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Urban rivers deliver a broad range of contributions of nature to human development.

The exploitation of the riverine ecosystem services evolves with uncertainty. In addition

to the current decreasing of ecosystem health and changing climate, the impact of

societal development on the river system directly reduces the potential delivery of future

ecosystem services. What are the drivers of the design of urban river parks and what

upcoming challenges will need to be addressed? This paper presents the results of an

ex-post-analysis and comparative analysis of planning orientations of two urban river

parks, the Isar River in Munich (Germany) and the American River in Sacramento (U.S.).

The contribution describes the evolution of the urban rivers based on planning strategy,

identifies drivers of changes and discusses the upcoming challenges for urban river parks

that need to be addressed in the short and long term. The contribution shows that urban

river park designs occur in a larger context of human demographic, technological, and

economic changes. The contribution does not intend to solve the very complex and

urgent challenges the case study sites face but rather to highlight research needs to

support adaptation strategies.

Keywords: urban river restoration, flood risk, nature-based solutions, urban biodiversity, recreation, climate

change

INTRODUCTION

Due to the presence and dynamics of freshwater, surface water bodies provide a multitude of
contributions of nature to human development, which are also known as ecosystem services.
Riverine areas are consequently hotspots for economic and cultural development (Wantzen
et al., 2016). Because of the close relationship between the eco-physical-chemical system and
human societies, surface hydro-systems have been defined as socio-ecological systems (Brierley,
2020), and especially urban rivers (Zingraff-Hamed et al., 2020). The notion of socio-ecological
systems was defined by Ostrom (2009) as a system composed of core elements interlinked and in
constant interaction (Figure 1). Consequently, every single change within the system potentially
positively or negatively affects other components of the system as well as their related functions. In
response to the changes in one part of the system, other parts of the system adapt accordingly.
Recent research on the application of the socio-ecological concept to river system showed
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FIGURE 1 | Theoretical framework of the socio-ecological river system.

a close relationship and adaptation capacities between the core
elements of the socio-ecological systems: governance, users,
biodiversity, and global ecosystem processes (Zingraff-Hamed
et al., 2019). Consequently, the riverine socio-ecological system
is in constant adaptation and the multiple scales of change of
system has challenged planners for more than a few decades.
Two main theories emerged. While some authors as Ostrom
(2009) argued that the stakeholders will self-organize and adapt
their management strategy to reach a long-term resilience, other
authors assume that guidance is necessary to accelerate social
adaptation processes (Lupp et al., 2021b). Existing guidance
includes: (1) maintain diversity and redundancy, (2) manage
connectivity, (3) manage slow variables and feedbacks, (4) foster
complex adaptive systems thinking, (5) encourage learning, (6)
broaden participation, and (7) promote polycentric governance
systems (Biggs et al., 2015).

Over-exploitation of the ecosystem services provided by
rivers resulted in ecological impacts collectively referred to
as the urban stream syndrome (Walsh et al., 2005) in the
global North, a concept recently applied to the global South as
well (Wantzen et al., 2019). Besides the decrease of ecosystem
health, development of society on river systems directly impacts
the potential delivery of future ecosystem services (Wantzen
et al., 2016). While ecological response to hydro-morphological
changes is well-documented in the literature (e.g., Belletti
et al., 2020), limited knowledge about the mechanisms at the
governance level exist (e.g., Carvalho et al., 2019). These also
led to crucial changes within the socio-ecological system. In
this paper, we understand river governance as the formal
and informal exercises of authority or power from the social

system (including the civil society) in order to manage river
system, which is according to the definition provided by the
UNDP, the World Bank, and the OECD Development Assistance
Committee. For sustainability, the understanding of the processes
that lead to improvements in or deterioration of hydro-systems
is crucial. How did strategic planning and design adapt to
changing societies and ecosystems? And how will we adapt to
an increasingly changing system? In order to identify key factors
of changes in the planning strategy and key challenges that
need to be addressed, specifically in the case of urban river
parks and waterfronts worldwide, we examine these issues in the
context of two simplified examples: the (lower) American River,
California, USA and the (upper) Isar River, Bavaria, Germany.
The objective of this contribution is not only to revisit past
events to help decision makers and practitioners reflect on
the past but also to look at the future of our urban rivers.
The analysis and results offer new insights and an improved
understanding of the problem in adaptation faced by riverine
areas in an urban context. The contribution does not intend to
solve the very complex and real challenges faced by the case
study sites but rather to bring to light research needs to support
adaptation strategies.

METHODS

Case Study Sites
The case study analysis is based on two gravel-bed rivers
(Figure 2) with similar scenic features and hydrological regimes.
Both have clear waters, large gravel bars, and quick and intense
floods driven by both snowmelts and rainstorms. The American
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FIGURE 2 | Location of the case study sites.

FIGURE 3 | Public uses of the Isar River (May 2021, credit: Aude

Zingraff-Hamed).

River has a lower average flow but much higher flood peaks
(Table 1). Both rivers cross rapidly-growing major cities. All
these aspects make our case study site highly comparable and
representative of other urban mountainous or nival rivers as well
as of some Mediterranean rivers.

Isar River
The Isar River (Figure 3) is a mountainous river with its
headwaters in the Karwendel Mountains in the Alps (elevation
1,600m) and flowing down to its confluence with the Danube
River in a broad glacially-carved valley. The river’s nival
hydrological regime (Table 1), is characterized by snowmelt
floods as well as short and violent rain-driven floods in the
summer (Böhm and Wetzel, 2006). The large gravel bars of the
Isar are valued for their aesthetic and cultural values (Im, 2011).
The largest city crossed by the Isar is Munich, capital of the state
of Bavaria, and one of the weathiest (in terms of GRP per capita)
in Europe.

American River
The American River (Figure 4) has its headwaters in the high
Sierra Nevada mountains (up to elevation 2,415m) and flows
downstream to its confluence with the Sacramento river at the
City of Sacramento in the Central Valley of California. Of the
three tributary forks that form the mainstem, the NorthMiddle,
and South Forks (Table 1). The America River receives heavy
recreational use, with rafting and kayaking popular in the upper
mountainous reaches, and kayaking and canoeing in the lower
reaches. The American River crosses the city of Sacramento, the
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TABLE 1 | River characteristics (data source: www.hnd.bayern.de and https://waterdata.usgs.gov/nwis).

Isar river American river (including North Fork)

Main location Bavaria, Germany California, United States of America

Source location Karwendel mountains Sierra Nevada mountains

Mouth Danube river Sacramento river

Length 291 km 192 km

Catchment area 8,962 km2 5,600 km2

Average discharge 175 m3/s 104 m3/s

Historical highest discharge 1,360 m3/s 3,400 m3/s

Natural hydrological regime Nival Nival

Slope 2.9% 2.8%

Major city Munich (1.4 million inhabitants) Sacramento to Folsom Lake (1.3 million inhabitants)

FIGURE 4 | Public uses of the Lower American River (August 2021, credit:

Aude Zingraff-Hamed).

capital of the U.S. state of California, whose economy would rank
5th in GDP globally if it were an independent country.

Analysis
To identify the drivers and challenges of urban river
modification, the research was based principally on case study
analysis, which provided a practice-oriented approach and an
integrative review of publications in the peer-reviewed literature
(as indexed in Scopus), as well as gray literature available
online, and documentation of case study sites (including online
publications of the public authorities, and blogs of the NGOs).
The analysis focused on three main aspects: (1) the history of the
hydrological, ecological, social and morphological changes of the
river, (2) the driver of changes, and (3) the emerging and future
challenges that are identified and that need to be addressed
by strategic planning. In order to achieve the objectives of the
contribution, a methodological approach was designed based
on two core elements: an ex-post analysis of cases studies, and a
comparative analysis (Figure 5).

Case Study Analysis
The case study analysis was based on an exhaustive literature
review of the publications on the case study sites available online

FIGURE 5 | Methodological approach.

via the database Scopus and a non-exhaustive literature review
of the gray literature on the case study sites found in the local
library and online. Regarding the American River, searching for
“American River” returned 673 documents published between
1857 and 2021. After selecting the appropriate subject areas (i.e.,
environmental, agricultural and biological, earth and planetary,
engineering, and social sciences as well as multidisciplinary
study) 540 publications remained. An automatic screening for
keywords (N = 299) was followed by an expert-based screening
of the titles (N = 104). While all these publications contributed
to the case study analysis, to identify remaining and emerging
challenges, we focused on publications from the last 10 years
(N = 48). Searching for “Isar River” in Scopus returned 51
documents published between 1973 and 2021. After the same
selection procedure, 33 publications remained. The relatively low
number of peer-reviewed publication is compensated by more
gray literature in German (N = 28). A total of 99 publications
(48 for the American River and 51 for the Isar River) have
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been analyzed using the MaxQDA software for a qualitative
content analysis.

Comparative Analysis
The comparative analysis focused on the case study sites in order
to distinguish similarities and differences. Each case is unique
in its setting, history and timeline. However, the comparative
analysis identified periods with similar characteristic. It also
enabled us to understand the issues and corresponding strategies
in a wider context than that of the case study sites.

RESULTS

The comparative analysis of the case study sites was done via
a literature view focused on the historical evolution of the
two systems. We identified four periods with similar trends, as
described in this section.

Period 1: Balancing Risks and Advantages
The first period identified is characterized by both (a) an
extensive exploitation of the ecosystem services, mostly water,
food and wood supply, e.g., deer and large ungulates such as
elk, salmon namely Chinook salmon Oncorhynchus tshawytscha
on the American River and Danube salmon Hucho hucho
on the Isar River), fruits and vegetables and (b) strategic
city planning.

At the American River, the earlier settlers of the central valley,
the Nisenan, established settlements of up to 500 inhabitants
close enough to the river to benefit from water supply but
high enough to avoid seasonal floods. In the wet winters
they moved to nearby high ground to escape the annual
floods (Hayes, 2005). The American River was “discovered”
in 1808 by Spanish explorers, and farmers soon settled along
the Sacramento rivers and its tributaries. They benefited from
rich soil fertilized by floods for agriculture and an abundant
supply of clean water. The first settlements, Sutter Fort (1839)
at the mouth of the American River and “El Rancho del Paso”
(1844), were built on slightly higher ground (Figure 6) as the
builders were well aware of the possible damages caused by
floods (Hayes, 2005).

The record of historic economic activities at the Isar is well-
documented. As a natural route between Italy, the Alps and
the Danube, the Isar River was used since prehistoric times
as a trade route and the Isar hosted the largest known raft
ports in Europe during the Bronze Age (Rädlinger et al., 2012).
The main form of exploitation of ecosystem services was the
production and downstream transport of wood timbers tied
as rafts. Records of the municipal archive indicate that at the
beginning of the nineteenth century more than 8,000 rafts landed
in Munich each year. The flat timber rafts were designed to
fit the hydro-morphology of the Isar, and allowed navigation
with even a few centimeters of water with minimal river
modification required to aid their navigation, e.g., navigating
cascades (Neumann et al., 2011). At the Isar, urban development
gave rise to the need for flood protection. However, inhabitants
of the Isar valley mostly kept a safe distance from the river, being
already familiar with the intensity of the floods (Schellman, 1990;

Mallach, 1997; Scheuermann, 1998; Küster et al., 2011; Rädlinger
et al., 2012). While most of the city stayed out above the level
of frequent floods until the fourteenth century, development
subsequently began outside of eastern city walls of Munich
within the floodplain. A few flood protection structures were
also built, especially at port cities such as Munich. However,
the Isar flood plain was used for large recreational areas rather
than dense urbanization (Döring and Binder, 2010). In 1789,
the English Garden was designed. Stretching from the city
center to the northeastern city limits, the English Garden is
one of the world’s largest urban public parks. In 1812, only
one bridge crossed the Isar in Munich and the other cities
remained on one side of the river (mostly east) as the water
flooded westward.

Period 2: Overexploitations, Natural
Hazards and Conflicts
The second period in both cases lasted around 30–50 years. It
started with (a) a sudden increase of economical exploitation of
a few ecosystem services, namely gold (in the Lower American
River) and energy provision (in the Isar River) and (b) an
increased effort to fight against the natural processes of the river,
such as floods.With economic targets supported by technological
advancements, both case study sites entered in a new phase
characterized by massive hydro-morphological changes. This
period ended with the first regulations to keep the conflict
between exploiting riverine ecosystem services and other uses
under control.

At the American River, the discovery of gold (1849) at the
American River caused a radical turn in its history. Immigrants
came from all parts of the world (Swindle, 2000) and worked in
the mines, e.g., Mississippi bar (Figure 6) or Farmer’s digging.
Mining techniques caused massive hydrological modifications.
Gold mines required large quantities of water to wash out the
sediment and extract gold. In 1851, diversion of water dried out
a section of the American River for dry digging on the one hand,
and on the other hand, the Natoma Water Company built canals
that brought water to the mines for the sluices (Morris and von
Sayler, 2019). With the development of new techniques such
as hydraulicking, the use of high pressured water jets to wash
parts of mountains into sluices, the water consumption greatly
increased. In 1871, 34,000,000 gallons of water per day were used
to produce $32,000 worth of gold with a profit of around $12,000
over 100 days (Hayes, 2005). The canal system capacity increased
rapidly to reach 4,420,000,000 gallons a day. Mining was the
cause of emerging conflicts between the farmers cultivating the
floodplain and the miners producing massive quantities of debris
that caused a significant rise of the riverbed and threatened
agricultural lands. Farmers sued, and in a landmark legal decision
(the ‘Sawyer Decision’), hydraulic mining was limited and largely
(though not entirely) stopped in 1884 (Kelley, 1959) (Figure 7).

At the Isar River, water power existed since medieval times
in the form of small mills on secondary arms of the river
(Rädlinger et al., 2012). In the late nineteenth century, Germany
wanted to be energy independent and Alpine rivers were heavily
developed for hydropower production (Bäumler, 1988). Between
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FIGURE 6 | Spatial evolution of the surroundings of the river corridors.
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FIGURE 7 | River history timeline.

1896 and 1930, 13 hydro-powerplants were built on the Isar
River or on side canals requiring significant modification of
the hydro-morphology (Figure 6; Neumann et al., 2011). In
1924, a massive water diversion canal was built in Krün to
supply the Walchensee-Kochelsee hydropower plant, the largest
high-pressure storage power plant in Germany and one of the
world’s biggest, with an annual energy production capacity of
124 Megawatt hours. For three decades, these water diversions
caused the riverbed to be dry for most of the year (Karl et al.,
1998; Döring and Binder, 2010; Küster et al., 2011; Zingraff-
Hamed et al., 2021). In response to increasing concerns from
conservationists and recreational users about the lack of water
in the riverbed, in 1946, Article 141 was added to the Bavarian
Constitution (Freistaat Bayern, 1946), outlining the obligation
to protect the social function of nature, rivers and lakes for
recreational usage.

Additionally, flood protection was the second driver of river
modifications. At the American River, while Sutter advised the
migrants to settle on slightly higher ground, such as Sutter Fort,
most preferred the areas with access to the river, despite its greater
flood risk. Miner and merchant settlements were flooded as early
as 1850 (Hayes, 2005). After this first destructive flood, Samuel
Norris suggested that the settlement of Sacramento be rebuilt in
an area free of floods, but the residents preferred to build a levee
system. The levee system broke and overflowed in 1852 and 1853
and citizens rebuilt and raised the levees repeatedly. Between
December 1861 and January 1862 four destructive floods reached

Sacramento and broke the levees each time. Facing the realities
of flood risk, residents decided to excavate a new channel for
the American River far from the city and to close the natural
channel. Other parts of the river were straightened to increase
flow velocity during floods. Another approach was raising the
level of buildings. Over the course of 15 years, they raised the
entire downtown area (streets and buildings) as much as 3m
using the excavated debris from the new channel. However,
accelerated erosion upstream due to mining activities caused
the level of the riverbed to rise within the levee system as
the sediments were not able to be deposited in the floodplain.
Furthermore, the flow velocity increase within the levee system
increased the potential of breakages in the levee. Ultimately,
Sacramento was flooded again in 1867, 1875, and 1878 (NRC,
1995).

At the Isar, while extensive flood protection worked so far,
the flood of 1813 killed 100 people and caused the collapse
of the oldest and most iconic bridge in Munich (Rädlinger
et al., 2012). It was the starting point for a regional flood
concept based on intensive channelization and regulation. People
wanted the “ugly gravel bars” to disappear (Wiebeking, 1811,
p. 26 in Karl et al., 1998). The riverscape changed. The river
was regulated, riparian forest and pioneer meadows dried off
and in urban areas such as in Munich, large grasslands were
established for recreational activities. The regulation of the
river increased urbanization in many smaller cities such as
Landshut, Freising, Bad tölz, and Wolfrathausen. The urban
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area of Munich doubed from 1854 to 1932. In 1899 the Isar
flood completely destroyed channelization features, weirs, the
Maximilian hydropower plant that was built in 1895, and the two
main bridges (Rädlinger et al., 2012). To respond to this intense
flood, the city government together with the local water agency
started a large scale regulation of the Isar (1900–1905).

Improving navigation was not a reason for major riverine
morphological change. At the American River, navigation was
only possible during floods as the water depth was not sufficient
and the roads were well-developed early on. At the Isar,
navigation practices were adapted to river hydrology. In both
cases the railroad rapidly became themore reliable, faster and less
expensive means of transportation instead of industrial transport
by boat.

Period 3: Intense Urbanization, Flood
Protection and Energy Provision
The third period is characterized in both cases by intense
urbanization except for some important parts of the riverine
corridor as the flood risk was not fully “under control.” Riverine
areas were further developed for recreation. During this period,
dams were built to address hydro-meteorological hazard and by
the end of this period, floods were considered as a contained risk.
At the end of the SecondWorldWar (WWII), European and U.S.
populations experienced both a demographic boom with a very
high birthrate and lower mortality, along with migration from
rural to urban areas. While in both cases, the depletion of green
spaces was massive, low-lying area adjacent to the rivers were
largely avoided due the occurrence of floods.

The American River became the land promoter’s paradise. The
San Juan Grant resulted in three main plots of land dedicated
to new settlements along the American River: Orange Vale, Fair
Oaks, and Carmichael (Hayes, 2005). After the Great Depression,
World War One and World War Two, the population largely
increased which led to the conversion of agricultural land into
cities. Besides the expansion of the existing settlement, new
settlements were created: River Park, Rancho Cordova, College
Green, and Campus Commons. For example, in Rancho Cordova
the population increased from essentially 0 to 28,500 inhabitants
between 1950 and 1965 (Hayes, 2005). Farmers, business groups
and bicycle groups united to request improvements to the road
and bridge system. Downstream of the River Park and to the west,
the Sacramento River Flood Control Project was developed in
the early 20th century, featuring the Sutter and Yolo Bypasses,
wide areas of floodplain set aside to convey the majority of
flow during floods, now essential components for the flood
management system (Serra-Llobet et al., 2018, 2022). Notably,
the Yolo Bypass reduced flood risk for the City of Sacramento
by diverting up to 14,000 m3/s of the Sacramento River flow,
four times the capacity of the mainstem river channel as it
passes Sacramento (Serra-Llobet et al., 2021). Existing levees were
raised and more dams were built in the Sacramento River Basin.
“By the middle of the twentieth century, what had begun as
a disjointed assemblage of local levees became the State Plan
of Flood Control (SPFC)” (Serra-Llobet et al., 2018). Folsom
Dam was built on the American River from 1951 to 1955 at

a cost of $29.5 million for the dam and $4.2 million for its
hydroelectric powerhouse, which produces nearly 700 million
kilowatt hours annually (Williams, 1993; Hayes, 2005). To even
out flow fluctuations caused by hydropeaking releases from
Folsom Dam, a second dam (Nimbus) was built downstream
(Figure 6), and its impoundment is used to divert water to
the Folsom South Canal, a 45-km-long aqueduct transferring
water to agricultural areas to the south. In 1955 Sacramento
narrowly escaped a large flood thanks to newly completed Folsom
Dam and its flood storage capacity of 1.341 km3, preventing an
estimated $20 million in flood damages.

The 1964 and 1986 floods exceeded the reservoir capacity
and releases from the dam flooded low-lying neighborhoods
(Peterson, 1993). In 1995, a broken spillway also caused flooding
downstream (NRC 1995). In 2004 the Folsom Dam was raised
by seven feet (Mishra et al., 2008). By 2005, the Sacramento Area
Flood Control Agency had raised and strengthened about 85%
of the levees at the lower American River. The flood risk was
estimated to be fully contained. However, alterations to channel
and floodplain geomorphology and to the flow regime resulted
in impacts to anadromous fish and other native species (e.g.,
Anderson et al., 2006; Graf, 2006; Cox et al., 2008; Burke et al.,
2009). Populations of adult, salmon (mostly chinook) decreased
from 130,000 to 26,500 and ultimately to 11,000 from 1950 to
1990, respectively. To compensate for dam impacts on salmon,
an artificial hatchery was built adjacent to Nimbus Dam in 1955.
Soon after, five smaller hydropower plants were built on the
Middle Fork and 11 on the South Fork. The sense of safety
from floods created by the Yolo Bypass, Folsom Dam, and levees
along the Lower American River encouraged developments in
the floodplains, where houses were still at risk from floods that
exceed the capacity of the structural measures to control flooding,
a coupled human-natural interaction termed the “levee effect”
(White et al., 2001).

In Europe, during WWII, a massive migration from rural
to urban areas took place and Munich’s population reached
almost 800,000 inhabitants. During the U.S. bombings in 1945,
Munich lost 34% of its population and 45% of its buildings
(Rädlinger et al., 2012). While many German cities used this as
an opportunity to change the whole city plan and include major
parks and natural areas in city planning (Zingraff-Hamed et al.,
2017b), Munich decided to rebuild the city in the same way
as before. Munich’s strong industrial sector (e.g., Siemens and
BMW, after World War II) helped to propel the city’s population
to over 1 million by 1957, both from expansion of the urban area
but also densification.

At the Isar, the Sylvenstein Dam was built between 1954
and 1959 around 75 km upstream of Munich (Bäumler, 1988)
flooding the village of Fall to store ∼125 million cubic meters
of water. One hundred twenty-two residents were relocated
(Zingraff-Hamed and Egger, 2019). The reservoir was designed
as a fjord-like lake fitting into the mountain landscape. It
stores snowmelt and rainwater and delivers a constant year-
round minimum flow through two small hydroelectric power
plants with a 3.8 megawatt hour capacity (Goeb and Wirth,
1986). In 1990, the number of hydropower plants on the Isar
reached 30. Old infrastructures were also updated. For example,
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the Walchensee-Kochelsee hydropower plant’s mean annual
hydroelectric production increased from 124 to 300 gigawatt
hours. In response to increasing flood magnitudes from climate
change the dam was raised by 3m in 2001, and a relief tunnel
built to reduce the bottleneck for flows going into the bottom
outlet during a potential 1,000-year flood (Zingraff-Hamed et al.,
2021). Today, the dam is 44m high and 180m long. The Loisach
River, has a strong influence on flood flows (Schneeberger
et al., 2021) while other tributaries are now controlled
by impoundments.

Period 4: Increase of Environmental
Concerns and Water Sharing
The fourth period does not have a clear timeframe, as its
early stages started slowly as a response to the mismanagement
observed in the second and third periods. The fourth and current
stage is characterized by increasing influence of environmental
legislation and environmental advocacy groups Environmental
concerns grew in the third part of the twentieth century at both
case study sites. On the American River, results of this new
approach included in the establishment of the American River
Parkway. While the concepts underlying the American River
Parkway started taking shape in 1915, the implementation was
possible only after the passing of the State Park Bond Act (1929).
The parkway was designed by Frederick Law Olmsted Jr. in 1947
for the remaining floodplain, or the areas within the levee system.
As most of the floodplain was under private ownership but still
free of housing, the city council voted for the acquisition of 82
acres of land in 1950.While most of the land was donated, the city
bought seven acres for $200,000 from the State Park Commission
(Hayes, 2005). The objective was to create a park for recreational
activities, especially since the completion of Folsom Dam in
1955 increased the pressure of urbanization on the floodplain.
The park design benefited the civil society and recreationists.
To build a parkway from Folsom Dam to the Sacramento River,
further land acquisition was required. However, lack of funding
delayed these acquisitions. In 1961, the Save the American River
Association (SARA) started to actively inform the population and
gain societal support for the project. It resulted in more funding
from the Sacramento County Board of Supervisors, which voted
for additional land acquisition for the Parkway in 1962, and
a $12.6 million bond in 1972 (Hayes, 2005). The Natoma
Company, a major landowner in the area, was an important
supporter of the project. The parkway consisted of many smaller
parks connected by bikeways and included boat launching points.
In recognition of its recreational values, the lower American
River has been designated a “recreational river” under both the
California Wild and Scenic Rivers Act and the National Wild and
Scenic Rivers Act. Since the 1950s, the Sacramento region has
been torn by competition between water demand for agriculture
and increasing municipal use, and the need for flows to support
fish and other wildlife. This conflict was accentuated by droughts.
In 1969, the Save the American River Association together with
other NGOs successfully argued for higher minimal flows to
benefit fish habitat and for recreational use. The California State
Water Resources Control Board set higher minimum flows for

most years with the expectation that storage in the basin would
be increased by construction of the proposed Auburn Dam,
but this dam was abandoned after an earthquake demonstrated
that an active fault traversed the damsite (Duffield, 1980).
In 1993, the Regional Water Forum was created to promote
collaboration between the city of Sacramento, the County Office
of Water Planning, environmental groups, business, building,
agricultural and water districts, and community groups. In 1995,
the Water Forum grew to include water managers in Placer and
El Dorado Counties. Its two equally important objectives are to
secure safe water supply for the region’s economic health and
to preserve fish, wildlife, recreation, and the landscape scenery
of the American River. The enactment in 1968 of the Flood
Insurance Act gave a tool to counties and cities to prevent further
developments in high hazard areas through the implementation
of the National Flood Insurance Program (NFIP). The city of
Sacramento joined the NFIP in 1978 (National Academy of
Sciences, 2013) and classified the American River Parkway as a
“Regulatory Floodway,” an area of higher conveyance of water
where developments are highly discouraged (although not totally
forbidden in private properties). However, the issues over private
property rights and public safety remain contested in the US
(Klein, 2019).

In Europe, environmental concerns developed in the late
1960s and early 1970s and induced major changes in governance
of rivers (Zingraff-Hamed et al., 2017a). Many EU Directives
had been ratified to support the protection, conservation
and restoration of hydrological systems, e.g., the EU Bathing
Directive, the Water Framework Directive, the Nitrate Directive,
and the Birds and Habitat Directive. The changes all happened
at the river governance level. For instance, in 1970, the Bavarian
State Ministry for the Environment and the Environmental
Protection Department of Munich were created (Bäumler, 2019).
In the early 1980s, public outcry in Bavaria about the extremely
poor ecological condition and water quality of most of Germany’s
rivers became very strong. In 1984, Article 141 of the constitution
was modified to define environmental and natural protection as
a constitutional goal of the State. In 1987, the Bavarian water law
was also changed to provideminimum flows in rivers. In 1993 the
Isar Allianz, an advocacy group of NGOs of recreational users
and environmental protection at the Isar was created (Sartori,
2010; Winiwarter et al., 2016). It demanded the restoration
of the Isar at different locations, e.g., Mühltal and Munich.
The restoration of the Isar River, labeled “New Life for the
River Isar,” was implemented between 2000 and 2011 by the
Bavarian Water Management Agency in Munich and the City of
Munich. The 35million Euro project targeted large riverine green
spaces for recreational use and a high quality flood protection
that supported habitat restoration. The Isar River restoration
became an example of a nature-based solution with high quality
standards established by civil society (RESTORE, 2013; Kiss,
2018).

New Challenges
Future challenges for the American River Parkway and the
restored section of the Isar River in Munich have been identified
through reviewing the case-specific publications produced in
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the last 10 years. Two main topics can be underscored: hydro-
meteorological extremes and ecological crisis.

First, floods and droughts are natural events in mountain
rivers but changing weather patterns have led to increased
extremes. However, flood protective measures such as dikes
and reservoirs are static engineering elements, whose rigidity
precludes most adaptation capacity. As flood managers revise
their estimates of the magnitude of design floods, such as the
centennial flood, to account for climate change effects, there
is an increasing need for solutions with greater adaptability to
climate change. The urgent needs are in estimating maximum
precipitation and resultant extreme runoff from the watershed
(Mann et al., 2012; Ohara et al., 2012, 2017; Ishida et al., 2013,
2017; Schneeberger et al., 2021), as well as in estimating the effect
of climate change on extreme precipitation within the catchment
area (Jobst et al., 2012; Ishida et al., 2015; Wagner et al., 2017;
Sultana and Choi, 2018). Research is also needed in high risk
areas within downstream flood hazard zones (Kalyanapu et al.,
2013). In particular, there is an urgent need for developing
suitable mitigation and adaptation options for a more resilient
urban infrastructure and to adapt to the identified growing
hydro-meteorological risk. Dams and reservoir capacities are also
being investigated (Yigzaw et al., 2013; Newman et al., 2014) as
data used to design these infrastructures were from historical
discharge or meteorological records without integrating changes
in land-atmospheric and hydrological processes as a result
of land-cover modification. Another source of concern is the
sediment storage within the dam and within the levee system,
which reduces the performance of the flood defense (Pender
et al., 2014). Risks from drought are also a major concern at both
case study sites (Lepley et al., 2020). Drought related wildfires
damaged over 11 percent of the American River Parkway in
2021. Moreover, legitimacy of water rights have been questioned
and more intense conflict for water may destabilize the water
governance constellation (Schwarz, 2015). Dams have also been
pointed out as source of ecological degradation.

Also, ecological degradation linked to the urban pressure is a
core challenge for the urban river parks since the second period.
Much of the current attention is focused on conflicts among uses,
e.g., energy production, recreation, and nature conservation. The
modifications of the river flow caused by upstream regulation
by dams and water use (agriculture and power generation)
have been thoroughly studied. In particular, the impacts of flow
regulation on fisheries induced by hydro-electric production falls
into this category (Cocherell et al., 2010, 2011; Sogard et al., 2012;
Georgakakos et al., 2014). In this context, scientists call for flow
hydrographs to the resemble more natural hydrological patterns.
Most research has focused on economically relevant species like
rainbow trout (Oncorhynchus mykiss) (Cocherell et al., 2010,
2011) and protected species (Hansen et al., 2015; Zingraff-
Hamed et al., 2018a). These serve as examples to illustrate a
problem that impacts the whole ecosystem and all the species
included in it. Overall, an integrative assessment at the scale of
the ecosystem and over the whole course of the river should
be carried out to effectively support the decision-making. Even
minimal alterations such as artificial daily pulse flows (e.g., for
hydropeaking) may impact many species (Cocherell et al., 2010,

2011). Not only the minimal discharges but also the higher
water temperature is a source of concern (Martinez et al., 2014).
While increasing flow releases has been identified as a possible
solution, this does not always solve the problem of too-high water
temperatures and there may be too little water available. Other
impacts of the dam on ecological processes include the trapping
of sediments behind the dam, which can result in incision in the
channel downstream, and reductions in flow downstream, with
potentially severe ecological consequences (Wisheropp, 2018;
Gabet and Miggins, 2020). Dams also influence the regional
landscape through alterations in land use after the dam was
built, which can influence microclimate and weather patterns
(Woldemichael et al., 2012, 2014a,b). Finally, the impact of
recreation on the ecological system is also a source of concern for
the American River Parkway Foundation and the Green Space
Management Department of the city of Munich and has also
been partly investigated (Zingraff-Hamed et al., 2018b, 2022). In
particular, the press and advocacy groups have denounced plastic
litter from recreational users.

DISCUSSION

The ex-post analysis of the case study sites show that urban
rivers and related parks evolve within an uncertain process that
occurs in a large context of human demographic, technological,
economic and ethical changes. We found and described in the
result sections, four main evolutionary periods characterized
by different interests and challenges (Figures 6, 7). These are
real-live illustrations of the constant evolutions of the socio-
ecological system that were described first at the theoretical
level by Ostrom (2009). Our study shows that the adaptation to
societal and environmental changes requires major shifts in the
focus of a decision-making processes at the intersections of three
components: values, rules, and knowledge.

The driver of changes i further considered using the Value-
Rules-Knowledge Framework developed by Gorddard et al.
(2016). The Values-Rules-Knowledge (VRK) Framework is an
established method to analyze the context of decisions. The
approach considers three aspects influencing the decision-
making process: (1) knowledge that includes scientific and
technical theories, facts and information as well as tacit
traditional and experiential knowledge; (2) values that are
preferences and ethical considerations, such as principles that
inform the preferences; and (3) rules governing the choice
of management or design. The values, rules and knowledge
can intersect at different levels. The balance within the value-
knowledge-rules nexus differs between the periods identified
(Figure 8).

The first period (Figures 6, 7) is characterized by a
decision-making process based on traditional knowledge and
values (Figure 8). Rather than technical knowledge, inherent
experiential knowledge of the natural processes were associated
with a higher value for human life and development of society to
inform decision-making process. As a result, human settlements
were preferentially located at slightly higher elevations, above
most floods. The emerging importance of economic activity
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FIGURE 8 | Distribution of the four evolutionary periods within the

value-knowledge-rules framework.

in the second period caused a change in the values, namely
in the system of preferences and ethics. This encouraged the
advancement of technical knowledge with the development
of new procedures and infrastructure to intensively exploit a
few ecosystem services with a high economical value (gold
and energy). This shift caused a rupture between the socio-
ecological values of the river system and led to ecosystem
collapse (Hardin, 1968). New governance mechanisms came into
play in the form of rules. As one of the three mechanisms to
manage environmental issues at the governance level (strategic
planning, education to increase value and knowledge, and
regulation), regulation can be viewed as an emergency fix for past
mismanagement (Zingraff-Hamed et al., 2018b). The third period
was characterized by the increase of legislative support for a more
sustainable development. This was accompanied by increased
value placed on the environment by the public. The advocacy
groups that demanded for more sustainable management of
natural resources started to reestablish environmental values
within the decision-making process and caused a shift to
the fourth period. According to the Value-Rules-Knowledge
Framework, the position represented by the intersection between
the three core elements of the system is best suited to achieve
adaptive management (Gorddard et al., 2016). Viewed in the
framework of the socio-ecological system, Ostrom (2009) argued
that the socio-ecological system tends to evolve toward a
long-term balance between the ecological and the social. The
case studies illustrate implementation of a more sustainable
management of the urban river park through a circular evolution
within the Value-Rules-Knowledge Framework. Initially, the
river management relied mostly on traditional knowledge
and values, then it became reliant on technical knowledge,
then on stronger environmental rules, and recently on more
environmental values. The importance of changing social values
in the management of ecologicaly between the first and the
second period is illustrated on the Lower American River by the
confrontation of two cosmovisions of socio-ecological systems.
Native Americans view nature through their belief systems,

believing that “a river or water not only sustains life—it is sacred”
(LaPier, 2017). For some, floods were seen as “acts of God”
(White, 1945), for others, floods were regarded as an example
of the unavoidable forces of nature and as such can be little
controlled by humans (the deterministic view). However, the
Gold Rush not only transformed the landscape, but also the
demography of California, imposing Western attitudes toward
the natural world which were shaped by different views of nature
(Glacken, 1967). In the second and third periods, flood control
became the new paradigm, consistent with the dominant view
of human control over the environment (the anthropocentric
view). The shift of social values toward a more environmental
ethic in period 4 has been described in the literature, especially
with respect to how people think about the environment (Mascia
et al., 2003; Ives and Kendal, 2014). Further research is needed
on how environmental outcomes depend on socio-political
factors and how facts and knowledge influence the socio-political
component of the decisionmaking process. Indeed, the discipline
of environmental management has been dominated by natural
sciences, with less input from the social sciences, but to achieve
sustainable development goals, the social component must be
integrated into the thinking process as much as the ecological
components (e.g., Chua et al., 2020).

The current decision-making process with the intersection
of the three aspects of the Value-Rules-Knowledge will face
emerging challenges. Almost all the research produced the last 10
years about our case study sites point out issues related to climate
change, lost biodiversity, urban pressure, and some authors
have challenged the continued existence of the dams. While the
removals of dams in Europe and in the United States continue
to accelerate because of demand for ecological restoration and
for economic reasons (Grabowski et al., 2018), the dams on
the American and the Isar Rivers perform important functions
(e.g., flood protection, power generation and water supply) and
are not likely candidates for removal anytime soon, despite the
dams’ evident impacts and rising ecological concerns. As in the
second period, we are facing a situation in which economical
value surpasses ecological value. Furthermore, the high level of
urbanization of the floodplain after the construction of the dams
makes it difficult to remove the dams and reestablish the flow
of the river while protecting the people and their communities.
However, some of examples of multi-benefit projects like nature
based-solutions to reduce flood risk exist, such as the Bear River
levee setback in California, but they are still rare (Serra-Llobet
et al., 2022). The limitations of flood protection from dams and
reservoirs are well-established in the scientific community. Most
reservoirs are trapping sediment, which displaces water storage
and reduces reservoir capacity (Randle et al., 2021). In addition,
climate change induced increases in extreme weather events,
making it more likely that storage capacities in some dams will
be overwhelmed in the near future. For both the American and
Isar River catchments, studies in both case study sites estimate
an increase of extreme rain events (Ishida et al., 2015; Wagner
et al., 2017). In 2001 the height of the Sylvenstein Dam was
increased, and the Folsom Dam was also raised in 2007. To adapt
to the growing hydro-meteorological risk, Folsom Dam is now
also equipped with an auxiliary spillway.
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Balancing the seasonal effects of climate change presents in
both cases another challenge within the catchment. Both winter
flooding and low flows frequency are projected to become more
extreme (Sultana and Choi, 2018). As more precipitation falls as
rain instead of snow, reduced snowmelt runoff in the summer
will directly reduce power generation, while water and power
demands will peak under most climate projections (Vicuña et al.,
2011). Agriculture faces droping groundwater levels resulting
from drainage and soil impermeabilization as well as greater
competition with cities for water supplies. Strategies to keep
rainwater in the soil and adaptation of agricultural practices
will be need. However, the implementation of nature-based
solutions [multi-benefit (social and ecological) projects] is slowed
down by the limited knowledge regarding their effectiveness
and lack of familiarity with many of the techniques on the
part of decision makers (Lupp et al., 2021a; Solheim et al.,
2021; Raška et al., 2022). To insure the central position within
the Value-Rules-Knowledge framework, knowledge should be
generated to support implementation. A decision context that is
no longer effective may exclude potentially useful options such
as nature-based solutions due to the fact that decision-makers
do not consider them credible, legitimate, or important. Further
research should explore the viability of such options to provide
the decision-making process with robust knowledge and avoid a
further shift to a rules-values based decision process.

Our investigation of the historical and emerging drivers
of the design and management of urban river parks on the
Isar River in Munich and the American River in Sacramento
point to four distinct evolutionary periods driven by changing
demographic, technological, economic and ethical settings. Most
of the older cities of the world originated along rivers and
because of economic advantages. We have “conquered” the wild
and abundant rivers and we frequent them within parkways
like we visit animals kept in a zoo (Hayes, 2005). Many cities
have made the situation worse than the city of Sacramento
and of Munich. Some have restricted rivers to a concrete

channels as in the case of the city of Paris (France) or put
them in underground tunnels as in the case of the city of
Montréal (Canada). Sacramento and Munich try to at least

preserve their rivers by setting aside parkways with crucial flood
protection functions, ambitious wildlife heritage conservation,
and increasing recreational use. But both cities still have more
work to do. Water agencies, local authorities, NGOs and civil
society have to stay vigilant (Hayes, 2005). Major challenges
remain to be addressed: climate change, the biodiversity crisis,
and urban pressure in floodplains. Decision-making processes
should balance values, knowledge, and rules to achieve long-
term resilience.
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