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Abstract:

Mitigation of anthropogenic climate change takes place against the backdrop of poor
countries being most affected by climate change impacts; climate-induced migration
is expected to increase in the future. However, the interaction between mitigation,
climate migration, and poverty has not been investigated explicitly. Here we represent
simultaneous poverty- and climate-induced migration in a laboratory setting, within
the collective-risk social dilemma that arises from attempts to avert dangerous climate
change. The relatively rich participants try to prevent migration by the relatively poor,
but in the long run these attempts are unsuccessful because of free-riding among the
rich. The rich are willing to increase their effort at averting dangerous climate change
when the poor are hit by a climate extreme event exacerbating their poverty.
Conversely, the poor are willing to compensate some weaker effort by the rich, as

long as the effort by the rich lies above a threshold emerging within the experiment.



Main

While mitigating climate change is a global challenge, climate change impacts
through more frequent floods, droughts or heat waves mostly affect poor
populations'*. One consequence of these impacts can be forced migration>”.
However, migration also occurs for reasons other than climate effects”!°. These
effects are not unrelated; because poverty is a major driver of people’s vulnerability to
climate-related shocks and stressors®, the flow of people escaping poverty is thus also
affected by climate change®. To disentangle, for the first time, the interaction of
climate- and poverty-induced migration in the context of climate change mitigation is

the purpose of this paper.

The theory of migration goes back to Ravenstein’s’ laws (1885), the last of which
stressed the dominance of the economic motive. Although criticized'?, Ravenstein’s
paper has stood the test of time and remained the starting point for work in migration
theory. To this neoclassical approach Lee!! developed a general schema, from which
a number of conclusions with regard to the volume of migration, the development of
streams and counter-streams, and the characteristics of migrants could be deduced.
The new economics of labor migration theory questions some of the ideas and
principles considered in the creation of the neoclassic theory'?. The new approach is
being represented by the idea that the emigration decision is not being made only at
an individual level, but rather along important human groups, such as families or
households'®. Stark & Bloom'* argue why there was a need for a new theoretical
structure to explain international migration. Labor markets were recognized as the
main mechanisms that influence international migration. Research on the economics
of labor migration has undergone an exciting and significant transformation during
the past years'2. However, climate change is now increasingly enforcing migration. In
2018, approximately 16 million people were displaced by floods, extreme storms,

droughts and wildfires’.

A common theme in much media, policy and campaign group discourse on climate

change is that future environmental change will lead to the further displacement of



millions of people as ‘environmental refugees’ or ‘environmental migrants’”-!>. These
conclusions suffer from the fact that observed migration can be due to causes other
than climate change; there are economic, political, demographic, social and other
environmental drivers”!>. Thus migration plays a key role in the ability of poor
households to escape poverty, independent of climate change. Operating in
combination these drivers affect individual migration decisions and flows, and the

effect of climate change depends on the broad socio-economic context.

Climate change is a slow process, accompanied by extreme events that are expected
to increase in frequency and intensity such as floods, heat waves or tropical cyclones,
all well-known triggers of displacement’. Demographic and environmental factors
affect how and whether displaced people return'®. One of the best-documented long-
run effects of rising average surface temperature is its negative effect on productivity
in agriculture®. Sea level rise as well as a change in tropical storm and cyclone
frequency and intensity will lead to an increased risk of coastal flooding and
damage'>. Coastal areas in Bangladesh are projected to be inundated by sea-level rise.
Heavy monsoons lead to temporary displacement, but farmers return to their farms
with delayed benefits on yields!”. Land degradation caused by drought as in
California, Africa and Asia has affected millions of people, inducing waves of

migration’-!8,

Reports of migrants being rejected by European countries, when they cross the
Mediterranean Sea after leaving Africa, are part of the migration debate in
Europe” 2%, Climatic conditions, by affecting drought severity and the likelihood of
armed conflict, played a significant role as an explanatory factor for asylum seeking
in the period 2011-2015%°. The challenges associated with the large number of
arriving refugees have revealed a deep divide among the inhabitants of host countries
with economic factors playing a key role in shaping individual refugee helping
behaviour!. Although costs are a major determinant, it is especially people with a

higher degree of prosociality that are willing to bear the personal cost of helping'®.

Due to the multi-causality of migration, climatic events and conditions typically
interact with cultural, economic, political, social and other non-climatic processes that

influence migration decision making; the climatic stimulus may be so tightly



interwoven with other factors that it is difficult to disentangle and isolate’. A way out
of this dilemma is to simulate essential variables of the natural situation in a
laboratory setting using techniques of experimental economics, developed, e.g., by
Vernon Smith?!, with appropriate controls to remove effects of other external
influences. Participants in an experimental-economics study are assigned defined
roles and are rewarded with the trading profits they earn during the experiment. The
benefit of lab experiments is that they reduce the complexity of real-world processes
to generate insights that would be difficult to obtain otherwise, and cause-effect

relations can be concluded as a ‘proof of principle’.

Here we investigate how poverty induces migration from a poor to a rich country,
with and without randomly occurring climate events in the poor country, under both
overall richer and poorer harvest conditions, and how this affects the prevention of
dangerous climate change. We simulate a country that has recently become poor,
perhaps because of a lowered ground-water table continuously reducing harvests, and
that suffers from frequent heat waves, compared with an unaffected country. Of
course, our simulated ‘countries’ can well be two separate areas within a large
country, e.g. Africa. We extend an economic game, the ‘collective-risk social
dilemma’??3°, to study the migratory behaviour of 10 participants per replicate, first-
semester university students, between a poor and a rich country over 20 rounds.
Participants could both gain money from the harvest in their local country and invest

23,24,27

money into preventing simulated dangerous climate change. Three studies using

the collective risk social dilemma paradigm exogenously created income inequality,

either through assigning differently sized endowments?*?’

, as in the present study, or
by automatically enforcing three players to contribute €4 and the other three €0 in
each of the first 3 rounds in order to create players that were poor because they had
already contributed significantly from their endowment to averting climate change
and rich players that entered the next 7 rounds with their untouched endowment®,
Overall, the rich invested a higher proportion of their resources into preventing severe
climate change as predicted?®. However, where enforced payment had preceded the
active rounds?*, the ‘poor’ paid less only during active rounds, but with enforcement

more than the rich. All three studies had no option to migrate.



Dangerous climate change®! might occur when a certain temperature threshold is
passed®?**, When both rich and poor participants collectively reach the specified
target sum of €400 through individual contributions per round after 20 rounds,
simulated dangerous climate change is averted, and all group members are paid out
anonymously the money left in their personal account. If they fail to meet the target,
they lose all their money with a probability of 90%. From all the money contributed
to the climate account, both from groups that met the target and also from groups that
failed, an advertisement on ‘how to mitigate climate change’ was published in one of

two German newspapers (see Supplementary Information).

At the start five participants in the rich country have an endowment of €40 each, five
participants in the poor country €20 each, and the five rich participants earn twice the
harvest per round as the five poor before migration has occurred. At most one
inhabitant per round can migrate to the other country, at the cost of no harvest in the
next round. In both countries the harvest per inhabitant decreases with each
immigrant, reaching a Nash equilibrium with same harvest per participant with two
inhabitants in the poor and eight in the rich country (Supplementary Table 1). There
are two different kinds of scenarios in the present design where Nash equilibrium can
be achieved (‘Nash Equilibria’ in Supplementary Information). Each round consists of
the following four steps, always performed in the same order: (1) The inhabitants in
each country can posit a wish to migrate. (2) Because governments of many
traditional destination countries are placing restrictions on immigration’, inhabitants
of each country can block immigration if at least four inhabitants invest €0.25 each
towards a target sum of €1.00, without knowing whether potential immigrants have
announced the wish to migrate. If the collective target is met, immigration is blocked
for that round, and the attempted migrations expire. (3) All participants are asked to

contribute toward climate change mitigation by contributing either 0, €2 or €4 from
their endowment to a ‘climate account’. (4) Finally, all participants are shown the

pseudonyms of all inhabitants, including successful migrants, of each country and

individual contributions to the climate account in step (3). Then, the next round starts.

Compared to the control treatment (T0), climate events can occur in the poor country

in treatment T1. Climate events represent heat waves, for instance, and happen with a



probability of either 10% or 20% per round in different groups. Once started a climate
event lasts for three rounds, during which there is no harvest in the poor country. A
third treatment (T2) is the same as T1 except that the harvest per round is twice as
high in both the rich and the poor country. Treatment T2 is motivated by the
following consideration. Under comparatively poor conditions overall in TO and T1,
the rich inhabitants may be motivated to supplement what the poor cannot afford to
pay for mitigation, especially during climate events. By contrast, in T2 the rich know
that the poor can contribute their share and may hesitate to pay more than the poor

(Supplementary Table 1, see Methods for details).

Impact of migration on population size

Inhabitants of the poor country migrate to the rich country until the Nash equilibrium
distribution of eight inhabitants in the rich country and two in the poor country is
reached (Fig. 1a,b,c). The number of migration attempts of inhabitants of the poor
country is highest in the first round and decreases thereafter in all three treatments
(Fig. 1d,e,f). The Nash distribution would have been achieved in round 4 if the rich
participants had not invested sufficiently in blocking migration. Thus, the Nash
distribution is reached later in all three treatments (Fig. 1a,b,c), after 7.46 + 0.72
rounds in TO (n=13 groups), after 5.71 + 0.30 rounds in T1 (n=14 groups), and after
10.50 + 1.57 rounds in T2 (n=14 groups), each significantly different from four

rounds (each P<0.002, Wilcoxon one-sample test).

Each inhabitant in each country could contribute to blocking immigration of a poor
participant before a round by investing €0.25. If at least €1.00 was invested, migration
would be blocked effectively for that round. With €0.75 or less invested, migration is
not blocked, and one migrant is chosen randomly from those that attempt to migrate
and arrives in the rich country. The migrant has a migration cost of no harvest in the
first round after migration. The number of blockings per round decrease more slowly
in T2 than in T1 (Fig. 1g,h,i; mean of rounds 5 to 10, n=14, T2: 0.48, n=14, T1: 0.11,
P=0.0082, z=-2.642. Mann-Whitney U-test), so that the Nash distribution is reached
later than in T1 (P=0.019, z=-2.339, Mann-Whitney U-test).
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Fig. 1| Migration between rich and poor countries. Top row: T0; middle row: T1; bottom
row: T2. Left column (a, b, ¢): Number (mean + s.d.) of inhabitants in rich (pink) and poor
(blue) country per group for each round. Stippled lines show numbers of inhabitants
corresponding to Nash equilibrium (8 participants in rich country, 2 participants in poor
country), green line shows the round when Nash equilibrium is reached on average. Middle
column (d, e, f): Migration attempts; mean + s.d. per group and round of participants in rich
country (pink), in poor country (blue), announced before a round. Right column (g, h, i):
Blocking of migration; Euros invested in migration blocking (mean) per group and round, of
participants in poor country (blue) and rich country (pink), invested before a round. Effective

blocking, at least €1 invested per round, is shown for rich country (red). Vertical green line

shows when the Nash equilibrium is achieved on average.

The difference between total and effective blocking attempts in Fig. 1g,h,i depicts
failed blocking attempts that are thus a waste of money. In T1 each rich participant
gains €0.25 if a migrant is blocked for one round (see Supplementary Table 1),
exactly what each of the four participants that block effectively invest in blocking and
thus corresponding to a net gain of zero. This provides each further rich participant
who refuses investment in blocking a net gain of €0.25. Only if blocking and non-
blocking by rich participants alternates among participants across rounds, does each
rich participant obtain a net gain. To block or not to block is a ‘tragedy of the
commons’?®, which invites free-riding and thus leads to rounds with ineffective
blocking. In T2 each rich participant gains €0.50 if migration is blocked for one

round, twice the investment in blocking by each of the four participants who block



effectively. The tragedy of the commons is thus relaxed in T2, producing effective
blocking more often (mean + s.e.m. per group 2.5 +0.7 in TO, 1.8 £ 0.2 in T1, and 7.1
+ 1.7 in T2, respectively. P after Mann-Whitney U-test, ni=14, no=14, P=0.003, z=-
2.955; Supplementary Fig. 1). However, the tragedy of the commons still exists.
Although the rich in T2 have much more money available than those in T1, there is
still frequent ineffective blocking. This allows the poor to immigrate, and Nash

equilibrium is reached at approximately round 10.

Climate events

In both T1 and T2 climate events occur randomly, with a probability of 10% in seven
groups in each treatment or 20% in the other seven groups in each treatment. The
actual number of occurrences lies between zero and three events per group. A climate
event lasts for three rounds during which there is no harvest income in the poor
country; this reduces the expected average harvest. There are significantly more (0.3)
inhabitants in the rich country in T1 in the last five rounds of the game (Fig. 1b,
difference to 8: P=0.0038, Wilcoxon one-sample test). There are fewer inhabitants in
the poor country during the last five rounds with increasing risk of climate events
(mean + s.e.m. 2.17 + 0.07 in TO, 1.83 + 0.19 in T1 10%, 1.60 + 0.11 in T1 20%,
P=0.005, h=10.534, Kruskal Wallis test, Supplementary Fig. 2).

The first climate event after the Nash equilibrium has been reached is now analysed
for the behaviour of inhabitants of the rich and poor country in T1 and T2. In Nash
equilibrium no poverty migration is expected because the harvest per person is the
same in either country, and the pure climate effect on migration can be studied. The
number of migration attempts from the poor to the rich country increases significantly
(P=0.017, z=-2.389, Wilcoxon matched pairs test) after the climate event has been
announced in round 0 in T1 (Fig. 2a), but not in T2 (Fig. 2d). During a climate event,
migration to the rich country incurs no net cost, because there is no harvest in the poor
country anyway. The payoff from migrating to the rich country is highest in the first
round of the climate event because there is one round of harvesting in the rich country
ahead while there is no harvest in the poor country. Consequently, migration attempts

decrease during the three rounds of the climate events in T1 and T2.



[ Climate event ’ [ climate event

Migration attempts by poor

9] T2

P=0.0071

Migration block by rich, €

4
2
1
8
6
4
2
0
1
9] T
8
7
6
5
4
3
2
1
0

6
4
2
0
1
9
8
P=0.0021 7
6
5
4
3
2
1
0

T1

— P=0.0097

Inhabitants in poor country

[V}
round0  round1 round2 round3  round 4 round0 round1 round2 round3  round 4

— Climate event occurs  — — Climate event occurs  —
in poor country in poor country

Fig. 2 | The course of a climate event. Behaviour of poor and rich participants in the round
before, the three rounds during and the round after the first climate event in the poor country
after the Nash equilibrium has been reached: there are two participants in the poor and eight
participants in the rich country in Nash equilibrium; a. migration attempts (mean + s.e.m.) per
group in TO, d. in T2, b. migration block by rich participants (€) per group in T1, e. in T2: c.
number (mean + s.e.m.) of inhabitants in the poor country in T1, f. in T2. P after Wilcoxon

matched pairs tests, see text. Stippled line depicts number of inhabitants at Nash equilibrium.

The rich inhabitants increase migration blocking pre-emptively (without having
observed migration attempts of the poor) and significantly in the first round of the
climate event (Fig. 2b, ) in T1 (P=0.0021, N=14, z=-3.072) and T2 (P=0.0071, n=14,
7z=-2.692). This strong migration blocking hinders successful migration during the
first round of the climate event (Fig. 2b, e), and the number of inhabitants in the poor
country decreases in the second round of the climate event, significantly in T1
(P=0.0097, z=-2.585, Fig. 2¢) and as a trend in T2 (P=0.083, z=-1.732, Fig. 2f).
Thereafter investment in migration blocking decreases in both treatments; although
only half of the eight participants in the rich country need to invest to block
effectively, blocking often fails. The ‘richer’ rich in T2 (Fig. 2e) invest no more than
the ‘poorer' rich in T1 (Fig. 2b), even though the rich in T2 gain more from blocking.
As a consequence, the number of inhabitants in the poor country builds up again in
both treatments until the first round after the climate event, without a lasting effect of

the fluctuation.
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Overall economic effects and success

Only the groups that invest the target sum of € 400 per group, poor and rich
participants combined, in the climate account until after round 20, avoid simulated
dangerous climate change and receive the money left over in their personal account. If
they miss the target they risk losing their money with 90% probability. The average
total investment in climate mitigation lies below the target sum in TO and T1 and
above the target sum in T2 (Fig. 3a); the difference between T1, n=14, and T2, n=14,
is significant (P=0.0001, z=-3.970, Mann-Whitney U-test). Less than €50 per group,
i.e. €3.35 per participant in TO, €4.25 in T1, are missing to meet the target (Fig. 3a).
The percentage of groups that meet the target is low both in TO (30.8%) and T1
(21.4%) but 100% in T2 (Fig. 3b); the difference between T1 and T2 is significant
(P=0.0001, Fisher exact test).

Poor participants in all treatments invest less than €2 per participant (Fig. 3c, all
differences significant, P=0.007 or less, Wilcoxon matched pairs tests). The poor
participants in T1 invest significantly less than the poor participants in T0, suggesting
a climate effect (P=0.023, z= z=-2.282, n1=13, n,=14, Mann-Whitney U test). By
investing significantly more than €2 (P=0.001, z=-3.297), the rich participants in T2
partly compensate for the lower investment of the poor participants in T2 who, though
relatively rich, do not invest significantly more than the poorer poor in T1 (P=0.25,

z=-1.149, Mann-Whitney U-test).
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Fig. 3 | Investment in climate mitigation and payoff. a. Mean (+ s.e.m.) sum of € invested
per group of 10 participants (rich plus poor). Stippled line depicts the target sum of €400. b.
Percentage of groups of 10 participants that reach the target sum of €400. c. € (mean + s.e.m.)
invested per rich and poor participant per group in TO, T1, T2. Stippled line depicts fair share
investment of €2. *a’ shows significant deviation from investment of the fair share of €2; see
text for details. d. Payoff (mean + s.e.m.) of the 5 original rich participants and the 5 original
poor participants received per participant in cash at the end of the game if the group reaches
the target sum. Columns with thick margin: Results only from those groups that reach the
target sum; columns with thin margin: Results only from those groups that do not reach the

target sum and thus lose their remaining money. P after Wilcoxon matched pairs test.

Both rich and poor participants in T2 earn much more money than the participants in
TO and T1 (Fig. 3d). The difference between rich and poor participants in T2
(P=0.001, z=-3.296, Wilcoxon matched pairs test) is slightly bigger than the
difference in endowment of €20 at the start, even though three originally poor
participants migrate to the rich country until Nash equilibrium is reached. Note that
each migrant takes along their remainder of €40 or €20 endowment of their country of
origin. The rich participants profit from their longer time in the rich country where
they gain higher harvest income until the Nash equilibrium is reached. The difference
in payoff between rich and poor participants in TO and T1 is much smaller than the
difference in endowment, which shows that the originally rich invest relatively more
towards the target sum. Those groups that do not reach the target would have earned
more, had they received the money, because they invest less in climate mitigation.
The difference is small in both rich and poor participants in TO and in poor
participants in T1 but is more pronounced in rich participants in T1. The difference is
€7.6 in the rich but only €0.9 in the poor in T1 (P=0.025, z=-2.245, Mann-Whitney U
test). The rich are thus mainly responsible for failing to meet the target sum in T1.
The difference between total investment in climate mitigation and the target sum is
€3.35 per participant in TO and €4.25 in T1 (Fig. 3c). In both treatments, all
participants have much more money left in their account than would be needed to

reach the target sum (Fig. 3d).

Economic effect of climate events
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After Nash equilibrium is reached, there is no difference in harvest income per
inhabitant between the countries and thus no poverty migration. During the three
rounds of the climate event, when there is no harvest income in the poor country, the
inhabitants of the poor country decrease their investment in climate mitigation
significantly in both T1 and T2 (Fig. 4). The rich do not change their investment in
T1 (Fig. 4a) but in T2 they increase it (Fig. 4b, P=0.017, z=-2.384, Wilcoxon matched
pairs test). In T1 the poor deviate significantly from the fair share, whereas the rich
are close to the fair share but do not compensate the deficit produced by the poor (Fig.
4c, P=0.028, z=-2.202, Wilcoxon matched pairs test). In T2 both the poor and the rich
stay close to investing the fair share before and after the climate event, but deviate
significantly during the climate event, the poor by producing a significant deficit, the
rich by producing a significant overshoot (Fig. 4d). In T1 the poor decrease their
investment (P=0.028, z=-2.201), whereas the rich tend to increase it (P=0.063, z=-
1.859, Wilcoxon matched pairs tests). Thus, during the climate event there is a strong
decrease of investment by the poor both in T1 and T2 (Fig. 4c, d) but only in T2 a
partial compensation by the rich (Fig. 4d).
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Fig. 4 | Investment in climate mitigation during climate event. Mean (+ s.e.m.) investment
of poor and rich inhabitants per group per round in the rounds before and after, and during the
three rounds of the first climate event after the Nash distribution has been reached. a, ¢. in T1,
b, d. in T2. ’a’ depicts a significant (P<0.05, Wilcoxon one-sample test) difference from €2,
the fair share (stippled lines). ¢ shows the investment averaged over the rounds before and
after the climate event, and averaged over the three rounds of the climate event, separately for

poor and rich participants in T1. d. as in ¢ but for T2.

The interaction between poverty- and climate-induced migration

When climate events occur before Nash equilibrium has been reached, there are
migrants still fleeing from poverty, and harvest failure due to climate events occurs in
addition. We disentangle the two causes of migration by comparing migration-related
behaviour before, during and after a climate event in T1 with a similar period before
reaching Nash equilibrium in TO. We interpret the difference between T1 and TO as
the pure effect of the climate event, which is zero if the climate event causes no extra

migration and measures to block it.
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migrating to the rich country. Shown is T1-T0, meaning the behaviour in T1 minus the
behaviour during the equivalent period in TO. a. migration attempts (mean +/- s.e.m.) per
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difference from 0 of difference between T1 and TO, P after Wilcoxon one-sample test, see

text.
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Migration attempts increase significantly (P=0.017, z=-2.422, compared to zero
difference to TO, Wilcoxon one-sample test) for the first round of the climate event
(Fig. 5a). Blocking of migration tends to increase (Fig. 5b). There are significantly
(P=0.046, z=-2.000) fewer inhabitants in the poor country than in TO in the second
round of the climate event in T1; an after-effect with a still-decreased number of
inhabitants is found in the first round after the climate event (P=0.0067, z=-2.714,
Fig. 5¢). The rich increase their contribution to the climate beyond that of TO in the
first round both before (P=0.05, z=-1.973) and of the climate event (P=0.017, z=
-2.392; Fig. 5d). The poor decrease their contributions to the climate relative to TO in
the first (P=0.033, z=-2.127) and the second round of the climate event (P=0.016, z—=-
2.413). Thus, a climate event has significant consequences on migration-related

behaviour beyond those of poverty only.

The interaction of inhabitants of the poor and the rich country

We find a significant negative correlation (regression) between average contributions
per round of the poor inhabitants and average contributions per round of the rich
inhabitants only in T2 (P=0.0001, R-squared=0.798) (Fig. 6¢) but not even a trend in
T1 (P=0.84, R-squared=0.004) and TO (P=0.997, R-squared=0.001 (Fig. 6a,b).
However, the result changes qualitatively for those groups in TO and T1 where the
rich inhabitants contribute a total of at least the size of the lowest total contribution —
slightly more than €300 — of the rich inhabitants in the richer world of T2. Now we
find in both TO and T1 a similarly tight negative correlation as in T2 (Fig. 6d,e). TO
(P=0.031, R-squared=0.851), T1 (P=0.015, R-squared=0.653).

Further analysis suggests that it is the poor responding to contributions by the rich and
not vice-versa. We have computed the correlation (absolute Spearman’s coefficient
rho) between contributions of the poor inhabitants with contributions of the rich
inhabitants in the previous round. This correlation is in all treatments higher than the
reverse correlation (Supplementary Fig. 3). We use absolute coefficients, because we

want to know whether and how strongly the poor react to the rich and vice versa,
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irrespective of the direction of the correlation. The correlation coefficient is always
highly significant for the poor reacting to the preceding contributions of the rich but
only just significant for the rich reacting to the preceding contributions of the poor
(Supplementary Fig. 3). The Spearman correlation coefficients are likewise increased
as a trend for ‘poor reacts to rich’ in TO and T1 for the subsample with higher
contributions of the rich, compared the whole sample, corresponding to the difference
between Supplementary Figs. 3a and 3d and Supplementary Figs. 3b and 3e,
respectively. In T1 we find the highest coefficient rho, which is remarkable because in
T1 the poor inhabitants are poorer than those in TO, owing to deficits resulting from

climate events.

P=0.003, n=7

[e] x
é1 2 1,4 1,6 1.8 2 22 24 26 & 5 21 215 22 225 23 235 24 245

o

[ o
8 1 12 14 16 18 2 22 24 26 52 205 21 215 22 225 23 235 24 245

(2]
Contribution per player of each group in poor country, €

22{ @ T2

P=0.0001, n=14

2 21 22 23 24 25 26 27 28 29 3
Contribution per player of each group in rich country, €

All 14 groups of 10 players each Contribution of groups, where the rich
contributed at least €300 total

Fig. 6 | Regression of contribution per poor player on contribution per rich player of
each group, means of 20 rounds. Line shows linear regression; a. TO, n=13 groups; b. T1,
14 groups; ¢. T2 n=14 groups; d. TO, n=7 groups where rich players contributed at least €300
total per group; e. T1, n=8 groups where rich players contributed at least €300 total per group.

See text for statistics.
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As Figures 6d and 6e suggest, the poor expect contributions from the rich at a certain
high level, to which they adjust their own contributions: they fill up the lower of those
high contributions more than the higher of those contributions, to help eventually
reaching the target sum. This is always successful in T2 and sometimes in TO and T1.
Even in T2 the rich inhabitants never provided the full target sum; it always needs the
poor inhabitants’ additional contributions. Obviously the rich inhabitants decide on
how much to contribute, and if they contribute enough — crossing the threshold of
around €300 that is not part of the design but that instead has emerged from the
experiment — the poor inhabitants fill up only and at a rate that appears to be

profitable for them to help avoid risking missing the target.

The rich participants providing a large enough contribution to climate mitigation in
our experiment can be seen as reducing the gap between the rich and the poor. Such a
gap reduction has in a recent game-theoretical analysis*®*” been found to help resolve

public-goods dilemmas through increased cooperation.

Implications and conclusions

The external validity of economic laboratory experiments, meaning the applicability
of the conclusions to the real world, always harbours substantial uncertainty. To
increase external validity we assured the students that all the money they pay into the
climate account is used to purchase an advertisement on ‘how to mitigate climate
change’ published in one of two German newspapers — the ‘Hamburger Abendblatt’
and the ‘Kieler Nachrichten’ (see Supplementary Information), as a real albeit small
contribution to help reducing climate change with their money. We assured that the
text, date of publication and cost of the adverts are published in the Supplementary
Information of the final article. Moreover, the global challenge of averting dangerous
anthropogenic climate change shares enough characteristics with the collective-risk
social dilemma under heterogeneous wealth distribution represented in our

experiment that a number of implications can be inferred.

First, we have seen that migration instigated by poverty or by a climate extreme event
cannot in the long run be prevented. Our relatively rich participants are most effective

at blocking migration right when a climate event occurs in the poor country, but
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overall the free-riding among the rich when cooperation would have been required to
prevent migration suggests that climate-induced migration to richer countries is all but

inevitable.

Second, the willingness of our rich participants to contribute to climate mitigation is
largest right when the poor are hit by a climate extreme event, exacerbating their
poverty. Our rich participants appear to anticipate that then the poor participants are
even less able and willing to contribute to the collective good and make up for some,
but not all, of the shortfall. The implication — tragedy in poor countries enhances the
climate mitigation effort by the rich countries — bears a strong and for some perhaps

unpalatable Machiavellian touch.

And third, the unexpected emergence of a threshold — a minimum contribution by the
rich above which the poor are willing to compensate some reduced effort by the rich
toward the mitigation target — suggests that global cooperation might be within reach,
as long as the economically powerful are perceived as pulling their weight in the

global effort to avert dangerous climate change.

Methods

Experimental design

Experiments were conducted in November and December 2017 with a total of 410
undergraduate students from the Universities of Kiel and Hamburg, Germany. The
students received a show up fee of €10 each and participated in 41 experimental
sessions with 10 participants each in a computerized experiment using the software z-
tree’®. The participants were separated by opaque partitions and each had a computer,
on which they received the instructions for the experiment and with which they
communicated their decisions. Participants were randomly allocated to experimental
groups, were anonymous throughout the whole experiment and made their decisions

under a neutral pseudonym.

Treatments

We had a control treatment TO with 13 groups, for treatments T1 and T2 we had 14
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groups each. The participants interacted in a variant of the ‘collective-risk social
dilemma’ game'?, they received an initial endowment and were asked, in each of 20
rounds, to contribute either 0, €2 or €4 from this endowment into a ‘climate account’.
A participant could invest only if her/his account contained sufficient money. At the
end of round 20, the game software checked whether total contributions of all group
members matched (or exceeded) the target sum of €400. If that was the case, i.e. each
group member had paid €2 per round on average, participants received the money in
their account in cash in a way that maintained the participants’ anonymity. If the
collective target was not reached, participants lost their remaining money with 90%
probability. At the start of each session 5 participants were randomly assigned to a
rich country, 5 to a poor country. Each of the 5 rich participants received an
endowment of €40, each of the 5 poor received €20 on their account. The decisions of
all 10 participants were shown under their pseudonyms to all participants after each
round. Pseudonyms were moons of our solar system: Ananke, Telesto, Despina,
Japetus, Kallisto, Metis, Telesto, Galatea, Nereid, Elara, Vestia. At the start the five
rich earned twice the harvest per round in the rich country (€3.00 each in TO and T1,
€6.00 each in T2) as the five poor in the poor country (€1.50 in TO and T1, €3.00 in
T2). (Supplementary Table 1). Each participant had to pay €0.50 in each round for

‘living expenses’.

Migration

See main text for details.

Climate events
See main text for details.
For a detailed description of each treatment, a translation of the instructions to

participants is provided in the Supplementary Information.

Statistics
All p-values are two-tailed. Except for regression analysis we use non-parametric

statistic throughout.
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Reporting Summary

Further information on research design is available in the Nature Research Reporting

Summary linked to this article.

Data availability

The dataset generated and analysed during the current study will be available in

https://pure.mpg.de/pubman/faces/ViewltemFullPage.jsp?itemld=item 3217143

Code availability

The data analysis code is available from the corresponding author on request.
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(a) Low overall harvest (TO, T1):

N in rich habitat 1 2 3 4 5 6 7 8 9 10
harvest/N, € 4.00 3.75 3.50 3.25 3.00 2.75 2.50 2.25 2.00 1.75
N in poor habitat 10 9 8 7 6 5 4 3 2 1
harvest/N, € 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50

(b) High overall harvest (T2):

N in rich habitat 1 2 3 4 5 6 7 8 9 10
harvest/N, € 8.00 7.50 7.00 6.50 6.00 5.50 5.00 4.50 4.00 3.50
N in poor habitat 10 9 8 7 6 5 4 3 2 1
harvest/N, € 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

Extended Data Fig. 1 | Harvest per inhabitant per round (€). in the rich country and the poor
country dependent on the number of inhabitants. (a) with
low overall harvest in TO and T1, (b) with high overall harvest in T2.

Nature

7] P=0.003

Number of complete blockades

T0 T1
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Extended Data Fig. 2 | Number of complete blockades. Mean + s.e.m. per group in TO, T1 and
T2. P after Mann—Whitney U-test, nl = 14, n2 = 14, z =—2.955. Effective blockings (mean +
s.e.m.) per group: 2.5+ 0.7in TO, 1.8 £ 0.2 in T1, and 7.1 = 1.7 in T2, respectively.
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Extended Data Fig. 3 | Risk of climate event. Group size per group (mean +s.e.m.) in the last
5 rounds per round in the poor country in TO, in T1 and T2 dependent on the risk of a climate
event to occur of either 0%, n =13, 10%, n =7, or 20%, n = 7, per round. There are fewer
inhabitants in the poor country during the last five rounds with increasing risk of climate
events (n = 3 treatments, P = 0.005, h = 10.534, Kruskal-Wallis test).
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Extended Data Fig. 4 | Absolute Spearman rank correlation coefficients. rtho, mean + s.e.m.,
between contributions of one class of players to contributions of the other class of players in
previous round over 19 rounds per group. Poor player reacts to rich player’s contribution in
previous round, rich player reacts to poor player’s contribution in previous round; a. TO, n =
13 groups of 10 players each, b. T1, n = 14 groups of 10 players each, ¢. T2, n = 14 groups of
10 players each; d. TO, 7 groups of 10 players each, where rich players contributed at least
€300 total per group, e. T1, 8 groups of 10 players each, where rich players contributed at
least €300 total per group. P calculated from Fisher combination test41, a. combining P
values from each of 13 (T0), b, c. of 14 (T1, T2), d. of 7 (T0), e. of 8 (T1) independent groups
of 10 players each. For each group the Spearman correlation coefficient rho was calculated
from 19 rounds, providing a single p-value.

41. Sokal, R. R. & Rohlf, F. J. Biometry 2nd edn (W. H. Freeman, 1981).



