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DISCLAIMER

The opinion stated in this report reflects the opinion of the authors and not the opinion of the
European Commission.

All intellectual property rights are owned by the AMBER consortium members and are protected by

the applicable laws. Except where othérvda S & LISOA FASRX | ff R20dzYSyid 02y
-1 ff NAIKGA NBASNBSRé® WSLINBPBRAzOGAZ2Y A& y2aG | dz
commercial use of any information contained in this document may require a license from the owner

of that information.

All AMBER consortium members are also committed to publish accurate and up to date information
and take the greatest care to do so. However, the AMBER consortium members cannot accept
liability for any inaccuracies or omissions nor do theget liability for any direct, indirect, special,
consequential or other losses or damages of any kind arising out of the use of this information.

Executive summary

Thisisverson1.00fD2.6{ A Ydzf  GA2Yy FyR Y2RStfAy3a YS(iK2R2f 238 ¢
for management scenario comparisoiiisreportis a deliverable of the AMER project. This project

KFd NBOSAGSR FTdzyRAYy3dI FNRBY (KS aadzh@atinlpsdgrgmynd 2y Qa |
under grant agreement No 68988

WA BSNESNNB & a2 T fgraduiié and @ryestriiCeavicofiments of our planet. These
communication and transportation pathways are very frequently blocked and disturbed by human
activitiesthat create physical and chmical barriers.The European Barrier Atlas prepared kye
AMBERproject documents the magnitude of this impadingthe example of physical baers such

as dams or weirs. The impact of these features is not only related to blockirendpdownstram
migration, but also tothe modification of adjacent habitats. Due the number of such barriers
averaging one dam every river kilometethis causes massive alteration of fo and fauna
composition. These changes are causedh®s/change of spatigemporal habitat availability and
structure. Withinthe MesoHABSIMabitat simulation approach we developed appropriatdicators

of habitat quantity, fructure and temporal shortage creating so calledHabitat Stress Days. &h
indices are applied to comparaternative dam managementcenarios also taking into account
expectedclimate changeadriven modification of flowavith the help ofthe Restoratbn Alternative
Analysis diagram. Such diagmaimdicatethe expected habitat impacts in Euclidian space. Theisool
demonstratedusing tte example ofa small barrier orthe low gradientRiverMienia in Poland.
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1. Softwareinformation

The core software applied foine presented MesoHABSIM analysis is-Sineam 8.0 byhe Rushing
Rivers Institutewww.SimStream.org



http://rushingrivers.com/index.php?option=com_content&view=article&id=10&Itemid=12
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2. Introduction

This project has received funding
from the European Union's Horizon
2020 research and innovation

rogramme under grant agreement

www.amber.international No. 689682,

D2.6. Simulation and modelling
methodology with indicators
(‘habitat stress days’)
for management scenario
comparisons

This Is version 1.0 of D2.6 ‘Simulation and
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Executive summary

Figure 1Slides1-3. AboutAMBERhttps://amber.international/about/). Improving stream
connectivity has been flagged as one of the priorities for more efficient stream restoration. To
achieve 'good status' under the Water Framework Direc{W/FD), one of the major challenges is

the fragmentation of stream habitats. This fragmentation is mainly caused by tens of thousands of
marrmade barriers, many of which are old and no longer in use.

This project seeks to apply adaptive management todperation of dams and barriers in European
rivers to achieve a more efficient restoration of stream connectivity and address impacts caused by
river fragmentation.

We target the main limitations of current stream restoratiefforts to achieve more effdive
restoration of river ecosystems that is compatible with other water uses. This will improve the
energygeneration security, help protect jobs, and boost European competitiveness, particularly in
rural economies.

AMBER will have beneficial effects the restoration of freshwater flora and fauna. The project will
serve to protect global biodiversity in running waters by decreasing river fragmentation, promoting
habitat connectivity, and evaluating the merits of different restoration actions throagheral
guantified targetsThe presentation will be available with audio commentary on the AMBER website
https://amber.international/.
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EE-' ropean Rivers: Arteries of life
Rivers
systems

* Connecting
continents with
oceans

* Biological
distribution
pahtways
* transportation
* communication
* processess

Figure 2.Slide4. Rivers serve as distribution pathways 1de entering from the ocean on the
continents. Like blood vessels in our bodigsers distribute nutrients upand downstream and
provide living space for numerous plants and animals. Here we can see just how prominent they are
within our landscape. Walso depend on them for many of our resources: water, fish, recreational
opportunities, birdlife, and so much mare

Barriers MR R
on
European
Rivers

+ 400.000
recorded

in AMBER ATLAS
(status Nov 2018)

AMBER

Figure 3.Slide5. Unfortunately, human activities clogged these pathwaysthms construction of
millions of dams and barriersvVe had estimatedhat there isa®® | NNA SNJ SHSNE NRAR OSNJ | .
current, as yeincomplete version the AMBER Barriers Atlas includes over 400 000 barriers.
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Types of
barriers

Europeanrivers
classified into
Fish Community
Macrohabitat
types (FCMacHT)

1 Highland. medium seciment rivers
w—2 Mouniain, Alpine and subalpine rivers
3 Central European ‘owland, medium sediment rivers
s 4 Central Curopean lowland, large-medium sediment rivers
— 5 Highland and lowland, large-medium sedment rivers
6 Boreal large-med um sediment rvers
7 Boreal lowland nvers
s § Mediterrangan meuntaln and uplanc rivers
— ) South Ewropean highland
10 Medierranean lowland rivers
— 11 Westemn European and Atlantic nvers
w12 Lovdand med um sediment and organic rivers
13 Horeal-Allantic large-medium sediment nvers
—14 AANGC MGLM-a/ge sedment rivers
— 15 North Altantc lowiand, mecium farge sediment rivers
all cther rivers

AMBER

AMBER

BARIER DESCRIPTION PICTURE

Dam - a barrier that blocks or
constrains the flow of water and
raises the water level with
permanent ponding.

Weir - a barrier aimed at
regulating flow conditions and
water levels.

Sluice -amovable barrier aimed
atcontrolling water levelsand b
flowratesinriversand streams.

Culvert - a structure aimed at
carrying a stream or river under
an obstruction.

Ford - a structure in ariver or
stream which creates a shallow
place for crossing the river or
stream by wading or in a vehicle.

Ramp -arampor abedsillisa
structure aimed at stabilizing the
channel bed and reducing
erosion; itis recognizable by its
stairway-like shape.

Phot AMBER, ERCE

Figure 4.Slide6. We consider herall barriers that limit migration of the fauna up and downstream
The slide presents the types of barriers identifiethe AMBER projectThe mpact of those barriers
on river ecosystems is not uniform, as some of theave a much stongerfiect on the aquatic
communities than othes.

7

(AMBER D2.2, VERSION 3.0).

Figure 5.Slide7. Impactalsodepends on the aquatic fauna living in rivers, which is also not uniform
accross the Europe. Scientisitom the AMBER project developed a map of Fish Community

6 AGKarsoplRA OF 2 NR
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MacroHabiat Types. These are river sections wisipecifidish community structure. Fish serhere

as indicator organisms.
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Catchment Database, version 2.1 (CCM21) (Vogt, J.V. et al., 2007), European Soil Database v2.0 (ESDB

v 2.0; Panos, 2006), IHME1560International Hydrogeological Map of Europe 1:1,500,000,

Environmental Stratification of Europe version 8: Metzger, Marc J. (2018). The Environmental

Stratification of Europe, [dataset]. University of Edinburgtps://doi.org/10.7488/ds/2356 Water
Information System for Europe Water Framework Directive (WISE WFD) database (EEA, 2017).

Expected fish communities :

River typeno 1

River type no 6
<
-
U
Y

! 39%

River type no 11

for each of 15 FCMacHT

11 Fish guilds propotions

Highly rheophilic. intolerant species

® Rheophilic water column species, preferring sandy-gravel bottom substrate
® Limnophilic water column species of moderate tolerance

W intolerant, water column species

= Limnophilic phytophilic species of moderate tolerance

 Generalists - tolerant species

River type no 2

River type no 7

River type no 12

River type no 4
Pl

~

River type no 3

River type no 8
”

River type no 13

12%

River typeno 5
<

® Rheophilic benthic species, preferring sandy-gravel bottom substrate

= Uimnophilic benthic species of moderate tolerance

Uemaophilic lithophilic species of moderate tolerance
Benthi species of moderate tolerance

(AMBER

® intolerant, rheophilic benthic species, preferring detritus or pelal bottom substrate

D2.2 VERSION 3.0).

15 European Rivers Macrohabitat types (FCMacHT)

1 Highland, medium sediment rivers
2 Mountain, Alpine and subalpine rivers

3 Central European lowland, medium sediment rivers
4 Central European lowland, large-medium sedimentrivers
5 Kighland and lowlang, large-medium sediment rivers

AMBER

6 Boreal large-medium sediment rivars
7 Boreal lowlandrivers
8 Mediterranean mountain and uplandrivers
9 Megiterranean highland rivers
10 Meciterranean lowland rivers

11 Western Europaan and Atantic rivers

12 Lowland medium sediment and organic rivers

13 Boreal-Atlantic large-medium sedimentrivers

14 Altantic medium-large sediment rivers

15 North Altanticlowland, medium-large sediment rivers

Figure 6.Slide8. This slide presents proportions of fish habitat use guilds (i.e. groups of species using
the same habitats) expected in each macrohabitat type.
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Fish
migration
blocked

« alteredor
stopped fish
upstream
migration

« fish mortality:
« dewatering
« turbines

Phot.P.Prus, M. Adamczyk SSIFI

Figure 7.Slide9. Most known impacts on fish are blockage of fish migration and mortality at turbines.
10

Dam impact on free flowing river

\:?\ N

=

\
el

Connectivity interruptions, ponding, sedimentation,
flow alteration,
habitat change and loss

odified from L. W £} ctsof son plain Func

Figure 8.Slidel0. In general barriers do not only affect the fish migration but also modify adjacent
habitats. Upstream sections are impounded and downstream have disturbed flow patterns.
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Free flowingriver at dynamic equilibrium

Dam impact
on upstream
habitat

* higher depth
* low velocity 2 Impoundedriver
* substratesiltation :
* high temperature
* Jow oxygen

* eutrophication

* vegetationshift

* benthos shift

ﬁ

i KarkgifRA O (2 N&

AMBER
11

Figure 9.9ide 11. The impoundments increase water depth and slow water flow, causing aiitati
lower oxygenation, higher temperature and eutrophication. Biological effects are shifts in vegetation

patterns and benthic communities.

Upstream

* rheophilic fish
guilds in
undisturbed
river

.

1 Highly rheophilic, intolerant

M Rheophilic benthic
M Rheophilic water column

M Generalists

AMBER

% free flowing

12

11
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Upstream
* rheophilic fish 3
guilds in diijppounded
undisturbed '
river

J

A

» change of lotic
into lentic
habitats

+ altered fish
community

Highly rheophilic, intolerant

. M Rheophilic benthic
» generalists -

tolerant fish in
impounded river

M Rheophilic water column

m Generalists

Figure 10.Slidel2. Impounding of free flowing riveichanges habitat conditions in the impoundment
so far that the structure of the fish community is changing from fish using fast flowing habitat (i.e.
river fish) to more generalists (i.e. pond fish).

13

Damimpact =3
onh downstream |
habitat

« flowregime
+ fluctuations:

+ depth
« velocity
. temperature
+ blocked j
sediment s O el
* riverbederosion
¢ migration Flow
blocked alterations

« fish mortality
(dewatering)

Figure 11Slide13. Downstream effects include change of flow regithat frequently caus erratic
fluctuations of flow velocity, depth and temperature. Sediment deficits leatil/grbederosion. Due
to blocked fishmigrations,we can expect increased density of some speeig well as mortality due
to dewatering of theriverbed

12
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Downstream

Highly rheophilic, intolerant

W Rheophilic benthic

® Rheophilic water column
Limnophilic benthic, moderate tolerance

B Rheophilic benthic, detritus pelal, intolerant

¥ Limnophilic phytophilic, moderate tolerance

Benthic, moderate tolerance

i Generalists

Phot. M. Adamczyk SSIFI

AMBER

14

Downstream

+ change of
habitat quality
and stability

* rapid bottom
erosion

Highly rheophilic, intolerant

+ altered fish
community

B Rheophilic benthic

M Rheophilic water column

Limnophilic benthic, moderate tolerance

m Rheophilic benthic, detritus pelal, intolerant
® Limnophilic phytophilic, moderate tolerance

Benthic, moderate tolerance

W Generalists

Phot. M. Adamczyk SSIFI

AMBER

Figure 12Slidel4. In downstream ares, fish community structure changesdirectconsequence of

habitat alteration, leading again t@nincrease of more generalist species, which are more resistant
to the changes.

13
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I nveSt!g.atl n.g Pilica River (POLAND) Vistula River (POLAND)
and mitigating
impact of
barriers
. Define habitat
changes up-
and
downstream
. Develop
mitigation
scenarios
. Compare and
select

Phot ERCE, K Susuka,P.Parasiewicz SSIF|

Figure 13Slidel5. Consequentlyto fully understand the impact of dams on riverine ecosystems and
determine the best management actions we need to investigate changehifalts adjacent to the
barrier.

14
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3. Methodology slideshow

Habitat simulation models are 16

appropriatetool for this purpose

What Physical Biological
habitat conditions requirements
1
changes? 5|
ER
+ Alteration of E % -
habitat R e R
structure ' Depth

+ Reduction of Habitat quality
habitat area

« Temporary
habitat deficits

AMBER

Figure 14.Slide 16. As visiblefrom the analysis there are major factors to be considered when
performing such analysis. Theaee change in habitat structure and spatiemporal alteration of
habitat availability. Habitat simulation models allow such aredyShese are tools that create a
computer mockl of the riverbedstructure and a mathematical modetlescribingthe waysin which

fish (or other animals)se their habitat (sc. Preferences). The preferences are applied to validate the
riverbedstructure and hydraulics in terms of habitat suitability. Eventually the models quantify the
amount of suitdle habitat as suitable areals combination with hydrological time seriasalysisall

the above parameters can be determined.

15
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Comparing
scenarios

* Represents
possible scenarios
in Euclidian space

* Thedata for the
diagram obtained
with habitat

model

AMBER

AMBER
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Restoration Alternatives Analysis (RAA)

structure
% Dissimilarity

+—
O
o
0
@
fl e
Y
o
c
.©
-
©
—
0}
=
<

Habitat Stress Days Alteration
(% cumulative duration)

HC - historical conditions

CC - current conditions

FC - future conditions

Aprc - Desired Future Conditions alternative
Ag,c - Best Available Conditions alternative

Figure 15Slice 17. The results can be plotted favariety of scenarios othe Restoration Alternatives
Analysis(RAA)diagram. The historical, current and future condition can be plotted together with
restoration alternatives. The closer to the origin of tiiagram the lower the habitat impact of the

scenario.

18

How to calculate
3 components of the

diagram?

1. Alteration of Habitat Structure
2. Alteration of Habitat Stress Days
3. Unsuitable Habitat Area

Figure 16.Slide18. Now we will demonstrate how to calculate the three components necessary to
draw RAA diagram Alteration of Habitat Structure, Alteration of Habitat Stress Days and Unsuitable
Habitat Area. First in general terms and then ughgRiver Mienia in Poland as an example.

16
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Select
habitat
simulation
model

*+ MesoHABSIM is
well suited for
landscape level
analysis.

« Evaluates
geomorphic
units

* Analysesentire
aquatic
communities

AMBER

AMBER
19

MesoHABSIM MODEL

GENERIC FISH HABITAT

COMMUNITY HABITAT

02

04 06 08 1 12

FLOW (CFSM)

Figure 17.Slide19. Thereare a number of habitat models available. Our model of choicthés
MesoHABSIM habitat modelonsidered the best for this purpose. MesoHABSIM investigatehed
structure and hydraulics dlhe scale of geomorphic units (riffles, pools, etc). Biological data is analyzed
at a samescale. The model has alseell-developedapproaches to investigathabitas for entire
aquatic communities and perform sophisticated time series analylgsohabitats correspond in size
and location to geomorphic or hydraulic units. Therefdteyffers a robust link between available
geomorphic classification frameworksach as developed in REFORM pragect ecohydraulic tools

17
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MesoHABSIM MODEL

Collect
necessary
data

to create
habitat map
Mapping with help
of drones
hydromorphological
units (HMU-s) such
as riffles or runs

Phot. K.Suska SSIFI

20
MesoHABSIM MODEL

Collect
necessary
data

to create
habitat map

Mapping with help
of drones
hydromorphological
units (HMU-s) such
as riffles or runs

I Backwater
[ complex low
[T complex high

Phot. K.Suska SSIFI
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MesoHABSIM MODEL

Collect
necessary
data
to create
habitat map
* Mapping with help
of drones
hydromorphological
units (HMU-s) such
as riffles or runs
* Measure
* depth
* velocity

e substrate
* UAV photos

Phot. K.Suska SSIFI

AMBER

Figure 18.Slide20. The frst step in model development is to gathtdre data necessary to create
habitat maps. This consists @fone-supportedmapping of hydromorphological units with attributes
relevant for fish habitatand onthe-ground measurement of river hydraulics at multiple flows.

21
MesoHABSIM MODEL

Evaluating

habitat Habitat suitability

* Suitability criteria for Substrate

Fish Guilg Depth  Velocity

physical attributes Wl sl e |2
are defined boulders,
mesolithal, 2 undercut

*  Syijtabil ity criteria Rheophilic microlithal, * banks,
. . water 0.5-4.0 0.15-0.7 psammal, 4 woody

are species guilds column akal, debris, pg:gﬁa’:tﬁl' debris,
specific 2l rile  SanoPY

shading

==
AMBER

Figure 19.Slide 21. The hbologial model is established with help of literature analysis as sc.

Conditional Habitat Suitability Criteria. Preferable ranges of depth and velocity, selected substrates

and cover attributes are defined for every fish species habitat use guild.

19
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Habitat
maps

* depending on how
many criteria are
fulfilled HMU's are

* Unsuitable (red)
* Suitable (yellow)

* Optimal (green)

* Suitability criteria
are applied to
HMU maps

* Habitatarea

changeswith
flows

==
AMBER

MesoHABSIM MODEL

Habitat suitability
for Highly rheophilic intolerant
on the Mienia River, 29.08.2018, Q=0,9 I/s*km2

Habitat suitability

for Rheophilic water column
on the Mienia River; 29.08.2018, Q=0,9 |/s*km2
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Figue 20.Slide22. Habitat maps are created for every guyittistinguishing areas of suitable and not
suitable habitats, which are determined by applying the suitability criteria to mapped units. Due to
the dynamic nature of hydromorphological unithe hahtat suitability changes with flow causiag

increaseor decrease of suitable area.

Rating
curves

Represent

+ how much of
riverbed area
isasuitable
habitat for
species guilds

+ Suitablearea
proportion
changeswith
river flow

AMBER

MesoHABSIM MODEL

Suitable channel area

100%
80%
60%
40%
20%

0%

0 1 2 3 4

Flow (I/s*km?)

——Highly rheophilicintolreant
——Rheophilic benthic sand-gravel
——Rheophilic water column sand-gravel
Limnophilic benthic moderate tolerant
—Limnophilic water column moderate tolerant
—Water column intolerant
——Rheophilic benthic detritus-pellal intolerant
——Limnophilic lithophilic moderate tolerant
—Limnophilic phytophilic moderate tolerant
—Benthic moderate tolerant
—Generalisttolerant

o

23

Figure 21Slide23. The change in habitat area is then demonstratetheaform of habitat flow rating
curves showing how muabf channelarea (CAjs suitable for each species guglleachflow.

20
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MesoHABSIM MODEL

Expected fish community
wHighly rheophilicintolreant

Dissimilarity
67%

Habitat structure
m Rheophilic benthic sand-gravel

ilic water column d-gi | Li

ilic benthic tolerant

mLimnophilic water column moderate tolerant mWater column intolerant

ilic benthic detrit

pellalintolerant  mLil ilic lithophilic tolerant

mLimnophilic phytophilic moderate tolerant  mBenthic modrate tolerant
mGeneralisttolerant

Y Axis of RAA

Figure 22Slide24. The area under each curve at one selected flow (usually median i.e. most frequent
flow) canbe plotted in habitat structure diagrams. In thigy, two scenarios can be compared by
calculating distribution dissimilarity index. Here we see the comparison of expected fish community
structure and observed habitat structure (which may also servdexten of restoration scenarios).
Dissimilarity of habitat structure between scenarios is one of the componentisedRAA diagram

plotted on the Yaxis.

Habitat
Quantity

* GCeneric Fish
habitatis
habitat area
that is suitable
to at least one of
the species in
fish community

* Unsuitable area
can be
measured
between the
wetted area and
Generic Fish
habitat area
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MesoHABSIM MODEL

100%
90%
80%
70%
60%
50%
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Figure 23.Slide25. To determine the unsuitable areaabitat can be expressed asgeneric fish
habitat rating curve, which representse entire habitat available for all members of the community.
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The difference between this rating curve and one representing entire wetted, defanes habitats
not preferable by fish. It is the second component of the RAA diagram presented as a size of the circle
representing a scenario.
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Figure 24 Slide26. To define the third component of the RAA diagram habitat time sgsieslysiss
needed. Habitat time series are created by using the community rating curve to translate flows of the
long term daily flow time series into habitat time series (habitograph). Habitat stresssowben
deficits in habitat availability occur for persast amount of time. To identify habitat stress daywse

first need to determinghe continuous duration of all events when habitat is below a threshold value.
When the threshold is low such events are rare, and when it is high then they are quite common.
SQbsequently, duration frequency analysdentifies bothrare and persistent eventthat can be
consideredascausing habitat stress.
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Figure 25Slide27. To perform duration frequency analysike continuous under threshold durations
are plotted ona cumulative duration frequency diagram. Thexis represents the relative duration
of the entire period (e.g. summer) andaxis the continuous duration dhe under threshold event.
The longest eant is plotted first- in the presented casgit is 15 days on the y and 20% on the x axis
(15 days makes 20% of the entire period). Then sum of lengtieafext shorter event (14 days) is
added and connected withline. If the events do not occur (e.§3 days) the line drops vertically. If
many events of the same lengtitcur,the line flattens out. Beginning with the shortest duration
(bottom of diagram) a point can be obsenrviedvhich the curve rapidly steepens. This critical point of
the curve ionsidered a transition to persistent durations.
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Figure 26 Slide28. When multiple UCUT curves, each representing different threshale plotted

on one diagram, a pattern can be observed in the lower left corner of the diagram. Here the curves
for low habitat thresholds are located. The spacing between the curves is at first veryaadhién
increases rapidly as we move to the tighhis is considered to be a transition value from rare events
and the highest of the densely packed curves is caliedare habitat threshold. Similar pattern can

be observed at the other side of the diagram for very high thresholds, the lowest df igrselected

as a transition to common events. The critical points on both curves indicate transition to persistent
events. One more value is plotted on each of the two curves: a duration that did not occur more
frequentlythan every 10 yearslhisis corsidered a transition to events of catastrophic duration. As
indicated on the diagranwe can then classify events into typical, persistent and catastrophic.
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Figure 27 Slide29. All non-typical events are considered to be stressful from the monveimen
habitat deficit duration i€xceeding the duration of typical events. The number of days of this
exceedance is called a number of habitat stress days (HSD). &hmraring differenscenaros we
can measure change in HSD as an impact indicator.
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Figure 28.Slide 30. Alteration of habitat stress days in the long term habitat time series can be
measured on the UCUT diagram by plotting rare thresholds for both scen@hieslistance between

the critical points on the curves indicate the frequency change of persistent events. It is expressed as
a ratio of HSD from reference scenario.tHeabove diagram the frequency increase is 2000% of the
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original, hence the habitatreawill be under this threshold foa persistent amount of time about 20
times more frequent. This may be considered deleterious to the investigated fheould cause
shift in community structure by promoting more flexible and resilient specieis VBltue is plotted on
the x-axis ofthe RAA diagram.
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Figure 29Slide31. This slide represents a comparison of hypothetical scenari@n®AA diagram.
The closer the scenario is to the origin of the diagrdme lower the impact and the better the
scenario.
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UAV Phot. K. Suska SSIFI
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Phot. K.Suska SSIFI
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Figure 30Slide32. Now we will demonstrate the application of the above concept using habitat data
collected on theRiverMieniain Central Poland. This is a small lowland stream, a tributatyedRiver

| 6A RSNE

g K Atlie KRRiveF\isula. nitsAoywer Bection the RiverMienia flows through a

conservation area, but further upstream ftas been modifiedwith the purpose of agricutural
irrigation. It thereforehas anumber of small barriers which are no longerise. The large dam in the
mid course supplies water to a fish farm.
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Figure 31Slide33. Here we see an aerial photograph taken from UAVrdsents the location of the
dam and the impoundment at a low flow conditions. We surveyed this area 3 times in summer 2018.
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Figure 32.Slide34. The RivemMienia belongs toa Central European lowland, medium sediment
Macrohabitat TypeThe fsh community is diverse, babnsiss mostly of cyprinid species and should
be dominated by rheophilic water column fish guild with species such as chub and dace.
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Figure 33.Slide 35. The habitat use criteria that were used for habitat model development are
presented in the table.

Impact of MesoHABSIM MODEL
dam on
Mienia River

Scenario 1
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(1974-2000)

fut — —Historical flows
2 —Nearfuture flows
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Figure 34.Slide36. After modeldevelopment,three scenarios were simulated and evaluatedam

RAA diagram. Scenario one represents reference conditions: river without a dam and current habitat
distribution as we found it in the downstream section. It includes asadmario of near Future
conditions under predicted climate change. Flows for toengsirio have been simulated with help of
SWAT model andine climate change simulation models. To represent Near Future Conditions median
values of daily flows predicted by these model®re used ina habitat time series analysi$he fow
duration curve @monstrates the change in flow rate due to climate changed ndicaes anoverall
increase of flows.

30



SHdcd {AYdA FGA2Y YR Y2RSttAy3 YSGiK2R2t 238 6AlKakoiRAOF G2N&E 6 WK

March, 2019 &
AMBER ProjectH2020- Grant Agreement #689682

AMBER

Figure 35.Slide37. Scenario 2 represent$e current situation ofthe river with the dam, but also
considers historical and future flogonditions, the latter under climate change assumptions.

Figure 36.Slide 38. The hird scenariois an investigatin using the impoundment for flow
augmentation in the river during the summertime lows. In order to define ,tha first need to
identify the rare-persistent habitat threshold andhe associatedflows. For thispurpose, we
conducteda habitat time series aalysis for conditions in Scenario 1a and ploteed CUT curve
diagram. Asirare threshold 32% ofa channel area of suitable habitat was selected wi¢hdays of
persistent duration. In this scenarithe amount of flowto 32% ofthe habitat would be eqivalent to
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