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Abstract: Risks have been classically understood as a probability of damage or a potential hazard
resulting in appropriate management strategies. However, research on environmental issues such
as pollutants in the aquatic environment or the impacts of climate change have shown that classical
management approaches do not sufficiently cover these interactions between society and nature.
There have been several attempts to develop interdisciplinary approaches to risk that include natural
as well as social science contributions. In this paper, the authors aim at developing a social-ecological
perspective on risk by drawing on the concept of societal relations to nature and the model of
provisioning systems. This perspective is used to analyze four cases, pharmaceuticals, microplastics,
semicentralized water infrastructures and forest management, with regard to risk identification,
assessment and management. Finally, the paper aims at developing a perspective on risks which
takes into account non-intended side-effects, system interdependencies and uncertainty.

Keywords: pharmaceuticals; microplastics; semicentralized water infrastructures; forest
management; provisioning system; normal operation

1. Introduction

The detection of anthropogenic micropollutants in the water cycle or the environmental changes
caused by climate change are examples of current risks, which point to the relation between society
and nature, as well as to the relational character of risk; put in a simple way, this is a relation of cause
and (often undesired or adverse) effect. The term “risk” enjoys great popularity, though at the same
time it comes with a variety of definitions [1]. A definition often referred to says: the “term ‘risk’
denotes the likelihood that an undesirable state of reality (adverse effects) may occur as a result of
natural events or human activities” [2] (p. 50). A distinction is made between risk and hazard. While
hazards are defined as a potential source of harm (e.g., toxicity of a chemical substance), a risk emerges
when there is a likelihood that the hazard will produce harm [2]. The technocratic understanding is
an equation involving the possibility of an adverse effect and the potential damage, while emphasis
in the social sciences, for instance is laid on perception and decision-making [3]. Different concepts
and theories of risk have been developed. They vary from those found in cultural studies and the
social sciences, which embrace a constructivist approach to nature, and the technical and natural
sciences which adopt an objectivist approach (for an overview see [4,5]). Social science theories
comprise system theory following Luhmann, which stresses ways of risk communication [6], cultural
theories working on cultural assumptions on risk and risk perception [7], and psychological theory
centering around subjective judgment of the extent and character of risks [8]. In the natural sciences,
for instance ecotoxicology, environmental risk assessment considers a cause deriving from a toxic
substance (e.g., chemical, which has effects on an organism). An “environmental risk” is then a product

Sustainability 2017, 9, 1039; d0i:10.3390/su9071039 www.mdpi.com/journal/sustainability


http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
http://dx.doi.org/10.3390/su9071039
http://www.mdpi.com/journal/sustainability

Sustainability 2017, 9, 1039 2of 16

of exposition, toxicity and sensitivity. Classical risk analysis calculates the possibility of an adverse
event and the potential damage, for instance an assessment of the ecotoxicity of hazardous substances
based on dose-response relationships. Similar accounts for engineering sciences. Here, risks are
calculated for socio-technical systems such as energy or water infrastructures which are susceptible
to hazards.

There has been a debate in risk research on how to consider society-nature interactions in risk
analysis [1,9]. This paper takes up this debate and suggests a social-ecological perspective on risks
which focuses on the interactions between society and nature. The concept of societal relations
to nature [10] and the model of social-ecological systems (SES) as provisioning systems [11,12]
(Hummel et al. 2017 in this special issue) are used to characterize society-nature interactions. The aim
of the paper is to elaborate a social-ecological perspective on risks by drawing on four case studies
analyzed with the concepts of societal relations to nature and provisioning systems.

The next section gives an overview of the current risk research. The subsequent section introduces
the four case studies and in a second step discusses them, deploying the analytical framework of
provisioning systems. In a third section, aspects of the studies are discussed to develop conceptual
notes on a social-ecological risk perspective. It is further discussed how this perspective helps to
identify risk management strategies and how to govern risks.

2. State of the Art: Risk and the Social-Ecological Perspective

As outlined in the introduction, the conceptualization and the understanding of “risk” vary
highly. A common and quite popular way of classifying different risk concepts has been a disciplinary
ordering. Several reviews [2,13,14], notably work by Ortwin Renn, have presented the concept as used
in natural and technical sciences, economics, psychology and social and cultural studies.

Examples for technical and natural science concepts of risks comprise actuarial analysis of the
insurance business, in which the expected value—an equation of the probability of an event multiplied
by the insurance sum of the event—is the reference point; toxicological and epistemological risk
assessments using causal models of risks to identify substances, like carbon monoxide or benzene,
that may cause harm to humans or the environment [15] and probabilistic risk assessments which
attempt to predict the probability of undesirable events within complex technical systems [16]. In sum,
they “anticipate potential physical harm to human beings, cultural artefacts, or ecosystems, average
these events over time and space, and use relative frequencies or estimated probabilities (observed
or modelled) as a mean to specify likelihood” [2] (p. 52). These kinds of risk analyses are useful for
identifying causes and predicting events with undesirable effects and therefore help decision-makers
in accident management and emergency planning. They are important to improve safety of technical
systems [2]. The technical and quantitative risk analyses have been subject to criticism from social
sciences [14,17]. Among other critique, the objectivity of the identified risks is questioned and it
is emphasized that risk analysis cannot be considered as “value-free scientific activity” [2] (p. 52).
Furthermore, critics point to the subjective perceptions of people with under- or overestimating the
probability of certain adverse events and the role of the media [18,19].

Renn clustered risk approaches in social sciences along two axes from individualistic to
structuralist approaches and from constructivist to realistic ones [2]. In this taxonomy, he classifies
postmodern theory [20], cultural theory [21] and Luhmann’s system theory [22] (constructivist
and structuralist), critical theory [23] (realistic and structuralist), rational choice theories [24]
(realistic and individualistic) and theories of reflexive modernization [25] (individualistic and
constructivist). Overall, the approaches have in common that risks are related to decision-making
under uncertainty [26].

Aven [27] (p. 34) suggests to overcome a classification of risk which is based on “objective
reality” vs. “societal phenomenon”. He argues for a new way of classifying risks and develops
six risk perspectives based on six development paths. By this, he develops perspectives which are
crossing scientific disciplines, but he remarks that the “risk perspective chosen strongly influences
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the way risk is analyzed and hence it may have serious implications for the risk management and
decision making” [27] (p. 42). There have been further attempts to develop an integrative approach to
risk [28]. The discussed approaches comprise the social amplification of risk concept [18,29], the risk
types according to WBGU [30] and finally the IRGC’s risk governance framework [31]. The model
of the International Risk Governance Council (IRGC), which in contrast to the Red Book model to
the co-evolutionary approach [32] integrates the assessment sphere, the management sphere and
the communication sphere and by this accommodates the technical /natural science and the social
dimensions of risk.

This paper elaborates a further perspective, which builds on the integrative aspects of risk
research and at the same time takes into account the society-nature interactions. For developing a
social-ecological risk perspective, we draw therefore on the concept of societal relations to nature [10]
and the model of social-ecological systems (SES) as provisioning systems [11,12].

The concept of “societal relations to nature” frames society-nature interactions in a non-dualistic
way as patterns of regulation aiming at the reproduction of societies. Particular sets of characteristic
societal relations to nature can be represented in a provisioning system [12] (Hummel et al. 2017 in
this issue). Provisioning systems are “developed [and regulated] by societies [to] provide goods
and services such as food, water, or energy [and] based on ecosystems and their geophysical
environments” [11] (p. 11). Resource usage in a provisioning system is regulated by practices,
knowledge, technologies and institutions. This regulation of provisioning systems can cause intended
and non-intended effects on ecological and biophysical processes and structures (ecosystems or human
health), as well as on social processes and structures (economies, etc.) within a system and on other
provisioning systems [11]. These effects can cause feedback processes that might call for new decisions,
or have effects on cultural and social processes. Such feedback processes can be immediate or buffered;
they can be anticipated with a proactive reaction, or non-anticipated with a reactive response, and
they can take place within a system as well as affecting other systems. Thus, these systems are linked.
Taking feedback processes and unintended effects into account, it is important to be aware that every
action associated with risk management and problem solving can cause non-intended effects and risks;
this is called self-referentiality [33].

Who or what is “at risk”? From a social-ecological perspective, societies as well as ecosystems
can be at risk, ranging from “material things”, such as infrastructure, buildings, etc., to humans and
non-humans, like organisms and whole ecosystems, to social-ecological systems, like the operation
of a provisioning system. The causes of risks lie mostly in human activities, since most bio-physical
processes and natural resources are regulated by societies [11].

3. Social-Ecological Perspective in Risk Research

The four case studies were taken from projects conducted at the ISOE—Institute for
Social-Ecological Research and were selected because they all address interactions between society
and nature and represent a broad spectrum of risk themes. The case studies are on (a) pharmaceutical
residues in the aquatic environment, (b) microplastics in the aquatic environment, (c) semicentralized
water infrastructures, and (d) forest management. The case of pharmaceuticals was derived from
studies conducted within several projects, including start (2005-2008) and SAUBER+ (2011-2015),
the microplastics example is covered in the project PlastX (2016-2021), semicentralized water
infrastructures are dealt with in the project Semizentral (2013-2017), and forest management within
the BiK-F project (2008-2021).

The cases were analyzed by identifying (1) possible negative effects, (2) the affected (provisioning)
systems, and (3) the causes of the potential effects. The following questions were used as guide for
discussing the results:

What is the scope of the negative effects and how might they affect other linked systems?

How do these systems interplay?

Which risk management strategies exist and do they produce competing interests?
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3.1. Pharmaceutical Residues in the Aquatic Environment

3.1.1. Case Outline

First detections of pharmaceutical residues in the aquatic environment date back to the
1970s [34-37]. Nowadays, pharmaceutical residues can be detected in nearly all compartments of the
water cycle. Their existence has been demonstrated in surface waters, seawaters, groundwater and
even at the nano-level in drinking water in a few cases [38,39].

The original cause of pharmaceutical residues in the water cycle lies in human medical care:
Some pharmaceutical substances used for human therapy are only slightly transformed by the human
body, excreted, and afterwards not completely eliminated in wastewater treatment plants (WWTPs).
Finally they are discharged into the aquatic environment. Besides urban WWTPs, discharges from
manufacturing, animal husbandry, and aquacultures are further emission pathways [40].

The introduction of some of these pharmaceuticals into the environment poses a risk to aquatic
wildlife, since negative effects have been demonstrated at environmentally relevant concentrations,
for instance in the case of endocrine disruptors such as steroid hormones [39]. Uncertainty exists
regarding the risks for whole ecosystems due to knowledge gaps in respect of the mixture toxicity of
pharmaceuticals, as well as chronic and subtle effects that might have consequences at the population
level [39]. Acute effects for human beings due to the occurrence of pharmaceutical residues in drinking
water do not exist; the daily intake via drinking water is far from reaching therapeutic doses [41].
However, since pharmaceuticals are continuously released into the environment (“pseudopersistent”),
serving to sustain long-term exposure, precautionary measures are discussed to reduce risks in advance.
In most cases, these measures comprise end-of-pipe solutions, e.g., modifications of WWTPs in order
to improve removal efficiencies.

3.1.2. Risks as Side-Effects of Normal Operation

The social-ecological perspective on the issue of pharmaceutical residues in the aquatic
environment clearly points to a risk involving the “water services” provisioning system as
pharmaceutical residues are detectable in aquatic ecosystems as well as in drinking water. The “water
services” provisioning system comprises the disposal of wastewater, the connected aquatic ecosystems,
and the water supply, including drinking water. As wastewater constitutes the risk-producing part of
the provisioning system, measures to prevent the emission of pharmaceuticals predominantly focus
on WWTPs and advanced treatment technologies.

However, by including interconnected provisioning sytems as well, the mode of risk production
comes into focus: in the case of the “water services” provisioning system, the risk for the aquatic
ecosystem and consequently for human health is produced by wastewater emission but it originates
from the use of pharmaceuticals to treat and prevent diseases, and hence from the provisioning system
“human health care” (Figure 1). What is striking is the fact that the use, excretion and disposal of
pharmaceuticals is organized in a way that these agents are intentionally released into the water cycle.
Consequently, the health care system in its “normal mode of operation” produces a risk for the “water
services” provisioning system [42].

It becomes clear that measures within this provisioning system, such as an additional treatment
step in wastewater treatment plants, are not enough. Such measure must be complemented by
innovations in the health care system to reduce the load of pharmaceuticals in water bodies. This
means that as a part of precautionary measures, the “human health care” provisioning system needs
to be readjusted. If possible, the consumption of pharmaceuticals should be reduced, and supported
by measures such as different prescribing practices and disease prevention, proper handling of
pharmaceuticals, and the development of environmentally friendly pharmaceuticals [43].
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Figure 1. Impact of human health care on the “water services” provisioning system (own draft based
on [11]).

In conclusion, the social-ecological perspective does not consider extreme events or disasters in
order to develop risk management strategies. By drawing on the concept of provisioning systems, risks
are discovered which arise through “processes of self-endangerment brought about by modern, highly
interconnected societies” [42] (p. 357). Therefore, this analytical perspective leads to risk management
strategies which target the reorganization of the involved provisioning systems [42].

3.2. Microplastics in the Aquatic Environment

3.2.1. Case Outline

The term “microplastics” emerged in the 2000s to describe small plastic fragments detected in
seawaters since the 1970s [44]. Meanwhile, a rising number of studies has discovered the vast extent of
microplastic pollution reaching from deep-sea sediments to freshwater environments [45,46].

The causes of microplastic pollution are as variable as the material types introduced into the
environment. So-called “primary” microplastics are manufactured for their application in specific
products, such as cosmetics or air-blasting technology, but they also involve virgin plastic production
pellets [47]. These primary microplastics mainly enter the aquatic environment via domestic and
industrial WWTPs [48]. “Secondary” microplastics derive from the breakdown of larger plastic items,
such as plastic waste introduced into the environment, but also chemical fibers washed from fabrics,
or tire dust from road traffic discharged by WWTPs [47]. Secondary microplastics are considered to be
the main source of microplastic pollution [49].

Uncertainties exist regarding the risks these microplastic particles pose to the ecosystems where
they persist [50]. Studies have shown that microplastics are ingested by various aquatic organisms
including organisms that play a role in human consumption (such as shellfish and fish) [51,52]. So far,
biological effects have only been detected in the laboratory at particle concentrations that have limited
environmental relevance [53]. Furthermore, risk assessment is complicated, as microplastics might
also transfer plastic-associated chemicals (such as additives or adsorbed pollutants) to organisms, with
negative impacts on their health. Currently, researchers argue that the existing knowledge gaps are too
large to properly assess the risks of microplastics for ecosystems [54]. The same holds true in respect
of the risks for human health of microplastics-contaminated food [55]. Nevertheless, precautionary
measures are discussed which mostly focus on primary microplastics. These measures comprise
advanced wastewater treatment and regulatory approaches, such as a ban (in the United States) on
microplastics in specific cosmetic products [56]. Furthermore, voluntary commitments have been
made by plastic processing industries addressing zero pellet loss or phase-out of microplastics in
cosmetics [56].
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3.2.2. Societal Significance of Risks

The microplastics example shows some parallels to pharmaceutical residues in the water cycle.
A chemical agent is introduced into aquatic ecosystems via WWTPs, involving the “water services”
provisioning system. Microplastics from cosmetic products or fibers washed from fabrics also enter
the environment as side effects of the normal wastewater processing strategy.

From a social-ecological perspective, the case of microplastics cannot be considered in isolation
from plastic waste in a larger context, as the pathway via WWTPs accounts for only a relatively small
amount of the pollution. As mentioned above, most plastic particles in the environment stem from the
degradation of larger plastic waste. The origin of this plastic waste cannot be attributed to one specific
provisioning system that produces the risk and can be readjusted. Since plastic products, for instance
plastic packaging, are an integral part of modern societies, a variety of provisioning systems come
into focus, ranging from food supply to human health care. These systems meet when it comes to the
disposal of plastics and proper waste management. In this case, it can be argued that if the systems
set up for correct disposal of plastics operated properly, plastics would not reach the environment in
relevant amounts. However, the huge amount of plastics leaking into the environment worldwide
throws doubts on the existence of “normal” operating waste management systems. It seems that the
current mode, with its leakages, is the “normal” mode. Nevertheless, risk management strategies
should include proper waste management, but also—and especially in countries which lack waste
disposal systems—target the reorganization of the respective systems regarding sustainable production
and consumption patterns to reduce the production of plastic waste.

However, the microplastics example shows further aspects which come into focus by adopting
a social-ecological perspective. In this case, societal perception and the mobilization potential of the
society are important drivers for risk management. So far, ecotoxicological studies have not been
able to conclusively characterize the risk posed by microplastics to aquatic ecosystems due to the
above-mentioned complex material characteristics. Despite the absence of clear scientific evidence,
it is common sense in most societies that plastics should not end up in the environment. In many
cases, there are aesthetic reasons for this, which have political, social, and economic consequences,
for example when there is a risk of losing tourism revenues due to beaches littered with plastic
debris [57-59]. Furthermore, the public debate, triggered by the media [60,61], centers around the
potential abundance of microplastics in human food suggesting human health risks. These reports
are only based on single observations, and as yet there is no evidence of negative effects on human
health. Nevertheless, microplastics are perceived as a threat to the “food” provisioning system
and thus to human health [62]. The social-ecological approach to the issue of microplastics in the
aquatic environment considers both technical risk calculations, here the ecotoxicological approach,
and the societal significance of the risk. This makes it possible to address the ecological and the social
consequences. Moreover, communication processes involving public interest groups help to identify
resilient strategies for coping with uncertainties and thus managing the risk [63].

3.3. Semicentralized Water Infrastructures

3.3.1. Case Outline

Technical innovations such as treatment and reuse of partial wastewater streams at their point of
origin in combination with new management approaches result in radical innovations of the water
infrastructure [64-67]. These concepts lead to a different design: decentralized or semicentralized
components cause a higher flexibility due to a modular architecture and enable more options for water
and energy reuse. Wastewater streams of different quality (e.g., blackwater from toilets and greywater
from showers, sinks, kitchens, washing machines) can be treated separately by using dual sewers.
In addition, greywater can be recycled to produce service water for toilet flushing or the irrigation
of green space. Through this modular architecture, urban water services can be adjusted flexibly to
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rapidly growing (or shrinking) population numbers. Furthermore, the reuse of water (and heat or
other resources) contributes to an efficient management of natural resources.

Water supply and disposal systems are categorized as critical infrastructures, i.e., they are essential
for the functioning of a society and its economy. The vulnerability of novel infrastructures must be
analyzed from this perspective, where vulnerability is understood as the susceptibility and resilience
of the system’s components to certain hazards [68]. The potential causes of a failure of the water
infrastructure, or of parts of it, can be internal or external. They include natural hazards (heavy rainfall,
floods, droughts, earthquakes) and human or technical failure (pipe bursts, sabotage). The failure
of the water infrastructure, in turn, might endanger the users’ health or surrounding ecosystems,
for instance if the user has contact with contaminated service water, or if untreated wastewater is
discharged into the environment.

Risk analyses for wastewater utilities are usually based on technical safety management.
The probability of occurrence of potential hazards (threats) to the infrastructure is quantified based on
statistical data or estimations. In addition, the damage to subjects of protection (e.g., users, technical
infrastructure, ecosystems) is quantified in monetary terms. High probabilities of occurrence and high
possible damage indicate a high level of risk and necessitate precautionary measures to prevent the
predicted damage.

3.3.2. Integrative Risk Assessment

The case of semicentralized water infrastructures differs from the previous examples of
pharmaceuticals and microplastics as it has a strong spatial dimension by focusing on a specific
technological system. Furthermore, this system is already able to combat existing problems within
the “water services” provisioning system, coping for instance with water scarcity by implementing
improved water efficiency. The focus in this case is on the hypothetical risks posed by hazards, or
a failure of interconnected provisioning systems, such as (drinking) water supply, electricity, or the
disposal of food waste. The aim is to minimize risks which do not occur in the context of normal
operation, but which are due to negative events which may have a natural origin (e.g., extreme weather,
landslides) or a socio-technical one (e.g., vandalism, faulty connections). The hazards can be multiple
and lie within the system itself (human or technical failure) or be exogenous (weather). At risk is the
safe operation of the water infrastructure guaranteeing an adequate service water supply, as well as
wastewater management, including safe discharge of the treated wastewater into the environment.
In a worst case scenario, the effects may lead to a breakdown of the infrastructure, resulting in health
hazards for the users due to an inadequate service water supply, and/or environmental pollution due
to the disposal of wastewater which is untreated or inadequately treated.

To avoid these consequences, risk analyses serve to assess the vulnerability of the system to
these hazards, and to take adequate measures for risk management. In addition to the conventionally
applied risk assessment approach, the social-ecological approach integrates the interdependencies
between the infrastructure and connected provisioning systems and ecosystems. By adopting this
systemic perspective, differences in the appropriation of natural resources become apparent, since the
semicentralized system is more resource efficient than conventional infrastructures, for example in
terms of groundwater resources for (drinking) water supply purposes. Furthermore, the users become
a significant part of the analysis. On the one hand, users might be influenced by malfunctioning
of provisioning systems that are dependent on the functioning of the water infrastructure. On the
other hand, the kind of usage (routines, usage patterns, misuse) influences the functioning of the
infrastructure, which is why the users’ practices and their handling of the water infrastructure are
integrated into the analysis. The described integrative take on technological risk or vulnerability
analysis hence contributes to a broader understanding of social-ecological interdependencies, and
offers more promising options for action in respect of risk management. This approach also considers
the diversity and complexity of the actors (e.g., users, operators, craftsmen), as well as their practices.
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Consequently, the actors do not have to adapt their actions to the infrastructure’s requirements and its
assigned management regime, but rather the water system is adjusted to the actors’ needs and behavior.

3.4. Sustainable Forest Management

3.4.1. Case Outline

Central European forests play an important role in timber production, but also serve as a place
for outdoor recreation, for regeneration of water, or as a protection against mudflows and rockfalls
(in Alpine regions). Global climate change directly and indirectly affects the growth and productivity of
Central European forests. Besides forest biome shifts, an immediate risk is the loss of forests at specific
locations. If forest ecosystems are degraded, or even destroyed, their recultivation is challenging.
Effects that point to this risk can already be observed in form of the destabilization of existing forests,
for example in specific regions in Germany (Hessian Ried): oak forests have been severely depleted
due to climate change, a lowering of the groundwater level, and cockchafer epidemics [69]. However,
no reliable statements can be made on which of the observed effects were caused by climate change and
which occurred due to silvicultural mistakes, excessive numbers of game animals, or other causes [70].

To date, Central European forests have mostly been cultivated at a profit. But in future, substantial
declines in earnings caused by climate change are expected by forest economists [71]. Experts predict a
decline in timber yields [71], as well as a decline in forest functions [72]. Because of the loss of retention
functions offered by alluvial forests, residential areas near rivers are increasingly threatened by floods.
And the regeneration of ground water is endangered when the soil loses its ability to retain water or to
decompose contaminants, due to a loss of forest vegetation [73].

So far, risk management has focused on the reduction of operational risks of the forest
enterprises [74]. Most foresters have decided on a “no-change” strategy because of their doubts
whether active management is possible. Smaller numbers tend to follow a “trial and error” strategy, or
to plant more climate resistant tree species [75]. Therefore, the challenge for forest policy and science is
to identify the tree species with a predicted optimum yield in future [76].

3.4.2. Integrative Management Approach

The example of Central European forests also has a strong spatial dimension. In this case,
forestry systems are at risk due to climate change, and risk management concentrates on their future
cultivation. Drawing on the concept of provisioning systems, the described forestry systems represent
a characteristic case of societal relations to nature. These forests have been cultivated for specific
purposes for a long time, and provide specific ecosystem services, such as timber, provision of clean
water and air, water retention and flood protection, but also cultural services, like space for recreation.
If the functioning of these forestry systems fails, the connected provisioning systems which benefit
from the ecosystem services provided will bear the consequences.

At the moment, the regional characteristics of climate change and subsequent effects on forests
are difficult to predict. Nevertheless, climatic extremes (storms, droughts, torrential rains, frost events)
are likely to occur more often in the future, and have been addressed in forestry practice, at least in
Germany. In this regard, an adaptive management approach is pursued: forests are restructured by
planting tree species which are less susceptible to environmental changes, including climate resistant
species from North America such as the Douglas fir. However, this approach solely addresses economic
losses for forest enterprises, as forest management concentrates on profit-yielding species and the
ecosystem service “timber production” [74]. In contrast to forest practitioners, conservationists and
recreational visitors demand sites with a portfolio of different trees. In this regard, an adaptive
management strategy should consider how to maintain the diverse ecosystem services of forestry
systems. The social-ecological approach embraces interconnected provisioning systems and, therefore,
the “multifunctionality” of forests. This approach thus addresses the needs and demands of linked
provisioning systems and seeks to negotiate between the different stakeholders involved. Moreover,
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a tree portfolio maintaining the multifunctionality of forests for provisioning systems simultaneously
addresses the functioning of the ecosystem. The social-ecological perspective, therefore, helps to
develop management practices that are sustainable and maintain the characteristic societal relations to
these ecosystems.

4. Discussion

In accordance with newer approaches to risk governance [18,29-31], the social-ecological
perspective aims at integrating technical and social contributions to risk assessment, evaluation,
and management in order to comprehensively address complex environmental issues. However, by
drawing on the concepts of societal relations to nature and provisioning systems, the social-ecological
perspective focuses on specific aspects which are outlined in the following:

e  The social-ecological perspective does not consider natural hazards such as earthquakes or
volcanic events that might have catastrophic effects and require crisis management. The same
holds true for risks that can be understood as “normal accidents” (cf. [77]) but have solely social
implications, for instance working conditions or health risks such as smoking. In social-ecological
research, the focus is set on risks that arise through specific society-nature interactions which
are regulated in a non-sustainable way and affect ecological as well as social processes and
structures. By framing risks as a product of the “normal” operation of a provisioning system,
the analytical perspective focuses on the mode of risk production and, therefore, leads to the
conception that the involved provisioning systems need to be reorganized, as shown by the case
of pharmaceutical residues in the water cycle. The social-ecological analysis includes the fact
that risks can be transboundary, traveling across the border of risk producing systems into other
linked (provisioning) systems [78]. Thus, these risks can be characterized by a specific vibrancy
which affects other linked entities or systems, as demonstrated in the case of pharmaceuticals
and microplastics. On the one hand, these linkages result from a physical connection of the
involved provisioning systems, like the connection of the health care system and the “water
services” system through wastewater flows. On the other hand, these linkages emerge through
social processes (like communication, practices) affecting different social, political and economic
spheres, for instance societal aversion to beached plastic debris inducing income losses in the
tourism sector. Thus, the social-ecological approach includes both so-called objective approaches,
trying to assess risks with probability assessments, and constructivist approaches that consider
how the risk is socially constructed and perceived.

e  The social-ecological perspective takes into account that risk management approaches can always
have (non-intended) side effects and affect other linked entities or systems, as shown in the
cases of novel water infrastructures and forest management. In this regard, a social-ecological
approach integrates interdependencies of involved systems with the respective stakeholders
from the beginning. Thus, knowledge from the technical and natural sciences is combined with
knowledge from the social sciences on everyday practices, for instance the behavior of users in
the case of novel water infrastructures.

From a social-ecological perspective, the starting point of risk analysis depends on the guiding
question (this question might come up within a scientific community or from discussions in society);
the question can focus on a single agent and its potential impacts on a system (Figure 2a) or on a system
(with its subsystems) that is at risk due to several stressors (Figure 2b). In the case of pharmaceuticals
and microplastic particles, the focus is on specific chemical substances introduced into the aquatic
environment resulting in certain risks for the ecosystems involved. By contrast, the cases of water
infrastructures and forests focus on specific systems that are at risk due to natural and anthropogenic
causes. In the first case (Figure 2a), the analysis aims at making a hazard assessment of the substance
and its possible reduction and removal, while in the second case (Figure 2b) it is centered on adaptation
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of the system’s functions to cope in an enhanced way with its stressors. Further perspectives may
evolve by considering other cases.

—©

(@ (b)

Figure 2. Different foci for risk analysis. (a) Focus on a single agent and its potential impact on a
system; (b) focus on a system that is at risk due to several stressors.

As argued above, it is important to consider linkages and interdependencies in the
social-ecological system. In the first case, it is important to analyze the system from which the
agent derives, i.e., the causing or risk producing system. Furthermore, effects of the agent on other
systems are crucial for understanding the cause-effect relationships in depth. In the second case,
understanding the interdependencies of related systems is imperative for integrated management, as
shown by the interplay of groundwater resources, timber production, space for human recreation, etc.,
in the case of forest management.

In accordance with other integrative risk governance approaches [28,79], the widening of the
analytical focus subsequently has implications for management of the identified risks. These integrative
management approaches include the technical as well as the social dimension of risks [79]. Table 1
gives an overview of risk management strategies frequently applied to the cases outlined in this article,
and their extension through an integrated, social-ecological perspective.

Table 1. Approaches to risk management.

Frequently Applied Management Approaches Derived from a Social-Ecological
Management Approaches Analytical Framework

Integrative sustainability policies [43] including

e  atransformation of the health care system (improved
doctor—patient communication, preventive measures to

. Advanced wastewater . .
Pharmaceutical . reduce the prevalence of risk factors related to certain
. treatment (end-of-pipe .
residues solution) diseases, etc.)

e encouragement for the introduction of environmentally
friendly pharmaceuticals

e  measures in the area of environmental engineering

Integrative strategies for sustainable production, usage and

disposal of plastics including

e  transformations of practices involving short-lived plastic
products in various provisioning systems

e the implementation of measures towards a
circular economy

e  encouragement for the introduction of environmentally
friendly polymers

Regulations and measures
Microplastics focusing on primary
microplastics

Widening the scope to the social and ecological environment

of the technical system by taking into accountthe

Semicentralized water  Safe operation of the system by o actors of the system and their behavior

infrastructures technical safety management . . . L
e interdependencies with connected provisioning systems
e  impacts on the appropriation of natural resources
Adaptive management considering the “multifunctionality” of
forests by
Adaptive management e identifying a diverse tree portfolio able to maintain
Forest management - . . . .
focusing on timber production multiple ecosystem functions

e  integrating the needs and demands of different
stakeholders and required ecosystem services
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As in the case of pharmaceuticals, but also in the other cases, the social-ecological approach
to these issues aims at transforming the “normal” operation mode of provisioning systems. This is
certainly a challenging endeavor, because it is not possible to apply this type of management within
a single provisioning system. A comprehensive management approach is necessary which takes all
linked systems into account, especially if the system’s transformation is dependent on simultaneous
measures in other systems. As shown in Table 1 for the case of pharmaceuticals, a transformation of
the health care system is desirable, allowing for synergies like a reduction of pharmaceuticals in water
bodies and improvements in the field of disease prevention. If the dynamics in coupled systems are
not sufficiently addressed, risk management approaches will remain one-dimensional and will only
deal with the symptoms (cf. [43,73]). But a “multifunctional” perspective, as described in the case of
forest management, can make it possible to identify risks for other, linked provisioning systems [80].

A key challenge of managing risks is dealing with uncertainty [81]. Uncertainty arises because, as
shown in the case studies, the risks are often complex and characterized by a lack of knowledge
on cause-effect linkages regarding time, scope and spatiality. A high degree of uncertainty, in
turn, impedes the development of effective risk management strategies. Therefore, risk assessment
aims to resolve these uncertainties by closing the existing knowledge gaps. In most cases, however,
a knowledge base that eliminates any uncertainty can never be achieved. For instance, in the cases
of pharmaceuticals and microplastics, it is practically impossible to gain scientific evidence showing
the effects on different organisms of every possible combination of substances, dosages, exposure
duration, etc. [50]. More scientific evidence broadens the knowledge base, but some uncertainty
will always remain (see Table 2). Furthermore, more scientific research may reveal new questions
and non-knowledge, leading to an increased complexity and even more uncertainty. Therefore, the
management of risks is always accompanied by uncertainty, and it is not necessary to understand all
possible cause-effect linkages in order to develop solution strategies, but rather the question is how
much scientific knowledge is necessary for legitimizing informed action.

Table 2. Different types of uncertainty encountered within the case studies.

Reason for Uncertainty Degree of Uncertainty

Knowledge base concerning specific
Lack of knowledge on subtle, adverse effects can be broadened, but never
chronic, and mixture effects  entirely be established. Some uncertainty
will remain.

Pharmaceutical residues

Knowledge base concerning specific
Lack of knowledge on adverse effects can be broadened, but never
biological effects entirely be established. Some uncertainty
will remain.

Microplastics

Knowledge base and experience of the
systems’ processes and operations will
develop. Uncertainty will be low within the
system boundaries.

Lack of experience of the
systems’ processes and
operations

Semicentralized water
infrastructures

Cause and effect are indeterminable and
only visible in retrospect, uncertainty
remains high.

Lack of predictability of

Forest management climate change effects

Furthermore, the lack of evidence on clear cause-effect linkages can cause different ways of seeing
and perceiving the risks [82]. In the case of forest management, the lack of secured knowledge enhances
competing views on management strategies and leads to conflicts of different interest groups. This
ambiguity may arise in connection with risk management strategies, but also in connection with how
scientific evidence is interpreted [50,82].

To properly address uncertainty and ambiguity in risk management, a debate on the tolerability
of risks involving a wide range of experts is a prerequisite. For determining tolerability, not only
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scientific evidence is needed, but societal judgment and shared social values also play a crucial role [81].
Transdisciplinary social-ecological approaches are suitable for triggering debates on tolerability, as
well as on the precautionary principle and other possible measures aiming at risk distribution. Finally,
a critical assessment of the relevance of risks is required which centers not only on scientific evidence,
but also on ethical considerations, addressing the normative dimensions of societal relations to nature
and their sustainable transformation.

5. Conclusions

In this paper, a social-ecological perspective on risks has been elaborated by drawing on the
concepts of societal relations to nature and provisioning systems. Based on four case studies it has
been shown that the social-ecological approach enables a holistic view on risks by (a) considering
linkages and interdependencies between the involved provisioning systems, (b) unveiling the mode
of risk production and (c) combining knowledge from natural and social sciences. As a consequence,
the social-ecological perspective broadens the scope for risk management strategies and suggests
a reorganization of the involved provisioning systems. By pursuing a transdisciplinary approach
involving a wide range of experts and the public, the social-ecological perspective allows for the
development of informed risk management strategies.
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