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ABSTRACT

In process-based restoration, the objective is not to create
a complex river form directly; instead, interventions are
intended to “prompt” the natural processes to restore
such forms. The improvements in ecological conditions
are actually made over time by flowing water during
floods (using the stream’s energy), and by the growth of
riparian vegetation (using incoming solar energy). On the
Aire River in Geneva, ecological function was restored to
a formerly canalized river by providing the river with an
espace de liberté. A grid of channels cut into the valley
bottom allowed the river to freely flood, erode its bed and
banks, and deposit bars, creating complex surfaces on
which riparian vegetation established to support the food
web of the riverine ecosystem. The diamond-shaped bits
of land left between these channels (“lozenges”) gradually
erode and evolve as the river migrates, creating complex
channel forms. The Isar River in Munich restoration
involved adding coarse sediment load, creating erodible
bed and banks in place of formerly rigid boundaries,
expanding process space for river migration, erosion, and
deposition, and increased human access to the river over
8 km. Since restoration, natural transport of sediment
has resulted in deposition of gravel bars, whose forms
evolve during floods, supporting diverse habitats. The Isar
and Aire Rivers provide compelling examples of process-
based restoration meeting 4 criteria for process-based
restoration: space, energy, materials, and time. They
demonstrate the possibilities of urban river restoration
to achieve both ecological and social goals through
restoration of fluvial process.
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1 Introduction

As the sciences of fluvial geomorphology and river ecology have progressed,

the dependence of alluvial river channel form upon fluvial process has become
better understood. In place of traditional notions that “stability” was desirable in
ecology, there is an increasing recognition that disturbance is not only inevitable
in many systems, but also essential to their regeneration and maintenance of
biodiversity'". Channel dynamics, bank erosion, deposition, and recruitment of
large wood to the channel are now understood to be essential processes to create

[2]13

complex and diverse channel habitats”!”! and floodplain habitats'* needed by
many valued species. Thus, there is an increasing recognition in scientific literature
that the greatest ecological diversity and richness occur in dynamic river systems,
where the floodplain is frequently inundated, and the channel can migrate, erode,
and deposit, allowing for establishment of native riparian vegetation"'®!.

More restoration programs now emphasize restoration of dynamic fluvial
process'”!. To the extent that a river can be granted its space of freedom, along with
an at least partially natural flow and sediment regime, the river can rearrange its
bed and banks into a more complex form, supporting native species evolved in
adaptation to these conditions. However, in light of the severe constraints imposed
by their surroundings, it is often assumed that process cannot be restored in urban
rivers, and that only cosmetic “gardening” projects are possible. While this holds
true for many densely urbanized settings, there are some urban contexts where
semi-natural fluvial processes can be restored to the river corridor, and with time,
these processes can restore the river into natural forms. Similarly, restoration
for ecological function is often seen as opposed to improving use for humans'®,
However, this needs not always be the case, and finding opportunities to achieve
the two goals is both a key challenge and a rare opportunity in contemporary
urban river management.

Flood risk is commonly managed by structural measures such as dikes,
reservoirs, and engineered channels, which usually negatively impact ecological
functions. However, with increasing interest in “Nature-Based Solutions,”
managers seek opportunities to manage floods while also improving ecological
functions. By granting the river a corridor to convey floodwaters freely, it may be
possible to restore fluvial process as well as reduce flood risk.

In this paper, we consider two urban river restoration projects from the
perspective of process restoration, assessing the degree to restore fluvial process
for human use, while also effectively managing floodwaters within a peri-urban

setting (the Aire River, Geneva, Switzerland) and a central urban setting (the Isar

River, Munich, Germany).

2 Evolution of River Restoration and the Espace de Liberté

River restoration practice in North America began earlier than in Europe, and

adopted a paradigm of designing a stable, single-thread, and meandering channel
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as the idealized goal in river restoration'”’. This approach—the imposition of fixed
and idealized forms—reflected an earlier idea of “restoration,” rooted in concepts
of ecosystem stability rather than dynamism. The fixing of river forms in place
also was consistent with the goals of most riparian landowners, who commonly
want to avoid riverbank erosion. This paradigm has been adopted by some

state and federal agencies in the United States, wherein at least one state (North
Carolina) stipulates that compensatory mitigation projects under the Clean

Water Act must follow this paradigm. Now, a vast mitigation banking industry is
spawned, which churns out virtually identical symmetrical meandering channels—
commodifying river “restoration” as an industry in which large investment banks

[10]~

now have stakes!"”"""?/, These meandering channels with their locked-in banks

have come under criticism from geomorphologists and ecologists who point out
the conflict between fixed banks and dynamic river processes'’.

In contrast, river restoration practice started in Europe in the 1990s, with the
best known project probably being the emblematic restoration of the Emscher
River in the industrialized Ruhr Valley, which had been a canalized open sewer'"”.
As river restoration became widespread in Europe after 2000 in response to
requirements of the Water Framework Directive!'*), the field has integrated more
advanced concepts of fluvial process as a basis for ecosystem restoration, in effect
leap-frogging over the “stable-meandering-channel” paradigm in which much
of North American practice is still mired. While there are many “restoration”
projects in Europe that do not restore process, we find many more examples of
true process restoration here!”’,

Given that dynamic fluvial processes create the complex habitats needed by
native species, it follows that the most effective ecological strategy is to set aside
a zone within which riverine processes can function without conflicting with

human uses, termed variously the “espace de liberté (or space of liberty)” "*,

“erodible corridor” ", “fluvial territory” """, “channel migration zone” "'

, etc.
This approach can be viewed as “preservation” of what has already been working,
and a more effective use of restoration funds than projects involving active
intervention and physical changes to restore the channel. Where the river has
sufficient stream power (to move sediment) and sufficient sediment load, the most
sustainable restoration strategy will likely be to remove structures that constrain
the river, and thereby let the river restore itself over subsequent years-to-decades
through erosion, deposition, and development of riparian vegetation'®. Examples
include removing dikes that block floodwaters from inundating floodplains and
removing hardened bank protection that prevents channel migration'"”"*",

The next most effective strategy would be restoration of processes.
Downstream of reservoirs, this could include restoring flow dynamics with
deliberate high flow releases to mimic the effects of floods and restoring sediment
dynamics by adding gravels to sediment-starved channels. In these cases, restoring
the processes allows the rivers to create complex forms (and thereby diverse
habitats)."”"*"' By contrast, the least sustainable “restoration” approaches—and

those least likely to succeed—are those that attempt to directly create, through
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mechanical actions, the complex habitats of the natural river, especially if the
restoration goals are based on outdated notions of stability as the desired
ecosystem state. Without the processes that naturally create and maintain these
geomorphic features and habitats, it is unlikely that the artificially constructed

habitats will persist for long.

3 Criteria for Process-Based Restoration

While many restoration projects today are billed as “process restoration”
or “geomorphically-based restoration,” some of these do not merit the title. As
articulated by Damion Ciotti et al., process-based restoration/espace de liberté

can be identified in terms of four criteria: space, energy, materials, and time'"”,

3.1 Space

As noted above, removing constraints to overbank flooding and channel
migration can allow river processes to operate over a larger area (increasing
the “process space”), in turn creating the channel-floodplain complexity and
connectivity that will support the desired ecology. Thus, the first criterion to
apply to a restoration project is whether it increases the river’s process space,
through actions such as setting back, breaching, or removing dikes, and removing
obstructions to flow. Ciotti et al. presented the example of Doty Ravine in
California (drainage area 62 km?), where flood control dikes were removed,
allowing the stream to rework most of its bottomland over a length of 700 m.
The width of the active stream corridor increased from less than 80 m to between

200 m and 400 m, which increased the process space from 3 hm? to 23 hm*.!"”)

3.2 Energy

Another key aspect of process restoration is the source of energy.
Conventional channel reconstruction projects (such as those documented by
Doyle et al. 2015 as required for compensatory mitigation in North Carolina,
USA) use bulldozers, excavators, and other heavy equipments to construct the end
product—the idealized channel form, and the constructed channels must be fixed
in place by large rocks to resist the erosive forces of floods"".. Thus, these projects
depend primarily on large inputs of fossil fuel energy. By contrast, process
restoration depends to the extent possible on natural sources of energy. The most
important is the energy of the river in flood, which erodes, deposits, and thereby
rearranges the architecture of the channel and floodplain. Even frequent natural
floods can exert considerable energy on the channel. For example, a 5-year
flood on Doty Ravine exerts energy equivalent to about 50 days of bulldozer
operation'”. In addition, the direct energy of the sun drives plant growth,
which contributes to the evolution of channel form, holding riverbanks together,
providing shade to river waters in summer time, providing hydraulic roughness to
the floodplain during overbank flows, contributing leaf litter to the stream—an

important allochthonous input to the stream’s ecology, and providing large wood
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that falls into the channel and provides habitat complexity. In addition, process
restoration could harness other biological sources of energy, such as the energy
of beavers who build dams, a form of “biomorphic power,” to raise water tables
and trap organic matter, and the mussels who filter fine sediment from the stream

watersmj.

3.3 Materials

Process restoration uses locally sourced materials that are geomorphically
appropriate to the site, rather than overwhelming the channel with artificial
elements that would not naturally occur at the site, such as importing large
boulders into streams with finer-grained bed and banks to create immobile
structures that fix a constructed channel in place and prevent channel migration.
Instead, process restoration uses structures as short-term tools to accelerate
beneficial biogeomorphic processes. An example would be artificial log structures
that will serve to direct river energy but which are expected to deteriorate over
time. Under a process restoration approach, structures are not expected to persist

without change through subsequent high flows!"”,

3.4 Time

One distinguishing feature of process-based restoration is that the objective is
not to create an idealized river form directly, but rather to induce the interaction
of physical and biological processes to create naturally functioning fluvial
ecosystems''”. The idea is to implement incremental, small interventions that
subsequently direct the energy of high flows to restore channel complexity, and
that allow riparian vegetation to establish. This prompted recovery uses the
natural energy of the river to accomplish the restoration objectives, but this takes
time"””. Geomorphic monitoring of channel changes after a S-year flood on Deer
Creek in California, the United States suggested that about eight such events
would be sufficient to rearrange the channel to resemble its complex natural
state prior to flood-control interventions that simplified and straightened the
stream. This implied that the system would take about four decades to recover
after flood control dikes were set back."*' Thus, in process-based restoration
there is commonly a delay between the restoration actions (designed to influence
the fluvial processes) and the intended channel changes. The improvements in
ecological conditions of the river are actually made over time by flowing water
during floods (using the stream’s energy), and by the growth of riparian vegetation

(using incoming solar energy).

4 Constraints on Process-Based Restoration

The process-based restoration/espace de liberté approach can be constrained
by 1) encroachment of buildings and infrastructures upon river banks, leaving
insufficient room for an active corridor, or 2) insufficient energy and sediment

load, such that spontaneous recovery from channelization or other such impacts
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corner of the bivariate plot, where there is relatively little urban encroachment up

the potential for effective implementation of the espace de liberté approach are

shown in Figure 1. The greatest potential for the approach is in the upper right

geomorphology) or resulting from human-induced changes (such as reservoir-

might take centuries, if it were to occur at all. The effects of these two factors on

to the banks, and stream power and sediment load are high. Where stream power

reduced flow regime and sediment load), the river does not have the capacity to

erode, deposit, or rebuild its complex forms (lower right corner of Figure 1), at least

not on time scales typically demanded by the public for visible restoration projects.

SUETENRE, yiFKRDHSEDE (RR: 2FXHNT]) .

Downstream of dams, flow dynamics and sediment loads can be partially

restored through reservoir reoperation and sediment augmentation (center of

1. The suitability of the espace de liberté vs. other more intrusive river management
approaches, as a function of degree of urban encroachment (x-axis) and available
stream power and sediment load (y-axis) (Source: Ref. [17]).
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themselves, because even a potentially dynamic channel could not be permitted to

and sediment load are low, whether the condition be natural (reflecting catchment

[15]

Process-based
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Restoration approach
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erode, deposit, or migrate if there is a high degree of urban encroachment up to the
banks. In such cases, natural elements can be incorporated into restoration schemes,
but the channel must typically be hardened to resist erosion and undermining of
infrastructure (upper left corner of Figure 1). In highly urban settings, “restoration”
of straightened or canalized channels can be likened to “gardening,” where desired
elements can be incorporated into the projects, but they are not sustained by current
fluvial process, and thus require maintenance (lower left corner of Figure 1) In such
highly urban settings, social benefits may outweigh ecological.

The Aire and Isar Rivers illustrate the limitations and also the possibilities of
urban rivers provided the process space is increased to create a limited espace de
liberté. Both are large projects completed within the last decade (the final stage of
the Aire is still ongoing) and within large urban areas: the Aire being peri-urban,
in an area zoned deliberately for preserving agricultural use entirely surrounded
by urbanization now, as a “Central Park” in Geneva; the Isar flowing through the
city center of Munich. Both rivers drain the Alps and have sufficient stream energy
to rework their channels. In the case of the Isar this is thanks to flow releases to

rejuvenate geomorphic processes.

5 The Aire, Geneva: A Peri-urban River

The Aire River project restored ecological function to a formerly canalized river
by providing the river with an espace de liberté, within which the river is free to
flood its banks, erode its bed and banks, and deposit bars. Through these processes,
the river has created complex aquatic habitats and riparian corridor, which in turn

can support the complex food web of the riverine ecosystem.

5.1 Setting

The Aire drains a 100 km” catchment, flowing northward from the Saleve
range of the French Alps, through glacial moraines, onto the Plaine de I’Aire in
southwestern Geneva, a broad basin through which the Aire is naturally unconfined
and alluvial (Fig. 2)'""'. Prior to engineering modifications, the Aire had a braided
channel across its alluvial fan, then transitioned to a single thread meandering channel
(sinuosity 1.46) and flowed eastward to its confluence with the Arve (Fig. 3). To
improve drainage and more efficiently convey floodwaters, 3 km of the meandering
channel were artificially straightened and converted to a trapezoid with concrete
banks and bed in the late 19th and early 20th centuries. This “Channelized Reach”
had a higher gradient (increased from 0.005 to 0.007), efficiently draining adjacent
agricultural lands and routing floodwaters downstream more quickly, increasing
peak flood discharge delivered downstream. In the 1960s, the downstream-most
1.5 km of the Aire was put in an underground culvert to permit building of
industries and a major highway over its former course'”. However, if the culvert’s
65 m’/s flow capacity is exceeded, parts of the industrial area will be flooded. In
1987, a flood bypass tunnel was completed to divert SO m’/s directly to the Rhéne,

reducing flood hazard to the lower Aire.
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major bed on the alluvial fan reach.

While the channelized reach increased effectiveness of flood conveyance, it
displaced (and exacerbated) the flood problem downstream. As climate changes,
more intense precipitation and thus more intense floods are anticipated in coming
decades. Thus, there was a motivation to create a greater flood storage for the Aire

upstream of the dense urban reach.

5.2 Restoring the Aire

The Canton of Geneva revised its water law in 1997 to require improved
water quality, enhanced ecological values, and better public access to the Aire, and
established a fund to support the revitalization of the river'®”. After completing
studies of Hydrology, Landscape, Ecology, and River Management to provide a
basis for restoration strategies'”, the Canton selected a restoration approach that
retains portions of the straight canal to provide public access for the large urban
population nearby, while creating a corridor to the south from agricultural lands,
where the river can rebuild a complex morphology*"*"!. In addition, the project
included two berms cutting transversely across the floodplain, along with flow
control structures, to impound floodwaters, thereby reducing floods downstream.

Restoration of the Aire has been underway in four phases since 2002 (Fig. 2).
This paper focuses on the restoration approach in the Phase 3 reach. Here the

restoration project repurposed components of the old canal as recreational sites,
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4. The left is the photo of freshly cut
channels (and lozenges) in April,
2014; the right is the Aire channel
one year later (April, 2015), after
modest (but still geomorphically
effective) flows re-arranged the bed.

while creating an adjacent, parallel freedom space (from former farmland). The
diamond-shaped bits of land left between these channels (“lozenges”) gradually
erode and evolve as the river migrates, creating complex channel forms (Fig. 4).
While the river could have eroded a channel into a graded flat surface, the grid of
channels serves to accelerate the evolution of the channel, and provides a striking
visual pattern for the public, conveying the idea that allowing the river to select
and develop its own channel is a deliberate choice and not an oversight**.

Viewed from above, it can be seen how the Aire has chosen a course through
the lozenge template (Fig. 5). With a series of relatively small floods, the Aire has
evolved into a complex channel with diverse habitats, both aquatic and riparian
(Fig. 6).

5.3 Process-Based Restoration Evaluation
5.3.1 Space

The Aire River restoration increased process space of the river, increasing
the channel width from the 15 m to 100 m created to the south. Moreover, the
transverse dikes that impound floodwaters across the floodplain during large
floods, effectively increase the river’s footprint across its floodplain as they reduce

the magnitude of large floods in densely urbanized downstream reaches.

5.3.2 Energy

Heavy equipment was used to excavate the multiple channels, but by leaving
the lozenge-shaped islands in place (in lieu of presumed lowering of the entire
footprint of the restored channel), the fossil energy required to excavate and
carry away material was minimized. Most importantly, the energy of the river
in flood was harnessed to form the channels. Even a series of small floods, with
return intervals less than 2 years were sufficient to initiate erosion of the lozenge-
shaped islands and deposition of natural fluvial forms such as gravel bars. With

the establishment of riparian vegetation over the past 7 years, the evolving channel
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is now taking on a clear form, as the energy of the river flow interacts with the

stabilizing effects of trees and other riparian plants.
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5.3.3 Materials
Except for a few key sites (e.g., at infrastructure crossings), the banks were

not hardened with boulders or other elements imported from elsewhere. Rather,
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Air photos (mosaic from drone imagery) of the Phase 3
reach as it evolved from July, 2014 (when the criss-crossed
channels were freshly cut) to May, 2016, show the rapid
evolution of the river bed under the influence of moderately
high flows (none exceeding 2 years in return period).

The Aire River within the Phase 3 restoration reach over 7
years after the river began flowing through the lozenges
(photo taken in September, 2021). Complex riverine forms
developed from the interaction of sediment transportation
and sedimentation of flow in the lozenges, establishing
riparian vegetation.
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the banks were encouraged to erode and deposit in response to the river’s

flow pattern and the growth of riparian vegetation in and along the restored
channel. The site naturally had a diversity of sediment sizes, from dense clays to
large gravels and cobbles (owing to the legacy of glaciation). The evolution of
the individual lozenge-shaped islands was influenced in large measure by their
composition, with the islands cut in clay being more resistant to erosion than

those composed of gravel.

5.3.4 Time

The project did not “construct” the river channel, but simply “set the
stage” for the river to form its own channel, a process that requires time. The
innovative starting condition of the excavated network of criss-crossed channels
separated by lozenge-shaped islands resulted in a visually interesting pattern
being developed from the outset, which was an important attribute in this
very visible urban setting. Time was critical in the process, as the public could
observe the evolution of the river and its channels over time. The narrative
around the project made clear that change was anticipated and welcomed, that

the river would be the author of its own geometry over time.

5.3.5 Limitations

As discussed above, such process restoration may not be feasible
everywhere, and questions were raised about whether the Aire was well-suited
to the approach!"!. Fortunately, it was possible to regain some of the river’s
former corridor width from the agricultural lands to the south, giving the
river more room to move and reducing the peak flow conveyed downstream
to the lowermost 1.5 km of the Aire (before its confluence into the Arve),
where a flood bypass tunnel with limited capacity had been built. However,
the channel is now migrating into the southern boundary of the espace
de liberté at two points, suggesting that the river may need more than the
100-m width. Given the success of the project to date, an expansion of the
river corridor to the south is now under consideration, but converting more
agricultural land back to river corridor is tricky because of the high value of
the agriculture.

Moreover, it was clear that the Aire still experienced frequent
geomorphically-competent flows, and that it had sufficient sediment load to
build complex channel forms, based on observed rates of sediment deposition
in a sediment basin excavated on the alluvial fan (Reach 4) and in a pool
excavated to provide deep-water fish habitat (Reach 2). Thus, the Aire has
sufficient stream power and sediment load to recreate its channel."”

Unlike many conventional restoration projects in North America, which
seek to create a stable idealized form, even in settings where the channel could
have migrated freely with infrastructure conflicts, the restoration concept for
the Aire identified the zone within which the river could be free and removed

constraints on its lateral mobility.
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6 The Isar, Munich: An Urban River

The Isar River exemplifies restoration of coarse sediment load, creation of
erodible bed and banks in place of formerly rigid boundaries, expanded process
space for river migration, erosion, and deposition, and increased human access to
the river over 8 km. Since the implementation of the restoration program (called
the ‘Isar-Plan,” completed in 2011), the natural transport of sediment made possible
by artificially adding sediment and enlarging the river’s process space has resulted
in deposition of gravel bars, whose forms sequentially adjust and evolve during
floods, providing increased diversity of habitat and species that depend upon the
habitats (Fig. 7).

6.1 Setting

As one of the principal tributaries of the Danube, the Isar River drains the
Austrian Alps, flowing northward into Bavaria. Leaving the high mountains, it
traverses multiple glacial moraines and flows across the gravel plain of Munich'”.
Munich was first settled on the west bank of the Isar at the location of a bridge
built to take advantage of an island that allowed the river to be crossed in two
shorter sections”. During the Roman period, this bridge was the only crossing of
the Isar, and Munich developed as a rich trading city, which expanded to the east
bank'*”!,

After floods in the early 19th century, the water agencies started a century-
long process of regulation of the Isar, forcing the river into a narrow concrete
channel by 1950. The Isar’s generous flow and steep gradient stimulated a boom
in construction of hydroelectric dams starting in the early 20th century. In less
than 100 years, 30 hydropower plants were built, resulting in large changes to the
hydrograph.

The ecological consequences included decreased populations of migratory fish
such as the Danube Salmon (Hucho hucho) and reduced area of pioneer vegetation,
e.g., Myricaria germanica (L.) Desv."” There was opposition from civil society to

Bl especially as the

the construction of hydropower plants starting in the 1930s
river was completely dried up downstream of the diversions for hydropower plants.
Sylvenstein Reservoir (1959)"* was built to provide a constant minimum base flow
to the river downstream, in addition to flood control and hydropower generation*.
In 1984, Article 141 of the Bavarian constitution made environmental protection a

32 and in 1987, the Bavarian Water Law called for minimum base

goal of the state'
flow in rivers. That year, a working group from Munich’s environmental agency,
water agency, planning and building departments, NGOs including the Isar Allianz,
and experts from planning, ecological and hydrological sciences began meeting to

plan the restoration of the Isar in Munich""..

6.2 Restoring the Isar River

The working group recognized that not only was Munich vulnerable to floods,

especially with a predicted 25% increase in precipitation and an expected 12%
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increase in flood peaks due to climate change”*””, but also the Isar had the
potential as an open-space and recreational resource for the growing city*®.

In response, they identified three equally weighted goals: flood risk reduction,
ecological restoration, and recreation improvement”’.,

Flood risk reduction was achieved by widening the river, increasing the flood
conveyance capacity of the channel and the floodplain within the designated river
corridor, and setting back and raising some flood control dikes. The measures
of ecological restoration and recreation improvement included a more natural
flow regime (with a minimum base flow through the city), and removing concrete
embankments and allowing natural bank erosion. Mechanical additions of gravel
provided the raw materials with which river flows could deposit gravel bars and
complex river forms, thereby increasing velocity variation within the riverbed.
Straight concrete weirs, extending across the channel as barriers to fish migration
and recreational rafting, were removed and replaced with multiple, irregular
rock steps (also termed “honeycomb” structures) that accommodated the same
elevation drop but over a longer channel length, which provided pathways for
fish migration. These measures helped restore longitudinal and lateral continuity,
recreating natural habitats for animals and plants. Gravel bars were built up
in response both to the wider river corridor (and thus greater depositional
opportunities across the channel), and to the increased gravel supply, forming large
gravel bars (corresponding to the alpine sources of the river) that serve wildlife
and human recreation (Fig. 8), including gravel-dependent species such as the
Hucho hucho which was found to spawn on gravel beds of the restored channel
and floodplain. Many restoration projects are being implemented all along the Isar
to enable active erosion and sediment transport.

Recreation was enhanced as the once-again dynamic river became an attractive
and near-natural alpine riverscape, with new gravel bars providing places to relax
and access the water, grilling areas provided in recreational hotspots, and upgraded
sewage treatment upstream to improve water quality for both swimming and

ecosystems (Fig. 9).
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Under the title, “New Life for the River Isar,” the project was implemented
from 2000 to 2011"*, The restoration partially restored flow and sediment
load, as well as removed constraints on natural fluvial processes. These fluvial
processes were then permitted to create natural fluvial forms through erosion and
deposition. The 8-kilometer long reach was restored from south (upstream) to
north (downstream) in three sections, paused in between to let the river adjust to
the removal of constraints and increased flow dynamics and sediment load"””. In
2005 the Isar experienced a large (100-year) flood, which greatly re-shaped the
riverbed and connected parts of the floodplain, and which was contained within
the designated corridor, i.e. it did not flood the city. Fish species are recovering,

and there is strong public use of the restored river.

6.3 Process-Based Restoration Evaluation
6.3.1 Space

To achieve the flood risk reduction goal, levees were set back to increase
conveyance capacity and restore gently-sloping banks with natural substrate.
Prior to restoration, the Isar floodplain with the levee system was able to convey
only 800 m3/s, whereas the estimated 100-year flood was 1,150 m3/s"!. The
restoration increased the channel flow capacity up to 1,200 m3/s.

Furthermore, the overall width of the river was increased from about 50 m
to 90 m, and in reaches with a low floodplain such as the Flaucher, the width
over which active river processes can occur was increased further, providing an
espace de liberté where the river could “play” (erosion, deposition, and shifting of

channels).

6.3.2 Energy
Bulldozers, excavators, and other heavy equipments were used during the
building process, mostly to remove infrastructure constraints, but also to set-

back levees and install features designed to prompt river recovery. Rock walls

8. BEEMFEFE/RIENEDEME
B, FEAER RN T RA M
(3HI\F2012€78 )

9. BER, LFELEHHHOMXAIT
[EasAM (3RE\ETF2012678) .

8. Mid-channel gravel bar in broader,
wilder reach of the restored Isar
River (photo taken in July, 2012).

9. Mid-channel gravel bar in dense
city-center reach of the restored
Isar River [photo July, 2012).
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and concrete embankments stabilizing the banks were removed, and the gravel
banks were allowed to erode, softening and making irregular the bank edges and
contributing gravel to the river’s sediment load. Many of the observed changes
occurred during the large flood in 2005, midway through the project, when the
reaches whose infrastructure was already removed could take advantage of the

flood energy to rework their channel and floodplain.

6.3.3 Materials

Landscape planners paid particular attention to the use of materials that
were geo-morphologically appropriate to the site””. For example, the gravel
used to restore the natural riverbed was dredged from the Sylvenstein Reservoir;
the stones used to create seating matched with locally occurring existing stones;
the seeds used to replant the meadows after the transit of heavy equipment and
to replace the existing recreational grassland were sourced from local producers;
and a mix of wild species naturally existing in protected meadows for nature

conservation in the north of Munich was used.

6.3.4 Time

The Isar restoration took around 10 years, but the restoration dealt with only
the mechanical changes that were needed to enable a passive hydro-morphological
restoration of the form as well as of the ecological function of the river. Since
the implementation of the restoration program, natural transport of sediment
through the enlarged process space of the river has resulted in deposition of
gravel bars, whose forms sequentially adjust and evolve during floods, providing

increased diversity of habitat and species.

6.3.5 Limitations

The Isar River restoration was possible because the virtually unrestricted
water rights previously enjoyed by the energy producers expired. The water
agency and the energy producers agreed on a more naturalized flow regime,
but still much lower than the Isar’s unregulated flows through Munich. It
is important to note that the current river corridor assumes the currently
impaired flow regime of the Isar, with greatly reduced flood flows due to
regulation by upstream dams. If the full natural flow were to be restored,
further broadening of the riverbed would be necessary to accommodate the high
flows'*".

Because Sylvenstein Reservoir traps all of the river’s natural sand and gravel
load, the Isar was flowing into Munich in sediment deficit. To partially restore
the continuity of sediment transport, gravel is dredged from the reservoir and
transported by truck to locations downstream from which flows can redistribute
it into natural riffle and bar forms, a practice that will need to continue so long
as the dam traps the coarse sediment load"””'.

Meanwhile, there were still some conflicts between the improved both human

use and ecological condition. Experimental reintroduction of the endangered
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floodplain plant Myricaria germanica (L.) Desv. showed success overall, but
high mortality rate in areas of intense human use, with loss of plants due in part
to young plants being pulled from the gravel bars by toddlers™*'". The restoration
improved habitat conditions for a target native fish species, the common nase
[Chondrostoma nasus (L.)], with greatly expanded areas of suitable physical
habitats for population conservation but low suitability for recruitment.
Moreover, the areas of most suitable habitat for the nase coincided with the
areas of more intense human use, implying that at least during the summer
season when riverside picnicking and swimming are most popular, human uses
may drive out the nase'*”.

The total cost of the Isar River restoration was €35 Million, relatively
modest for the benefits achieved over an 8-km length of river, especially in an
urban area with multiple constraints—including the existence of protected areas
and buildings within the project area, and underground infrastructures such
as subways crossing under the river”®. This is attributable in large measure to
the types of interventions, which did not involve shaping of final channel forms
with heavy equipment but rather removing infrastructural constraints and

giving the river more room in which to move.

7 Conclusions

Letting the river restore itself through natural channel dynamics seems an
obvious approach, both for the likely ultimate success of the restoration and
for cost efficiency in achieving the result. Process restoration and the espace
de liberté approach require room for the river to be dynamic, eroding and
depositing, and this is more likely in rural settings than urban ones. While
there are now many examples of such projects in Europe since adoption of the
Water Framework Directive''!, they have been less common in urban areas.
Both the Aire and Isar demonstrate that the process restoration approach can
have applicability within urban areas—even in an urbanized region, it is often
possible to find lands adjacent to the river channel that are suited for restoration
to a river corridor (such as agricultural, parking lots, and abandoned industrial
parcels) and opportunities to remove hardened bank protection structures to
expand the width of the river’s process space.

The Isar and Aire Rivers provide compelling examples of process-based
restoration as viewed in the framework of four criteria: space, energy, materials,
and time. The two projects demonstrate the possibilities of urban river
restoration to achieve both ecological and social benefits through restoration
of fluvial process. First, both projects were motivated in part by the need to
improve flood risk management. On the Aire, berms and flow control structures
were built to store floodwaters on agricultural valley bottomland, to reduce the
peak flow conveyed downstream. On the Isar the active channel was widened
and flood control berms were raised to increase the flood conveyance, thereby

reducing the likelihood of overflows into the adjacent urban areas. Second,
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ecosystem restoration and increased human access with recreational opportunities
were developed together.

River restoration practice in Europe such as the Aire and Isar projects
provide a refreshing contrast to the dominant paradigm in North American river
restoration of constructing stable meandering channels locked in place by boulders
and other large elements. The desire to fix channels in place probably reflects
popular misconceptions about fluvial geomorphology and aquatic ecology when
stream restoration became popular in North America (e.g., notions that stable
channels and stable ecosystems were desirable), as well as cultural preferences for
such channels”. By contrast, river restoration practice in Europe was able to build
on more up-to-date concepts of ecosystems and disturbance.

As we better understand how fluvial ecosystems function, it is increasingly
clear that the natural processes of erosion, sedimentation, and channel migration
do a very good job of creating high quality habitat. The most effective approach to

restoring rivers will often be for us to stand aside, and give the river its space. LAF
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