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what is a tipping point?



Dictionary
Definitions from Oxford Languages · Learn more

noun: tipping point; plural noun: tipping points

the point at which a series of small changes or 
incidents becomes significant enough to cause a 
larger, more important change.
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noun: tipping point; plural noun: tipping points

the point at which a series of small changes or 
incidents becomes significant enough to cause a 
larger, more important change.

Common points

• Contagious behavior
• Little changes, big effects
• Fast

à The « tipping point »
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Hi Chat! Can you define a tipping point?

ChatGPT said:

A tipping point in ecological and environmental science refers to a critical 
threshold at which a small change in external conditions can lead to a 
dramatic shift in the state or dynamics of a system. Once this point is crossed, 
the system may undergo rapid, often irreversible changes, leading to a new 
equilibrium or state.



Hi Chat! Can you define a tipping point?

ChatGPT said:

A tipping point in ecological and environmental science refers to a critical 
threshold at which a small change in external conditions can lead to a 
dramatic shift in the state or dynamics of a system. Once this point is crossed, 
the system may undergo rapid, often irreversible changes, leading to a new 
equilibrium or state.

For example, in ecosystems, a tipping point might occur when gradual 
changes in temperature, nutrient levels, or species populations reach a critical 
level, causing the entire ecosystem to shift to a new regime (e.g., a forest 
turning into a savanna). These changes are often nonlinear, meaning that small 
inputs can have disproportionately large effects.

Key characteristics of tipping points include:
•Nonlinearity: Responses become disproportionate to changes in inputs.
•Threshold behavior: The system remains stable up to a certain point but 
changes dramatically after crossing a threshold.
•Irreversibility: In many cases, once a system crosses a tipping point, returning 
to its original state is difficult or impossible.
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Instead what do you think is not a tipping point?

ChatGPT said:
A situation that is not a tipping point involves gradual, linear changes where the system 
responds predictably to small inputs or disturbances without experiencing a sudden, 
dramatic shift. In such cases, the system remains resilient and returns to its original state 
or adjusts proportionally to the external changes, without crossing a critical threshold.



Instead what do you think is not a tipping point?

ChatGPT said:
A situation that is not a tipping point involves gradual, linear changes where the system 
responds predictably to small inputs or disturbances without experiencing a sudden, 
dramatic shift. In such cases, the system remains resilient and returns to its original state 
or adjusts proportionally to the external changes, without crossing a critical threshold.

Examples of what is not a tipping point:
1.Linear changes: If an ecosystem experiences a slow, steady decline in biodiversity 
due to consistent but manageable habitat loss, but it doesn't result in a dramatic 
collapse or a sudden shift in ecosystem function, this would not be considered a 
tipping point.
2.Reversible processes: A lake undergoing seasonal temperature fluctuations that lead 
to temporary changes in species behavior, but then recovers to its usual state, is not 
experiencing a tipping point. The system shows resilience and reversibility.
3.Incremental effects: An increase in pollution that leads to a proportionate decline in 
fish populations over time, without triggering a sudden collapse or regime shift in the 
aquatic ecosystem, represents a non-tipping-point scenario. The system deteriorates 
slowly rather than shifting abruptly.

In summary, not all ecological changes involve tipping points—some involve steady, 
predictable, and often reversible changes where the system doesn’t suddenly switch 
states.



Tipping point:

(…) a situation where accelerating change caused by a 
positive feedback drives the system to a new state 
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Over the past 10 years the use of
the term ‘tipping point’ in the sci-
entific literature has exploded. It
was originally used loosely as a
metaphor for the phenomenon
that, beyond a certain threshold,
runaway change propels a system
to a new state. Although several
specific mathematical definitions
have since been proposed, we
argue that these are too narrow
and that it is better to retain the
original definition.

The oldest reference to the metaphor
‘tipping point’ that we encountered
was in studies about racial segregation,
to denote the set of conditions that led
to the rapid flight of the existing white
majority class from neighborhoods in US
cities in the 1950s [1]. For decades the
term was used solely in this context.
After 2000 the popularity of the term
rose exponentially, especially in climate
science, environmental sciences, and
ecology (Figure 1). This sudden increase
was most likely induced by the popular

book The Tipping Point [2], published in
2000.

In this book Malcolm Gladwell describes
various social examples, such as fashion
trends and changes in criminality rates,
where small initial changes led to a run-
away process, causing big transitions. A
more recent example is the bankruptcy of
Lehman Brothers investment bank on
15 September 2008, initiating a global
financial crisis [3]. Such relatively small
events can accelerate in surprising ways
as the transition unfolds. For instance,
after Lehman Brothers fell, confidence in
the stability of the financial systems was
rapidly declining. The rising panic on the
markets led banks to increase their liquid-
ity, which contributed further to transmit-
ting the crisis to other economic sectors
[3]. In ecology there are also well-known

examples of such self-propelled acceler-
ating change. For instance, when tree
mortality opens up the canopy of tropical
forests, grasses might invade, increasing
the chances of wildfires that subsequently
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Figure 1. The Recent Rise of the Term ‘Tipping
Point’ in the Scientific Literature (Source: ISI
Web of Science). The red line shows the number
of articles that are labeled with the research field
‘environmental science and ecology’.
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Figure 2. Two Types of Tipping Points (after [10]). (A) The original potential landscape. (B) Change in
external conditions until the current state becomes unstable in a bifurcation, and (C) change in state until the
current state becomes unstable in an unstable equilibrium (or saddle point). Red arrows show how the system
changes; black arrows show the accelerated change of the system. We used the well-known model of
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x2þH2; where c = 2.1 or 1.7; H = 1; K = 10, and the potentials are calculated using
the formula of Strogatz [12] (see also Videos V1 and V2).
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(…) a tipping point as occurring when change in part of a 
system becomes self-perpetuating beyond a threshold, 
leading to substantial, widespread, frequently abrupt and 
often irreversible impact (…).
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Tipping point - Phenology:

• Abrupt (relative to the driver and system time-scale) 

• Unexpected (triggered by small perturbations/changes)

• Substantial (catastrophic)

Tipping point - Mechanism:

An additional positive feedback arises from the inter-

action between herbivores and macroalgae (Table 1;
Fig. 2). As herbivorous fishes become depleted by over-

fishing, grazing pressure per unit of macroalgae is reduced,

and too few herbivores may become swamped by too much
macroalgae (Mumby et al. 2007; Scheffer et al. 2008).

Grazing pressure can become further reduced if algae

become less palatable as they mature and grow
(McClanahan et al. 2002). For example, on many over-

fished reefs in the Caribbean, regional-scale blooms of

macroalgae occurred following mass mortality of grazing
sea urchins due to disease because overfished stocks of

herbivorous fishes were unable to consume enough algae

(Hughes 1994). Similarly, a bloom of seaweed following a
pulse of nutrients may also arise in part from a lower

grazing pressure per unit of macroalgae (Scheffer et al.

2008). This feedback between herbivores and macroalgae
could potentially lead to the replacement of corals by

faster-growing seaweed (Hughes 1994; Mumby et al. 2007;

Scheffer et al. 2008). However, on reefs with intact her-
bivore populations, this herbivore–macroalgae feedback

may be very weak. For example, exposed reef crests on the

Great Barrier Reef routinely lose most of their coral cover
during recurrent cyclones, but return afterwards to high

coral cover rather than flipping to a macroalgal state

(Connell et al. 1997). Consequently, local variation in

fishing pressure on herbivores, in their species composi-

tion, and in palatability of macroalgae are all likely to
influence the strength of this feedback.

Positive feedbacks on coral reefs can also arise from

human behaviour (Table 1). For example, the intensity of
fishing often increases in response to declining catch rates,

which can drive stocks further downward. This positive

feedback can occur, for instance, if government subsidies
are linked to dwindling catches, if fishers switch to a more

efficient type of gear when catches decline, or if they target
seasonal spawning aggregations in depleted fisheries

(Mackinson et al. 1997). As with feedbacks that are strictly

biological, the strength of social feedbacks varies greatly
from place to place and over time.

Importantly, empirical evidence for the existence of any

specific positive feedback mechanism does not prove that
alternate stable states occur, because the feedback may be

too weak or intermittent. Also, empirical information on

spatial and temporal variation in almost all of these feed-
backs (Table 1) is either non-existent or very sparse. This

makes it challenging to understand the response of any

particular coral reef to accumulating stress. Our aim here is
to improve the general understanding of the interplay of

feedbacks in coral reefs in relation to the occurrence of

alternate stable states, with an ultimate goal of preventing
unexpected transitions to undesired states.

In this paper, we develop a simple model of a coral reef

ecosystem to illustrate the interplay of multiple positive
feedbacks, and to explore how differences in local environ-

mental conditions, and thus in feedback strength, can affect

the stability of coral reefs, leading in some circumstances to
the emergence of alternate stable states. Previous work on

alternate stable states on coral reefs has included more

elaborate models examining hysteresis (e.g., Blackwood
et al. 2010; Mumby et al. 2007), and the effect of multiple

stressors (e.g., Blackwood et al. 2011; Fung et al. 2011).

Here, we focus explicitly on a scenario in which multiple
weak positive feedbacks interact. Because the strength of

negative and positive feedbacks is contingent on synergies

between them, and on the vagaries of local conditions, we
conclude that a complex ecosystem such as a coral reef will

likely exhibit a wide variety of responses to external drivers

that may or may not include alternate stable states.

Model

To explore how multiple interacting feedbacks could affect

the dynamics of coral reefs, we developed a model that
explicitly incorporates three positive feedback mecha-

nisms. We set the strength of each of these feedbacks in

such a way that individually they were too weak to gen-
erate alternate stable states. Subsequently, we combined
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Fig. 2 An overview of the modelled feedbacks and drivers of change
on coral reefs. The qualitative effect of each feedback route in the
diagram can be determined by multiplying the signs on the arrows of
the route taken. Two negative effects thus combine to cause a positive
feedback. For instance, herbivores reduce the biomass of macroalgae,
but abundant macroalgae can reduce the impact of herbivores if they
swamp grazing pressure and become less palatable. Such a double
negative effect can result in a positive feedback. A three-phase
positive feedback occurs between corals, herbivores, and macroalgae
(?, -, -). Negative feedbacks act to balance runaway change. For
instance, maximum densities of all populations are ultimately limited
by competition represented by small negative feedback loops that
depict self-limitation. For a more extensive overview of documented
positive feedbacks on coral reefs, see Table 1
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An additional positive feedback arises from the inter-

action between herbivores and macroalgae (Table 1;
Fig. 2). As herbivorous fishes become depleted by over-

fishing, grazing pressure per unit of macroalgae is reduced,

and too few herbivores may become swamped by too much
macroalgae (Mumby et al. 2007; Scheffer et al. 2008).

Grazing pressure can become further reduced if algae

become less palatable as they mature and grow
(McClanahan et al. 2002). For example, on many over-

fished reefs in the Caribbean, regional-scale blooms of

macroalgae occurred following mass mortality of grazing
sea urchins due to disease because overfished stocks of

herbivorous fishes were unable to consume enough algae

(Hughes 1994). Similarly, a bloom of seaweed following a
pulse of nutrients may also arise in part from a lower

grazing pressure per unit of macroalgae (Scheffer et al.

2008). This feedback between herbivores and macroalgae
could potentially lead to the replacement of corals by

faster-growing seaweed (Hughes 1994; Mumby et al. 2007;

Scheffer et al. 2008). However, on reefs with intact her-
bivore populations, this herbivore–macroalgae feedback

may be very weak. For example, exposed reef crests on the

Great Barrier Reef routinely lose most of their coral cover
during recurrent cyclones, but return afterwards to high

coral cover rather than flipping to a macroalgal state

(Connell et al. 1997). Consequently, local variation in

fishing pressure on herbivores, in their species composi-

tion, and in palatability of macroalgae are all likely to
influence the strength of this feedback.

Positive feedbacks on coral reefs can also arise from

human behaviour (Table 1). For example, the intensity of
fishing often increases in response to declining catch rates,

which can drive stocks further downward. This positive

feedback can occur, for instance, if government subsidies
are linked to dwindling catches, if fishers switch to a more

efficient type of gear when catches decline, or if they target
seasonal spawning aggregations in depleted fisheries

(Mackinson et al. 1997). As with feedbacks that are strictly

biological, the strength of social feedbacks varies greatly
from place to place and over time.

Importantly, empirical evidence for the existence of any

specific positive feedback mechanism does not prove that
alternate stable states occur, because the feedback may be

too weak or intermittent. Also, empirical information on

spatial and temporal variation in almost all of these feed-
backs (Table 1) is either non-existent or very sparse. This

makes it challenging to understand the response of any

particular coral reef to accumulating stress. Our aim here is
to improve the general understanding of the interplay of

feedbacks in coral reefs in relation to the occurrence of

alternate stable states, with an ultimate goal of preventing
unexpected transitions to undesired states.

In this paper, we develop a simple model of a coral reef

ecosystem to illustrate the interplay of multiple positive
feedbacks, and to explore how differences in local environ-

mental conditions, and thus in feedback strength, can affect

the stability of coral reefs, leading in some circumstances to
the emergence of alternate stable states. Previous work on

alternate stable states on coral reefs has included more

elaborate models examining hysteresis (e.g., Blackwood
et al. 2010; Mumby et al. 2007), and the effect of multiple

stressors (e.g., Blackwood et al. 2011; Fung et al. 2011).

Here, we focus explicitly on a scenario in which multiple
weak positive feedbacks interact. Because the strength of

negative and positive feedbacks is contingent on synergies

between them, and on the vagaries of local conditions, we
conclude that a complex ecosystem such as a coral reef will

likely exhibit a wide variety of responses to external drivers

that may or may not include alternate stable states.

Model

To explore how multiple interacting feedbacks could affect

the dynamics of coral reefs, we developed a model that
explicitly incorporates three positive feedback mecha-

nisms. We set the strength of each of these feedbacks in

such a way that individually they were too weak to gen-
erate alternate stable states. Subsequently, we combined
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Fig. 2 An overview of the modelled feedbacks and drivers of change
on coral reefs. The qualitative effect of each feedback route in the
diagram can be determined by multiplying the signs on the arrows of
the route taken. Two negative effects thus combine to cause a positive
feedback. For instance, herbivores reduce the biomass of macroalgae,
but abundant macroalgae can reduce the impact of herbivores if they
swamp grazing pressure and become less palatable. Such a double
negative effect can result in a positive feedback. A three-phase
positive feedback occurs between corals, herbivores, and macroalgae
(?, -, -). Negative feedbacks act to balance runaway change. For
instance, maximum densities of all populations are ultimately limited
by competition represented by small negative feedback loops that
depict self-limitation. For a more extensive overview of documented
positive feedbacks on coral reefs, see Table 1
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‘Tipping point’

Catastrophic bifurcation
Catastrophic shift
Critical transition

Discontinuous transition
Phase transition

Regime shift

Phenology: abrupt+unexpected+substantial

State A

State B



Mechanism: strong positive feedback (self-perpetuating)

State A

State B

positive feedback

‘Tipping point’

An additional positive feedback arises from the inter-

action between herbivores and macroalgae (Table 1;
Fig. 2). As herbivorous fishes become depleted by over-

fishing, grazing pressure per unit of macroalgae is reduced,

and too few herbivores may become swamped by too much
macroalgae (Mumby et al. 2007; Scheffer et al. 2008).

Grazing pressure can become further reduced if algae

become less palatable as they mature and grow
(McClanahan et al. 2002). For example, on many over-

fished reefs in the Caribbean, regional-scale blooms of

macroalgae occurred following mass mortality of grazing
sea urchins due to disease because overfished stocks of

herbivorous fishes were unable to consume enough algae

(Hughes 1994). Similarly, a bloom of seaweed following a
pulse of nutrients may also arise in part from a lower

grazing pressure per unit of macroalgae (Scheffer et al.

2008). This feedback between herbivores and macroalgae
could potentially lead to the replacement of corals by

faster-growing seaweed (Hughes 1994; Mumby et al. 2007;

Scheffer et al. 2008). However, on reefs with intact her-
bivore populations, this herbivore–macroalgae feedback

may be very weak. For example, exposed reef crests on the

Great Barrier Reef routinely lose most of their coral cover
during recurrent cyclones, but return afterwards to high

coral cover rather than flipping to a macroalgal state

(Connell et al. 1997). Consequently, local variation in

fishing pressure on herbivores, in their species composi-

tion, and in palatability of macroalgae are all likely to
influence the strength of this feedback.

Positive feedbacks on coral reefs can also arise from

human behaviour (Table 1). For example, the intensity of
fishing often increases in response to declining catch rates,

which can drive stocks further downward. This positive

feedback can occur, for instance, if government subsidies
are linked to dwindling catches, if fishers switch to a more

efficient type of gear when catches decline, or if they target
seasonal spawning aggregations in depleted fisheries

(Mackinson et al. 1997). As with feedbacks that are strictly

biological, the strength of social feedbacks varies greatly
from place to place and over time.

Importantly, empirical evidence for the existence of any

specific positive feedback mechanism does not prove that
alternate stable states occur, because the feedback may be

too weak or intermittent. Also, empirical information on

spatial and temporal variation in almost all of these feed-
backs (Table 1) is either non-existent or very sparse. This

makes it challenging to understand the response of any

particular coral reef to accumulating stress. Our aim here is
to improve the general understanding of the interplay of

feedbacks in coral reefs in relation to the occurrence of

alternate stable states, with an ultimate goal of preventing
unexpected transitions to undesired states.

In this paper, we develop a simple model of a coral reef

ecosystem to illustrate the interplay of multiple positive
feedbacks, and to explore how differences in local environ-

mental conditions, and thus in feedback strength, can affect

the stability of coral reefs, leading in some circumstances to
the emergence of alternate stable states. Previous work on

alternate stable states on coral reefs has included more

elaborate models examining hysteresis (e.g., Blackwood
et al. 2010; Mumby et al. 2007), and the effect of multiple

stressors (e.g., Blackwood et al. 2011; Fung et al. 2011).

Here, we focus explicitly on a scenario in which multiple
weak positive feedbacks interact. Because the strength of

negative and positive feedbacks is contingent on synergies

between them, and on the vagaries of local conditions, we
conclude that a complex ecosystem such as a coral reef will

likely exhibit a wide variety of responses to external drivers

that may or may not include alternate stable states.

Model

To explore how multiple interacting feedbacks could affect

the dynamics of coral reefs, we developed a model that
explicitly incorporates three positive feedback mecha-

nisms. We set the strength of each of these feedbacks in

such a way that individually they were too weak to gen-
erate alternate stable states. Subsequently, we combined
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Fig. 2 An overview of the modelled feedbacks and drivers of change
on coral reefs. The qualitative effect of each feedback route in the
diagram can be determined by multiplying the signs on the arrows of
the route taken. Two negative effects thus combine to cause a positive
feedback. For instance, herbivores reduce the biomass of macroalgae,
but abundant macroalgae can reduce the impact of herbivores if they
swamp grazing pressure and become less palatable. Such a double
negative effect can result in a positive feedback. A three-phase
positive feedback occurs between corals, herbivores, and macroalgae
(?, -, -). Negative feedbacks act to balance runaway change. For
instance, maximum densities of all populations are ultimately limited
by competition represented by small negative feedback loops that
depict self-limitation. For a more extensive overview of documented
positive feedbacks on coral reefs, see Table 1
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important than the abruptness (catastrophism) that usually 
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• Is it well-defined?

Yes. Buzzword - but definitions way better than I expected!

• What is perhaps less well defined?

Potential irreversibility the main distinct feature that is more 
important than the abruptness (catastrophism) that usually 
draws more attention

response by ecosystems to a change in conditions or drivers
might be fast or slow in all three cases depending on the
response time of the system.

Intuitively, fast-responding systems exhibit gradual
transitions over time only when the equilibrium response
to increased drivers is smooth (Figure 1d), and they show
abrupt behaviour when the equilibrium response has a
threshold (Figure 1e,f). By contrast, slowly responding
systems always show a gradual shift to a new state even
if an ‘abrupt’ or ‘catastrophic’ threshold has been trans-
gressed (Figure 1d–f). This transient behaviour by rela-
tively slow systems is unlikely to be recognized as a regime
shift to a new equilibrium, because of the common expec-
tation that regime shifts are necessarily sudden, unfolding
over weeks or months rather than centuries or millennia.
Furthermore, the time it takes to reverse a regime shift is
likely to be even slower and harder to measure [21]. For
example, populations of long-lived megafauna or trees
might be depleted quickly by a small increase in the rate
of harvesting, but their life-histories dictate very slow
recoveries even if harvesting ceases completely. These slow
ecosystem responses affect the dynamics and reversibility
of alternate stable states, and significantly hinder the
policy and management responses to crossing dangerous
tipping points (Box 1).

Empirical evidence for slow regime shifts
Complex systems such as the earth’s climatic, ecosystems,
and societies (and combinations of them) all have elements
that operate at multiple temporal and spatial scales, and
these asynchronous dynamics often create complicated

transient behaviour during regime shifts. For example,
the time it takes for a species’ range to expand or contract
due to climate change varies enormously, depending on its
physiology, mobility, life history, and interactions with
other species [23]. Consequently, the rapid shift in climate
at the end of the last ice age precipitated a succession of
staggered poleward expansions of animal and plant species
[24]. The northern range of maple trees expanded relative-
ly quickly from Florida towards southern Canada between
14 000 and 6000 years BP. By contrast, hemlock, beech,
and chestnut took thousands of years longer to reach new
northern limits, creating non-equilibrium forest assem-
blages that continued to change for millennia. This kind
of dynamic is well-known [23], but it is rarely viewed as a
slow continental-scale regime shift from one equilibrium
towards another [5,6]. The ecosystem responses by plant
assemblages to changes in climate during the Holocene
continued long after the climatic drivers changed to warm-
er conditions, with asynchronous responses by different
species over hundreds of human generations. Contempo-
rary ecosystems across the world are also displaying this
transient behaviour in response to anthropogenic climate
change, creating novel assemblage structures that will
continue to change for the foreseeable future, for example,
[25,26].

The ubiquitous phenomenon of delays between cause
and effect, and its consequences for generating transient
behaviour, has been explored in many contexts in popula-
tion biology, community ecology, and evolution (e.g.,
[10,27–30]), but the connection to tipping points and
alternate stable states has rarely been made explicitly.
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TRENDS in Ecology & Evolution 

Figure 1. The response of a dynamic system (at equilibrium) to slowly changing conditions or environmental drivers might be (a) smooth, (b) a pronounced threshold at
particular conditions, or (c) a transition between two alternate stable states, showing two thresholds as the driver increases or decreases. In some cases, ecosystem
changes such as desertification or salinization of soils might be irreversible. This represents a fourth response (not shown), where the return trajectory intercepts the y-axis
[53]. Many studies tacitly assume that (a) is gradual, while (b) and (c) are abrupt, even though the x-axis is not time. Moreover, the ecological behaviours in panels (a–c) are
all equilibrium responses, and consequently the timeline for transition to equilibrium for any incremental increase or decrease of the drivers is undefined across its full
range. In panels (d–f), we examine how fast- and slow-responding systems change through time when they respond to an escalating driver according to the smooth or
abrupt equilibrial behaviour shown in (a–c). Model simulations show that fast-responding systems exhibit gradual trajectories through time (d) when the response is
smooth (a), or they show abrupt trajectories through time (e, f) when the response has a threshold (b, c). Importantly, slowly responding systems always exhibit a gradual
shift in ecosystem state through time (d–f) even after a steep threshold has been transgressed (e, f). (See Supplemental Material for model details.)
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• Is it well-defined?

Yes. Buzzword - but definitions way better than I expected!

• What is perhaps less well defined?

Potential irreversibility the main distinct feature that is more 
important than the abruptness (catastrophism) that usually 
draws more attention

• Should we define it?

Yes. Need to be defined when used to avoid 
misunderstandings - especially as there is a whole family of 
related terms
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