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Summary

Eco-hydromorphic interactions between ecologicald ahydromorphic processes are
especially relevant for braided rivers, in whicledbacks keep the system in a dynamic
equilibrium. This equilibrium is delicate and susilele to human impact so that most
braided rivers disappeared from the European ppieallandscape. Especially changes in
hydromorphic behaviour, due to intensive humanrrinegulation, are key factors for the
disappearing. Changes in river hydromorphologylmapredicted by models but results were
rarely linked to ecology.

The aim of the study is to evaluate the possibiityinking hydromorphic variables to the
spatial distribution of ecological conditions amal ¢heck the suitability of the proposed
method for human impact assessment. Predictioheo$patial distribution of ecological units
is based on the hydromorphic model CAESAR whichluises basic interactions with
vegetation.

As study site the Tagliamento River between Corramal Flagogna is chosen, which is
assumed to be a model ecosystem of European impetrta

After the input data were pre-processed and théinpraary settings of CAESAR were
defined spin-up was run to create a heterogenesiment distribution. Next, using process
description taken from literature, a multi scalélration was done to find the proper erosion
settings of CAESAR. The validation is done by conmgamodel output with aerial pictures
and by field data.

In addition, a field survey was done to charactkeaad map the ecological diversity of the
floodplain. Four landscape types were defined datistically characterised: bare sediments,
large scale patchy (LS patchy), small scale pa{8% patchy) and wood. Thickness of fine
substrate, grain size, elevation above main chaaneldistance from bare sediments were
found to distinguish the landscape types but ohé last two could be used for prediction
because they are computable through CAESAR.

A Multinomial regression analysis was done to defithe probabilities for vegetated
landscape types based on the spatial explicit basgoredicted by CAESAR. The landscape
type with the highest probability was assigned #xheraster cell. The non vegetated
landscape type bare sediment was classified outhefvegetation index computed by
CAESAR.

To assess the prediction, landscape type patteomgared to the mapped units.

The application of CAESAR based mainly on literatshowed to be possible. Nevertheless,
errors during the spin-up run because of flushingeas the study site fine sediments, did not
allow the use of the grain size information for gm®logical prediction.

The overall prediction has an R2 of 0.69 for a k&tsun of 10m. Decreasing the resolution
until 210m led to an R2 of 0.80.

The results show the potential of the CAESAR vegatagrowth model, which in future
could be ameliorated by the integration of furtsaccession steps than just grass growth.
This would give additional information where vedita has the opportunity to reach the
stage of wood. Nevertheless, adding more indepénderables, such as grain size, which
can be predicted correctly by CAESAR is expectefditither improve the statistical model.
Overall, the integrated basic eco-hydromorphic beetts of CAESAR, the matching of
landscape types with FFH habitats and the acceptal@rall accuracy of prediction, which
has the potential to improve, make this approagoadl tool for the general assessment of
human impact.



Zusammenfassung

Oko-hydromorphologische Wechselbeziehungen zwiséhiemogie und Hydromorphologie
sind vor allem fur die Furkationszone von Flussemn wessentieller Bedeutung. Das
dynamische Gleichgewicht ist gegeniber menschlicBemgriffen sehr anfallig, so dass
heutzutage die meisten verflochtenen Flisse ausVierAlpen verschwunden sind. Die
hydromorphologischen  Veranderungen  durch  FlussiegumigsmalRnahmen  sind
Hauptursache fiir das Verschwinden der Furkatioreszon davon abhangiger Okosysteme.
Hydromorphologische Veranderungen konnen mit Hibea Modellen vorhergesagt werden,
dennoch wurden diese selten mit 6kologischen Egeiten verknupft.

Das Ziel dieser Studie ist es Moglichkeiten zur Rgipfung hydromorphologischer
Variablen mit der raumlichen Verteilung 6kologischetandortfaktoren aufzuzeigen und
abschlieRend die Evaluierung dieser Methode zufuRgimenschlicher Eingriffe durch zu
fuhren. Die Prognose 6kologischer Einheiten basieftdem hydromorphologischen Modell
CAESAR.

Der Flussabschnitt des Tagliamento zwischen Corniood Flagogna ist als
Untersuchungsgebiet gewéhlt worden. Der Tagliamemlb als Referenzdokosystem von
europaischer Bedeutung.

Nachdem die Eingangsdaten vorbereitet und vorlaufiFAESAR Einstellungen
vorgenommen wurden, wurde ein Spin-up-lauf simyliem eine heterogene Verteilung der
Eingangssedimentgrof3enverteilung zu gewahrleistPnozessbeschreibungen aus der
Literatur wurden fiur eine mehrskalige Kalibrierungerwendet um CAESARsS
Erosionsparameter einzustellen. Die Validierung deurdurch den Vergleich von
Modellergebnissen mit Luftbildern und Felddaterekint.

Die o©kologische Diversitat des Uberschwemmungsgebievurde auf der Basis von
Felduntersuchungen beschrieben. Vier Landschaéstypurden definiert: unbewachsenes
Sediment, grofRraumig lickenhatft, kleinraumig ludleh und waldartig. Machtigkeit des
Feinsubstrates, Korngréf3e, Hohe tUber dem HauptaanBmtfernung von unbewachsenem
Sediment unterscheiden die Landschaftstypen. Dénria@annten nur die letzten zwei
Variablen fur die Prognose verwendet werden, dadirage durch CAESAR berechnet werden
konnten.

Eine multinominale Regressionsanalyse wurde veretemen Wahrscheinlichkeiten jedes
vegetationsbedeckten Landschaftstypen auf Grundadige von CAESAR berechneten
raumlich Variablen zu definieren. Fir eine flachiDarstellung der Ergebnisse wurde der
Landschaftstyp mit der héchsten Wahrscheinlich@eit jeweiligen Rasterzelle zugewiesen.
Der Landschaftstyp unbewachsenes Sediment wurdedeufBasis des von CAESAR
berechneten Vegetationsindex von den anderen dreldchaftstypen unterschieden.

Die klassifizierten Landschaftstypen wurden mit #artierten Landschaftstypen verglichen.
Die Genauigkeit der Prognose liegt bei R2=0.69 @&ine Auflosung von 10m. Die
Verringerung der Auflésung auf 210m erhéht die Gegleit auf R2=0.80. Die Ergebnisse
zeigen das Potential des von CAESAR integriertegetaionsmodels, dass in Zukunft
verbessert werden konnte, indem weiter Sukzesdiasgm, die Uber die des Grases
hinausgehen, berlcksichtigt werden. Dies wirde emtere Informationsgrundlage
schaffen, zur Prognose von Flachen in denen hé8akzessionsphasen erreicht werden
kénnen. Gleichwohl erwarten wir durch das Einbrimgeeiterer unabhangiger Variablen, wie
z.B. KorngroRe die durch CAESAR berechnet werdennkalass das statistische Model
verbessert werden kann.

Zusammenfassend lasst sich sagen, dass durch dielckBehtigung ©ko-
hydromorphologischer Wechselbeziehungen in CAESARe Zuordnungsmoglichkeit
gefahrdeter Biotope zu den Landschafstypen undhdiiec akzeptable Prognosengenauigkeit,
die sogar noch weiteres Verbesserungspotentiaemtifadie hier vorgestellte Methode ein
natzliches Instrument zur generellen menschlicmgiiffsbewertung darstellt.

4



Table of contents

T dgoTe [¥o1 4T ] o HA U PO TSSO PRPVRR 7
1.1 Hydromorphic modelling with CAESAR ..........coiiiiiiiiieeecee ettt 8
1.2 Eco-hydromorphic interactions and ecological processes of islands braided river............... 11
1.3 [T =F: [ ol oI o] [<To1 4 V7= PS 14

Material aNd METNOAS ......coiviiiiie e ettt sttt et e 15
2.1 The Tagliamento River and the ecology of braided rivers .......c...coccoevirviriieieneeneeeeene 16
2.2 PN T o] [Tor=YuToT o Jo) A @AY oY L T 20

2.2.1 FaT LA ] BT VT o J U 20
2.2.1.1 Initial data Preparation ... e 20
2.2.1.2 DEM definition and spin-up SEttINGS.....ccccoiiiciiiiiee e 22
2.2.1.3 1Y o] 1 0 o I 0 N 23
2214 Vegetation SettiNgS ..o 23

222 Multi scale calibration and validation ............ccociiiiiiniinie e 24
2.2.2.1 Pre-calibration and sensitivity analysis.........cccoeciiiiiiiiie e 25
2222 CaliBratioN ... e s 25
2223 ValIdatioN .o et 27

2.3 Ecological charaCterizatioN.........eeccuiiiei i e e 27
2.4 Integrating habitat distribution with CAESAR reSults ..........cccovveeieiiiciiiiieeee e 29

RESUIES ...ttt ettt s e s bt e s ab e s bt e s bt ee e st e e e bt e e b e e e e abeesbeeennneeenree s reeeaneeeans 31

3.1 ApPPlication Of CAESAR ... ...ttt e e e e ebree e e e e e e s abare e e aeeeeaeeesnnteaaeaeeesennnenns 31

3.1.1 TaT LA BT VT o J USSR 31
3.1.1.1 DEM definition and spin-up SEttINGS.......ccoiiiciiiiiiee e 31
3.1.1.2 1Y o1 O o N 0 N 33
3.1.2 Multi scale calibration and validation .........cc.ccoceeieriiriieiee e 36
3.1.21 Pre-calibration and sensitivity analysis.........cccoecieiiiiiie e 36
3.1.2.2 CaliBratioN ... e 41
3.1.23 ValIdatioN c.eeueeeeeeee e e 42

3.2 Ecological characterization of the landscape types ......coooeccciieeiee e, 55

3.2.1 Spatial distribution of the [andscape tyPes.....ccoceeeeieecciiiiie e 56

3.2.2 Characterization of the 1andscape tYPeS .....cocueviiiiie e 59
3.2.21 Bare SEAIMENTS ..c...eiiiieeiie ettt s s snee s 59
3.2.2.2 Large scale patchy (LS patChy) cocueee e e 59
3.2.2.3 Small scale patchy (SS PAtCY) ..ceecceiiiie e 63
3.2.24 WWOOM. ottt s s st st sttt b e b e neenes 63

3.3 Integrating habitat distribution with CAESAR reSults .........ccccoviieeiieicciiieeeee e, 64

5



4 DYoL U 1Y (o] TR 69

4.1 ApPPlication Of CAESAR ... ...ttt e e e e e ecbrar e e e e e e sttt e e e aeeeeeesesannteaaeeeessennsenes 69
4.2 Ecological charaCterization......ccovveiiiiiiiiicce e e be e s e 74
4.3 Integrating habitat distribution with CAESAR results ........cceeviieeeeiiiee e, 80
4.4 Assessment Of the PrediCtioN ... e s 84
5 (070 Tol (V1] o 3 -3 PRSP 91
2T o [ToT =41 o] o V25 USSP 95
APPENAIX 11 LASEE @NAIYSIS...uiiiiiiiii ittt ettt e et e e e e e e st r e e e e e e ese s esabttaeeeeaeeesanstsaaeaaeesaansssesaeaeaennnssnnes 98
APPENIX 2: SIEBVE @NAIYSIS....eiiiiiiiiiie ittt re e e et e e e ettt e e e et e sabeeeesateeessabaeeeeabeeeeenbaeeeantaeeeanrnnees 99
Appendix 3: Example of hydrograph proCessing.......cccueiiiiiiieiiciie et e s 100
Appendix 4: Sensitivity analysis for CAESAR parameter influencing calculation time..........ccccccovvvieiicienennnen. 101
Appendix 5: Landscape prediction accuracy with decreasing resolution ..........cccceeecieeeicciee e, 103



1 Introduction
Hydromorphology concentrates on physical variabéegh as flow velocity, sediment

regimes, channel and floodplain dimension, topdgyagnd substratum. Interaction between
morphology and hydrology are studied in a spatiogieral arrangement. Ecology addresses
distribution and dynamics of individuals, populatoor communities and interactions
between biotic and abiotic ecosystem compounds/G¥iaN et al. 2009).

Despite strong interactions between both, hydrotmorpnd ecological processes, they were
rarely linked. Only few scientists recognised this past, naming this approach
“biogeomorphology (MES, 1988), ecogeomorphologyARsoNs et al., 2003), ecohydrology
or hydroecology (WWSSeN and ROOTJANS 1996), eco-hydromorphology (ERKE et al.,
2003) and geobiology” (bFFKg, 2005), however meaning the same interdisciplinary
approach (cited in (MUGHAN et al. 2009)).

In this research we will call interactions betwdsnromorphic and ecological processes eco-
hydromorphology, since we deal with interactionsaaen ecology and hydromorphology.
Comprehensive approaches never had great attdmiceuse of research focusing more on
water quality than on relation between biotic agdrbmorphic compounds AUGHAN et al.
2009). In addition, interactions between aquatid aarrestrial/riverine ecosystems were
hardly investigated. Only recently this approacingd more and more interest, because of
the need to understand and quantify human impactrivers and develop new river
management practices taking in consideration ckn@tange (RANCIS, CORENBLIT and
EDWARDS 2009; MILLER 2005; ToCcKNER et al. 2006; WUGHAN et al. 2009).

Legally, European Environmental and Strategic Inpsssessment and Habitats Directive
Assessment, demands an evaluation for all privatepublic projects, plans and programs
with significant effects on environment (EC 198992, 2001). To understand which impact
for instance a dam has on riparian vegetation,napcessive approach is needed to be able to
assemble a sound evaluation.

Moreover, also European Water Framework (EC 20@@)sing more on river environment,
asks for development of European streams into adgological status” by 2015. Because
water quality improvement through reducing pollasaimput reached its limit, it is necessary
to consider a comprehensive approach which recegnislationships between ecology and

physical processes. In this way it is possiblestich the stated goal AJGHAN et al. 2009).



Further, science is concerned in assessing conseegiefor river ecosystems and river
morphology due to climate change and exploitatibresources, to identify key issues for a
sustainable development4AVGHAN et al. 2009).

The need to understand the system from an inteptliisary view, encourage recently
development of eco-hydromorphological approaches.

Recent studies are starting to understand firsthgdoomorphological feedbacks; still
knowledge is not enough to develop predictive nuicaémodels. Especially quantification of
processes and feedbacks is a key concern for fuho#el development (MLLER 2005;
VAUGHAN et al. 2009)..

Eco-hydromorphological interactions are especiatiigvant for braided rivers and riparian
habitats, because vegetation growth is controlieddaimentation and island aggradation. On
the other hand, vegetation influences sedimenta®nvell by enhancing roughness of the
surface. This is an example of feedback linkingrbgabrphic and ecological processes, but

more, possibly unknown, exist at different sca{EBANCIS et al. 2009).

Overall goal of this study is to present and testethodology to link hydromorphology to
habitat distribution of braided rivers.

A cellular automata model, integrating simple egdfomorphic feedbacks, is used to
calculate spatially explicit morphological variableHabitats were characterised based on
statistical analysis of field survey data. Lateothbresults, hydromorphic simulation and
habitat characterisation, were integrated to ptegtiatial distribution of habitats.

As study site the Tagliamento River is chosen, wiscassumed to be a model ecosystem of
European importance CKNER et al. 2003).

1.1 Hydromorphic modelling with CAESAR

COULTHARD (CouLTHARD and VAN DE WIEL n.d.) designed a model to simulate
hydromorphic changes of alluvial landscapes callEAESAR (Cellular Automaton
Evolutionary Slope And River model).

CAESAR is a reduced complexity model, meaning fitatsical equations controlling river
dynamics, such as flow equation, are simplifiechgsstraightforward rules @JLTHARD,
Hicks and VaN DE WIEL 2007). These simplifications are based on the, itlest not the

complex processes are simulated but the easieotieingeneral behaviour. In addition, only



processes having a major impact on river hydromagay are integrated in the simulation
(COULTHARD et al. 2007).

Further, landscape and its properties (e.g. digiation model, sediments, water depth,..)
are represented through a grido(@THARD n.d.; VAN DE WIEL et al. 2007). Local
interactions, based on previous explained simplifieocesses, between these grid cells allow
simulation of riverine landscapes developmerd{CrHARD et al. 2007).

Simplification of reality permit a decrease in cartggional time (\MN DEWIEL et al. 2007) ,
enabling so CAESAR operating from temporal range$00s to 10 000 years and covering
spatial scales of reach and catchmem(GHARD and VAN DE WIEL n.d.).

For both modes, reach and catchment, initial camtt such as topography (DEM = Digital
Elevation Model) and sediment distribution, havebéodefined through an input grid AN
DEWIEL et al. 2007). These files differ in the two modes onlyésolution, ranging from 1-
20 m for reach mode and >50 m for catchment modds Ts necessary to reduce
computational time of CAESAR, being recommend to best up to 500 000 number of cells
(CouLTHARD and VAN DEWIEL n.d.).

Second, forcing conditions have to be defined. &hm® amount of rainfall for catchment
mode and hydrograph and sediment inflow for readden In both cases they have be
specified for entire simulation period AN DEWIEL et al. 2007).

Iteration cycle starts with the topography, throwgtich fluvial hillslope processes are driven
(Figure 1). Forcing factors influence amount, whdpography affects spatial distribution of
erosion and sedimentation - ending in the adjusipdgraphy. This is starting point for next
iteration (VAN DEWIEL et al. 2007).

Flow direction and distribution is simulated byauif direction scan, which defines routing
and sharing of multiple flow (M DE WIEL et al. 2007).

Moreover, CAESAR concentrates iterations on timeogks in which geomorphic activity is
highest, while increasing time span per iteratianrd) low activity periods . Time simulated
per iteration cycle depends on set maximum entraminmates. By this, a more precise
simulation can be done during floodsafWDe WIEL et al. 2007).

Further, CAESAR allows simulation of entrainmentugf to nine different sediment classes,
which can be defined as bed load or suspended [baid. allows selective erosion and
deposition, so that spatially sediment heteroggmegults. Additionally, a layer file is used in
which thickness of layer and proportion per sedinotass is defined, allowing description of
vertical distribution of sediments. These two pmips change during simulation in relation
to DEM and discharge AN DEWIEL et al. 2007).
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Effect of vegetation is integrated by a simple dngrowth model, which permits plants to
grow on unflooded areas. When vegetation coverastgr than 50%, hydraulic roughness
increases enhancing sedimentation and reducingoardSontrary, if a certain location stays
under water, vegetation dies with a rate two tifasser than growth (QULTHARD n.d.).
Moreover, vegetation can grow through sedimentaiifed, but if burying layer is too thick
vegetation will die back and re-grow on surfaceCrHARD n.d.).

If shear stress increases above a set threshosdatem is scoured away and growth reset to
zero (MWULTHARD €t al. 2007) .

Initial Conditions

topography, sediment distribution,
vegetation pattern, roughness, ...

Forcing Conditions

rainfall (catchment mode), > current topography <

inflow hydrograph (reach mode),

sediment inflow (reach mode)
— B fluvial processes hillslope processes

I_‘L‘_l

erosion / deposition
topography adjustment ‘

next iteration (forward simulation time)

Y

Outputs

flow and sediment hydrographs,
topography, inundation, grain size,
erosion and deposition maps

Figure 1: Structure of CAESAR AN DE WIEL et al. 2007)

The output of CAESAR is a flow and sediment hydegdy, new topography, and new
distribution of sediment grain size over the inuraapattern (MN DEWIEL et al. 2007).
Some limitations concerning CAESAR output shouldcbaesidered. Due to simplified rules,

guantitative data often do not correspond to ngadiv that interpretation should be done in a
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gualitative way. As an example, channel and islposition should not be taken as an exact
forecast of river hydromorphology but as indicator river dynamics (OULTHARD et al.
2007).

Another limitation is the restricted possibilitie model validation. While flow depth and
inundation areas can be validated through field,datosion and sedimentation rates are hard
to determine by field analyses. Some proposed ataid methods include, comparison of
aerial pictures, flume data or comparison with kssaf more sophisticated 2-D hydraulic
models (OULTHARD et al. 2007).

Integration of different grain size and more compheultiple flow routing, gives CAESAR
the opportunity to add several levels of complexiiging so one of the more elaborated
cellular automata (WN DE WIEL et al. 2007). Thus CAESAR fills the scale gap between
physical based complex Computational Fluid Dynamadels (CFD), that are not applicable
on large areas and events greater than a floodceabse resolution Landscape Evolution
Models (LEM) that calculate landscape developmestr ahousands of years averaging out
single significant events (@ULTHARD et al. 2007); (®WULTHARD and VAN DE WIEL n.d.).

The filled gap corresponds to engineering time escal fundamental scale range in which
human planning takes placeq@.THARD et al. 2007; FRISSELL et al. 1986).

Thus CAESAR allows comparison of “what if” scenariand gives qualitative forecasts of
human impact on river landscapes that could begiated in the European Impact

Assessment processes and the Water Framework ttgiah@ent.

1.2 Eco-hydromorphic interactions and ecological pr ocesses of
islands braided river

Feedbacks between hydromorphological and ecologitalesses take place at different time
and space scale.

FRISSELL et al (1986) worked out a hierarchical framework forens in which a subdivision
in six scale classes is designed: Watershed, Steyatem, Segment, Reach, Pool/riffle and
Microhabitats. In every class different eco-hydropimlogy feedbacks occur and have an
impact beyond scale-boundary. For instance, laredalsanges within catchment modify
overall setting of processes, such as dischargegath scale. Moreover, if considering
interactions over large space and time spans, riaciach as geology, climate or channel
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slope, change (geologic time span J1While over a few years these characteristics mn
seen as constantgSSELLet al. 1986).

Here we will focus on interactions on reach scaleraound 20-50 years (engineering time
scale) which influences development of vegetatieah@s in braided river systems.

On this scale two main properties are found: fisstliment texture and structure, vegetation
roots and roughness, control cohesiveness of lamdfosecond, water flow and dynamic,
control remobilisation (RaNCIS et al. 2009). Different expression of those two factors
regulate river pattern and so habitat templateHfR et al. 2007). For instance, stream power,
defined as maximum discharge times mean slopeeofehch, is main controlling factor for
vegetate island development. High stream poweralia discharge, erodible banks and wide
shallow channels are characteristic for braidedrajrbed systems. Wandering gravel-bed
systems ,which are frequently vegetated, in tuen cdraracterised by lower stream power,
leading to greater sediment aggradation and mailestchannels @aNcCIS et al. 2009;
GURNELL and ETTs 2006).

Lower stream power allows sedimentation of fineterial, organic material and propagules.
Further, lower stream power related to floodingjérency, allows vegetation to establish and
fix into ground and is so harder removed by nestdis (WRNELL and BETTS 2006). As soon

as vegetation establishes, local positive feedbagins (RANCIS et al. 2009).

aggradation
: amalgamation
W°°§f.'§””5 attachment
sedimenl\‘
aggradation BUILDING
ISLANDS -TTTTT -
PIONEER | -
amalgamatio
vegetation ISLANDS = avulsion and
S ing, T
wood S X ’ -
~ “ s\ attachment
Y \ , -
N Pl X7 building (oot /—}
le N\ i issection
BARE odtablishmenty 2d9radation - _of ~ COMPLEX dieefy FLOODPLAIN
GRAVEL inlezof  \ anachment = jissected ISLANDS  building WOODLAND
dead wood  \ floodplain islands
\ islandsw___,
\ I
\ \ -
dispersed VR Wood and sediment avulsicn and
| L )
ectablisment DIFFUSE/PATCHY) ageumuaton glssectton
T———| VEGETATION
DEVELOPMENT FLOODPLAIN
DISSECTION
ISLANDS
erosion
lateral
J

Figure 2: Conceptual model of island formationtfue Tagliamento River (GRNELL et al. 2001).
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GURNELL et al. (2001) proposes a conceptual model (Figure 2jHerTagliamento River in
which development of different island types is expéd. Starting point, is a gravel bar on
which, regenerating wood, death wood or propagdepgosit in combination with fine
sediments. Out if this setting, diffuse/patchy uagien or pioneer island develop. The
balance between aggradation and erosion influefurdser development time into building
island or even complex island BNELL and RETTS 2006).

Different stages of succession correspond alsafterenht risk of being reset by floods; the
higher the succession stage the lower the riskR{ELL and RTTS 2006; GURNELL €t al.
2001).

Despite factors influencing previous explained ndlaformation, species composition of
vegetation depends on further variables such amdirof propagules dispersal, quality,
flotation characteristics and type. Especially pgyes transported by water are highly
connected to flow dynamic of the river, whereby aximum height of propagation in
floodplain morphology corresponds to highest wédeel.

Establishment of vegetation is influenced by wated nutrient availability. After, erosion

and burry resistance influences growth and sur{i@aRNELL and BETTS 2002).

Recently some reduced complexity models, such aES2¥R, integrate basic effect of
vegetation on hydrogeomorphic processesKRhY et al. 2008).

CAESAR has been applied to assess morphologicalgelsaon the braided Waitaki River in
New Zeeland. Dam building up-stream lowered flowlspa and floods, influencing
disturbances on vegetation. High vegetation grosate were expected to reduce sediment
yield since stabilizing riverbed and banks. Howevaodel output suggested the opposite:
faster growing vegetation created a more effecirgle thread channel, eroding more
material from river bed. Simplified interaction wégetation with flow and sediment transport
patterns led to an unexpected result, showing thtential of such a simple modelling
approach (OULTHARD et al. 2007).

CAESAR does not integrate the complex interactesmproposed in the conceptual model of
GURNELL (2001). MURRAY (2008) sees the reason in difficulty to paramséimpact of
ecological process on flow, sedimentation and esiesy succession as a function of
morphology, flow and sediment transport.

However, studies concerned with eco-hydromorphacg@sses were looking at influence of

vegetation on hydromorphic processes. Recently ithishanging, focusing on effects of
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hydromorphology on biological development and, mees, cumulative effects of ecology on
landscapes (MRRAY et al. 2008).

1.3 Research objectives

The main objective of this research is to link st variable hydromorphic characteristics
with habitat diversity and assess the possible afsthe overall method to study future
scenario.

Following stepwise objectives are defined for tieisearch:

1) Application of thereduced complexity model CAESAR to the Tagliamento River.
Is the application of CAESAR using general literature on braided rivers possible?
Is the simple vegetation growth model integrated in CAESAR sufficient to assess eco-
hydromor phic interactions of the Tagliamento River?

2) ldentify propertieswhich indicate habitat types.
Which landscape properties can be used to statistically differentiate habitat types?

3) Investigation of the link between the CAESAR calculated geomor phic variables
and indices pattern and the actual habitats assortment.
Is CAESAR able to predict the spatial distribution of variables which explain distribution of
habitats?

4) Assessing if the proposed method allows prediction of human impact on
endangered NATURA 2000 habitats as a function of changes in morphological
properties.

Is the overall method suitable for human impact assessment on endangered habitats?

14



2 Material and methods
To link spatial explicit hydromorphic variables tvihabitat diversity, a methodology was

developed. The approach is kept simple to get rtiethodology applicable on other study
sites. This is considered important if such a motidll be used for environmental impact

assessment for Alpine braided rivers.

Data
preparation
l Definitions of the study reach <4— Aerial pictures

A

DEM, Q,

sediments Sensitiyity Literature
v

Spin-up run CAESAR model

Multi scale calibration

}

Multi scale validation
Spatial distribution of /

hydromorphic parameter Field work
Define matching variables P Characterization
indicating habitats - of Habitat

v y
Predicting spatial distribution of Spatial distribution of
habitats based on CEASAR and habitats
Multinomial Loaistic Rearession

i

Assessment of the prediction

Figure 3: Methodological approach
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The general methodology is shown in Figure 3. Threas can be defined:

— Application of CAESAR (orange): first, input dataeaprepared. Afterward, the
criteria resolution and calculation time are usedind a compromise in study area
size and detailedness (sensitivity analysis). Naxspin-up run is done to create a
heterogeneous sediment distribution input file.

As soon all input variables have been prepared It suale calibration is used to find
proper settings of CAESAR. Finally, output is dalied.

— Linking the hydromorphological model with habitastdibution (green): initially, a
field survey is done to characterise the habitatdifonally habitat distribution is
mapped. A multinomial regression analysis is danddfine probabilities for habitats
based on spatial explicit variables predicted byESAR.

— Assessment of the prediction (blue): here the ptedipattern is compared to mapped
habitat units. In this way performance of the olleraethod can be assessed.
Moreover, evaluation of the overall method for imipassessment is done.

Before the method is described in detail a desonpif the study site is done.

2.1 The Tagliamento River and the ecology of braide  d rivers

The Tagliamento River is in the north-east of Iltalgxt to Venice. It is between the two
regions Friuli-Venezia-Giulia and Veneto. The 172 long river, is almost on entire length
free from intensive human regulation M.ER 2005). Catchment covers an area of 2588 km
of the limestone Dolomite Alps (Figure 3) AN DER NAT et al. 2002). Nevertheless, a clear
boundary is difficult to draw due to ground wateaiding through limestone karst€TKNER

et al. 2003).

The active floodplain reaches a width up to 1,5&md is visible from satellite AW DER
NAT et al. 2002). Figure 5 show the section of the river rafteescape from the Alps at
Venzone and flowing into the Adriatic Sea. The wtstripe connecting the Alps with the sea
shows the dimension of active zone of the river.

Three main landforms are found within the activeezqvegetated) islands, bare islands and
flowing water (VAN DER NAT et al. 2002). On 61 ki of the Tagliamento River these
landforms are present @CKNER et al. 2003).
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Figure 4: Aerial picture of the Tagliamento Rivedssurrounding (BOGLE MAPS2009)

From hydrological point of view, the Tagliamentodsaracterised by a flashy pluvio-nival

regime with bimodal flow pattern, having peaks pniisg and autumn (Figure 6B) QEKNER

et al. 2003; VAN DER NAT et al. 2002).

The term “flashy” refers to extreme a
unpredictable rapid river discharg
changes, (GRNELL et al. 2001; AN DER

NAT et al. 2002). On average discharge
Venzone is 90157, reaching two to ten
times a year 2150f8" (GURNELL et al.

2001). The flood pulses and pulsing flo
are the main actors in the actiy
floodplain. The first are characterised I
long duration and predictable dischary
raise reaching bankfull level (Figure 6B
Flood pulse shapes previous explain
land forms and keep the system

dynamic equilibrium (UNK, BAYLEY and
SPARKS 1989; VAN DER NAT et al. 2002).

The pulsing flow (small water- leve
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fluctuation well below bankfull, see Figure 6A) ates an enormous expansion and
contraction of water surface in the floodplainoCKNER et al. 2003), and so controlling
connectivity of a mosaic of habitats M_.ER 2005; VAN DER NAT et al. 2002).

Highly specialised flora and fauna colonize thi®@al environment. Specialisation goes
together with sensitivity to small changes due tmnhns impact. River regulation, gravel
exploitation and pollution compromises these emnmental setting and so the habitats which
now are in danger of extinction (MLER 2005).

The European Union recognised this issue and iatedralpine rivers habitats in the Flora
Fauna Habitat (FFH)-directive “on the conservatdmatural habitats and of wild fauna and
flora” (EC 2007). This directive focuses on the ssmvation of European endangered habitats
and the creation of a network of protected aredsct&NATURA 2000".

In Table 1, FFH habitats found in the active floladip of Tagliamento River are listed. The
Habitats were assessed during a field survayP@RT et al. 1995, MILLER et al. 1993,
MULLER et al. 2004 cited in MLLER 2005), in which vegetation and river morphologyswa
surveyed on eight different representative siteguflé 7). Six habitats of European
importance were observed along the stream courge, T240* and 91EQ*, are even priority
habitats meaning highly endangered of extinctioti(dRr 2005).

Comparing Table 1 with Figure 7, coherence of teevork is pointed. FFH habitats occur
continuously over a large part of the stream, fogra 152 krf corridor over the alpine and
continental biogeografic regions (MLER 2005).

During last 700 years, rivers in Europe have bewteuextensive regulation and engineering,
so that most braided rivers disappeareaA(€is et al. 2009). The Tagliamento is an
exception, being free of severe engineering andilaggn measures so that ecosystem
components (e.g. intact riparian woodlands, lamgufations of species capable of vegetative
reproduction) and processes (e.g. dynamic hydrolfigw variability, sediment transport,
tree entrainment, deposition and establishmerit)irgteract in ancestral natural way forming
a wide island and bare dominated floodplairrRARCIS et al. 2009). This gives the
Tagliamento also from hydromorphic view a speciaight.

The study reach between Cornino and Flagogna {totat in Figure 7 Chapter 2.1) was
chosen for this research. Detailed characterisaifothe study site is integrated within the

here presented methodological steps.
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Figure 6: Geology, reach type and study sites d@fLil¥R (2005) at the Tagliamento (personal translation)

Table 1: FFH floodplain habitat location, obsersgd EC 2007; MILLER 2005)

Habitat name FFH Code Study site num./location
Alpine rivers and the herbaceous vegetation along their | 3220 2- Forni until 7-Bolzano
banks

Alpine rivers and their ligneous vegetation with Myricaria | 3230 2-Forni until 4-Cornino
germanica

Alpine rivers and their ligneous vegetation with Salix | 3240 1-Mauria until 7- Bolzano
elaeagnos

* Alpine pioneer formations of Caricion bicoloris-atrofuscae 7240* 1-Mauria until 4-Cornino
Alkaline fens 7230 1-Mauria until 4-Cornino
Alluvial forests with Alnus glutinosa and Fraxinus excelsior | 91E0* 1-Mauria until 3-Amaro and
(Alno-Padion, Alnion incanae, Salicion albae) 6-Casarsa until 7-Bolzano
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2.2 Application of CAESAR

We present here general steps needed to run thierhgdohic model CAESAR. Two main
steps were defined: first, an initial set-up wafindel by preparing input data and defining
base setting. Afterword, a multi scale calibratemd validation approach was chosen to

simulate hydromorphic changes over four years.

2.2.1 Initial set-up

2.2.1.1 Initial data preparation

Basic input data are DEM-file (Digital Elevation Klel), Q-file (discharge-file), and bedrock-
file. Furthermore, definition of grain size classgoportions and distribution is needed.

The DEM (Digital Elevation Model) has been deriieg an airborne LIDAR dataset with
resolution of 5m. The dataset has been commissimyetlERC (Natural Environmental
Research Council — UK) in May 2005 together withaanial picture of 1m resolution.
BERTOLDI (unpublished) processed the raw dataset by filjevegetation.

Generally, the DEM was processed by removing esach as bridges and sinks. After, the
DEM was turned (220°) to get the main flow direntivom right to left, which is the main
direction of the flow routing process of CAESAR q@THARD and [E Rosa 2009;
CoULTHARD and VAN DE WIEL n.d.).

The bedrock-file, similar to the DEM, is an elewatfile. Where bedrock touches surface
bedrock-file has the same heights as the DEMU{G@HARD and DE RosA 2009). Boundaries
of bedrock were defined through aerial picture, D&M the knowledge gained during a first
field trip.

ZILIANI (2009) provided us with water stages of the Tagdato for Venzone for the time
span 2000-2009. Even if the measuring station asirat 20 Km stream upward (between
Amaro and Gemona Figure 6 Chapter 2.2.1.1), tleem®@ ilarge affluent in-between Venzone
and the study reach. Water uptake at Osoppo aret wanut from Cavazzo Lake are thought
to compensate each other.

The half-an-hour water stages were translated tsiQg formulas derived by WBER et al.
(unpublished). These formulas were derived fordtdiferent water height ranges. For each

range a different correlation with Q is given.
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Since discharge data (Q) are a rarely availablealss not all rivers have water stage
monitoring, the resulting dataset was aggregatedean daily mean values.
Figure 8 shows the resulting hydrograph.
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Figure 7: Hydrograph for the Tagliamento riveradtion of Venzone.

Next, CAESAR allows setting of up to nine differesgdiment grain-sizes. Each class is
defined through the average grain-size(CrHARD and VAN DE WIEL n.d.).

Granulometry analysis of the study reaclA{@\iI 2007) and impressions of a first field trip
were used to define grain size distribution andpprbon. The analysis consists of a
combination of sieve analysis to define coarse ratéAppendix 2) and a laser analysis for
finer parts (Appendix 1). Even if a reference isdjst is assumed that a rough estimation or
the same analysis method as iaTénI (2007), are easy enough. To combine these two
analysis results, we assumed that the overlappass ¢sand” contains finer sediments of the
laser analysis.

The US Udden-Wentworth grain size subdivision wssduto aggregate the sediment classes
into nine classes as shown in Table 2. In thisgsedt is important to keep the fine sediment
classes (clay, silt and sand), due to its impoddaocplant growth and aggregate more coarser
classes (gravel, cobble and boulder).
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Furthermore, each sett sediment class needs teflmeed as bedload or suspended load based
on average flow velocity range of the studied rividris is a fixed setting because CAESAR
does not change this value based on flow veloc{fBesJLTHARD and VAN DE WIEL n.d.).

The fall velocities for suspended load were caledaising Stokes law (Table 2).

Table 2: fall velocity for each grain size

grain size % grain size fall velocity
(m) (m/s)

Colloid + clay 0.6 0.0000007 0.0000005
Silt 4.6 0.0000332 0.0009613
Very fine + fine sand 7.9 0.0001563 0.0212891
Medium sand 6.5 0.0003750 0.0360000
Coarse + very coarse sand 3.4 0.0009571 Bedload
Very fine + fine gravel 20.0 0.0050000 Bedload
Medium gravel 20.0 0.0120000 Bedload
Coarse gravel 20.0 0.0237500 Bedload
Very coarse gravel +

cobble 17.0 0.0782500 Bedload

2.2.1.2 DEM definition and spin-up settings

Because CAESAR is a cellular automaton, calculatiore is very sensitive to the total
amount of cells through which water has to be m@uLTHARD and VAN DE WIEL n.d.).
Both extent and resolution influence number ofscell

A sensitivity analysis was done to find a comprabetween number of cells and calculation
time. A base CAESAR (version 6.1f-10/11/2009) settisuggested by @ULTHARD
(CouLTHARD and e Rosa 2009) was run on a Intel(R) Core(TM)2 Duo CPU HbS5 2.33
GHz, a RAM of 1.95 GB and Windows XP professiomastudy sensitivity.

All settings were kept constant; only the input DE¥the study area changed in size and
resolution. The different study area boundariesewissed on possibility to define clear and
stable water input locations.

The “real” time that CAESAR required to simulate Ifinutes was measured and
extrapolated to simulate one day, which is thougltte better comparable.

After choosing an optimal extent and resolutioreespof CAESAR s tried to improve by a
simple sensitivity analysis for basic parametelax erod limit”, “ Sope used to calculate
Tau (bed sheer stress)”, “Min Q for depth calc” and “Flow distribution” were tested because
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they had a strong effect on modelled time stepramdber of cells included in water routing

process.

2.2.1.3 Spin-up run

CAESAR assumes at beginning that all cells have shmme proportion of initially set
sediment classes. The spin-up run creates a hetexogs distribution and allows the river
bed to armour (BULTHARD and e RosA 2009).

The Q-file for the spin-up was designed having saneportion of discharge in a year as the
study river. Doing so, we were able to reprodud@ &le similar to the hydrograph of the
Tagliamento, consisting of two peaks every yeaonftests, it appears that adapting the Q-
file to the “shape” of the study river hydrograghhest solution. The period over which Q
increases or fluctuates influences both locatiod amount of incision. The grain size
distribution is influenced by incision rate, beocaudifferent water stages reach different
location, depending on the channel depth. Dueisoittis important to start with maximum Q,
lowering down to minimum and back again to maximianthe time span of yearly floods.
This allows a general mixing of the grain size loé floodplain before river incises into his
bed. After, the river bed has the possibility tmaur.

The model was run with the previous defined paramsettings, the hydrograph-similar Q-
file and without recirculating sediments (outpudisgents = input sediments). Lateral erosion
is not integrated yet because the goal was to em@dteterogeneous gains size file without
changing much the floodplain morphology beforetstgrof the later simulation.

The sediment outflow per time period (catchmem)fdan be set as a saving output, as soon
this gets constant, spin-up run is done. The flatotg Q over time allows a comparison of

sediment discharge over each max-Q to max-Q cycle.

2.2.1.4 Vegetation settings

Herbaceous vegetation do not play an importantiroleraided rivers as the resprouting and
the development of seedlings of Salicaceae doR{ELL, SURIAN and ZNONI 2009;
KOoLLMANN et al. 1999). This was clearly visible during a firstldietrip. Therefore, we
assumed that the grass growing model of CAESARmgas to resprouting of Salicaceae and
development of seedlings.

Generally, vegetation in braided river grows veagtf(GURNELL et al. 2006; 2009). In Figure
19 in Chapter 3.1.2.1, we can see that floods waitteturning period of 2-3 years reach
vegetated patches, indicating the time withoutudsince needed for development.
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We set vegetation development time at 3 years, mgdhat in this time frame a 100% grass

cover develops.

2.2.2 Multi scale calibration and validation

As soon the base data sets DEM, bedrock, disch@g@esediment classes and sediment
distribution was prepared we calibrated laterasenmo and its interaction with bed erosion.

The general approach is shown in Figure 8.

The first two years were used to calibrate theieroparameter. Visual criteria were used for

single events, while quantitative data, such asower rates, were used to estimate the yearly
performance.

The last two years CAESAR results were used fadatdbn, done using aerial pictures and

field data, such as sediment flux.

Calibration period Validation period
2005 2006 1007 2008 2009
N /N A Y
Y Y el
Short term Short term Validation using
visual visual literature data (or field
calibration calibration data)
Pre-calibration Mid term Mid term
through turnover turnover
sensitivity calibration calibration
Long term
aerial picture
validation

Figure 8: Multi scale calibration validation appcba
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2.2.2.1 Pre-calibration and sensitivity analysis

For apre-calibration, data are taken from general literature on braiilezts. We included
literature of the Tagliamento if considered to leaeral valid. This is often the case, because
the Tagliamento is considered as reference fonalpraided rivers.

GURNELL et al. (2009), collected maximum discharge, bed slope hraidding type for
different braided rivers (Figure 16 Chapter 3.1).2The specific channel-slope/discharge
relationship of the study reach was used to chagk# river in a braiding class and so find
general processes describing literature (Figur€ispter 3.1.2.1).

Aerial pictures of the same year as the DEM weerlus match simulated river pattern to
aerial picture flow pattern. This allowed a preliaiy setting of sinuosity.

To define the erosion parameter, we used diffecenstant Q with a returning period within
one year. CAESAR, run for each Q over five “modidys. We assessed the process rates by
comparing indices as total flow (tQ), sediment $gzort (sed-Q) and lateral turnover rate (%
turn). Lateral turnover rate is defined as peragmtaf floodplain with elevation change
outside the initial channel higher than three titiesoverall mean grain size.

The goal is to find the right preliminary settingfslateral and bed erosion by comparing the
indices with literature processes description.

2.2.2.2 Calibration

Feasible model set-ups defined during the pre-@ldm, were run using real discharge 2005-
2009.

A short and midterm calibration was done by compadifferent CAESAR setting outputs
with descriptive and quantitative criteria. Théesa are used to evaluate the settings for
lateral erosion, bed erosion and sinuosity.

The criteria used were:

Calculation time time the model takes to calculate one year shbalds small as possible.

Even if this parameter was included in the defimtof the spin-up settings, this parameter is

taken again because integrating now lateral erosion

Sinuosity ZANONI et al.(2008) analysed aerial pictures over 50 yearsHersame reach of
the Tagliamento River aseRToLDI et al.(2009) did. This corresponds also to here chosen
study area. Both concluded that generally sinupatyatic habitat composition and island to
corridor ratio stay constant over time.
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Aerial pictures were used to define sinuosity @& tiver as the ration between flow distances
of the main channel(s) divided by the straight B&xpe line (defined as the middle of the
active corridor).

Sinuosity pattern is tried to keep visually and euaically within this range.

Erosion / avulsion pattern (Proces¥yARrRD et al.(2002) states that avulsion is the primary

process of channel dynamics in braided rivers. &apg in island braided rivers this is the
dominant process over lateral erosion. Both avolsiod lateral erosion shape geomorphic
features in the floodplain, influencing turnoveterasuccession and turnover of the landscape
elements such as islands A®b et al. 2002).

The process of avulsion consists of infilling obanels branches and sudden diversion of the
flow path in a new (old) channel, while lateral ®om slowly causes channel migrate in one
direction (WARD et al. 2002).

Literature based on the previously defined braidype of the study reach, describing these
two processes of erosion and avulsion more in ldetas used to compare visually and
numerically the outcome of CAESAR. Comparing ifextain process happens at a certain

discharge was the main focus.

Short term calibration focuses on visual comparison between different ehsdttings of
small events within one year. The processes ang fiattern were described through
literature. A comparison of different settings afdral erosion, bed erosion and sinuosity was
done primary visually by comparing flow pattern drefafter the event. Relative marks were
given based on how specific setting fulfil aboventiened descriptive criteria.

For mid term calibration, at a time span of one year, sinuosity and turncates were used
to adapt settings. Here, differently from shortrtecalibration, relative marks were given
based on how specific setting fulfil above mentmgeantitative criteria.

Sinuosity ranges were quantified using aerial pegu Same was done for simulated flow
pattern for the year 2005 and 2006.

Also turn-over rates were quantified using aeriatyses. General thought is that disturbance
on gravel areas of the floodplain is so high thatvagetation can grow. We can deduce that
turnover rate for these areas is less than thraesybeing this time vegetation needs to reach
a 100% cover. By identifying vegetation patches tba aerial pictures, percentage of

floodplain turned-over within three years was eatied.
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Elevation differences calculated by CAESAR gredlem three times the mean grain size
were used to calculate the percentage of turned-area. These values were compared with
turnover rate estimated through aerial pictures.

This permits to find best CAESAR settings.

2.2.2.3 Validation

The last two years of simulation time were usedvadidation. Two different validation steps
were done: one based on field work data and a semomerial pictures.

BERTOLDI et al. (2010) analysed morphological changes using t@gugcal surveys after
seven flood events at the Tagliamento River. Thaulte were analysed by comparing
variables “peak water flow”, “total sediment flughd “percentage of active width” for each
event. The first variable expresses maximum watages between two surveys. “Total
sediment flux” is a dimensionless value using thaagion for sediment transport of QNG

and RARKER (2006, cited in BRTOLDI et al. (2010)). This value expresses potential amount of
sediments transported by the peak Q. “Percentagetife width” represents the fraction of
the active floodplain where elevation changes ntben three times the mean grain size
between two surveys @RTOLDI et al. 2010).

We think that the data ofERTOLDI et al. (2010) even if difficult to get are necessary for
validation.

In detail, final output was saved in 30 days st&psrphological changes were calculated for
the time span between two surveys, whereby morgiadb changes, aseRToLDI et al.
(2010) did, were defined as elevation differenagbr than three times mean grain size used
in the settings of CAESAR. Doing so, the percentafjsimulated morphological changes
was compared to field data.

Second, validation was done by comparing visualyutated flow and vegetation pattern
with aerial picture 2009.

2.3 Ecological characterization

The ecological characterization was done indepehdigom the CAESAR outcome, because
we had the goal to assess the possible use of CRE&Apredictor for spatial distribution of
ecological diversity.

Main technique used to characterize ecologicalabdity was aerial picture evaluation and
field work sampling. Following steps were done:
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- mapping of different landscape types within acfieedplain for simulation end date
through aerial pictures;

- mapping new landscape type distribution for suriate;

- field data were taken for every mapped unit. Sgpafellowed during sampling was to
cover variability in term of vegetation type, coward top grain size of each mapped
area.

Even if habitat types were not considered but leags types, it is thought to be the easiest
approach. Habitat types are characterised throlggit ppecies composition while landscape

units are based on vegetation cover and habit aedsier mappable from aerial pictures.

Table 3: Sampling variables

Sampled data explanation

Height Height from a reference point at the flo@ipledge, which is thought to

be constant over time.

Distance from bare Bare sediment is seen as a good indicator forigtargte from the active
sediments part of the floodplain, since the definition of iorpant side channels was
difficult.

Topping grain size | The same subdivision as for the CAESAR was usédff@r 2.2.1.1)

Horizon Description in terms of grain size until heavy ceagravel layer. At

least 30 cm of pit depth.

Ground water influence Depth at which red/ox feaguwvere visible

[$%)

Vegetation We characterised vegetation in terms of heightigiiést plants, ag

of oldest plants, degree of coverage and main ep@cimpostion.

Moreover, having the goal to fit survey data wikie tsimulation outcome, we can sample
landscape units independently from the end datth@fsimulation if for both dates aerial
pictures are available.

As third advantage, does this method fasten andligynthe definition of sample locations.
These variables listed in Table 3 are thought stirdjuish the defined landscape types. The
first three variables are considered to match WiehCAESAR outcome

The heights were processed by removing the rivérgoadient of the reach. It is assumed that
the gradient of the reach does not change muchtowerso that the CAESAR output can be
used to correct the sampled heights. Correction deme by using the final low flow water
depth output of CAESAR, which is seen as indic&iothe lowest point. A correction surface

was calculated interpolating heights for the poinith water depth below 0.05m. This
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method allows reducing errors done by CAESAR, saghncision and sudden river slope
changes, and independency from the model.

The distances of sampled points from bare sedimene calculated by using ArcGIS.
Moreover, to get D50 similar to CAESAR we calcuthteean size between soil texture and

gravel/stone size tacking in consideration the gatiage of stone/gravel content.

Each landscape type was characterised statisticallyerms of mean values, standard
deviation (STD) and standard error (SE) for the @ach variables. Outliers, defined as

exceeding the range of mean plus/minus two timd3, 8/re not included.

2.4 Integrating habitat distribution with CAESAR re  sults

Variables distinguishing landscape types which CARScould compute were used in a
multinomial logistic regression analysis to calteldéhe spatial probabilities for landscape
unit.

Regression was chosen to identify relations betwdspendent variables “landscape type”,
which we want to predict, and a set of independapuianatory variables (Tables 3). Two
basic regression methods are available: linearessgyn and logistic regression. Linear
regression is used when the dependent variabléakarany value between max and min (i.e.
stone/gravel fraction in soils), assuming linedatien between dependent and independent
variable. Logistic regression is used if the degehdariable can take only a fixed number of
values; 1 if present and O if absent. This is thsecfor the dependent variable “landscape
types” (HosMErRand LEMESHOW 2000).

Because having more than two classes, a multinomstead of a binominal, logistic
regression was done. The multinomial regressiorlysisais a combination of binominal

regression analysis (Schwab 2010).
First step in this analysis is the logit transfotim@ This allows identifying coefficientgi)
for the function explaining the relation betweere abass of dependent and the independent

variables.

Logita= B1X1+ P2X2 +...+ Po
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The Logit is a parameter that ranges fremte +w, is linear and continuous and integrating
desirable properties of linear regression. Thisapeter shows how much analyzed classes
differ from a reference class (logi®) based on independent variables. Interpretabion
differences between classes, and so the logitsase specific. (HSMER and LEMESHOW
2000)

We defined the coefficients for the Logit functighrough the “multinomial logistic
regression” tool of SPSS. The Logit was calculatpdtially explicit using ArcGIS raster

calculator.

The Logit was used to deduce the probability foedain class. The formula

Proly= 9"/ (9" + 99" +1) (TEMME 2010)

compares the difference that classes have withetfeeence class, and computes the overall
probability for a landscape type at a certain lecatThe “+1” in the formula is for the
reference Logjt0 (e-°9" =1).

The formula was used in ArcGIS. In a final stepdscape types were allocated by assigning

the type with the highest probability to each cell.
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3 Results

As in the methodological chapter, we will first sheoesults for the application of CAESAR,
followed by the ecological characterisation andshinwith the integration of the statistical
model within CAESAR results.

3.1 Application of CAESAR

As explained in Chapter 2 (Figure 3) the applicattd CAESAR is subdivided in small steps.
The starting point is the definition of an initedt-up by a sensitivity analysis and spin-up run
to create spatial heterogeneous grain size. AftelsyaCAESAR is calibrated and validated

using a multi scale approach.

3.1.1 Initial set-up

Input data were processed as shown in Chapter.2.Bdfore settings for CAESAR are

defined in the following.

3.1.1.1 DEM definition and spin-up settings

Four possible study area sizes were defined. Tlkesida was based on the possibility to
define clear and stable Q input points (Figure 9).

The four study area-DEMs were aggregated over éflesize, to obtain resolutions of 5m,
10m and 15m. Table 4 shows how size and numbeEM Bells change over the “study area
size” and resolution.

The extent of the study area has a minor effeatetimumber for the DEMs with a resolution
of 10m and 15m, while on the 5m DEM large charagesr.

CAESAR was run with some base settings to defineehwvbf the DEMs is best for studies
purpose. In detail, CAESAR was run in "reach modi&iering ‘initial discharge” to 10 m/s,
higher “nitial # of scans’ to 25 and selectTAU based on velocity” to calculate shear stress
(CouLTHARD and DE Rosa 2009). Moreover, a constant input-Q of 50 m3/s wsead. This
corresponds to the mean yearly Q of the Tagliamanttenzone.

The formula of the trend line in Figure 10 showsoaver of 1.6, meaning that the calculation
time rises faster than the number of cells. Conmigirifigure 10 with Table 4, we can clearly

see that calculation time is controlled ratherdsgotution than by the length of the reach.
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Figure 9: Extent of different study area sizes
1: brown+green+violet+pink+blue

2: green+violet+pink+blue

3: violet+pink
4: violet+pink
5: pink

+blue

Table 4: Description of the DEMs used for sendifi@nalysis

Study Length 05m DEM 10m DEM 15m DEM
area (km) X*Y  num. cells X*Y num. cells X*Y num. cells
1 9.1 1820*752 1368640 910*376 342160 607*251 152357
2 7.2 1434*722 1035348 717*361 258837 478*241 115198
3 5.9 1184*722 854844 592*361 213712 395*241 95195
4 4.5 905*725 65612 454*363 164804 303*242 73326
5 3.8 760*712 541120 380*356 13528¢0 254*238 60452
25.00
y = 5E-08x 1 602
R*=0.971
20.00 //
15.00
=
3 /
£10.00
*
/
5.00 / <
0.00 . ‘ ‘ ‘ .
0 50000 100000 150000 200000 250000 300000
ncell

Figure 10: CAESAR calculation time as a functiomafmber of cells in a DEM.
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Based on this analysis we choose as the best camgwdetween calculation time, resolution

and size, reach 4 (4.5 km) with a resolution of 10m

Next, a sensitivity analysis was done by changingdeh settings that were thought to
influence calculation time. The settings @ dd limit” and “Tau calculation method” were
found to have a major impact on the calculatioretimvhile ‘Min Q for depth calc”, * Water
depth threshold” and “Flow distribution” showed a relatively smaller impact (Appendix 4).

Table 5 shows the settings selected within thig.ste

Table 5: Summarized model setting found

Parameter

Set model value

Erod limit

0.05

Tau calculation method

Velocity (limit = 1)

Min Q for depth calc

0.0001

Water depth threshold

0.0001

Flow distribution

2

3.1.1.2 Spin-up run

A Spin-up run was carried out to create an inid&@M and grain size distribution file. The
general settings for CAESAR shown in Table 5 wesedu

A Q input file similar to the Tagliamento hydroghapwith floods returning period of 182
days was designed (Figure 14). In this file, treckdarge starts with 1290 m3/s, lowering down
to a minimum of 0.34 m3/s after 91 days and in@easgyain, resulting in a yearly bimodal

hydrograph.
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Figure 11: Spin-up hydrograph
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Figure 12: Spin-up sediment discharge over 2555 day

Figure 12 shows the recorded sediment output pgr Aa soon as the sediment output
becomes constant over more flood cycles (everyd&&), spin-up is finished. The model
starts with 23586 m3/day of sediments (in the grdqih value is cut-off), lowering until the

peaks become more constant (128 m3/day) after 64y.1

Legend
Flow pattern

=

Figure 13: Flow pattern after spin-up run (day 1643
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Figure 14: Elevation and erosion pattern after-ggnmun (day 1643)
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Figure 15: aggregated (3*3) D50 after spin-up meny(1643)

Figure 13-14-15 show the spin-up results of respelgt flow pattern, elevation and D50
(mean grain size). As we can see, the flow pa@eftaw flow (30m3/s) follows the channel of

the aerial pictures 2005.
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The DEM changed morphology primary due to incisminthe main channel. It can be
considered that the spin-up did not change coraldiethe input floodplain morphology for
the later simulation. In the D50 distribution itnclae seen that coarser material concentrates in

the river bed (blue), while finer material is dejppes on higher areas of the floodplain.

3.1.2 Multi scale calibration and validation

For the model setting definition we followed thethwa proposed in Figure 8 (Chapter 2.2.2).

3.1.2.1 Pre-calibration and sensitivity analysis

In Figure 16 of GRNELL et al. (2009), max-Q of the Tagliamento for the years 2@03009
was added with a red cross (05->09 = 280, 727, 5290, 455 m?3/s). Bed slope (0.004) is
assumed to be constant over the years. We can e@lé¢ldaicthe study reach is located on the
boundary between the type 1 “braided gravel bedmdlaonly” and type 2 “wandering &
braided gravel bed channels, sand bed braided elsinfrurthermore, the boundary line

between the two types defines the threshold fajlsithread channels.

braided gravel bed channels only
wandering & braided gravel bed
10 ; channels, sand bed braided

M-

channels
? 3 wandering gravel channels, braided
sand bed channels
4 meandering and low sinuosity sand
bed channels

102 5 mear sand bed channels only

E upper fimit, © < o ===
E sand upper limit,
@ channel O 0{}0 ¢ single thread
% sinuosity > 3 gravel channels
© 1.25 .
T 403 g
= 10 L = o 883 . — ”
=2 . 53 . : s © aided — coarse grav
ower limil, : -
4 braided sand e Og o ® braided - medium gravel
prom— g )
hbed Shemnen 5 & '~ braided gravel * braided - fine gravel
fo# e wmg | © wandering - gravel
' 10" 102 10° 104 105 O braided - sand
Discharge (m?.s) O braided 5 unknown calibre .
& meandering — unknown calibre

+ Tagliamento . Lt anastomosed — mainly sand and finer

Figure 16: Braiding characterization of Tagliamemteer. (data sources: HopoLD and WOLMAN, 1957,
FERGUSON 1987, KNIGHTON and NANSON, 1993, BEECHIE et al., 2006, cited in BRNELL (2009))

Looking at the aerial pictures of the study aregyfe 16) it becomes clear that the study
reach is divided into two parts, confirming thegraThe western part has more vegetated
islands and a single thread channel, while theegagiart has more patched vegetation and at

least two main branches.
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In general the two defined braided river typesciraracterised by:
» Braided gravel-bed: high stream power, variablecltisge, erodible banks, wide
shallow channels and a wide active zone (with seegetation);
 Wandering gravel-bed: lower stream power and sedlimlead and frequently
vegetated, leading to greater sediment aggradatidrmore stable channels.
(FRANCIS et al. 2009; GURNELL and FETTS 2006)
Knowing the braiding type, criteria for the caliboam of the processes of avulsion and lateral
erosion can be defined by using literature.
BERTOLDI et al (2009) summarised the processes for the Tagliaorested on discharge (in
the original water height at Villuzza is used - Ug 17). The study area analysed by
BERTOLDI €t al (2009) integrates the studied reach.
Even for the Tagliamento, Figure 17 can be consil@s general valid reference schema for
comparable rivers. Braided rivers should have alaincurve between returning period and
discharge. Even if sediment supply and quality geaand hydrograph range differs, the
listed process will happen at the defined returriopeof a certain Q, otherwise the river
cannot be braided. Based on this, processes chintd¢éhe same position on the curve even if

Q is different.
Channel change
commences Bankfull Most islands
2994“ main channel stage turn over

\ 4 \ /
2348 .
Surface flow inundates : : 1]
i arlin Gash Floodplain avulsion &}
1774 it B Large trees uproot & disperse 5
Surface water reaches major islands é
w . Complex morphological changes E
E1273 around vegetated patches g
= Surface water reaches many vegetated patches =
a2 ; = ; ; M
? 848 A Al rater bodies connect at surface I D
= High open bar surfaces start to inundate | o
a 425 | Ponds connect at surface to flowing channels I ;
c
Low bars inundate, sediment turnover commences ‘0
240 g
Number of flowing channel segments rapidly E
g9 |_ _increases  __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ =
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" in a single channel
0.1 1 10 100
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Figure 17: Processes defined by returning periodl discharge (original water stages were translatéol
discharges using the formulas of EV#ER et al. (unpublished)) (BRTOLDI €t al. 2009)
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Out of Figure 17 we generally define that :
* Low flow = flow in one channel
* Lower floods / flow pulses = primary lateral erasiemall changes in turnover and
channel pattern.
* High floods = primary avulsion, big changes in ahmanpattern and high turnover
rates.
(BERTOLDI €t al. 2009; GURNELL et al. 2009; WARD et al. 2002)

Now, that processes and pattern are clear for tilndy geach, a sensitivity analysis for the
lateral erosion settings was carried out.

Different settings ofateral erosion, velocity limit to calculate tau andedge smoothing values
were tested. Different Q (10-30-50-100-300-1500 sindvere used to assess whether
CAESAR simulates the correct behaviour. These Qesivere chosen due to their returning
period within one year (BrTOLDI €t al. 2009).

As an example, four combinations of different sggsi of CAESAR are compared in the Table
6.

Table 6: Pre-calibration run settings

T3 T10 Tx Tx2
Edge value 80 80 80 80
Lateral erosion 3 10 10 3
TAU_vel 2 2 1.75 1.75
Calculation time (h) for 15 days 2 2.15 1.45 1.33
and 25 days - 9.65 4.95 4.66

Visually, edge smoothing value of 80 was identified as best option. This optiaresl not
create many meanders keeping the flow straightez.alternatives proposed in Table 6 might

change in the later calibration steps.

In order to determinate the most realistic CAESA®tisgs, Figures 18-19-20 compare
discharge (Q), total sediment transport (sed-Q)l percentage of the streambed that has
eroded or deposited more than 0.25m (%turn) fofdbecombinations.

Figure 18, shows that at low discharges turnovereses slightly with increasing Q, while
above threshold of 50 m?/s the graph becomes steBpis might be due to the fact that flow
lower than 50 m3/s hardly exceeds the set veldititi, so that the lateral erosion parameter
controls the amount of lateral erosion. At Q higtiean 50 m3/s, velocity increases until set

limit. This is visible when comparing for instandd0 and Tx, which differ only in set
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velocity limit to calculate tau; at the beginning both rise identical until reachb0 m3/s. From
this point on lateral erosion is influenced by ttedocity. Contrary, if looking at the line of
Tx and Tx2, which differ in théateral erosion values; both run parallel to each other.

Looking at Figure 19, which compares sed-Q resptms€g, similar behaviour can be seen as
in Figure 18. The curve is steeper for runs wittigh velocity limit to cal culate tau.

Based on Figure 20 the strength of lateral eropiower can be deduced. The steeper the
curve, the more sediments are eroded from the siderand not from the river bed. Turnover
rates increase faster than Sed-Q at lower Q, itidg#éhat the dominant process in this lower
range is the lateral erosion. However, at high@en® can see that while sediment-Q increases
rapidly, the lateral activity increases only slightindicating the dominant process of bed
erosion. Bed erosion at high water stages causdsiav.

This reflects the criteria of braided rivers definm=fore.

Further on, looking at Figure 17, one sees thavdet Q 240-425 md/s, sediment turnover
commences. This corresponds with all four modalltegFigures 18) which have a strong
sharp bend in Sed-Q at 300 m?/s.

Taking now in consideration also calculation timialfle 6), we can say that it increases two
times by increasing theslocity limit to calculate tau threshold of 0.25.
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Figure 18: Pre-calibration indices comparison ttitak (Q) and lateral turnover rate (% turn).
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Figure 19: Pre-calibration indices comparison tétad (Q), sediment transport (sed-Q)

0.180
0.160
0.140

_~
0.120 //
/

9
T
T 0.100 4/ 3
% 0.080 :
e e X
5 0.060
= 7 Tx2
0.040
0.020 7
0.000 -

0 50000 100000 150000 200000
Sed-Q (m3/day)

Figure 20: Pre-calibration indices sediment trans(sed-Q) and lateral turnover rate (% turn).

As a conclusion, the best combination of settingsthis preliminary step is Tx. The
combination yields low calculation time and lategddtivity increases more gently with
increasing Q. Even if there is not a large diffeemetween Tx and Tx2 a lateral erosion
value of 10 is recommended, because lowering mtikeeps the channel shallow and wide.
However, in the next calibration step T10, Tx an® Twere reconsidered, to assess their

relative validity with real dataset.
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3.1.2.2 Calibration

The best settings of the pre-calibration were @&glo real discharge from 2005-2009 and the
results evaluated in two steps.

First, a short term calibration was done. Relathagks were based on a visual comparison of
different settings for small events. The same @eadescription as for the pre-calibration
(page 35) was used for the comparison. The critadeulation time was used again because
if its importance. Doing so CAESAR settings werguated, knowing the previously studied
sensitivity of each parameter.

Secondly, mid-term calibration was carried out Isyng quantitative criteria: sinuosity was
defined using aerial pictures 2005-2009 and conmtp&wethe modelled channel. Turnover
rates were estimated by calculating the non-veggtatea of the floodplain, which is thought
to be turned-over at least every three years (the that vegetation needs to develop). It was
estimated that 94% of floodplain is turned-overthree years, resulting in 31% and 62 %
turn-over respectively after the simulation yead2@nd 2006.

Table 8 shows the comparison of criteria for bathbecation steps.

Table 7: marks for criteria used for short- and+teidn calibration

Criteria Run 6 (T10-TAUvel 1.5) | Run 7 (Tx) Run 8 (Tx2)
05 06 05 06 05 06
Calculation time (h) for %2 Yr. | 8 16.16 14
and 1Yr. | 26.6 66.75 61.83 48
Erosion / Avulsion
Low flow = one channel | 3U-2M-1L | 3BU-2M-1L | 3U-BM-2L 2U-2M-1L
lateral erosion | @ a ¢ b
avulsion | @ b c b
wide shallow channel | @ a b ¢
Sinuosity  upper (1.27- 1.23 1.18 1.28 1.32
1.21) 1.05 1.05 1.04 1.10
lower reach (1.04-1.10)
Turnover rates year 05 (31%) | 26.8% 40.15 46.5% 32.8%
and 06 (62%)

Low flow: U= upper channel; M = middle channel; L = lower channel; B= braided; numbers = channel number.

Lateral erosion: does it happen only predominantly at low flow? Is it too much?
Avulsion: does it happen during floods? Is it too much?

Wide shallow channels: are they present in the upper reach?
Marks: a = good b = mid c = bad relative to each other

The settings of Run 7 (Tx of the pre-calibratio@dha high calculation time and performed
relatively bad compared to the other two model rawer the first year. Lowerintateral
erosion (Run 7 compared to Run 8), calculation time goesrdby about 1/3 and also the

performance becomes relatively better (Table 8).
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Regarding Run 6, in whickeocity limit for the Tau calculation is lowered relative to the
combination of setting of T10, the calculation tiared performance are best.
Therefore, the parameter set for Run 6 was selestddun until year 2009.

3.1.2.3 Validation
In validation, CAESAR was run for the time perio808-2009, with the settings defined

through the previous calibration.

Comparing the modelled flow with the flow patterintioe aerial pictures 2009 (Figure 21), a
guite good fit can be seen. Even though the pattees not fit 1:1, it follows the more active
part of the floodplain. In addition, water flowsarsingle channel in the eastern part and splits
in the western part as in the aerial pictures. H@wren the first part of the modelled channel
the river incises laterally much more than the readr (red line). Following the flow pattern
one can asses other examples in which the chamisés laterally in the bedrock.

The most probable reason is the wrong boundaringeit the bed-rock, which excludes this
area. Other error sources could be the 50% sptrwaput source of the model around the
eastern island and the low ®dge value in the lateral erosion settings which control sisity

of modelled channel.

Also in the west simulated flow passes betweentwweislands, while in the aerial pictures
the main channel is shifted to the south. Still[ESRAR routed the flow within the most active
part.

Overall, not expecting a complete match with rgdiiom a reduced complexity model, this
can be considered as a good result.

It was difficult to assess the performance of tegetation index (Figure 22). In general, the
eastern vegetation values are lower (around 04, hile the western values are higher
(close to 1). The upper part is occupied by thetrdgaamic area of the floodplain, flooded
regularly also with lower flow pulses.

Overall, the estimation of the vegetation patterpassible. Problems arise from difficulties in
setting vegetation parameters such as developnmatand critical shear stress. The linear
sub-model for vegetation of CAESAR is designeddmass growth, while vegetation in our
study reach develops from willow bushes until thmlf succession stage of wood (e.g. on
islands). This, in combination with short modellitime which is less than one succession
cycle (20 ears), makes it difficult for the CAESARer to differentiate more vegetation

structures.
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Figure 22: Vegetation cover development for grasheaend of the simulation (2009)
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The result shows where grass has the opportunitgroeev until 100% cover, based on
dynamic properties of each cell. This is assumebetsimilar with resprouting or seedling
development of willows.

Generally, vegetated areas of the aerial pictuitewith the vegetated areas of the index

(compare Figure 21-22).
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Figure 23: Erosion sedimentation pattern of the @hatlthe end of the simulation (2009)

Looking now at Figure 23, the final erosion pattéred) and sedimentation pattern (green)
can be seen. Lateral erosion patterns clearly shewnoving meanders and the filling of old
channels. Especially for secondary channels thissible. In general, the eastern part is more
active having a higher planar turnover, while thestern part has a more stable central area
and channels shift less.

As explained for the flow pattern, highest errore snade on the southern border of the
floodplain due to uncertainty while creating thaltmek file, so that in some places the river
incised laterally in the mountain removing up to B2 of material. The resulting DEM
integrates these errors so that we can consideittiaes not fit 1:1 to reality. Nevertheless,
from a broader scale, it reflects stability of difint zone of the floodplain.
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Figure 25: Averaged (3*3) D50 of the model at haffthe simulation (2007)
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Figure 26: Averaged (3*3) D50 after spin-up run@2p

Finally, in Figure 24 the simulated aggregated (8&8s) D50 sediment size is shown. The
result was aggregated to get a better visual casgaby eliminating smaller variations.

The sediment size is coarser along the main chaBspkcially in the left and right part of the

figure, bed armouring can be seen, while the miatiannel did not armour due to rapid

shifting flow over the past simulated years.

The right part has a large area (transparent) wiviah not flooded over the simulation time.

This shows different channel stabilities of théhtignd left part of the study reach.

Comparing now visually the result with the startib§0, D50 looks coarser in 2005 (Figure

26) that in 2009 (Figure 24). The grain-size dmittion 2007 is coarser than in 2009 and finer
than in 2005. This is also confirmed by Figure 27ck shows an overall decrease of mean
D50 over the simulation time from 0.032 m in 206®t008 m in 2009.

Furthermore, from a visual comparison one can batthe flooded area (extend of D50)

enlarged, based on areas where morphological chkarugeirred during the simulation.
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Figure 27: Development of the general mean D5Geftudy area over the simulation period.

To understand the decreasing mean D50, sedimechaige (m3/day) per water discharge
(m3/day) was computed. In Figure 28 the overallreedt discharges per cubic meter of water
increases rapidly until day 200. After, high ostitbns can be observed, indicating the
adaptation of the sediment discharge to hydrogflyaituations. Moreover, one sees that the
finer the sediments, the more the concentratioreases in time. The clay fraction (green
line) increases faster than coarse sand (yellog) lamd gravel (orange). This is reasonable,
because finer sediments are transported easierctaner sediments and accumulated in the
ricirculated water.

Combining the previous data, it can be explainedl ttme increasing sediment discharge is due
to the effect of the spin-up run and the latergrd¢ion of lateral erosion. During the spin-up
run, easy erodible sediments where flushed awaphaoa new deposition in the study area
was not possible. This causes average D50 to isengatil 0.0032 m.

All through the later simulation, lateral erosiotised in new sediment layers that were not
turned over during the spin-up, adding finer mateto the ricirculated water (CAESAR
assumes a sediment layer every 20 cm with a gragndsstribution as defined in the settings).
Looking now at Figure 27 one can asses that thelatmon integrates for almost the entire
period, the adaptation of the overall mean D50.6®8 m which corresponds to the initial
set D50. The adaptation phase is visible until H&40 to 0.0087 which is close to the set D50

grain size distribution.
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Figure 28: Sediment discharge per m? water oveulsition time.
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Figure 29: Final D50 distribution (2009)
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Looking now at the D50 distribution in relation tvithe elevation one can assesses that on
higher spots the D50 gets coarser, while in seagncaannels and areas close to the main
channel finer sediments deposited. This effect eeased by the above explained failed spin-
up run so that it can be considered as a modediiray. Coarse material on high spots is still
the falsified D50 of the spin-up which was not earover during the simulation.

A comparison of D50 within the study area is onbsgible in areas that were turned-over
during the simulation as shown in Figure 29. Ino#itler areas the D50 is unrealistic.

A second validation was done using morphologicateyidata from BRTOLDI et al. (2010).
Even though the data were taken a few kilometresast upward, error is considered
negligible. The survey data used are shown in Téble

One can notice that the simulation saving datesnalbo match with the survey dates of
BERTOLDI €t al. (2010). Nevertheless, in most of the cases diffegs are about a few days,

which is negligible when considering that time spatween two surveys is a few months.

Table 8: Description of the validation surveyEfoLDI et al. 2010).

Event| Peak Discharge| Flood Model Eventdate | Survey dale Model date
water- (m3/s) duration | duration (model day)
level (h) (h)
(m)
0 - - - - 17/06/2007 19/06/2007
(900)
1 0.71 137 4 24 | 28/09/2007| 15/10/2007 18/10/2007
(1020)
2 2.03 577 50 48| 25/11/2007| 13/12/2007 16/12/2007
(1080)
3 1.10 177 17 24| 13/01/2008| 03/04/2008 17/03/2008
(1170)
4 1.62 466 93 96 | 19/05/2008| 29/07/2008 15/07/2008
(1290)
5 2.67 458 24 24| 15/08/2008| 17/09/2008 13/09/2008
(1350)
6 3.04 1290 247 240 | 30/10/2008| 26/11/2008 12/12/2008
(1440)
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The graphic below (Figure 30) compares “percentagactive width” with “peak water
level”. “Percentage of active width” indicates tfiaction of the floodplain where elevation
changes more than three times the mean grain BergroLDI et al. (2010) defined a mean
grain size of 0.04m, while in this study the meatue of 0.065m (0.021m*3) was used,
corresponding to the mean set grain-size class€EABSAR.

Comparing the results, one can see that over the esarvey time (triangles in Figure 30) the
model overestimates the flood plain active widthoater peak discharges and underestimates
the effect at higher peak discharges. The evetass3show the lowest errors, while events 1
and 6 show the largest. Active width for the wagsel of 2.65m is similar to the water stage

of 2m. This can be explained due to the short duradf the event with a comparable high
water stage (Table 8).
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Figure 30: Comparison of the percentage of actiiktharelated to the peak water level at Venzone:
Triangles: total percentage active width of the elaalitput over the entire survey period.

Dots: total percentage active width of the modépatiover maximum flood period.

Black: field survey data ([BrTOLDI et al. 2010).
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The additional flooding time in the model may induarger turnover rates than in reality.
Therefore, the effect of single flood events, whRERTOLDI et al. (2010) declares as main
actors for morphological changes within two surveyas compared. CAESAR was run again
over 30 days ending with the surveyed floods. Kmgwtihe duration of the event (Table 8),
the elevation difference that occurred within ttise frame was calculated. Comparing the
duration of the simulation with the duration of tteal flood (Table 8), one can assess large
time differences for the first (0.71 m water hejgntd third flood (1.10 m).

The results of the single flood events are showhRigure 30 with the dots. These correspond
more to the surveyed data. Considering also thedatd error bars, simulation follows better
the field data until water levels of 2m (580m3/®nly for very high floods CAESAR
underestimates the active width. Nevertheless, G¥EShould reproduce activity between
surveyed dates and not of the single event.

The results suggest high activity during low floswsd a quite low activity during high floods.
The erosion processes during floods performedivelgtwell (dots), only the cumulative
effect of low flow period in-between the events has high activity (triangles). Especially for
the event at water level of 2m, which has a pesggniof active width that is larger if the
single event is considered than the activity over éntire surveyed period, this effect is

visible. The cause is a missing calibration for ltaw.

140000
120000 y=5.589%
RZ=0.408
100000
g 80000
s m2
o
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b
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‘5
20000
¢ 6
0
0 5000 10000 15000 20000 25000
sed Q Bertoldi

Figure 31: Relation sediment flux fronEBTOLDI et al. (2010) and the model output.
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Figure 32: Relation sediment flux fronEBTOLDI et al. (2010) and the model output without flood 6.

Table 9: R and Rz for the correlation between madel BERTOLDI €t al. (2010) sediment flux calculation.

sed Q Bertoldi

Missing events R R2
no 6 0.869 0.755
no 4 0.841 0.707
no 2 0.778 0.606
no 5 0.657 0.432
all points 0.639 0.408
no 3 0.496 0.246
no 1 0.472 0.223

BERTOLDI et al. (2010) calculated the dimensionless potentialmsedt flux per flood and

compared this with the percentage of active width.

In Figure 31, the sediment flux ofeEBTOLDI et al. (2010) was compared with the one
calculated by CAESAR for each event. The resulsnsithat R? (0.0408) is rather low,
indicating no significant correlation. For some migethe simulation dramatically over/

underestimates the sediment fluxes.

To define which event has the highest error, cati@h was recalculated by removing event

by event. In Table 9 one can see that the highgstfisant R? is given when event 6 is

removed from the correlation analysis.
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Table 10: Reliability of the validation events.

Event | Bertoldi | Model Problems of the data
Sed-Q | Sed-Q

50 8624 | Large simulation time than reality (Table 8)
400 9880

2500 | 62259 | Large simulation time than reality (Table 8)

2800 | 33446

4000 | 61531 | Large flashy Flood

Ol 0| | W[ N| P

22500 | 111074 | Bertoldi measure is an outlier (mean +- 2SD), the models one not.

Table 11: Comparison of the different regressiamfdas excluding some events witlef8roLpi et al. (2010)
reference data

Event 1 3 4 5 2 6
al points X=Y/5.589 1543 1768 11139 5984 11009 19874
Reference minus calculateg -14P3 -1368 -8639 -3184 -7009 2626
fraction of error 30.86 4.42 4.46 2.14 2.5 0|88 6 7.
without 6 X=Y/16.52 522 598 3769 2025 3725 67p4
Reference minus calculateg -4y2 -198 -1269 775 275 15776
fraction of error 10.44 1.50 1.51 0.72 0.p3 0|30 6 2.
Only 4,2 X=Y/14.33 478 547 3449 18583 3409 6154
Reference minus calculateg -428 -147 -949 D47 591 6344
fraction of error 9.56 1.37 1.38 0.66 0.85 0{27 2.3

Also when removing events 4 or 2, correlation iases significantly. Still, events 2 and 4
can be considered the more reliable ones, as showre Table 10, because they have the
lowest probability of measuring mistakes.

This suggests that CAESAR computes the highest gardhe 6th event.

For a closer assessment, the formulas of the prsli@nalysed regression lines (formulas in
Figures 31-32) were used to “translate” the sinedatediment discharges into the unit-less
sediment flux of BRTOLDI et al. (2010). These values were then compared withafezence
values of BRTOLDI et al. (2010) as shown in Figure 33- 34 below. Tablealldws a more
detailed comparison.

Based on Figure 33, one can assess that includipgiats (dark gray) largest absolute errors
are made for events 4 and 2. If event 6 is remdveh the regression line calculation

(white), only event 6 shows a large absolute erfdso values of the regression formula
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created only with event 4 and 2 (light gray) behaweilar to the previous one, only with a

steeper gradient.

20000
15000 T
=
=
% 10000 =
c
(1] .
E W al points
S 5000 - _
bt Owithout 6
a
% 0 | T T T T T I 1 DJUSt 4 2
E § e I
> 1 3 4 5 2 6
-5000
-10000
Event number

Figure 33: Absolute error relative of the trandiateodel values into theHRTOLDI €t al. (2010) system using
different regression line.
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Figure 34: Fraction of the error relative of thanglated model values into themroLpi et al. (2010) system
using different regression line

To asses better where CAESAR computes largestsertioe fraction of error relative to
reference values was calculated. The results arerslon a logarithmic scale in Figure 34.
Based on this graphic it becomes clear that CAE®&Rrestimates 30 times the sediment

flux of the first event and underestimates 0.3 irttee largest flood if the regression formula
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including all points is used (dark gray). The franterror for the other events ranges between
3 and 4 times the reference values. The overalhrfraation error is 7.6 (Table 12).

When comparing the fraction error by excluding év@(white) in the analysis we can assess
that this lowers down dramatically. The fractioroerfor the first event goes down from 30 to
10, while for the events 4 to 5 vary in the randggdlto 0.72. Only event 6 increases fraction
error form 0.88 to 0.30.

Over all mean fraction error excluding the sixtlevdecreases from 7.6 to 2.6 (Table 11).
When using the formula including only point 4 andezause the most reliable, mean fraction
error decreases even until 2.3.

The results, excluding event 6 and by using ongnév 4 and 2, show the same error pattern
as shown in Figure 30 (peak water level comparquetoentage activity). This suggests that
CAESAR completely misses the sediment dischargevient 6.

In summary combining the quantitative validatiorsuiés, lateral activity and sediment
discharge should be lower for flow pulses and lofl@vds, while both should increase for
extreme flood events.

Even if the low flow processes are overestimatedi @eak floods are highly underestimated,
one can assess that especially the elevation andldv pattern can be used for further
integration with prediction of landscape type disttion. The vegetation parameter can also
help by defining the dynamic properties of eacherasell if taking in consideration that the
calculation is especially valid for grass growtleTsediment distribution (D50) is only valid
in the areas turned-over during the simulation tire@ that a comparison for the entire

floodplain is difficult.

3.2 Ecological characterization of the landscapety  pes

In the following, the results from the fieldworkrdad out in the period 24-31 march 2010 are
presented.
The following steps were done as described in @&Eneh8:
— mapping of different landscape types within thavactloodplain for the model end
date by using aerial pictures;
— mapping the new landscape type for the sampling; dat
— taking field data for every mapped unit. Here, saenpling number should cover the
variability in terms of vegetation type, vegetaticover and top sediment size of the

mapped area.
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3.2.1 Spatial distribution of the landscape types

Based on the aerial pictures 2009, landscape tyws mapped for the date in which
CAESAR simulation ended. The landscape types wengped visually at the scale of 1:5000
using mainly the criteria vegetation cover and habour different units were defined: bare
sediments, large scale patchy (LS patchy), smalkesgatchy (SS patchy) and wood. Figure
35, shows the appearance of the different units.

Afterwards, occurred morphological changes for tinee range 2009-2010 were mapped
from the hill in the south of the study area. Stheently, landscape types were mapped for
the sampling year 2010.

Bare sediments R g

T T _’ - \ ¥ /—_
" e X o . A
LS parchy [ 3

M gﬁ*

Figure 35: example of mapped landscape types.

Figures 36-37 show the distribution of landscapeesyfor the simulation end-date 2009 and
the sampling year 2010. Not many changes occumethis period. Most are found for
sediments and LS patchy vegetation, which changgiaspdistribution especially at the
northern border of the floodplain and change shgbverall percentage of total surface. Still,
bare sediments increase the relative percentade iW&ipatchy decreases (Table 13).
Wood and SS patchy do not change considerablyrmstef both spatial distribution and
overall percentage, but looking at the relativecpatage in Table 13 changes are visible. The
lowest relative percentage of change of wood irtdgthe higher stability of this landscape.
The main channel shifts closer to the southerndryoodl the floodplain and looses sinuosity,
developing a more straight flow.
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Table 12: Percentage of mapped landscape units 2802010

L andscape 2009 2010 _Relatlve
increase

types % % %

Wood 10.2 10.6 4.2

Sediments 50.7 54.3 6.7

LS patchy 34.3 30.6 -11.0

SS patchy 4.9 4.5 -8.5
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Figure 36: Mapped landscape types and main ch&tg9. Moreover, the sampling points taken in 2040 a
shown.
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Figure 37: Mapped landscape types and main ch&ti. Moreover, the sampling points taken in 2060 a
shown.
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3.2.2 Characterization of the landscape types

Due to time constrains, no samples were taken enetistern braided gravel-bed sub-reach
(Figure 40). Hence, the resulting ecological dgdmn is more representative for the western
wandering gravel-bed sub-reach (Chapter 3.1.2.1).

We will give a summary description of the landscayees based on the presented diagrams
(Figure 41-49) and the vegetation survey (Table TBg diagrams show the mean value and
standard error (SE) of the surveyed variables &mhdandscape type. Below each diagram,
standard deviation (STD) is additionally listed.

3.2.2.1 Bare Sediments

This landscape type is characterised by a misseggtation cover (Figure 38-40), indicating
high dynamic properties. The thickness of the fgubstrate is rather low (11lcm; STD
15.9cm) compared to the other landscape types #iad ocombined with high stone/gravel
content (42-50%; STD 52.7-27%) (Figures 42- 43)sT$also shown by the mean grain size,
which is medium gravel (STD clay-gravel). Sand-famsre often observed overlaying a
stone/gravel base layer. Elevation above main aasnaround Om (Figure 45) with large
STD (1.83m), showing again large morphological bitg of this unit, including fans and
incised lower areas. The groundwater influence mastly not visible because of the coarse
and fresh material. Still, in few cases red/ox psses were visible close to the surface (Ocm;
STD 18.3).

This landscape type is located around the mainreaand indicates secondary channels

were water flows due to higher flow pulses.

3.2.2.2 Large scale patchy (LS patchy)

This unit is characterised by patches divided lbgvameter of bare sediments. Vegetation is
located higher (up to 1m) than the surrounding s®aediments on 3-10m large fine sediment
fans. Every patch is characterised by a few 5 yelarSalix spp. bushes (mainly S. eleagnos
and S. purpurea) (Table 13, Figure 39-40). AlsolsR@pulous can be found. The height is
around 6m (Figure 38).

The heterogeneity of this landscape unit is alsowshin the thickness of fine sediment
(35cm; STD 33.2cm), Stone/gravel content (15%; S0LY) and grain size (fine grave; STD

clay-coarse gravel).
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The elevation above channel shows that this umgldes on spots higher than the landscape
type “bare sediment” (1.9m; STD 1.74). The dataydntlude measurements on sediment
fans, so that the mean values are only represefainggbut not the gravel bed in-between.

The distance from landscape type bare sedimentr@&ig6) covers a wide range (61m; STD
44.8m).

The described variables indicate better developmentitions for plant growth and fewer
disturbances on sediment fans than for landscape bare sediments. Due to the higher
position, less floods and flow pulses disturb tmé&. Still, coarse sediments between patches
indicate that floods with high stream power rolesiothis unit. Only good and deep rooted
willows which protect the fine sediments are alolgdsist. The deeper fine sediment layers
enhance plant growth; on the other hand is ther lgy@wving due to the protective effect of
willows, having so a self enhancing system. Dudhis, draught in summer might be a
problem for plant growth in this landscape type@RrRSELL et al. (2001) described this process
in his conceptual model.

Vegetation height Estimated age of trees /bushes
20 25
20
15 I T
1
g 15 [
£ 10 - 51
- 10 [
I
5 - 5 - B
0 T T T 0 T T T
Sediments LSpatchy SSpatchy  Wood Sediments LS patchy SSpatchy  Wood

Figure 38: Ecological characterisation: Vegetatighigure 39: Ecological characterisation: Estimatgel a

height Std: sed =0.00 : LS=1.24; SS=1.00: wood=2.22
Std: sed = 0; LS=3.9; SS=0.9; wood= 2.8

100 Vegetation coverage rate Groundwater influence
'I' Sediments LS patchy SSpatchy Wood
80 J- B 0 1 1 1
60 1 - 20 | -
- -
40 - 40 -
) - -
20 - = 60 =+ T
0 T T T 80
Sediments LS patchy SSpatchy  Wood 100

Figure 40: Ecological characterisation: Vegetatidfigure 41: Ecological characterisation: Groundwater
coverage rate influence

Std: sed = 0.0; LS=33.7; SS=18.7; wood=19.1 Std: sed = 18.3; LS=15.6; SS=21.2; wood=18.5
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Figure 42: Ecological characterisation: Thicknese f Figure 43: Ecological characterisation: Stone/Grave
Substrate content

Std: sed = 15.9 : LS= 33.2: SS= 32.8: wood=14.7 Std. T /2" hor: sed =35.3/27.0 ; LS=30.7/23.3;
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Figure 44: Ecological characterisation: Grain size  Figure 45: Ecological characterisation: Elevation

Std:  sed = 0.016: LS=0.019: SS=0.027: wood2CVe main channel
0.000048 Std: sed = 1.83; LS=1.74; SS=1.03; wood= 1.61
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Figure 46: Ecological characterisation: Distanaenfo
sediments
Std: sed =0.0; LS=44.8; SS=10.6; wood= 64.0
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Table 13: Vegetation description for landscape sype

Vegetation species

SS patchy

LS patchy

Wood

Salix ssp.

11

11

13

S. ssp.

6

S. purpurea

3

S.eleagnos

S. triandra

Populus ssp.

12

P. ssp.

P. alba

Calamagrostis pseudophragmitis

Equisetum

Alnus

Populus ssp.

Taraxacum ruderalia

Myricaria germanica

Hippophaé rhamnoides

[EEN RNy P O I SR IR YY)

Tussilago farfara

Petasites

Taraxacum ruderalia

Trifolium

Buddleja davidii

Fraxinus

Robinia pseudoacacia

N N TS TS = =N N)

Pinus ssp.

Hedera helix

Betula ssp.

Rubus fruticosus

Equisetum ssp.

lonicera

Ligustrum vulgaris

Alnus ssp.

Hippophaé rhamnoides

Primula elatior

Juniperus

Fraxinus excelsior

Corylus avellana

Epilobium dodonaei

PR (RrR(RR[R[R|R|IV W |w|U |
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3.2.2.3 Small scale patchy (SS patchy)

In contrast to LS patchy, this landscape unit iarabterised by small patches of vegetation
(or even constantly covered), divided by less tbae meter coarse sediments. The unit
develops on flat fine sediment surface or on ssedliment fans. The sediment fans are only
few decimetres high and up to one meter large, wiitferentiates them from the previous
unit. The vegetation is characterised by youngddry old) and buried resprouting willows
(mainly S. eleagnos and S. purpurea) reaching 2ightb¢STD 0.9m) (Figure 38-39). In
contrast to LS patchy no poplars grows here, bldr@agrostis pseudophragmitis (Table 13).
Due to smaller gaps, the coverage rate (70%; STD%QBis larger than for LS patchy
vegetation (Figure 40).

The fine sediment layer is slightly larger (40cmJC5 32.8cm) than for the previous
introduced landscape types, but with a larger raikggure 42). This is also shown by the
grain size, which is medium gravel, with the latg8$D ranging from clay to coarse gravel
(Figure 44).

The stone/gravel content of th& horizon (10%; STD 13.7) is slightly lower than fo®
patchy, while for the second (25%; STD 31.5) thpasite is the case (Figure 43).

Looking at the height above main channel (Figurg @&d distance from bare sediments
(Figure 46), this unit is generally found closerltare sediment. Both, height (0.8m) and
distance (20m) have relatively low STD of respeslindm and 10.6m.

The results indicate similar dynamic propertied@asLS patchy. Because slightly closer to
the most dynamic landscape unit it suggests thgpad&hy vegetation is flooded more often
than LS patchy vegetation. On some sites plantsfiard sediments buried by coarse gravel
layers were found, which supports this idea. Contifae finer grain size and higher thickness
of fine sediments indicate that the stream powerflobds or flow pulses is lower.
Nevertheless, it is difficult to assess differemecedynamic properties between SS and LS

patchy vegetation.

3.2.2.4 Wood

Wooded islands consist of the oldest (17 years; 3TD and highest (15m; STD 2.8)

vegetation (Figures 40-41). Also the coverage regash highest value of 80% (STD 19.1;
Figure 42). Salix ssp. (including S. triandra) dddpulus ssp. are the main trees in this
landscape type. Also Pinus ssp. and Betula sspprasent, but in a minor proportion (Table
13).
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Thickness of fine substrate is largest when contpbéweother units, with a mean value of

90cm (STD 14.7). No gravel/stones are presentarfitht two horizons (Figure 42-43)

The mean grain size is silt (STD clay-fine sand) athe finest if compared to the other

landscape types (Figure 44).

Elevation is slightly higher (2.2 m; STD 1.6) thior LS patchy vegetation, but this again

might be due to measurement errors explained above.

Also distance from bare sediment has the same \(BRm) as LS patchy, only the range is
larger (STD 64).

The elevation from the channel, the thick fine sezht layer and the relatively old trees show
that this unit is the most stable. There is noedain distance from main channel, indicating
that conditions for development of wooded islanaisnot be found by the actual channel flow
pattern but in the shifts of these over the attléest 20 years. It is clear from the maps that,
the closer wooded islands are to main channehititeer the probability to be laterally eroded

during a large flood.

3.3 Integrating habitat distribution with CAESAR re  sults

In the validation Chapter (3.1.2.3) of CAESAR sphtiariables have been assessed which
can be used for prediction of the spatial pattdrfamdscapes units as: elevation, river flow
pattern and vegetation index. Looking at the edoldgharacterisation of the landscape types
(Chapter 3.2.2), variables matching to the spat@ddifined model output can be found.

The D50 output (grain size distribution), was naitable due to processing errors during the
spin-up run (Chapter 2.1.2.2).

The final DEM calculated by CAESAR had to be cotedcfor the bed slope of the reach
(Chapter 3.2.1). The same correction surface, ad @ the height measurements in the
ecological description, was subtracted from thalfsimulated DEM.

The vegetation index indicates where willows (fissep in succession) do not have the
conditions to grow due to high disturbances (Chagté.2 and 3.1.2.3). The index was
applied, without multinomial regression analystsckassify the non-vegetated landscape type
bare sediments. Based on that, the distances fasendediments could be calculated, as done
for the ecological characterisation.

In summary, the vegetation index of CAESAR was iggpto classify bare sediments, while
for the vegetated landscape types a multinomiaklimgregression analysis was performed
using the variables “elevation above main chanaeld “distance from bare sediments”. In
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the multinomial logistic regression analysis onlgrigbles mainly indicating dynamic
properties were used, since grain size could natdeel due to processing error during the
spin-up run (Chapter 2.1.2.2).

First, the ratio of cases to independent variaklas ensured to be at least 10/TH{®AB
2010). In this study 19 cases and two independanabes were available, so that the used
statistical method is almost appropriate (9.5/1).

Following, the Logit transformation was performeding the “multinomial logistic
regression” tool of SPSS. The landscape unit woasl eihooses as reference category.

The overall fit of the statistical model expressgdhe significance in Table 14 is rather low,
indicating that the chance that this statisticableladoes not explain more variation than the
standard model is 12.9%.

To ensure to not have numerical problems amongpendent variables, standard errors of
the coefficient (B values in table 15) were assg$sebe smaller or equal to the value of two
as indicated by &waB (2010). The significance of B values (coefficignis, as for the
overall statistical model, rather low. In Table 1&-one can see that the significance of the
coefficients of independent variables are betterdistinguishing SS patchy from wood than
LS patchy from wood. Nevertheless, all coefficiehése a low significance, indicating that
contribution in distinguishing these two classesfrwood is rather low.

To assess the overall utility of the multinomiagjiktic regression, classification accuracy is
evaluated. The SPSS computed &stimating strength of correlation between messand
estimates, is not considered to be a good meadguaecoracy for the classified data. The
classification accuracy is seen as bettetH{®B 2010). In Table 17 the classification
accuracy is 57.9%, which is higher than the by chaaccuracy of 41%. The chance accuracy
is defined as squared sum of the ratio of casesdon class S1was 2010).

Giving an interpretation of the coefficients of bandependent variable we can follow that,
with increasing height, the probability to find gatchy and SS patchy compared to wood
decreases. For SS patchy this tendency decreagestfaan for LS patchy; the coefficients of
the first landscape units are four times highen thoa the second.

The distance from sediments has a minor effectredigtion, because the coefficient is lower
than for the first independent variable. Also imstbhase we can assess that with increasing
distance, relative to the class of wood, the prditaldor both SS patchy and LS patchy

decreases.
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The results correspond with the findings of thelegical characterization in Chapter 3.2.2

(Figure 45-46), making this a reasonable outcome.

Table 14: Statistical model; fitting information

Model Fitting
Criteria Likelihood Ratio Tests
Model -2 Log Likelihood |Chi-Square |df Sig.

Intercept Only 41,644

Final 34,502 7,142 4 ,129|

Table 15:Statistical model; likelihood ratio tests

Model Fitting
Criteria Likelihood Ratio Tests
-2 Log Likelihood of Chi-
Effect Reduced Model Square df Sig.
Intercept 39,052 4,550 2 ,103
elevation above main channel 37,734 3,232 2 , 199
distance from sediments 38,892 4,390 2 111

Table 16: Statistical model; Parameter estimates

95% Confidence Intervall
for Exp(B)
Lower Upper
V22 B Std. Error |Wald [df (Sig. |Exp(B) [Bound Bound
LS Intercept 614 11,237 246 |1 1,620
patchy
elevation above main channel |-,175 |,382 ,209 |1 |,647 |,840 ,397 1,775
distance from sediments -,002 |,011 ,023 (1 |,881 [,998 ,978 1,019
SS Intercept 2,319 1,304 3,162 |1 |,075
patchy
elevation above main channel |-,717 |,456 2,469 (1 |,116 [,488 ,200 1,194
distance from sediments -,036 |,024 2,223 |1 |,136 |,965 ,921 1,011

a. The reference category is: Wood.
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Table 17: Statistical model; Classification

Predicted
Observed Wood LS patchy |SS patchy |Percent Correct
Wood 3 2 1 50,0%
LS patchy 2 4 1 57,1%
SS patchy 0 2 4 66,7%
Overall Percentage 26,3% 42,1% 31,6% 57,9%

Using the coefficients B in Table 16, we wrote tiogit transformation as follows:

Logit,s = 0.614 - 0.175 * “elevation above main channel” - 0.002 * “distance from sediments”
Logitss = 2.319 - 0.717 * “elevation above main channel” - 0.036 * “distance from sediments”

Logityoos = 0

The spatially explicit Logits were calculated usitige “raster calculator” of ArcGIS. The
same independent variables as for the statisticalehnwere applied: “elevation above main
channel” and “distance from bare sediments”. THespecific probability for each landscape

unit was calculated using the formula below.

ProbLS —e Logit LS/ (e LogitLS +e Logit SSy e Logit wood)

Logit SS/ (e Logit LS Logit SS Logit wood)

+e
Logit SS

+e
Logit LS/ (e Logit LS

Probss = e

Logit wood)

Probyeeg = € +e +e

Finally, each cell was classified with the landscayppe with the highest probability. It is
important to notice that the probabilities calceththere are not the absolute for each
landscape type, but are the probabilities thatlandscape type has relative to the other ones
based on differences in Logit. In particular we rc@nassess how large real difference
between the probabilities is; we can only say ttiere is a difference between the
probabilities of N%.

Figure 47 shows the resulting classification. Therall accuracy of correct classified cells
compared to mapped landscape types 2009 is 55.4%eVér, if calculating the accuracy of
the three classes classified by the statisticaleh@ekcluding bare sediment classified with

the vegetation index) it decreases to 37.3%.
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Figure 47: Map of predicted landscape types 2009
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4 Discussion
Following, the results of the different steps takethis approach are discussed and related to

the overall goal of predicting landscape typesudssconcerning the implementation of the
next methodological step were already discusseldemesults chapter. Here the focal point is
an overall discussion focusing on issues intergctiver several steps of the here proposed

approach.

4.1 Application of CAESAR

We can identify a few errors made in the settinGAESAR.

The bed-rock boundaries defined through aeriabpést and DEM, should be improved by an
easy field work to define more accurate boundawiesre erosion is allowed to happen.

A more serious problem rose from the wrong spirsefing of CAESAR. The problem was
connected with the out-flushing of fine sedimersts,that the overall mean D50 increased.
During the later simulation 2005 to 2009, latenmaisgon incised in new sediment layers. The
new layers have the initial set mean grain siz&rildigion with a higher percentage of finer
parts than the D50 after the spin-up. This ledrie §ediment supply and so to a decrease of
the mean D50 until the set initial mean. Therefthe, final grain size distribution could not
be used for the prediction of landscape types (&n&3 and 4.3).

Almost no literature can be found related to thimsg run, especially not for our scale of
interest. For the reach scale, focus is on a metaildd flow pattern than for the catchment
scale. The higher resolution of the DEM, allows ettdr simulation of small river bed
processes such as avulsion and sediment entrairandngo for connected features such as
channel shifts and islands formationa DE WIEL et al. 2007). Because morphology of the
floodplain is a sensitive key driving factor fover flow and connected processes, it is
important that not many morphological changes odeming the spin-up. This is important so
that results of the later simulation are still cargble to the reality.

The here proposed method using a bimodal spin-upolgyaph without integrating lateral
erosion, guaranties grain size heterogeneity withéarge morphological changes.
Nevertheless, contrary as we did, recirculation sediments also during spin-up is
recommended to not falsify the mean D50.

As a second issue, independently from the previbwsas shown that a longer time period

than four years should be simulated. Main problers what heterogeneous grain size
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distribution can only be calculated for areas whigre turned-over during the spin-up and
the simulation. If this time is too short, areas aot turned over and have still the initial set
mean grain size, which cannot be used for latedigtien. In the case of the Tagliamento
floodplain turnover would be about 20 years, whiglthe turnover rate of islands Y&NELL
and RETTS 2002).

The validation of processes showed that lateralviactand sediment discharge are
overestimated during flow pulses, while both arelarastimated for extreme flood events
(Chapter 3.1.2.3).

This suggests that, in a later stutiteral erosion parameter should be set lowge ocity
limit for tau calculation set higher anédge value raised close to 100. Only interaction with
bed erosion should be checked, which might be Inighateral erosion is lowered. Further, it
should be taken in consideration that computatitned would increase considerably.
Especially the quantitative validation showed todiféicult. The transect of BRTOLDI €t al.
(2010) is a difficult dataset, but showed to beessary for validation. Further, the transect
was located a few kilometres stream-upward on ehreanilar to the eastern part of our study
area. Nevertheless, comparing only the easternwtrtthe validation dataset no higher fit
with the CAESAR output could be achieved.

In order to identify the right settings, turnoveitas should also be calculated over shorter
time ranges than only for one year. Doing so, &gtisluring periods of low flow can be
compared to periods with height floods.

One step further would be the integration of surdeya, which allow quantification of
processes such as erosion and deposition. Usisg ttheta for calibration and not only for
validation (sediment flux), ensures a better sgftirecause more criteria that the model needs

to fulfil are available.

The vegetation sub-model of CAESAR is seen as goechuse it integrates basic feedbacks
between vegetation and hydromorphic processes.

The set shear-stress represents the upper linstredm power that vegetation can handle.
Also back-growth of vegetation if under water, aous for the flooding frequency vegetation
can handle. Both, flood magnitude and frequency, iamportant parameter influencing
vegetation development and aggradatioraff€Is et al. 2009; GURNELL et al. 2001) and is
predicted through the vegetation index.

We could see its good performance out of the highuiacy of bare sediments. Only bare

sediments, the only non-vegetate landscape unitidclbe classified based on this index,
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because knowing were grass has no opportunityae gue to high dynamic properties. The
vegetated landscape units could not be classifigedhis index because of the missing
differentiation in further succession stages.

An improve of the linear grass growth model toighély more complex one, integrating next
succession steps in vegetation structure (scrulos teaes) would give another tool for
predicting vegetated landscape types. It is cleat landscape types cannot be defined only
through this index, but if combined with furtheromical site conditions, it gives additional
spatially defined information where vegetation lias opportunity to reach the succession
stage of wood.

Moreover, also interaction between vegetation andirdmorphic process would be
considered in a better way, as for instane@&HAN et al. (2009) and GRNELL and FETTS
(2002) ask.

PERONA et al. (2009a) developed a model similar to the here gge@d one, which is able to
“estimate the probability of having a given area@gposed sediment and water on the basis of
the statistical properties of stream flow”.

He applied this model to a reach of the Maggia Rilezated in the Swiss Canton Tessin, to
evaluate the impact of dam construction. Similabtw case, BRONA et al. (2009b; 2009a)
subdivided the vegetation in classes based onuhleiaion of aerial pictures and one field
survey. The three defined classes (grass, scrubsre@s) were simulated by a deterministic
model, were the growing rates were estimate byl gredures. Transitions between two
succession stages are defined through transiti@s (BERONA et al. 2009b; RRONA et al.
2009a).

Vegetation is reset by stochastic flood disturbanedereby flow was characterised in terms
of probability of magnitude and frequency. On rlobfled areas vegetation is growing by the
previous defined rate GRONA et al. 2009b).

This simplified model, which needs to calibrateyotwo parameter (vegetation growth rate
and threshold of Q above which floodplain turnolegins), has been shown to be able to
predict impact with an absolute error less than(BERONA et al. 2009a).

Nevertheless, this model is for an analytical exaun, while here the attempt was made to be
spatially explicit, showing within the reach potaehtdevelopment areas of endangered
habitats. Moreover, ERONAS et al. (2009a) approach describes geomorphic processes
statistically; dependent on this, vegetation isvaid to grow. CAESAR contrary simulates

the effect of different riverine process and ingtgs interactions between vegetation and
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morphology. Still, the deterministic vegetation \gtb model, which can be calibrated based
on aerial picture, shows the possibilities of imygrdhat CAESAR has to predict spatially

explicit vegetation patterns over more succesdages.
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Figure 48: Development time of the different islatypes; TA: development time from seedlings; TB
development time from death wood; TC: developmiame from leaving wood. (GRNELL and FETTS 2006)

The different vegetation succession stages, whiemg@e in height and cover, have a different
impact on the hydraulic roughness and resistandeetb and lateral erosion. Additionally,
growth rate is influenced by physical disturbantbe higher succession stages are less
vulnerable to physical action such as burring araeal by floods.

The more vegetation growth, the higher hydraulisgimess gets and so the aggradation rate.
An idealized line can be drawn where sediment supin equilibrium with the vegetation
growth (Figure 48). Below this line, nutrient amoumeeded for the growth provided by fine
sediments is the limiting factor. In contrast, haghounts of sediments might burry vegetation
(GURNELL and ETTS 2002).

This scheme could be used as reference for impgothe vegetation growth model of
CAESAR, by integrating changing critical shear s$recoefficient and roughness of the
surface based on the succession stage. To calit@teegetation sub-model more accurate
research is needed to set the upper limit of séteass.

CAESAR does not include resistance to lateral erogiue to the effect of roots. Also here,
the integration of a factor in dependency of veijmtasuccession stage would give an

additional eco-hydromorphic feedback.
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The possibility of integrating different trajectesi based on dispersed propagules and dead or
living wood, shown in Figure 48, is seen as too plex and not at the scale of this research.
At lower scales (1-5m DEM) an integration of “larg@ody debris” is seen as too complex,
because of the need of an additional sub-model.

Anyway, for the scale of this study more generabfeacks are enough to predict river island
formation (RRANCIS et al. 2009).

The integration of other variables that showeddabod predictors for landscape diversity in
the ecological characterisation is too complex amlld require much more calculation
power. For instance ighickness of topsoil layers with fine sediments difficult to integrate.
Because CAESAR assumes 20 cm think sediment layemsyuld require long simulation
time to turnover even the lower layers so thatterdegeneous D50 could be predicted also in
depth. We thick that at least one floodplain tuerosycle (20yr.) is needed and still it is not
sure if the depth of 90cm, important for islandsdiction (Figure 42 Chapter 3.2.2), can be
reached.

Independently from the results, the presented naetlbgical steps are seen as a good method
for the CAESAR application. The input data preparais relatively easy, even if data such
as discharge and grain size distribution are haashilable. Especially, discharge data are
most difficult to get, while grain size data carsigabe sampled. Also the sensitivity analysis
to define the study area size, DEM resolution amdiminary settings of CAESAR is seen as
easy method to join computational power and rebeaguirements. The spin-up run method
has also its potential if some issue are takemmsicleration, as explained before.

The multi scale calibration is a good approachind the right settings of CAESAR, even
though some more quantitative short term stepsldhio@ integrated to define better the
processes of avulsion, lateral erosion and bedaros

The validation using aerial pictures is an easy wagvaluate flow pattern and vegetation
growth. The use of quantitative data, such as sealifiluxes and morphological changes are
difficult to get but showed to be necessary todatk the simulated processes.
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4.2 Ecological characterization

Comparing the mapped landscape types and theiactesisation through field data with the
described islands type inUBNELL et al. (2001) (Figure 2 Chapter 1.2), we can define in
which landscape type specific island types develop.

As shown in Figure 2, bare gravel corresponds Wl landscape type bare sediment.
Moreover, SS patchy corresponds to the diffuseffyattass, which grows out of propagules.
If taking in consideration that LS patchy integgtarge coarse sediment areas, we can
combine this landscape unit with areas where pioistends of the conceptual model occur.
This landscape type corresponds to areas wheralsldevelop mostly out of the engineering
action of large woody debris. The classes defindde conceptual model as building islands,
complex islands and floodplain dissection islands aggregated without distinction in the
class of wood (BEwWARDS et al. 1999; QRNELL et al. 2001). A further distinction of these
island types can be done by analysing the histdrysland formation during the entire
simulation run and the use of the indicator of treéaheight difference to floodplain level
proposed by GRNELL et al. (2001). Nevertheless, this would require longerwsation time,
large GIS evaluation of the simulation history andre precise height processing technique

for removing the rive gradient.

The landscape types were mapped for the years 2002010. Additionally, we mapped the
landscape types for 2005 and <2005 (exact dateawrkn Doing so, we can assess if the
simplified conceptual model of URNELL et al. (2001) is applicable to the landscape type
concept of this research. The connection is sthemyhg the comparability of the two scales
and, further gives some good evaluation possiditof future scenarios being islands
considered indicators for hydromorphological intggof the river (TOCKNER €t al. 2003).

Table 18, shows the percentage of the study ardaantertain development chain over time
in terms of total percentage and relative percentdgeach succession chain to the sum of all
succession chains ending in the same landscape(éypaeple: LS patchy developing into
sediments relative to the sum of all chains hatm@010 the landscape type sediments).
Figure 49 shows the spatial distribution of thecgssion chains. The code is designed as
follows: number 1 = bare sediments, 2 = SS patéhy, LS patchy and 4 = wood. The
position of each number reveals in which year dagcelandscape was mapped, so that the
2010 = X000, 2009 = 0X00, 2005 = 00X0 and <2009&X
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Only the succession chains with a percentage lafgar 1% were taken, so that boundary
errors can be considered as negligible. 81.54%ea&urface was taken in consideration.
Based on the analysis, almost 30% of the flood@&ags constant over time as bare sediment
and following the southern border of the floodplatven if highly dynamic, it is highly
constant from the spatial point of view becaus@8% of total sediment cover of 2010 has
always been bare sediments in the past. A smathth(&.79%) but large relative percentage
(40.47%) develops from bare sediment through astabkent of propagules to SS patchy as
shown in the conceptual model obORNELL et al. (2001) in Figure 2. This development chain

is located next to long term constant bare sediraesd.

Table 18: Successions chains for the study area
Code: 1 = bare sediments, 2 = SS patchy, 3 = t&hpad = wood
2010 = X000, 2009 = 0X00, 2005 = 00X0, <2005 =X00

Code 201&-2003 Relative %| Total % Aggr. %
to end stage

1111 Sediments 56.28 29.54 29.54
(2211) Sediment® SS patchy 40.47 1.79 1.79
(3332) SS patchy> LS patchy 11.38 3.66 3.66
1113 LS patchy> Sedimentsg 7.7% 4.07

1311 Sediment® LS patchy-> Sediments 3.7% 1.97

1131 Sediment® LS patchy-> Sedimentg 6.64 3.48

3311 Sediment® LS patchy 9.68§ 3.11

3313 LS patchy>Sediment® LS patchy 3.56 1.14

3331 Sediment® LS patchy 2.72 12.60 26.37
3333 LS patchy 17.19 5.53 5.53
4443 LS patchy>Wood 9.79 1.07 1.07
4444 Wood 66.86 7.31 7.31
1114 Wood> Sediments 8.77 4.60 4.60
1112 SS patchy> Sediments 3.1% 1.6p 1.66
SUM - 81.54 -

3.66 % develop from SS patchy to LS patchy. The main process is the aggradation and the
attachment (GURNELL et al. 2001). In the map below, these areas concentrate in the northern
part. 26.37% has a relative rapid change between bare sediments and LS patchy (in the
conceptual model pioneer islands) by regenerating living wood or propagules establishment

in the lee of dead wood. Often this unit is reset to bare sediment by large and powerful floods.
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This shows the second path for development of pioneer islands without diffuse/patchy
vegetation (EDWARDS et al. 1999; GURNELL et al. 2001).

In Figure 49, these succession chains interchanigtgatchy and sediments are subdivided
into two categories: light green is primary bardisent and the darker green stays primary
LS patchy. As we can see the light green areaslaser to the constant main channel (code
1111), which have the opportunity of resproutingless active years. Contrary the darker
green areas of this alternating class, are sitUatgider away from the main channel or close
to side channels where woody debris have betteortyopties to resprou(FRANCIS et al.
2009).

Legend

Succession chains

1 = bare sediments, 2 = SS patchy, 3 = LS patchy, 4 = wood
2010 = X000, 2009 = 0X00, 2005 = 00X0, 2003 = 000X
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Figure 49: Spatial pattern of successions chainthfostudy area

5.53% overall and 17.19% relative change staystaoh®ver time as LS patchy, while a
small percentage (1.07%) develops further into wasldnds). The main process for the later
one is aggradation, attachment, avulsion or digseof the floodplain (BwARDS et al. 1999;
GURNELL €t al. 2001).

A small overall percentage (7.31%) stays constamtlgd over the entire period. The relative

change of 66.86% is the highest, indicating thatnet stability of this landscape type if
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compared to the other. 4.60% of wood are resetare lIsediment. Main process for the
resetting of islands is due to lateral erosion mexhe main channel (EvARDS et al. 1999).

In the map (Figure 49), we can clearly see theclteent process: chain 4443 is located in-
between two different areas that stay constantlyded over time. Moreover, we can see that
mostly chain 4443 is surrounded by chain 3333 (eonly LS), indicating the dynamic
gradient of the different landscape units.

To define whether the subdivision of landscape sypepports the evaluation of human
impact on endangered habitats, we tried to matdt fdbitat found at the Tagliamento River
with the defined landscape units. Here, we triedydoone step further than the simplified
subdivision into island types, which do not takiaccount vegetation diversity.

The early date of the field survey presented diffies in distinguishing different willow
species and other key species listed in the FRétprgtational manual. A clear combination
of FFH code and landscape units was so difficultdedine. Still, we tried to define some
matches based mostly on the morphological desonipfihe vegetation survey is only used as
supplementary indication.

The FFH habitat 3220 “Alpine rivers and the herlbasevegetation along their banks” is
characterized by herbaceous or suffrutescent p(&@2007).

The subtype 24.221 is characterized by herbacetarsispas Chondrilla chondrilloides,
Erigeron acris, Epiolobium dodonaei and Scrophalagnina. The best conditions are found
on gravel banks which are stable for at least theorsd year and are slightly above
annual mean water level. The vegetation cover hiadteeds 5% (MLLER 2005).

Even we could not define vegetation on bare sedisnbacause of early date of the field
work, this habitat is very likely present in thistscape unit.

The vegetation for the subtype 24.222 is Calamagrpseudophragmites with seedlings of
Salix and Myricaria germanica (EC 2007). It devslagpong secondary channels where finer
sediments deposit and ground water is close teuHace (MILLER 2005).

We can fit this habitat to the landscape type SBhyawere we found the previous defined
vegetation composition as shown in Table 13 (Chap2). Also the development around
secondary channel is shown in Figure 46 (Chapg&23.

The habitat 3230 “Alpine rivers and their ligneaegetation with Myricaria germanica” has
also been found in the study areaO{lMER 2005). This habitat develops from habitat 3220
through the development of willow seedlings intavIshrubby vegetation (EC 2007). The

ecological conditions in which this habitat develaggre similar to the previous habitat. To
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develop into a higher vegetation stage a large sediment layer is needed for the nutrients
support. Moreover, groundwater is relatively highgviding water in the dry summer season.
With optimal conditions this habitat can reach ghhtover rates (MLLER 2005).

Also this habitat can be found in the landscapd &8 patchy. The large STD for the
thickness of fine sediment and the low groundwégeel, indicate that this landscape unit
integrates both FFH habitat, 3220 (subtype 24.2P#)3230. Also the vegetation analysis of
SS patchy shows species listed in the FFH man@2@7), which are at an age between 1-
3 years.

Further, FFH habitat 3240 “Alpine rivers and tH@ineous vegetation with Salix elaeagnos”
can be found. This habitat is characterized byk#ig or wood of Salix ssp. and Hippophae
rhamnoides (EC 2007). This habitat develops ondrighavel spots than the previous habitats
and in the Tagliamento often it is combined witlp®las x Canadensis. Low flow conditions
can lead to a drying-out (MLER 2005).

The sampled species (Table 13 Chapter 3.2.2) andlévation above main channel indicate
that this habitat can be found in the LS patchylé@ape unit. Also lower ground water level
(Figure 41) in combination with less fine substriitiekness and observed high stone/gravel
content indicate that this landscape unit has mighebability for drying out than the other
previous ones.

There is a second association of the habitat 384@hich Salix eleagnos dominates. The
vegetation is located on more dynamic locationsvimg often traces of abrasion. Due to high
physical disturbance vegetation height is max 1\Wwich focuses more on the development
of roots (MULLER 2005). Differently from the previous associatidnhabitat 3240, we can
find this one in the landscape type of SS patcloabse developing larger homogeneously
covered areas and because being on more dynaratmlos.

The priority habitat 7240* “Alpine pioneer formatis of Caricion bicoloris-atrofuscae” and
7230 “Alkaline fens” are small habitats that formowand water pools fed by rising
groundwater and slow flowing gullies (MLER 2005). These habitats are difficult to match
with one landscape type due to its small extensioth special conditions of development.
Still, even if not mapped as single unit, it is Wwmothat both are present in the study area
(MULLER 2005).

The landscape type wood is not clearly compatibth WFH habitat described by OMLER
(2005). Problem is that woody FFH habitats are dprgdefined through the species
composition and not through geomorphic attributesh@ dynamic floodplain FFH habitats.
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Due to scarce vegetation data, attribution of FRbitats to landscape type wood becomes
more difficult.

The FFH priority habitat 91E0* “Alluvial forests Wi Alnus glutinosa and Fraxinus excelsior
(Alno-Padion, Alnion incanae, Salicion albae)” deys on more stable areas of the
floodplain. The woody areas defined in this studg elearly the more stable within the
floodplain and also vegetation data indicate thegt &ssociation Salicetum triandrae and
Salicetum albae are possible on this landscape typeertheless, the scarce vegetation data
cannot confirm the doubt MLER (2005) has concerning its occurrence in the stadgh.

Table 19 summarise briefly the attribution of FFldbhat and associations defined by
MULLER (2005) to the landscape types of our study.

In summary, we can assess that SS patchy and L®ypare good indicators for the
occurrence of endangered FFH habitats, even thaithim the landscape type itself a better
distinction is not possible. More samples in comakion with a better vegetation description
are needed to characterise environmental conditrondich this habitat exists within its unit.
This allows a further subdivision of landscape simit habitat distribution, as done for the
landscape distribution. Especially, the landscdagsscwvood would profit out of more detailed

vegetation analysis.

Table 19: Landscape type attributable FFH habitat

FFH habitat | Sub-type Association Landscape type
24.222 Chondrilletum chondrilloidi Bare sediments
3220 Cal tiet
24.222 alamagrostietum SS patchy
pseudophragmitis
3230 Salici-Myricarietum SS patchy
Salix eleagnos SS patchy
3240
Salici-Hippophaetum rhamnoidis | LS patchy
7240* Caricion bicoloris- atrofuscae -
7230 Caricetum davallianae -
Salicetum triandrae Wood?
91E0*
Salicetum albae Wood?

For the methodological approach, we saw that aacewization of the defined landscape
types is easily possible, showing the relation leetwvegetation cover and patchiness visible

through aerial pictures and the ecological vanglbdampled in the field.
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This approach allowed the mapping of landscapesupdtsed on aerial photographs. Big
advantage of this approach is the independencheof/¢ar of sampling to characterize the
landscape units and the year to which the CAESARIksition ends.

For our purpose decision to take landscape typtsagble because we had the DEM with a
resolution of 10m and the biotopes, such as singlgetation patches, mostly of smaller
extent, making prediction of these difficult. Stilhe size of the smallest mapped unit of SS
patchy (mostly 20m large), is at the limit of pretdn.

Disadvantage of landscape types is that vegetassociations might be distributed over
more than one landscape type, because vegetatfersdn age and habit but not in species
composition. Due to the weak species charactenizdtiis cannot be excluded. Anyway, the
results showed that different landscape types nalude the same FFH habitats because
integrating vegetation associations differing ibiha

Moreover, CAESAR only integrates eco-hydromorplaedbacks on higher landscape level
as explained in Chapter 4.1. The prediction of Isiqgoneer islands for which woody debris
plays an important role ANCIS et al. 2009; GURNELL et al. 2001), are difficult to implement
into a simulation at lower scale.

The choice for landscape types is so adapted tbetechosen scale of CAESAR.

The largest source of error occurring during then@ang is if variance of each defined
landscape unit is not covered. This happened s rdsearch with the LS patchy landscape
unit, where only the sedimentation fans were sathptel not the bare sediments in-between
(Chapter 3.2.2.2). This had consequences for theacterization and the later multinomial
logistic regression analysis, which gets falsified.

Moreover, before sampling, minimum sampling numbbould be defined to carry out
significant statistics. This prevents, as happemedhis study, that the ratio cases to
independent variables misses even the lower boyrfdarmultinomial logistic regression
analysis (Chapter 3.3). The reason is the reldéiweelevation measures, so that only a small
set of samples could be used. This shows thabthesfshould also be placed on key variables
which are known to match to CAESAR data.

4.3 Integrating habitat distribution with CAESAR re  sults

Table 14 (Chapter 3.3) shows a low significancehef statistical model with independent
variables compared to the model without independanables. Also the significance of the B
coefficients for each independent variable is I3alle 15 Chapter 3.3).
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The significance would increase if more samples iaddpendent variables would be added
to the multinomial logistic regression analysis.vBigheless, the defined variables were the
only spatial available calculated by CAESAR.

LS patchy and wood are difficult to distinguishterms of “elevation above main channel”
and “distance from sediments” because both havédasimean value and STD. Comparing
the distribution of the two variables on a scafifat for LS patchy and wood as shown in
Figure 50, we can see that there is a large oveflai shows the difficulty in distinguishing
these two landscape types. Nevertheless, it isatagehat removing sampling errors in LS
patchy (Chapter 3.2.2.2) would improve differenbesveen these two units.

If comparing now the variable “grain size” to “ed#ion above main channel” we can
improve the differentiation of LS patchy and wodeigure 51 shows that the sample
distribution between LS patchy and wood has lesslap, leading into a better prediction.
Contrary, we can assess that for this combinatfoimaependent variables SS patchy has a
higher overlap with LS patchy.

Knowing this, a multinomial logistic regression Bs#s including the third independent
variable “grain size” was tested. Even though, nsamaples would be needed to reach at least
the cases to independent variables ratio of 104hauld give an indication if the statistical

model improves significance.
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In the following tables we can see that the siaibimodel improves its overall significance
from 0.129 to <0.001. This shows that, even the memof cases is low the chance that this
model does not explain more variation than thedsteshmodel is almost 0%. Moreover, also
the significance of each independent variable sexs (compare Table 16 with Table 22),
shown by the improved significance from 0.119 t06@. for the variable “elevation above
main channel” and from 0.111 to 0.071 for the “ahle distance from sediments”.

Also the overall classification accuracy increasemf 57.9% to 84.2%, which is a great
improve. Especially the classification of wood moyes considerably its performance (Table
22).

Overall, even if the number of cases is quite lovit&t more independent variables cannot be
included, the here presented results show thahdlyding “grain size” into the analysis, the

performance of the statistical model is improvedsiderably.

Table 20: Improved statistical model; fitting infoation

Model Model
Fitting
Criteria Likelihood Ratio Tests

-2 Log Chi-
Likelihood | Square df Sig.

Intercept Only 41,644

Final 14,480 27,164 6 ,000
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Table 21: Statistical model; likelihood ratio tests

Effect Model
Fitting
Criteria Likelihood Ratio Tests
-2 Log
Likelihood
of
Reduced Chi-
Model Square df Sig.
Intercept 26,467 11,987 2 ,002
lelevation above main channel 20,0457 5,565 5 062
distance from sediments 19,7822 5,303 2 ,071
mean grain size 34,528 20,049 2 ,000
Table 22: Improved statistical model; Classificatio
Observed Predicted
Wood LS patchy | SS patchy | Percent Correct
Wood 6 0 0 100,0%
LS patchy 1 5 1 71,4%
SS patchy 0 1 5 83,3%
Overall Percentage 36,8% 31,6% 31,6% 84,2%

CoORONA €t al. (2008), calculated the probabilities using a moltnial regression analysis for
land to change from farmland to forest based dier@int data which can be easily get through
the interpretation of aerial pictures. Such dasafoa instance “distance from sediments in the
past years”, “elevation above channel from a previ®EM” or “elevation difference
between two dates”, could be integrated to exgldscape distribution by adding transition
probabilities.

Moreover, multinomial regression for transition rfroone landscape type to another was
compared to ordinal regression byTRERFORDEet al. (2007). Ordinal regression showed to
be easier in application and in indentifying moféceently key variables. Additionally,
RUTHERFORD et al. (2007) states that this method is favourable #gnges into another land

unit can be identified as ordinal process.
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The integration of probabilities of one landscageetinto another could be an additional tool

which could be integrated as second additionalssitzdl model.

4.4 Assessment of the prediction

Comparing the results of the prediction (Figure With the mapped landscape types (Figure
36) we can assess that most errors were done doedhtern sub-reach. The green areas in
Figure 52 show the correct classified cells whetbased areas the wrongly classified ones.
Moreover, intense colour stay for the performantcthe statistical model, while light colour
for the classification of bare sediments by theetagion index of CAESAR.

If we only take in consideration the lower parttioé reach, overall prediction accuracy rises
from 51.4% to 69.8%. This can be considered agat gmprove.

Looking at the performance of the statistical mooleé can see in Figure 53 that there is
almost no match (intense green and red) for théeeaseach. The large errors of the
statistical model are due to the two different thray types of the studied reach (Chapter
3.1.2.1). Having sampled only the downstream reashshown in Figure 37, the statistical
model is only able to represent the spatial distiim of landscape types of the western sub-
reach. If we take in consideration only landscypes classified through the statistical model,
the classification accuracy of the western react6i9%, which is almost nine percent points
higher than the accuracy of the entire reach fersdime classes (37.3%).

Even if samples would cover the entire reach welevoecommend to split the statistical
model based on the two sub-reaches. This is nagedsa to the hydromorphic differences,
which might cause changes in fhéctors of the Logit transformation.

The vegetation index of CAESAR instead, is a batlassification tool, having accuracy for
bare sediments of 66.8% for the entire reach. Niegkass, also in this case larger errors
appear in the eastern sub-reach (light red Fig@j)e Beasible reasons might be the water
input source for the CAESAR simulation which is stamt over time and chosen to be split
equally around the island (Chapter 3.1.1). Thissdoet correspond to reality because water
discharge shifts in power and amount in time frome gide of the island to the other. The
model did not do so, so that we can consider tis¢ Kilometre influenced by this source of
error; after it gets negligible.

If considering only the landscape type bare sedimamassification accuracy of the western

reach is 75%, which is a large increase if congidesiccuracy for the entire reach of 66.8%.
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Legend
South-western sub-reach

Accuracy predicted
landscape types 2010

- Right classifled (statistical model)
- Wrong classified (statistical model} )
[ Right classified [CAESAR mode)
Ij Wrong classified (CAESARmodel)

Figure 52: Accuracy (user) of predicted landscgpeg 2009

For the previously mentioned argues only the wasteach will be considered for the next
steps.

Next, we can look at the classification accuracyeath single landscape type in terms of
producer and user accuracy (Table 23-24). The pedaccuracy allows us to interpret how
many cells were classified right based on the mawadidation data. Here we can assess the
performance of the classification method for eamhdscape type class. Contrary the user
accuracy; in this case we can assess how largeosbility is that a certain predicted class is
truly the indicated one.

Looking at the producer accuracy (Table 23) we assess that landscape unit bare sediment
has a high value indicting CAESAR simulated wed tlegetation index.

Looking at the performance of the statistical mpdebod performed best, predicting for
57.00% the right location. Most classification esravere done with LS patchy. SS patchy has
a higher match with bare sediment (77.71%) thah iself.

Looking now at the user accuracy in Table 24, we stll see bare sediments as best
classified unit. From the total surface predicteere is only a small difference, being 58% the
predicted percentage of the floodplain classifiedare sediments and 50% the mapped one.
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Table 23: Producer accuracy of the prediction

Map 2009
Sed. LS patchy| SS patchyWood
Sed. 86.90 27.22 77.71 12.58
bredicted LS patchy 3.87 36.48 3.71 26.71
2009 SS patchy 7.50 12.54 15.01 3.72
Wood 1.74 23.76 3.57 57.00
tot 100.00 100.00 100.00 100.00 |¥
Table 24: User accuracy of the prediction
Map 2009
Sed. LS patchy SS patchy Wood | tot
Sed. 75.04 16.32 6.37 2.27 100.00
Predicted | LS patchy 11.01 72.12 1.00 15.87 100.00
2009 SS patchy 40.72 47.32 7.75 4.22 100.00
Wood 5.70 54.15 1.11 39.05|  100.00

Wood has a lower user accuracy (39.05%) than peydaccuracy (57.00). The total surface
predicted is 15% while the mapped 10%, so thatdwer user accuracy is attributable to the
large relative surface difference.

LS patchy, converse to the producer accuracy, laghauser accuracy (72.12%). This might
be due to the fact that the predicted area (17%alisof the mapped area (34%).

SS patchy has a low user accuracy of 7.75%. Moteotases are misclassified as sediments
and LS patchy. The total predicted surface (9%alnsost two times higher than the mapped
surface (5%).

In summary, the low significance of the parametelevation above main channel” and
“distance from bare sediments” (Chapter 3.3) i® afsible in user and producer accuracy,
showing that the statistical model is not reallyeato predict spatial distribution for this
landscape units (Table 23-24). Nevertheless,akected that the statistical model increases
its performance, if more samples and independaidhlas, such as grain size, are add to the
analysis. This, as shown in Chapter 4.3, appedrgtease overall accuracy.

The vegetation index, instead has in both accumaegsures high values. This suggests again
as shown in Chapter 4.1 the better prediction piateaf the vegetation growth sub-model
integrated in CAESAR.

An increase in accuracy could also be done by aggrey the two worst predicted classes
and run the multinomial regression analysis agaurely, a better accuracy can be achieved
by merging LS and SS patchy. Nevertheless, aggoegaf these two units would make
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accreditation of FFH habitats more difficult, and &s use for environmental impact
assessment.

Knowing CAESAR as a reduced complexity model, iesloot have the aim to predict exact
fluvial pattern, but more the general behavi@uLTHARD et al. 2007). This influences the
prediction which is based on the spatial distrimutof the predicted variables. By increasing
scale, reality and simulation get closer so thatauracy of the model is averaged out. In the
validation of the CAESAR results this got clear &pter 3.1.2.3).

Because of this, we can improve accuracy only bye@sing resolution. A multiple resolution
validation program developed for the CLUE model wiasd (BNTIUS JR €t al. 2008). This
program compares if, with increasing window sizegaaof predicted landscape types
correspond to the area of mapped landscapes.

Figure 53, shows the fit between the mapped andgtedicted units for different window
sizes. As we can see, fit increases fast until andize of 21 cells; this means that at a
distance of 210m (cell size 10m*windows size 21juaacy of prediction (R?) increases from
0.69 to 0.80. After, the fit increases slower.

Table 25 illustrates the differences between ptediand mapped landscape types at different
scales. The blue colours indicate high errors, aviidllow low ones. It is visible that for all
landscape types errors decrease if resolutiondsedsed.

In Appendix 5, an example for the landscape typeecat a scale of 21 cells is shown to
clarify the results presented in Table 25.

To evaluate how much each landscape type imprdsdis with decreasing resolution we can
only compare the differences between the startingtf1l cell resolution with the coarse
resolution scales but not the absolute values.réi§d shows this comparison.

The landscape type wood and SS patchy perform wbmsindow size is increased, not
improving much their performance. This is due te #mall size and the low percentage of
cover if compared to LS patchy and bare sedim@&ytsncreasing resolution fit does not rise
fast because large areas do not include this lapéstype, so that at the 1 cell scale the R? has
already a high fit (R2 SS patchy at 1 cell 0.8h)eTew windows including these landscape
types improve the R2.

Not only in Figure 54 but also in the maps (Tald¢ this is visible. Large area fit the map at
high resolution, because not classified as SS paidie few areas that are predicted to be SS

patchy almost never correspond to the mapped mtdtieing its accuracy very low.
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Figure 53: Multiple resolution validation of theggliction. Blue dots show the resolution of the mafpSable 24

0.16
0.14
0.12
0.10

® sed

0.08 + LSpatchy

RZdifference

0.06 ® SSpatchy

A wood

0.04 overall

0.02

0.00

20 30 40 50

o
[
o

Window size

Figure 54: Fit difference for each landscape type.

LS patchy shows large errors in the northern plttie sub-reach (Table 25). Its performance
in terms of increasing R2 is highest, increasingagt three times faster than SS patchy. This
indicates that mismatches are more likely to be wuaaccurate prediction of the spatial

variables by CAESAR. Anyway, at around resolutiodn30 cells, R2 difference inverts
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tendency because of the overall low predicted afethis landscape unit. In Table 25, the
same effect is visible due to colours getting kghbut because of increase in surface error,
overall fitting decreases.

Bare sediment show a small increase at the begjnmihich stays even below SS patchy;
after resolution of 7 cells, the curve increasesefareaching the maximum steepness around
resolution of 10 cells. Still, from this point onrege stays steeper than for the other landscape
types.

Combining the increasing resolution results witk firoducer accuracy, we can assess at
which spatial scale errors are made. The low predaccuracy of SS patchy (Table 23) and
the little improve in R? by increasing resolutidmg/s that mismatches are at large distance.
We can compare mapped with prediction map (Figéreardd 47); as we can see, we were
able to predict right ecological range, shown by féct that all the classified SS patches are
at lower locations in the landscape and closedc#tdiment class, but it is not able to allocate
this class as shown in the mapped landscape drits. indicates that for predicting these
smaller landscape units, the geomorphic parametatsulated by CAESAR are too
inaccurate to predict the exact location or thatgsamples used for the statistical analysis are
not representative for the used independent vasalds stated before, increasing sample size
and integrating grain size into the analysis maétify the source of error.

For landscape type LS patchy, we can assess tbattkg low producer accuracy, its R2 is the
steepest one to increase. This shows that thesearerrather at short distance. Nevertheless,
the total area predicted is only half of the obsdrene, so that the curve drops down from an
aggregation of 30 cells on.

In summary, we can assess that the here propostadnguits for a scale of 210m (window
size 21 cells) because being it the point whereRheurve of Figure 53 flattens. Anyway,
adding more variable in the statistical model angroving the CAESAR vegetation growth
model can enhance accuracy for higher resolutioh, t8e simplified approach of CAESAR

is a second limiting factor for the accuracy ofesally smaller units.

89



Table 25: Multiple resolution validation; visualraparison of different window sizes. Blue colouwligate height errors while yellow low

1 cell: overall fitting: 0.69

5 cell: overall fitting: 0.72

11 cells: overall fitting: 0.75

21 cells: overall fitting:0.80

50 cells: overall fitting: 0.83

Bare
sed.
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5 Conclusions
We proposed here a method to predict the spatsafilalition of landscape units using the

hydromorphic model CAESAR which includes interaciavith vegetation. The probabilities
for each landscape unit were calculated based owpled geomorphic variables which
CAESAR was able to predict.
Following we will give an answer on the researclesiions formulated at the beginning of
this study.

1) Application of thereduced complexity model CAESAR to the Tagliamento River.
Is the application of CAESAR using general literature on braided rivers possible?
The informations about dynamic properties founditerature can be used to calibrate lateral
erosion, bed erosion and sinuosity, by comparingdetimg results with the process
descriptions. Quantitative data which can be useddlibration are difficult to find, since, as
ZANONI et al. (2008) states, dynamic properties of braided rivames well known but a
guantification of these is not possible by nowloliking at the differences in water stages in
the period 2005-2009 at Venzone (Tagliamento), ee the maximum annual discharge
varying between 280-1290 m3/s over the years (sgerd- 7 Chapter 2.2.1.1). The same
variation appears within the same year. Becaugete main actor in channel turnover, the
difficulty in quantifying processes becomes cleevertheless, the evaluation of aerial
pictures to define study area specific turnoveesand sinuosity ranges is seen as a helpful
tool to bridge the knowledge gap of process quiaatibn.
Is the simple vegetation growth model integrated in CAESAR sufficient to assess eco-
hydromor phic interactions of the Tagliamento River?
The demand of integrating eco-hydromorphic feedbacdko modelling (MUGHAN et al.
2009) has been partially successfully applied. Eigfig the quantification of mechanism of
interaction between vegetation and hydromorphicgsees is integrated in CAESAR with a
simple vegetation growth model. This allows vegetatto respond to hydromorphic
processes such as burring and flooding. In therotveey around, vegetation influences
erosion and deposition by increasing roughnesien€ing so hydromorphic processes.
Even if the CAESAR model does not integrate complgeractions as proposed in the
conceptual model of GRNELL et al. (2001) it simulates the main effects of vegetatio
riverine landscapes (MRRAY et al. 2008; VAUGHAN et al. 2009). The effects like changes in
lateral erosion due to plant routes or differemiety of vegetation succession stages with
different roughness functions are not integratedu(GHARD et al. 2007; MURRAY et al.
2008).



Nevertheless, the valid use of this simple sub-rhagleshown by the high accuracy in
classifying areas where no vegetation has the tpmioy to grow. The validity of the index
for grass growth hampered the use of this varitdrlelassifying vegetated landscape units.
An extension of the simple linear model to a sligmore complex one integrating further
succession steps (shrub and wood), would improgectmsidered feedbacks. Moreover, it
would provide an additional tool which in combirmati with ecological conditions can
increase classification accuracy of the predicaedi$cape types.

2) ldentify propertieswhich indicate habitat types.
Which landscape properties can be used to statistically differentiate habitat types?
The scale of landscape units, instead of habitais wshosen because of the low DEM
resolution (10m). Also the time gap between fialdvey and CAESAR simulation end time,
led for the choice of landscape types, which cambpped through aerial pictures.
Nevertheless, field data show that the landscapestyhave the potential to integrate
endangered FFH habitats. Especially, SS patchytaege indicates conditions for the
development of a few endangered FFH habitats withan more dynamic areas of the
floodplain. Also LS patchy vegetation includes oassociation of one FFH habitat.
Landscape type wood is not clearly including sorkél Fhabitat. The reason for this is that
woody FFH habitats are largely defined through Egecomposition and not through
geomorphic attributes as the dynamic floodplain FralHitats.
Anyway, the results showed that FFH habitats cadisibuted over more landscape types
because integrating vegetation associations witterdnt habit. Further, due to the weak
species characterization, we cannot exclude tisatcastions of the FFH habitat are scattered
over more landscape types.
The R2 for the predicted landscape units of 0.68 satisfactory result. If higher scales are
chosen R2 even increases until 0.80. Still, théh lagcuracy is given through the better
classified bare sediment landscape type by usiegvdyetation index of CAESAR. The
statistical model for the classification of vegethiandscape types does not have a high
predictive power.
If no mistakes were made in this study to calculdte grain-size distribution file of
CAESAR, another variable could be add to the maitiral regression analysis and so
improve the statistical model. This additional aate is rather ecological than hydromorphic,
and could give some further hints for understandewplogical variability within the
floodplain. Anyway, the here indicative analysisdase of lucking sample number, shows an

increase of classification accuracy from 58% to 84%
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3) Investigation of the link between the CAESAR calculated geomor phic variables
and indices pattern and the actual habitats assortment.

Is CAESAR able to predict the spatial distribution of variables which explain distribution of
habitats?

The calculated parameter and the vegetation indeRAESAR were able to predict the
landscape types with an overall accuracy of alni08s, for the sampled western sub reach.
The potential of CAESARSs predicting power is shdwrthe high accuracy in predicting non-
vegetated areas which yield highest user and pesdaccuracy. The low accuracy for
vegetated landscape types is thought to be mordgadtlee statistical model than due to the
CAESAR output. Anyway, integrating the grain-simoi the statistical model as additional
independent variable would improve accuracy.

The matching of landscape types as aggregated ddr@URNELLS et al. (2001) conceptual
model, shows that for future studies, even tramsédion probabilities or chain from one
landscape type into another could be integrategtierprediction method. Further, it allows a
better evaluation of future scenarios in terms adsmg processes for the development of
certain landforms.

4) Assessing if the proposed method allows prediction of human impact on
endangered NATURA 2000 habitats as a function of changes in morphological
properties.

Isthe overall method suitable for human impact assessment on endanger ed habitats?

Through the development of scenarios, as climaa@gh or the construction of a dam, inputs
for CAESAR could be changed. For instance, if assgnelimate change as scenario, the
hydrograph could be changed by enhancing diffeiemegween low water and high water
stages. The eco-hydromorphic processes will resgonthese changes, and change the
environmental setting of the explanatorily geomdarpkariables used to calculate the
probabilities for each landscape type.

VAUGHAN et al. (2009) asks for the integration of cross scaléofaanto the simulation. The
integration of large scale factors, such as lardalsinges in the catchment, and its impact on
the landscape distribution on the reach can beudied as further scenario evaluation tool.
CAESAR allows combining catchment simulation wigtach simulations. The large scale
provides the input data, such as discharge andnsedisupply, for the connected reach
simulation. The impact of changes in the catchnenitld then be analysed in terms of

landscape type pattern changes in the reach, atid smnnected endangered FFH habitats.
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The limitation of the here proposed approach is #ssumption that the vegetation
composition and so related landscape types do mabge over time. This limitation is
difficult to counter since it is difficult to precli how the vegetation composition changes due
to long term changes such as climate change amtiaig how this will lead to a new habitat
assortment.

Overall, the integrated basic eco-hydromorphic liee#ts of CAESAR, the matching of
landscape types with FFH habitats and the accept@rall accuracy of prediction, which
has the potential to improve, make this approagjo@l tool for the general assessment of

human impact.
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Appendix 1: Laser analysis

campione

180_62

180_7

180 97

mean

classification % out of the 22.989

overlap

D

micron

%

%

%

%
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0.7

0.57

1.48

0.00

0.68

colloid

0.157

1.0

14

2.0

2.8

1.93

3.38

0.33

1.88

clay

0.432

39

55

7.8

110

156

22.1

31.3

44.2

9.37

43.94

7.26

20.19

silt

4.640

62.5

88.4

3.87

25.27

9.69

12.94

very fine sand 2.975

125.0

176.8

14.85

17.09

32.08

21.34

fine sand

4.904

250.0

353.6

37.23

6.52

40.70

28.15

medium sand

6.470

500.0

707.1

24.36

1.80

9.94

12.03

coarse sang 2.765

1000.0

1414.2

7.81

0.52

0.00

2.78

Very coarse san

d0.637

(CaTANI 2007)
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Appendix 2: Sieve analysis

sample 180 - |180 - | 180 -
20 40 60
Grain % % % mean Classification
Size cm
0.10 coarse sand and below +
22.98| very coarse sand
0.20 21.67 | 25.32 | 21.96
0.40 12.87 | 1291 | 5.71 10.50very fine gravel
0.80 20.78 | 1555 | 15.36| 17.23fine gravel
1.60 25.16 | 14.79 | 23.88| 21.28medium gravel
3.15 19.53 | 7.90 33.09| 20.17coarse gravel
6.00 0.00 23.52 | 0.00 7.84| very coarse gravel
12.50 0.00 0.00 0.00 0.00{ cobble

(CATANI 2007)
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Appendix 3: Example of hydrograph processing

mean over the hydrograph hydro
Date Q09 Q08 Qo7 Q06 Q05 years Std producer smother
01.01. 56.77 0.93 7.92 34.32 36.60 27.31 | 22778 15.32 26.67
02.01. 55.20 0.87 7.18 34.50 35.90 26.73 | 22.394 38.01 32.84
03.01. 53.25 0.79 6.16 34.14 34.48 25.76 | 21.849 45.19 47.41
04.01. 51.59 1.54 5.89 33.82 33.83 25.33 | 21.083 59.02 59.02
05.01. 50.97 2.64 5.17 34.12 33.56 25.29 | 20.759 16.19 42.16
06.01. 49.77 5.06 4.77 34.07 33.69 25.47 19.853 51.27 51.27
31.10. 684.44 25.18 24.24 42.36 194.05 | 327.027 356.13 538.25
01.11. 745.45 22.90 23.26 41.57 208.29 | 358.209 215.01 221.21
02.11. 286.42 22.16 20.53 40.86 92.49 | 129.616 92.49 135.53
03.11. 170.81 21.08 19.82 40.68 63.10 | 72.441 99.08 79.24
04.11. 180.13 20.31 18.62 40.33 64.85| 77.486 46.15 86.31
median 39.35 41.68 29.11 44.38 36.28 49.65| 36.144
mean 54.60 70.75 31.45 49.21 39.87 346.50 | 629.325
std 55.17 109.84 40.52 48.137 25.61 31.40 --
min 11.96 0.79 0.40 8.55 17.94 22.65 4.89
max 455.44 | 1290.43 | 577.41| 727.32| 280.24 346.50 | 629.32

100




Appendix 4: Sensitivity analysis for CAESAR paramet  er
influencing calculation time.

Particularly we investigated sensitivity of caldida time for:

“Max erod limit”, which is main parameter influeng simulated time per iteration step (time
step; chapter 1.3). As soon as entrainment pakgesmit, time step is divided by two and
erosion calculated again, allowing detailed simatatduring high hydromorphic activity
(COULTHARD n.d.).

“Slope used to calculate Tau” has three optioreatoulate shear stress (TAU):

— Bedslope: erodes in every direction in which begslis positive (BULTHARD n.d.).

— Bedslope2: shear stress is calculated using maslopé. Erosion is calculated using
this max shear stress and eroded material is rbdisgd according to bedslope
(COULTHARD n.d.).

— TAUvel: this method derives shear stress from fieiocity (from Q). Max velocity
can be set due to the fact that CAESAR does notetr&uperficial flow, leading in
some spots to an over high velocity (high eroside)ocities higher than set value are
cut-off to max velocity value. Reducing this paraenean speed up simulation (at the
expenses of realism). Further this method allowseld@ment of pool-riffle
(COULTHARD n.d.).

“Min Q for depth calc” sets the threshold Q abovsah erosion and deposition is calculated
(COULTHARD n.d.).
“Flow distribution” defines through how many cells water is pushed fome cell to set front

ones (OULTHARD n.d.).

It was found that “erod limit” and “Slope used talaulate Tau” are parameter influencing
most computational time and performance.

For the before chosen 10m DEM, “max erod limit” % was found to be best, having a
maximum allowed slope change of 0.01m per calcutadgtep and lowest calculation time.

In performance (visual comparison of the results)ctear difference was visible, so only
maximum slope change and calculation time was takeconsideration to define proper
settings.

For “Slope used to calculate Tau”, “Bedslope” wasarnfd to be slowest method. No clear
difference in erosion/deposition and flow patterthwBeslope 2” method was visible, only

erosion rates were higher for the second method.
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Comparing two different limits of velocity for tH&au based on velocity” method we found
that reducing this limit reduces calculation timensiderably. Looking more at erosion and
flow pattern, we evaluated that the lower the Bgeit Ithe lower the channel incises, due to
lower difference in velocity between middle chanzed .

Finally, we compared “Bedslope 2” method and “Tasda on velocity” (TAUvel=1) with
velocity limit set at 1. “Bedslope 2” method wasifal to be slower from the calculation point
of view. Assessing after erosion pattern, we asbat “Bedslope 2” eroded 12.5 times more
than TAUvel=1. This was found to be due to a higkension power with increasing
discharge for “Bedslope 2" method.

Also erosion and deposition pattern was differeat the two methods. TAUvel=1
erosion/deposition follows channel pattern, whegkeity is higher. Due to higher sensitivity
of “Bedslope 2” to increasing Q, erosion/depositpaitern follows bed slope pattern at high
water level, not taking into account feature suglmaanders.

We selected “Tau based on velocity” limiting velgdo values below 1. Even limit below
two might have consequence in a unrealistic oUfBQULTHARD n.d.), we consider output of
TAUvel=1 much better than TAUvel=2. This is cons&bkto be best option for the spin-up,
in which no lateral erosion is integrated. Laterwit reconsider this option.

Other parameter were found to have only a slightdaich on calculation time so setting was

calibrated to get highest amount of sediment radigion.

102



Appendix 5: Landscape prediction
decreasing resolution
Scale 1 cell wood

Modelled: black=100% white=0%

Mapped: black=100% white=0%

Difference: red=100% green=0% difference

Mean error=0.13; STD=0.34
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Scale 21 cell wood
Modelled: black=100% white=0%

.

Mapped: black=100% white=0%

& ‘

Difference: Black=100% white=0% difference

-

k.
e

Mean error= 0.08; STD=0.10
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Scale 1 call sediments
Modelled: black=100% wood white=0%

Mapped: black=100% white=0%

Difference: Black=100% white=0% difference

Mean error=0.21; STD= 0.40
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Scale 21 cell sediments
Modelled: black=100% white=0%

Mapped: black=100% white=0%

TN

Difference: Black=100% white=0% difference

- ,
)

S
-

k.

Mean error=0.17; STD=0.16
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Scale 1 cell LS patchy
Modelled: black=100% wood white=0%

Mapped: black=100% white=0%

Difference: Black=100% white=0% difference

Mean error=0.27; STD= 0.44
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Scale 21 cell L S patchy
Modelled: black=100% white=0%

Mapped: black=100% white=0%

Difference: Black=100% white=0% difference

Mean error= 0.21; STD=0.21
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Scale 1 cell SS patchy
Modelled: black=100% wood white=0%

Mapped: black=100% white=0%

S —

Difference: Black=100% white=0% difference

Mean error=0.12; STD= 0.33
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Scale 21 cell SS patchy
Modelled: black=100% white=0%

N

Mapped: black=100% white=0%

Difference: Black=100% white=0% difference

-

- r

hate ""‘
"'.‘

Mean error= 0.09; STD= 0.09
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