

SR Perennial Snow + Rain | ZERODAY < 1 and 121 < FLDTIME < 182 and 0.60 <

FLDPRED < 0.70

SS Perennial Superstable | ZERODAY < 1 and FLDPRED < 0.60 or/and (FLDTIME<121

or FLDTIME>182) and BFI=50 and DAYCV<100

SG Perennial Stable ZERODAY < 1 and FLDPRED < 0.60 or/and (FLDTIME<121

or FLDTIME>182) and 30<BFI<50 and DAYCV<100

PF Perennial Flashy ZERODAY < 1 and FLDPRED < 0.60 or/and (FLDTIME<121

or FLDTIME>182) and BFI<30 or/and DAYCV>100 and
FLDFREQ=0.60

PR Perennial Runoff ZERODAY < 1 and FLDPRED < 0.60 or/and (FLDTIME<121

or FLDTIME>182) and BFI<30 or/and DAYCV>100 and
FLDFREQ<O0.60
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ZERODAY > 240 HARSH INTERMITTENT |
NO
ZERODAY < =120 / 120 <= ZERODAY <= 240
YES|FIDFREQ < 0.60 ZERODAY < =120 INTERMITTENT FLASHY |
\ FLDFREQ >= 0.60
YES| INTERMITTENT RUNOFF
ZERODAY >= 1
yes FLOPRED >= 0.70 YES SNOWMELT
NO SNOW+RAIN
FLDPRED >= 0.60 /
NO
121 <= FLDTIME <= 182 P YES |BFI >= 50 YES |SUPERSTABLE
BFi >= 30 / NO |STABLE
NO
DAYCV<=100 N\
A
NO |FLDFREQ >= 0.60 YES |PERENNIAL FLASHY
NO |PERENNIAL RUNOFF

Figure C.2 Conceptual model of flow regime classification.

Table C.2 Classes of Perennial Stream.

Hydrological Flow regime Hydrological indicators
classes
_ Perennial t_’lvers fed predominantly by surface High contribution by surface runoff
Perennial runoff (quick flow) and groundwater to total discharge:
Runoff (baseflow) in the second place. Flow regime ge:

is characterized by low seasonal variability.

BFI < 30 % and FLDFREQ < 0.60

Perennial flashy

Perennial 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.

High contribution by surface runoff
to total discharge:
BFI < 30 % and FLDFREQ > 0.60

Rivers having a stable flow regime, due to

High contribution by baseflow to

Perennial the regulation effect of groundwater. In the .
Stable case of unregulated rivers, flow is total discharge:
unreg ’ 30 < BFI < 50 % and DAYCV <
(groundwater) predominantly fed from groundwater 100
(baseflow).
. Rivers having very low variability in flow . I
Perennial . . Very high contribution by baseflow
regime. In the case of unregulated rivers .
Super-stable (natural regime), flow is predominantly fed to total discharge:
(groundwater) 9ime), P Y BFI > 50% and DAYCV < 100
from groundwater (baseflow).
. . . High seasonal flood predictability:
) 121 < FLDTIME < 182
Very high seasonal flood
Perennial Perennial streams prevailingly fed by snow predictability:
Snowmelt and glacier melt. FLDPRED > 0.70 and

121 < FLDTIME < 182
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Table C.3 Classes of Temporary Stream

Hydrological Flow regime Hydrological indicators
classes
Temporary streams without flow for almost
the whol . Flow i tivated duri
Harsh © whole year. Flow IS activated auring ZERODAY > 240 and FLDFREQ >

intermittent

intense rainfall. No river-aquifer interaction.
Streams exclusively fed by surface water (R
> 90%).

0.60

Intermittent
flashy

Temporary streams having runoff in the river
bed for less than 8 months/year; streams
predominantly fed by surface runoff.

Runoff is present occasionally, because of
rainfall, snowmelt or seasonal fluctuations of
the aquifer level.

120 < ZERODAY < 240 or
(ZERODAY<120 and FLDFREQ 2
0.60)

Intermittent
runoff

Temporary stream having runoff in the river
bed for more than 8 months/year. Streams
are fed by surface runoff and groundwater,
due to variations in water table levels within
the aquifer.

1 < ZERODAY < 120 and
FLDFREQ < 0.60

The scheme proposed in Tables C.2 and C.3 classifies all gauged streams or river
segments into nine classes on the basis of ecologically-relevant hydrological indicators:

I — Temporary streams

1. Harsh Intermittent - temporary streams without flow for almost the whole year.
Flow is activated during intense rainfall (e.g., streams of the Southern Europe and
Mediterranean areas);

2. Intermittent Flashy - temporary streams with runoff in the river bed for less
than 8 months/year; runoff is present occasionally because of rainfall, snowmelt
or seasonal fluctuations of the aquifer level;

3. Intermittent Runoff: temporary stream with runoff in the river bed for more
than 8 months/year;

Il — Perennial rivers fed predominantly by snowmelt

4. Snowmelt - perennial streams prevailingly fed by snow and glacier melt;

5. Snow-rain - perennial streams fed by a mix of surface runoff and snow melt;

111- Perennial rivers fed predominantly by groundwater

6. Super-stable rivers - rivers with very low variability of the flow regime; in the
case of unregulated rivers (natural regime) these are predominantly groundwater
fed (baseflow);

7. Stable rivers - rivers having a stable flow regime, due to the regulation effect of
groundwater; in the case of unregulated rivers, flow is predominantly fed from
groundwater (baseflow);

IV — Perennial rivers fed predominantly by surface runoff
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8. Perennial flashy - perennial 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 - perennial rivers fed predominantly by surface runoff (quick
flow) and groundwater (baseflow). Flow regime is characterized by low seasonal
variability.

To assign one of the nine hydrological classes to a stream within a particular segment, an
algorithm based on the flow indicators reported in Table C.4 (characterization indicators)
is used. This algorithm has been tested on approximately 50 Italian river sections,
selected on the basis of altitude and latitude, watershed geology and availability of long
discharge time series in order to incorporate a wide range of hydrologic and climatic
conditions.

C.5 Calculation of the flow regime indicators

All calculation of the following indicators refers to the ‘mean daily discharge’ of the data
series.

ZERODAY [days]: Extent of intermittency. It is the average annual number of days
having zero discharge.

QThreshold [m®/s]: is the fixed discharge used to identify flood events over a
threshold. It is the mean of annual maximum daily discharges (i.e. 1 maximum value per
year in the discharge record). In Figure C.3 an example of maximum flood events over
threshold is shown for the River Frome - UK.

30 Discharge series —
River Frome East Stoke O Maximum flood events
& — = Qthreshold
of
M
0 T T T T T T T T T T T T T T T T T T T T |
o w w w w w w w w N N N N N N N N N N N N N
= = = = = o o o o © © © © © © © © ~ ~ ~ ~ [
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
(=) = = = = = = = = = = = = = = = = = = = = =
= N N N N N N N N N N N N N N N N N N N N N
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
= = = = = = = = = N N N N N N N N N N N N N
© © © © © © © © © o o o o o o o o o o o o o
[} [} © © © © © © © o o o o o o o o o o = = [
N N w e (3] (=2} ~ [e=] © o L= N w £ (3] [} ~ [e=] © o = N

Figure C.3 Maximum flood events over threshold discharge for River Frome (UK) at the
East Stoke gauging station.
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FLDPRED [ - ]: seasonal predictability of flooding is the maximum proportion of all
floods over the threshold that falls in one of the twelve “60-day seasonal windows” (Jan-
Feb, Feb-March, ..., Dec-Jan) divided by the total number of floods (Table C.4 - C.5). It
ranges from 0.167 (absence of seasonality) to 1 (complete predictability of floods). A 10-
day period separating individual events over threshold is used to identify separate events
(Figure C.3).

Calculation method: identify each daily discharge exceeding the flood threshold and the
corresponding date. Select only the maximum discharge value for each flood event and
verify that the maximum values are separated by a lag time of at least 10 days.
Calculate the total number of these exceedance values. Then assign each maximum flood
event to the 60-day seasonal windows. Calculate the ratio of number of maximum events
in each window to the total number of the exceedance values. FLDPRED is the highest
ratio value.

Table C.4 Flood events over threshold for River Frome (UK) at the East Stoke gauging
station.

Peak discharge over
Date Month threshold
06/01/1994 1 25.13
10/11/1994 11 21.34
28/01/1995 1 24.06
15/02/1995 2 23.28
08/01/1998 1 23.24
20/01/1999 1 23.43
25/12/1999 12 22.34
07/11/2000 11 21.84
13/12/2000 12 23.54
14/11/2002 11 24.92
29/11/2002 11 21.36
02/01/2003 1 25.74
10/02/2009 2 21.68
09/07/2012 7 23.22
26/11/2012 11 23.76

Table C.5 FLDPRED and FLDTIME calculation for River Frome (UK) at the East Stoke
gauging station.

VIR 1 ol v | v v v v ix | x X1 X11
periods

First month 1 2 3 4 5 6 7 8 9 10 |11 12
Second month 2 3 4 5 6 7 8 9 10 11 12 1
N. POT in 2 month 7 2 0 0 0 1 1 0 0 5 7 7
FLDPRED (n. POTs
in 2 month/ 0.47 0.13|0.00|/0.00|0.00|0.07|0.07 |0.00 {0.00|0.33|0.47 0.47
Total n. POTs)
periods with same _ _ _ _ _ _ _ _ _ _ ~ _
FLDPRED Jan-Feb Nov-Dec | Dec-Jan
FLDTIME 1 32 |60 |91 121 | 152 |182 | 213 |244 (274 |305 335
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FLDTIME [ day ]: timing of flooding; it is the first day of the 60-days seasonal windows
where the FLDPRED is highest (Figure C.5). FLDTIME possible values are:

Seasonal window | FLDTIME
1 (Jan-Feb) 1

2 (Feb-Mar) 32
3 (Mar-Apr) 60
4 (Apr-May) 91
5 (May-Jun) 121
6 (Jun-Jul) 152
7 (Jul-Aug) 182
8 (Aug-Sep) 213
9 (Sep-Oct) 244
10 (Oct-Nov) 274
11 (Nov-Dec) 305
12 (Dec-Jan) 335

FLDFREQ [ yr* ]: flood frequency is the average number of flood events over the
threshold per year. A 10-day period separating individual events over threshold is used
to identify separate events. Calculation method: identify each daily discharge exceeding
the flood threshold and the corresponding date. Select only the maximum discharge
value for each flood event and verify that maximum values are separated by a lag time
of 10 days (Figure C.3). Calculate the total number of these exceedance values.
FLDFREQ is the ratio of the total number of exceedance values to the number of years
of the record period.

BFI [ % ] Base flow index. For each month of each year calculate the mean discharge
values. Calculate the mean and minimum values for each month (12 mean monthly
values + 12 minimum monthly values). Then calculate the ratio of minimum monthly
values to mean monthly values. Multiply the ratios by 100. BFI is the average of these 12
values.

Y1 min (QM;
BFI =100 x — Z 1<1<N( )

j=1 1(Q )

where:

N= number of years

M= number of months (12)

QM; ;= monthly discharge for the j*" month of the i*" year.

DAYCV [ % ]: coefficient of variation is the average (across all years) of the ratio of the
annual standard deviation of mean daily discharge to the annual mean discharge
multiplied by 100.
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N

1 Oop i
AYCV = 100 x —Z <ﬂ)
N Za \popa,i
i=1

where:

N= number of years

QD= mean daily discharge

ogp,= annual standard deviation of mean daily discharge for the i'" year

Ugp,i= annual mean of mean daily discharge for the i" year.

C.6 Hydrological alteration

After classifying the streams according to their flow regime, as described in the previous
section (C.4), a hydrological alteration method can be applied to investigate and assess
the degree of alteration of the hydrological regime. This hydrological alteration
assessment also provides a useful set of indicators to help identify differences and
similarities between rivers classified within the same type.

The proposed hydrological indicators (Table C.5) are grouped in relation to their scale of
representation (catchment/network, segment, reach), and to the type of hydrological
indication that they are able to provide. They are also labeled with A or C depending on
the type of information they provide regarding the flow regime (i.e., indicators of
characterization — C; or indicators of alteration — A of the flow regime).

C.7 Characterization indicators

Characterization (C) and hydrological alteration (A) indicators shown in Table C.4 allow
hydrological characterisation and hydrological alteration to be assessed. Together they
provide information about hydrological response of the river-watershed system, given a
series of expected hydrological features, as a function of rainfall variability.

Morphometric characterization is conducted at the catchment scale while flow regime
characterization and type of water supply are built at the catchment or segment scale if
flow data (or hydrological simulation models, e.g. rainfall-runoff model) are available.
Analysis of hydrological alteration is built at the reach scale.

Most of the characterization indicators are based on physical properties of the catchment
upstream of the reach: surface extension (S), length (L), slope, shape, land use,
geology, geomorphology, etc.. All these properties affect the way runoff is generated and
so the amount and variability of stream discharges. Changes in their values could affect
discharges even though it is not the only way flow regime becomes altered.

Hydrological indicators are used to classify streams into nine flow regime types. They
give information about the predominant sources of water to the segment or reach and
river-aquifer interaction in space and time.
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C.8 Alteration indicators

The flow regime of a natural river is a product of the set of expected characteristics, both
quantitative and temporal, through which water flow occurs in that river. Flow regime
description related to a time interval (usually 1 year) is generally conducted with
reference to the chronological discharge diagram or hydrograph in which flow discharges
at a given time-aggregation are shown in their temporal event sequence (Figure C.4).

Although the description of flow regime alteration is really complex, it is recognized that
the identification of the 5 main flow components (magnitude, frequency, duration,
timing, rate of change) is important for an effective characterization of the degree of
hydrological alteration.

Hydrological alteration is the deviation between:

- the “current” hydrological regime (measured or estimated through models. In the
latter case uncertainties can affect the estimation)

and

- the “natural” hydrological regime. This refers to unaltered conditions: pre-impact (in
the past) or now without impacts (reconstruction from current flow regime
“removing” anthropogenic pressures)

The hydrological regime is usually represented by (Figure C.3):
e The hydrograph (stream discharges vs time);

e The flow duration curve (stream discharge plotted against the time interval in
which that discharge value is exceeded).

The hydrological regime identifies those aspects or components that describe the peculiar
behaviour of river discharges at different time-scales.

The flow regime is effectively described by 5 main flow components, relevant for their
effects on ecological processes:

1. Magnitude — how much?

2. Frequency — how often?

3. Timing — when?

4. Duration — how long?

5. Rate of change — how fast?*

Hydrological Alteration assessment methods all refer to the main 5 flow components in
terms of stream discharges, to derive a suite of parameters / indicators of the flow
regime. They all characterize hydrological conditions (current and natural) by the value
of those indicators, and assess the hydrological alteration by comparing the values of
homologous parameters representing unaltered and impacted conditions.

Page 56 of 230



REFORM

ivers FOR effective catchment Management

D2.1 HyMo Hierarchical Multi-scale Framework Il. Thematic Annexes

Table C.5 Proposed hydrological indicators

monthly discharge’ (see chap. Il —
Groundwater and river-aquifer

Scale Hydrological Description | Characteriz Calculation
Indicator ation /
Alteration
REGION ARIDITY INDEX e.g. De C
Martonne
c GLACIER RATIO C
g IPSOMETRIC c
E CURVE
w MORPHOMETRY Rc (circularity C Rc = 0.89*L/[(4*S/m)™]
? ratio)
S, | PERMEABILITY Flow c ¥, CN
g % coefficient
v e |<TZ TRAVEL TIME Time of C (hmax-hmin)/L, S
(031 S 20 concentration
E 0 § Q | HIERARCHY Horton’s laws c
oo - (set threshold
z52¢ for minimum
I—I 5 3 E area to be
E £ 2 s considered)
S0 9 % DRAINAGE c
S 4 @& | DENSITY
';: % g O | AREA Basin drainage C
Oow 2 area, Km2
QMEAN Daily mean C
discharge,
m3/s
DAYCV Daily C Average (across all years) of standard
discharge deviation of daily discharge divided by
coefficient of the annual mean discharge (x 100).
variation, %
FLDFREQ Flood C The average number of floods per
@ frequency, year having discharge higher than the
9 1/yr mean of maximum daily discharge
S (fixed flood threshold).
3 FLDPRED Seasonal flood C The maximum proportion of all floods
Z predictability over the threshold that falls in one of
a\ the six “60-day seasonal windows”,
s divided by the total number of floods.
o It ranges from 0.167 (absence of
ﬁ seasonality) to 1 (complete
E 2 predictability of floods).
g 9 FLDTIME Timing of C The first day of the 60-day period
oL floods; day when FLDPRED is highest. The first
% ;E' 60-day period is January-February
I—I ) and it includes February 29.
E 8 BFI Base Flow C Proportion between the “minimum of
% 6' index, % monthly discharge” and “mean
o x
QO
Sz

interaction), multiplied by 100
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REACH

negative differences between
consecutive daily values

Scale Hydrological Description | Characteriz Calculation
Indicator ation /
Alteration
ZERODAY Extent of C The average annual number of days
intermittency having zero discharge.
(number of
days)
MEAN FLOW 1. Magnitude A Mean or median value for each
CONDITIONS of monthly calendar month
discharge
EXTREME FLOW 2. Magnitude A Annual minima, 1-day mean Annual
CONDITIONS and duration minima, 3-day means
of discharge Annual minima, 7- day means
Annual minima, 30-day means
Annual minima, 90-day means
Number of zero-flow days
Base flow index: 7-day 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 A Qp2:2 year return period peak
forming discharge
discharge Qp10:10 year return period peak
discharge
3. Timing of A Julian date of each annual 1-day
n annual maximum
% extreme Julian date of each annual 1-day
';: discharge minimum
o DISCHARGE 4. Frequency A Number of low pulses within each
% FLUCTUATIONS and duration water year
E of high and Mean or median duration of low pulses
e) low pulse (days)
= Number of high pulses within each
é water year
E Mean or median duration of high
2(' pulses (days)
;E' RATE OF FLOW 5. Rate and A Rise rates: Mean or median of all
&) CONDITION CHANGES frequency of positive differences between
8 discharge consecutive daily values
6' values Fall rates: Mean or median of all
o
)
>
I

Number of hydrologic reversals
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Figure C.4 Example of a hydrograph and a flow duration curve.

Indicators of alterations are obtained by comparing the value of certain flow regime
characterization indicators for different periods of time (e.g. pre-impact and post impact
periods) or for current (altered) and naturalised flow series. These indicators have
already been developed and presented in the literature. They share a common basis and
have some critical aspects that are analyzed in the following section (C.9). The same
descriptive approach (listing the PROS and CONS of specific indicator applications) is
used to analyze the indicators suggested for alteration.

C.9 Methodologies for hydrological alteration assessment

In this section, several approaches to the assessment of hydrological alteration are
described:

(O] Indicators of Hydrological Alteration - IHA (Richter et al. 1996)

The IHA methodology considers 33 indicators describing the 5 flow components
mentioned above (Figure C.5). It uses the Range of Variability Approach (Richter et al.
1996) to estimate the overall alteration:

e [IHA defines 33 indicators (parameters) to be estimated in pre/post impact
conditions

« In the RVA analysis the full range of pre-impact data for each parameter is divided
into 3 different categories (High, Middle, Low).

e The boundaries between categories are based on either percentile values (e.g.
25% and 75%) or a number of standard deviations away from the mean.

e The frequencies with which the “pre and post-impact” annual values of IHA
parameters fall within each of the 3 categories are calculated.
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Hydrologic Alteration is calculated for each of the 3 categories comparing an “expected
frequency” (or a pre-development natural variation) based on “pre-impact” or
“naturalised” values with the “observed frequency” based on “post-impact” values.

PROS:
e The method is easy to apply
e The results are readily interpretable
e Software is available.

CONS:
e It needs a minimum of a 15 year daily discharge series..
e It estimates the alteration in terms of frequency but not in terms of size of
deviation.
e |t results in 33 indicators.

I High RV & Category
I hiddle R4 Category
[ Low Rva Category
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Figure. C.5 IHA indicators.

(ii) 1AHRIS developed by UPM and CEDEX (ES)

This method defines indicators (parameters) to be estimated in pre and post impact
conditions according to 3 global components:

1. habitual regime
2. flood regime
3. drought regime
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Wet year
Normal year
MAGNITUDE Average of the annual volumes Dypeafyear ¥
Dry year
WEIGHTED year (P1)
MONTHLY OR Wet year
ANNUAL Difference between the maximum and the minimum monthly volume Type of year Normal year
e VARIABILITY Eil i =
HABITUAL DATA ry year
WEIGHTED year (P2}
Wet year
. . = Type of year
SEASONALITY Month with the maximun and minimum water volume along the year | | 25 Normal year
Dry year
BRENELIMS Diffe e i 1l fted to th il Tepisok O yeer
ifference een the average flows assodiated to the percentiles ype of year
N ]
VARIABILITY o e (Pa) ormal year
Dry year
Average of the maximum daily flows along the year Qc (P5)
MAGNITUDE & Effective discharge aGL [P6)
FREQUENCY Connectivity discharge QCONEC (P7}
MAXIMUM Flushing flood Q5% (Ps)
VALUES OF THE v (O} (P9)
DAILY FLOWS AR Coefficient of variation of the maximun daily flows along the year G {53} (#10)
{(FLOODS) Coefficient of variation of the flushing flood series =
DURATION Maximum number of consecutive days in the year with g2 Q 5% Flood duration (P11}
i SEASOMALITY Average number of days in the month with g 2 @ 5% 2 wmbeus fom: Sooacks imontha) P 17)
MAGNITUDE & o 3 as (P13)
FREQUENCY Average of the minimum daily flows along the year Q.95% (F14)
Ordinary drought discharge
MINIMUM ? - y - cv (as} (P15)
VALUES OF THE VARIABILITY Coeﬂ!c!ent ufvar!at\an of the mm.\mun daily flows a_lung the year oV (Q 95%) (P16)
Coefficient of variation of the ordinary droughts series
DAILY FLOWS
{DROUGHTS) . Maximum number of consecutive days in the year with g< G 95% Drought duration (P17}
Average days per month with no daily flow 12 values {one for each month) (P18}
SEASONALITY Average number of days in the month with g < @ 95% 12 values {one for each month) (P19)

Figure C.6 — IAHRIS parameters.

INDICATOR Natural Reg. Altered Reg.
Ii 1 a;
105 1 ax
I, 1 a;
Im 1 ™
I 1 A
I, 1 a,
Iq il aq

Figure C.7 Polygons showing indicator values for reference and actual conditions.

For each of the 3 global components, it defines suites of indicators for characterizing pre-
post hydrological conditions (Figure C.6).

It then represents the value of each indicator of the suite of indicators in a polar
diagram. This generates two polygons (e.g. Figure C.7): one, representing the reference
conditions, and the other representing the actual (altered) ones. It eventually calculates
the hydrological alteration as the deviation of the areas of the two polygons.

PROS:

indicators accordingly.

IAHRIS distinguishes between wet, dry, and normal years and weights the
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« It considers also parameters related to geomorphological aspects such as “channel
forming” discharges.
« It defines floods as those events whose discharge exceeds the 5% percentile of

annual maximum.
CONS:

e It needs a minimum of a 15 year daily discharge series.
e It results in three final indicators.

(iii) 1ARI developed by ISPRA
This method first selects a procedure on the basis of data availability.

If only a limited data set is available, it estimates alteration on the basis of monthly
discharges. If this generates values that indicate hydrological conditions that are less
than good, then a further analysis is required.

If daily data are available, the method calculates IHA parameters but then uses the
deviation of each parameter representing actual conditions from the 25 and 75
percentiles of the natural (pre-impact or naturalised) discharge condition.

PROS:

e It can be performed even with a short time series

« It uses degree of deviation to calculate alteration

e It summarises the alteration using only one index.

e It distinguishes between wet, dry, and normal years and weights the indicators
accordingly.

CONS:

* It averages all the 33 deviations into one value (one index of alteration)

(iv) REFORM Hydrological Alteration Indicators

For REFORM, we propose a methodology that incorporates the IHA 33 parameters
together with several ‘geomorphologically significant discharges’ (Qp., — the two year
return period peak discharge’; Qpio — thelO year return period peak discharge). This is
elaborated in section 5.4 of this report for application at the segment scale (to maximise
the chance of accessing a gauging station with sufficient length and temporal resolution
of records)

The methodologies for hydrological alteration assessment share some critical aspects
regarding:

1. Data: stream discharge series are often discontinuous or short, stage-discharge
relationship are not updated frequently, modelling discharges implies uncertainties
and, above all, data on hydrological pressures (withdrawals, abstractions) are
very rare or lacking.

2. Reference condition: Should we consider the system as it is now but without
pressures (i.e. naturalized) or should we refer to the system as it was in the past,
when no pressures were in place? In the latter case we could have a mistaken
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