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Abstract.
This is a descriptive paper that shows how a game of life
we are engaged in can slowly change, and even improve in the sense of the
same actions resulting in higher payoﬀs as time progresses. However, while
this society keeps growing, in terms of payoﬀs increasing over time, the slow
drift of the underlying game takes it towards a collapse by changing the game’s
strategic character. This fable thus concerns our long-run survival and prompts
us to do what dinosaurs were not capable of but we, in principle, are, which is
to think about our own predicament and try to engineer changes in our own
behavior and in market regulation to avert the risk of our own extinction.
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1. Affluence and civilizational collapse
Sixty-six million years ago the dinosaur lived peacefully enough on earth. It had
evolved steadily, from the relatively small creature to the massive Tyrannosaurus rex.
Then within a relatively short period–meaning a million years–it was gone, extinct.
It may have been a massive extra-terrestrial asteroid hit, a bout of increasingly severe
volcanos or a gradual shift in the climate, with changing sea-levels. Whatever the
cause, the dinosaur had evolved into a creature ready for extinction. However, there
were other creatures from that time–snails, birds and sea urchins–that survived
and even flourished.
The Indus Valley civilization collapsed somewhere between 1800 and 1500 BCE.
The original belief was that this sophisticated society buckled under repeated attacks
by a nomadic group, the Aryans, who had one advantage–they had learned to tame
and ride the horse. This has now given way to the theory of climate change. The slow
eastward shift of the monsoon and also the plentiful use of water by the inhabitants
of the civilization, unaware that this was aﬀecting their own viability, caused water
tables to drop, trees to perish and ultimately for the civilization to collapse and
scatter.
This paper creates a fable, the dinosaur game, that society plays, with a slow drift
beneath the surface, brought about by technological progress or some environmental
drift. But this same process also moves the society towards its own possible doom. If
the players continue the same way, each maximizing his or her own payoﬀ, this same
behavior becomes the source of the society’s collapse. We call the dinosaur game a
fable because it does not try to describe any reality pertaining to the dinosaur but
simply illustrates how the slow shift of the ground beneath our feet, even when it
looks like progress, could be laying the seeds of our own collapse. While this game is
imaginary, it illustrates some of the real risks that human societies face and how we
may want to analyze them to escape such a predicament.
One diﬀerence that we humans have with the dinosaur is that we are the first
creatures who can think and analyze the risks of our own extinction, and maybe even
take corrective actions. The people of Indus Valley, though they were capable of selfanalysis, were not endowed with enough scientific knowledge to know that they were
damaging the environment in which they lived and pushing it towards a non-viable
state. As the Economist magazine recently pointed out while discussing contemporary technological advances in synthetic biology, that, unlike earlier advances when
their importance and challenge were realized in retrospect, “This time there will be
foresight. It will not be perfect. There will be unanticipated eﬀects. . . . It will challenge the human capacity for wisdom and foresight. It might defeat it. But carefully
nurtured, it might also help expand it.” [The Economist, April 6, 2019, p. 11]
This is precisely what the fable in this paper tries to highlight. It illustrates a slow

THE DINOSAUR RISK

- A FABLE OF CIVILIZATIONAL COLLAPSE -

3

drift towards a possible calamity and urges us to analyze our own predicament and
try to change our own behavior. Today, we have the capacity for self-analysis and also
an increasing body of scientific knowledge. This capacity of human beings to step
beyond their immediate self-interest is usually ignored in standard economics and
game theory. Yet it is important in reality. As Dixit and Nalebuﬀ (2008) observe (p.
x), “Strategic thinking [. . . ] is also the art of finding ways to cooperate, even when
others are motivated by self-interest, not benevolence. It is the art of convincing
others, and even yourself, to do what you say. It is the art of interpreting and
revealing information. It is the art of putting yourself in others’ shoes so as to
predict and influence what they will do.” This thinking beyond the immediate game
may be hard to formalize but that is what we need to do to promote sustainability.
We run similar risks when we get ideologically committed to the belief that in
everyday economic life, the invisible hand will always guide society to an optimal
outcome. The invisible hand is indeed a beautiful idea and it can deliver a lot. We
just have to look around and see what ordinary individuals have achieved without
guidance from the state or heaven. However, there is no reason to believe that this
will always be so. As our environment changes, and as the advance of technology
continues, it is entirely plausible that our economic life, depicted by the underlying
game of life, will also change. The invisible hand, which worked well for a long time,
may cease to do so, beyond a certain point.
When early human beings lived in village societies with simple technologies there
may have been no compelling reason to have conventions on climate change and regulatory restraints on behavior that has environmental externalities on other societies.
That is no longer the case now. Without such conventions and restraints on individual behavior and the actions of nations, it is unlikely that human civilization as we
know it will survive.
Likewise, the slow march of technology, globalization, and increasing returns to
scale, may be changing the nature of the market, which needs new laws and regulations for us to survive. The dinosaur game is a fable to illustrate this, to show that the
same behavior which promotes societal well-being and development may, beyond a
critical point, become destructive, leading society towards civilizational collapse. As
Harari (2011) reminds us so eloquently (p. 115): “Yet, it was at that moment of maximum aﬄuence that the Roman political order collapsed into a series of deadly civil
wars. Yugoslavia in 1991 had more than enough resources to feed all its inhabitants,
and still disintegrated into a terrible bloodbath.”
The aim of the fable is to contribute to our ability for self-analysis so that we
can better understand if we are heading towards a collapse and, if so, to try to
modify our behavior and to bring regulation where none may have been needed earlier,
and, equally, remove regulations that may have outlived their purpose and are mere
residues of past needs. In order to keep the analysis simple, we neglect distributional
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issues. Arguably, the poor will be more severely hit by pollution than the rich.
The present simple model can be generalized to incorporate this aspect, albeit at
a relatively high cost of analytical complexity, and is therefore left out. Instead,
the analysis turns around technological change and the environment. In the words
of Nordhaus (2019): "...the economics of technological change and the modelling of
climate-change economics [...] might at first seem to live in separate universes. The
truth is that they are manifestations of the same fundamental phenomenon, which
is a global externality or global public good. Both involve science and technology,
and both involve the inability of private markets to provide an eﬃcient allocation of
resources." (op.cit. p. 1991)
2. The dinosaur game
To keep the modeling simple and spare, we shall assume, as economists and game
theorists usually do, that ‘rationality’ is defined as behavior meant to maximize one’s
own utility or payoﬀ. Beyond this, there is no need for the subsequent analysis to
assume that rationality is common knowledge. We shall, instead assume
[A1] All individuals are rational and their preferences are represented by
the game payoﬀs,
[A2] A1 is known by all individuals.
The base-line dinosaur game is a finite and symmetric two-player game, in which
each of the two players chooses a strategy from the same set  = {1 2 3}. The game
is described in the payoﬀ table given below, with player 1 choosing row and player 2
column, the number in each entry of the table being the payoﬀ to player 1.
Table 1: The base-line dinosaur game.
1
1 1
2 2
3 0

2
3
4
5

3
6
7
8

Given the above assumptions, A1 and A2, the outcome of this game is predictable.
Clearly, no rational player will use strategy 1 because this is strictly dominated by
strategy 2. No matter what the other player does you earn more by choosing 2 instead
of 1. Since both players are rational and know that both are rational, they know that
strategy 1 will not be chosen by anyone of them. That being so, it is rational not to
choose strategy 2, since strategy 3 is better as long as the other player does not use
strategy 1. In brief, the outcome of the above game is that both will play strategy 3.
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As a consequence, they will earn payoﬀ 8 each. In the language of game theory the
strategy pair (3 3) is a (strict) Nash equilibrium. But, not only that, it is the unique
strategy pair that survives the iterated elimination of strictly dominated strategies.
So this outcome is very robust.
However, this is not the full dinosaur game, but its start. The full dinosaur game
involves a drift, that is, the game payoﬀs slowly shift over time. The full dinosaur
game involves describing for each time  ≥ 0 a game (). The game captures the
idea that danger of collapse lurks even when technology is progressing. So, here is
the full dinosaur game. It is played by individuals in a large population, where the
influence of each individual’s action is negligible. It is as if individuals "play the field"
in the sense that each individual at each moment in time chooses one of the three
pure strategies, and the current payoﬀ to each strategy depends on the population
fraction using each of the three strategies. Aggregate population behavior may over
time influence the natural environment as well as the rate of technological progress.
At any time  ≥ 0, the dinosaur game,  (), is defined by the following payoﬀ table:
Table 2: The full dinosaur game.
1
1 1 + 2 −  2
2 2 +  − 2
3
 − 2

2
3 + 8 −  2
4 + 7 −  2
5 + 6 −  2

3
6 + 19 −  2
7 + 20 −  2
8 + 19 −  2

Here   0,  =  () is the current level of technology and  =  () the current
level of pollution, both levels normalized to be zero at time  = 0. As seen in the table,
each payoﬀ increases linearly with the level of technology and decreases quadratically
with the pollution level. These levels, in turn, evolve continuously over time, an
evolution that may depend on the history of population play up to the time  in
question. More precisely, we suppose that their evolution is given by the following
pair of diﬀerential equations (with "·" signifying time derivative):
½
̇ () =  [ ()   ()   ()]
,
(1)
̇ () =  [ ()   ()   ()]
where  =  () = (1 ()  2 ()  3 ()) is aggregate population play at time , with
 () ≥ 0 denoting the population fraction using pure strategy  ∈  at time  ≥ 0.1
In order for this dynamic to be well-defined, we take both functions,  and , to be
Lipschitz continuous. In addition, we assume  to be decreasing in 1 and increasing
1

As noted above, under assumptions A1 and A2, at time zero all individuals use strategy 3, so
 (0) = (0 0 1). We assume that thereafter individuals’ strategy choices are made at discrete times,
see Section 3.

THE DINOSAUR RISK

- A FABLE OF CIVILIZATIONAL COLLAPSE -

6

in 3 , with  (  )  0 if 1 = 1,  (  ) = 0 if 2 = 1, and  (  )  0 if
3 = 1. In other words, the pollution level decreases if everybody uses strategy 1,
stays constant if everybody uses strategy 2, and increases if everybody uses strategy 3.
Strategy 1 may thus be called "environmentally friendly", strategy 2 "environmentally
sustainable", and strategy 3 "environmentally harmful". Technology growth may
hence depend on the current level of pollution and on how much each strategy is used,
such endogenous-growth eﬀects being reflected by the function . Moreover, the level
of technology may influence the environmental consequences of the three strategies.
Such dependence of pollution on technology is reflected by the third argument of the
function .
Looking back at the payoﬀs in Table 2, we note that if everyone else uses strategy
3 ("business as usual"), then all three strategies’ payoﬀs increase strongly with the
level of technology, at about the same rate, but with the environmentally sustainable
strategy 2 at a slightly higher rate. If everyone else uses strategy 2, then payoﬀs
to all three strategies still grow with technology, but less than when all others use
strategy 3, and now the payoﬀ of the environmentally friendly strategy 1 grows a bit
faster than that of strategy 2, which in turn grows a bit faster than that to strategy
3. If, finally, all others use strategy 1, then the payoﬀs to all strategies still grow
with technology, but now at slower rates, and now the payoﬀ of strategy 1 grows the
fastest. We assume that individuals can frequently change their strategies, so their
time preferences do not matter for their strategy choice.2
We have intentionally made the structure of the payoﬀ table in the dinosaur game
in Table 2 simple, in order to facilitate the game-theoretic analysis. In particular,
pollution enters as a constant term, added to the payoﬀ to each strategy. The strategic
nature of the game does thus not depend on the level of pollution. By contrast,
the strategic nature of the game does depend on the level of technology.3 Under
assumptions A1 and A2, all individuals will initially, at time  = 0, use only strategy
3, and they will continue doing so as long as the level of technology, , remains below
unity. This can be verified by inspection of Table 2, where strategy 1 is strictly
dominated by strategy 2 whenever   1, and, if nobody uses strategy 1, then also
strategy 2 becomes strictly dominated.
That the level of pollution does not influence strategy choice may first appear
strange. However, this follows from three assumptions in combination: (i) individuals’
preferences are represented by their individual payoﬀs, (ii) pollution is unaﬀected by
any single individual’s strategy choice, and (iii) the payoﬀs to all strategies are equally
2

See Section 3 for a more precise specification.
A more general class of dinosaur games is obtained by letting its payﬀs be of the form   +  −
  2 , where  are the payoﬀs in Table 1 and   and  are positive coeﬃcients that represent
the sensitivity to technology and pollution of the payoﬀ to strategy  when matched against strategy
.
3
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aﬀected by the current level of pollution. Assumption (iii) is arguably reasonable in
some choice situations, such as when choosing among alternative energy systems for
one’s house. However, there clearly are other situations in which pollution does aﬀect
strategy payoﬀs diﬀerentially. This is, for example, the case when choosing between
recreational activities such as lake swimming versus reading a book, where the payoﬀ
to swimming is evidently sensitive to the level of water pollution but reading is not.
By letting the pollution sensitivity parameter  diﬀer across strategies, the dinosaur
game in Table 2 can be generalized to permit such diﬀerential payoﬀ eﬀects.
Suppose that the level of technology rises gradually over time. During an initial
time interval, everybody will continue using strategy 3. However, when the level of
technology at some point in time crosses over the value 1, then the strategic character
of the game suddenly undergoes a drastic transformation. The iterated elimination of
dominated strategies now instead leads everybody to use the environmentally friendly
strategy 1. Indeed, if   1, then the dinosaur game, defined in Table 2, flips
over to become a Traveler’s Dilemma (Basu, 1994). This is a dominance solvable
game with strategy 1 as its unique solution; for any value   1, strategy 2 strictly
dominates strategy 3, and, once strategy 3 has been removed, strategy 1 strictly
dominates strategy 2. Hence, for all technology levels  above unity, the dinosaur
game is dominance solvable with the strategy pair (1 1) as its unique solution. As
a consequence, even though everybody’s payoﬀs may initially increase continuously
over time (although at a decreasing rate since the pollution level gradually increases),
standard individual rationality will lead the population to a potential disaster at the
critical time when the level of technology hits the value 1. At that time, all individuals
will switch to strategy 1, and thus their payoﬀs will immediately fall from 27 −  2
to 3 − 2 . This amounts to a drastic fall in everyone’s payoﬀ, and may thus lead
to civilization collapse, a possibility that we illustrate and discuss within a numerical
example in the next section.4
However, let us first step back and reflect on the big picture that we here try to
capture by means of a simple mathematical model. Because although in this paper
we tell a story in terms of technology and pollution, the underlying message is much
broader. Ideologues in economics often take sides on whether human decision-making
should be left entirely to each individual or whether there should be some intervention
at the level of the collective or the state. Unfortunately, reality does not lend itself
easily to such universal rules. The slow shifting of the ground beneath our feet can
change the strategic environment in such a way that the invisible hand may cease to
do the job.
4
While in absolute terms the drop is 24 payoﬀ units, in relative terms the size of the drop depends
on the environmental sensitivity, , and on the current level, , of pollution.
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This civilizational risk and the challenge of climatic disasters, and the need to go
beyond business as usual, is beginning to receive a lot of attention. As the environmentalist Bill McKibben’s (2019) book title, Falter: Has the Human Game Begun
to Play Itself Out? itself suggests, human beings face the risk of end game. Diamond (2019) drives this point home in his recent review of this book, when he writes
(p. 13): “If environmentalists refuse to engage with big companies, in order to push
them to do more good things and fewer bad ones, we could well end up in McKibben’s
worst-case scenario: human extinction.” This means that what could once have been
left to the free market may now need intervention.
What this paper stresses is the need to have this openness to altering policy needs.
Further, the solution need not always lie in government intervention. A modicum of
Kantian ethics can play a critical role in preventing the collapse of markets and
society. That individual selfishness can lead to social good was such a surprising
result that the economics profession was transfixed by it. But the more commonplace
idea that individual morality is also important for the success of society fell by the
wayside.5 This is analyzed at length in Alger and Weibull (2019).6 That paper shows
that morality can potentially play a role in turning society around from the brink of
collapse.
In discussing the issue that we are concerned with in this paper, namely, solving
what is essentially a collective action problem, we face some deep conceptual challenges which are not easy to tackle formally but must not be brushed aside for that
reason. First, note that many collective action problems in life are solved by social
norms which may have evolved over a long time because of a persisting collective action challenge (see Ostrom, 1990). This phenomenon has been discussed recently by
Sunstein (2019), who points out (p. 44), “Most social norms solve collective action
problems. Some of these problems involve coordination; others involve prisoner’s
dilemmas. Norms solve such problems by imposing social sanctions on defectors.
When defection violate norms, defectors might well feel guilt or shame, important
motivational sources. The community may enforce norms through informal punishments, the most extreme form of which is ostracism.”7
Our game with the slow drift through time forces us to ask a second-order question.
If the need for a norm arises gradually and imperceptibly slowly, or suddenly because
the game’s strategic character undergoes a shift, society may be caught without such
a norm. Therein lies the heart of the collective action problem that arises with the
dinosaur game. We may have to collectively anticipate the need for such a norm
5

Exceptions are Arrow (1973), Laﬀont (1975) and Sen (1977).
See also Bergstrom (2009) and Roemer (2019).
7
See also Ellickson (1991), Lindbeck, Nyberg and Weibull (1999). For several perspectives on
how psychology and social reciprocators can result in moral behavior and cooperation, see Gintis,
Bowles, Boyd and Fehr (2005).
6
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in advance and try to bring it in consciously, through collective deliberation. But
this in turn gives rise to a philosophically troublesome question that arises, which is
the following. If it is possible for the players to decide that it is time to play the
game diﬀerently or to do something collectively that they did not do earlier, then
that decision possibility should have been part of the description of the game of life
(Mailath, Morris and Postlewaite, 2017; Basu, 2018). After all, the game of life is
meant to include all the things the players can do. Hence, if the game we described
above was truly the game of life, then it is impossible for players to propose that they
play the game diﬀerently (since the scope for making such a proposal was not a part
of the game). In that case, the civilizational collapse is inevitable.
One way to counter this is to take the line that there is really no such thing as the
“game of life” (Basu, 2018). And this leads to a related way to handle this problem.
This entails bringing in the idea of tenable strategy blocks (Myerson and Weibull,
2015), which suggests that human beings often have many strategies at their disposal
but get used to considering only a subset of strategies. They then behave as if that
subset is all the strategies they have. By this approach, players in the above game,
viewed as a block game within a larger game, can really do many things, such as
talk to one another and propose collective actions and changes; but for long years
they may not have needed to consider any of these things and their only relevant
decision was to choose one strategy from the set {1, 2, 3}. So these other options
were dormant–but can potentially be brought back to attention.8
Where we have to go further, and this is beyond what is done in any previous work,
including our own, is to recognize that the ‘set’ of actions open to each individual is
not really a well-defined set. During conventional game play they get used to choosing
from within some well-defined subset of the things that they can actually do and so
for all practical purposes that is the set of strategies a player has. But civilizations
do reach times when players have to think beyond this set and marshal new ideas for
new actions, which were always there but had gone dormant. That is what happens
in the Dinosaur game. As  approaches 1 we reach such a situation where we have to
think of new actions. Formalizing this is not easy but, on the other hand, ignoring
this because we cannot formalize it is not right.
3. Example
Let us briefly consider a simple parametric example of the above model. Suppose,
first, that technological progress is constant over time and independent of the level
of pollution under "business as usual". Formally:  (  ) =  if 3 = 1, where
  0 is a fixed constant. Secondly, suppose that pollution increases at a constant
rate under "business as usual", and diminishes exponentially over time towards zero
8

See Alger and Weibull (2017) for a model of such a dynamic process.
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if all use the environmentally friendly strategy 1. To be more specific, assume that
 (  ) = − if 1 = 1,  (  ) = 0 if 2 = 1, and  (  ) = 1 if 3 = 1. Third,
let  = 1.
Under this specification, all individuals will choose strategy 3 at all times   ∗ ,
where ∗ = 1 is the time at which the technology level reaches unity.9 Hence,
until ∗ , both technology and pollution increase linearly over time, according to the
equations  () =  and  () = . In this time interval, each individual’s expected
payoﬀ will change continuously over time according to  (3 ) = 8 + 19 − 2 . Hence,
everyone’s payoﬀ initially increases over time, but at a decreasing rate, and reaches
its maximum at time ̂ = 192, from which time on it declines at an increasing rate.
This p
"payoﬀ bliss" time ̂ occurs before the strategy switching time ∗ if and only if
  219 ≈ 0324. Irrespective of the speed  of technology growth, everyone’s
payoﬀ will suddenly drop at time ∗ from 27 − 12 to 3 − 12 . Such a drastic drop
may cause the civilization to collapse. There may not be suﬃcient food and shelter
for everyone, or some environmental calamity may strike.
See the diagram below, drawn for  = 03 (for which ̂ ≈ 285 and ∗ ≈ 333).
The discontinuous (red) solid curve is each individual’s payoﬀ. It first increases, then
reaches its maximum at ̂, then gradually decreases, and, at time ∗ suddenly drops
from 16 to −8. The sharp hilltop-shaped (blue) dashed curve is the pollution level
(scaled up by a factor 3 for increased visibility in the diagram), showing how this level
first increases linearly until the critical time ∗ , and thereafter declines exponentially
towards zero.
20

10
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-10

Figure 1: Payoﬀ (solid) and pollution (dashed) under laissez-faire.
9

We here imagine that strategy choices are made simultaneously by all individuals at exogenously
given discrete times with short intervals inbetween. Hence, the strategy change will occur at the
first such decision time after ∗ . For generic parameter values, ∗ does not coincide with such a
decision time.
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The smooth evolution of payoﬀs and pollution after the crisis time ∗ shown in
the diagram is premised on the assumption that the population continues to play the
dinosaur game and that the rate of technological progress is maintained. However,
if society collapses at or around time ∗ , then the "rules of the game" may radically
change and the rate of technological progress fall, in which case the post-crisis future may be much more irregular and grim, in terms of payoﬀs and pollution, than
depicted.
The scenario in Figure 1 unfolds under laissez-faire when all individuals act rationally. And this is true independently of their time preferences, and is also true
even if they care about pollution. The reason is simple: having only an infinitesimal influence on pollution, myopic maximization of one’s own material payoﬀ is the
unique optimal solution to a forward-looking individual’s dynamic choice problem, if
he or she is a consequentialist who cares about his or her own material well-being
and potentially also about the environment.
Suppose, first, that the laissez-faire policy at some time 0 before ∗ (the time of
collapse under laissez-faire) is replaced by a governmental regulation that from time
0 on forbids the use of the environmentally harmful strategy 3. Everybody will then
switch to strategy 2 at time 0 , and–if the rate of technical progress does not change
much due to the population’s change of strategy–at around time ∗ switch from
strategy 2 to strategy 1 (because then strategy 1 starts to strictly dominate strategy
2). In the intermediate time interval, between 0 and ∗ , the pollution level will remain
constant while the rate of technical progress may change somewhat (depending on its
degree of endogeneity as reflected by the function ). In any case the fall in payoﬀ
levels at time ∗ will not be as drastic as under laissez-faire.
Second, suppose that instead of forbidding the use of strategy 3 from time 0 on,
a fixed (per capita lump-sum) tax  is imposed on all users of the environmentally
harmful strategy 3. If the tax revenues are instantly returned to all individuals as
a (per capita lump-sum) transfer , the same for all (even those who use strategy
3), then governmental budget balance condition requires  () =  · 3 () at all times
. The transfer will not aﬀect individuals’ choice of strategy. Only the tax has an
incentive eﬀect, making strategy 3 less attractive. The resulting scenario is similar
to that under prohibition of strategy 3.
As a third scenario, suppose that a benevolent planner, striving to maximize the
present value of the future payoﬀ-stream to the citizens, could decide what strategies
people are to use at all times. This is an optimal-control problem with ( ) as the
state variable and  as the control variable. The optimal policy, ĥ ()i≥0 , will depend
in part on the sensitivity  of payoﬀs to pollution, on the dynamics of technical
progress, as well as on the discount factor, , that the planner attaches to future
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payoﬀs.10 The lower values   0 and   0 have, the less urgent is the switch away
from strategy 3, "business as usual," to strategies 1 or 2. Particularly critical is the
time discount factor , just as it is in the current debate about climate change.
In closing the section, it is worth pointing to some parallels with the extensive
literature on tipping and threshold eﬀects, which followed from the writings of Thomas
Schelling (Schelling, 1971). Like in our story, the tipping models draw attention to
narrow ledges, beyond which behavior or outcomes undergo dramatic changes. The
original models dealt with large masses of individuals and showed how when a critical
mass of people behaved in a certain way, a huge mass of people follow and cause mass
behavioral change. This can happen when a few people of one ethnic group move
out of an area, causing a cascade, as in Schelling’s analysis or in models of “spirals of
silence,” where no one speaks out on some matter, till a critical mass of people, for
whatever be the reason, do, and then everyone does (Granovetter and Soong, 1988).
In our analysis, the game itself shifts slowly and, as long as the shift occurs within
a region, there is no significant change in behavior. But beyond a threshold, the
behavior changes drastically and so do the outcomes, causing a calamitous collapse.
What our paper tries to do is to alert us against the comfort zone we, including
prominent political leaders, can easily slip into by taking the attitude that these
small changes have occurred in the past, and we have had no calamity.
4. Morals and more
The above analysis was based on the assumption that all individuals are consequentialists, that they base their strategy choices solely upon the material consequences of
their actions for themselves; the material consequences for others and the environment
being negligible since the population is very large. Arguably, moral principles also
play a role in human decision-making. One moral principle is Immanuel Kant’s categorical imperative, “Act only according to that maxim whereby you can, at the same
time, will that it should become a universal law.” In decisions with externalities, such
deontological moral principles may aﬀect decisions even when an individual’s action
has negligible influence.
In the present context, no individual can influence the level of pollution. Hence,
even if individuals do care about future pollution levels and others’ welfare, their
individual choice of strategy will, under standard economics assumptions, still be
determined entirely by their current pure self-interest. However, suppose some individuals have a Kantian moral motivation when choosing strategy. If these individuals
make up a positive share of the total population, then, as shown in Alger and Weibull
(2019), their behavior will aﬀect the level of pollution. In the extreme case when they
10
If  can be changed only at discrete times  = 0 ∆ 2∆ ,then  = ∆ , where   0 is the
planner’s (subjective) discount rate per time unit.
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are all Kantian moralists, they will all "do the right thing", that is, choose the strategy
that would be optimal if everyone in society used it. In more realistic cases, an individual of the Homo moralis variety with intermediate degree of morality  (see Alger
and Weibull, 2013, 2016, 2019) will choose the strategy that would be optimal if the
population share  would use it.11 While it is rational for Homo oeconomicus to act
myopically in the dinosaur game, the strategy choice of Homo moralis is necessarily
dynamic and forward-looking. It thus depends on time preference and the dynamics
of technological change and pollution. A Homo moralis may thus switch to an environmentally more friendly strategy even if this runs against her immediate personal
material interest. Indeed, this is arguably what we currently see happen in the world,
especially among the young. A hopeful sign indeed. But also an analytical challenge
for economists, since (dynamic) choice by partly deontologically motivated agents
falls outside mainstream economics analysis (see discussion in Alger and Weibull,
2017).
We have here developed a parable, a simple "game of life", in order to get a
better grip on the strategic issues involved. However, for all actions described as
parts of a game, one can always go beyond this and think of more actions. What
may be argued is that we typically go through life by confining our attention to
some artificially constructed set of strategies. But, in fact, it is always possible to
go beyond any such set. Confronted with major civilizational problems, as raised in
this paper, we, as citizens, must force ourselves to think of actions beyond those that
conventionally have been described as feasible.
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