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Abstract: Climate change scenarios predict alarming levels of water scarcity and damaging flood
events worldwide. Considering hydric systems in integrated spatial planning will be crucial in
mitigating, adapting, and reversing climate change’s catastrophic effects. This paper focuses on
fluvial restoration as part of urban and territorial regulatory frameworks in the Andalién River and
the city of Concepción in Chile. We consider three work scales: (i) basin, (ii) river reaches which focus
on the city–river interplay, and (iii) site-specific, deepening the discussion around the last two. The
objective is to elaborate an interdisciplinary dialogue between urban design, fluvial dynamics, and
the Chilean regulatory framework where property rights play a predominant role in the management
of natural resources (water and land). In this regard, the ‘New Latin American Constitutionalism’
offers concrete possibilities to operationalize an emerging paradigm that recognizes legal personhood
for Nature. The incorporation of an ecological function to property rights emerges as a new way
in which the principles of resilient urban development can be applied in order to combine river
dynamics and urban growth.

Keywords: climate change; ecological constitutionalism; research by design; resilient urbanism;
ecological function of property; sustainable river management; socio hydrology

1. Introduction

“Terrestrial and aquatic systems have for too long been treated as independent of one
another, when clearly they strongly interact and have many similar properties (patchiness,
connectivity, etc.)” [1] (p.1)

This article explores the conflict between two conceptualizations of water in the context
of water management and urban planning in Chile. From an economic perspective, water
is a key resource for productive activities such as mining, agriculture, and forestry. From
a social and ecological point of view, water is a natural element that provides several
ecosystem benefits, including the provision of clean drinking water and sanitization, which
is a basic human right as stated by the United Nations General Assembly on 28 July 2010,
through Resolution 64/292 [2]. The conflict between these two conceptualizations lies in
the fact that land (cover and use) plays a key role in water production and consequently
water availability for human consumption.

Since 1981, Chile has had a Water Code which regulates water allocation through pri-
vate property rights. This has fostered a market-based logic as the distribution mechanism
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among users [3,4]. Both sources and their management are highly ‘commodified’ [4] and
consequently so are fluvial systems.

The Chilean economy may be described as extractivist as it is based on the exploitation
of natural resources. Thus, the main sectors of the economy, such as fishing, aquaculture,
forestry, agriculture, and livestock as well as the country’s high rate of urbanization explain
Chile’s high dependency on water resources, which only increases with climate change [5].
As extractive economic activities pressure natural dynamics, changes in land use and
water allocation have important impacts on the hydro-geomorphological characteristics of
the water system. Some of these impacts are morphological, changing the riverbed and
floodplains as well as water and sediment fluxes.

These changes in the physical system directly affect water security by destroying
habitats for aquatic and terrestrial biodiversity. They also reduce the quantity and quality
of available water for human consumption and increase the vulnerability of the population
to natural hazards such as landslides, flooding, and debris flows [6].

Climate change will intensify all these impacts [7–9]. Consequently, Chile is defined
as highly vulnerable to the impacts of climate change [10] and is projected, by the Ranking
of the World’s Most Water-Stressed Countries, to become an extremely high water-stressed
country by the year 2040 [11].

The “Climate Change and Land” report for policymakers of the Intergovernmental
Panel on Climate Change (IPCC) [12] offers a clear diagnosis and guide regarding the
relation between water management and climate change, “Sustainable land management,
including sustainable forest management can prevent and reduce land degradation, maintain land
productivity, and sometimes reverse the adverse impacts of climate change on land degradation. It
can also contribute to mitigation and adaptation. Reducing and reversing land degradation, at scales
from individual farms to entire watersheds, can provide cost effective, immediate, and long-term
benefits to communities.” [12] (p. 23).

Chile is going through a constitution-making process that opened opportunities to
discuss not only the nature and scope of private property (over land and water) but also
the ecological functioning of fluvial systems. Chile is not alone in the region. The ‘New
Latin American Constitutionalism’ has considered the environment as a required condition
for the well-being of society [13]. As Latin-American constitutions recognize the rights
of Nature, considering fluvial systems offer the possibility to operationalize these rights
as collective, integrated, relational, and ecocentric [14]. Latin-American constitutionalism
represents a biocentric turn that opposes the objectification of Nature.

For example, a recent study analyzed the practical implementation of the ‘Buen Vivir’
paradigm and the rights of Nature, both instituted by the Constitution of Ecuador (2008), in
relation to an urbanization project in Guayaquil. The urban project, Parque Lineal, represents,

“a testimony for unfulfilled promises resulting from a dislocation between a biocentric constitution and
an anthropocentric design” [15] (p. 15). This dissociation between rhetoric and reality described
by Ordoñez et al. (2022), comes as a warning to the constitutional process in Chile. Ineffective
implementation, institutional weakness, and the inadequacy of the legal systems in which
Nature receives recognition are at the base of the shortcomings experienced in Ecuador [16].

These arguments suggest the need to reformulate our understanding of the physical
interplay between productive territories and fluvial systems, on the one hand, and on the
other, the regulatory frameworks used to combine fluvial dynamics and urban growth
allowing water production while cities continue to develop.

1.1. Clashes between Urban Design and Fluvial Dynamics

Regardless of projections by the United Nations (UN), according to which 68% of
the world population will be living in cities by 2050 [17]. Chile has made few efforts
to solve the conflicts between growing urban territories and the related fluvial systems.
Consequently, the aim of this work is to develop concrete territorial planning principles
with a correspondent regulatory framework.
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These territorial planning principles stem from urban design research in light of
geomorphological restoration [18,19] and rehabilitation of fluvial systems as a territorial
strategy for urban development [20–23], water production, biodiversity recovery, and
adaptation to climate change. This finds its theoretical roots in urban design approaches
which advocate balancing natural systems and urbanization.

In this line, landscape urbanism [24] is a lens to address contemporary problems of
cities with the capacity to go beyond urbanization limits and put landscape, its charac-
teristics, dynamics, and work scales as structuring the urbanization processes. Aligned
with this, there is a need to redefine the term urban by going beyond the traditional city
boundaries to understand living systems that support human settlements [25]. Another
approach is the theoretical construct of ecological urbanism [26] looking for a framework
built by knowledge, methods, and codes to deal with fast urbanization and limited re-
sources. Vigano, in this regard, has advanced an important reconceptualization of design,
advocating the transition from an anthropocentric view into ecological rationality. This
means, among others, integrating ever-changing biotic relations with urbanization and
conceiving ecology as a guiding tool for design [27].

In practice, nature-based solutions and green and blue infrastructure have taken over
the agendas of projects all around the world, adding ecological and risk management func-
tions to urban development. Remarkable examples are Blue Dunes, Climate by Design [28],
Room for the River Programme [29], and Yamuna River Project [30], among many others.

From a perspective focused on geomorphological fluvial restoration within urban
environments, crucial works are the ones of Fryirs and Brierley [31], who offer a specific and
more realistic concept to deal with restoration in urban contexts and fluvial rehabilitation.
Kondolf´s efforts of linking the technical aspects of fluvial restoration with social conditions
have also opened a new perspective on urban rivers’ futures redefining the complexities of
human activities as part of the longitudinal connectivity of rivers [32,33].

1.2. Current Normative Paradigms for Urban Planning under a Water Market Model

The 1980 Constitution, providing the normative basis for the entire Chilean legal
system, contains, in the final paragraphs of Article 19, a series of economic provisions. Some
authors have argued that these rules constitute an “economic constitutional regime” [34]
or an “economic public order” [35]. Under this economic constitutional regime, private
property is strengthened and the economic use of natural resources is promoted [36].

These rules include, on the one hand, the freedom to acquire ownership of all kinds
of things (Article 19, Section 23), with the only exception of goods that are considered
common goods or goods that are considered as belonging to the Nation as a whole. On the
other hand, a strong right to private property (including water rights) is established, with
limitations based on a social function of property, (Article 19 Section 24) which includes the
conservation of the environmental heritage, a limit that has not been thoroughly applied.

The critical situation faced by Chile in terms of the water crisis and climate change
exerts considerable pressure on access to drinking water and the control of risks, especially
in areas of high urban density. The case study presented examines the Municipality of
Concepción where the Andalién River flows. Among the challenges presented by the urban
water security standard in this Municipality, we identify: climate change and water-related
risks, high frequency of floods and flood-prone areas, water pollution, and the existence or
not of green drainage surfaces [6].

Both the reality described above and the design conceptualization discussed in this pa-
per require intervention measures and a legal framework that allows the implementation of
decisive actions aimed at reversing or containing ecosystem degradation [37]. However, the
Chilean legal framework represents an obstacle to the development of adequate measures.
Specifically, The Chilean Water Code (1981) recently amended by Law No. 21.435 (2022)
that regulates water allocation through private rights has been an obstacle only recently
modified. Water rights become a commodity, and as such are freely tradeable separate
from the land where the water sources are located [38]. Nevertheless, after a long debate in
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National Congress Law 21.435 (2022) declared the public nature of water and established a
hierarchy putting first the human right to water and sanitation and then ecosystem preser-
vation. Other relevant elements of this law are a mandatory public registration of rights
over water, limitation to water used for mining activities, no rights over the basin that have
been declared exhausted, and normative value to indigenous worldview recognizing the
inseparable relationship between land and water.

The Water Code regulates the creation of water management bodies (‘organization of
users of water’). These organizations are composed exclusively by private holders of water
rights, and have been qualified as “private services of public interest” [39]. They fulfill only
limited functions in relation to water distribution according to use rights and in relation to
the administration of extraction works present in the river. This is notwithstanding some
initiatives of these organizations to assume functions in other areas of management [40].

The establishment and functioning of ‘organization of users of water’, under the 1981
Water Code, depends on the will of water rights owners. In the great majority of cases,
owners act reactively when scarcity or management problems arise [41]. This means that
an important part of the basins, especially in central-southern and southern Chile, do not
have these organizations, as is the case of the Andalién River.

Other initiatives promoted to achieve integrated water management have had few
results, especially due to the lack of financing, legal rules that support their work, and the
non-binding nature of their resolutions. Such is the case of the “Water Roundtables”, which
have their origin in the environmental recommendations- regarding the development of an
integrated approach to basin management- of the Organization for Economic Co-operation
and Development (OECD), together with the Economic Commission for Latin America and
the Caribbean (ECLAC) [42]. These “Water Roundtables” were limited to some regions of
the country, and they did not become a true integrated management organization [43]. The
constituent process opened up the debate on the creation of an autonomous body named
the National Water Agency that promoted the constitution of basin councils. It would assist
them in carrying out integrated management of water basins, participatory governance,
and planning of interventions in the bodies of water and ecosystems associated with the
respective basin or basins.

The strong property rights protections under the current Constitution of 1980 have
been debated in the constituent process. It has been proposed to recognize the “ecological
function” of property [44]. This ecological function seeks to limit individual rights that
negatively affect collective interests [45], for example, providing continuity for fragmented
ecosystems within the city as the basic need for water production.

The incorporation of the ecological function of property overcomes the anthropocentric
vision in which nature exists only to satisfy human needs [46], offering an ecocentric
perspective where human life is intimately related to nature. The Urban Wetlands Law
enacted in 2020 (Ley de Humedales Urbanos, Número 21.202) had previously adopted this
shift in paradigm. This law recognizes the ecological distinctiveness of wetlands, including
their role in the functioning and maintenance of the hydrological regime (both surface and
underground). In order to meet this goal, the law empowers municipalities to regulate
the subdivision of land plots, urbanization, and construction permits in wetlands [47]
establishing a kind of dialogue between normative regulations over nature and city where
the property is not at the center of the narrative.

The Chilean constitutional process may initiate a change in the regulatory framework
according to a new paradigm that combines the protection of natural fluvial dynamics with
urban growth. The next section of the paper examines approaches that advocate for a balance
between natural systems and urbanization to embed ecological research into urban design.

2. Methodological Approach
2.1. Interdisciplinary Dialogue

The methodology adopted in this article is situated in a debate concerning the theoret-
ical foundations of legal instruments that conceptualize the relationship between humans
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and nature. In addressing the fieldwork done on urban design and fluvial dynamics at the
Andalién River we considered an interdisciplinary framework, in order to grasp both river
dynamics and urban growth. We propose an approach and methodology that integrates
different disciplinary perspectives [14]. The authors held sessions to triangulate concepts
in order to achieve contributions from different scholarship cultures (urban design, natural
sciences, law) at the different stages: topic orientation, formulation of the theoretical frame-
work, and discussion of results [15]. The conceptualization of the ‘why’ and the ‘what for’
of this study resulted directly from these sessions and was the product of a collective effort
to construct a common language.

2.2. Case Study: The Andalien River and the City of Concepción

The case study is the Andalién River which flows into the city of Concepción. Con-
cepción is located in the central area of Chile (30◦–45◦ S). The Andalién River is a Coastal
fluvial system that flows into the Pacific Ocean. Its basin size is 775 km2 [48]. It is sit-
uated in a Mediterranean climate zone, characterized by a rainy winter season and a
drier and warmer summer season. The basin has a pluvial regime, with the maximum
discharges occurring in winter due to rainfall intensity higher than 100 mm/24 h [49].
Concepción is the third largest urban center in Chile, with approximately 1,000,000 people
in its metropolitan area.

The upper basin is inhabited by a human population of around 10,000, mostly in the
Florida Municipality [50]. These people are exposed to fires and water scarcity due to the
massive forest monocultures that occupy 63% of the basin, according to 2011 data [48] (p. 1).
In the lower basin, if current urbanization continues occupying the floodplains, more than
10,000 homes and approximately 40,000 people would be exposed to flood for the most
extreme event evaluated for a recurring time of 500 years [51] (p. 14).

In this case study, we have adopted a multi-scale approach (Figure 1). Defined by
the (i) basin, (ii) river reaches which focus on the city–river interplay, and (iii) site-specific,
which are the scales where geomorphological processes can be understood as a whole. This
article focuses on the reach and site-specific scales, which are the scales where cities and
fluvial systems interact.

Water 2022, 14, x FOR PEER REVIEW 6 of 21 
 

 

 

Figure 1. Concepción City and Andalién River location. Multiscale approach: Basin, river–city in-

terplay and site specific. Source: Modified by the author Espinosa, 2020 in [52]. 

The territory where the Andalién River and the city of Concepción meet is highly 

pressured by urbanization processes. During the 1960s and early 1970s, the lower area of 

the river was occupied by dwelling cooperatives in what was called Site Operations 

[53,54]. These operations were developed to cope with the needs for housing derived from 

industrialization processes which attracted people from rural to urban areas. During the 

1980s, changes in the regulatory framework extended the occupation of floodplains as it 

is demonstrated in the comparative analysis of the Concepción Metropolitan Regulatory 

Plan (PRMC, Plan Regulador Metropolitano de Concepción) of 1962 and 1980 [55]. In 2002, 

the PRMC allowed construction in floodplains along the river (Figure 2) [55]. The PRMC 

15th modification of 2019 just reinforced this urbanization model. Besides the floodplain 

occupation, this development model has modified the river course as well. 

Figure 1. Concepción City and Andalién River location. Multiscale approach: Basin, river–city
interplay and site specific. Source: Modified by the author Espinosa, 2020 in [52].



Water 2022, 14, 3444 6 of 20

The territory where the Andalién River and the city of Concepción meet is highly
pressured by urbanization processes. During the 1960s and early 1970s, the lower area of
the river was occupied by dwelling cooperatives in what was called Site Operations [53,54].
These operations were developed to cope with the needs for housing derived from in-
dustrialization processes which attracted people from rural to urban areas. During the
1980s, changes in the regulatory framework extended the occupation of floodplains as it
is demonstrated in the comparative analysis of the Concepción Metropolitan Regulatory
Plan (PRMC, Plan Regulador Metropolitano de Concepción) of 1962 and 1980 [55]. In 2002,
the PRMC allowed construction in floodplains along the river (Figure 2) [55]. The PRMC
15th modification of 2019 just reinforced this urbanization model. Besides the floodplain
occupation, this development model has modified the river course as well.
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The case study was explored using research by design methodology which provides a
new way of looking into social and spatial complexities and uncertainties [56] and uses the
capacity of design to incorporate and synthesize other disciplines, taking advantage of the
natural frictions between them to improve the design result [28] (p. 7).

This type of research finds applied examples in Felson et al., 2013 [57] using design
experiments to embed ecological research into urban design. This positions design as a
facilitator for ecologists to create ecological knowledge to be applied to enhance urban
landscapes. Other applied examples of research by design are “Rebuild by Design” and
“Resilience by Design” [58,59]. These initiatives were elaborated to face problems related
to climate change effects in the cities of New York (Sandy Hurricane) and Los Angeles
Bay Area, looking for resilient strategies to safeguard the population, environment, and
economy. An example developed in the Latin American context is a water urbanism
research design that looked to build a propositive interplay dealing with Bogotá River
territories, settlement patterns, and productive landscapes in Bogotá, Colombia [60].

We studied the Andalién River and Concepción city, elaborating on geomorphologic
river restoration and urban design proposals in order to combine river dynamics and
urban growth. The design research exercises were developed between 2015 and 2018.
Research by design over urban planning were scenarios defined by conceptualizations,
strategies, and images based on data, fieldwork, historical analysis, and bibliographic
analysis. The data used was obtained from official governmental GIS systems and vector
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territorial databases, local academic and scientific research in relation to geography and
urban history. The archival review was mainly based on three relevant sources: the archive
of the National Library of Chile (Biblioteca Nacional Chilena—Memoria Chilena), the
University of Concepción Archive (Sala Chile), the archive of the Faculty of Architecture of
the University of Bio Bio.

These scenarios are concrete results to foster a discussion and to facilitate dialogue with
stakeholders. The iteration of the exercises allowed us to refine the results incorporating
new insight in every step of the process.

The design research had three main steps: first, explorations in urban design developed
from cartographic analysis, bibliographic research, data analysis, and fieldwork [20]. The
main results of this exercise were the problematic outline, the scale definition (basin reaches
which focus on the city–river interplay, and site-specific), and the first attempts at design
proposals for new urban tissues and productive tissues. In order to geomorphologic
characterize the river, an IHG Index by Ollero et al. 2011 [61] was applied in 2015 by Parra
et al., (Supplementary IHG Results S1) [62]. This hydro-geomorphologic index (IHG) rated
different quality parameters: functional, channel, and riparian in relation to the pressures
on the system and their consequent impacts.

The design conclusion of the first step was tested in two urban design competitions
with promising results: Second prize in IREC 2015 [63] (Supplementary IREC Competition
Materials S2) (Architecture for disaster reduction and reconstruction, 7th I-A Rec student
competition. “Addressing Different Forms of Vulnerability for Disaster Risk Reduction
in Urban Contexts 2015”) and first prize in READU 2015 [64] Project Practice 5th Urban
Design Congress) (Supplementary READU Competition Posters S3). These exercises tested
initial narratives of the interplay between disasters, landscape, and urbanization under
the lens of different work scales, from basin to architecture. The results served to lay the
foundations for subsequent exercises.

The second step was interdisciplinary and defined an area to develop the interplay
between fluvial dynamics and city growth dynamics. The concept that arose was “the mini-
mum fluvial territory to keep the river alive” [21]. The recognition of rivers as entities with
legal personhood is emphasized by the interdependence that exists between humans and
rivers as structuring components of societies and of the quality of life of communities. This
opens a relevant theoretical framework that studies rivers as socio-ecological systems [65].

It is very difficult to establish a holistic framework to study the health of a particular
river, much less the uniform characterization of all rivers [65]. The study over the Andalién
River considers the main geomorphologic elements of the fluvial system analyzed through
cartography, photo-interpretation, and the application of the hydro-geomorphologic index
(IHG) compromised with minimum spatial requirements to restore some of the river’s basic
eco-geomorphologic functions but considering the urban context. In places where it was
possible, an ideal option was proposed outlining the ideal space for the river to recover
its natural vitality with a guarantee. In places where the urban tissue was consolidated
alternative mitigation actions were used and compatibilized with social contests.

The proposed minimum fluvial territory (Figure 3) is a starting point to determine
parameters for healthy rivers [66] that is, the physical expanse that a river needs to occupy
throughout its natural fluctuations at different temporal scales. This notion highlights the
lateral connectivity of a river to its riparian space, such as wetlands and frequently flooded
adjacent areas [65].

The third step had two parts, one was about consolidating the information gathered
in the whole process with the objective of formulating open design questions (Table 1) to
interact with practitioners and stakeholders (Competition Briefing S4). This interaction was
based on solving the main problem of allocating 2000 dwellings of real estate development
but focusing on river restoration. The second part was an urban design exercise run through
an international design competition funded by the Ministry of Cultures in Chile [67].
These exercises result in a variety of proposals for fluvial restoration as urban design
strategies that turn into hybrid principles to develop the fluvial territories within the



Water 2022, 14, 3444 8 of 20

city [23,52] (Supplementary Winning Designs S5). These proposals and principles will be
used throughout the Discussion section.
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Table 1. Design questions proposed in the International Design Competition, Concepción Living at (in)
the Edge. Source: By the author Espinosa [52].

SCALES DESIGN QUESTIONS

Basin
Which strategies can be designed to re-balance the shifting

regimes of the basin to develop integrated
water management?

Stretch City-River Interplay
How to conceive and materialize hybrid and seasonal

tissues in order to guide the urban expansion with social
cohesion in Concepción city?



Water 2022, 14, 3444 9 of 20

Table 1. Cont.

SCALES DESIGN QUESTIONS

Site-Specific (i) Confluencia:
Collao—Las Ulloas

Is there a way to accommodate residential development
which respects and upgrades the hydrological system?

Site-Specific (ii) Zona Media
In terms of the landscape’s structure, how can the river be

enjoyed and give life to the city, balancing historic and
systematic social conflicts?

Site-Specific (iii) Desembocadura If it is necessary, how can it be designed in order to not
interrupt the marsh’s water flows and sedimentation?

2.3. The Normative Framework and the Andalién River Case
2.3.1. Territorial “Regulation” Rather Than Territorial “Planning”: Concepción’s
Communal Regulatory Plan

One of the most important aspects of the Water Code is the sharp separation of water
rights from land rights [38]. This separation has also an impact on territorial planning
instruments. For decades after the Water Code was enacted, legislation and administrative
regulations reproduced this separation. It was only recently that the law that introduced
substantial changes to the Water Code—Law 21.435—recognized the inseparable relation
between land and water on indigenous lands.

To understand these instruments’ scope and given the socio-spatial location of the
Andalién River, we will limit this study to the communal regulatory plan of the city of
Concepción. The purpose of this plan is to promote the harmonious development of the
municipality’s territory, especially its population centers. It only regulates what is within
the urban limit, defining where and how to build [68]. Through Decree No. 148 [69]
issued by the Municipality of Concepción, recently modified on 6 July 2021 through Decree
No. 494 [70], the “Local Ordinance of the Municipal Regulatory Plan of Concepción” is
established. This Ordinance fails to recognize the basin and in consequence the ecosystemic
protection of the Andalién River. For example, although territories, where construction is
limited due to possible natural disasters or other anthropic phenomena, are defined as risk
areas (Section 66 of the Concepción’s regulatory plan), real estate and urbanization projects
are allowed near the riverbank, [71,72] in spite of the warning by many authors about the
changes that urbanization produces in water systems

Moreover, in the case of real estate projects, this regulation is in contradiction with
Section 97 of the Organic Law of the Ministry of Public Construction, according to which:
“It is forbidden to build houses for housing and even more so to form settlements on land
that is periodically flooded, even when flooding occurs in periods of up to ten years” [73].
This reflects the lack of coordination between the public institutions involved in territorial
planning. Given the deficiencies of these instruments, according to Currie and Pérez [68],
these mechanisms are not territorial planning since they are limited only to establishing
restrictions and requirements that projects must comply with, conditioning the growth
of the urban area, as opposed to what is required for territorial planning as such, which
should include strategic development of urban areas in order to reduce their vulnerability
and increase their resilience.

Lack of effective territorial planning has a negative impact on public and private actors
involved in the management of the territory of the Andalién River and its surroundings.
In the case of public institutions, they lack clear competencies regarding actions and
responsibility, compromising their capacity to solve problems [74]. For neighbors and
communities living around the basin, problems of environmental degradation and flood
risks are evident [51]. Private actors, mainly real estate investors, although they can, on the
one hand, take advantage of these planning gaps and inconsistencies to develop projects in
the urban river basin [71,72], are affected by the lack of legal security in their investments, as
the lack of clarity in the application of territorial planning instruments allows for changes in
the application and control of these regulations [68]. They are also affected by the potential
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risk of flooding and other natural disasters, as they can affect the period of execution of
investment works, and cause them to incur civil liability for damages to buyers of real
estate projects, in the event that these have been caused by negligence or infringement
of regulations.

Regulatory instruments do not rely on design as a key part of city planning, dismissing
its synthetic potential as a fundamental tool to deal with multiple disciplines from scientific
realms to social problematics. City planning would open opportunities to deal with the
needs and expectations of different stakeholders and address their concerns in a more
thoughtful way.

2.3.2. Weak Legal Mechanisms That Do Not Control and Limit Urban Expansion on River’s
Territories and Other Water Bodies

In matters of urban expansion, limitations on private property, especially private
ownership of land, are expressed through urban planning instruments, that is, the preser-
vation of river space as a national asset for public use and the introduction of special
environmental mechanisms for the protection of bodies of water in the law regulating
urban wetlands.

Fluvial space is only indirectly defined by the law when it regulates national goods
of public use. The Chilean Civil Code excludes rivers and inland waters from the private
domain, (Articles 589 and 595). However, this imposes the need of defining the exact limits
of the river space, a task that is the responsibility of both the territorial planning instruments
and the Ministry of National Assets, which is in charge of protecting public goods. The
recent constitution-making process laid the groundwork for the notion of natural commons
as elements or components of nature over which the State has a special duty of custody in
order to ensure the rights of nature and the interest of present and future generations.

Specifically, in the case of rivers, this public body is responsible for a definition by
means of a decree, which regulates the delimitation strip, excluding private property within
these limits, and subjecting to public regulation and authorization the infrastructure works
to be executed within them. This faculty was granted to the Ministry of National Assets
through decree No. 609, promulgated on 31 August 1978 [75].

This authorization led to the beginning of the delimitation of the boundary line
between the riverbed as a national asset of public use and the riverside property, but
without the current minimum standards of justification required for acts emanating from
state bodies since it is a discretionary power of this public body. The consequence of
this is that those decrees that delimited the natural course of the river remain immutable
since their maintenance depends on the conditions that justified their dictation being
maintained [76]. Therefore, a decree whose justification or considerations that merited its
issuance are unknown cannot be modified. This situation continued until 2005, at which
time it was introduced at the constitutional level, as an element of legitimacy of all state
action, the explanation of the foundations of the act. However, on occasions, as in the case
of the Andalièn River, this delimitation has not been carried out by the national assets
authority [77].

The lack of fixation of the riverbed or the fixation of the same through decrees prior to
2005, shows how the law makes invisible a natural element and turns out to be one more
condition for the lack of protection against the advance of real estate and infrastructure
projects because it does not allow the application of the protection measures proper to the
national public use property. Our case study is clear evidence of the consequences of such
an administrative pitfall (Figure 4) [76].

The lack of an urban expansion limit basin becomes clear as the Andalién River
concentrates the highest growth percentage in Concepción city between 1955 and 2007
increasing its urbanized area by nearly 700% [78]. Between 1960 and 1991, the Andalién
watershed registered 21 flood events [51]. These events have a direct relation with the
urbanization of the basin’s lower area [51,78] demonstrating the pitfall of the regulatory



Water 2022, 14, 3444 11 of 20

framework or lack of territorial planning affecting the human population. In 2006, major
devastating flooding occurred, counting 3400 dwellings affected [79] (p. 9).
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Another conflict of urbanization within floodplains is the liquefaction processes. Liq-
uefaction is the loss of soil stability which flows due to the soil condition of floodplains. This
kind of soil is normally water and sediment saturated and reacts to tremors or earthquakes.
In the particular case of the Andalién River, due to the 2010 earthquake (8.8 Richter scale),
the floodplain urbanization suffered liquefaction processes causing cracks, sand outcrops,
and water shocks in at least 31 dwellings within five neighborhoods along the Andalién
River [80].

From the river dynamics perspective, the problems caused by urbanization in the
Andalién River territory are: (i) natural system degradation due to changes in the land
cover and landfills increasing runoff as a result of waterproofing, (ii) reduction in the river
course complexity and lateral mobility due to channelization and the natural river course
displacement, (iii) destruction of natural river geomorphology due to sediment clearance
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as flooding management, and (iv) water flows blockages caused by infrastructure [62]
(Supplementary Competition Briefing S4).

3. Discussion

There are 101 main watersheds in the continental territory of Chile [81]. The interre-
lation between the geographical scope of watersheds and the geographical delimitations
imposed by regulatory and planning frameworks is vast.

In addition to potential constitutional changes, recent changes in the law offer a
new terrain where regulations, territorial planning, and urban design interact, creating
opportunities for an effective integration of the Andalién River and other similar cases. The
two main regulations are the reform of the Water Code of April 2022, and the Framework
Law on Climate Change of June 2022. Both entrust to enact a Strategic Water Resources
Plan for each basin, considering various aspects of hydrological modeling, aquifer recovery,
and management plans, among others. The enactment of these plans and the regulation for
their elaboration opens a new opportunity to discuss the legal status, protection, and use of
river basins in urban areas such as the Andalién.

3.1. Fragmented Legal Framework Applicable to Water and Land Management in Chile

The fragmentation of the legal framework applicable to water and land management
can be explained from two standpoints:

First, the regulation of rivers and other water bodies is fragmented into various legal
bodies which grant competencies to a multiplicity of public institutions and private services,
weakening the framework for effective action [74].

Second, there are no territorial planning instruments that contemplate a national and
integrated vision of the geographic space and basins. On the contrary, there are different
instruments that operate with different regulations and under the supervision of different
sectoral agencies. Among these instruments, we find the Intercommunal Regulatory Plans,
the Metropolitan Regulatory Plans, the Communal Regulatory Plans, the Sectional Plans,
and the urban boundary delimitation. Urban design and regulatory framework should
acknowledge local conditions. Territorial planning instruments include only urban areas,
ignoring both water basins and rural areas.

These instruments contain the policies, plans, norms, institutions, and procedures
that make it possible to project, manage and administer land use [82]. However, given
the lack of coordination between them and the absence of integrated management tools,
it is possible to identify the following deficiencies: (i) they do not take into account the
current climate change scenario or the ecological function, (ii) they do not incorporate
adequate mechanisms to plan, design and regulate peripheral areas, where urban and
rural areas coexist, and (iii) there are no powers and mechanisms and to protect relevant
social-ecosystems, such as rivers and wetlands, that are located within cities and population
centers [68].

The above-mentioned deficiencies are reinforced by the establishment, at the constitu-
tional level, of a public economic order that strengthens the right to property and permeates
the rest of the sectorial norms.

Nevertheless, in the last years, an initial change in the dominant paradigm has been
introduced in the legal system with the enactment of Law no. 21.202 on urban wetlands
in Chile. The new law redefines the link between city design and bodies of water [47].
Although wetland regulations may improve the protection of water systems in urban
contexts, they also raise a number of questions, the exact boundaries of wetlands, how
to prevent the exclusion of neighboring sectors that are relevant for the function of, and
how to prevent landowners and developers use legal action to stop wetland protection [83].
These problems respond to a challenge shared by the legal protection enshrined in Law no.
21.202 mechanisms: the need to have a global vision of the regulation of water bodies in
the urban context, which goes beyond the urban-nature or city–river duality, implementing
measures to integrate the fluvial ecosystem into the city as a whole.
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The regulation of protected areas and territorial planning that incorporate the river-city
relationship, can be strengthened by the Strategic Water Resources Plans, introduced by
the reform of the Water Code [84] and the new Framework Law on Climate Change [85].
The key starting point for these instruments will be the regulatory implementation by the
Chilean Ministry of Public Works.

This regulation should be especially cautious when basins in urban areas, such as
the Andalién River. This implies the incorporation of institutions in charge of urban plan-
ning, such as municipalities, and stakeholders with social, economic, and environmental
preservation interests involved in the urban use of the river. A strong presence in the
decision-making process and the supervision of its implementation through these plans can
strengthen the commitment of the affected stakeholders in the fulfillment of the planning
and management objectives of the urban basin. In this regard, it is relevant to note Chile’s
recent accession to the Escazú Agreement on participation and information in environmen-
tal matters [86], which incorporates into the Chilean legal framework basic standards for
decision-making in instruments such as the Water Resources Plans.

The need for stakeholders’ participation does not preclude the establishment of special
protection zones, such as the riverbed, floodplain, or urban wetlands. Instead, it demands
a standard of urban planning with a solid and comprehensive regulatory basis to ensure
water security. This stresses the urgency to redefine this interplay moving from a mere
protective perspective to a propositive one.

3.2. A Dialogue for the Future. An Ecological Constitution and the Ecological Function of Property
as a Paradigm

It is difficult to predict if the current historical moment in which our country is building
a new constitution, will allow a shift in the legal paradigm towards Nature. The ‘New Latin
American Constitutionalism’ [87] appears as an option to guarantee the preservation of
the environment. This constitutionalism, which we can also call biocentric [88], finds its
foundations in the Constitution of Ecuador (2008), which recognizes nature as a subject of
law, as well as in the Constitution of Bolivia (2009), although with relevant nuances. The
current constitutional debate recognizes Nature as a right’s bearer and the duty to respect
and protect its existence, regeneration, maintenance, and restoration of its functions and
dynamic equilibrium. Including natural cycles, ecosystems, and biodiversity. The law may
establish restrictions on the exercise of certain rights to protect the environment and nature.

Along the same line, if Chile and its inhabitants are willing to shift from a Constitution
strongly based on ordering the economy and those who profit short term from water
resources to a Constitution to wish to plan and protect for long-term sustainability and
urban planning, it opens a new way to understand the relationship between human beings,
nature and natural resources [89] and consequently, questions the way in which private
property rights have been understood up to now. The legitimacy of a constitution adopted
as a fundamental rule through a democratic process could be a way in which those who
benefit economically and control water resources will need to give up partially the control
for a common good aim.

The necessary shift of a normative paradigm from the traditional and anthropocentric
perspective to the one proposed by ecological constitutionalism could imply indirectly
the revision of territorial planning mechanisms. Conceptually territorial planning that
considers ecology as a way to develop the country, will need to evolve regulations and
limitations that open planning and adaptive actions to look for new ways of physical
development in changing scenarios.

One aspect that arises from the ecological function is the existence of geographical
situations in which the design of a strict delimitation between public and private action
may be insufficient for the requirements of governance. This is precisely the case of rivers in
urban contexts, in which, on the one hand, there are opportunities for the development of
projects of private interest, but on the other hand, its ecological dynamics and the interests
of the community are compromised in the intervention.
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In a context such as Chile’s, where, as evidenced, the public/private division of
territory has played in favor of reducing the limits of public control, the idea of creating a
hybrid management system can be disruptive. However, from an academic perspective, in
the fields of law [90], economics [91], and urban planning [92], options for overcoming this
dichotomy have been put forward, in what we call a “hybrid system”. The constitutional
debate guarantees public participation in territorial planning processes and housing policies.
It also promotes and supports community habitat management.

The definition of a hybrid management area allows the field of intervention on the
river to be extended beyond the minimum protection polygon. In it, the development
of infrastructure projects of both public (roads, bridges, urban parks) and private origin
(mainly, in the case of the Andalién, those of real estate interest) can be allowed. As part
of its design, the regulation must consider the maintenance of permanent or seasonal
areas with permitted degrees of intervention (total, medium, or low restriction), and
directed forms of construction that adapt to the continuity of the river system, in which the
implementation of green infrastructure [93] with the characteristics defined by the public
authority becomes mandatory.

The introduction of a hybrid system on the territory, in the Chilean context, is hindered
by the existence of a strong regulatory tradition of continental civil law [94]. In relation to
this, alternatives for implementation at the legal level are presented as both the existence of a
special property regime within a framework of private property (individual or community),
and the forced constitution of limited real rights or easements in favor of the continuity of
the river system in the urban sphere, protected by the ecological function of property.

Previously, we have pointed out that one of the main risks of the delimitation of
protected areas as the only form of river regulation in the urban context is the possibility of
massive challenges through administrative or judicial channels. Although this alternative
should exist to guarantee the proper exercise of the rights of individuals vis-à-vis the public
authority, its massive use can hinder the fulfillment of the protection objectives.

In order to guarantee the use of this route as a form of conflict resolution in the last
instance, and to preserve a harmonious treatment of the river–city relationship that resolves
the problems beyond each “affected” landowner, it is necessary to have planning instances
that commit the actors involved in the fulfillment of the river management design in the
urban sphere.

In this line, the results of the research by design exercises for keeping rivers alive
through establishing the minimum fluvial territory in urban (Figure 5) contexts encourage
urban planning and design to be able to address at least three design principles: (i) Effort
to propose land use toward hybrid programs going beyond the parks and conservation.
This operation is durable over time and jeopardizes neither the ecological value of the area
nor the productive possibilities of the territory. This is possible as thinking beyond the
idea of parks and conservation allows the testing of new hybrid economies and urbanities
such as sustainable agriculture, agroforestry, or green infrastructure for risk management
and consequently offering safer urbanization. (ii) Designs for restoring or keeping the
continuity of the river system. This physical continuity goes in all dimensions of the
rivers, streamwise, spanwise, and depthwise. Therefore, guaranteeing water, sediment,
and energy fluxes to the aquifers, and floodplains. (iii) Thinking about urbanization for a
hybrid geomorphological-urban unit. The spatial conceptualizations of the hybrid fabrics
adapt to the seasons and respond to the fluvial territory assigned characteristics of bed
roughness, permeability, and type of riparian vegetation, and propose special characteristics
of the construction type [23].

Dialogue within these bodies must involve different perspectives that must converge
in this effort. Thus, the convergence of visions for river planning at the urban scale should
consider the different factors that influence the preservation of water security in the urban
context: the availability of water for human consumption and sanitation, the maintenance
of the ecosystemic dynamic equilibriums, the control of water-related hazards, and the
development of economic activities [6], understanding the latter not only in terms of water



Water 2022, 14, 3444 15 of 20

and sediment extraction but also the use of land on the riverbed or in the immediate vicinity
of the river to the extent that it affects the hydrological cycle.
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Figure 5. Three river sequence. The design strategy that dialogues with the principles is the definition
of urban-river tissue where the river can move and reconnect the watercourses with existing wetlands.
A section is designed as a dialogue between housing which considers permeable spaces between
buildings to allocate water flows. Source: By the authors: Cummings, Malcolm, Pirks, Priore and
Urgelles Calvet in [52].

The presence of these actors (representing water security factors) may include, for
the situation of the Andalién in Chile, currently existing bodies, such as those relating to
territorial planning at the communal level, as well as the design of new decision-making
bodies at the basin level, such as the river basin councils proposed by various bodies [43,82],
which for these purposes, should have a particular design that takes into account the agents
and characteristics of the urban sector.

Participation in urban or semi-urban water planning bodies not only contributes, in
our opinion, to promoting agreements and avoiding legal or de facto conflicts but is also a
way of fostering a climate of peace and political stability [95], within which it is possible
to meet water security objectives. Furthermore, integration of novel disciplines in water
management strategies, such as socio-hydrology can provide conceptual inputs of the
human–hydrological interplays giving relevant feedback for governance models [96,97].

This effective participation, and the adherence to a new deal between public and
private agents for a sustainable coexistence of the river and the city, can be achieved if a
commitment is made, which gives certain powers to regulate the ecological function, in
exchange for economic and legal certainty and secure conditions for life, investment and
development around the Andalién River. We think that the constitutional momentum that
Chile is facing currently could provide an adequate scenario to have relevant discussions
among these lines.

4. Conclusions

This article develops an interdisciplinary dialogue based on concrete design principles
obtained by design research and the conceptualization of regulations needed to implement
real changes in the city–river interplay areas.

For the Chilean context, in the midst of a constitutional process that opened opportu-
nities to discuss, not only the nature and scope of private property (over land and water)
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but also the ecological functioning of fluvial systems. This is a relevant step towards
disentangling the existing Constitution from its economic-centric framework, so that new
conceptualizations based on the ecological value of nature could be imagined. The current
constitutional process provides a real possibility of shifting constitutional paradigms in the
direction analyzed in this paper.

The need for interdisciplinary dialogue between territorial planning and urban design
is based on a fruitful exchange and co-construction of a new language to visualize real
actions to promote resilience in rivers as social ecosystems. The objective is to take on
the challenges of integration, decision-making mechanisms, and coordination between
different levels, adapted to the water and social reality of the Andalién River case.

Effective implementation would require institutional strength and reforms to the legal
system. One interesting example examined in this paper is the legal reform to urban
wetlands in Chile.

These concrete actions are until now highly pressured by a normative framework
that prioritizes private property over ecological concerns. This article places the ecological
function of property as a decisive counter-concept to build a way through a constitutional
process to allow water production, biodiversity recovery, and adaptation to climate change
within urban contexts.
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