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ABSTRACT

This paper incorporates the economic theory of predation into the theory of economic
growth. The analytical framework is a dynamic general-equilibrium model of the interaction
between two dynasties, one of which is a potential predator and the other is its prey. Each
generation of each dynasty has to decide how to allocate its endowment of inherited wealth not
only to consumption and productive capital, as in standard growth models, but also to either
defensive fortifications or offensive weapons. Productive capital forms the basis for accumulation
of wealth, but in each generation predation can cause both the destruction of wealth and a
redistribution of wealth from the prey dynasty to the predator dynasty.

We find that, if the current wealth of the potential predator dynasty is small relative to
the current wealth of the prey dynasty, then the current generation of the prey dynasty chooses
to tolerate predation rather than to deter predation. We also find that over generations the
security of the prey dynasty’s property and the rate of accumulation of the prey dynasty’s
productive capital both steadily decrease, while the inherited wealth of the predator dynasty
grows relative to the inherited wealth of the prey dynasty. Eventually, a generation of the prey
dynasty will find that with predation its property would be so insecure that it is better off
increasing its defensive fortifications sufficiently to deter predation.

Importantly, the relation between the security of the prey dynasty’s property and its
accumulation of productive capital, both of which are endogenous in the process of economic
growth, is neither continuous nor monotonic. Generations of the prey dynasty that choose to
deter predation, even though their property is perfectly secure, accumulate productive capital
more slowly than the preceding generations that tolerated predation. Even if deterrence becomes
a better choice for the prey dynasty than tolerating predation, deterrence is a costly choice.
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That wealth ... which always follows the improvements of agriculture and manu-
facture . . . provokes the invasion of all their neighbors. An industrious, and upon
that account a wealthy nation, is of all nations the most likely to be attacked

...Adam Smith (1776, Book V, Chapter I, Part I).

Conventional wisdom holds that economic growth requires incentives to accumulate
capital and that such incentives require, in turn, secure claims to the fruits of accumulation.
But, surprisingly, economic analysis typically views predation and the resulting insecurity of
property as depending only on political and other noneconomic factors and as exogenous to
the process of resource accumulation. This view neglects the obvious fact that the security
of property and the accumulation of productive capital both are endogenous in the process
of economic growth.

This paper incorporates the economic theory of predation into the theory of eco-
nomic growth.! The analytical framework for this exercise is a dynamic generai-equilibrium
model of the interaction between two dynasties, one of which is a potential predator and the
other is its prey. Each generation of each dynasty has to decide how to allocate its endow-
ment of inherited wealth not only to consumption and productive capital, as in standard
growth models, but also to either defensive fortifications or offensive weapons. Offensive
weapons are the instruments of predation, whereas defensive fortifications serve either to
deter predation or to mitigate the effects of predation. In each generation the accumulation
of productive capital by each dynasty depends not only on that generation’s allocation of

inherited wealth to productive capital, but also on any redistribution and destruction of

1Examples of recent contributions to the literature on general equilibrium models of predation include
Stergios Skaperdas (1992), Jack Hirshleifer (1995), and Herschel Grossman and Minseong Kim (1995). All of
these papers abstract from economic growth. Several recent papers have presented empirical evidence that
suggests that capital accamulation is positively related to the security of property rights, but these papers
treat the security of property rights as exogenous. See, for example, Philip Keefer and Stephen Knack
(1995), who also refer to various contributions to the literature. The present paper is also complementary
to recent work on the political economy of economic growth — see, for example, Roberto Perotti (1992) and
Alberto Alesina and Dani Rodrik (1994) - in which the government’s tax and spending policies are both a
cause and an effect of the growth of productive capacity, but which abstracts from predation as an economic
activity.



wealth that results from predation.

We use this analytical framework to address the following specific questions: Under
what conditions does the current generation of the prey dynasty choose to tolerate predation
and less than perfect security of its property, rather than to deter predation? How does the
security of the prey dynasty’s property evolve over generations? What factors determine
the accumulation of productive capital in each generation? How does the accumulation of
productive capital evolve over generations? And, most importantly, how is the accumulation
of productive capital related to the evolution of the security of the prey dynasty’s property?
One of the main lessons from our analysis is that the relation between the accumulation of
capital and the security of property is neither continuous nor monotonic because, even if
deterrence is a better choice for the prey than tolerating predation, deterrence is a costly

choice.

1. The Model

Consider the following dynastic growth model that includes the possibility of repeated
interaction between the potential predator dynasty and the prey dynasty. In each period
t, a new generation of the potential predator dynasty and a new generation of the prey
dynasty are born. Each new generation inherits from the previous generation positive wealth
endowments, w; for the potential predator dynasty and Q; for the prey dynasty. In each
generation, the security of the prey dynasty’s property is determined endogenously by the
allocative decisions made by that generation of the potential predator dynasty and the prey

dynasty.?

2This analysis takes the identity of the potential predator dynasty and the prey dynasty as given, and
it assumes that the predatory interaction is one-sided. The prey dynasty does not attempt to appropriate
the resources of the potential predator dynasty. An extended analysis would determine the identity of the
potential predator and the prey endogenously. The present analysis also does not explicitly address the
possibility that a third party, like government, acts as the proximate enforcer of claims to property. In fact,
in situations in which the claimants to property are groups like tribes or nations, third parties typically
play no role in enforcing claims to property. Moreover, even if the claimants to property are individuals,
third-party enforcement is not the historical basis for secure property. As Vernon Smith (1993, page 170)
points out, “property rights ... precede the state ... ”



As in our previous models of predation — see Grossman and Kim (1995, 1996) — each
generation of the prey dynasty can choose to deter predation. The alternative to deterrence
is to tolerate predation and to mitigate its effects. To allow defensive fortifications to be
a deterrent to predation, we assume that in each generation the prey dynasty and the
potential predator dynasty allocate their endowments in the following sequence:

Out of its endowment, §);, generation { of the prey dynasty consumes C; and
allocates the rest to productive capital, K, and to defensive fortifications, G, with the
constraints C; > 0, K; >0, G; > 0, and Q; = Cy+ K;+G;. After observing the allocation
of resources by generation t of the prey dynasty, generation t of the potential predator
dynasty consumes ¢; and allocates the rest of its endowment to productive capital, k¢, and
to offensive weapons, g;, with the constraints ¢ > 0, k; > 0, g; > 0, and w; = ¢;+ki+g;.3

We assume, for simplicity, that the resources allocated to either defensive fortifications
or offensive weapons are spent in generation t and have no salvage value. We also assume
that the productive activities of the two dynasties are independent and that both dynasties
get the same constant rate of return from their productive capital. Specifically, generation
t of the potential predator dynasty produces (a — 1)k; and generation t of the prey
dynasty produces (o — 1)K, where « is a constant gross productivity parameter larger
than one.*

At the end of generation t, the gross production of generation ¢ of the prey dynasty,

3This analysis abstracts from collective choice issues. The model treats each generation of each dynasty as
a unitary agent that maximizes a single well-defined objective function. Also, in this model, the allocations
to productive capital and to either defensive fortifications or offensive weapons are rival uses of a’ dynasty’s
resources. The same unit of resource cannot be allocated to more than one use.

*In this setup total production in each generation depends only on the total amount of productive capital.
Total production does not depend on the distribution of productive capital between the potential predator
dynasty and the prey dynasty. Other specifications of the technology would allow for cooperative production
with the two dynasties as owners of complementary resources. With cooperative production, either output
would go into a common pool subject to appropriation, as in the models of Hirshleifer (1991, 1995) and
Skaperdas (1992), or the model would have to include some social arrangement such as a market, as in
Grossman (1994, 1995), for determining income claims. Another possibility would be to assume that the
two dynasties produce different products and to allow them to have a trading relation as well as the potential
for a predatory interaction. Skaperdas and Constantinos Syropoulos (1996) develop a model of predation
with trade.



akK;, is subject to predation by generation t of the potential predator dynasty.> The
fraction of its gross production that the prey dynasty retains in generation t provides
a measure of the security of the prey dynasty’s property in generation t. This fraction
depends on the relative allocations in generation ¢ to offensive weapons and defensive
fortifications. Specifically, the prey dynasty in generation ¢ retains the fraction P, of its

gross production, where

1-X; for 0<X;<1
(1) P,

0 for X;>1

and X = Oé—tt.

In equation (1), X; measures the offensive strength of the potential predator dynasty

relative to the defensive strength of the prey dynasty in generation t, where 6 is a

constant positive parameter that indicates the effectiveness of offensive weapons against

defensive fortifications. Equation (1) implies that 0 < P, < 1 and that P, is weakly
decreasing in X,.%

We also allow for the possibility that predation is destructive, by which we mean

that the predator gains less from predation than the prey loses. For example, perhaps the

predator’s gain is subject to deterioration during shipment or the predator’s gain needs to

be processed to be usable.” Specifically, although the prey dynasty loses the fraction 1— P,

®In related models developed in Grossman and Kim (1995, 1996), productive capital, defensive fortifi-
cations, and offensive weapons were all subject to predation but output was not subject to predation. In
the present setup, output as well as productive capital are subject to predation, but, as explained above,
defensive fortifications and offensive weapons are spent. ;

®In this formulation X, is a homogeneous function of degree zeroin g; and G: and of degree one in
the ratio, ¢:/G:. A more general specification, used by some authors, would be that X. is homogeneous
of degree r in the ratio g¢/G¢, r > 0. Hirshleifer (1991, 1995) interprets r as a “decisiveness” parameter.
Note that, although X is a positive function of 8, X: could be either a positive or negative function of
r depending on whether g¢ is larger or smaller than G¢. An even more general specification — see, for
example, Grossman (1991) — would be that X: is homogeneous, but not necessarily of degree zero, in g¢
and G and that X; is not homogeneous in the ratio g:/G:.

TAnother possibility would be that predation involves violence and destruction. But, given complete
information and the absence of stochastic factors, this model does not provide an internal explanation for
violence and destruction. Dagobert Brito and Michael Intriligator (1985) address the question of whether
conflict is resolved with or without violence and destruction. They emphasize the importance of incomplete
information as a cause of violence. In fact, predation in most cases does not involve violence.



of its gross production, the predator dynasty gains only the fraction (1 — 8)(1 — F;) of
the prey dynasty’s gross production, where 0 < # < 1. The parameter § measures the
destructiveness of predation.

The wealth endowments of the next generation of each dynasty depend on the gross
production of both dynasties in the current generation and on the results of their predatory
interaction. Each generation of the potential predator dynasty bequeaths to the next gener-
ation its own gross production plus the amount of the prey dynasty’s gross production that
it appropriates from the prey dynasty, net of destruction. Thus, the wealth endowment for

the generation of the potential predator dynasty born in period ¢+ 1 is
(21) Wiy = akt + (1 - ﬁ)(l - Pg)aKt.

Each generation of the prey dynasty bequeaths to the next generation its own gross pro-
duction less the amount of its gross production that it loses in the predatory interaction.

Thus, the wealth endowment for the generation of the prey dynasty born in period t+1 is
(22) QH.] = PtaI\’t.

Each generation of each dynasty gets utility from its own consumption and from
the bequest that it leaves to the next generation of its dynasty.® Each generation of each

dynasty maximizes the sum of these utilities. Specifically, generation t of the potential

For tractability we adopt the specification that each generation gets utility directly from its bequest
to the next generation. Models of savings behavior sometimes assume instead that each generation cares
directly about either the consumption of the next generation or the utility of the next generation. Either of
these alternative specifications would introduce complications that we have chosen to avoid. For example, if
the current generation of the predator dynasty cares directly about the utility of the next generation, then it
cares indirectly about the consumption of all future generations of the predator dynasty. In this case, even
if it could maximize the bequest to the next generation by engaging in predation, the current generation of
the predator dynasty would consider the possibility of deferring predation to allow some future generation
of the predator dynasty to appropriate from a richer prey. In addition, these alternative specifications
would introduce the possibility of a cooperative equilibrium, in which the dynasties would agree to limit
their allocations to defensive fortifications and offensive weapons. Under certain conditions the threat of
punishments that would reduce the consumption of future generations could sustain such a cooperative
equilibrium.



predator dynasty maximizes
(31) Ve = ’U,(Ct) + u(wH_l),

where u'(-) > 0, 4/(0) = oo, and «"(-) < 0. Similarly, generation ¢ of the prey dynasty

maximizes
(3.2) Vi = U(C) + U(Q41),

where U’'(:) > 0, U’(0) = o0, and U”(-) < 0. For simplicity, this formulation abstracts

from pure time preference.

2. Resource Allocation: The Potential Predator

To analyze this model, we begin by considering the allocation of inherited wealth
by generation t of the potential predator dynasty among consumption, ¢;, productive
capital, k;, and offensive weapons, g;. Generation t of the potential predator dynasty
chooses ¢;, k;, and g; to maximize v,, subject to the constraints ¢; > 0, k; > 0, ¢g; > 0,
and w; = ¢; + k; 4+ ¢:- Generation t of the potential predator dynasty takes the allocation
of resources by generation t of the prey dynasty as given.

Given K, equation (2.1) implies that the bequest to generation ¢+ 1 of the
potential predator dynasty, w41, is a linear function of k; and PF;. In addition, given
G, equation (1) implies that P, is alinear function of g,. Specifically, a ﬁnit of productive
capital increases the bequest by «, and a unit of offensive weapons increases the bequest by
(1- ﬂ)g;aK,. Consequently, generation ¢ of the potential predator dynasty allocates all
of its endowment, net of consumption, either to productive capital or to oﬂ'ensive-weapons
depending on whether or not « is at least as large as (1 — ﬂ)-(g—‘aKt. 9

This result implies that, if generation ¢ of the prey dynasty has allocated a sufficiently

large amount of wealth to defensive fortifications relative to its productive capital — that

®This result presumes that generation t of the prey dynasty has chosen G, such that either G, >
B(we — c¢) or Ge> (1— B)8K,. Otherwise, P, would be zero, and generation t+1 of the prey dynasty
would receive no bequest. Because we assume that U’(0) = oo, generation t of the prey dynasty would
not choose this outcome.



is, if Gy > (1-8)8K,; — then generation t of the potential predator dynasty is completely
deterred from allocating its wealth to offensive weapons. In this case, generation t of the
potential predator dynasty allocates all of its wealth, net of consumption, to productive
capital. Alternatively, if generation ¢ of the prey dynasty has chosen G; such that
G: < (1 — p)8K,, then generation t of the potential predator dynasty allocates all of
its wealth, net of consumption, to offensive weapons and none of its wealth to productive
capital.1®

To solve the complete allocation problem for generation ¢ of the potential predator
dynasty, we substitute equation (2.1) into equation (3.1). We then see that, if G, >

(1-PB)8K,, then v; is maximized with
(4.1) kt=w;—¢; and g =0

and with ¢; chosen such that

0
(4.2) —6% = u'(¢) — ou'(w41) = 0.

Given condition (4.1), increasing consumption in the current generation decreases the be-
quest to the next generation by «. Condition (4.2) equates the marginal utility of con-
sumption to the marginal cost of consumption, which, with g; equal to zero, equals «
times the marginal utility of the bequest. Alternatively, if G; < (1 — f)8K,, then v is

maximized with
(5.1) kk=0 and g¢g;=w;—¢

and with ¢; chosen such that

(5.2) 2 = (e ~ (1= B) g oKind (wusn) = 0.

°In Grossman and Kim (1995, 1996), we assume that P, is a nonlinear function of X,. With this
assumption, for some values of G¢, generation t of the potential predator dynasty would allocate positive
amounts of resources both to productive activity and to predatory activity. In the present context in which
we want to analyze the accumulation of capital with and without active predation, assuming that P, is a
piecewise linear function of X, asin equation (1), simplifies the analysis with little loss of generality.



Given condition (5.1), increasing consumption in the current generation decreases the be-
quest to the next generation by (1-— ,B)Z%alx‘}. Condition (5.2) equates the marginal utility
of consumption to the marginal cost of consumption, which, with k; equal to zero, equals
(1- ,3)59:011(} times the marginal utility of the bequest.

To simplify the analysis we assume that the utility function of the potential predator
dynasty has the form, u(-) = log(:). Then, conditions (4.2) and (5.2) imply that, regardless

of the choice of g; and k;, generation ¢ of the potential predator dynasty chooses

W
(6) ct = ?t

Substituting equation (6) into conditions (4.1) and (5.1), we see that the allocation to
productive capital by generation t of the potential predator dynasty is

& for G2 (1-pP)K,
(7) ke =
0 for Gi<(1-pB)0K,,

and that that the allocation to offensive weapons by generation ¢ of the potential predator
dynasty is

0 for Gt Z (1 - ﬂ)OKt

(8) gt =
Gt for Gi< (1-pB)K,.

The simple result that either k; or g; is equal to ¢; follows from the assumptions that
the utility function of the potential predator dynasty is logarithmic, that the production

technology is linear, and that P; is a linear function of g,.

3. Resource Allocation: The Prey

Generation ¢ of the prey dynasty chooses C;, K;, and G; to maximize utility
as given in equation (3.2), subject to the constraints C; > 0, K; > 0, G; > 0, and
Q; = C;+ K+ G;. Generation t of the prey dynasty takes into account how its allocations
of wealth to defensive fortifications and to productive capital will affect the allocation of

wealth to offensive weapons by generation ¢ of the potential predator dynasty.



To solve the allocation problem for generation ¢ of the prey dynasty we substitute
equations (1), (2.2), (8), and K; = Q;—C;—G; into equation (3.2). We then find that the

utility of generation t of the prey dynasty, V;, has at least one local maximum described

by

(9.1) Gy = (1-pB)0K,

and

(9.2) % = U'(C;) ~ aU'(aK,) = 0.

To see that condition (9.1) is necessary for a local maximum, observe that, if and
only if G¢> (1 - B)0K;, then g; =0 and P, = 1. Consequently, at G;= (1- G)0K,,
given Cy, an increase in G; would only decrease the prey dynasty’s gross production in
generation t. In addition, at G; = (1 — 3)0K,; a marginal decrease in G; would result in
a discrete increase in g; from zeroto w;/2 and discrete decreases in P; and in PiaK;.

With G; = (1- 8)0K,; and P, =1, increasing consumption, C;, would decrease
the bequest to generation t+1 of the prey dynasty by a. Condition (9.2) says that, with
G: = (1 - B)0K,, generation t of the prey dynasty chooses its consumption such that the
marginal utility of consumption equals a times the marginal utility of the bequest.

We also find that V; can have another local maximum described by

(101) th (—Pta + ﬁalﬂ) U'(P,aKt) = 0 and 0%{ < Gt < (1 - ﬂ)OKt

3G, ~ aG,
and
(102) gcz’tt' = U’(Cg) - PtaU'(PtaKt) =0.

If 0%‘ < Gy < (1-pP)0K,, then a marginal change in G; would affect the bequest
to generation t-+ 1 of the prey dynasty in two ways: An increase in G, would increase

P, and would decrease K;, thereby changing the amount of bequest by —P,a+ gg‘:ak’t.

9



If —Pa+ g—g‘t-al(g > 0 for all values of G that satisfy 9‘—"’21 < Gy < (1 - B9k,
then there exists no local maximum that satisfies condition (10.1). Otherwise, conditions
(10.1) and (10.2) describe a local maximum. At the value of G; that satisfies condition
(10.1), the positive marginal effect on the bequest to generation ¢+ 1 from increasing G,
and increasing P, exactly equals the negative marginal effect from increasing G; and
decreasing K.

With G < (1-p)8K,; and P; <1, given G, increasing C; would decrease the
bequest to generation t+ 1 of the prey dynasty by P,a. Condition (10.2) says that, with
G: < (1 - B)0K,, generation t of the prey dynasty chooses its consumption such that the
marginal utility of consumption equals P,a times the marginal utility of the bequest.!?

If there is no local maximum that satisfies conditions (10.1) and (10.2), then the local
maximum described by conditions (9.1) and (9.2) is also the global maximum. If there are
two local maxima, then generation ¢ of the prey dynasty allocates its wealth by comparing
the value of V; associated with conditions (9.1) and (9.2) to the value of V; associated

with conditions (10.1) and (10.2).

4. The Security of the Prey’s Property

Denote the value of V; associated with conditions (9.1) and (9.2) by V;* and
the value of V; associated with conditions (10.1) and (10.2) by V{. If and only if
V* > V°, generation ¢ of the prey dynasty prefers to deter predation with a large
allocation to defensive fortifications rather than to tolerate predation and to mitigate its
effects with a smaller allocation to defensive fortifications. In this case, we denote the
allocations by generation t of the prey dynasty to consumption, productive capital, and
defensive fortifications as C}, Kj, and Gy, respectively.

If G, equals G}, then generation t of the potential predator dynasty allocates

1 As noted above, generation t of the prey dynasty would not choose G < 8%t because such a small

allocation to defensive fortifications would imply P = 41 = 0. Because we assumed U’(0) = oo, an
allocation of wealth such that P, = 41 = 0 can never satisfy condition (10.2).

10



none of its wealth to offensive weapons and allocates all of its wealth equally to consumption
and to productive capital. In this case, there is no predation in generation ¢. With no
predation, P; equals one. In other words, the prey dynasty’s property in generation t is
fully secure.

Alternatively, if and only if V;* < V;°, generation t of the prey dynasty prefers to
tolerate predation rather than to deter predation. In this case, we denote the allocations
by generation ¢ of the prey dynasty to consumption, productive capital, and defensive
fortifications as Cg7, K7, and GY, respectively.

If G: equals G{, which is smaller than G}, then generation ¢ of the potential
predator dynasty allocates all of its wealth, net of consumption, to offensive weapons and
allocates none to productive capital. In this case, there is active predation in generation t.
With active predation P; is less than one. In other words, the prey dynasty’s property in
generation t is less than fully secure.

To simplify the analysis we assume that the utility function of the prey dynasty, like
the utility function of the potential predator dynasty, has the form, U(-} = log(-). Given
this assumption, Cf, K, and G} satisfy

' Gi = (1-B)oK;
(11.1) K = C¢
A = Cf+K;y+Gy
and C7, K7, and Gj satisfy
G = {Gdh= %&Kﬂ
(11.2) K? = C?

Q

Ct + K¢ + Gy
where P, =1 — 6% ‘2 and g—gf = 0""“2.
Equations (11.1) and (11.2) imply that each generation of the prey dynasty, whether

it deters predation or tolerates predation, allocates its wealth, net of defensive fortifica-

11



tions, equally to consumption and productive capital. The implication that the allocation
of wealth, net of defensive fortifications, by generation ¢ of the prey dynasty between
consumption and productive capital is independent of the security of the prey dynasty’s
property follows from the assumption that the utility function of the prey dynasty is
logarithmic.!? The further implication that the allocations to consumption and productive
capital are equal follows from the additional assumption that the production technology is
linear.

From equations (11.2) we can infer how generation t of the prey dynasty allocates
its wealth, given that generation ¢ of the prey dynasty chooses to tolerate predation.
Most importantly, equations (11.2) imply that G§ depends positively on w;, the inherited
wealth of generation ¢ of the potential predator dynasty. Because the allocation to offensive
weapons by generation ¢ of the potential predator dynasty is proportionate to wy, the
larger is w; the larger is the marginal return to generation ¢ of the prey dynasty from
allocating resources to defensive fortifications. In addition, because G7 depends positively
on wy, C; and K} depend negatively on w;. For a given value of };, alarger allocation
to defensive fortifications implies smaller allocations to consumption and productive capital.

But, G{ increases less than proportionately to any increase in wy;. If generation
t of the prey dynasty faces larger values of w; and g¢;, then generation t of the prey
dynasty chooses to tolerate a smaller value for P,. To understand this result, recall that
an increase in G, affects the bequest received by generation ¢+ 1 both positively by
increasing P; and negatively by decreasing K;. If G: were to increase proportionately
to an increase in w;, then the positive marginal effect on the bequest from increasing P,
would be smaller than the negative marginal effect from decreasing K. Using equations

(1), (8), (11.1), and (11.2), we find that generation t of the prey dynasty allocates its

2With a logarithmic utility function, the elasticity of marginal utility is constant and equals minus one.
More generally, the allocation of wealth, net of defensive fortifications, by generation t of the prey dynasty
between consumption and productive capital would depend on P:, and the direction of this effect would
depend on whether the elasticity of marginal utility were larger or smaller than minus one.

12



wealth such that
1 if and only if V" > V°

(12) P, =
P(%:',O) <1 ifandonlyif V7 <V,

where aﬁ%:w_zi >0 and %% < 0.

An important implication of the preceding discussion is that, if generation ¢ of the
prey dynasty chooses to tolerate predation, then the larger is w; relative to ;, the larger
is G; relative to ;. Thus, the larger is ;u, relative to §2;, both the smaller is K,
relative to §2; and the smaller is FP;.

The positive relation between K;/f;, the fraction of inherited wealth that generation
t of the prey dynasty allocates to productive capital, and P, the security of the prey
dynasty’s property in generation ¢, does not reflect a direct effect of P; on K./, As
noted above, the assumption that the utility function of the prey dynasty is logarithmic
neutralizes this direct effect, which in general could be either positive or negative. Rather
the positive relation between K,;/Q; and P; results from the fact that a larger ratio
wi [ causes generation ¢ of the prey dynasty to allocate more of its wealth to defensive
fortifications, but not enough more to prevent a decrease in the security of its property.

We now can derive the conditions under which generation ¢ of the prey dynasty
chooses to tolerate predation and less than perfect security of its property, rather than to
deter predation. As we have seen, generation t of the prey dynasty compares V;* to V;°
in order to decide whether or not to deter predation. Combining equations (11.1), (11.2),

and (12) with equation (3.2) we find that
(13) V> > V? if and only if F(%,O, B8)>0,
¢
where ﬁw_ﬁ < 0, %% < 0 for small values of @ and % > 0 for large values of @,

and %g— > 0.

Given the form of the function F(,/w;,8,0), equation (13) implies that, if and

only if ¢/w; is large enough, then generation ¢ of the prey dynasty tolerates predation.

13



This result obtains because, if Q;/w; were small and generation t the prey dynasty were
to tolerate predation, then P, would be small. In this situation, it would be better for
generation ¢ of the prey dynasty to deter predation, even though deterrence requires a
larger allocation to defensive fortifications.

Equation (13) also implies that, for a given value of ;/w;, generation t of the prey
dynasty is more likely to deter predation the smaller is 4 and the larger is 4. The smaller
is & — that is, the less effective are offensive weapons against defensive fortifications —
then the easier it is for each generation of the prey dynasty to deter predation. The larger
is B, then the smaller is the potential predator dynasty’s gain from predation for a given
value of P;, and again the easier it is for each generation of the prey dynasty to deter

predation.!3

5. The Evolution from Predation to Deterrence

We saw in the previous section that the endowments of inherited wealth of the two
dynasties in generation t help to determine the dynasties’ allocations to productive capital
in generation ¢ and the security of the prey dynasty’s property in generation t. Also,
equations (2.1) and (2.2) say that the dynasties’ allocations to productive capital in gen-
eration ¢ and the security of the prey dynasty’s property in generation ¢ determine the
endowments of inherited wealth in generation ¢+ 1. Thus, inherited wealth, productive
capital, and the security of the prey dynasty’s property are inter-related along the path of
evolution of the dynasties.

Most importantly, the endowments of inherited wealth in generation t+1 in general
will be different from the endowments of inherited wealth in generation ¢. Thus, the
allocations to productive capital and the security of the prey dynasty’s property also will

be different in generation ¢+ 1 from generation t. It is even possible that from one

3In this model, because P, is piecewise linear in X,, gemeration t of the prey dynasty also would
choose to deter predation if @ were very large. In Grossman and Kim (1996), we saw that, if P, is a
smooth concave function of X:, then, even with a very large value of 8, the potential predator allocates
a positive amount of resources to predatory activity.

14



generation to another the prey dynasty switches from tolerating predation to deterring
predation. This section studies the evolution of the dynamical system.

Consider the following historical examples: The Vikings, who had been preying upon
the Normandy area in the 10th century, ended up settling down in that area and became
producers. Also, many tribes on the medieval Chinese border who lived mainly by plun-
dering Chinese villages turned themselves into producers eventually. Our model shows that
these phenomena are explicable as part of the endogenous inter-related evolution of en-
dowments of inherited wealth and the resulting change over generations from predation to
deterrence.

Combined with equations (7), (11.1), (11.2), and (12), equations (2.1) and (2.2) imply
that generation t of the prey dynasty bequeaths to generation t+ 1 of the prey dynasty

ak; for F(2:,6,8)>0
(14.1) Qi1 =
P(%&,6)aK? for F(2,0,6)<0

and that generation t of the potential predator dynasty bequeaths to generation ¢+ 1 of
the potential predator dynasty

ak; for F(%,6,6)>0
(142) wt+l =
(1-8)[1 - P(%,0)]aK? for F(%,6,5)<0.

Equations (14.1) and (14.2) say that, if generation ¢ of the prey dynasty deters predation,
then the inherited wealth of each dynasty in generation ¢+ 1 depends only on the gross
production of that dynasty in generation ¢. But, if generation t of the prey dynasty
tolerates predation, then the inherited wealth of generation ¢+ 1 of both the prey dynasty
and the predator dynasty depends on the gross production of generation ¢ of the prey
dynasty and on the security of the prey dynasty’s property in generation ¢.

By calculating closed form solutions for K7, K2, and P(%,O), we can show that
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the distribution of wealth, £;/w;, evolves according to the following path:

g e for F(24,6,0) >0

We41 143833 q
1 for F(3:,0,8)<0.

(15) D1

=
Equation (15) says that €;/w; decreases over generations whether the current generation of
the prey dynasty tolerates or deters predation. With the prey dynasty deterring predation,
Q¢/w; decreases over generations because each generation of the prey dyna;sty allocates
a positive fraction of its inherited wealth to defensive fortifications and, hence, allocates
a smaller fraction of inherited wealth to productive capital than the predator dynasty.
With the prey dynasty tolerating predation, $;/w; decreases over generations because
each generation of the prey dynasty allocates a small fraction of its inherited wealth to
defensive fortifications relative to the fraction of its inherited wealth that the predator
dynasty allocates to offensive weapons.

To understand the evolution of the dynamical system, start by imagining a hypo-
thetical world with only one dynasty. In this world there is no potential predation, because
there is no potential predator. Suppose that each generation maximizes utility as given by
equation (3.2) with Q41 = oK, and u(-) = log(:). Accordingly, each generation allocates
one half of its inherited wealth to consumption and allocates the other half to productive
capital. Over generations, if o > 2, then the inherited wealth of this dynasty grows large.

Now, suppose a new dynasty comes into this world. This new dynasty, whose initial
wealth, wp, is very small, is a potential predator. The original dynasty, which has grown
wealthy, is its prey.

Because Qg/wg is large, F(%g-,ﬂ, B) is negative. Thus, the first generation of the
prey dynasty that faces a potential predator tolerates predation. Nevertheless, because wq
is small, P, is close to one. In other words, because the predator dynasty initially has
little wealth, the prey dynasty’s property remains highly secure.

Equation (15) implies that the relative inherited wealth of the dynasties in the next
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generation will be such that %} < %g Accordingly, assuming that F(%},G,ﬁ) < 0, the
prey dynasty’s property in generation one will be less secure than in generation zero. As
long as F(%f, 6,8) < 0, the ratio of the prey dynasty’s inherited wealth to the potential
predator dynasty’s inherited wealth continually decreases and so does the security of the
prey dynasty’s property.

Because the value of the function F(-) depends negatively on ;/w;, and because
f);/w; continually decreases over generations, sooner or later the relative inherited wealth
of the dynasties will be such that F(%:,O,ﬁ) is nonnegative. Let s be the minimum
value of t such that F(%:,O,ﬁ) > 0. Equation (15) implies that g—: < g——:—_’f Thus, as
Q:/w; keeps decreasing, eventually a generation of the prey dynasty will choose to deter
predation.

As soon as a generation of the prey dynasty chooses to deter predation, the property
of the prey dynasty becomes perfectly secure. Thus, P; is the lowest in generation s — 1,
which is the last generation that chooses to tolerate predation. From generation s — 1
to generation s, P; jumps up discretely to one. Generation s is the first generation
in which the security of the prey dynasty’s property would be so low if that generation of
the prey dynasty were to tolerate predation that the prey dynasty in that generation is
better off increasing its allocation to defensive fortifications sufficiently to deter predation,
even though this increased allocation to defensive fortifications implies that less wealth is
allocated to consumption and to productive capital.

Because 1;/w; continues to decrease even after the pr‘ey dynasty chooses to deter
predation, the value of the function F(-) continues to decrease. Thus, in the absence of
exogenous shocks to the value of the function F(-), this predator dynasty never again

preys on this prey dynasty.!4

"The fact that Q./w. continually decreases does not imply that the prey dynasty grows at a negative
rate. If o > 2+ (1 — B)6, then the prey dynasty’s inherited wealth grows even if the prey dynasty is
allocating to defensive fortifications enough of its wealth to deter predation. But, as Q:/w, continues to
decrease, the prey dynasty will eventually become poorer than the potential predator dynasty. Because the
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6. The Accumulation of Productive Capital

In section 4, we saw that the dynasties’ allocations to productive capital in each
generation depend on the relative inherited wealth of the dynasties in that generation. The
analysis in section 5 showed how the relative inherited wealth of the dynasties evolves over
generations. In this section, we study the accumulation of productive capital by the prey
dynasty. In particular, we are interested in seeing how the rate of growth of productive
capital evolves over generations and how this evolution is related to the evolution of the
security of prey dynasty’s property.

To see how the prey dynasty’s productive capital evolves from generation to gener-
ation, we calculate first the ratio of the prey dynasty’s productive capital to its inherited
wealth in generation t. Solving equations (11.1) simultaneously, we get

K} 1

(16.1) (R ry eyt

Also, solving equations (11.2) simultaneously, we get

K2 1 Gy Q,
16.2 Lo l1- =)= Ko
( ) Qt 2[ Qt] ( t,o),

where %ZT, > 0 and %’-{;: < 0. Equation (16.1) says that, if generation t of the
prey dynasty chooses to deter predation, then the fraction of its inherited wealth that
this generation of the prey dynasty allocates to productive capital is independent of the
ratio Q:/w;. But, if generation t of the prey dynasty chooses to tolerate predation, then
the fraction of its inherited wealth that this generation of the prey dynasty allocates to
productive capital is positively related to Q;/w;.

From equation (14.1) we know that ., is proportionate to K; and that the
factor of proportionality is the product of a and P,. Also, from equation (15) we know

that Q11/wegr is positively related to Q:/w;, and from equation (12) we know that, if

equilibrium interaction between the two dynasties depends on Q:/w,, this development raises the following
question: Would the prey-predator relation reverse itself when the prey dynasty becomes poorer than the
potential predator dynasty? The present model does not address this issue.
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P, < 1, then P, is positively related to Q;/w;. Therefore, by substituting equations (12},
(14.1), and (15) into equations (16.1) and (16.2) we can show that the evolution of the prey

dynasty’s productive capital is described by

o Q
(17) KH_I m for F(;:',g,ﬂ) Z 0
K. R(%,0) > s for F(%,4,6) <0,

where 8_(%(7‘5 >0 and % < 0.

Equation (17) says that, as long as the prey dynasty tolerates predation, the rate of
accumulation of the prey dynasty’s productive capital, K.,/K;, is positively related to
Q;/we. This result obtains because the allocation of wealth to productive capital by any
generation of the prey dynasty not only depends positively on its own inherited wealth, but,
as explained above, also depends negatively on the potential predator’s inherited wealth.
We also know, from equation (15), that §,;/w; decreases over generations. Thus, equation
(17) and equation (15) together imply that, as long as the prey dynasty tolerates predation,
the rate of accumulation of the prey’s productive capital decreases over generations as
the inherited wealth of the prey dynasty decreases relative to the inherited wealth of the
predator dynasty.

As Q;/w; decreases over generations, the security of the prey dynasty’s property
decreases as well. Thus, as long as the prey dynasty tolerates predation, the security of
the prey dynasty’s property and the rate of accumulation of the prey dynasty’s productive
capital decrease together from generation to generation.

As we have seen, eventually a generation of the prey dynasty finds that with predation
its property would be so insecure that it is better off increasing its defensive fortifications
sufficiently to deter predation. Equation (17) also says that, when the prey dynasty deters
predation, the rate of accumulation of its productive capital becomes independent of Q;/w;.
This result obtains because each generation of the prey dynasty that deters predation al-

locates the same fraction of its inherited wealth to productive capital. Thus, if the prey
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dynasty deters predation, then the rate of accumulation of the prey dynasty’s productive
capital is the same as the growth rate of the prey dynasty’s wealth, which, in turn, is
constant because the production technology is homogeneous of degree one in productive
capital.

Most importantly, equation (17) implies that, although the rate of accumulation
of the prey dynasty’s productive capital decreases together with the security of the prey
dynasty’s property when the prey dynasty is tolerating predation, the relation between
the rate of accumulation of the prey dynasty’s productive capital and the security of the
prey dynasty’s property in general is neither continuous nor monotonic. Specifically, the
rate of accumulation of the prey dynasty’s productive capital does not increase when the
prey dynasty finally begins to deter predation and its property becomes fully secure. On
the contrary, generations of the prey dynasty that choose to deter predation accumulate
productive capital at a slower rate than the preceding generations that tolerated predation.
This result obtains because deterrence requires a large allocation of inherited wealth to
defensive fortifications.!®

An interesting implication of this model for empirical research is that the rate of ac-
cumulation of capital and the security of property are positively related only for generations
of the prey dynasty that tolerate predation. Thus, if we wanted to implement the model
empirically and to estimate the relation between K;y;/K; and P;, assuming that we could
measure P;, then we should separate observations in which predation is tolerated from
observations in which predation is deterred. Because the theory implies that the relation
between K;y1/K; and P, is discontinuous, if we did not separate observations in which
predation is tolerated from observations in which predation is deterred, then we would ob-

tain a misleading estimate of the relation between K,;1/K; and P,. In fact, because the

15The rate of accumulation of productive capital by both dynasties taken together increases when the
prey dynasty begins to deter predation, because the potential predator dynasty then begins to accumulate
productive capital. But, the rate of accumulation of productive capital by both dynasties taken together is
less than the rate of accumulation of productive capital by past generations of the prey dynasty.
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theory also implies that the relation between K;y1/K; and P; is not monotonic, a simple
correlation analysis might lead to the false inference that K,y /K; and P, are always
negatively related.

7. Summary

This paper incorporates the economic theory of predation into the theory of economic
growth. A central idea is that the security of property and the accumulation of productive
capital both are endogenous in the process of economic growth.

Ther analytical framework is a dynamic general-equilibrium model of the interaction
between two dynasties, one of which is a potential predator and the other is its prey. Each
generation of each dynasty has to decide how to allocate its endowment of inherited wealth
not only to consumption and productive capital, as in standard growth models, but also to
either defensive fortifications or offensive weapons. Productive capital forms the basis for
accumulation of wealth, but in each generation predation can cause both the destruction of
wealth and a redistribution of wealth from the prey dynasty to the predator dynasty.

In this model the current generation of the prey dynasty can choose to allocate a
large enough fraction of its inherited wealth to defensive fortifications to deter predation.
Alternatively, the current generation of the prey dynasty can choose to tolerate predation
and to allocate only enough of its inherited wealth to defensive fortifications to mitigate the
effects of predation.

We found that, if the current wealth of the potential predator dynasty is small relative
to the current wealth of the prey dynasty, then the current generation of the prey dynasty
will choose to tolerate predation rather than to deter predation. We also found that over
generations the security of the prey dynasty’s property and the rate of accumulation of the
prey dynasty’s productive capital both steadily decrease, while the inherited wealth of the
predator dynasty grows relative to the inherited wealth of the prey dynasty. The security of

the prey dynasty’s property decreases because the increasing relative wealth of the predator
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dynasty causes the predator dynasty’s allocation to offensive weapons to increase relative
to the prey dynasty’s allocation to defensive fortifications. The rate of accumulation of the
prey dynasty’s productive capital decreases for two reasons: First, the increasing relative
wealth of the predator dynasty causes the prey dynasty to allocate an increasing fraction
of its inherited wealth to defensive fortifications and a decreasing fraction of its inherited
wealth to productive capital. Second, the decreasing security of the prey dynasty’s property
causes the inherited wealth of the prey dynasty to increase less rapidly than the productive
capital of the prey dynasty.

As the wealth of the predator dynasty continues to grow relative to the wealth of
the prey dynasty, eventually a generation of the prey dynasty will find that with predation
its property would be so insecure that it is better off increasing its defensjve fortifications
sufficiently to deter predation. Starting with this generation, the wealth of the prey dynasty
becomes perfectly secure. But, importantly, the relation between the security of the prey
dynasty’s property and its accumulation of productive capital is neither continuous nor
monotonic. Generations of the prey dynasty that choose to deter predation, even though
their property is perfectly secure, accumulate productive capital more slowly than the pre-
ceding generations that tolerated predation. This result obtains because deterrence requires
a large allocation of inherited wealth to defensive fortifications. Even if deterrence becomes

a better choice for the prey than tolerating predation, deterrence is a costly choice.
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