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ABSTRACT

Physical impacts from climate change already pose major challenges for organizations, and
the trend is rising. Organization theorists, however, have barely begun to systematically
consider the organizational impacts of more and increasingly intense storms, floods,
droughts, fires, sea level rise or changing growing seasons as part of their domain of study.
Eight organizationally relevant dimensions of climate impacts are identified: severity, tem-
poral scale, spatial scale, predictability, mode, immediacy, state change potential and
accelerating trend potential. Combined, their scale, scope and systemic uncertainty suggest
future conditions of systemic hyperturbulence in organizational environments, defined here
as ‘massive discontinuous change’ (MDC). To build a conceptual foundation for organiza-
tions to respond and adapt to MDC, the paper examines contributions from literatures on
the management of sustainability, crisis, risk, resilience and adaptive organizational change.
It highlights gaps for addressing both business challenges and opportunities from MDC,
and suggests avenues for future research. Copyright © 2010 John Wiley & Sons, Ltd and
ERP Environment.
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Introduction

LIMATE CHANGE IS GENERATING A HOST OF NEW STRATEGIC CHALLENGES AND OPPORTUNITIES FOR BUSINESS

organizations, shifting competitive and regulatory environments indirectly through world-wide political

efforts to constrain carbon emissions and directly through bio-physical impacts such as extreme weather

events. However, while the effects of emerging global and regional carbon management regimes for
business have been studied for some time (see, e.g., Kolk and Levy, 2001; Kolk and Pinkse, 2007; Nigel and Rice,
2010), the physical impacts of climate change on business have received relatively sparse attention in management
research (Hoffman, 2006; Linnenluecke et al., 2008; Winn and Kirchgeorg, 2005a).
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Among the more visible physical impacts are weather-related disasters. Indeed, recent years have witnessed a
large number of catastrophic or extreme weather events, such as cyclones, droughts and bushfires in Australia; heat
waves, flooding and several (uncharacteristic) storms in Europe; wildfires, flooding and the infamous 2005 hur-
ricanes Katrina and Rita in the US. It may be difficult to link any one specific occurrence to climate change, but
studies of the warming observed over the past century do show that the likelihood of extreme events such as heat
waves has increased due to climate change, while the likelihood of other extremes, such as extremely cold nights,
has decreased (Hegerl et al., 2007). Such increases in climate variability tend to be regional. More gradual impacts
from global warming, such as sea level rise or increasing ocean acidity, can have equally devastating effects and
tend to occur at global scales. Furthermore, if gradual impacts exceed critical thresholds, they can prompt abrupt
large-system changes with significant, widespread and sustained impacts, vastly amplifying the former, and with
vastly more uncertain effects due to complex interactions and feedback loops at global scales (Schefter et al., 2007;
Wilbanks et al., 2007).

In light of the ominous nature of impending climate change impacts, it is both surprising and understandable
that research on the bio-physical impacts of climate change on organizations has been slow to start. General public
pessimism about future environmental conditions across 18 countries (Gifford et al., 2009) — particularly notable
since ‘normal’ biases lean toward optimism (see, e.g., Hatfield and Job, 2001) — could prompt either preventive
and adaptive action, or feelings of helplessness. While it is not clear how such social-psychological phenomena
might affect management science, a recent study by Goodall (2008) offers a number of institutional, political and
theoretical explanations for the lack of attention to this topic in top management journals.

We suggest another reason: any comprehension of climate impacts on business is severely constrained by pro-
found uncertainties associated with the type, the occurrence, the scale and the location of anticipated impacts.
Reasons include that ‘[fluture climate change will likely be fundamentally different from changes Earth experienced
in the past because of the high temperatures that are projected, the rate of climate change, and the fact that climate
change is occurring in a setting where human actions have already altered natural ecosystems in many other ways’
(National Academy of Sciences, 2009, p. 26). Individual organizations are likely to experience such large-system
dynamics as far-reaching, highly uncertain and difficult to predict disruptions, referred to here as ‘massive discon-
tinuous change’ (MDC), explaining, in part, why climate change impacts have received little attention by organi-
zational studies.

Biases and assumptions in organization science may further contribute to the dearth of studies on the negative
impacts of and new opportunities from changing climate, environmental and social systems. Indeed, mainstream
business models are based on the assumption that current economic and social conditions will continue to flour-
ish regardless of unfavorable biophysical conditions in Earth’s natural and climate systems (Gladwin et al., 1995;
Purser et al., 1995). The convergence of two powerful factors makes the latter assumption difficult to challenge.
One factor is a deeply rooted bias in current organization science toward the predominance of stable states and
the linearity of change processes in organizations and their environments (Meyer et al., 2005; Santos and Eisen-
hardt, 2005). The other relates to the externality of natural systems to organizational life, making it difficult for
economic and management theories to recognize (and theorize) the co-dependency between firms and the natural
environment (Purser et al., 1995). As a result, adequate concepts of organizational environments that incorporate
nature’s functioning are in short supply, as are methods that can capture nonlinear change such as longitudinal
or process-focused research methodologies (Meyer et al., 2005). The combined shortage of concepts and method-
ologies creates formidable obstacles to research in this arena, but it also provides exciting opportunities to recon-
figure future directions of management research.

Regardless of its status in management research, climate change is increasingly accepted as a fact of organiza-
tional life. Its effects are felt across a wide range of industries, such as the financial sector, tourism, construction,
agriculture, the insurance industry and others (see, e.g., Hoffman, 2006; Hoffmann et al., 2009; Wilbanks et al.,
2007). Even though it may be competing for attention with the current economic crisis, its salience for corporate
strategy and planning is increasingly recognized (Schwartz, 2007), as a changing climate system forces business
to adapt to impacts ranging from weather extremes to epidemics affecting crops.

The critical question is how business organizations can best prepare for, avoid, adapt to and take advantage
of anticipated climate change impacts. However, for research to study organizational responses to impacts, it
must first gain a better understanding of the phenomenon prompting responses. The purpose of this paper is

Copyright © 2010 John Wiley & Sons, Ltd and ERP Environment Bus. Strat. Env. 20, 157-173 (2011)
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therefore to provide a conceptual foundation for understanding the impacts of climate change on organizational
environments.

We begin by examining whether and how climate change impacts differ from other turbulences in organizational
environments. Based on research in management on environmental change (e.g. Meyer, 1982; Meyer et al., 1993)
and climate science (e.g. Meehl et al., 2007; Rosenzweig et al., 2008), we identify several dimensions, which,
together, define climate change impacts as ‘massive discontinuous change’ (MDC) in organizational environ-
ments;' it is these types of MDC that are the primary focus of this paper. Next we draw out contributions from
five streams of the management literature (sustainability, crisis, risk and resilience management, and adaptive
organizational change) to shed light on the implications of MDC for organizational environments for firms. We
highlight gaps, suggest directions for future research and close with implications for preparing organizations for
climate change.

Understanding the Impacts of Climate Change on Organizations

Climate change has been described both as a ‘predictable surprise’ (Bazerman, 2000) and as a ‘wicked’ problem
because it comprises open, complex and imperfectly understood systems (Prins and Rayner, 2007). There is con-
siderable certainty about the occurrence of long-term climatic changes and resulting impacts, but there is consid-
erably less certainty about their type, severity or time of onset. Cognitive, organizational and political barriers
further hinder organizations from effectively mitigating against and adapting to these changes (Bazerman, 2006;
Gifford et al., 2009).

The Intergovernmental Panel on Climate Change (IPCC) defines climate change as ‘a change in the state of the
climate that can be identified (e.g., by using statistical tests) by changes in the mean and/or the variability of its
properties, and that persists for an extended period, typically decades or longer’ (Baede, 2007, p. 943), and that
occurs either due to natural processes or due to persistent anthropogenic changes in the composition of the Earth’s
atmosphere or in land use (IPCC, 2007). Despite scientific evidence for human contributions to increased CO,
concentrations (e.g. Rosenzweig et al., 2008), debate in public media continues.

Whether anthropogenic or not, however, climate change impacts are expected to bring about not only significant
changes in climate and ecosystems, but also dramatic changes in social and economic system parameters (Holling,
2001). In some regions, climate change may reduce the carrying capacity of ecosystems and threaten basic produc-
tion and consumption processes, in turn threatening the very survival of economic and social systems (see also
Gunderson and Holling, 2002; Hay, 2002).

Extreme weather events are no longer isolated occurrences, but rather appear to be linked to underlying changes
in the Earth’s climate system (see, e.g., Folke et al., 2002; Holling, 2001). Some of the consequences of climate
change may be beneficial (such as extended growing seasons in Northern latitudes). Many more, however, are
expected to be disastrous and even catastrophic. News media offer no shortage of climate-related disasters in the
headlines. Examples in recent years from around the world include Victorian bushfires in Australia, wildfires,
storms and infestations in the US and massive floods in Europe. Even though it is difficult to attribute the occur-
rence of individual weather events to climate change (see, e.g., Hegerl et al., 2007), observed changes in patterns
of extreme weather events point to larger, underlying climatic changes and climate variability (Trenberth et al.,
2007).

More gradual effects from global warming are the melting of polar ice caps and the rise of sea-levels. Such
ecological discontinuities can have major, disastrous effects on socio-economic and political systems (IPCC, 2007;
Stern, 2006; Garnaut, 2008). A study of islands in the South Pacific concludes that the entire region can expect
total destruction of its current socio-economic structures due to climate change (Hay, 2002). Schwartz and Randall
(2003) emphasize that it is not the threat from terrorism, but the vulnerability of countries and societies to natural
catastrophes and climate change impacts, that offers the greatest future challenges to national security.

"Two features of climate change should be noted here, which will be examined further later in the paper, namely (1) not all climatic changes
have massive or negative impacts, but, while some sectors may even benefit from positive effects, overall impacts will likely be negative; (2),
smaller changes, when reaching thresholds, can trigger further abrupt and massive changes.

Copyright © 2010 John Wiley & Sons, Ltd and ERP Environment Bus. Strat. Env. 20, 157-173 (2011)
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Sector Floods Storms Droughts Extreme
winters

short  long  short long short long  short long
term term term term term term term term

Agriculture - — — _— — N + i+
Assembly - — — — - — ¥ +
Auto insurance - —_ —_ — - — + +
Aviation - - - — - _— o o

Commerce - —_ —_ — - — + +
Construction — _ — — - — + +
Event planning — _— — — - — — N
Manufacturing - — — _— - — + +
Private sector - — — — - — + ++
Transportation - —_ — _— - — + T+

Table 1. Climate change impacts anticipated by industry sector
Key: — negative impact; + positive impact; —/+ low; ——/++ moderate; ———/+++ strong.
Adapted from Munich Re (2003).

Finally, climate change could lead to abrupt, large scale and irreversible shifts in the climate system (see, e.g.,
Alley et al., 2003; Scheffer et al., 2001; Stern, 20006), stemming from complex interactions and positive feedback
effects, where impacts on natural and human systems may be mutually reinforcing (see, e.g., Meehl et al., 2007).
Simulation studies, for instance, show that gradual warming may cause an increase in freshwater inflow into the
North Atlantic, potentially disrupt water fluctuations transporting warm water to eastern North America and
western Europe and causing the climate in some regions to become dramatically colder (IPCC, 2007; Rahmstorf,
1995, 1996; Scheffer et al., 2001).

At the macro-level then, the resilience of societal institutions and entire nation states is at stake, and the growing
number of country-level scientific assessments (e.g. Garnaut, 2008; National Academy of Sciences, 2009) and
regulatory initiatives suggests a shift in attention.

At the organizational level, the more comprehensive overviews of climate impacts on business come from the
statistics and financial data of reinsurance companies, whose core business models are based on covering damages
from property losses and business interruption due to natural disasters. In 2005, Swiss Re expected $83 billion
losses from natural catastrophes (Hoffman, 2000). As Table 1 indicates, most economic sectors are affected by
climate change impacts: manufacturing, commerce, construction, assembly, transportation, agriculture, car insur-
ance, aviation, space travel and event planning (Munich Re, 2003, 2009), making such impacts truly a ‘cross-
industry phenomenon’ (see, e.g., Alcamo et al., 2007). While different economic sectors will be affected
differentially, overall impacts are expected to grow significantly, both geographically and across all industries.

Particularly vulnerable are sectors that rely on relatively narrowly confined temperature and seasonal conditions,
such as agriculture, aquaculture, fisheries, forestry and tourism (especially coastal and mountain destinations)
(Alcamo et al., 2007; Hamilton et al., 2005). Other industries likely to suffer potentially devastating effects are
those dependent on, and vulnerable to, the disruption of large scale infrastructure, such as energy, automotive and
other transportation sectors, and financial markets. Associated financial and organizational risks, as yet poorly
defined, further highlight the urgent need for a better understanding of climate related organizational impacts and
for firm capability to prevent, respond or adapt to the impacts (Heal and Kristrém, 2002; Willows and Connell,
2003.

From Discontinuities in Organization Studies to Massive Discontinuous Change
Much of management and organization theory is built on the ‘open systems’ concept of organizations and their

ability to either influence or adjust to environmental change. We can look to extensive research on organizational

Copyright © 2010 John Wiley & Sons, Ltd and ERP Environment Bus. Strat. Env. 20, 157-173 (2011)
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fit, alignment with and adaptation to changes in organizational environments, themselves subject to extensive
theorizing. Organizational strategies are influenced by decision makers’ expectations about the future states of
their relevant environments, as well as their perceptions about uncertainties associated with such future states.
Milliken (1987) differentiates three types of perceived uncertainty about the environment, which are useful to
categorize the topic of this paper. State uncertainty refers to uncertainty about future states of the climate system
(which we saw to be exceedingly high due to limited knowledge and complex interactions and feedback loops at
multiple levels between climate, ecological and social systems); effect uncertainty refers to uncertainty about the
type of climate change impact (the starting point of this paper), and response uncertainty refers to ‘the lack
of knowledge of response options and/or an inability to predict the likely consequences of a response choice’
(Milliken, 1987, p. 137), addressed further below.

Discontinuous environmental change is not a new concept for management studies (e.g. Meyer, 1982; Tushman
and Anderson, 1986; Christensen, 1997), nor is managing in hyper-turbulent environments (McCann and Selsky,
1984; Meyer et al., 1993; Brown and Eisenhardt, 1997) or managing organizational change (Huber and Glick, 1993;
Gibson and Birkinshaw, 2004). Drucker (1969) spelled out risks and opportunities associated with societal, insti-
tutional and socio-economic discontinuities stemming from technological change, economic globalization, increas-
ing socio-political pluralism and changes to a knowledge society; he was silent on ecological sources of
discontinuities and tended to focus on incremental rather than massive discontinuities. Ansoff defined organiza-
tional discontinuities as [...]sudden, urgent, unfamiliar changes in the firm’s perspective which threaten either a
major profit reversal or loss of a major opportunity’ (1976, p. 131).

Building on the concept of discontinuities from the literature, we introduce the term ‘massive discontinuous
change’ (MDC) to capture the scale, scope and systemic uncertainty associated with climate-induced disruptive
change in the social and ecological (or biophysical) systems within which firms operate (Starik and Rands, 1995).
Dynamics within and between these systems can lead to positive feedback loops and result in further direct and
indirect impacts on organizations. Building on climate science, and drawing on classifications of risks, hazards
and discontinuities, which typically specify their sources along with other criteria (such as an event’s spatial extent
of damage zone, intensity of impact, duration of impact, rate of onset, focus or target, and predictability of the
damage to the affected industry; e.g. Smith, 1992), we define MDC due to climate change impacts along eight
dimensions: severity, temporal scale, spatial scale, predictability, mode, immediacy, state change potential and accelerat-
ing trend potential. Taking these dimensions together suggests that MDC differs from other turbulences in orga-
nizational environments either qualitatively or in magnitude.

- Severity: magnitude (high), destructiveness (high).

« Temporal scale: suddenness (high), duration (variable; may range from short, extreme events to sustained long-
term impacts).

- Spatial scale: geographic extent (regional, global).

« Predictability (low): uncertainty (high) and probability of occurrence (variable).

« Mode: pervasiveness (high), diversity (high), reversibility (low).

- Immediacy: direct (immediate) or indirect (mediated by ecological and/or social-economic system).

- State change potential: potential to exceed thresholds and tipping points (high).

« Accelerating trend potential: potential for runaway effects from feedback effects (e.g. collapsing economic
activity in a region hit by a storm, such as New Orleans).

Based on these parameters, we define MDC as significant, sudden, disruptive change in the broader ecological or
social systems of which organizations and economic systems are a part. While this paper focuses primarily on climate
change, the concept also applies to other sources of change. ‘Now, big shocks in monetary policy, price of food,
price of energy, combined with some severe climate events, are all coming together in a world with constraints on
arable land, depleted fisheries, rising sea levels and changing climate. Periods of abrupt regional and global changes
are likely to increase in frequency and magnitude, which poses new fundamental challenges for science, manage-
ment, policy and governance in relation to sustainability’ (Folke and Rockstrém, 2009, p. 1).

MDC differs from other types of change in organizational environments (e.g. environmental jolts, Meyer, 1982)
by virtue of its massively greater scope and scale (both spatial and temporal), its systemic roots and effects, its
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non-linear, ‘discontinuous’ characteristics and associated unpredictability (coupled with limited controllability and
manageability), its irreversibility and its destructive nature.

It also differs from the type of change captured in punctuated equilibrium approaches (e.g. Gersick, 1991) in
several regards. The accumulation of multiple extreme values on these dimensions distinguishes MDC in scope
and scale from other types of discontinuous change. Drawing on evidence from multiple scientific disciplines,
Gersick introduced management and organizational theorists to ‘punctuated events’ that may reshape organiza-
tional environments before settling into a previous or new steady state. The punctuated equilibrium model is
helpful to differentiate incremental from more radical change and it conceptualizes the idea of step-change, but
it is based on assumptions of underlying system stability, subject to only temporary disturbance.

Meyer, Gaba and Colwell (2005) make a compelling case for pushing current conceptual boundaries beyond
linearity and stability assumptions, and for organizational science to upgrade its methodological and conceptual
‘toolbox’ to include non-linear change. Such theoretical and empirical advances are certainly required to understand
MDC, since systems subject to MDC do not necessarily return to an equilibrium or steady state. The concept also
highlights the need for organization science to theorize dramatically heightened uncertainty and turbulence in
organizational environments, and thus in organizations. Biases toward linearity, stability and incremental change
run deep across many scientific and public domains, where ‘[theories, models and policies have to a large extent
been developed for gradual or incremental changes often disregarding interactions across temporal and spatial
scales’ (Folke and Rockstrém, 2009, p. 1).

In organization theory, the concept of environmental ‘hyperturbulence’ perhaps most closely represents our
concept of MDC (McCann and Selsky, 1984). Extending the work by Emery and Trist (1965) on ‘causal texture’
and ‘relevant uncertainty’, the authors postulate a fifth type of organizational environment: characterized by condi-
tions of hyperturbulence and subject to endemic and escalating positive feedback cycles, it can be caused by ‘serious
climatic shifts, wars, and the failure of the global economic system’ (McCann and Selsky, 1984, p. 465). The
applicability of these concepts in light of the current global financial meltdown or the physical science of climate
change 25 years later is quite remarkable. This work also points to massive ecological or social system disconti-
nuities other than climate change, such as wars. It may be worthwhile to reexamine organizational environments
according to their munificence, dynamism and complexity (see, e.g., Dess and Beard, 1984; Tushman and Ander-
son, 1986), along with conceptual distinctions between rates of change and unpredictability of change in light of
the categories defining MDC in the ecological environment.

It is the interdependence of social-organizational systems and their biophysical ‘root-systems’, along with their
complexity and potential for escalating positive feedback cycles, that lends MDC its magnitude and disruptiveness.
Yet, while maladaptive processes lead to transformations in organizational systems that make their ‘failure
and collapse]...] significant prospects’ (McCann and Selsky, 1984, p. 465), adaptive processes can either escalate
climate change further or lead to vastly more desirable changes that are system correcting — in essence those
massive and discontinuous changes required in current social-economic systems that slow climate change and
stem its escalation.

Foundations for Future Research

We contend that organization studies need to be engaged broadly to fully understand the impact of MDC and
design effective responses, and start this process by examining several research streams for their conceptual and
empirical contributions. We are guided by the search for theory that allows us to more fully describe and explain
these phenomena in the organizational context, so that both theoretically robust and practically effective response
and adaptation strategies can be designed for firms to reduce disastrous impacts, and to take advantage of any
opportunities arising from MDC. In addition to preparing an organization for MDC, a comprehensive and integrated
set of strategies also needs to include those aimed at prevention of MDC (in the case of climate change commonly
referred to as mitigation); the latter is part of the broader agenda of current sustainability or greening strategies
aimed at mitigating environmental harm. In the remainder of this paper, we focus our attention on research
applicable for preparing organizations for predictable (and unpleasant) surprises.
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Sustainability Management

A review of the growing literature on sustainability management indicates that attention is paid to the impact from
economic and social systems on ecological systems, but, with few exceptions, very little attention has been paid to
the reverse: the physical impacts of ecological (or climate) system disturbances on the economic or social system
(e.g. Banerjee, 2003; Giinther, 2009; King, 1995; Lash and Wellington, 2007; Linnenluecke et al., 2008; Purser
et al., 1995). Current concepts and paradigms of sustainability management (see, e.g., Bansal and Gao, 20006;
Gladwin et al., 1995; Hart, 1995; Hart and Milstein, 2003; Shrivastava, 1995) focus primarily on the ‘greening’ of
organizations and institutions, that is, on reducing environmental damage as a result of their activities along their
value chain, thus reducing or even preventing environmental degradation (and the consequences of such degrada-
tion for social systems). Clearly, such work is crucial for building the types of organizational and institutional
system that prevent further degradation; however, there is a risk that sustainability management’s myopic focus
on prevention blinds scholars to the need to also examine ‘outside-in’ strategies for effective response and adapta-
tion to ecological disasters (Winn and Kirchgeorg, 20035a) or provides undue optimism about progress in reducing
harm.

This literature includes work that examines how and why corporations respond to pressures for environmental
responsibility and sustainability and to current environmental issues. Many of them document incremental change
strategies, tools and processes that managers use to adopt a more proactive environmental stance. Much of the
literature rests on assumptions of balance, integration and reduced impact on the natural environment (Winn and
Kirchgeorg, 2005a). It does not examine in any depth the opposite cause—effect relationship, namely massive
impacts from the environment on firms, nor does it include discontinuous and/or disastrous impacts. Aside from
a few exceptions (e.g. Hoffman, 2006; Linnenluecke et al., 2008), this literature provides little guidance for man-
agers to respond to rapid, unpredictable and discontinuous change in ecological systems.

Closing this gap is made more difficult to the degree that there is little empirical basis for researchers to expand
their focus. Indeed, firms that reduce their carbon footprint and recognize the strategic relevance of climate change
impacts are the exception; an example is financial service provider and reinsurance giant Swiss Re, who declared
that ‘the potentially catastrophic effects of climate change pose a major risk to its industry and its customers, and
is committed to combating it’ (Way and Rendlen, 2007, p. 42).

One might argue that natural disasters have always occurred and have always been hard to predict. Examples
are the Asian tsunami of December 2004 and earthquakes more generally. We agree, and suggest that their
harmful effects can be hugely reduced by preparing effectively, for example with coordinated emergency responses
(covered in the literature already). Such isolated events are different from MDC, however, in that they do not exhibit
the underlying systemic changes in ecological or social system dynamics mentioned earlier, which lead to increases
in frequency, severity, unpredictability and newness of disastrous events, and are behind their potential for driving
continued changes in system dynamics. As systemic changes in the risk structure of the global insurance industry
indicate, the development of effective preparedness, organizational responses and adaptation becomes a critical
strategic and, for some organizations, moral mandate (similar to preventive and harm-reduction strategies addressed
in the sustainability management literature).

We suggest that current sustainability management models need to be expanded from their focus on reducing
negative impact on ecological systems to also include deliberate attention to preparing for adaptation to environ-
mental impacts. We also fully acknowledge that it has never been more urgent to improve the effectiveness of
environmental impact reduction in order to slow the degradation and unraveling of global ecosystem health more
generally (Millennium Ecosystem Assessment, 2005) and to radically slow, and where possible reverse, the anthro-
pogenic sources of climate change specifically (IPCC, 2007). Nor has the necessity ever been greater to harness
innovation and ingenuity to generate new sustainable products, services and business models, while concurrently
eliminating dysfunctional models (i.e. those contributing to system change).

Applying the notion of creative destruction and a theory of disruption (Christensen, 2006) to the sustainability
management literature may offer fruitful directions for future research, for example in emerging markets at the
bottom of the global economic pyramid (Kirchgeorg and Winn, 2006). Work on innovation and sustainable ven-
turing can also help shift the focus from the greening of existing business organizations to identifying opportuni-
ties arising from market imperfections for sustainable entrepreneurship (e.g. Dean and McMullen, 2007; Cohen
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and Winn, 2007). It is less clear how these research directions can be applied to massive ecological disruptions
associated with MDC. Overall, and despite work on corporate responses to emerging regulatory schemes to
reduce carbon emissions (e.g. Kolk and Levy, 2001; Kolk and Pinkse, 2007; Nigel and Rice, 2010), little research
in the sustainability management field has addressed this phenomenon from an outside-in perspective. Yet sig-
nificant opportunities exist in this stream of research to examine how to create innovative, robust and resilient
organizations.

Crisis Management

A sizeable body of academic literature focuses on organizational crisis and disaster management. Topics include
the identification, forecasting, prevention and avoidance of organizational crisis situations (which may be originat-
ing within the firm or externally) (see, e.g., Pauchant and Mitroff, 1988; Pearson and Mitroff, 1993; Roberts, 1989),
preparedness planning (see, e.g., Quarantelli, 1985), immediate responses to crises and mitigation of risk and
losses (see, e.g., Mitroff and Pearson, 1993; Mitroff et al., 1996) and the role of perceived environmental control
and associated costs (Smart and Vertinsky, 1984), with a more integrated approach offered by Pearson and Clair
(1998). The application of crisis management and disaster research to organizational impacts from climate change
specifically, and MDC more generally, however, is in a very early stage of theoretical development (see, e.g.,
Glaesser, 2003; Shrivastava, 1993; Suder, 2004; Waugh, 2000).

Crisis management approaches tend to focus primarily on dealing with the immediate impacts of disasters and
their mitigation, and the literature offers insights into the phases and stages that an organization may experience
immediately prior to, during and after a crisis event or disaster. The field provides valuable insights into the capa-
bilities that organizations may require in order to respond to events, but, as others have pointed out, the capa-
bilities associated with immediate crisis responses are only part of the adaptive capabilities required to develop
long-term resilience to MDC (Linnenluecke et al., 2008). Thus, while useful for immediate crisis response, the
literature on crisis management does not lend itself to broader, integrated crisis management and long-term adap-
tive response (Borodzicz, 2005).

Early work on organizational crisis management focused on environmental disasters such as Bhopal (e.g.
Mitroff, 1994; Mitroff et al., 1987; Smart and Vertinsky, 1984), but research of crises related to climate change is
sparse. Two recent studies examine the dynamics of coordinating expertise and knowledge among emergent
groups responding to disasters such as hurricanes Katrina or Rita (Majchrzak et al., 2007), and factors contribut-
ing to organizational preparation for major crises. These studies suggest that previous experience with or exposure
to disasters and crises enhances the likelihood that an organization will prepare for future events (Kovoor-Misra
et al., 2000). This finding further highlights the difficult dilemmas inherent in preparing for surprise.

For research on MDC, organizational crisis management offers some interesting avenues of inquiry for scholars.
One research stream might be to understand what kinds of organizational response strategy are robust enough to
handle dislocations above and beyond those typically experienced. For instance, in the recent fires in Victoria,
Australia, the weather conditions preceding and during the event rated well above the established fire index; orga-
nizational response, on the other hand, remained in the realm of typical crisis management approaches that had
been effective in the past — and proved completely insufficient.

Examining how organizations use crisis management to understand and experience MDC could offer further
valuable research contributions. Specific questions might be the following. Does crisis management work under
conditions of MDC? What short-term crisis management capabilities lend themselves to dealing with long-term
adaptive responses to MDC? Effective crisis management depends heavily on the continued functioning of infor-
mation systems, suggesting fruitful research directions into the kinds of social infrastructure and culture necessary
for the adequate functioning of disaster relevant technology, and the implications of the ‘certainty of computer
system-related disasters’ (Quarantelli, 1997, p. 103). The latter provides an interesting example of cascading detri-
mental effects from multiple and interrelated system-failures likely to result from repeated crisis events associated
with MDC.

Organizational crisis management research could also draw on interesting work from other social sciences. An
example from political science highlights the critical role of political leaders and broader institutional settings in
preparing critical infrastructure (such as water supply, road systems etc.) for catastrophic surprises, whether from
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social ‘predators’ (e.g. terrorists) or from climate change. The role of institutional stewards is to ‘devise confident
capacities to respond to those contingencies that can be imagined ... and ... they should develop “at the ready”
institutional capacities to encounter catastrophic surprises that could overwhelm conventional capabilities’ (LaPorte,
2007, p. 62). Coordinated responses under prolonged emergency conditions, and coordinated organizational and
institutional capacity building, are further examples of future cross-disciplinary organizational research.

Risk Management

Similar to the crisis management literature, research on risk management offers important insights and tools for
dealing with disruptions and disasters. Much of this work is prescriptive, and strategies for adaptive responses
tend to focus on immediate or short-term impacts, not on those assisting with lasting, large-scale disruptions from
MDC (e.g. crisis prevention, containment and recovery). Some might argue that crisis management is a subfield
of risk management and that both fields should be treated together. The literature, however, suggests the existence
of distinct research streams, discussed separately here.

Risk management tends to be concerned with the identification (early warning systems), the analysis (e.g. insur-
ance mathematical models, risk-related cause-effect chains) and the perception of risk and crisis phenomena (see,
e.g., Daniell, 2004; Hay, 2002; Smith, 1992; Meffert and Kirchgeorg, 1998; Munich Re, 2009). Risk management
approaches provide practical strategies and processes for the avoidance, mitigation and transfer of risk, for instance
via insurance (Mehr and Hedges, 1974). Recent years have witnessed calls for more work on the management of
risks related to terrorism and natural disasters (e.g. Amendola et al., 2007; Daniell, 2004; Hay, 2002; O’Brien
et al., 2000).

Similar to the ‘greening’ of business in the context of sustainability management, environmental risk manage-
ment has typically focused on ‘regulatory compliance, potential liability from industrial accidents, and pollutant
release mitigation’ (Lash and Wellington, 2007, p. 96). The authors further note that ‘climate change, however,
[...]presents business risks that are different in kind because the impact is global, the problem is long-term, and
the harm is essentially irreversible’ (p. 96), thus supporting the concept of MDC introduced here from the per-
spective of risk management.

A considerable amount of work has brought insights from risk management to climate change research (Brooks,
2003; Jones, 2001; Jones et al., 2007). The insurance—mathematical perspectives on risk prevalent in the insurance
sector define risks according to the expected damage and the probability of occurrence of an event (Adams, 1995;
Downing et al., 2001; Helm, 1996; Smith, 1992). In light of our earlier discussions of the nature and extent of
uncertainty associated with climate-change impacts, however, probabilities for event occurrence cannot be assessed
quantitatively and, as a result, the calculation of expected damage is similarly fraught with high levels of error
(Jones, 2000; Prato, 2007; Winn and Kirchgeorg, 2005b). This same dilemma has been observed for managing
the risk of other disasters, such as so-called technology enabled extreme events, where traditional risk-management
strategies based on ‘known’ risks are deemed too outmoded to help companies contain ‘catastrophic IT-linked
risks’” (Rosenoer and Scherlis, 2007, p. 26).

Lack of prior data and experience relating to climate change and associated extreme weather events make it
difficult, even impossible, to calculate probabilities for the occurrence of events. Facing vastly greater uncertainty
about both occurrence and impacts of MDC-related occurrences, insurance companies need new mathematical
risk and occurrence models. Swiss Re, for example, has shifted its strategic focus to financial service innovations
in light of climate change impacts (Way and Rendlen, 2007). The regional nature of extreme weather events,
furthermore, implies that impacts are not concentrated on a single industry sector, but cut across sectors and
institutions located in that region. Since damage within an affected region impacts different industries in varying
ways and to varying degrees, the ability to develop accurate risk portfolios for MDC-related impacts becomes quite
limited. This in turn has implications for insurability and the core business model of the re-insurance industry
(Hoffman, 2000).

The selection and application of risk management instruments towards climate change is therefore limited
to those impacts and changes that can be anticipated and quantified. This conclusion does not rule out the use
of risk management instruments for climate change impacts generally, but it does highlight the need for
additional conceptual advances for dealing with discontinuous change. For business practice, this also shows that
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the insurability against impacts from MDC is severely limited (Stern, 20006), further highlighting the necessity to
develop a deeper understanding of such types of change, as well as the need for management frameworks that,
for example, integrate planned adaptation approaches with risk management (Tol et al., 1998). We note that, while
still fairly general, some articles are beginning to link the types of climate impact to industry sector-specific risks
(e.g. Lash and Wellington, 2007; Lemmen et al., 2007; Schwartz, 2007).

Applying risk management perspectives to climate change at the level of an entire country in the South Pacific,
Hay (2002) offers additional insights and ideas for future research, including linkages to sustainable development.
Highlighting the need to integrate disaster risk management and climate change adaptation, Hay calls for greater
attention to risks associated with ecological discontinuities along every step of applied risk management (i.e. risk
identification, analysis, evaluation, management and organization) and argues for planned adaptation as an impor-
tant conceptual complement to risk management processes: ‘The most efficient and effective approach is to
manage the risks in an integrated manner — through risk management and planned and proactive adaptation that
involves “no regrets” strategies®. Many disaster and climate change response strategies are the same as those which
contribute in a positive manner to sustainable development, sound environmental management, and wise resource
use’ (Hay, 2002, p. 12).

The growing number of national and regional reviews of climate impacts (e.g. Garnaut, 2008; Lemmen et al.,
2007; National Academy of Sciences, 2009; Stern, 2000) offers additional directions for future research on both
organizational disaster management and climate risk. One valuable contribution is that they provide data that allow
narrower specifications of climate change impacts expected to be most prevalent for a region and the vulnerabili-
ties specific to certain geographic and socio-economic conditions. An example of a risk-based approach to adapta-
tion at the supra-national level is the review of processes used to ‘climate proof’ several South Pacific island nations;
the report documents the development and implementation of integrated risk-management strategies utilizing
wide stakeholder participation and offers valuable lessons for research and practice (Asian Development Bank,
2005).

Several of these comprehensive reviews point to the need for more integrative, overarching research approaches,
arguing that any effective response to climate change must address adaptation, mitigation and sustainable develop-
ment paths concurrently (cf. Winn and Kirchgeorg, 2005b). Events such as sea level rise, extreme droughts or fires
‘become security concerns for businesses when people are forced to flee, infrastructure is destroyed, ecosystems
fail, agriculture is disrupted, economic volatility increases, and some regions become uninhabitable’ (Schwartz,
2007, p. 26). Research on, organizational preparation for and adaptation to MDC thus also has to take into account
emerging national policies and changes in firms’ institutional and infrastructure environments, whether they react
to, for example, extreme weather events, or proactively mainstream adaptation and mitigation into organizational
strategy.

We conclude that, despite their diversity and their largely prescriptive nature, the various literatures on risk and
crisis management offer many insights and starting points for future research on MDC in organizational studies.

Adaptive Organizational Change

We now turn to those theories on organizational change concerned with discontinuous change to draw out con-
tributions for research on organizational adaptation to MDC. Organizational learning, an important mechanism
for firms to adapt to changing internal or external organizational environments, can draw on a rich body of research
(e.g. Levinthal and March, 1993; March, 1991), and it serves as the conceptual lens for one of the few theoretically
grounded systematic studies examining organizational adaptation to climate change (Berkhout et al., 2000). Pro-
cesses of organizational learning are history dependent, routine based and build on an organization’s own and
others’ prior experience (Levitt and March, 1988); as changing demands from organizational environments are
translated into organizational changes, old routines must be discarded and new routines developed and codified.
Myopic organizational behavior, particularly in light of ongoing efforts toward specialization and efficiency (‘exploi-
tation’), tends to reduce an organization’s capacity to learn routines relevant for disruptive change. Tendencies ‘to
overlook distant times, distant places, and failures’ (Levinthal and March, 1993, p. 95) appear to be particularly

*‘No regrets’ strategies are those that result in net social benefits regardless of whether a climate change event occurs or not.
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salient barriers to developing adaptive capacity. Research on organizational variables that counter such tendencies
and facilitate ‘exploration’ behavior may offer important insights on how firms may develop more effective
responses to disruptive change.

In much of this literature, however, we detect the underlying assumption that future states will provide sufficient
stability over a sufficient period of time for such new routines and repetitive collective behaviors to become estab-
lished. Such assumed stability and linearity of change is in direct opposition to the discontinuous, highly uncertain
and potentially escalating characteristics defining MDC, suggesting that many theorized organizational learning
processes may be of limited application to climate change impacts.

It is also important to note that empirical studies of adaptive behavior, such as those by Berkhout et al. (2000)
and Hoffmann et al. (2009), are necessarily limited in scope to adaptive firm behavior already observable —
which is problematic if firms are no farther along in leading adaptive change than organizational science is in
theorizing it. For reasons of non-linearity and futurity of the phenomena of interest, research methodologies will
need to draw on and develop approaches unusual for the field. Several organizational scholars offer helpful sug-
gestions (e.g. Davis et al., 2007; Meyer et al., 2005; Santos and Eisenhardt, 2005). Scenario-based approaches and
‘[s]imulation methods are ... especially valuable in clarifying process nonlinearities [and] virtual environments’
(Santos and Eisenhardt, 2005, p. 504).

Nevertheless, quantitative, case-based research has an important role in providing climate change-relevant
insights that go beyond generic organizational change processes. Studying the determinants of adaptive behavior,
for example, Hoffmann and colleagues (2009) found that the scope of adaptation was related to firms’ awareness
of, not vulnerability to, climate change impacts. This has important implications for the deliberate communication
of climate science to organizational decision makers. It also highlights the role of climate education for adaptation
more generally. How organizations and members at various levels in the organization make sense of climate
impacts (or how they resist drawing conclusions that challenge existing frames of reference) will further affect
organizational adaptation choices (Bazerman, 2006; Berkhout et al., 2006). Developing and maintaining the
dynamic capabilities that offer firms the skills to respond effectively to highly uncertain events in the future, then,
is not only counter to organizational tendencies, it is also costly and difficult to legitimate.

Overall, we identify two limitations of organizational learning as a theoretical lens for studying responses to
MDC: the underlying assumption of relative environmental stability inherent in routines and the field’s reliance
on prior experience. It may still be very useful for certain aspects of organizational adaptation to climate change,
namely to those that do settle into sufficiently long, new steady states, but applies less to the kind of widespread,
long-term, irreversible and highly uncertain changes that define MDC.

We now turn to theories that examine organizational strategies in the face of more radical or discontinuous
change. We begin with strategic renewal, which relates ‘to the long-term prospects of the company and has a
critical influence on its success or failure’, and where renewal is defined as the ability ‘to continue growth after
interruption or injury’ (Agarwal and Helfat, 2009, pp. 281-282). Changes in, for example, product markets or
technological discontinuities may well result from climate change impacts. Research into strategic renewal as a
type of strategic change thus offers promising directions for future research into MDC, particularly since it applies
at both organizational and above-organizational levels of analysis (such as managing alliances or networks).

Process issues relating to organizational structure, dynamic capabilities, cognitive factors and identity are likely
to play an important role in research on MDC occurring in either climate systems, socio-economic systems or
both. Floyd and Lane (2000), for instance, showed that dissent among managers about the need for change creates
strategic role conflict. Highly dynamic environmental conditions such as hypercompetition or ecological disconti-
nuities can be expected to heighten role conflict dramatically. Future research might look into factors that can
channel such conflict into adaptive capacity, or into those interactions between top-down and bottom-up processes
that determine how new information in organizations is processed and when such information leads to relevant
changes in capabilities or routines. Considering also that ‘building interpretations of the environment is a basic
task of organizational members, especially in complex and/or ambiguous environments’ (Santos and Eisenhardt,
2005, p. 500), research is also needed on the role of lower- and middle-level managers feeding confusing and
difficult to interpret signals from a climate-disturbed and turbulent operating environment to top management.

Capacity for responding to disruptive change requires flexible, adaptive processes, resources and values. MDC
in organizational environments appears to call for exactly the kind of agile organization suggested by Eisenhardt
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and Brown (1998, p. 787), the kind that is able to navigate ‘at the “edge of chaos” between structure and anarchy’.
Whether and how firms can deliberately apply the concepts and models of atomistic and time-pacing strategies
suggested by the authors in the context of MDC then becomes subject to further research. Separate structures and
entire independent organizations may help build more flexibility under multi-unit corporate umbrellas and allow
firms to both respond to and drive disruptive change in technologies and markets (Christensen and Overdorf,
2000). It is less clear to what degree such structures for disruption or for strategic renewal can help firms respond
to the specific (but largely unspecified and unspecifiable) challenges of MDC that are systemic, far-reaching and
highly uncertain in terms of type and likelihood of occurrence, and in terms of the catastrophic and disruptive
impacts across organizational systems, levels and members.

Organizational Resilience

Looking beyond the domain of organization theory, advances in resilience research from larger system perspectives
offer promising approaches to prepare the considered system (organizational or ecological) for discontinuities. The
mid-1990s witnessed an interest in applying chaos theory of complex adaptive systems in many fields (including
organization theory and strategy; see, e.g., Stacey, 1995; Thietart and Forgues, 1995). Brown and Eisenhardt (1997)
suggest that organizations need different strategies to cope with unpredictable and high velocity environments.
But what kind of decision making system can recognize the complexity of organizational systems and align these
with the complexities of environmental systems? And how might leaders go about transforming and changing
their organizations to meet these complexities?

The interdisciplinary work that resulted in the Panarchy model uses analyses of the dynamics of change and
transformation of ecological, social and economic systems to develop a meta-heuristic of change (see, e.g., Folke
et al., 2002; Holling, 2001). The goal of this work was to develop and test theories that explain transformational
change of human and natural systems. Originally developed for ecological systems at multiple scales, efforts have
been made to apply these models to social-ecological contexts at macro-levels. The social-ecological resilience
approach offers powerful insights for organizational responses to MDC, since it ‘emphasizes non-linear dynamics,
thresholds, uncertainty and surprise, how periods of gradual change interplay with periods of rapid change and
how such dynamics interact across temporal and spatial scales’ (Folke, 2000). Future research needs to examine
further how this work can be linked to organizational studies (Westley, 2002).

Resilience is an organization’s ability to withstand external harm and to recover from negative external impacts
(Gunther, 2009; Linnenluecke et al., 2008; Sheffi, 2005). Vulnerability refers to the organization’s susceptibility
to harm from a discontinuity, such as climate change, and is composed of the organization’s sensitivity and expo-
sure to stress and perturbation. Reducing vulnerability enhances an organization’s resilience by reducing the
outcome risk of climate change impacts (see, e.g., Timmerman, 1981) — a promising way to prepare organizations
for MDC. Reducing vulnerability and enhancing resilience of an organization then becomes a critical component
of an organization’s preparation for climate change (Adger, 2000), even though unknown probabilities and types
of impact generate high uncertainty.

It is the primary intent of this paper to provide the conceptual foundation for research on adaptive capacity by
organizations to the very phenomenon to which organizations need to adapt, MDC. Although it is beyond the
scope of this paper to offer a detailed discussion of adaptive capacity, important components include an organiza-
tion’s resources and capabilities to deal with climate change impact such that it can avoid or resist its impact, and
moderate potential damage (Walker et al., 2004). We would add that a further important component for business
organizations is to take advantage of resulting opportunities.

The resilience approach suggests that an evolutionary and systemic understanding of business organizations is
needed to cope with complex and dynamic climate change-induced impacts. Recognizing further an organization’s
ability to anticipate changes and risks in its environment, the reduction of vulnerability should be based on an
anticipatory, decision-oriented approach. Such an approach highlights the need to advance and invest in the adap-
tive capacity of an organization (e.g., its learning capabilities, see above), including in redundant capacities, diver-
sity in the organization and self-controlled organizational entities.

There are fruitful linkages to be made between social-ecological resilience research and organizational
approaches. One avenue of inquiry could focus on the types of capabilities and resources that organizations require
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to make them less sensitive and thus less vulnerable to the impact of MDC. Others could examine the role of
organizational resources (in particular ‘slack resources’) in enabling organizations to respond to MDC, thus allow-
ing the organization to adjust to drastically changing environmental conditions and to minimize or avoid impacts
from greater climate variability and weather extremes.

Interestingly, the resilience approach is also viewed as a usefully complementary concept to risk management
(Paton et al., 2000). For instance, questions need to be asked as to whether organizational decision makers see
MDC events as impactful for their organizations, and whether they have access to the range of response strategies
and capabilities needed to minimize resulting disruptions. Since current risk and crisis management approaches
tend to focus on dealing with the immediate after-effects of an MDC, another question is what additional capa-
bilities and responses are required to deal with events of the type and magnitude described here. Recent research
has also begun to examine how competitive pressures to increase efficiency and specialization effectively reduce
an organization’s resilience and flexibility (Korhonen and Seager, 2008). This opens important new perspectives
into the role of slack resources for dealing with MDC.

Conclusion and Implications for Management Studies

This paper argues that climate change presents a new, unprecedentedly disruptive, potentially cascading and pro-
foundly uncertain type of change in organizational environments, and that business organizations are currently
ill prepared to respond or adapt to such MDC. Drawing on the contributions from several streams of the organi-
zational literature and the work on social-ecological resilience, the paper aims to provide a foundation for research
on the capabilities and competences that organizations need to enhance their chances to survive and thrive under
conditions of MDC. Future research directions are suggested for each. We close with some broad implications for
research.

First, the literature on sustainability management is in need of an overarching framework which complements
its current focus on reducing environmental damage and also encompasses adaptation to impacts from damaged
ecological and social systems; this will provide the framework for a more comprehensive research agenda, one that
adds survival, disaster management and long-term risk and business models to its current focus on prevention,
reducing poverty and curbing environmental impact.

Second, while such an expansion of the sustainability management literature is important, it is perhaps more
important to move its current trajectory on sustainability forward much more rapidly and to examine what pre-
scriptive role needs to fall to this research and literature to prevent further and accelerating weakening of eco-
logical systems. To date, a number of important articles and books have aimed at providing practitioners with
practical tools and conceptual frameworks (Hart, 1995; Hart and Milstein, 2003, to name a few), along with a host
of books. Much more work is needed in this arena.

Third, we note an urgent need to assess the implications of MDC and its anthropogenic sources, not only for
management research, but also for management education in order to provide decision makers with the concepts
and tools that not only aid the development of better organizational preparedness for ‘surprise’, but even more
urgently assist in finding effective, cross-sectoral initiatives, policies and actions to depart from business as usual
and radically reduce ecologically and socially damaging practices. Folke and Rockstrom ask a similar question:
‘How can we prepare for and build capacity to make use of such periods in a constructive manner?’ (2009, p. 1).

For management studies more generally, many important questions call for urgent attention. We have offered
a number of these throughout the paper, including what kinds of non-traditional research methodology are avail-
able to organization studies; what capabilities and competencies enhance adaptive capacity; what forms of business
organizations might be better equipped for survival than others, and whether some are better equipped than others
to, following ecological discontinuities, minimize subsequent disruptions to ecological and social systems gener-
ally, and human suffering specifically. In the search for greater adaptive capacity and sustainable ways of doing
business, novelty, creativity and positive innovation are bound to play a crucial role, opening up a host of further
research questions.

Overall, ‘progress towards developing a theoretical understanding of adaptation has been slow’ (Berkhout et al.,
2000, p. 135), and even less research has focused on adaptation at the organizational level. Throughout this paper
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we offer a number of reasons for this paucity of research and examine several different theoretical lenses as start-
ing points for research. While our focus here was deliberately ‘organizational’, research at the supra-organizational
level of analysis, particularly in institutional theory, deserves similarly urgent attention and offers fruitful directions
for research.

We have shown that some of the challenges in designing and researching organizational adaptation to MDC
stem from difficulties in specifying impacts and uncertainties. The long-term futurity of expected effects combined
with unknowable system dynamics and cognitive biases adds additional conceptual and practical hurdles to orga-
nizational adaptation processes, which are already constrained by their institutional contexts and internal dynam-
ics under which the (climate) ground is expected to shift. Difficulties also arise from the limited capacity of current
management studies to offer fruitful avenues for such wicked research problems, rooted in an ‘amalgam of mutu-
ally reinforcing beliefs, theories and methods honoring the notion of equilibrium [that has] blocked the investiga-
tion of a family of interesting problems of great practical import’ (Meyer et al., 2005, p. 456). We close with a
question by the same authors (2005, p. 456), which is especially pertinent for the topic of MDC: ‘What might a
social science of organizing-away-from-equilibrium look like?’.
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