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Engineering Resilience versus
Ecological Resilience

C. S. HOLLING

ECOSYSTEM STRUCTURE AND FUNCTION

Ecological science has been shaped largely by the biological sciences. Envi­
ronmental science, on the other hand, has been shaped largely by the physical
sciences and engineering. With the beginning of interdisciplinary efforts be­
tween the two fields, some of the fundamental differences between them are
generating conflicts caused more by misunderstanding of basic concepts than by
any difference in social purposes or methods. Those differences are most vivid in
that part of ecology called ecosystem science, for it is there that it is obvious that
both the biota and the physical environment interact such that not only does the
environment shape the biota but the biota transforms the environment.

The accumulated body of empirical evidence concerning natural, disturbed,
and managed ecosystems identifies key features of ecosystem structure and func­
tion (Holling et aI., 1995) that probably are not included in many engineers'
image of ecology:

• Ecological change is not continuous and gradual. Rather it is episodic,
with slow accumulation of natural capital such as biomass or nutrients, punctu­
ated by sudden releases and reorganization of that capital as the result of internal
or external natural processes or of man-imposed catastrophes. Rare events, such
as hurricanes, or the arrival of invading species. can unpredictably shape struc­
ture at critical times or at locations of increased vulnerability. The results of
these rare events can persist for long periods. Therein lies one of the sources of
new options that biological diversity provides. Irreversible or slowly reversible
states exist-that is, once the system flips into such a state, only explicit manage-
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ment intervention can return its previous self-sustaining state, and even then
success is not assured (Walker, 1981). Critical processes function at radically
different rates covering several orders of magnitude, and these rates cluster
around a few dominantfrequencies.

• Spatial attributes are not uniform or scale invariant. Rather, productivity
and textures are patchy and discontinuous at all scales from the leaf to the indi­
vidual, the vegetation patch, the landscape, and the planet. There are several
different ranges of scales each with different attributes of patchiness and texture
(Holling, 1992). Therefore scaling up from small to large cannot he a process of
simple linear addition; nonlinear processes organize the shift from one range of
scales to another. Not only do the large and slow variables control small andfast
ones, the latter occasionaLLy "revolt" to affect the former.

• Ecosystems do not have single equilibria with functions controlled to
remain near them. Rather, destabilizing forces far from equilibria, multiple equi­
libria, and disappearance of equilibria define functionally different states, and
movement between states maintains structure and diversity. On the one hand,
destabilizing forces are important in maintaining diversity, resilience, and op­
portunity. On the other hand, stabilizing forces are important in maintaining
productivity and biogeochemical cycles, and even when these features are per­
turbed, they recover rather rapidly if the stability domain is not exceeded (e.g.,
recovery oflakes from eutrophication or acidification, Schindler, 1990; Schindler
et aI., 1991).

• Policies and management that apply fixed rules for achieving constant
yields (such as constant carrying capacity of cattle or wildlife or constant sustain­
able yield of fish, wood, or water), independent of scale, lead to systems that
gradually lose resilience and suddenly break down in the face of disturbances that
previously could be absorbed (Holling, 1986). Ecosystems are moving targets,
with multiple potential futures that are uncertain and unpredictable. Therefore
management has to be flexible, adaptive, and experimental at scales compatible
with the scales ofcritical ecosystem functions (Walters, 1986).

The features described above are the consequence of the stability properties
of natural systems. In the ecological literature, these properties have been given
focus through debates On the meaning and reality of the resilience of ecosystems.
For that reason, and because the same debate seems to be emerging in economics,
I will review the concepts to provide a foundation for understanding.

THE TWO FACES OF RESILIENCE

Resilience of a system has been defined in two different ways in the ecologi­
cal literature. These differences in definition reflect which of two different
aspects of stability are emphasized. I first emphasized the consequences of those
different aspects for ecological systems to draw attention to the paradoxes be-
























