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ABSTRACT. Historical records are incomplete templates for preparing for an uncertain future. The global utility of past ecological
knowledge for present/future purposes is questioned as we move from Holocene to Anthropocene. To increase the adaptive capacity
of today’s societies, generalizable strategies must be identified for coping with uncertainty over a wide range of conditions and
contingencies. We identify two key principles that increase adaptive capacities: diversification and precautionary heuristics. These
sharply contrast with the present global state represented by the global production ecosystem characterized by: (1) homogenization
and simplification of cultural practices and resource bases; (2) increased global connectivity and forced dissolution of cultural borders;
and (3) centralization and intensification of modes of resource production and extraction. We highlight that responses of smaller-scale
societies to risks and uncertainties are in many cases emulated by professionals in the high reliability management in today’s critical
infrastructures. This provides a modern template for managing unpredictability in the Anthropocene.
Key Words: adaptation; Anthropocene; climate change; cultural evolution; diversification; environmental change; high reliability
management; precautionary principle; risk
INTRODUCTION
As the world steps out of the Holocene, the applicability and
utility of historical templates as guides for what can be done now
and ahead is much attenuated. Climate change, overexploitation
of natural resources, as well as increasing globalization and
urbanization are irreversibly altering landscapes to a degree that
no contemporary ecosystems remain untouched by human
activity (Barnosky et al. 2011, Dirzo et al. 2014, Barnosky and
Hadly 2015, Ordonez and Svenning 2016, Järvensivu et al. 2018).
Research reveals how humanity has emerged as a global force that
is transforming the ecology of the entire planet (Ellis 2016,
Stephens et al. 2019). The World is changing in ways that render
historical templates all but obsolete when rethinking the future
(Barnosky et al. 2017).
By “template,” we mean each epoch’s record of traditional socialecological knowledge or management strategies. Owing to
ongoing climatic and ecological perturbations, we argue that such
templates no longer provide reliable foundations or imitable
analogies when preparing for future social-ecological challenges
(see also Brewer and Riede 2018). It would be dangerous to rely
on copying past practices to adapt to the uncertain future ahead.
However, this does not mean nothing is to be learned from the
past when preparing for present and future adaptation. The
challenge that remains is to understand why and where past
adaptive strategies have worked and what are the generalizable
principles underlying their successes for going forward. By
drawing on a diverse literature that documents and conceptualizes
numerous mechanisms employed by small-scale and local
communities to cope with and adapt to novel and changing
environments, we uncovered some basic and generalizable
principles for human adaptation. Finally, by drawing on lessons
from contemporary high reliability management, we suggest how
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these principles could increase the capacities of societies today to
cope and adapt in the unknown future.
The global human population currently uses resources extensively
and unsustainably (Bringezu et al. 2017). We use roughly 40% of
the net primary productivity (Foley et al. 2011) and have modified
ecosystems to an untenable degree (Rist et al. 2014). This has led
some researchers to describe the current predicament as the global
production ecosystem (GPE). Features of the GPE include
continued conversion of the Earth’s biosphere into simplified
production ecosystems, increased intensification, and expanding
connectivity through the globalization of markets (Nyström et
al. 2019). These are leading to breakdowns of social and
ecological boundaries and tighter couplings across the ones that
remain, as well as to the homogenization of fauna and flora,
habitat simplification, and disruption of natural feedback
systems.
Another important process underway is the re-evaluation of
history and our place in it. First, the long path of human
technological advancement that served to free us from many
constraining limitations has started to backfire with ever
increasing perturbations. Technological and organizational
complexification is demanding increasing amounts of energy and
resources: today, societies use half of their material production
to upkeep the existing material stocks (Krausmann et al. 2017).
Meanwhile, we are experiencing diminishing marginal returns on
investment (in, e.g., innovation, agriculture, and health; Tainter
1988, 2006, Strumsky et al. 2010) and are creating new socialecological problems in the process (Chakrabarty 2009, Antal and
Hukkinen 2010, Díaz et al. 2019). This creates both friction in
human systems as well as uncertainty, owing also to the
combinatorial explosion of unpredictable first- and second-order
effects of new technologies and interventions. These dramatic
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changes and their consequences are at the heart of the
Anthropocene debate (Emmett and Lekan 2016, Toivanen et al.
2017).
Second, the speed and extent of human modification of
ecosystems and climate push us out of the Holocene envelope
(Schellnhuber et al. 2016, Hansen et al. 2017) and past planetary
boundaries (Steffen et al. 2015). According to an estimate by
Hansen et al. (2017), we left the Holocene temperature variability
in 1985, whereas Marcott et al. (2013) estimated that the World
is on the verge of exceeding Holocene temperature conditions.
The unfortunate truth is that the direct lessons we can learn from
the past to adapt to the new are becoming increasingly limited
when the conditions in the future drastically differ from what they
are now or have been during the last 11,000 years (Williams and
Jackson 2007, Ordonez and Svenning 2016), the period during
which most of the complex human culture and all of the urban
settlements have emerged (Woolf 2020). This is particularly the
case when ecosystemic or climatic tipping points are breached,
triggering nonlinear and unpredictable changes, if not ruptures,
in human and nonhuman life support systems (Barnosky et al.
2012, Barnosky and Hadly 2015). Accordingly, it becomes all the
more crucial to identify the limited lessons that can be learned
from history.
Although the Anthropocene breaks with the Holocene, Holocene
societies have themselves used a variety of responses to variability
in ecosystems and climate (Halstead and O’Shea 1989, Schwartz
and Nichols 2010, Faulseit 2016). This spatial and temporal
distribution of responses provides a platform of practices, skills,
and processes from which more appropriate templates are to
evolve for wider investigation and application during the
Anthropocene. Identifying the underlying generalizable features
of these responses is paramount when preparing for the future.
Using the historical record, we need to detect patterns and
principles that are useful in the unpredictable future while sorting
them out from the vast pool of templates tied to time and place.
Our argument is this: the lessons from past and present smallerscale communities offer approaches that enable localized and
variable responses to the global changes underway. To uncover
these lessons, we must engage in second-order learning (Bateson
2000), asking: what made these responses successful, and what
are the general features underlying their success? We see clear
similarities between the challenges of human-environment
relationships for societies through time, and the demands that the
social-ecological disruptions pose for critical infrastructures in
industrial societies at present.
PRINCIPLES FOR INCREASING ADAPTIVE
CAPACITIES
We identified generalizable principles for adaptive capacities from
the past to guide adaptation for the Anthropocene. By “adaptive
capacities,” we refer to the proactive or preventive measures that
societies employ to anticipate future risks or uncertainties and
adapt livelihoods accordingly (Keck and Sakdapolrak 2013). By
“principles,” in turn, we mean those generalizable features that
underlie the function of specific adaptive capacities, i.e., the
reasons why they work.
We highlighted two key principles used by small-scale and local
communities that have increased their adaptive capacity to deal

with changing environments and ecological conditions in the past:
(1) diversification on multiple scales, and (2) evolving
precautionary heuristics. We discuss how they have applied when
dealing with uncertainty in the past, how they apply when
adapting to the Anthropocene’s climate and ecological crises, and
follow-up on how modern high reliability management already
emulates these key features of small-scale societies to deal with
uncertain and variable systems.
We focused on these two principles because we perceived them to
be relevant to present and future challenges, as well as applicable
at multiple scales of societal evolution, ranging from individual
and group behavior to institutions, large scale technologies, and
societies. We also note that they have clear analogies in
contemporary high reliability management, a research field with
strong ties to practical solutions. We acknowledge that this is but
a starting point for a broader discussion on uncovering more
lessons from past adaptive capacities, particularly from the
archaeological literature (Halstead and O’Shea 2004, Tainter
2006, Costanza et al. 2007, McAnany and Yoffee 2009, Schwartz
and Nichols 2010, Faulseit 2016).
Multi-level diversification
Diversification exists in multiple forms, of which we focus on two:
(1) diversity of societies or cultures (diversity between populations
or communities), and (2) societal or cultural diversity (diversity
within populations or communities). Because socio-cultural
evolution follows a similar logic as Darwinian evolution (Mesoudi
2011, Henrich 2016, Laland 2018, Wilson 2020), diversification
(variation) is a prerequisite for the evolution of societies and their
adaptation to novel environments. First, cultural and behavioral
traits of human populations are variable. Second, traits have
uneven value when individuals or populations adapt to or
compete in their societal or ecological niche. Third, successful
traits are passed on through cultural transmission. Diversification
in varying nested levels, between or within populations, functions
to increase the adaptive capacity of socio-cultural units. Note that
what we describe here is different from ideas typically described
as “social Darwinism,” because it is an increased variation/
diversity that increases adaptive capacity, not the culling of
diversity (in the name of “selection for fitness”) imagined by some
social Darwinists (see Wilson 2020 for similar arguments).
Owing to these general underpinnings, diversification has been
key to adaptation and buffering against environmental variability
throughout human history (Halstead and O’Shea 1989). We argue
that another factor explaining the success of diversification as an
adaptive capacity is its relation to the law of requisite variety, also
known as Ashby’s law (Ashby 1960). To deal with an uncertain
future, human societies require the maintenance of “requisite
variety” in social and cultural systems: a repertoire of responses
and strategies that are at least as nuanced as the problems societies
and cultures might seek to control (Ashby 1960, Conant and
Ashby 1970, Weick 1995).
Between-group variation
The diversification of human societies is a product of both
species-specific cognitive capacities and demographic/ecological
conditions over the past 100,000 years (Foley and Mirazón Lahr
2011). The processes through which societies generate variation
in behavioral traits with high between-group differences has
underpinned the success of our species (Foley and Mirazón Lahr
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2011, Henrich 2016). Although studies in socio-cultural evolution
illustrate how evolution is not just ecologically determined, i.e.,
“societies living in the same environment can have entirely
different behavioral practices” (Mesoudi 2011:12-13), the
distribution of human population and communities is far from
random. Human behavior continues to be strongly influenced by
environmental factors, such as latitude, temperature, and rainfall
(Foley and Mirazón Lahr 2011, Kelly 2013, Barsbai et al. 2021,
Hill and Boyd 2021).
This between-group diversification has contributed to the spread
of varied human societies into innumerable ecological niches. A
key process in diversification is social learning (van Schaik and
Burkart 2011, Hoppitt and Laland 2013, Mathew and Perreault
2015, Laland 2018). By transmitting information and behavioral
traits socially, as well as by developing norms and traditions that
facilitate these processes, humans have been spared much of the
individual effort of trial and error. This evolution by social
learning, a process that ultimately distinguishes one group from
another, also allows communities to adapt to changing
environments more rapidly than genetic evolution alone would
allow (Boyd et al. 2011, Perreault 2012). How the mechanism of
cultural diversification (through fission) works is not fully settled,
and various explanations have been put forward, such as “the
formation of boundaries between groups is promoted by resource
reliability,” or “reduced where variability and associated risk is
such that it pays to maintain relationships across communities”
(Foley and Mirazón Lahr 2011:1085), or that diversification
mainly occurs when economic opportunity meets geographical
isolation (Prentiss and Chatters 2003).
Within-group variation
Socio-cultural diversity within a population also enhances
adaptive capacities of social units. In particular, diversification in
the form of practices employed in anticipation of bad times, i.e.,
widely known in the don’t put all your eggs in the same basket
rule, has gathered attention within the field of economics
(Halstead and O’Shea 2004). These and like practices feature
especially as resilience strategies in response to destabilizing
events in the global market (OECD and WTO 2019, Caselli et al.
2020) and in sustainable agricultural practices, in which
diversification of crops and farming systems is regarded as key
to sustainable and secure development of food production (Ellis
2000, Yang et al. 2019).
Diversification in this sense is an adaptive strategy rooted in
prehistory. The broadening of the resource base is best known in
the Late Pleistocene shift from large game hunting to more diverse
diets, an adaptive shift known as the Broad Spectrum Revolution
(Flannery 1969, Zeder 2012). A significant benefit of
diversification, compared to specialization and intensification,
lies in the reduction of vulnerability in the face of unpredictable
changes, achieved by the segmentation of the risk of failure.
Exploiting a wider range of plant and animal species or broader
and more varied areas reduces the risk of shortages that endanger
socio-cultural continuity (Halstead and O’Shea 1989). In smallscale societies, the diversification of resource bases can involve:
(1) using a mixture of domesticated plants and livestock
(including various strains of the same cultivated species); (2)
diversifying the use of space (e.g., dispersed fields or farming in
a variety of places); and/or (3) relying on non-domesticated

secondary, fallback resources (or “famine foods,” including wild
resources in the immediate environment; O’Shea 1989).
A rich literature on post-collapse societies also illustrates how
diversity in subsistence has enabled adaptation and socio-cultural
revitalization following the demise of centralized authorities and
organization (Cooper 2006, Nichols and Weber 2006, Schwartz
and Nichols 2010). Conversely, it has been observed that the lack
of diversification, e.g., in the forms of monocultures of crops or
economic systems, can prove to be fragile and maladaptive in the
long-term (Scott 1998).
Significant diversity is also observed in the material culture of
small-scale societies, varying for the most part within socially
inherited in-group boundaries, but always in practical response
to the local environment and organizational constraints (Chatters
1987). This is, for example, visible in the exceptionally long, and
for large part complete, record of stone tool production, which
indicates technological change through time in response to
variable sets of interconnected regional and supra-regional
factors, such as local raw material availability, subsistence
strategies, population growth, and environmental change (e.g.,
Bousman 1993, Manninen and Knutsson 2014). Although the
stone tool record indicates that diverse environmental and sociocultural drivers have resulted in strikingly similar technological
solutions between culturally disconnected groups (O’Brien et al.
2018), it also shows a markedly heterogeneous record of stone
tool types over vast temporal and geographical scales.
Evolving precautionary heuristics
Next to diversification, another principle for adaptation we
identified is the use of precautionary heuristics. When societies
adapt to a new or changed ecological niche, they generally develop
various rules of thumb, norms, and heuristics to guide their
interaction with it. Among the heuristics, some small-scale
societies rely on simple cues, including seasonal knowledge and
ecological events, such as the flowering of particular plants or the
arrival of migratory birds, to open and close seemingly unrelated
resource exploitation seasons (Lansing 1987, Colding and Folke
2001, Prober et al. 2011, Smyth and Isherwood 2016). This mode
of decision making that makes heuristic use of even simple
environmental cues is also called ecological rationality
(Gigerenzer and Todd 1999, Marewski et al. 2010, Todd and
Gigerenzer 2012). By relying on statistical regularities in everyday
environments, many societies have evolved to use relatively simple
environmental signals as guides for foraging and natural resource
management or exploitation, among other activities.
One highly salient form of heuristics, we argue, is the application
of precautionary measures or norms, that is, the use of and
learning from what can be called “applied precautionary
principles.” These are heuristics that prohibit or otherwise seek
to constrain behaviors, such as violations of norms or perilous
actions. As with diversification, precautionary heuristics have
evolved to be widely applicable and precautionary rules or
heuristics found at scales ranging from individual behavior to
group or society-level norms.
For instance, foraging cultures have developed and used
heuristics, including precautionary strategies and taboos, to deal
with uncertain environments (Colding and Folke 2001, Henrich
and Henrich 2010, Kaaronen 2020). In traditional Finnish
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foraging cultures, for example, foragers have been documented to
rely on precautionary heuristics that prohibit the picking of
unknown mushrooms or mushrooms with certain traits (such as
color) to set clear and well-defined boundaries for safe foraging
(Kaaronen 2020). At the group level and by way of other
examples, precautionary traditions and taboos have been
documented as being used in protection against the consumption
of dangerous marine toxins (Henrich and Henrich 2010), the
governance of sustained marine resource management (Johannes
1978, Hens 2006, Hickey 2007, Smyth and Isherwood 2016), the
management of livestock and pastoral risks (Roe 2020), the
placing of temporary restrictions on farming to prevent the
overworking of land (Sarfo-Mensah and Oduro 2007), and the
setting of boundaries for protected forest patches such as sacred
groves (Bhagwat and Rutte 2006, Sarfo-Mensah and Oduro 2007,
Dudley et al. 2009, Nganso et al. 2012, Yuan et al. 2020).
Elsewhere, such practices have helped to manage risk at individual
and collective levels by, e.g., using precautionary rules to prevent
the accumulation of debt (Graeber 2012) or by experimenting
with natural systems in ways that prevent irreversible mistakes
(Read and Taleb 2014). Another case of precautionary heuristics
is the well-documented don’t put all your eggs in the same basket
practice to mitigate risk of ruin by diversifying assets or
subsistence strategies (Halstead and O’Shea 1989, 2004).
Although the question of how far precautionary cultural
practices specifically have promoted nature conservation is hotly
debated (Colding and Folke 1997, 2001, Smith and Wishnie 2000,
Sarfo-Mensah and Oduro 2007), less dubious is the evidence that
precaution and precautionary heuristics have a long history in
guiding resource management, consumption, and creating the
socio-cultural preconditions for robust systems of selfgovernance (Lansing 2006). Precautionary heuristics and
uncertainty management have, however, received insufficient
focus in studies on socio-cultural evolution, sustainability science,
and adaptive management, and we pinpoint this as a target for
future inquiry.
APPLYING THE KEY STRATEGIES TO CLIMATE AND
ECOSYSTEM DISRUPTION
We have identified multi-scale diversification and socially learned
precautionary heuristics as two key principles that have guided
human adaptation to variable environments in the past. We now
discuss contemporary developments that are directly at odds with
these principles. We are afraid that human adaptation to the
changing ecosystems and climates of the Anthropocene may be
severely hampered if diversification and precaution are not taken
more seriously.
Prevailing global trends have step-by-step minimized processes
that value diversification and precaution. This is well-illustrated
by the global production ecosystem (GPE) concept (Nyström et
al. 2019), which states that contemporary global economic
development is characterized by:
1. Homogenization and simplification of resource bases (and
erasure of local traditions and practices), resulting in biotic
homogenization, habitat simplification, and standardized
food supply.
2. Increased global connectivity and related homogenization
of socio-cultural practices and the dissolution of socio-

technical borders, resulting in socio-cultural and economic
homogeneity.
3. Centralization, financialization, and intensification of
modes of resource production and extraction, resulting in
the kind of hubristic technological and economic
development and short-term optimization that pays little
heed to precaution in the long term.
Consistent with the related concepts of planetary boundaries and
the Anthropocene, the GPE aims to describe the current
predicament and its global-level solutions with broad strokes.
However, we acknowledge that the GPE does not apply uniformly
to all modern societies. For example, Japanese culture retains
many features rooted in locality and tradition (Rosser et al. 1999,
Tanimoto 2006), whereas otherwise very much part of the global
economic system. Likewise, many local societies (although
decreasingly so) maintain longstanding practices that do not
conform to the principles of the GPE (Watson 2019). Meanwhile,
it is equally true that some small-scale societies have used
strategies that have historically led to reckless and unsustainable
resource use (Smith and Wishnie 2000). Unsustainability is not a
trait exclusive to GPE societies. Therefore, as we have emphasized,
modern societies must not be naive in emulating unmodified
solutions from small-scale societies. Although we use GPE as
illustrative of the current global predicament and as an antithesis
to small-scale societies and local communities, a continuum exists
between the two extremes into which most societies fall.
From small-scale societies to high reliability management
The GPE is practically antithetical to the past adaptive principles
of multi-level diversification and precaution. Arguably,
alternative modalities for environmental management, i.e., ones
that take diversification and precaution more seriously, are
required to meet the challenges of the Anthropocene. Fortunately,
the GPE mindset is far from the only modern template for
managing risk and uncertainty. In fact, prevailing risk
management strategies in critical infrastructures offer an
alternative that more faithfully emulates those principles that have
proved adaptive in the past. Therefore, to tie the discussion of
past adaptive principles to the present, we describe the roles
diversification and precaution play in the high reliability
management of critical infrastructures.
Critical infrastructures, like large-scale water and electricity
systems, have often been rightfully criticized for their adverse
environmental impacts. Less understood or appreciated are the
positive real-time impacts of the control-room operations of these
systems and the vital functions these control rooms play in the
dual task of maintaining service reliability, while at the same time
maintaining ecosystem functions and processes upon which they
depend (Weinstein et al. 2007). We emphasize that real-time
control room behavior in the most critical hubs of contemporary
societies (e.g., power plants, water and waste management
systems, energy distribution companies) demonstrates the same
kind of adaptive capacities seen in smaller scale societies.
Research in high reliability management illustrates how real-time
operators of critical infrastructures not only embrace macroprinciples for systemwide reliability and safety, but also focus on
evolving better practices for better real-time management not
covered by existing macro-principles (Roe and Schulman 2008,
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Fig. 1. Today’s high reliability management of infrastructures, in terms of input (A), process (B), and output (C)
variance.

2016, 2018). Notably, these principles and practices include: (1)
diverse strategies that allow high variance in input and process,
while output variance still remains low and stable, and (2)
precautionary hazard-driven adaptation, which necessitates a
constant vigilance and preparedness for multiple threats and the
ever-present possibility of error and adaptive learning (Roe and
Schulman 2008, 2016).
The first strategy, managing high input variance with high process
variance for low and stable output variance, emulates the adaptive
principle of multi-level diversification. Critical infrastructure
operations are ever more exposed to volatile inputs such as
markets and climate change (high input variance), to which they
have to adapt with increasingly diversified management options
and processes (high process variance) to secure an oftenmandated stable service provision (low output variance),
especially when the composition (as distinct from the variance)
of those outputs changes over time (Fig. 1). These diverse
strategies can rely considerably on variable forms of local,
practical, and tacit knowledge, typically described as experts
developing situation awareness (or “having the bubble;” Roberts
and Rousseau 1989). Note that these variable responses to high
variability environments are considerably different than the GPE
mindset of managing environmental variability through
homogenization and intensification.
A second key strategy of high reliability management involves
hazard preparedness and error avoidance, emulating the
precautionary heuristics that evolved in small-scale societies.
Infrastructure operators with skin in the game (Taleb and Sandis
2014) must know quickly and with trained intuition not just what
causes system failure but also possible precursors to these causes.
Some heuristics preclude certain events from ever happening,
identifying disturbances that “must never happen ever” for the
system in question (Roe 2020). This makes them especially error
avoiding, placing a high premium on preparedness, precaution,
adaptation, and real-time resilience. Team situation awareness in
moving across different performance modes as conditions change
becomes an important collective set of practices and skills for
real-time response (Roe and Schulman 2018).

We highlight these similarities (Table 1) between past adaptive
capacities and high reliability management to point to some
important lessons on how contemporary societies should seek to
manage and not just cope with complex, uncertain environments
and landscapes. In sharp contrast to the GPE, which seeks full
control of input variance and process variance to secure a steady
growing output of food and commodities and disregards
precautionary heuristics in its attempt to optimize resource
extraction in the short-term, the smaller-scale societies and
critical infrastructures we have described feature diverse and
precautionary evolving practices built into conventions and
employed by knowledgeable actors. Unfortunately, their unique
knowledge of the respective systems has often been dismissed as
traditional or Indigenous in the case of smaller-scale societies, or
as procedural and automatic in larger socio-technical systems.
Table 1. Past and present applications of the principles of adaptive
capacity.
Principle of
adaptive
capacity

Past application

Modern application

Multi-level
Don’t put all your eggs in
diversification the same basket

High input variance
managed with high process
variance for low and stable
output variance, for
example, when output
composition is changing
over time
Precautionary Ecologically rational
Knowledge of precluded
heuristics
behavior: using simple
precursors and operational
environmental cues/rules to errors
make efficient and precise
decisions

Caveats and the response of requisite variety
Due to abrupt and rapid climate and ecosystem disruptions, the
professional or traditional rules of thumb we have been alerting
the reader to might suddenly become outdated. Some features of
these unique knowledge bases may lose their adaptive capacity as
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local biodiversity (and thus ecological cues) degrade, invasive
species take over, or when climate change renders previously
adaptive ecological cues unrecognizable.
Accordingly, when learning from these knowledge platforms, we
must focus on the more robust and generalizable principles and
patterns to guide decision-making strategies. This focus on
robustness is, in turn, a particularly compelling rationale for
maintaining a requisite variety of strategies for adaptation: when
one strategy fails, we must have a pool of others to choose from.
It is requisite variety in the options and strategies (the process
variance) with which to respond to unpredictable input variance
(a key feature of the Anthropocene) that we must focus on if the
aim is to ensure a low and stable variance around environmental
outputs, defined here as ecosystem services and benefits as well
as the underlying ecosystem processes and functions.

These trends are evident on a global scale. The logic of this GPE
mindset is to operate environments and resource extraction so as
to ensure stabilized outputs and services. Its input and process
variance (think: guns, guards and gates) are controlled or
otherwise regulated to maintain a steady and stable output
variance. The long-term historical evidence suggests that this
planetary gamble is now on an epochal scale. Today's increasingly
monolithic strategies seek to minimize diversification and
precautionary measures, two persisting adaptive capacities that
we have identified in past human societies and in contemporary
high reliability management systems.
Fig. 2. Today’s predicament: the choice between a high risk
(homogenous, intensified, and centralized) and a low risk
(diverse, variable, precautionary) future.

Identifying and maintaining a rich pool of adaptive strategies
allows us to test, refine, adopt, and upscale these strategies
through adaptive management and local experimental
governance (Lee 1994). Through diverse local strategies that
resonate with the principles described, we are better able to adapt
to uncertainties and risks posed by climate and biodiversity crises.
Acknowledging that there is no optimal way to prepare for an
uncertain future (because defining an optimal strategy would
require knowing the state space of possible futures; Kay and King
2020), maintaining and sustaining diversity, precaution, and
redundancy become ever the more vital.
By increasing variety in the means of operation, production, and
practices, we are able to systematically increase the resilience, i.e.,
the capacity of a system to deal with dynamic change and continue
to develop (Folke et al. 2010), of modern socio-cultural systems.
To deal with an uncertain future, we are required, as we have seen,
to maintain requisite variety in these systems. Currently and as
described, the GPE works primarily to reduce requisite variety
through processes of homogenization, connectedness, and
centralization, and is disregarding precautionary heuristics in its
attempt to optimize resource production in the short-term (Fig.
2).
We fully acknowledge that even local societies and regional sociotechnical systems with robust adaptation strategies will likely
struggle with adapting to the uncertain climates and ecosystems
of the near future. Indeed, the fragility of contemporary
socioeconomic systems has become evident during the COVID-19
crisis in the time of this writing (2020-2021), which has exposed
the fault lines of global value chains and technological
interdependencies (Fortunato 2020). We maintain, however, that
even here the processes of diversification and precaution as
advocated in this perspective better prevent large-scale cascades
of systemic failures with irreversible consequences. Indeed,
wherever environments have been uncertain, adaptive strategies
have also been variable. As such, small or local failures in
adaptation can even be more usefully informative when the causal
mechanisms underlying them are better understood (Popper
1957).
CONCLUSION
Trends in today's world are well described by the Global
Production Ecosystem (GPE) concept, characterized by
homogenization, interconnectivity, intensification and centralization.

The stakes in the GPE gamble are high because historical records
suggest that past processes of homogenization, interconnectivity,
and centralization, across a spectrum of empirical cases, are
associated with socio-ecological fragility or collapse (Scott 1998,
Schwartz and Nichols 2010, Faulseit 2016), and are antithetical
to some key adaptive capacities identified in past societies.
Moreover, homogenization, interconnectivity, and centralization
may induce countervailing forces, not least of which is high
ecological and climatic uncertainty. The upshot - and the irony is
not lost here - is that the uncertainty produced by the GPE itself
increases the demand for a variety of localized and adaptive
strategies to cope with the increase in input variability (such as
climate and ecosystem change). More bluntly, no one should put
all their eggs in the GPE basket on the bet that homogenization,
connectivity, and centralization will win the day across the globe
anyway.

Responses to this article can be read online at:
https://www.ecologyandsociety.org/issues/responses.
php/12476
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