The robustness of the evolutionary game theory model on global trade cooperation
Online appendix to ‘The instability of globalization: Applying evolutionary game theory to

global trade cooperation’ by Sebastian Krapohl, Vaclav Ocelik and Dawid M. Walentek

The purpose of the following robustness check is to demonstrate that the results of our
simulations are not arbitrary or insignificant. Therefore, we discuss some modifications of
core parameters of our model in comparison to Figure 1, which shows a simulation of

50,000 rounds with our standard model.

Figure 1. The standard model (low noise, a = 0.1, f = 0.3, y = 0.05, 6 = 0.1, seed 16)
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A.1 Comparison with no strategic interdependence

The fitness of countries and their performance in the evolutionary process of our regular
model is determined by countries’ competitiveness, their market size, and their strategies
in the iterated prisoner’s dilemma of trade cooperation. In comparison, Figure 8 shows a
simulation wherein countries do not play against each other, but only gain access to their
domestic market in each round of the game. The Moran process works as usual, but
countries’ fitness is only determined by their own market size and not by their strategic
interaction. Thus, the simulation favors large players like China, the EU and the US. If the
pattern of Figure 2 would resemble the pattern of Figure 1, we could not posit that the
waves of cooperation and defection are a function of the international trade game, but they

would only be caused by the strategies of large markets that diffuse within the population.

Figure 2. Fitness only determined by domestic market (seed 16)
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Figure 2 shows that the strategies of the largest markets are quickly copied by all other
players. For example, if China, the EU and the US are randomly assigned to defect,

defection spreads very quickly through the population. If the strategy of either of them
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mutates, this opens the possibility that a different strategy becomes dominant. There
exists no meaningful pattern in the sequence of dominant strategies in Figure 2. During the
first 10,000 rounds, a defectionist population is shortly invaded by generous tit-for-tat, but
quickly becomes defectionist again. Thereafter, the population is taken over by
cooperators, which are then invaded by tit-for-tat and generous tit-for-tat players. In
contrast to Figure 1, these waves in Figure 2 are incompatible with the theoretical
framework developed by Martin Nowak and his associates (Imhof et al 2005; Nowak 2006;
Nowak and Sigmund 2004). There is no reasonable explanation why a population of
defectors should be invaded by cooperators, or why cooperators should be invaded by tit-

for-tat players.

A.2 Comparison with random selection of strategies

The results of our simulations are stochastic, but they are not arbitrary. To demonstrate
the difference between these two, we present a simulation with a completely random
change of strategies in Figure 3. The only parameter we changed in comparison to Figure
1 is the mutation rate, which is set to § = 1. This means that strategies are not changed
according to the modified Moran process, but that a randomly chosen country adopts one
of the four strategies with a probability of 0.25 in each round of the game. However,
countries are still playing the game in accordance to their respective strategy, which

implies that the level of cooperation within the population fluctuates.



Figure 3. Random change of strategies (6 = 1, seed 16)
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In contrast to the regular model, the random model with a mutation rate of § = 7 does not
show any interpretable patterns. The difference between Figure 1 and Figure 3 illustrates
the strength of the Moran process, which determines selection and reproduction based on
fitness rather than chance. Accounting for fitness introduces the continuous cycles of
successful invasions by the various strategies. For example, a generous population is
subject to invasions by defectors and when defectors have invaded the population
successfully, they themselves become subject to invasion by tit-for-tat players. Figure 3
displays no such pattern, and no strategy ever becomes dominant in the population.
Whereas Figure 1 shows long waves of cooperation and defection with the dominance of
certain strategies in the population, the changes in Figure 3 are much shorter and appear

in no systematic order.



A.3 Comparisons with different noise levels

A noise level of « = 0.1 implies that a country makes the opposite move than prescribed by
its strategy in one out of ten rounds. For example, a defector cooperates, or a tit-for-tat
players defects without being provoked by its opponent. Here, we explore how our model
reacts to different levels of noise. Figures 4, 5 and 6 show simulations with a = 0.0, a = 0.2
and a = 0.3 respectively. Increasing the level of noise much further does not make any
sense. With a noise level of a = 0.5, countries would play their strategies in half of their
interactions, and they would make the opposite moves in the other half of their

interactions. Thus, the behavior of players becomes completely random.

Figure 4. No noise (a = 0.0, seed 16)
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Two developments can be detected when the level of noise increases. First, the waves of
cooperation and defection become shorter. For example, Figure 4 (a = 0.0) shows a long
wave of cooperation from round 5.000 to 22.000. Such a long wave does not exist in
Figure 6, where the level of noise is high (o = 0.3). And second, the average level of
cooperation declines with increasing noise. Without any noise (a = 0.0, Figure 4), the
average level of cooperation is 64%. In our standard model (a = 0.1, Figure 1), it is already
reduced to 59%. When noise is further increased (a = 0.2 in Figure 5 and a = 0.3 in Figure
6), the average level of cooperation drops to 58% and 52% respectively. Increasing noise
reduces the possibility of countries to react on each other’s actions in a meaningful way,

and this leads a decline of cooperation within the population.

Figure 5. Medium noise (a = 0.2, seed 16)
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Figure 6. High noise (a = 0.3, seed 16)
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A.4 Including win-stay-lose-shift

So far, our analyses have included the four strategies unconditional defection, tit-for-tat,
generous tit-for-tat and unconditional cooperation, which have also been used by Martin
Nowak and his associates to demonstrate the instability of cooperation within an
evolutionary process (Imhof et al. 2005; Nowak 2006; Nowak and Sigmund 2004).
Elsewhere, the same authors also propose the strategy win-stay-lose-shift as a catalyst for
cooperation (Imhof et al. 2007). Figure 7 shows a simulation of our model with the settings

a=01 =023 y=005and ¢ = 0.1 and including the strategy win-stay-lose-shift.



Figure 7. Including win-stay-lose-shift (seed 16)

defect
tit_for_tat
generous_tit_for_tat
win_stay_lose_shift
cooperate

Market share
IS

20000 30000
Round number

e bt e e
w o ~ o

Cooperation ratio

14
=

Average cooperation ratio: 0.61

e
w

0 10000 20000 30000 40000 50000
Round number

Figure 7 clearly shows that the strategy win-stay-lose-shift is indeed a catalyst for
cooperation also within our evolutionary game theory model of global trade cooperation. In
comparison to Figure 1, the black areas of unconditional defection are indeed significantly
smaller in Figure 7. In fact, the average level of cooperation rises from 59% without win-
stay-lose-shift to 61% when the new strategy is included. Nevertheless, Figure 7 still
shows the typical cycles of cooperation and defection within the population. Win-stay-lose-
shift is a strong and cooperative strategy, but — like the other strategies analyzed here — it

is not evolutionary stable.
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