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Abstract

Dams have been created in existing waterways to serve humans for centuries.

For example, they have been used for different purposes, such as timber floating, grain
mills, or electricity production. Today many of these dams remain unused and abandoned,
disrupting ecosystems as they prevent the water from flowing naturally in the waterways.
These human-made structures split habitats, fragment the landscape, and create hazards
for migrating fish and other organisms living in the water. This global fragmentation raises
concerns about habitat loss which may lead to species degradation and, in some cases,
even distinction of certain species. As we know, nature is an interlinked web of ecological
and geological processes where species are dependent and co-dependent on each
other. When species disappear or populations dramatically decrease, it can cause chain
reactions with an unknown outcome. An effort to help nature heal on sites at a local
scale might also help at a broader scale as the number of restored sites increases.

This thesis focuses on the case of the Tromsa river in Norway. At this site, a dam stopped
being used for hydropower production in the 1060s and was partly removed in 2022.
Such changes have considerable effects on the ecosystem in and around the river and
affect any surrounding ecosystem. Through landscape analysis of the area, one solution
was proposed, which evolved around recreating wetland areas similar to the site before
and the remaining wetland areas. Any significant findings were generally that the place
needs more harmony with the ecology and that important wetland areas have been
transformed to serve anthropogenic interests. The proposal facilitates ecological connectivity
and favors the migrating fish species, trout, and grayling, that have the Tromsa river as
an essential part of their habitat. Parts of this thesis, such as analysis and discussion, are
mainly represented graphically, supplemented with text where an explanation is needed.
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Figure 1a. Colorful slate at the dam site, river Tromsa (Photo: Fjeldberg, I. 2022).



Scope
°
This thesis's main objective is to investigate the restoration potential
. n rO U C I O n of riverscapes after dam removal. In particular, it focuses on exploring

socio-ecological strategies post dams deconstruction in Norway, selecting
the river Tromsa as a case study.
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Figure 1b. Remains of the dam in Tromsa river (Photo: Fjeldberg, I. 2022).

Research question

In what ways can we sustainably
restore a riverscape after
dam removal?

N



UN sustainable developement goals

The United Nation’s Sustainable development goals are important reminders and
guidelines for a better life for humans and the environment, as the goals address some
of our most pressing issues. Several of these goals are relevant to river restoration,
and the most relevant goals in this matter are listed below.

GOOD HEALTH
AND WELL-BEING

4

CLEAN WATER
AND SANITATION

13 Seron
<

1 LIFE
BELOW WATER

1 LIFE
5 ON LAND

Figure 2. (Image
source: United
Nations, no date).

"Ensure healthy lives and promote well-being for all ages” (United Nations, no
date-a). In the case of the Tromsa river, this goal points to the need for available
recreational space in nature, as access to nature and healthy ecosystems for
harvesting and recreational use positively affect mental and physical health.
Stakeholders at Tromsa use the riverside for recreation.

"Ensure availability and sustainable management of water and sanitation for all”
(United Nations, no date-b). Basic human needs are access to safe water, sanitation,
and hygiene. Unfortunately, population growth and water used in agriculture,
industry, and energy production are some of the reasons for less access to clean
water (United Nations, no date-b). This goal may be linked to the use of the water
for the former hydropower production at Tromsa, as well as surrounding agriculture
may deposit nutrients and fertilizers that may affect the ecology in the

river Tromsa and Lagen.

"Take urgent action to combat climate change and its impacts”

(United Nations, no date-c). More frequent episodes of extreme weather lead
to flooding, drought, and reduced species adapted to specific environments.
These effects are, to some degree, visible globally. For example, at the Tromsa
river, more frequent episodes of heavy rain and warmer temperatures are some
of the effects of climate change. Adapting as best as possible to these changes
is necessary to prevent even faster development.

"Conserve and sustainably use the oceans, seas, and marine resources

for sustainable development” (United Nations, no date-d).

Increased pollution and contamination are threatening marine and coastal
ecosystems. An increase in sea level, which causes flooding of polluted land areas,
and overharvesting of food resources are some threats to our marine ecosystems
(United Nations, no date-d). The ocean drives the global water system, but waters
in rivers and inland lakes equally affect the seas, as it is a part of the same system.
Several species depend on the ecology of the river Tromsa. Among these are the
migratory fish species Trout and Grayling, for example.

"Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably
manage forests, combat desertification, and halt and reverse land degradation and
halt biodiversity loss"(United Nations, no date-e). Ecosystems are gradients, and
ecology on land is equally important as ecology underwater to achieve thriving
ecology below and above the water surface.

(United Nations, no date-f)




14

"Water is the driving
force of all nature”

- Leonardo da Vinci

2. Literature review




2.1 Global perspective
state of the art

Human-made barriers are affecting our planet's river Damming up rivers for hydropower production is a
system and waterways with a clear negative practice that has grown strong roots worldwide and
environmental impact. has long been associated with a sustainable and green
Today, dams for hydropower production and their effect  way of producing energy. Water has been, and still is, a
on rivers are a heated topic, as we need energy. But resource we define as renewable in many parts of the
unfortunately, many old dams are left without ongoing world. Looking at the world's renewable electricity
production while new dams are being constructed and production, which in 2020 made up around 24% of
planned for the future. global energy production, hydropower contributed

around 70% (Mulligan et al., 2020).

84.3% of global energy .
comes from fossil fuels . 15.7% from._
' (in 2000 it was 86.1%) low-carbon sources

Nuclear | | Other renewables’
4.3% 0.9%
Hydropower Biofuels
6.4% — 07%
Figure 3a: Global primary energy consumption by source, 2019.
(Based in figure by: Ritchie, H., 2019)
The maps on page 17 show existing dams in the world The overview provides an overall impression of the
detected by the GOODD method of Mulligan et al., distribution and places of higher concentration of
2020. The technique used was manually going through hydropower production. In addition to the information
Google Earth Imagery tiles and catching medium to the maps convey, they also show that dams are
large-scale dams. The smaller dams do not show here; constructed mainly in developed countries with
only the ones big enough to be visually detected on a topography supporting the constructions.

googles satellite imagery (Mulligan et al., 2020).
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Figure 3b: Dams and catchments in GOODD database, Shows the number of dams in each country (grey
to dark red) and individual dam locations (teal color) (Based on map by: Mulligan et al.,2020).

Figure 3c: The area of terrestrial land draining into a dam in blue, 2020. (Based on map by: Mulligan et al.)
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Modern society needs to produce energy to continue
the lifestyle we have acquired after electricity became
an everyday supplement in homes at the beginning

of the 1900s. Energy production has become a genuine
necessity of survival in many cultures and parts of the
world, as we need energy to cover basic needs such

as heating, food preparation, and sanitation. For
example, with the ongoing political conflicts, the cold
winter temperatures could determine fatal consequences
such as illness and even death among vulnerable
community groups. This shows how dependent we have
become on electric energy and how vulnerable

we are to interference in our systems. There is a constant
search for new sources, ways to produce energy,

and locations to construct new facilities.

Given the impact that hydropower conversion of a river
course can have on the local ecosystem, it could be
considered that these areas will be less vulnerable than
an unregulated one. By upgrading existing hydropower
facilities, we could increase power production by 1/3.
Some suggestions from researchers at the project
AlternaFuture is to install bigger pumps and to

expand the area of bigger existing magazines

(Vereide et al., 2020).
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Figure 4: Under the water surface of river Trom

sa (photo: Fjeldberg, I. 2022).
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2.2 The dynamic river

Glaciers shaped our valleys and rivers in the different
ice ages, and the different shapes have appeared as a
result of the type of geology in the landscape the river
is running through, as well as the steepness of the valley
or floodplain, to mention some factors. Softer geology
erodes faster, and the more complex will maintain its
shape for longer. The meandering rivers are rivers that
erode sediments in the outskirts / the pools, leave
transported sediments at the insides of turns, and as

a result, often leave a river delta at the end of the river
(Fossen, 2018). Figure 5b illustrates the movement of

a meandering river. Thus our rivers and landscapes are
constantly in the process of being shaped and reshaped.

node

The shaping of a river is a result of different processes.
As Martin Prominski and colleagues (2017) describe in
the book River. Space. Design, the processes of a river
can be described as follows:

1. Temporary flow fluctuations Sub-process
1: vertical water level fluctuation Sub-process
2: the lateral spread of the water

2. Morphodynamic processes Sub-process

1: sedimentation shift within the river Sub-process
2: self-dynamic river channel development
(Prominski et al., 2017, p. 20).

Network  Link Planform Bar Unit Bar Element  Bedform Grain
Arrangement of Section of Segments of a Integrated erosional-  Erosional and depositional Bedforms Individual grains
streams ina stream link that have depositional units elements of bar units (e.g. ripples,
network within between uniform on the channel (6.9, pools, scour holes, dunes, antidunes)

a drainage basin nodes or planform bed riffles, point bars,
confluences characteristics alternate bars)

Figure 5a: Hierarchical morphological structure of alluvial river systems (Image source: Rhoads, 2020, p.11)

Rivers are the primary transporter of sediments out to
our oceans and have, in addition to the glaciers, contrib-
uted to shaping the Earth’s surface into what it is today.
On its way, water masses transport and shape the river
by digging out sediments from the river banks, river-
beds, and on riversides. The deposits will be relocated
downstream on the river sides and riverbed, and some
will be transported out into the lake, ocean, or a con-
nected river. How far the sediments will be transported
depends on the grain size and the current’s strength.
Smaller particles will move further with the current, while
the larger ones settle after a shorter distance, and the
sediments will be rounder in shape and smaller when
transported further away. Therefore, smaller rivers with
weaker currents will not transport as big sediments as
the larger rivers with more strength (Fossen, 2018). The
infrastructure of a river is complex, but it can be related
to infrastructure in the same way as what we build on
land. Elements of a river and how they fit into the net-
work are shown in figure 5a.
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With industrialization, it became customary to chan-
nel rivers to control the water masses and use energy.
Canalization has also been used for flood control, but
this practice of handling water only makes the water
masses even more challenging to control (Nienhuis &
Leuven, 2001). Figure 5c illustrates the behavior of a
channelized river versus a free, meandering river.

Climate and changes in weather will also determine
the length of hydrological events. Changes, such as
seasonal shifts with varying temperatures and rain- and
snowfall, play a role in the movement and strength of
water masses. In addition, the water discharge lev-

el determines the sediment transportation level and
how fast the river changes its form. For example, large
storms may produce variations in floods that can extend
on large stretches of a river and last for several weeks
in the bigger rivers (Rhoads, 2020). Bellow in figure 5d,
examples of measured water levels during a year in
three neighboring rivers of river Tromsa were collected

Channelized river

Meandering river

Speed

Speed

Figure 5b: River movement (Image source:
Prominski et al., 2017, p. 22).

and processed by Multiconsult to predict possible water
levels in the river Tromsa before the dam'’s removal.

Figure 5d shows that estimated water levels in the river

Tromsa are highest during May - June. Due to snow
meltin g within this period. Higher water levels equal

Figure 5d: Estimated plots for river Tromsa
showing assumed estimation of average
discharge, flow rate for each nychtemeron.
The graph shows the measured water level
during the year; each number represents a
percentile. Data were calculated and based
on information from the Aulestad water
station located on river Gusa as part of the
prework for the dam removal. Two other
graphs were also created from two different
water stations, but | chose to include only
this one, as Aulestad is closer to Tromsa in
the distance. Multiconsult has created the
report with hydrological calculations (Image
source: Seras et al., 2018, p.3).

Figure 5c:
Differentiation of
channelized and
meandering rivers
(Diagram:

Fjeldberg, . 2022).

higher erosion forces and sediment transportation due
to the greater forces in the water. Moreover, a river's
connections, processes, and movement are of vital
importance to the river's ecological health.

m?/s

0.0 &
Jan

May Jun
—---=-: 50%
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2.3 Ecological connectivity

A natural and free-flowing water body in rivers is essential
for ecological connectivity, not only for the movement
of organisms but also for transporting sediments,
organic matter, and solutes (Wohl, 2017). The movement
of water masses allows the river to change its shape and
appear differently year by year and, even more, decade
by decade. The river's ecology adapts to and depends
on water levels and flooding shifts. The constant
movement of gravel and sand particles is essential for
several fish species, as it facilitates refuge and spawning
areas (Fylkesmannen i Ser-Trandelag, 2014). And in the
same way, we wish to have a variated landscape above
the water surface to maintain ecological variation and
healthy ecosystems; this is just as important below the
water surface. For example, some fish follow the water
levels and swim up in smaller channels for spawning or
refuge when the water level rises. They swim back into
the larger river when the water level drops (Shao et al.,
2019). These migrating species are vulnerable to barri-
ers preventing them from following their natural life
cycle and putting potential habitats out of reach
(Myrvold, 2022). Ecological connectivity is described as
follows by Myrvoll, 2022 in an article honoring the world
day of fish migrations, May 20:

® Length connectivity: the transportation of water,
sediments, and nutrients downstream. Allows for
fish and other organisms to move upstream.

e Width connectivity: allows the river to flood areas of
the river bank. This is important for sorting sediments,
exchanging nutrients between land and water, and
creating habitat and refuge for organisms.

e Vertical connectivity: enables the interaction between
groundwater and surface water. This movement
slows down the temperature changes and stabilizes
the water flow.

e Connectivity over time: where the water is flowing
at any given time varies with seasons, thus maintaining
the ecological range of variation to which the
organisms are adapted.

(Myrvold, 2022).

Shao et al., 2019 mention that there are additional parts
of connectivity across spatial axes; “for example, when
climate (e.qg., precipitation) is combined with these
dimensions, the concept is expanded to hydrologic
connectivity on the landscape, regional, and even global
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scales” (Shao et al., 2019, p. 23). In landscape ecology,
we speak about patches, boundaries, edges, etc. We
can use the same terms underwater, but this becomes
more fluent and complex in a river. The river may be
seen as one corridor, with arms stretching into smaller
rivers and streams. For a fish, for example, this infra-
structure of water is crucial. By constructing a

barrier somewhere along this corridor, several
opportunities will be cut off, and maybe the possibility of
migrating to different and vital parts of the river system
will disappear. Loss of connectivity may also lead to the
deterioration of water quality and simplification of the
biota community composition due to the lack of
movement in the water. A build-up of polluted sediments
may also occur upstream, and an accumulation of dead
organic material may lead to water pollution (Kurigi et
al., 2021). Ecological connectivity is also essential for
developing the species and reproducing healthy
individuals. Habitat fragmentation has reduced

genetic diversity, as species have fewer opportunities
to exchange genes in closed-off populations

(Junge et al., 2014).

Humans have changed the systems of rivers and are
affecting their natural processes and availability to move
and evolve freely and provide the desired ecosystem
services by canalization, building water reservoirs, and
adding other types of barriers to water courses (Rhoads,
2020). Szatten & Habel state in a report from 2020 that
"Generally, more than 50% of the large rivers in the
world have lost their hydromorphological and ecological
continuity” (Szatten & Habel, 2020, p. 1). This results
from the construction of dams and reservoirs, and the
number will increase dramatically when considering
future planned constructions (Habel et al., 2020).

Rivers cover only 0,58% of the Earth'’s surface, but the
oceans comprise 71%, glaciers 10%, and lakes 2 - 3,5%.
As all rivers are connected to the Earth’s hydrological
cycle, their health is an important topic to consider
(Rhoads, 2020), and riparian vegetation significantly
influences the river's health.

Riparian vegetation

Vegetation along riverbanks and the edge zones of the
water is essential for a thriving ecosystem and life in

the water (Xiang et al., 2016). For example, insects use
the leaves of plants to rest and dry their wings, and they
may lay their eggs on plants. Both insects, mammals,
and benthic invertebrates may use the stalks and leaves
of plants as shelter. In addition, insects are an essential
food source for fish and birds and work as pollinators
(Bjerkely, 2018).

Dead organic material falling into the water makes up
all the biological energy in the lotic environment. It is
stated that 75-80% of the nutrition in rivers originates
from the land areas. Therefore the vegetation'’s
presence is crucial for life in the rivers (Fergus et al.,
2010). This is different in the lentic environment, where
there is no continuous running stream transporting
energy (Rosset et al., 2017). Instead, phytoplankton
produces nutrients and oxygen for other organisms in
lentic waters through photosynthesis (Cowan, 2022).
The vegetation may also prevent erosion at the riversides
by holding the ground together with the roots. As roots
extract and filter nutrients and sediments, water con-
tamination may be reduced. For example, Nitrogen

and Phosphorous are added in agriculture with fertiliz-
ers, and excess runoff into waters is a big problem in
some places. Plants in riparian zones extract the runoff
before reaching the water and use the nutrients for their
benefit (Staubo et al., 2019). The vegetation traps the
sediment, particle-bound nutrients, and heavy metals
and takes up dissolved nutrients. They filter the water
and release dissolved organic carbon (Rowinski et al.,
2018). In addition, the branches and leaves provide
refuge for the fish (Pulg et al., 2017). The vegetation
also works as flood control, and trees play an essential
role even in rapid alpine rivers. Protecting the older
trees that have grown without stress is beneficial as they
have developed a more structured root system,

Figure éb: Parts of the riparian vegetation along Tromsa
river (Photo: Fjeldberg, . 2022).

N o BRI g

Figure 6a: Alnus Incana along the riverside of Tromsa
(Photo: Fjeldberg, I. 2022).
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making them stronger and more stabilized (Andreoli et
al., 2020). And as Opperman et al., 2009 states it: “Flood
risks will likely increase because of both climate change
( 1) and shifting land uses, such as filling of wetlands
and expansion of impervious surfaces, that lead to more
rapid precipitation runoff into rivers” (Opperman et al.,
2009). Figure 6d shows zones with different importance
for the river and what vegetation type is expected to be
found.

Figure éc: Example of thriving ripparian vegetation
at Tromsa seen from the river (Photo: Fjeldberg, I. 2022).

The Norwegian planning and construction law § 1-8
says that “within the zone stretching 100 meters inland,
along seaside and waterways, special consideration
must be given to the natural and cultural environment,
outdoor life, landscape, and other public interests”
(Plan- og bygningsloven, 2021). This paragraph may

sound anthropogenic-oriented, but the words ‘natural’

and ‘landscape’ support biodiversity. And to use any
land areas for recreation or to prevent surrounding
areas from becoming unavailable, we must take
flooding into consideration. NVE mentions in their
report about riparian vegetation that river banks and
plains are examples of nature that can mitigate the
effects of floods and should be safeguarded as far as
possible in spatial planning (Staubo et al., 2019).

Amphibious vegetation

Graminoids

Shrubs and willows

Riparian forest

Figure éd: Explanation of vegetative zones
at river sides (diagram: Fjeldberg, I. 2022).
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Wetland and river deltas

As mentioned in the chapter The Dynamic River (p.20),
river deltas appear at a river outlet due to the sediments
transported by the river if the topography allows it. The
processes and evolvement of a river delta are explained
in figure 7. Within the delta and its surroundings, there
are often a presence of wetlands. Connected to
meandering rivers, you may also often find wetlands

at the river sides at the bottom of valley landscapes.
The wetlands are part of the riparian zone, but there are
several types of wetlands; how flooded they are, how
long the period is, and how directly they are connected
to the river determines what vegetation is there
(Casanova & Brock, 2000). For example, a marsh is

a wetland that holds water for long periods. They are
flooded in wet seasons but typically keep the water at
all times (Galen & Newman, 2022). Flooded meadows
are a bit less wet and allow grazing animals to walk in
without sinking into the soil. They contain little or no
peat, and vegetation is low to medium in height
(Artsdatabanken, no date-b).

As described for the riparian zones, wetlands also
improve the water quality through natural processes

by filtering pollution from flood and stormwater through
vegetation, soils, and microbial assemblages. In addition,
they slow down floodwater (Galen & Newman, 2022),
and flooding is necessary for transporting and
circulating sediments and organic material
(Fylkesmannen i Sgr-Trendelag, 2014). Finally, wetlands
work as carbon sinks, and studies have shown that
wetlands holding more water may also store even more
carbon (Limpert et al., 2020). In addition, this nature
type provides habitats for many wetland birds of
national interest to protect insects, plants, and mammals
which are all critical for biodiversity (Hind, 2020).
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Due to the flat topography and often stable sediments,
river deltas and the surrounding wetlands tend to
become built up. In the world, over 500 million people
live in the areas of river deltas (Kuenzer & Renaud,
2012). In Norway, where steep mountains dominate
the landscape in many places, a significant part of all
river deltas has been affected either by housing, infra-
structure, or agriculture. Additionally, due to organic
material in the geology, the soil of river deltas is often
nutrient-rich and great for agriculture. Gudbrandsdalen
valley is no exception (Fylkesmannen i Sgr-Trendelag,
2014).

In Norway, the law on water resources (Vannressursloven),
in paragraph § 11, first sentence, is on protecting the
vegetation zone along rivers and streams. It says that

a natural vegetation zone must be maintained that
prevents runoff and provides habitats for plants and
animals. The municipality may decide the width of this
vegetation zone (Vannressursloven, 2001a). Furthermore,
because there are no set rules for the width of these
zones, it differs from location to location how well they
function. Moreover, river barriers affecting the natural
flow of water will also impact the water flow in the +»
surrounding wetlands.

Lower reaches

Upper reaches ; Middle reaches

Sediment deposits

Average discharge

River width

River depth

Particle size of riverbed matenal

Gradient

Figure

T

Catchment area

7: Description of how the transportation of sediments

and how a river changes its from (Image source: Prominski et
al., 2017 (p. 27).
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Environmental side effects of hydropower production

In search of ways of producing energy, nature’s resources
have been used as an asset, often without fully
considering the future consequences. From a greater
sustainability perspective, hydropower production has
long been associated with green, clean energy. However,
with time, research, and increasing multi-disciplinary
knowledge, it has become clear that this method of en-
ergy production is not entirely free from damaging side
effects. The natural world and its ecosystems are getting
more fragmented every day, and the construction of
dams and reservoirs fragments the blue infrastructure
on our planet by creating barriers for migrating species,
often with more complex ecological impacts.

Hydropower generation from stored water in reservoirs
contributes to greenhouse gas emissions when the
draw-down of water levels exposes muddy sediments
in the littoral zone of the reservoirs. Up to 80% of the
gases are methane, which is 80 times more potent than
carbon dioxide. The gases are released by continuous
diffusion across the reservoir’s surface and exposed
shorelines, bubbling from sediments and via transport

2.4 Decomissioneo

Hydropower production will most lightly still be part of
our energy sources in the coming future. But an enor-
mous number of existing dams are no longer in use and
are not even being maintained. These dams have been
used not only for hydropower but also for timber float-
ing, grain mills, old water reservoirs, or recreational use,
to mention some examples. Upgrading reservoirs to be
used for power production is highly expensive. From an
ecological perspective, When a dam is no longer in ser-
vice, it has lost its original purpose. It is left as a barrier
to fish and other water-thriving organisms. Its removal
could decrease the number of ecological barriers on
waterways.

In Norway, dams are registered and controlled by The
Norwegian Water and Energy Authority (NVE), and they
are classified in a system to describe the possible level
of danger in case of breakage (NVE, 2021a).

Undiscovered, abandoned dams may not be main-

tained and looked after and can threaten nearby hous-
ing, people, and animals around the area.

28

through phytoplankton and larger plants within the
reservoir (Catlett, 2022). When constructing dams, the
ecological functions and morphological connectivity
may change, and sometimes it will not be possible for
organisms to pass the barriers, leading to reduced
connectivity between vital habitats. These barriers affect
the ecology and the river system in several ways, as
described in the chapter Ecological connectivity

at page 22. Recently it has also been highlighted that
migrating fish and other organisms often get killed by
the turbines in several operating hydropower stations
(Algera et al., 2020).

Along with ongoing climate changes and loss of
biodiversity, environmental processes have been
transformed, and dramatic changes in temperature

and rainfall cycles are documented (IPBES, 2019). Due
to the scarcity of rain and snow in 2022, the regulated
reservoirs in Europe and southern parts of Norway
struggle to deliver water for energy production. Therefore,
it has become clear that water is not entirely renewable,
which also makes hydropower production not fully

a renewable production method.

dams

In 2019 the Norwegian Institute of Nature Research
(NINA) and Multiconsult published a report based on
a study intending to reveal the location of unused,

Consequence
Class

Housing units

Infrastructure and
functions

Environment and
property

4

>150

3

21-150

Damage on highly
trafficked roads,
railways, or other
infrastructure

Great damage to
essential
environmental
values, or great

equivalent to <1 permanent

housing unit

trafficked roads or
other infrastructure
with relevance of
life and health

essential for life and | damage on
health someone else’s
property

2 1-20 Damage on highly Great damage to
trafficked roads, important
railways, or other environmental
infrastructure values or on
important to life someone else’s
and health property

1 Temporarily residence Damage to less Damage to

environmental
values or someone
else's property

0

No consequences

Figure 8a: Classification table of dams (table: directly translated by

Fjeldberg, I. Source: NVE, 2021).

abandoned dams in Norway. The study showed that
only 21% of the reported dams were registered in the
Norwegian database Dampunkt at NVE (Eloranta et al.,
2019). As so many dams in rivers have been installed
freely without surveillance, other organizations have
become aware of this and aiming to map out the
locations. AMBER (Adaptive Management of Barriers
in European Rivers) barrier tracker is an interactive tool
used by the public to locate dams and other barriers in
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rivers and streams. Location and barrier type are
registered in a database available as an interactive
map and in the format of an app that can be installed
on smartphones (AMBER, 2022). The map in figure 8b
is made by AMBER and indicates the location of 630
000 barrier records in Europe. The fully existing dataset
includes almost twice as many discovered barriers and
can be explored on AMBERS web pages

(AMBER, 2022).

Figure 8b: An representation of existing barriers in waterways in Europe (Image souece: AMBER, 2022).

On the other hand, abandoned dams can have acquired
esthetical values for the community living close to a
dam. For example, many dams provide recreational
opportunities such as swimming, fishing, and the
enjoyment of being close to still water or a “waterfall.”
Species may also have settled in and around the dam.
The environment might then suddenly provide the
perfect habitat, for example, for the Crested Newt and
other species of national interest (NVE, 2019).

Decommissioned dams may also enhance cultural
heritage that is of national interest to preserve. In Norway,
227 water facilities have been elected as part of the
cultural heritage, and more will be selected by NVE
(NVE, 2022b).
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2.5 Climate change

Our world is changing at a high speed. Temperatures
are increasing, which causes chain reactions: the arctic
is melting, the sea level is rising, and in some places,
episodes of heavy rainfall happen more often, while

in other parts of the world, rivers and lakes are drying
up. Rain with high intensity and frequent intervals may
cause erosion problems, such as avalanches and flooding
significant land zones. In addition, massive tornados
appear more threatening than they used to be, and
wildfires have become harder to control (IPCC, 2022).
Nature and the climate are complex systems. Thus, itis
understandable that it takes time for society to realize what is
happening. Catherine Leyson et al. define the processes for
climate change as follows: “For the majority of people

it is the circumstantial, suggestive, remembered and
observed changes to the weather and seasons that form
the basis of an understanding of what is changing, if not
why"(Leyshon et al., 2019, p. 454). Reports from all

over the world provide us with shocking news, urging

us to take action to save planet Earth. For example,
large rivers and lakes, such as the Mississippi river in the
USA, had areas so dry that people could walk on foot
to islands normally only accessible by boat. When the
river dries up, it may also cut off vital food resources for
people and other animals (Bergeron, 2022).

In 2019 the Washington Post analyzed the development
of global warming on the Earth. They used data from
scientists and other academical groups and found that
about 10 percent of the planet over the last five years
had exceeded warming by over 2 °C (Mooney, 2019).
As shown in a more recently constructed map below,
southern Europe, Northern Asia, and the Arctic are the
continents that seem to have the fastest speed in global
warming. A reason for this is the changes in the ocean
currents caused by the changes in winds and atmospheric
circulation. Warm currents make land heat up faster
when it reaches these areas (Mooney, 2019).

Temperature change 2021, compared with 1951-1980

Atlantic
Ocean

Pacific g
Ocean

Temperature
Anomaly (°C)

0

P
5 Yy

ﬁ Indian ;
" Ocean <

o

Figure 9a: Diagram based on the Global temperature report of 2021 (Map: Fjeldberg, I. 2022).
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Figure 9b: A spring flood brike the pipes of the dam at Tromsa river, in 1985 (Photo: Sparby, K., 1985).

An increase in temperatures is not only damaging

for the arctic glaciers, vulnerable waterways, and our
human comfort. It favors invasive species that have not
been a natural part of the ecosystems. Exotic warm-loving
species settle where temperatures allow it, and out-concur
species that have used to live in these areas threaten
the existing ecology. With fewer local specialist species,
biodiversity will become more monotonous and
dominated by generalists (Nilsson et al., 2013). The
rising sea level causes land degradation, and there will
be less dry land to live on, and ecological habitats will
disappear. Climate change also worsens land
degradation by accelerating soil erosion due to more
extreme weather. It does not only advocate for the dis-

tribution of invasive species but also pests and pathogens
(IPBES, 2018). According to the IPBES report on land
degradation (2018), together with climate change, the
most common drivers for biodiversity loss are
overexploitation, habitat loss /degradation, invasive
species, and pollution. Changes in land use from natural
ecosystems to agricultural systems also lead to land
degradation, even though agriculture, for many, is seen
as a natural green system (IPBES, 2018).

In addition, climate affects water levels and the length
of hydrological events. Therefore, maintaining healthy
habitats in and around rivers is an essential part of our
duty to help the earth mitigate climate change.
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Dam removal effects on biodiversity

Removing dams that have been in rivers for several
years affects the ecology at the site where the dam is
being removed. In addition, ecology, both upstreams
from the dam and downstream, will be changed. What
will change differ from each river, and some changes
are not always visible before after years or decades.
Some of the changes that might occur upstream after
removal are the recolonization of fish. In addition, fish
and other recolonizing organisms bring organic material
and nutrients. This can increase productivity, increase
colonizers’ success, and facilitate suitable habitats for
possible keystone species recolonizing upstream
(Bellmore et al.,, 2019).

When removing the dam, the channel and floodplain
will transform. Water levels may decrease at the dam
site, and flow velocity increase. This affects pelagic
organisms, such as plankton and lentic-adapted fish,
that must adapt to a lotic environment. Changes in
water levels and the settlement of new plants in riparian
zones will also be a source of nutrients. Downstream
sediments stored in the magazine will be deposited and
affect the habitat structure. These sediments can dislocate
benthic organisms such as algae, benthic animals, and
fish eggs, as the sediments may scratch the existing
sediments. In addition, the natural exchange of seeds
and organic material from upstream will be re-established
and positively affect the biology downstream (Bellmore
etal., 2019).

For humans to change an ecosystem and transform, a
site may not take much time. This can happen instantly.
But for an ecosystem to recover alone can take a lot of
time. For example, Hasselquuist and colleagues found
during their analysis that it takes at least a quarter
century for the original diversity of species to return
along rivers (Foss, 2015).

o RO A v~

Figure 10: View from the Tromsa river (Photo: Fjeldberg, . 2022).

32 33



2.6 National scale

Hydropower constitutes today 89% of the power
production in Norway (Energifaktanorge, 2022).

In most parts of the country, the landscape consists

of high mountains with glaciers and deep valleys with
rivers and fjords, which serve excellent opportunities for
this type of energy production. The map below, in figure
11a, illustrates which countries in the world that has
hydropower as their primary energy source, and Norway
falls into this category.

Norway is one of the leading countries when it comes
to hydropower production. In terms of the number of
existing dams, Norway is not on the top but considering
the density of dams and power produced, the country
is on top of the list. The Norwegian government is the
largest producer of hydropower in Europe and the 7th

Figure 11a: Share of primary ~ No data 0% 1% 5%

10% 15% 20%

energy from hydroelectric =~ 222277 o \
power, 2021. Highest score

indicate highest consumption

of hydropower energy (map

is modifyed. Based on source:

Our world in data, 2022).

largest in the world, and 70% of Norway's most significant
rivers are influenced by hydropower production
(Klima- og miljgdepartementet, 2015). Compared with
other Scandinavian countries, energy production in
Norway is almost entirely dominated by hydropower,
as shown in the map in figure 11b.
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The maps below (figure 11c and 11d) show both

an overview of existing dams in general and existing
hydropower plants in Norway. The information is
presented in two separate maps, as the density of the
dams makes the map hard to read when combined.

Figure 11b: Genereation
of electricity in the Nordic
countries. Blue color
represents hydropower
as primarly energy source
(Image source: Nordregio,
2008).

©tionirogo &
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Figure 11c and 11d: left - overview of all
dams in Norway. Right - all hydropower
plants in Norway (Image source: NVE, 2022).
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How climate change will atfect Norway

With its closeness to the Arctic, Norway's geographical
position may have shielded the country from most of
the visible physical changes in climate for a long time.
But the results are becoming more visible also in the
“cold north.” The temperature in Norway is highly
regulated by warm winds traveling with the gulf stream.
If the gulf stream did not exist, and without the westerly
wind belt, it is predicted that average temperatures in
Norway would be 10-15 °C lower than today. The global
rise in temperature more than compensates for the gulf
stream’s reduced heat (Bjerknessenteret, 2015). Being
a country that typically has more than enough rain and
snowfall during the seasons, it surprised many inhabit-
ants when there recently was trouble with the lack of
water due to climate changes. In Oslo and other parts
of the country, the municipality even introduced water
restrictions for the city’s inhabitants from January to
mid-summer (Drablas, 2022). On the other hand, as
the sea level rise is pressing in many parts of the world,
it has not been as visible in Norway yet. One of the
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reasons for this is that the elevation of the land is

still rising from the last Ice age (Kartverket, 2021).

The Norwegian Centre for Climate Services (NCCS),
2017, wrote a report with calculations for climate
change effects on Norway by the year 2100. The main
findings are as follows:

Temperatures increase by around 4.5 °C, and heavy
rainfall events will increase, be more intense, and
occur more frequently. Floods caused by rainfall will
occur more regularly, while floods caused by snowmelt
will decrease in magnitude and frequency. Snow in
lower land areas will become less abundant, and the
number of glaciers will be reduced. Finally, the mean
sea level will increase by 15 - 55 cm, depending on
location (Hanssen-Bauer et al., 2017).

”Q

Figure 12a: Lenght of growing season (days) in the reference period 1971-2000 (a), and increase (days) in lenght of growing
season from 1971-2000 to 2071-2100 for b) RCP4.5 and ¢) RCP8.5 (Source for image and the caption: NCCS, 2015, p.20).
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Figure 12b: Project change in annual temperature (celcius) from the period 1971-2000 to 2031-2060 (“2054" and 2071-
2100 ("2085") for emission scenarios RCP2.6 (yellow), RCP4.5 (blue) and and RCP8.5 (red) for different regions. ESD
simulations are made for all scenarios; RCM simulations for RCP4.5 and RCP8.5. Medin projections are indicatied with a
bold black line, while low and high projections are respectively lower and upper part of the and upper part of the boxes.
The figure background map shows annual temperature (celcius) in the reference period 1971-2000, and boundaries
between the different temperature regions are marked with black lines (Source for image and the caption: NCCS, 2015,
p.20).

2071-2100

200-year flood
% Change

Figure 12c: Percentage change in the 200-year flood for medium (RCP4.5) and high (RCP8.5) emissions. Green indicates
a reduction and blue an increase in flood magnitude (Source for image and the caption: NCCS, 2015, p.20).
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2.7 Dam removal practice

There has been raised awareness of the Anthropocene
as a new geological era we have entered, where humans
have become dominant in changing and shaping
biophysical processes in the world. We have become
more aware of the challenges that have appeared due
to our management. It is no longer sufficient only to
reduce pollution in rivers to improve water quality and
the quality of the environment. It has become necessary
to consider the very structure of the aquatic environment
to re-establish and rehabilitate it

(Sneddon et al., 2017).

Removing dams and barriers in rivers has become more
common in later years. American rivers, an environmental
group based in the USA, started up a campaign for dam
removal in the 1990s (Sneddon et al., 2017). Since then,
the interest in dam removal projects has increased, and
the year 2021 broke the record of dams removed in
Europe in a year (Green, 2022).

Dam removal is a global trend that has grown stronger
roots as we have seen this procedure’s positive effects
on the ecosystems of our rivers. However, the knowledge
of the distribution of international dam removal may

be misleading as the information about these projects
is sometimes geographically restricted and restricted
by the species researched. A study by Ding et al., 2018
revealed that most dam removal projects have occurred
in North America and Europe (Ding et al., 2018).

Dam Removal Europe, World Fish Migration Foundation,
WWEF, and the European Investment Bank are hosting
an annual award to celebrate the most inspiring and
innovative barrier removals in the Europan rivers. The
Dutch Postcode Lottery also supports the award (Dam
Removal Europe, 2022a).

Figure 13: Removal of the Tikkurila dam in Finland
(Photo: Pyry Kantonen Photography. 2019).

There are different methods of removing dams, and the
procedure is chosen by what best fits the river and the
dam that should be removed. The landscape and material
of the construction are things that will impact the
decision. Barriers can be removed “in the dry,” which
means that the waterway will be redirected from the
removal site while the work is carried out. This way, no
machines or contaminants from the machines will be in
contact with the water during the removal. Or It can be
removed “in the wet” during a selected time of the year
that is better to conduct the removal at the particular site,
considering the water levels and other matters such as
biological activity in the area. For more minor barriers,
the removal may happen by voluntary work and may
take only hours or some days. But for dams with walls,
it is often necessary to use larger machines to remove
or use dynamite. Dynamite is rarely used for removal,
but in some cases, it is necessary to demolish the structure.
The removal can happen continuously until the dam is
entirely removed, but it can also be carried out in stages
over time to adapt better to natural processes
(American Rivers, no date).

The law of regulation and construction of hydropower
facilities in waterways, § 10. Closure of facilities, first
paragraph: “If the government does not want to take
over a regulation of a transmission facility at the end

of the license period, nor is a new regulation license
granted, the owner is obliged to remove the facility
within a deadline set by the ministry, following an order
from the ministry” (Vassdragsreguleringsloven, 1917).

If no one is willing to pay for maintenance regardless

of whether the dam is in function or decommissioned,
then the dam shall be removed by the owner, and the
site returned to its original state. Maintenance of a dam
is often expensive, but in some cases, the municipality is
willing to cover the costs. This can happen, for example,
if the dam has created recreational benefits or has become
of significant importance to a species of national interest
to preserve (Vannressursloven, 2001b).



The UN Sustainable Development goal number

15 directly points out the importance of conserving
biodiversity, preventing species loss, and preventing
land degradation (United Nations, no date-e). Restoration
of rivers and terrestrial ecosystems, seen from a global
perspective, also supports the natural cycles of the
Earth, such as water-, carbon-, and nitrogen cycles
(Keesstra et al., 2018). And using Nature Based Solutions
(NBS), renaturalization while mimicking nature, and
letting nature continue the process seems to have
given good results when implemented. Keesstra et al.,
2018 frame it as follows: “Restoration and rehabilitation
strategies that are based on natural processes and cycles
are sustainable as they use natural flows of matter and
energy, take advantage of local solutions and follow
the seasonal and temporal changes of the ecosystems”
(Keesstra et al., 2018).

As mentioned in the chapter Ecological connectivity (p. 22),
the riparian zones provide multiple ecological functions,
including the refuge of biodiversity, flood buffering,
water and nutrient filtering, shading, and climate regulation.
This is directly linked to essential ecosystem services,
which also have direct economic relevance, such as
maintaining flood control and support for agriculture,
forestry, urbanization, and recreational activities
(Gonzélez et al., 2017). Therefore restoration of riparian
zones, along with the river itself, is an essential part of
sustainable environmental development. And for these
zones to be maintained vital, there has to be water in
the river, and vice versa.

The way the climate changes are evolving, wetland
vegetation may be an essential tool for future land
development. For example, the Yolo Bypass in California,
United States, conveys 80% of Sacramento River
floodwaters during large events, handling the stormwater
from the city. And the 24 000-ha floodplains can convey
more than three times the total flood control storage
volume in all Sacramento basin reservoirs, which is
around 12.5 billion cubic meters of water

(Opperman et al., 2009).
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Removing dams near an estuary may have another
unpredicted positive effect on river deltas. For example,
a study done by Warrick et al., 2019 on the project of
removal of the dam at the Elwha River Delta in
Washington, United States, revealed that the sedimentation
waves of the river delta became less prominent with
distance and time and resulted in an extension of the
shoreline, thus reversing coastal erosion

(Warrick et al., 2019).

With the water in rivers decreasing, and at the same
time, massive flood events occur, we have an essential
job of maintaining and re-establishing the water in

our rivers to prevent unnecessary fatal consequences.
And by doing so, we may even add additional positive
environments for the stakeholders. In a case study of
the restoration of the Isar river, Pugliese et al., 2020
addressed that the applied Nature-based approach was
the most advisable solution when compared with the
"grey” scenario of canalization that had dominated the
Isar river running throughout the city of Munich until the
restoration work was completed in 2013. The highest
score was retrieved for the environmental and social
benefits, whereas risk reduction, technical and local
economy reached comparable results. Furthermore,
the solution provided a higher quality of life for the
stakeholders, enhanced biodiversity, strengthened the
ecosystem, and improved the visual perception of the
landscape (Pugliese et al., 2020).

¥ 7}

Figure 14: In the Tromsa river (Photho: Fjeldberg, I. 2022).
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2.9 Relation between society and

the green environment

The need for a natural system to recover and what
humans enjoy do not necessarily correlate. For example,
when staying “out in the wild” in a national park or a
forest, people may appreciate the wilderness of
free-growing trees, shrubs, and mixed floral vegetation.
However, such wild growing environments can be
perceived as untidy in urban areas, making people feel
unsafe if the vegetation is not nurtured and maintained
(Nassauer, 1995). This has to do with people’s
perceptions of nature based on several factors. A study
was done on social perception and ecological value

by Arsénio et al.,2020. They found that both personal
experiences and cultural background affect our
perception of ecological conditions. Therefore it is
crucial to know the stakeholders of a site when
proposing changes to it. A site will more likely be

used and maintained if the users embrace it

(Arsénio et al., 2020).
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In addition, there will always be some level of attachment
to a place where someone has been growing up and
has created memories. Therefore, changes to this place
may be harder to accept than at a site without emotional
attachments. What seems universal regarding how we
relate to nature is that people, to some degree, seem to
be attracted to water. Regardless of their background,
most people enjoy being around water for recreation,
relaxation, and several cultures and indigenous groups
have religious beliefs and rituals connected to water
features (International Rivers et al., 2020).

Jorgensen (2017) summarizes and defines how we
portray nature from two ways of thinking: nature-culture
dichotomy and nature-culture (Jargensen, 2017). The
nature-culture dichotomy sees man-made constructions
and technology as disturbances to wildlife and that a
site is never natural as long as there is a presence of, for
example, a human-constructed dam. The ones sharing
this view often present it as the “right way,” based on
ecological science. In contrast, the nature-culture individuals
see the site around the dam as nature because of the
fact that there are water, trees, and ecological processes
present. This new nature that has developed during

the decades of the dam'’s presence has become part of
the stakeholder’s everyday life and what they know and
care about. The dam has become integrated into both
an ecological and cultural system (Jergensen, 2017).
Therefore, we cannot expect to receive any wanted
response from different stakeholders of a site when
proposing changes without involving them. Ideally,

every voice should be heard and taken into
account in advance.

Spending time outdoors in nature has proven to promote
physical and psychological health. Nature provides
opportunities to be physically active by exercising or
doing other recreational activities. When spending
time outdoors, there is also a chance to stumble upon
people or to arrange with people to meet to be social.
Social contact is essential for human wellness and
positively affects stress. People also seek to spend time
in nature to relax and escape everyday urban life; it may
work as a form of meditation and has even proven to
be a therapeutic tool (Thompson, 2015). Newer studies
have also found that microbiota gathered from the

Furthermore, there seems to be a shift in the mindset on
developing our environment: Ongoing climate changes
may have affected how people relate to and perceive
threats to nature. Restoration and renaturalization
projects using nature-based solutions (NBS) seem to
have become more easily accepted after reports of
degraded nature locally and globally (IPBES, 2019).

Poff and Mathews stated, "What seems clear is that
environmental flows is now expanding and transitioning
from an era of aquatic conservation and ecological
integrity to a period of explicit ‘social-ecological sustainability”
(Poff & Matthews, 2013,p. 671) in their article. We seem
to focus more on integrating ecology into social and
urban areas and creating levels of symbiosis

rather than separation.

environment and animals are essential for human wellness
to maintain a well-functioning immune system and prevent
autoimmune diseases. Autoimmune diseases have
become more common in our modern times, which can
be linked to urban environments with a lot of time spent
indoors, sometimes slight variation in diet, and minimal
exposure to animals, plants, and soil that holds
microorganisms (Douglas et al., 2021). Therefore

the ability to spend time in nature seems not to be

a luxury but a necessity.
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Figure 15a: Parts of the riverscape in the river Tikkurila, Finnland, after dam removal (Photo: Pyry Kantonen Photography, 2019).

2.10 Reterence projects o
dam removal and re-naturalization
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Tikkurila Dam, Finland

Dam removal Europe and
Loci Landscape Architecture, Finnland

Until 2019 the river running through the city of Vantaa
was split by a concrete dam. Measurements of the dam
were 4,5m high, 3m wide, and 47m long. The dam was
created to serve a mill in the middle ages, and later it
was rebuilt with concrete in 1912 to generate power for
a linseed factory. The dam has not been in use for many
years, and even though a fish ladder was installed in
1994, the dam was a barrier to migratory fish. Today the
dam has been partly removed, with a length of approximately
10 meters on each side still standing, for cultural value
(Dam Removal Europe, 2019).

Figure 15b: Parts of the riverscape have wider
riparian zones with vibrant vegetation (Photo:
Pyry Kantonen Photography, 2019).

Figure 15c: Masterplan for the project area
(Image source: Loci Landscape Architects Finnalnd, no date).
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Figure 15d: Trails alongside the riverside Figure 15f: Pars of the dam is preserved and included in the design as
(Photo: Pyry Kantonen Photography, 2019). a cultural monument (Photo: Pyry Kantonen Photography, 2019).
Figure 15e: Spots are used as habitats for Figure 15g: Places for people to be in contact with the water

people and humans (Photo: Pyry Kantonen (Photo: Pyry Kantonen Photography, 2019).
Photography, 2019).
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During the planning phase, contaminated soils were designing a masterplan for the riverside. In the design

g D discovered upstream from the dam. The solution wasto  of the restored river and riverside, the landscape
remove some contaminated soil and cover up parts with  architects intertwined history and nature by using
clean soil. Engineers mapped out geotechnical solutions ~ materials that refer to the industrial history at the site.
;} for erosion control of the banks. River restoration design  The architects used Outdoor tiles, Corten steel, and
I was implemented in the new channel bed in the part reddish-brown colors in the design on the banks of the
Y of the river most affected by the removal. Vegetation rapids. In the western parts of the river, the design has

was designed in the sub-channel area, and on the south a more natural and organic touch, and they wanted to
shore, a path was created for anglers. After the central part ~ preserve as much vegetation as possible. As a result of

GALILEI
TIEDERIHA
MEUREKAN

PYSAKGINTIALUE

of the dam was removed in 2019, trout were observed this restoration, the river is again home to trout,
spawning further up in the river, which was the project's  thick-shelled river mussels, otters, and other animals
goal (Dam Removal Europe, 2019). (Vesikansa, 2022).

Loci Landscape architecture won the competition for
restoration in 2016. Later they followed up with
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Rattlesnake Dam, Montana,

City of Missoula

This dam was built as a water reservoir until the spring
of 2020, when the removal project started. It was
constructed in 1904 and was an important part of the
water supply for the city of Missoula until 1983.
However, due to concerns about the drinking water, the
facility was no longer used as a water source after 1983.
Eventually, it was decided to remove the dam since it
was only a hazard to its surroundings and the community
(FEMA, 2020). In addition, Rattlesnake Creak is one of
the major sources of trout to the Clark Fork river and is a
popular recreation destination (Engage Missoula, 2021).
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Figure 16a: Draft of existing condition before removal
of the dam (Image source: City of Missoula, 2019).
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Project benefits:
e “Restore habitat for native and threatened
fish species and wildlife.
e Enhance the recreational corridor between
Missoula urban area and Rattlesnake Wilderness.
® Renaturalize the site to improve stream, floodplain,
and riparian benefits.
®  Minimize or eliminate safety and liability
hazards on site.
* Reduce maintenance and operation costs
to Missoula Water.”
(Engage Missoula, 2021)

They have come far in the planning process, and the
completed steps are conceptual design, public view,
final design, and construction design. They are now in
the revegetation phase. Seed mixes were used in the
vegetation phase, and they maintained the site by
manually watering and weeding. What remains is the

development of recreational trails and project monitoring.

In the end, the vegetation around the creek is predicted
to consist of local rare wetland vegetation, native riparian

forest, and natural streambank (Engage Missoula, 2021).

Figure 16b: Blooming Clarikia from our seed mix
(Photo: Eisenhand, T., no date).

Figure 16c: The site before removal of the dam (Image source: City of Missoula, 2018).

Figure 16d: Creek Excavation Starting to Wrap up (Image source:
City of Missoula, no date).

Figure 16e: Former Dam Site Ready for Revegetation (Image source:
City of Missoula, no date).
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Restoration of Mdana river, Telemark, Norway

Hydro energi and Dkogrent AS. Roland Heibl

This is a rehabilitation project of the river Mana, located
in Tinn municipality, east of Telemark county. The river
was highly affected by changes in the watercourse due
to several dams for hydropower production. In addition,
four kilometers of the river were channelized at the
outlet of the river. Some of the main aims of this project
were to rehabilitate ecological dynamics and to recruit
trout from lake Tinnsjgen where the river has its outlet.
Another objective is to increase the recreational value
along the river (Heggenes & Sageie, 2006).

In this project, no dams were removed. Instead, they
have relocated rocks and sediments to create variation,
steer the movement of the water, and decrease the
water release to the groundwater table. They have
constructed thresholds, bow-formations, groups of
rocks, sediment magazines, and revegetated the
riverbanks. A recreational track was improved as well
(Heibl, 2022). The illustration below shows the design
of one part of the river. The sketch below gives input
on their thinking when designing and placing more

Figure 17a and 17b: To the right, the photo shows the river before the restoration, while the
image to the left shows the same site after the restoration (Image source: Gkogrent, 2022).

Figure 17c: A section of the plan for the restoration (Image source: @kogrent, 2022).

giant rocks in the river. Great forces of the water and
currents may move even massive rocks around if they
are not placed appropriately into the riverbed.

Figure 17e and 17f: For large machines to cross the river, they designed
a threshold functioning as a road (Image source: Gkogrent, 2022).

Figure 17d:
Sketch of
technical

placement of
rocks in the
riverbed (Image
source: Jkogrent,
2022).
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Figure 17g: The beach constructed at the
riverside has been a popular facility welcomed
by the locals (Image source: Okogrent, 2022).
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Takes from the projects

The Tikkurila site is an urban space with the river as

a natural element running through the city. Therefore,
for this project, it was natural to have urban features
implemented with nature. Moreover, in this project, the
remains of the dam are working as a historical element,
which has cultural value. This lets people remember
how the site was used before the removal of the dam
and may strengthen the attachment to the new design.
The designed river sides have trails, jetties, and rest
areas connecting people to the water.

At Rattlesnake Creek, the surroundings are rural and
wild. There are no urban elements at the site, and the
creek looks natural. After the removal and reconstruction,
the vegetation was boosted by planting and maintenance.
Even though the area is rural, the recreational track
design is important here, allowing people to use nature.

The restoration project of Mana elveleie is different from
the other projects, as no dam was removed from this
river. However, it is fascinating to see how much difference
it can make by moving around on rocks to steer the
water courses and lift the water table. What all of the
mentioned projects have in common is that they all aim
to renaturalize the sites.

Inspiration | have taken from these projects is, for example,
how it is possible to transform riversides in urban areas
to become full of life. And also how renaturalization

in both urban and remote sites can genuinely benefit
the species living there. In addition, the projects have
examples of different uses for the stakeholders in terms
of recreational opportunities that seem to work well
without disrupting the ecology too much.
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Figure 18: Image from the river
in Tikkurila afteer restoration
(Photo: Pyry Kantonen
photography, 2019).
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2.11 Methodology

Landscape identity,
removal of dam and consequenses

Ecology, cooporate with nature

Landscape identity,
cooporating with nature

Literature review

Research local history

Site visits

Analyzing, GIS spatial analysis mapping
and critical thinking

Reference project reviews

Design

Figure 19a: Methodology and process
(diagram: Fjeldberg, I., 2022).

In the work of this thesis, research was done in several
ways before ending up with the proposed plan.

The research consists of reading relevant material, such
as scientific articles, Landscape architecture texts, and
academic material pertinent to the project. In addition,
the site was visited several times to get a realistic
impression of the area. Reading local history and
sporadic conversations with people living there was
also a part of the research. Parallel to this, methods
such as mapping with GIS were used, working at different
scales and critical thinking using the information that
was actively gathered. | have used a combination of
different methods and sources, pulled out techniques
learned in previous courses, and applied what would
be relevant to this study. The diagram (figure 19a)
shows that the design was developed by going back
and forth between the stages. Reference projects found
relevant to this project were reviewed as inspiration.
The work was started by familiarising myself with the

site, situation, and consequences of what had happened.

First, it was a matter of establishing an understanding
of the site's identity and the consequences of the dam
removal. Next, research steered the project to an angle
of cooperating with nature, and through the work
combined, the proposal builds a new identity of the
landscape and takes the land areas back, asking

us to cooperate with nature.

Delimitation

| present the most relevant global topics early in the
thesis before | zoom in on Norway and, later, the Lagen
river and the project area at the Tromsa river. The geographic
limitations of the project area are limited to the dam'’s
site in the Tromsa river and include riparian zones to the
outlet into the Lagen river. | have also included riparian
zones of the Lagen river at the outlet of Tromsa, as this
part is also vital to Tromsa. | have included broader
geographical scales in the analysis to establish a solid
understanding.

The proposal is focused on restoring the area south

of the Tromsnesvegen bridge because that is where the
flood zone affects the landscape beyond the river and
riverbanks. Due to infrastructure, space is also limited
between this bridge and the forest vegetation leading to
the dam site, leaving little room for the expansion of riparian
zones. But a suggestion on how to prevent erosion is
presented for the dam site area. | have given suggestions
through a series of conceptual drawings for use by the
stakeholders. It is indicated where they might be
implemented, but they are not

geographically restricted.
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Figure 19b: the dam site, Tromsa, with vibrant colors (Photo: Fjeldberg, I., 2022).
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L&dgen and the impact of dam construction

Lagen is the largest supply river connected to Mjgsa.
The river begins at Lesjaskogsvatnet at 611 m asl. and
ends in Mjgsa lake (123,2-119,6 m asl.) Along the way,
the water streams through a varying landscape where
the river is wide and slow running in some places.

In other parts, the river landscape is influenced by
canyons, steeper hills, narrow water surfaces with more
turbulence, and movement (Thorsnaes, 2022). At Favang
township, the river is home to several fish species, such
as trout (Salmo trutta), perch (Perca fluvialis), grayling
(Thymallus thymallus), and cyprinids (Cyprinidae).
Unfortunately, the construction of hydropower dams,
sediment extraction, building and canalization, and
infrastructure construction have decreased the
occurrence of critical spawning areas and habitats

for fish (Johnsen et al., 2021).

Much of the land use around Lagen consists of
agricultural fields, which have resulted in unnatural
phosphorus outlets into the river throughout the years.
Nevertheless, the river is classified with moderate to
good ecological health according to an investigation
by NIBIO (Bechmann et al., 2021).
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Figure 20: Location map and catchment area of Lagen and
the river network (map: Fjeldberg, I. 2022).
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Figure 21b: Hunderfossen hydropower dam (Photo: Hafslund Eco Vannkraft).

Several hydropower dams restrict Lagen and some
of the connected rivers from full river connectivity.
As shown in the map (figure 21c.), the Hunderfossen
power plant in the south and Harpefoss in the north
create the borders for the part of Lagen that limits
free river connectivity. At Hunderfossen dam, they
have made a fish ladder, where most bigger fish can
pass, but Harpefoss is an absolute ecological and
morphological barrier.
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Figure 21c: Lagen river with
tributaries and dams (map:
Fjeldberg, I. 2022).
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Part 4.

Project area

Figure 21d: Thresholds constructed in the Tromsa river after the removal of the dam (Photo: Fjeldberg, I. 20