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Abstract

This study explores the impact of government intervention on the evolution of co-
operation using a popular framework for understanding cooperative behavior (the
public goods game). Agents either contribute to the production of a shared public
good or free-ride on the efforts of others. This game traditionally results in mass
free-riding (a sub-optimal outcome), in which case a government can intercede by
levying taxes and providing the public good to increase welfare. Is this still the case
when looking at an evolutionary framework with natural selection? Theoretical re-
sults suggest that the government “levels the playing field”, allowing cooperative and
uncooperative behavior to coexist longer than it ordinarily would, but it cannot
change the course of evolution.
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1. Introduction

Sometimes people cooperate and sometimes they do not. Cooperative (pro-social) be-
havior is desirable as it can improve the welfare of all parties involved. In many cases,
however, sustaining cooperation is difficult. When uncooperative (a-social) behavior
becomes prevalent, there exists a role for the government (or “central authority”): to
mitigate the bad behavior and support the good.

When studying cooperation, researchers often use a popular framework known as
the public goods [ PG] game. In this game, a good is cooperatively produced by multiple
individuals and then shared equally amongst them. Individuals get a share, regardless
of their contribution to production. Pro-social agents contribute while a-social agents

do not. Economists have used this model to show that rational agents will immediately
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choose not to contribute, and government intervention (via taxation) is essential to
achieve cooperate outcomes. Researchers who study behavioral ecology have developed
models in which non-rational agents rely on pre-determined behaviors which evolve
over time through natural selection. (One might think of this as agents being born with
a pro-social or an a-social “gene”; the most successful genes get passed to the next gen-
eration.) The mechanisms that lead to a world where pro-social behaviors are dominant
are identified. In this literature, there is little discussion of the role of government or its
impact on the evolution of pro-sociality.

This study develops an evolutionary PG game similar to that used by behavioral
ecologists. A government is then inserted into this framework. The government oper-
ates in a fashion similar to that in economic versions of the game: it forces contribution
through taxation. We look at how the government has affected the evolutionary path of
pro-social and a-social behaviors. Results show that the government can delay the
spread of uncooperative behavior, but cannot stop it with certainty if a-social behavior
is meant to dominate. In cases where pro-social behavior is destined to dominate, gov-
ernment intervention allows uncooperative behavior to persist longer than it ordinarily
would. In other words, the government “levels the playing field” in terms of domination
probability in the evolutionary framework when it attempts to force cooperation.

In the sections that follow, the PG framework and its use in economics and beha-
vioral science are described. A PG model with a government is developed. The evolu-
tion of pro-social and a-social behaviors with and without the government is identified.

Implications are drawn followed by recommendations for further research.

2. The Public Goods Game in Economics and Behavioral Science

In the PG game, agents engage in the production and consumption of a good. There are
two possible strategies: cooperate (C) and defect (D). Cooperators invest resources into
the production of the good while defectors contribute nothing. After investments are
collected, the good is manufactured and then equally shared by all the agents (regard-
less of how much they contributed).

A single-play (static) version of the PG game is used in economics to show that ra-
tional, self-interested individuals would never coordinate the production of shared
goods and, therefore, a government should do it on their behalf. In this version, agents
are allowed select their own strategy; the one that yields the highest expected net gain.
Agents immediately choose to defect since the net payout from free-riding (where you
get benefits, but pay no investment costs) tends to be greater than the net payout from
investing into the production of a good which you must then share.

To see this, imagine a scenario where each cooperating agent invests $1 into the
manufacture of a shared good. Each $1 investment produces a shared good with a value
of b>$1. Suppose a total of Nagents are playing, M of which are sure to cooperate, N
— M -1 are sure to defect, and 1 agent (agent ;) has not yet chosen a strategy. If agent /
chooses to cooperate, total goods production will be (M +1)b, with every agent re-

ceiving an equal share (= (M +1)b / N ). Agent /s total gain net of investment costs will
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therefore be (M +1)b / N —1. If agent j does not contribute, total goods production will
be Mb, with each agent receiving Mb/N . Agent /s net gain is just Mb/N as he did
not incur any investment cost. We can show that the net gain from defection will be
larger than the net gain from cooperating if Mb/N >(M +1) b/N -1—> N2>b. If the
number of agents playing (M) is large, or if production technology (b) is low, agent /
will defect. (Note that A4, the number of cooperators, doesn’t matter.) It is not just
agent j; anyagent choosing a strategy will choose ‘defect’ under this condition. Since all
agents choose their strategy at the start of the game, everyone defects at the start, no
public goods are produced and no welfare is gained.

A government can intervene in PG game where everyone would ‘defect’ and create
welfare. By forcing all the agents to pay a $1 tax, and then invest the proceeds into pro-
duction on the people’s behalf, the government can increase total production to Nb
and allocate a share to each agent equal to  Nb/N =b . Total net gain for each individu-
al is b — 1 > 0. Everyone is made better off compared to the “all defect” equilibrium.
Extensions and further implications of this type of PG game appear in economics text-
books several economics textbooks. For examples, see Fudenburg and Tirole [1] or Va-
rian [2].

The PG game is also used in the behavioral ecology literature. In this literature, be-
haviors are not chosen per se; they are the result of a natural selection process in the
same way that physical traits are. In these models, there exists a large population of
agents. Agent types (C or D) are initially pre-set, and agents play the strategies asso-
ciated with their type without question. A subpopulation is randomly selected to play
the PG game. After the payouts from the game are received, agents reproduce and die.
Reproductive fitness and success is dependent on the payouts from the game and the
composition of the population. Death tends to be random. Types with a “reproductive
edge”, either due to a high payout or due to large numbers, eventually grow to domi-
nate the population. A set of analytical tools can be used by researchers to compute
which type eventually dominates, and what factors affect that domination.

There is an extensive literature on evolutionary models of pro-social behavior. Doe-
beli, Hauert and Killingback [3], Nowak, Sasaki, Taylor and Fudenberg [4] and Fletcher
and Doebeli [5] are just a few examples. These particular studies provide concise me-
thods for developing and analyzing PG frameworks where player strategies evolve.
Fletcher and Doebeli’s approach to setting up and solving this class of models influ-
ences the model below greatly. A large share of the literature focuses on elements which
can be incorporated into the model to drive humanity into altruistic behaviors. The
most prominent of these is punishment; see Axelrod and Hamilton [6], Gintis, Bowles,
Boyd & Fehr [7], Fowler [8], Rand and Nowak [9], and Garcia and Traulsen [10] for
notable examples of this strand of literature. The behavioral ecology literature, in gen-
eral, is attempting to resolve two peculiarities: why do pro-social and a-social behaviors
coexist, and why are people altruistic with strangers. The mainstream economic ap-
proach has more difficulty with this, as agents are often assumed to be entirely self-in-

terested and hyper-rational.
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As noted by Gowdy [11] in regards to the prevalence of altruism, economists prefer
their method despite experimental findings. This study has no intention of convincing
them otherwise. We simply take an intuitive result from one method and insert it into
another to see what happens. In the study below, a government is added into a model
where pro-social and a-social behaviors are pre-set and are subject to a natural selection
process. The government collects taxes and supplies public goods. How will the gov-
ernment affect the evolution of behaviors? Will pro-social behaviors dominate when
they otherwise would not? Would a-social behaviors dominate when they otherwise

would not? The answers to these questions will be discussed in the sections that follow.

3. A Model

Consider an environment populated with two types of agents: cooperators (type C
agents) and defectors (type D agents). Let N, be the number of type C agents and N, be
the number of type D agents; N, + N, = N (total population size). At any time, a group
of M agents will be randomly selected from the population to play a public goods game.
Note that this game is a “local” one; the entire population does not play simultaneously
(M< N\

In this game, the strategies played by the agents are pre-determined by their type.
Type C agents wish to invest a total of 1 unit of their own resources into the production
of public goods. Once these goods are produced, they are shared equally amongst all A/
players. Type D agents do not voluntary invest anything into public goods production;
they try to free-ride on the efforts of others.

A central authority exists which intervenes in the game in an attempt to ensure at
least some public goods are made. They tax each of the A players a set amount, 0 < ¢<
1, and invest the proceeds into public goods production. If 7 < 1, type C agents invest
the remainder (1 — 9 into production on their own accord.

To evaluate different levels of government efficiency, it is assumed that private in-
vestment can yield a different number of goods than government investment. For each
1 unit of investment done by agents privately, 5 > 1 units of public goods are produced.
For each 1 unit of investment done by the government, y > 1 units of public goods are
produced.

Given this structure, we can calculate the average (expected) payout that any player
can expect to receive at any point in time. This expected payout will depend on how
many agents of each type there are and model parameters. Expanding the approach
used by Flectcher and Doebeli [5], we do this by dividing a player’s expected returns
into three parts: the part dependent on their own actions, the part dependent on the
expected actions of other players, and the part dependent on the government.

From their own actions, a type C player will receive his share of the goods he himself
produces minus the private investment cost (= (1-t)b / M —(1—'[)) . Type D players do
not privately invest, so they receive nothing from themselves.

From the actions of others, a player of any type will receive a share (= (1-t)b / M )

'Tt can be shown that when this is the case, the evolutionary process will always favor type D. See Fletcher and
Doebeli [5] for this result.
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from each type C players he expects to interact with. Let e. represent the expected
number of other type C players that a type C player can expect to interact with. Simi-
larly, let e, be the number of type C players that a type D player can expect to interact
with. Given random group selection, the demography of the other M — 1 players re-
flects the demography of the remaining population. Therefore:

N, -1 N

e, =(M -1)N°—_"1, & =(M-1)= (1)

We can now compute the expected return from the actions of others for any type C
player (: €, (1—t)b/M ) and any type D player (= ey (1—t)b/M ) .

When the government sees a public goods game being played, they tax each player ¢
and invest the proceeds. The government then disburses to each player a share of the
output (= (Mt) y/M = ty) .

The total expected returns (g) for each type of player are”:

9. =((1;A—t)b—(1—t)J+[ec a;ﬂ—t)bjﬂ(y—l)

; )
:(1—t)(ﬁ(ec+l)—lj+t(y—1)
(1-t)b
4 =(0)+e, +t(y-1
95 =(0)+e———+t(y-1) "

:(1—t)(%ed)+t(y—1)

In evolutionary models, these expected payouts influence how the population com-
position evolves. A Moran process is often used to model these dynamics. In the Moran
process, one agent is selected to reproduce; offspring are a clone of their parent. One
agent is then randomly selected to die. The probability that a type C agent is selected to
reproduce (r,) depends on that type’s fitness relative to type D:

. f.N,
© N+ fN,

where
f. =exp(g,) o
fy =exp(gy)
Similarly, the probability a type D agent is selected to reproduce (r,) is:
o= fCN:d+N?de =i ®

Note that reproductive fitness depends on both the type’s expected payout® and the
number of each type in the population. The type with a better payout is more likely to

*Note that these expected payouts are not actual payouts for any individual player which ultimately depend
on real game-play.

*The exponential function is used here to transform game payouts (g.) because these payouts may be negative
given the structure of the game described above. If no transformation is made, this may lead to negative re-
production probabilities, which is nonsensical.
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be chosen for reproduction, as is the type with the most numbers.

Given the structure above, we can construct an algorithm to describe the model’s
dynamics (see Box 1).

It is possible to compute transition probabilities for type C agents across consecutive
periods: the probability that the environment moves from the current state with N,
agents this period to some other state in the next period. Only three other states are
possible: a state with one more type C agent (a type C agent is born and a type D agent
has died), a state with one less type C agent (a type D agent is born and a type C agent
has died), and a state with the same number of type C agents (a type C agent is born

and a type C agent has died). These transitions probabilities are:

N
Png N1 = rch (6)
NC
Pne -1 = T W )
P, N, =1- P Ng+1 ~ P ong 1 (8)

Py, v s1 1S simply the probability a type C agent is selected to reproduce, times the
probability a type D agent is selected to die (due to random death selection, this is
NJN). py, n,1 is the probability a type D agent is selected to reproduce, times the
probability a type C agent dies (/V/N). The probability the state remains the same is the
remaining probability after the other states are accounted for.

To identify the overall evolutionary path across multiple periods, a more complex
analysis is required. Here, it is convenient to turn towards numerical simulation of the
algorithm in Box 1. To do this, model parameters (NN, A, b, tand y) are pre-set. An ini-
tial population of agents is selected. The model in Box 1 is then simulated for / periods,
with random draws being used for steps #3 and #4 to update agent demography (N,
N,). We evaluate the composition of the population at selected check points to see how
the mix of type C and type D agents evolves. Running a large number of such simula-
tions allows us to extract a measure of pro-social dominance probability—the likelih-
ood type C will evolve as the dominate type as measured by the fraction of simulations

where a substantial majority of the population is of type C.

4. Analysis

4.1. The Impact of the Government on Expected Payouts

We can evaluate the expected welfare gains or losses imposed by the government within

Box 1.

1) The period begins.

2) Expected average payouts (g, and g,) are computed for each type based on the number of each type
and model parameters. Reproductive probabilities (z.and r,) are also computed.

3) A new agent is born. The probability this agent is a type C agent is 7. The probability they are a type
Dagentis1 —r.

4) One of the agents is randomly selected to die.

5) The period ends. Repeat at 1 above.
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a period, holding the population numbers constant. When resources are taken from the
cooperative agents by the government, they receive government-produced goods but
lose out on any gains they could have gotten from investing those resources privately.
Holding the population demography constant, Equation (2) suggests:

A _ y—i(eC +1)
ot M )
a9,

E(O if y<%(ec +1)

With an active government, defectors get some government-produced public goods
(which they are forced to pay for), but lose out on gains from privately-produced public
goods they could have gained from free-riding. Equation (3) suggests:

a&_ y_l_ied
a‘? M (10)
#<0 if —e,>y-1

Note that if there are no cooperative types (N, = 0, therefore e, = 0), then govern-
ment activity will surely improve the welfare of people, as suggested by economists. Al-
so note that the level of government efficiency (y) matters; a low y is more likely to re-

sult in welfare loss.

4.2. The Impact of the Government on Transition Probabilities

Cooperative agents with have an evolutionary edge if py_y 1 > Py, n,-1- Holding the
population numbers constant, it can be shown that this condition will be satisfied if ¢ <
1 and:
N-M M (11)
N-1 b

The derivation of this condition is provided in Appendix A. Notice that pro-social
behavior is supported by low game size (low M) and high production technology (high
b) only. The demography of the population and the activities of the government are
inconsequential.

Appendix A also shows that if the government is the sole provider of public goods (¢
= 1), then neither type will have an evolutionary edge. In other words, the government
can “level the playing field”. Appendix B shows that a partial leveling of the playing
field is also possible; any level of government intervention (0 < # < 1) will reduce the
evolutionary edge of the pro-social type provided they have such an edge with no gov-
ernment intervention. The government cannot cause a complete reversal in evolutio-
nary advantage, however. Appendix C shows that if type C is advantaged without an
active government, they will be advantaged with an active government (provided < 1).

4.3. The Impact of the Government on Overall Evolution

To evaluate the impact of government intervention on the entire evolutionary path, the

1236

K
0:52: Scientific Research Publishing



D. Farhat

model in Box 1 is simulated 1000 times with 20,000 periods in each simulation. In each
simulation, a virtual world is populated by NV = 100 artificial agents. At the start of each
simulation, each individual agent’s type (C or D) is determined by a fair coin toss; the
expected fraction of each type in the population is therefore 50%. The agents play
games in groups of M = 5 players. Private technology (5), government technology (y)
and taxes () are used for experimentation purposes. Table 1 shows the fraction of si-
mulations where type C accounts for more than 90% and less than 10% of the popula-
tion and different checkpoints in the simulation.

Experiments A, B and C in Table 1 have no active government (¢ = 0) and varying
levels of productive technology (). In experiment A, Equation (11) holds with equality
(b=5.21) meaning that neither type has a pre-ordained evolutionary edge from
game-play. Type C is given an edge in experiment B (b ~5.73; Equation (11) holds)
and type D is given an edge in experiment C (b~ 4.69 ; Equation (11) does not hold).
Table 1 shows that if neither type starts with an advantage, type C dominates the pop-
ulation in 50% of simulated environments by period 20,000. If type C has an edge, this

Table 1. Simulation results.

. & % o s g - g g £y ES
¥ % E g g E¥ ¥ £H ER £ £ 3
o O A g "%D g © g © a '8 E '8 £ 0 £ N
° P ° g o £ 0 £ N g o 2 o ) g
: 3 5 ge  fg gz gf &E R &
] = = s = 3 §1 3 & & = 0 S 2 % =
b5 g g 80 3 5o 5 & g o e © 2 = 2 =
g 8 8 = - R g ! g Y g0 o
g g g RS 2o g g > g = S g
g g g & = 2 > £ > g4 T 4 €= g =
) b= =R E=EEO o s o [Te) [T}
8o 3 3 g G = o = Zo = o = S
o o S = &£ = =l F= = k= P
Z. ) o & & 2 & e s~ =S 52 5 1
Z Z & ki g -V
j A B C D E F G H I ]
z . 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2
§ -g 500 0.3 1.8 0.0 0.2 0.4 0.2 0.5 1.0 1.0 0.2
Y
= &
é = 1000 33 15.6 0.4 2.2 3.6 2.8 2.8 3.8 6.6 0.9
Eg
S AN 2000 10.3 54.9 0.7 10.1 13.4 9.7 10.7 10.7 253 3.1
g =
'% S 5000 30.2 92.5 0.9 27.5 314 28.0 26.3 25.0 66.0 6.0
g
- 10,000 42.6 98.8 1.0 42.9 45.1 42.5 40.8 39.1 85.8 8.3
20,000 499 99.0 1.0 50.8 50.6 49.3 47.3 47.1 90.6 8.5
j A B C D E F G H I ]
N 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3
g % 500 0.2 0.1 1.5 0.2 0.3 0.3 0.3 0.1 0.1 1.1
TS
g ke 1000 2.9 0.1 13.9 2.3 3.2 3.7 2.7 2.3 1.2 6.5
5 s
"S VI 2000 9.8 0.8 50.3 9.4 9.6 11.6 11.5 10.0 2.9 26.6
5 =
S
s 5000 29.1 0.9 93.1 26.1 27.6 29.3 27.7 29.7 6.6 66.6
g ¥
B 10,000 40.3 1.0 98.8 39.7 40.2 41.3 42.7 44.3 8.2 86.4
20,000 484 1.0 99.0 46.8 474 49.0 50.9 51.1 8.9 91.3
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fraction rises to 99%. If type D has the edge, the fraction falls to 1%. Instances of
non-dominance by period 20,000 where the proportion of type C agents falls between
10% and 90% are fairly rare. These results are expected: give one faction an edge and
they grow to dominate; if nobody as an advantage then it’s anyone’s game.

Experiments D, E and F in Table 1 are the same experiments as A, B and C but with
a full, efficient government (#= 1 and b = y). In these experiments, type C comes to
dominate in approximately 50% of the simulations, regardless of whether they have an
edge or not. These results mean that an active government could give cooperative
agents a chance to thrive in environments where they ordinarily would not (experiment
C versus F). On the other hand, the government does the same for non-cooperative
agents (experiment B versus E).

Experiment G corresponds to experiment D (no edge) with the government taxing a
reduced amount (¢ = 0.5) to see if the speed of the evolutionary path depends on the
size of government taxes; it seemingly does not. Experiment H shows what happens to
experiment G if the government is less efficient (y < ). Again, no significant difference
seems to appear.

Experiment I and ] correspond to experiment B and C with an efficient government
taxing a reduced amount (¢ = 0.5 and b = y). Comparing the results, we see that the
government has reduced the edge of the initially dominate type, allowing some virtual
worlds to be dominated by the other. The government has also slowed the rate at which
dominance of the favored type develops across virtual worlds. For example, compare
experiment B with experiment I. In experiment B, 15.6% of virtual worlds were domi-
nated by cooperative types by period 1000. In experiment I, this frequency of domin-

ance was not reached until period 1550.

5. Conclusions

How might the government affect the evolution of pro-social behavior? The results
above suggest the government can reduce a type’s reproductive edge, but it cannot re-
verse the course of evolution with certainty. In other words, if a society filled with
a-sociality is our initial destiny, the government can either slow its ascent a bit or, at
best, give us a 50 - 50 chance to have one ending with complete altruism. The govern-
ment cannot ensure good behavior. The result works in the other direction, however. If
a world of altruism is at the end of our evolutionary path, government intervention will
allow a-social types to exist longer than they otherwise would, or perhaps give them
chance to dominate. In one situation the government is helping, and in the other case
they are harming. If true, the government needs to consider the quantity and timing of
public goods provisions quite carefully.

This study provides insights on cooperative behavior by mixing together two pers-
pectives: one from economics (a government is needed to achieve cooperative out-
comes) and one from behavioral ecology (behaviors that evolve via natural selection).
Further research to assess the government’s impact on overall welfare along the evolu-

tionary path is required. This study does not assess the impact of switching on a gov-
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ernment mid-simulation. Alternative roles for the government are not explored in this

study; including government efforts to stabilize people’s income, for example, might

affect evolution. Agents follow heuristics and are not rational. Since rational behavior is

typically assumed in economics, improving the cognitive abilities of the agents might

add further insights. How these findings tie into the behavioral ecology literature on

punishment is also worth consideration, as an added role of the government is to pu-

nish those who engage in a-social behavior. These results are left for future work.
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Appendices
Appendix A

Pro-social behavior with have an evolutionary edge if py_y .1 > Py, - Using Equa-
tions ((6) and (7)):

N Ne 6 N
N N r, N,
Using Equations ((4) and (5)):
fCNC
o fN,+ f,N, N,
Iy & faNg
f.N, + TN,
Therefore:
r_c>&_>&>&_) fc > fd
i Ny faNg Ny
By definition:

f.>f, >exp(g.)=exp(9,)—> 9. > 9y

Substituting Equations ((2) and (3)) suggest:
(14)(%(% +1) _1] r(y-1)> (14)[%% j rt(y-1)
If £< 1, this condition becomes:
%(eC +1-¢g4)>1

From Equation (1):

ec+1_ed=(M_l)l\’\llc—l N, _ M-1_ N-M

Therefore:

b b(N-M N-M_ M
— (e, +1-g)>1>— >1— >—
M MU N-1 N-1 b

Note that this condition does not depend on the population demography at all nor
on the actions of the government, only on model parameters.

If £=1, then the expected payouts for both types will be identical:

9 =(1—t)(%(eC +1)—1)+t(y—1): y—1

0, =(1-) e, | t(y-1)=y-1

As aresult, £ = £;and the birth probabilities depend only on relative numbers:
N N Ng N

r. = c :—Crz _d
*N,+N, N N,+N, N

1240

K
0:52: Scientific Research Publishing



D. Farhat

A newly birthed agent is likely to be whatever type has the larger numbers. Since the
type with larger numbers is also more likely to be selected to die, the transition proba-

bilities equate. From Equations ((6) and (7)):

P =
Ng.Ne+1 — T N

=%

N,
N N
No _ Ng No

=r =
PreNg-2 = Ty N NN
Type C will have no edge if £ = 1. The government will have “leveled the playing
field”.

Appendix B

Consider an environment that transitions from no government intervention (¢ = 0) to
active partial intervention (0 < #< 1). Let p,_,_,; be the positive pro-social transition
probability for the no-government case and py__ ., be the positive pro-social transi-
tion probability for the partial government case. Government intervention will always
reduce the reproductive edge of type Cif py_y ., > Py .1 fOrany s

Holding the population demography fixed, we can use Equation (6):

. N, . N, .
ch,Nc+l > pNC,NC+l - rc N > rc N - rc > rc

Using Equation (4):
R f.N, f N, f.fN,+ f,N,

r>f— > — % = =
fNe+ f Ny fNC+ fN, f FN+ N

Rearranging suggests:

(NG + FaNg ) > Fo (NG + £Ng) > T RNy > T ANy > ., > T,
This, in turn, suggests:
exp(g.)exp(q ) > exp(Gc )exp(gq) » gc + Go > G + 9
_>gc_gc >0y _Qd
From Equations ((2) and (10)):
6.8 (e +1)—1j—((1—t)(%(ec +1)—1)+t(y—1)j
:t(i(e +1)—1j—t(y—1)
M C
From Equations ((3) and (11)):
R b b b
0, -8 = e |- e ot -0 =t e, |-ty

Combining these results suggests:

“ A b b
g.-6.>9, -9, at(ﬁ(ec +1)—1j—t(y—1)>t(ﬁedJ—t(y—1)
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b b b
—>V(eC +1)_1>Ved —>ﬁ(eC +1-¢g4)>1

Note this condition does not depend on the value of £ Appendix A shows that this
condition is the same one that establishes a reproductive edge for type C players. In
other words, if type C players have a reproductive edge before any sort of government
intervention is established, then this edge will be lessened once the government be-

comes active.

Appendix C

Although the government diminishes the evolutionary edge of pro-social types (when
they have the edge), the government cannot reverse it. To prove this, we need to show
that if type C agents have an evolutionary edge before the arrival of a government (¢ =
0), they will also have an evolutionary edge afterwards (0 < # < 1), holding the popula-
tion demography constant.

As in Appendix B, let p denote the transition probability for the no-government
caseand P denote the transition probability for the partial government case. We need
to show that if Py ;> Py, n, 1> then Py oy o> Py, 1

Appendix A shows:

b b
> ——(e. +1)-1>—¢
chch+1 ch,chl M ( c ) M d

This condition allows us to derive the structural condition under which type C has
the evolutionary edge ((N—M)/(N—1)>M/b). Let us suppose this is true. From this

condition, a trivial transformation implies:
(14)[%(% +1) _1] rt(y-1)> (1—t)[%ed j +(y-1)

The left-hand side of this equation is the type C average payout with the government
(§.). The right-hand side is the type D average payout with the government ( §, ).

This equation suggests:

Qc 2 gd _)exp(gc)zexp(gd)_) fc 2 1?d

Note that:
f\CNC
f>f - feN. ) No | TN+ TN, N
fgNg Ny faNg Ny
fN_+f,N,
By definition:
- °NE
f.N, + Ty N, _f_c
fAde ':d
fN,+f,N,
Therefore:
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LEoNe Jon sen 7 Nasp Ne
f,N, NN
By definition:
~ N o

—d>7 & > B
‘N 4N > Prg gt 2 P vt

Hence, although type C’s advantage might diminish when the government arrives,

they will not find themselves at a disadvantage.
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