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Background
Resilience is the capacity of complex systems of people and nature to withstand disturbance without
shifting into an alternate regime, or a different type of system organized around different processes
and structures (Holling, 1973). Resilience theory was developed to explain the non-linear dynamics of
complex adaptive systems, like social-ecological systems (SES) (Walker & Salt, 2006). It is often
apparent when the resilience of a SES has been exceeded as the system discernibly changes, such as
when a thriving city shifts into a poverty trap, but it is difficult to predict when that shift might occur
because of the non-linear dynamics of complex systems.
Ecological resilience should not be confused with engineering resilience (Angeler & Allen, 2016),
which emphasizes the ability of a SES to perform a specific task consistently and predictably, and to
re-establish performance quickly should a disturbance occur. Engineering resilience assumes that
complex systems are characterized by a single equilibrium state, and this assumption is not
appropriate for complex adaptive systems such as SES. In the risk governance context this means that
compounded perturbations derived from hazards or global change can have unexpected and highly
uncertain effects on natural resources, humans and societies. These effects can manifest in regime
shifts, potentially spurring environmental degradation that might lock SES in an undesirable system
state that can be difficult to reverse, and as a consequence economic crises, conflict, human health
problems.
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Resilience and risk governance
A premise of any SES is that surprise and uncertainty are inherent to the system. Risk governance, as
defined by the International Risk Governance Council, implies enabling societies to benefit from
change while minimizing the negative consequences of the associated risks. However, achieving and
managing for trade-offs between benefits for societies of change while reducing risks is difficult and
does not adequately address surprise and uncertainty in system behaviour. SES management and
governance have therefore, to a large extent, struggled over the long term to ensure the
maintenance of ecological regimes that are desirable for humans in terms of consistent delivery of
ecological goods and services while systems undergo change. Regime shifts, such as the collapse of
commercial fisheries, have often been the consequence of the sustained overuse of natural
resources.
Resilience-based management benefits risk governance in two ways. First, when systems are in a
desirable state for humans, management can focus on fostering and enhancing the resilience of this
regime by assuring that functional attributes relevant for processes that deliver ecosystem services
are diverse and imbricated. Second, systems in undesirable states can also be highly resilient. Where
systems are in undesirable states resistant to change, that is when an undesirable state is resilient, it
may be necessary to reduce the resilience of the system and to induce a shift in the system to a
regime that is more desirable, and then to manage the system to foster the regime of this desirable
state.

Adaptive management
Adaptive management was developed as a way to conduct safe-to-fail experiments for ecosystems,
and a way to allow management to occur in the face of uncertainty while allowing flexibility and
enhancing learning. Managing for resilience therefore consists of actively maintaining a diversity of
functional attributes in the system, accounting for thresholds and the non-linear dynamics that occur
at thresholds, and implementing adaptive management and governance. Managing for resilience
requires an improved understanding of system-level behavior, rather than specific, detailed
knowledge of parts of the system. Adaptive management and governance are critical to managing for
resilience, as they treat policy and management options as hypotheses to be put at risk, and thus
enhance learning and reduce uncertainty (Allen et al., 2011).

The following propositions constitute the core of managing for resilience in social-ecological systems:
1.

2.

Identify the conditions that indicate loss of resilience for the particular system (Angeler &
Allen, 2016). Recent research demonstrates that there are system-specific conditions
that indicate a system is losing resilience and approaching a regime shift. These
indicators are measurable (see below), and will differ between ecosystems.
Identify and maintain a diversity of system elements and feedbacks that help keep a
system within a desired regime. Maintain the distribution of ecological functions within
and across scales that contribute to system resilience.
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Measuring resilience
Resilience theory explicitly accounts for the hierarchical organization of SES. It considers discrete
scales of space and time at which patterns of structure manifest and processes unfold. For instance,
small and fast processes such as the turnover of leaves on trees are orders of magnitude different
than the large and slow processes, such as climate, that drive the location of boreal forest on a
continent. Resilience can be assessed by examining how functional attributes are distributed within
and across the scales present in the system of interest. Resilience is considered to increase with an
increasing redundancy and diversity of functional attributes, both within and across scales. Higher
redundancy and diversity of functional traits can buffer against disturbances, maintain processes and
stabilize feedbacks of desired system regimes.
Fundamental to the assessment of resilience is the objective identification of the scaling
structure of the system to determine within and cross-scale redundancy and diversity of functional
attributes. A series of methods have been developed in the ecological sciences that have potential
for wider application in the social and ecological sciences (Sundstrom et al., 2014). These methods
include Classification and Regression Tree analysis, and their Bayesian implementation, which
identify scaling structure based on size characteristics in ecological (e.g. animal size) or urban (city
size) systems. Other approaches are based on time series and spatial modelling (Angeler et al., 2016).
Time series modelling allows identifying discrete temporal frequencies at which patterns in complex
systems manifest. Spatial methods reveal discrete geographical extents and variation in relevant
variables and have potential to assess how entire regions beyond ecosystems affect and are affected
by local and regional environmental processes and governance (spatial resilience; Allen et al., 2016).
Other approaches include early warning indicators, which allow assessing when a system approaches
critical thresholds and potentially faces an impending regime shift (Dakos et al., 2012).
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