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1. INTRODUCTION

This article investigates how the make up of society affects the economy when property rights
are unenforceable. For that purpose we take a simple model of economic growth and explore in
a unifying framework two possibilities to acquire resources: peaceful appropriation and violent
contest. Depending on the mode of resource appropriation the economy suffers from unenforce-
able property rights through either one or two channels. The first channel is created through the
disincentive to invest. It is always operative irrespective of whether appropriation is peaceful or
violent. The second channel is created through the effort that individuals spend on appropria-
tion contest, i.e. the effort lost for productive activities. The main goal of the article is to show
how social composition determines these modes of resource appropriation and how appropriative
behavior feeds back through the investment- and conflict-channel on long- run economic growth.

When property rights on individual capital are not enforceable, economy-wide capital consti-
tutes in fact a common pool resource and investors play a dynamic common pool game. They
know that a part of the returns on their investment will be appropriated by other members of
society and this knowledge drives down the incentive to invest and reduces the growth rate of
the macro-economy. The common pool framework leaves open how resources are appropriated.
Appropriation may happen peacefully in the sense that members of society are not engaged in
a costly contest about the economy’s resources. One strand of literature related to this article
investigates investment and growth when such a peaceful society is given by assumption." On
the other hand appropriation can be through contest. In this case the share of appropriated re-
sources depends on the expenditure of time or material spend on appropriative activities (usually
called fighting) relative to the expenditure of other members in society. A second strand of liter-
ature related to this article investigates economic consequences when such violent appropriation
is given by assumption.?

In this article we treat the mode of appropriation as a choice variable. A cross-country in-
spection of socio-economic histories shows that unenforceable property rights or, more generally,
bad institutions are always an impediment to economic development but only some countries at
some times suffer additionally from civil conflict. Moreover we frequently observe that only a
!The basic article is Lane and Tornell (1996). Generalization and extensions are provided by Tornell and Lane
(1998), Lindner and Strulik (2004) and Long and Sorger (2006). Benhabib and Rustichini (1996) introduce
cooperative appropriation norms in this framework. Lindner and Strulik (2006) investigate how these norms are
affected by social fractionalization.
2There exists a large literature on conflict in static environments based on Hirshleifer (1988). Dynamic models of
conflict are investigated by Garfinkel (1992), Grossman and Kim (1996), McDermott (1997), and Gonzalez (2006).
Some models allow for peaceful behavior but this is then only observed in situations when private property exists

and is secure, i.e. not challenged by others.
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subset of society (the rebels, the guerilla) engages in conflict while others behave peacefully.

In order to investigate how investment and conflict are affected by social diversity we subdivide
society into several groups. Possible intra-group conflict is assumed to be completely resolved
so that members of a group cooperate with each other and compete with members of other
groups. Ever since Sherif et al.’s (1961) famous Robber’s Cave experiment it has been widely
verified in social psychology that groups form up and conflict between groups arises as a result
of conflicting interests (see, for example, Baron and Byrne, 2004). Here, conflict of interest exist
because property rights are not defined or unenforceable.

According to Tajfel and Turner (1979) our strive for a satisfactory social identity and higher
self-esteem leads us to the distinction between groups and the emphasis of the desirability
of the in-group. The classic example for in-group favoritism and out-group discrimination is
ethnocentrism (LeVine and Campbell, 1972). It it argued that groups form along ethnic lines
because if one belongs to a group of low status, a reasonable strategy could be to switch to
another group. The use of ethnic markers — in particular when they are connected with visible
features — makes such a change more difficult. This renders ethnic groups more infiltration proof
and cohesion and cooperation within the group can be sustained more easily. Here, we will speak
nevertheless most of the time of social groups in order to keep the theoretical results more general
and only interpret these groups as ethnic when we compare results with the empirical evidence
because the existing econometric studies that take social composition into acount are mostly
about the association of economic performance and ethnic diversity.

Results derived in this article can be confronted with the following evidence. Easterly and
Levine (1997) show that ethnically fragmented countries grow less and that this factor is a
major determinant of Africa’s poor growth performance. This finding is confirmed with new
data sets by Alesina et al. (2003) and Alesina and La Ferrara (2005). The later study also
finds that fractionalization has more negative effects at low income levels. Rodrik (1999) shows
that ethnically divided nations react more adversely to external shocks. Easterly (2001a) finds
that lower ethnic divisions (and the share of income of the middle class) are associated with
higher income and growth, as well as with less civil war, better infrastructure and several other
development indicators. Alexander and Harding (2005) show that size of the largest ethnic group
is a significant determinant of civil war (along with the export share of primary commodities)
while income and education become insignificant once historical institutions are controlled for.

Negative effects of the risk of expropriation and other indicators of bad institutions on eco-

nomic performance have been shown by Keefer and Knack (1995, 1997), Mauro (1995), and
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Hall and Jones, (1999). Recently, the literature has emphasized an indirect effect of geography
on growth through institutional change at colonial times (Acemoglu et al., 2001, Easterly and
Levine, 2003, and Rodrik et al., 2004). The implied fact that institutions prevail over centuries
and are rarely destroyed or created rapidly helps to justify the simplifying assumption of taking
the unenforceability of property rights as given. Using an interaction term Easterly (2001b)
finds that the presence of good institutions significantly mitigates the negative effect of ethnic
diversity and that the marginal effect of ethnic fractionalization on economic growth as well as
on civil war is zero at the maximum level of institutional quality.

Some resources are more easily appropriated than others and their presence may induce more
conflict. Collier and Hoeffler (2004) find that the extent of primary commodity exports is the
largest single influence on the risk of conflict. Mehlum et al. (2006) find that more natural
resources reduce aggregate income under grabber friendly institutions and raise income other-
wise. An indirect effect of a country’s resource endowment on economic performance through
the mode of appropriation is found by Isham et al. (2005). They demonstrate that the relative
abundance of point source natural resources and of cocoa and coffee affects the rule of law,
political stability, and violence negatively and through this channel indirectly economic growth.

Social groups may differ in number and size. To keep the analysis tractable the paper investi-
gates both criteria separately. In particular the article is organized as follows. The next section
sets up a dynamic model of conflict for a society of groups of equal size. Section 3 shows that only
peaceful economies grow. If peace prevails, absent property rights still affect growth negatively
through the investment channel and we investigate the role of social fractionalization in this
context. Section 4 derives conditions for conflict to occur and investigates how appropriation
opportunities and social fractionalization affect conflict intensity.

From Section 5 onward the analysis is focussed on two groups of different size. This allows
to abandon the symmetry assumption. First we derive conditions for growth and conflict when
groups behave qualitatively similar in the sense that both decide for or against investment
and conflict. We show that the previously derived no-peace-no-growth result remains valid as
long as both groups engage in appropriation contest. Asymmetric societies can also display
qualitatively different group behavior. Section 6 discusses rebel-equilibria where the majority
of society behaves peacefully and is challenged by a predatory minority. In Section 7 groups
are endowed with different inherent (political) power. Equilibria of predatory social elites and
mass resistance are investigated. Section 8 concludes by mentioning limitations of the current

approach and possible extensions for future research.
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2. INVESTMENT AND APPROPRIATION IN A SYMMETRIC SOCIETY

Consider an economy populated by n > 2 groups of equal size. Total population is nor-
malized to one to facilitate comparison with the standard growth model. Hence, each group
i, 1 =1,2,...,n, consists of a continuum [0, 1/n] of persons. Conflict within groups has been
completely resolved so that each group acts as one man. Every group is endowed with one
unit of time of which it may decide to devote a part 7; on an appropriation contest with other
groups. In line with the conflict literature we call this activity fighting. It could be alternatively
called rent-seeking, robbery, looting, or civil war. The crucial feature is that the time devoted
to contest cannot be used for production of goods anymore. The induced loss of production
constitutes the opportunity cost of an engagement in conflict. We call a group that decides to
spend no time on appropriation contest (7;=0) peaceful and a society that consists exclusively
of peaceful groups a peaceful society.

Economy-wide capital is denoted by k and disposable capital of group ¢ by k;. A group’s share
of capital depends on its appropriation activities relative to total appropriation activity of all
contestants.

k; o+ T

—_—— >0 . 1
k na—i—Z?:lTj @ (1)

The positive parameter « distinguishes the appropriation contest from most of the conflict
literature. Without «, a non-fighting group would receive nothing if one or more other groups
are fighting. In other words, in an equilibrium of peace any group could appropriate the entire
capital stock by an infinitesimal small fighting activity. This feature would make long-run peace
unstable. A positive « avoids that social conflict is already imposed by assumption and allows
to derive conditions for peace and conflict as equilibrium outcomes.?

The magnitude of the parameter « also identifies the kind of capital or resource a society is
competing for. Given behavior of the competitors each group’s marginal return on fighting is
decreasing in « implying that the lower « the higher the share that a group can appropriate
with a certain fighting effort. This way, a high value of o models contest over hardly appro-
priable resources as, for example, human capital. A low value, on the other hand, indicates
comparatively easily appropriated resources as, for example, arable land, cattle, or forests.

Secondly, a group’s marginal return on fighting is increasing in the number of groups. This

feature reflects the fact that with rising n there are less in-group members to share resources

3Most of the results can be also obtained with a more general contest success function as used, for example,
in Hirshleifer (1988, 1995). Konrad (2002) provides an alternative way to rationalize the parameter o as the
headstart advantage of investors in a contest with appropriators.
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cooperatively with and more out-group members to fight with. The interplay of the effects from
social diversity (n) and the ease of resource appropriation («) will play a dominant role in the
subsequent analysis.

Capital is used together with working time to produce output using a function f(7;,k;) =
(1 — 7;)Ak;, i.e. group i produces Ak; units of output in every unit of time that their members
do not devote to fighting. Output can be used for consumption or investment. With per capita
consumption and investment denoted by ¢; and e; a group i consumes ¢;/n units of output and

invests e;/n units. Its budget constraint reads

Insert (1) into (2) to see that in a peaceful society (7; = 0 for all i) every group produces the
same income Ak/n and everyone receives an income Ak, which can be used for consumption
and investment. So far an economy in peace would be equivalent to the textbook Ak growth
model. Yet, property rights are not enforceable and all that is a priori known about investment

is that it augments the aggregate capital stock.

n

k:Zei/n . (3)

i=1
Groups determine consumption and fighting activity in order to maximize intertemporal utility
from consumption of their representative member according to fooo U(c;)e Ptdt, where p > 0

1-0
i

denotes the time preference rate. Instantaneous utility is of the iso-elastic form, U(c¢;) = (c
1)/(1—6). The analysis focuses on the case where 6 > 1, which is, however, not restrictive given
the empirical evidence on the magnitude of the intertemporal elasticity of substitution (see e.g.
Ogaki et al., 1996) .

Taking constraints (1) — (3) and a non-negativity constraint for investment, e; > 0, into

account, the optimization problem for group ¢, ¢ = 1,...,n, reads
1-0 n

c; ' —1 a+T; o+ T G
maxL; = +—— 4+ N (1 —7y) —=7—Ak + 1-7)—=i— J Ak —
TisCi 1-40 an + Z?:l Tj j:%# an+ >y 1 Th ;

o+ T; C;
+ 1-— Ak — —=| . 4
i | ( Ti) an + Z?—l 7 n (4)

Group ¢’s shadow price of aggregate capital is denoted by A;, and pu; is a complementary slack
variable that assumes the value of zero if investment of group ¢ is strictly positive.
Consider first the conditions for positive investment, i.e. e; > 0 and u; = 0. We have the usual

5



first order condition for consumption

CZ'_H = )\i . (5)

Taking into account that fighting time must be non-negative, the first order condition for fighting
is (0L/071;)7; = 0 and OL/07; < 0. Since individuals are identical (except for social affiliation)
and groups are of equal size, symmetry applies. Setting 7; = 7;, for all 4,j the derivative

simplifies to

OL;
673

= —NAk/n . (6)

From this we immediately obtain one of the main results.

Theorem 1. In symmetric equilibrium only peaceful societies grow economically.

Proof. Growth necessarily requires investment, which requires p; = 0. Since ¢ ¢ > 0 for all
¢i > 0, \; > 0, and, hence, 9L;/07; < 0. This in turn requires 7; = 0 for all groups for the
Kuhn-Tucker condition to be fulfilled. 0

The result is explained as follows. Positive investment implies that consumption is lower than
income, i.e. an interior solution for consumption. An optimal interior solution depends on the
current state of the system, i.e. the aggregate capital stock, and (possibly) time, ¢ = ¢(k, t), but
not on fighting activities (7). The only rationale for fighting could then be that it improves future
consumption through investment of the appropriated share. But because property rights cannot
be enforced, this investment will simply augment the aggregate capital stock from which it was
appropriated. In other words, if investment is worthwhile even under unenforceable property
rights, an engagement in conflict is a waste of time. This in turn implies that for fighting to be
observed consumption has to be at a corner solution where nobody invests. Note that the result
just states that investors will not fight and does not allow the conclusion that stagnation causes
conflict. Determinants of conflict will be investigated in Section 4.

The no-peace-no-growth result is independent from the specific functional forms for utility,
production, and contest success.* It depends, however, crucially on the symmetry assumption.
Since an investor will never fight, a society of symmetric groups is either made up solely of
peaceful investors or solely of non-investors. Considering asymmetric groups (of different size

or different inherent power) and abandoning the symmetry assumption allows qualitatively dif-

4This claim is proven in the Appendix. Any claim of generality is, of course, restricted to the non-cooperative
Markov strategies under investigation and to (concave) functional forms for which an interior solution for con-
sumption exists. Different strategies will lead to different equilibria. Trigger strategies, for example, can establish
inter-group cooperation and quasi-secure property rights as shown by Benhabib and Rustichini (1996) for the case
of two groups. The effect of social composition on the possibility of cooperation is investigated by Lindner and
Strulik (2006).
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ferent group behavior. In particular it becomes possible that a subset of society consists of
peaceful investors and a second subset consists of violent non-investors. These possibilities are

investigated from Section 5 onwards.

3. PEACE AND GROWTH WITH UNENFORCEABLE PROPERTY RIGHTS
In order to proceed consumption strategies have to be specified. Open-loop strategies require
that groups credibly commit to an infinite consumption path. Given that claims on future
capital stocks are unenforceable they are inappropriate. Accordingly, we consider Markovian
(or feedback-) strategies c(k,t) = c(k(t)) where consumption is determined by the state of the
system given by the aggregate capital stock. For a peaceful society the log-differentiated first

order condition for consumption and the costate equation for group 7 read

&G N
gt = 7
R )
(k) .
MlA- S T = A 8
=i ' ®

The sum term on the left hand side of (8) shows that groups take strategic interaction into
account. It distinguishes the solution from the standard Ak—growth model where property
rights are secure. Members of group ¢ (and analogously members of all other groups) know
that if they invest more and raise the capital stock (k), members of the other groups consume
more. Taking these reactions c;(k) into account, they consume more today and invest less than

if property rights were secure. To show this formally, we insert (1) and (2) into (3) and apply

symmetry. This provides growth of economy-wide capital in a peaceful society as

Inserting (7) into (8), applying symmetry, using the fact the ¢;(k) = ¢;/k, and inserting (9)

determines consumption as

_A—p=cdk)(n=1)/n

k) = S k) (10)

Using the method of undetermined coefficients we obtain the consumption strategy

on 0—1 »p
;= —————pk =A—+ = 11
CZ 077, _ (TL _ 1) SD ) SD 0 + 9 ) ( )
which applies for all groups i = 1,...,n. Hence, economy-wide capital, individual consumption,

and overall consumption grow at the same rate g. = ¢;/¢;. Inserting (7) into (8) and substituting
7



¢, from (11) provides economic growth in a peaceful society without property rights:

A—np

ge = —(n—1) (12)

Now the choice of notation pays off since the results can be compared immediately with results
for an Ak—economy with secure property rights. For the standard Ak—model we refer to the

textbook presentation in Barro and Sala-i-Martin (2004, Ch. 4.1, henceforth BS).

Theorem 2. Consider a linear growth model and a society clustered in symmetric groups.

Then individuals in a peaceful society with unenforceable property rights consume a larger part
of output (i.e. invest less) and realize a lower rate of economic growth than individuals in an
otherwise identical society with secure property rights.
Proof. The representative individual in an economy with secure property rights receives the
income Ak for sure and consumes c. Solving the optimization problem leads to the consumption
strategy ¢ = ¢k (See BS for details on this part). Since n > On — (n — 1), inspection of (11)
shows that individuals in a peaceful society without property rights consume a larger part of k
and hence of output, Ak. This implies that they invest less.

Inserting consumption under secure property rights into the equation of motion provides the
long-run growth rate (1/6)(A — p) (See BS for details). Since n > 2, and § > 1 > (n —1)/n,
growth without property rights according to (12) is lower.® O

Inspection of (12) proves the following result with respect to social fractionalization.

Theorem 3. Given unenforceable property rights the rate of economic growth is decreasing
in the number of competing groups.

In a largely fractionalized society a higher share of the return on investment is appropriated by
members of other groups implying a lower return for the in-group. Consequently, the incentive
to invest and thus growth decreases with the degree of fractionalization. The result provides
a theoretical foundation for the empirical finding that increasing social fractionalization slows
down economic growth as shown by Easterly and Levine (1997) and follow-up studies (see

Introduction). Fractionalization, however, is only an impediment to growth if property rights

SFor sufficiency it can be verified that the function V (k) = (9n79£71> )7/ (1= 0) [k % — kg% + V (ko) satisfies
the Hamilton Jacobi Bellman condition
V' (k)(O-D/6 _q

1-6
such that S(k) = V(k)e ** constitute a value function for group 4, i =1,...,n.
6Note that A of the current model comprises (A — §) in BS and that BS allow for positive population growth
(there denoted by n) which is set to zero for comparison with the current model. Furthermore, A > p, for a
meaningful solution with secure property rights, which is assumed to hold throughout this article.

8
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are unenforceable. This accords with Easterly’s (2001b) finding that growth and civil conflict
are uneffected by fractionalization at the highest degree of institutional quality.

Generally, investment requires that the net return is larger than the time preference rate. In
the textbook model this implies that capital productivity A has to exceed p, A > p. If property
rights are unenforceable, this condition is not sufficient. Inspection of (12) shows that investment
and growth requires A/n > p, i.e. capital productivity divided by the number of groups has to
exceed the time preference rate. This is so because at a symmetric equilibrium a group captures
only (1/n)-th of the returns of its investment. This way the net return of investment and the
incentive to invest vanishes with increasing fractionalization. Stagnation becomes more likely in

fractionalized societies.

4. ECONOMIC STAGNATION AND SOCIAL CONFLICT
If productivity is sufficiently low or fractionalization is sufficiently high, the economy stag-
nates. Stagnation, however, is not sufficient for conflict. This will be shown next together with
determinants of the intensity conflict if it arises. The symmetric Nash equilibrium of stagna-
tion is particularly easy to analyze. Because nobody invests, groups solve a static problem of

consumption maximization. Consumption is obtained from (1) and (2) by setting e; = 0.

o+ T
¢i=1—1)——=7—A4kn . 13
= -nTs 13)
The first order condition w.r.t. 7; requires
n
(1=7)—(a+7)] [na+> 7| —(1-7)(a+m)=0. (14)
Jj=t
Applying symmetry we get equilibrium fighting effort 7*.
— -1
Ti:T*:maX{O, er(f}, ¢Enn (15)
for all i = 1,...,n. Here, ¢ is equivalent to the index of social fractionalization. This index

provides the probability that two people randomly drawn from the population belong to different
social groups, i.e. ¢ =1 — > " (1/n)2. Inspection of (15) proves the following result.
Theorem 4. a) There exists a unique symmetric Nash equilibrium of conflict if (¢ — a) > 0,
i.e. if a society is sufficiently fractionalized and appropriation opportunities are sufficiently large.
b) At a conflict equilibrium, fighting intensity increases with increasing social fractionalization

and increasing opportunities to appropriate (decreasing «).
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The result that conflict intensity is higher in largely fractionalized societies is a special ap-
plication of a general regularity in conflict theory that has been observed among others by
Hirshleifer (1995) and Grossman (2001). More groups in symmetric society implies more out-
group members to contest resources with. It thus implies higher returns on fighting for every
group and induces higher fighting effort in equilibrium. This can best be seen by obtaining
the marginal return on fighting from (1). After applying symmetry the expression becomes
(n —1)/[n(a + )] and we can verify immediately that marginal returns are increasing in the
degree of social fractionalization.

Given the degree of fractionalization, the model predicts that those societies are particularly
prone to conflict whose resources are easily appropriated through fighting. With the expectation
that natural resources are comparatively easy to appropriate, the result is supported by the
empirical literature on the determinants of civil war, see Fearon and Laitin (2003) and Collier
and Hoeffler (2004). If we imagine the equilibrium outcome for the mode of appropriation
(violent or peaceful) as social norm or “institution” the result is also loosely connected to Isham
et al.’s (2005) finding that the ease of resource appropriation matters for economic performance
through its impact on institutions and violence.

While confirming the special role of natural resources, Alexander and Harding (2005) have also
identified ethnic composition of society as significant determinant of civil war. Their inference,
however, that this result questions the “greed rather than grievance” conclusion derived from
the (seeming) insignificance of ethnicity variables in the earlier literature is not valid. Here, we
have seen that whether peace or conflict prevails depends crucially on social composition but not
directly on income. At the same time conflict is completely driven by economic opportunities,
i.e. by “greed” according to the terminology of the referred literature.

The result that not only the occurrence but also the intensity of conflict depends on social
diversity is supported by Easterly (2001b) who found an association between the number of
civil war casualties and ethnic fractionalization. Generally the empirical literature focusses on
civil wars, i.e. conflicts that involve a sufficiently large number of deaths, so that other “milder”
forms of social conflict that would still be consistent with our contest success function cannot
be confronted with empirical facts.

Interestingly, Nash equilibria of conflict and growth may exist simultaneously. If this is the
case, it becomes possible to end up in the dominated conflict equilibrium “by mistake”. Consider,
for example, a socio-economy where productivity A is high enough so that positive growth

according to (12) exists. Assume that the “good” equilibrium of growth and mutual peace is
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indeed attained initially. Now, one group j trembles and sets by mistake 7; > 0. If groups,
i =1,...,n react according to their best response (14) the system ends up in equilibrium (15).
Maybe resources are hard to appropriate and 7* turns out to be zero. Yet, if resources are easily
appropriated so that 7* > 0, the socio-economy becomes trapped in stagnation and conflict.

How likely is it that equilibria of growth and conflict exist simultaneously? Intuitively, we
expect from the fact that returns of investment are decreasing in n and returns on fighting
are increasing in n that both equilibria exist for an intermediate value of n. The number of
groups has to be sufficiently small for investment to pay off in an equilibrium of peace and yet
sufficiently large for fighting to be worthwhile if the economy stagnates. Inspection of (12) and
(15) shows that model parameters must be such that 1/(1 — «) < n < A/p , i.e. the model
economy must be characterized by easily appropriable resources, high general productivity, and
an intermediate degree of social fractionalization.

Finally, note that it is much harder to return from conflict to peace “by mistake”. This would
require that all groups tremble and set 7 = 0 simultaneously. Alternatively, we need a mutual
assurance to behave peacefully. Thus, while conflict can arise spontaneously, pacification may

need peace building institutions.

5. ASYMMETRIC GROUPS

From now on we abandon the symmetry assumption and investigate behavior of groups of
asymmetric size. To keep the analysis tractable we have to restrict it to two groups, i.e. a
society consisting of a majority and a minority. The most obvious association with the two-group
scenario is that of conflict between a group represented by the government and a group of rebels,
i.e. civil war. T'wo other violent varieties, however, are found with almost equal frequency in real
life. The newly established Uppsala Conflict Data Program (Eck, 2003) identifies 37 percent of
the recorded cases of intra-state violence as state-based (government against rebels), 33 percent
as non- state (warring rebel groups) and 30 percent as one-sided (the violent actor is either the
government or a rebel organization).”

Below it will be shown that without symmetry assumption it nevertheless continues to be
individually rational not to fight and invest simultaneously. Yet, the macro implication that

growth happens only to peaceful societies is no longer valid because one group can turn out

to be aggressive while the other one behaves peacefully and invests. Asymmetric behavior

7Figu]res for the year 2003. Similar figures are found for the year 2002. The database — although more detailed than
others — collects only cases with more than 25 battle-related killings so that only the most violent interpretation
of the model’s appropriation contest can be confronted with the data. The database does also not contain
information about other more secretive forms of organized violence.
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renders the model less easily refuted by reality where growth and conflict are sometimes observed
simultaneously. These cases are typically not characterized by a whole nation at war but by a
fighting minority and a peaceful majority. Before we investigate one-sided conflict and state-
based conflict in Section 6 and 7 in more detail we now set up the asymmetric model and discuss
equilibria of mutual peace and violence.

Consider a society of two groups of size s and (1 —s), s € (0,1). When s is close to one or
close to zero a small minority faces a large majority. For s = 1/2 the society consists of two
groups of equal size and is equivalent to the symmetric case discussed above (with n = 2). The
index of social fractionalization, i.e. the probability to draw randomly two members of different
groups, is calculated as 1 — s? — (1 — 5)2 = 2(1 — s)s. It is first increasing in s, then decreasing,
and assumes maximum for s = 1/2, i.e. the polarized society consisting of two large groups of
equal size. To further facilitate analysis we focus on logarithmic utility, U(¢;) = log(c;). The

contest success functions are

1 _
by — s(a+11) k. by — ( s)(a+ ) . (16)
a+ st + (1 —s)m a+st+(1—s)m

They imply that in times of society-wide peaceful behavior (73 = 75 = 0), group 1 gets the share
s of resources and group 2 the share (1 — s) implying that every person is identically equipped
irrespective of its social provenience.

Groups maximize intertemporal utility from consumption of their representative member given
the production function (2), the state equation (3) and the contest success function (16). Group

1 maximizes

Ly =log(c1)
s(a+ 1) (1 —s)(a+79)
+ A\ {(1 — Tl)a p—— S)T2Ak +(1- Tg)a ap— S)TQAk —sc; — (1 — 8)02}
s(a+ 1)

+ 1 [(1—7’1) Ak — sc1|

a+ st + (1 —s)m

and group 2 maximizes a similar Hamiltonian Ly. Note that c¢; and co denote per capita
consumption so that group 1 (consisting of s members) consumes sc; and group 2 consumes
(1 —8)eco.
We begin by showing how Theorem 1 has to be modified for an asymmetric society.
Theorem 5. In an economy with unenforceable property rights populated by two groups of
unequal size no group is simultaneously investing (e; > 0) and fighting (7; > 0). This implies

that society-wide conflict (7; > 0 for all i) and growth cannot be observed simultaneously.
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Proof. The first order conditions for fighting are (0L;/07;)m; = 0, 0L;/01; < 0, i = 1,2, with

0L Ak
o (a+sm+ (1—s)m)? M =m)s —s(a+n)](a+sm+ (1= s)m)

M1 =71)s*a+71) = M(1—7)s(1 —s)(a+ )+ u1 [(1—71)s — s(a+711)]

X (a+sm+(1—8)m) - M1 —m)s*(a+7)} , (17a)

OLs Ak
lokp) - (a+ 5114 (1 = s)12)? Pelll=m)(t=s) = (= satmllatsm (1 =s)m)

— (1= 7)(1 = 5)*(a+72) = Aol —71)s(1 — 8)(a+711) + p2[(1 = 72)(1 —5) = (1 = 5)( + 72)]

X (a+sm+(1—5)m) —A(l—mn)1-52%(at+mn)} . (17Db)

First suppose that both groups invest and fight so that 7;,e; > 0 and p; = 9L;/d1; = 0 for
both groups. The only solution of (17) is 71 = 72 = —a, contradicting the initial supposition
of positive fighting activity. Now, suppose qualitatively distinct behavior. Without loss of
generality let group 1 be peaceful (77 = 0). Suppose that group 2 is simultaneously investing
and fighting (12 > 0). Setting OL2/012 = 2 = 71 = 0 in (17b) provides 72 = —a/(1 + /s) and
7o = —a/(1 —+/s). Because 0 < s < 1, the solution candidates violate the initial supposition
that fighting is positive. Thus investors never fight so that society-wide conflict and growth
cannot happen simultaneously. ]

The qualified no-peace-no growth theorem refers to mutual peace and allows for an important
special case of asymmetric behavior according to which a peaceful group invests and gener-
ates growth although another non-investing group appropriates resources non-peacefully. These
equilibria will be investigated in the next section. Here, we continue by considering qualita-
tively similar behavior of both groups. We begin by investigating conditions for society-wide
investment.®

Theorem 6. If in the society of two groups both groups decide to invest, then irrespective
of social affiliation everyone’s consumption grows at rate g. = A —2p. Members of the majority,
however, invest more than members of the minority.
Proof. Without fighting, the equation of motion for economy-wide capital resulting from (1) and
(2) is

k= Ak —sc; — (1 —3s)co . (18)

Positive investment implies u; = 0 for ¢ = 1,2. The first order condition for consumption of

8We focus on Nash equilibria. Note, however, that the Markovian Stackelberg solution coincides with the Mar-
kovian Nash solution because the strategy of a group depends on strategies of other groups only through the state
of the system.
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group 1 is 1/c¢; — sA; = 0 and its costate equation (given that groups follow time-consistent
Markovian consumption strategies) is Aj[A — (1 — s)ch(k)] = A1p — A1. Differentiating the first
order condition with respect to time, using the results to eliminate A; and A1 in the costate
equation, using the fact that ¢/(k) = ¢/ k, and inserting the equation of motion for capital we

obtain
[A—p— (1 —s)cy(k)] 1 (k)

1(k) = 19
Al = a0 = (1 - sk (19a)
Analogously, we obtain for group 2
A —p—sci (k)] cak)

(k) = = ! : 19b
h) = e ) = (L= 5)a(h) (19b)

The solution for equilibrium consumption strategies is
sc1 = (1—s)ea = pk . (20)

Both groups consume the same quantity, which is shared by s and (1 —s) members, respectively.
This implies that members of the larger group consume less and invest more at any given level
of k. Resubstituting ¢; and ¢ into the costate equation provides the growth rate g.. ]

The minority invest comparatively little because it knows that the returns of its investment
will be mainly appropriated by members of the large other group. Likewise the majority knows
that the returns of its investment are mainly appropriated by group affiliates with whom they
co-operate and thus invests more.

If neither minority nor majority invests, the economy stagnates and groups solve a static

problem of consumption maximization. The first order conditions for optimal fighting read

s(a+ 1)
a+ st + (1 —8)m
(1 —3s)(a+72)
a+ st + (1 —s)m

0= (1—7’1) |:1— :| — (a+T1) :F(Tl,TQ,Oé,S) s (21&)

0=(1-1) [1— } —(a+ 1) =G(mn,T2,0,8) . (21Db)

We know already from symmetric equilibrium that stagnation does not necessarily imply
conflict i.e. an interior solution for (21). Delegating the case of unilateral conflict to the next
section we now focus on group aggressiveness in an equilibrium of mutual conflict.

Theorem 7. At an equilibrium of mutual conflict the intensity of fighting decreases with
group size. The minority fights harder.

This result — proven in the Appendix — is known from the conflict literature as the “Paradox

of Power” (Hirshleifer, 1991). The intuition is similar to the symmetric case. Members of a
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small group have relatively little group affiliates to share resources cooperatively with and more
out-group members to appropriate from. Consequently marginal returns on fighting are higher

for small groups inducing them to fight harder.

6. PREDATORY MINORITIES AND THE MATTHEW EFFECT

From Theorem 7 we may already infer who will be investor and who will be appropriator if
qualitatively distinct social behavior occurs. Indeed, the question has a clear-cut answer (proven
in the Appendix).

Theorem 8. If the economy is populated by a group of peaceful investors and a group of
violent appropriators, then the aggressive group is a social minority.

With one-sided aggressive behavior we are changing the focus of analysis from an all-out
appropriation contest to low-intensity conflict. A large peaceful majority is challenged by a
small aggressive minority. The low-intensity assessment does not imply that a single member of
the minority spends only little time on conflict. Quite the opposite is true as will be shown below.
Minority members are devoting large parts of their time endowment on aggressive appropriation.
The low intensity of conflict results from the fact that only a small fraction of society belongs to
the aggressive minority such that the appropriated share remains small from a macro perspective.
Facing only a relatively small loss through appropriation the majority behaves peacefully, devotes
all time to production, and perhaps even invests.

The focus on low-intensity, one-sided conflict makes it harder to interpret the non-cooperative
groups as ethnicities and blurs further the anyway fuzzy border between paramilitary activities,
guerilla warfare, and organized crime. Sometimes the name of the violent group suggests a
formation along political ideas (for example the FARC in Columbia, the LRA in Uganda, or
the RUF in Sierra Leone) and sometimes not (the Yakuza, the Triads, the Mafia). In any case
appropriation is the purpose of the groups violent activity. Interestingly, also organized crime
frequently forms up along ethnic lineages and associations between specific families (for Africa
see UN, 2005). In many African conflicts the appropriation motive behind the political veil is
particularly evident because “there is no landlord from whom to free the masses” (Mkandawire,
2002) and violence is directed against the peaceful rural population.

Turning towards the model, assume without loss of generality that group 2 is the larger one
and parameters are such that it behaves peaceful. If it invests, we obtain (19b) from the first
order condition for consumption, state equation, and costate equation. The interior solution

(20) implies that group 2 consumes the same as it would in mutual peace. However, it gets
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a lower share of resources when group 1 is fighting. Taken together group 2’s investment rate
is lower when group 1 is fighting. Because group 1 is not investing, economic growth is solely
determined by investment of group 2 and obtained as

a(l—s)A
- 0, —— 2= . 29
g maX{ P p} (22)

Economic growth is decreasing in the size of the minority (s) and its fighting intensity (71 > 0).
Existence of a fighting minority further reduces capital productivity (which would be (1 — s)A
in a peaceful society and A if, additionally, property rights were secure). If the fighting group
is sufficiently large or its fighting sufficiently intense, the majority does not invest even though
productivity would be high enough to guarantee investment if property rights were secure (i.e.
A > pbut a(l—s)A/(a+s71) < p). If the majority does not invest, appropriation opportunities
determine whether it also engages in conflict or whether unilateral conflict prevails.

Determining the equilibrium intensity of unilateral fighting is a little more complicated since
the fighting group has to take into account the indirect effect of its aggressive behavior on the
state equation i.e. its future appropriation opportunities.The following is proven in the Appendix.

Theorem 9. If unilateral conflict exists, then fighting effort is decreasing in productivity (A)
and increasing in impatience (p).

Productivity has now an impact on conflict intensity because it affects investors and appro-
priators differently. Conflict is especially intense in societies that populate an economy with low
productivity. Intuitively, the result is explained as follows. The appropriating minority takes
into account the negative feedback effect that its behavior has on investment of the peaceful
group and therewith on their own future consumption. A fall of productivity lowers growth
and future appropriation possibilities and increases the incentive to appropriate now. With this
intuition in mind it is also obvious why a more impatient group fights harder: the instantaneous
appropriation gain receives a large weight in utility compared to the induced future losses.

In sociology it is sometimes referred to a situation in which benefits and harms accrue dis-
proportionally to rich and poor as a Matthew effect in an allusion to a verse in the gospel: “For
whoever has, to him shall be given and he shall have more abundance; but whoever has not,
from him shall be taken away even that which he has.“(Bible, Matthew 13:12). Theorem 9
rationalizes a literally-taken Matthew effect.

The result that in particular low productivity countries are afflicted by conflict provides a
theoretical foundation for Rodrik’s (1999) hypothesis that the poor growth performance of many

less developed countries in the 1970s is not sufficiently explained by the negative productivity
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(terms of trade) shocks received but by social conflict that these shocks induced. Rodrik finds
empirical support for this hypothesis in a cross-country study using an interaction term of macro
shocks, institutional quality, and ethnic diversity.

When the size of a minority decreases its members fight harder but also a smaller fraction of
society belongs to the aggressive group so that it is not a priori clear how social fractionalization
affects aggregate conflict. The consequences of groups size on society-wide conflict and macro-
behavior are now illustrated with some numerical solutions of the model. Table 1 shows three
different economies and four different societies. We consider a very small minority (s = 0.01),
a ten percent minority (s = 0.1), a large minority (s = 1/3), and two groups of equal size
(s =1/2). The time preference rate is set to 0.02 in all examples.

The economy on the left faces a value of general productivity of 0.035 implying that it would
grow at a rate of 1.5 percent if property rights were secure. Appropriation opportunities are
relatively large indicated by a low value of & of 0.05. Under these circumstances a very small
social minority (the rebels) spends 41 percent of their time appropriating wealth. Although the
minority is very aggressive it has only little effect on behavior of the other group and on macro
performance because it is so small. From society-perspective “only” 0.4 percent of total time
are spent on fighting. The majority behaves peacefully and invests. The economy grows at a

rate of 1.2 percent, i.e. 0.3 percentage points lower than it could under secure property rights.

TABLE 1: PRODUCTIVITY, APPROPRIATION OPPORTUNITY, AND CONFLICT INTENSITY

A =10.035, o« = 0.05 A =0.045,a = 0.05 A=0.035,0=0.5
s 001 01 1/3 1/2 001 01 1/3 1/2 001 01 1/3 1/2
7 041 0.18 0.32 0.30 0.40 0.14 0.02 0 0.20 0.11 0 0
T2 0 0 0.18 0.30 0 0 0 0 0 0 0 0
ei/k 0 0 0 0 0 0 0 0.25 0 0 0 0
e2/k 1.20 0.33 0 0 2.13 1.14 072 0.25 1.50 1.08 0.33 0
Age. 030 1.17 150 1.50 0.38 1.35 1.78 2.00 0.05 042 1.17 1.50

p = 0.02. The last row, Ag., shows the loss of growth against an identical economy with
secure property rights. Investment rates and loss of growth are displayed in percentage
points.

Qualitatively the picture does not change when 10 percent of the population (s = 0.1) belong
to the minority. The majority still behaves peaceful and invests. While individual aggressive
behavior decreases, conflict becomes more intense from the macro perspective. The society
spends now 1.8 percent of total time on fighting. The resulting loss through violent appropriation

is substantially higher and low investment supports only a meagre growth of rate of 0.33 percent.
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1.17 percentage points of growth are lost through conflict and unenforceable property rights.

When 1/3 of society belongs to the minority the behavior of the majority changes qualitatively.
In this case its loss through appropriation by the other group is so high that it gives up investment
and engages also in contest. The Paradox of Power operates and the minority fights harder.
Overall, the society spends 23 percent of its time on fighting. The economy stagnates. The last
row of the left panel illustrates that conflict intensity is highest when the country is populated
by a highly polarized society of two equally sized groups. In that case 30 percent of total
time are spent on appropriation contest. Because the index of fractionalization rises with s
(and assumes a maximum at s = 1/2), the results confirm our previous findings for symmetric
societies. Growth decreases and conflict intensity increases with increasing fractionalization.

The middle panel in Table 1 considers the same four societies populating an economy of higher
overall productivity. A equals 0.045 and under secure property rights the economy could grow
at a rate of 2.5 percent. If both groups are of significant size, the cost of lost production and
foregone growth opportunities through conflict is sufficiently high so that society-wide peace
prevails. Nevertheless the society suffers from unenforceable property rights and both groups
invest relatively little. The economy grows at a rate of 0.5 percent, two percentage points less
than it could grow with secure property rights. For the case of a minority of intermediate size
(s = 0.1) we observe the Matthew effect. A fall in productivity (reading the table from the
middle to the left) provokes more conflict through a more aggressive minority, which further
lowers investment of the majority and thus growth.

The right panel shows results when the resource is harder to appropriate (a = 0.5) reflecting,
for example, a capital stock that consists to a lesser extent of natural resources. As for the case
of higher productivity, an engagement in conflict is not worthwhile when both groups are of

significant size. Investment, however, remains low or absent.

7. NON-BENEVOLENT SOCIAL ELITES AND MASS RESISTANCE
So far we have assumed that groups are identical in their inherent appropriative power. Any
asymmetry resulted from different group size only. While this assumption is useful to isolate
the impact of social composition on group behavior and economic performance, it abstracts
from the fact that frequently one group enjoys more social power. We can think of a state
representing the interests of this group’s members. Of course, such a state is not a benevolent
one. It is an appropriative, non-benevolent, and possibly violent state. At the extreme the state

is a monopoly of violence used to appropriate wealth of its citizens, the other, powerless group
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of society.”
Let s < 1/2, and let the smaller group be equipped with larger inherent power reflected by

the following contest success functions.

s(a+m1) ko

M- 2=
P St ey s ey e R AR S

(1—s)(a+ I)
a+ st + (1 —8)Ar’

Ae€f0,1] . (23)

The new parameter A\ measures relative appropriative success of group 2, the society’s majority.
For A = 1, the model reduces to the one of the previous sections where groups possess identical
inherent power. With decreasing A the majority loses power. A given effort in the appropriative
activity yields less appropriative returns. At A = 0, the majority is powerless in the sense that
the time spent on fighting is ineffective. The first group has monopoly power of violence. For
small s, we can think of group 1 as an aristocracy, oligarchy, or ruling elite.

Inspect (23) to verify that the model collapses to the one already discussed in case of mutual
peace or peaceful behavior of the majority. The interesting equilibrium is the one of mutual
conflict. It could be characterized as mass resistance against a predatory state. Setting e; = 0
(because mutual conflict precludes investment), inserting (23) in (2) and maximizing consump-
tion provides the first order conditions

s(a+ 1)
a+ st + (1 —s)A

(1—3s)(a+ A1) ] _{Oz—l—TQ
a+ s+ (1 —s)An A

0=(1-m) [1— ] —(a+71)=F(m,72,0,8,\) , (24a)

0= (1—m) [1 _ } — Glruma s, ) . (24b)

Because the model has not changed in structure with respect to s, Theorem 7 on group size
and fighting intensity continues to hold. Additionally, an interesting result with respect to the
power of the masses can be derived (proven in the Appendix).

Theorem 10. Consider a society of an inherently strong minority and a weak majority. If an
equilibrium of mutual conflict exists, then increasing power of the majority a) leads unambigu-
ously to increasing violence of the minority, and b) leads to increasing violence of the majority
given that it is initially sufficiently weak (\ sufficiently small).

If the social majority is initially sufficiently weak, a power extension leads to higher absolute
returns in contest, implying more defensive success against the appropriative group. Conse-

quently, the majority defends more, and the predatory minority increases appropriation efforts

ITwo particularly impressive examples for a states under control of violent appropriators are Liberia under the
presidency of Charles Taylor (1997-2003) and Sierra Leone when the RUF’s leader Foday Sankoh got control
over the precious mineral department of the government. More subtle methods used by malevolent dictators to
appropriate from the masses are discussed in Acemoglu et al. (2004) in their introduction to a model that explains
the extraordinary longevity of some kleptocrats.
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in order to maintain a certain level of consumption. Because both social groups raise their
fighting intensities, a corollary of the theorem follows immediately.

Corollary 1. Increasing power of a social majority increases the intensity of society-wide
conflict given that the majority is initially sufficiently weak.

Yet, we cannot rule out analytically that just the opposite may happen. The opposite case
requires that a majority is sufficiently strong albeit weaker than the minority. It may then react
to increasing power with decreasing conflict. For an intuitive explanation reconsider equation
(24b), which measures the net marginal return on fighting for group 2. The first term in (24b)
reflects the gross marginal return on appropriation. The second term in braces describes the
marginal loss in production induced by an additional unit of time devoted to conflict. The

derivative w.r.t. A of the whole expression is

oG  (I-s)s(l-m)(a+m)nn «
O\ [a+sm+ (1= s)Am)? + A2 (25)

Increasing power of the masses lowers the time-loss in production because the same amount of
resources can be appropriated (or defended against appropriation) with less fighting effort. This
effect is captured by the last term in (25). It is the dominating effect if the majority is sufficiently
weak (let A approach zero to see this). For a sufficiently strong majority, however, it cannot be
ruled out that the first term overcompensates the second term. The negative first term is another
example for the Paradox of Power. Increasing inherent group power reduces marginal returns
in contest. Consequently the group shifts some time from fighting to production. Considering
decreasing A the result can be put differently: deprivation of a sufficiently strong majority

increases fighting effort i.e. it leads to mass rebellion.

TABLE 2: SociAL POWER AND CONFLICT

A=1 A=1/3 A=1/5
s 001 1/3 1/2 001 1/3 1/2 0.01 1/3 1/2
™ 041 032 0.30 041 0.27 0.24 041 024 0.21
™ 0 018 0.30 0 024 038 0 020 037

p=0.02, A =0.035, o =0.05.

Table 2 illustrates the results numerically. It considers three possible social divisions with
alternative power of the second group. The left panel repeats the left panel from Table 1, i.e.
A = 0.035, p = 0.02, and o = 0.05 and equally strong social groups. In the middle and right

panel the second group is weaker. Results remain unchanged in case of s = 0.01, i.e. when a
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small rebel group (or a non-benevolent dictator) receives a further power increase. Given that
both groups are of significant size (s = 1/3,s = 1/2), however, we observe the above explained
non-linear response to a fall of social power. A partial deprivation of an inherently strong group
(afall from A =1 to A = 1/3) increases its fighting efforts. Following a further deprivation (from
A =1/3to A =1/5), however, the weak group reduces resistance against appropriation. In other
words (reading the table from right to left), a partial empowerment of an initially weak group
increases social conflict. Further empowerment of an already sufficiently strong group lowers
society-wide conflict. The mechanism rationalizes the historical observation of drastic power
concessions (see e.g. South Africa). Once an initially powerless majority gains “somehow” some
power it can be in the elite’s interest to make further power concessions because this reduces
aggressiveness of the majority, improves economic performance, and yields higher consumption
for everybody in society including the member of the minority.

Finally, we extract a general frontier that separates the three regimes of peace, unilateral-,
and society-wide conflict. For that purpose we solve system (24) for the case when the condition
7o > 0 is just binding. This renders a solution for 71 and a conflict frontier which is most
conveniently represented in the (s, \) space. Of course, the solution applies only for s < 1/2,
i.e. as long as the powerful elite is not the majority of society. Taken together we have

a?(2) — )

s = min(s(\),1/2), s(A) = Dol tan

The conflict frontier is shown in Figure 1. The s()) curve intersects the A-axis at «/2 and reaches
a maximum where A = « (and s(\) = 1). It is then monotonously falling but not leaving the
positive quadrant. Inside the frontier we observe society-wide conflict (7o > 0). Outside the
majority behaves peacefully (72 = 0). We observe unilateral aggression of the powerful group
(m1 > 0) if the majority is very weak and the minority is strong but small (oligarchy) or society-
wide peace (11 = 0) if the minority not too small and the majority is relatively powerful.

The figure confirms the intuition already developed. The possibility of mutual conflict is
largest when the majority is of intermediate power. If A < «/2, mutual conflict disappears
irrespective of group size because the majority is simply to weak to resist. Implicitly, we can
also infer from the Figure that society-wide conflict ceases to exist irrespective of the majority’s
power when resources are sufficiently hard to appropriate. An increase in « shifts the frontier to
the right. For o = 2 the intersection with the A-axis is at A = 1 implying that mutual conflict
disappears entirely. On the other hand, we see that there is always conflict for sufficiently small

s. In other words, conflict is more likely when the powerful group is small.
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Figure 1: The Conflict Frontier (A inherent power of majority, s size of minority)
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8. FINAL REMARKS

This article has shown how social diversity affects the way resources are appropriated when
property rights cannot be enforced and how appropriation behavior feeds back through an
investment- and conflict channel to long-run economic development. For a society of sym-
metric groups it has been shown that positive economic development requires a peaceful society.
The result is grounded in the individual rationale of not being simultaneously investor in and
appropriator of the same resource. An asymmetric society, however, can consist of a group
of investors and another group of appropriators. In that case, it has been explained why the
social minority turns out to be the aggressive appropriator and the majority behaves peacefully.
The majority may even invest (albeit at a low rate). In any case, civil conflict, i.e. violent
appropriation behavior of all social groups, prevents economic growth.

If economic growth occurs, it has been explained why it is decreasing in social fractionalization
and why countries endowed with easily appropriable natural resources are especially prone to
conflict. A Matthew effect has been found according to which a negative productivity shock trig-
gers increasing appropriative conflict which in turn further deteriorates economic performance.
With these results the article offers a theory that can explain some empirical regularities found
in recent research about Africa’s poor economic and social performance (see, for example, Collier
and Gunning, 1999, and the literature listed in the Introduction).

Most of the time the investigated society consisted either of a variable number of groups of
equal size or of two groups of variable size. Only the last part has tried to extended the analysis
towards the behavior of inherently powerful social elites and mass resistance. Recognizing these
constraints on social diversity the article has deliberately avoided to use the more ambitious
term social structure, leaving it for future analyses that manage to introduce more sophisticated

divisions of society into the theory of macroeconomic growth. Here, we can only mention some
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conceivable and desirable directions for future extensions thereby also noting the limitations of
the currently available model.

Taking the division of society as given is, of course, a major simplification because we know
that groups are in fact socially constructed and vary over time (Anderson, 1983; Barth, 1999).
Integrating the process of group formation into a dynamic macroeconomic model would thus
constitute a substantial step ahead. Yet, even with the size of groups given an integration of
a more advance split-up of society could add great value to the model. For example, only if
society consists of three or more groups of unequal size the index of fractionalization differs from
the index of polarization (Esteban and Ray, 1994, Montalvo and Reynal-Querol, 2005). In that
case the recently published discussion about the effects of polarization versus fractionalization
on civil conflict and economic growth (Alesina et al., 2004, Montalvo and Reynal-Querol, 2005)
could be confronted with predictions derived from a theoretical model.

It has already been mentioned that the investigated Markov strategies constitute just one
(albeit particularly plausible) possibility to investigate social conflict. Trigger strategies, for
example, that have been successfully applied to the case of peaceful resource appropriation
(Benhabib and Rustichini, 1996, Lindner and Strulik, 2006) could also lead to new and inter-
esting results in the case of appropriation contest. The assumption that there is no conflict
within groups is also quite strong. It neglects, for example, agency problems and free-rider be-
havior, and the general issues of sharing the captured resources within the group and punishing
defecting groups members. Of course, an integration of a multi-layered society and networks
would make the model more realistic (possibly at the cost of analytical intractability). Finally,
it might be worthwhile to note that this has been an economist’s article about a topic which
is verifiably to a great extent of economic nature, but perhaps not entirely. Economists take
preferences as given and search for causes in the constraints. The alternative approach is maybe

best summarized by John Lennon’s famous words “War is over, if you want it.”
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Appendix
A. General Proof of the no—peace—no—growth result. Let U denote a utility function fulfilling
U’ >0and U” <0, let f be a production function with f(k;) > 0 for k; > 0 otherwise, and let

ks g(m)

koo Yiiig(ry)
be a general form of the contest success function (1) for the representative group i. A household’s time

is normalized to one and is devoted to production and fighting. Hence, a group produces

g(mi)k
Z;'L:1 9(75)

The first order condition for an interior solution of consumption (implying positive investment) is U’ (¢;) =

yi = (1—Ti)fl

A; so that A; > 0. At an interior solution for investment the first order condition for fighting — which
cannot be negative —is (OL/07;)7; = 0 and OL/07; < 0 with

?)iz =Aq( _Ti)w D! _Tj)w

Y1 9(m) = [, o))

Applying symmetry the right hand side simplifies to —\; f[], a negative expression. The Kuhn-Tucker
condition requires 7; = 0.
B. Proof of of Theorem 7. Partial derivatives of (21) are

ggcz—ﬂl—$@w+wﬂa+s+(r—®mH/N2—1<0
gg:{a—@m+nﬁu—n»ﬂW>o

B = (L= s)(a+m)s(l — )} N7 >0
gi:_{qa+nna+u—smﬂﬁnﬂw—1<o

%i; — {1 = m)(a+m)(a+m)}/N? <0
%f:(ng@+nxa+@nmﬂ>m where N = o+ s7 + (1 — 8)72 .

Without loss of generality we consider fighting intensity of group 1. Using the implicit function theorem
and Cramer’s rule

ory  detJ; oF 0G  OF 0G OF 0G ~ OF 0G

— = , detJ=——— ———, det/yj=—F7—7+ —— .
Js det J 87'1 872 872 87'1 Js (97'2 87‘2 0s

Because 2 > 0, s+ (1 —s)m2 > s(1 —7), and comparing absolute values, |0F/d7| > |0G/0m]|. Similarly,

one concludes |0G /03| > |0F/072|. Hence, the two negative multipliers of the first term in det J are
larger than the two positive multipliers of the second term. Therewith, det J > 0.

(a+71)(a+ ) B oG oF
TM17 M1:(1—7—1)87T2+(1_7—2)7 .

After some algebra M; simplifies to My = —(1—71)(a+71)s/N3— (1 —71) < 0, and therewith det J; < 0
and 011/0s < 0.
C. Proof of Theorem 8. Assume without loss of generality that group 1 is fighting and that group 2

det J; =

is peaceful. Without fighting, group 1 would get the share s of resources, i.e.

s(a+m7)
1-— _ = 1-— Al
(1-=m) o > s I-m)a+7)>a+sn (A1)
for fighting to be worthwhile.

Group 2 produces output
o+ Ty

)a+ST1 + (1 —=s)m2
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The derivative with respect to 7 taken at 7 = 0 has to be negative for that group 2 has no incentive to

deviate from peaceful behavior. This requires
(1-a)a+sm)—(1—-s)a<0. (A.2)

Group 1 produces output
o+ T1
S
a+sm+(1—98)m
The derivative with respect to 7; taken at 7, = 0 has to be positive for an incentive for group 1 to fight.

(1 — Tl)Ak.

This requires
(a+sm)(l—a)>s(a+m)(1—m7). (A.3)
Now combine (A.2) and (A.3):

sla+m)(l-mn)<(1l-s)a = (A-—m)lat+m)<a(l-s)/s.
Use this information in (A.1) to get
at+sn<a(l—s)/s = a<all-s)/s = s<l1/2

Group 1 has to be of a size smaller than 1/2, i.e. it has to be a minority.
E. Proof of Theorem 9. Let group 1 be a fighting, non-investing minority. Without investment,

1 > 0, and the first order condition for consumption requires
1/61 = S)\l + S - (A4>
Taking dynamic interaction through possible investment of the peaceful group into account, the costate

equation reads

s(a+11)
o+ 8T

A= )\1p—).\1 . (A5)

A {(1 et Q=g g s)cg(k)} (=)

o+ 8T o+ 8T
With positive fighting of group one the first order condition for fighting requires dL; /011 = 0. Setting
T2 = 0 we obtain from eq. (17a)

A1+
A1

Suppose a constant solution 7y exists. Then, (A; 4+ u1)/A1 is constant and (dividing by A; and log-

{{l=m)—(a+7m)](a+sm)—(1—m)s(a+7)}=(1-35)a . (A.6)

differentiating) we conclude ¢1/¢; = A /A1 from (A.4). With fighting being constant the appropriated
share is constant and consumption grows at equal rates for both groups.

Replacing Ay /A; with g, from (22) and inserting (1 — s)cj = p from (20), condition (A.5) becomes

)\1+u1(1—7—1)8(a+7—1)A=p. (A7)

)\1 a+ ST
Inserting (A.6) in (A.7) provides
0=F(r,a,A,p)=a(l —m)1 —s)s(a+71)(A/p) —[(1—71) — (a+71)](ax + 571)?
+(1*7’1)5(O¢+7’1)(0&+S7’1) . (A8)
The derivative w.r.t. 71 is
a(l —s)s[(1—7) — (a+71)]A/p+ B, where B=2(a+sm)*—2s[(1 —1)— (a+711)](a + s71)
+ 821 =) (a+ 1)+ 51 —71) +5(1 —71)(a + s(m1) — s*(a +11)(a + s71) .

Inspection of (A.8) shows that [(1 — 1) — (aw+ 71)] > 0 for existence of a positive solution for 71. Since
A > p (otherwise the optimization problem has no positive solution when property rights are secure), it
is sufficient to show that

a(l—s)s[(1—7m)—(ae+m)]+ B
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is positive for 9F /011 > 0. This expression simplifies to
a?(2 + 5?) + sy (4o + 28 + 3s71) > 0 .

Furthermore, 0F/9(A/p) = a(l —71)(1 — s)s(aw+ 1) > 0. Applying the implicit function theorem shows

o _[F0A) _,
9(A/p) (OF/0m)
F. Proof of of Theorem 10. Partial derivatives of (24) are
oF 9
= {1 =-s)a+In)|a+s+ (1 =98]} /N°—-1<0
1
oF
— ={(1—=8)(a+71)s(1—71)}/N?*>0
872
oG
— ={(1=s)(a+ I3)s(l —72)} /N?>0
87’1
oG 9
= —{s(a+m)[ja+ (1 —s)A+sm]|} /N —1<0
2
oF
e {(1=5)s(1—=7)(a+ 1)} /N? >0
oG 5 Q@
= {(1=29)s(1 —7m)(a+711)m2}/N*+ 2 where N = a+sm + (1 — s)A2 .
We first consider fighting intensity of group 1. Using the implicit function theorem and Cramer’s rule
or det Jy oF 0G  OF 0G OF 0G =~ OF 0G
— = ’ detJ=—————, detSjx=—7cF—+——— .
X~ detd T anon onon YT Toxan | om on
From the proof of Theorem 7 we use det J > 0.
(A =s)sta+T)m a OF _ oG OF
det Jy » = e M2+)\2 P My =(1 7’1)87_2 +(1 72)872 :
Because 0F/0m, > 0, it is sufficient to show that My < 0 to prove positivity of det Jy .
After some algebra My simplifies to My = —(1 — 71)(a + 71)s/N3 — (1 — 71) < 0, and therewith
det J17)\1 < 0 and 87'1/8/\ > 0.
Similarly,
or detJo OF 0G  OF 0G
il : det o= e
ox  dets YT e T
and (1—s)s(a+m) OF e OF
. —s)s(a+ 71)72 _aor o oG _ or
det Jo\ = Nz 5T o Mz =(1 7'1)67_1 +(1 7’2)87_1 .

M; simplifies to —(1 — 72)(1 — s)(a + A72) /N3 < 0. Hence, the whole first term is negative. The second
term, —(a/A2)(OF/071) is, however, positive. Moreover, for A — 0 the second term approaches infinity
while the first term approaches a finite value. The second term, therefore, dominates for sufficiently small

A implying 979 /0X > 0.
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