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Abstract. Existing theories explain the rise and fall of states either by random factors specific to 
each state or by a life cycle to which any state eventually succumbs. However, neither approach 
is able to explain systematic patterns such as the tendency toward smaller political units during the 
millennium from 400 to 1400 A.D. and the movement in the opposite direction over the last six cen- 
turies. Here it is argued that such changes are due to innovations in the technology of information 
processing and military control that alter the cost of generating rewards and imposing punishment. 

I. Introduction 

Why do the fortunes of  individual states tend to rise and fall? The most fre- 
quent explanation has been what might be called random shocks specific to 

each state; for example, divine intervention, invasion by nomadic tribesmen, 
or decisions by particular leaders at critical moments. 1 An alternative theory 
has also been offered: namely, that each nation or civilization follows a life cy- 

cle, with growth, maturity and decline. 2 However, neither approach is able to 
explain the considerable evidence of  simultaneous changes in the size and the 

degree of centralization of  states - for example, the long period of  collapse 

of  imperial administration in China, India, the Middle East and Western 
Europe during the millennium between 400 and 1400 A.D. 3 Here a hypothesis 
consistent with such facts will be explored; namely, that underlying the appar- 
ent random or cyclical rise and fall of individual states there is a pattern caused 
by innovations in the technology of  punishment and reward. 

This hypothesis is by no means new. The broad historical effects of  the in- 
troduction and diffusion of new technologies have been studied by McNeill 
(1963, 1982). The impact of  military techniques and fiscal structure on the size 

of  the state have been examined by Bean (1973) and Friedman (1977) respec- 
tively. North (1981 • 202, 66) has portrayed the state as a set of contractual rela- 
tionships between principals and agents, its size and structure being determined 
by the characteristics of military technology. Finally, in two important recent 

* I would like to thank Jean Tirole, Gordon Tullock and Mancur Olson for helpful comments on 
earlier drafts of this paper. 
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papers, Olson (1986, 1987) has discussed the effects of scale economies on the 
state. He argues that a state's external boundaries are determined by adminis- 
trative and military scale economies and that economies of scale in communica- 
tions are critical in determining whether a state can control the territory within 
its boundaries. The present study attempts to integrate these concepts of mili- 
tary and informational scale economies within a single formal model of con- 
tracts and compare the model's predictions with key sets of historical evidence. 

To understand the proposed hypothesis, it is first necessary to examine how 
a central authority (the principal) controls its agents. Of all the possible actions 
by the agents, certain are productive in that they improve the principal's wel- 
fare, while others are non-productive, tending to reduce the latter's well-being. 
The principal must therefore find some means of encouraging the former and 
discouraging the latter. Now the choice between reward or punishment de- 
pends on the relative cost of each (see Becker and Stigler, 1974). In some cases, 
it may be preferable to punish an agent guilty of non-productive acts or mal- 
feasance by firing. 4 In other cases, it may be desirable to reward the agent for 
productive acts by 'piece-rate' compensation. 

Under what circumstances is each type of sanction appropriate? Wintrobe 
and Breton (1986) describe two types of exchange that occur within a bureau- 
cracy. They argue that 'vertical exchange' between an employee and his superi- 
or increases organizational efficiency and should therefore be rewarded, 
perhaps by the hope of promotion or by perks. However, they suggest that 
'horizontal exchange' between agents at the same level reduces efficiency and 
should therefore be discouraged, possibly by employee rotation. Some indica- 
tion as to how these concepts of non-market exchange might formally be de- 
fined is provided by Tirole (1986) in a model of optimal contracts between a 
principal, an agent and a supervisor. He distinguishes two types of malfeasance 
on the part of employees: first, slacking, a reduction of the agent's labor when 
the effects of additional effort cannot be distinguished from random disturb- 
ances; second, collusion, a transfer from the agent to the supervisor to induce 
the latter to distort information in a manner that favors the agent. Tirole 
demonstrates that there exists an optimal pattern of rewards that induces both 
supervisor and agent to tell the truth; that is, to engage in 'vertical' rather than 
'horizontal' exchange. However, he does not consider the use of punishment 
explicitly. 

By definition, collusion entails unauthorized payments from the agent to the 
supervisor. If such payments may be detected, it may be cheaper to penalize 
the employees for malfeasance than to bribe them to tell the truth. Moreover, 
there is a third type of malfeasance that is not discussed by Tirole. The agent- 
supervisor duo may decide to appropriate the role of the principal, refusing to 
transfer to him the fruits of their efforts. Can this problem of insubordination 
be controlled by reward or is punishment appropriate? 
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This paper examines the implications for theories of  the state of  introducing 
punishment and insubordination into a principal-supervisor-agent model. Sec- 
tion 2 shows that to be viable, an organization must be able both to reward and 
to punish its agents. If  rewarding and punishing are both specialized tasks, Sec- 
tion 3 demonstrates that the equilibrium structure of  the representative state 
will depend on the extent of scale economies in the technologies of  information 
processing and military control. The punishment-reward hypothesis is then 
tested in Section 3, where the events following the major historical innovations 
in these technologies are compared with the model 's predictions. 

2. The choice of  reward or punishment 

An important element distinguishing the three types of  malfeasance mentioned 
above is the information available to the principal. In the case of  slacking, the 
principal has no information that would permit him to distinguish between the 
agent's effort  and random shocks. As for collusion, the transfer from agent 
to supervisor may be detectable, at some cost. Finally, in the case of  insubordi- 
nation, the fall in net output is observable at no cost. 

Assume that there are two types of individuals; namely, a small proportion 
with leadership abilities who are risk-neutral and who may play roles of  prin- 
cipal or  supervisor, and a larger proportion without such abilities who are risk- 
averse and must play the role of  agent. Initially, let the number of  principals 
be fixed and let punishment be defined as a negative payment. Consider, fol- 
lowing Tirole (1986), the problem of  one such principal who attempts to max- 
imize the value of  some output,  x, the price of  which may be set at unity. The 
amount produced depends on the effort,  a, of  an agent and on a technological 
parameter, 0. However, the outcome also depends on a random variable, v, 
which takes either the value zero or the positive value, 0. Let the relationship 
take the following linear form, where s represents the state of  nature: 

x s = ~(a s + Vs), v s ~ {0, 01. 

The principal is assumed to be able to observe the level of  output but not the 
agent's effort  or the productivity shock. He therefore appoints a supervisor to 
oversee the agent. Assume that the supervisor's salary, z, is initially fixed at 
zero. The supervisor himself may or may not be able to observe the value of  
the productivity shock, v. There are then four possible states of  nature whose 
probability is represented by 7r s, s = 1 . . . . .  4 (see Table 1). 

The problem the principal faces is to choose the levels of a s and the agent's 
salary, w s, that maximize the expected net value of  output, 

x = r~ ~sI~(as + Vs) - Ws] ' (1) 
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Table 1. 

State P robab i l i ty  P roduc t iv i ty  I n f o r m a t i o n  o f  

shock superv isor  

1 71" 1 0 0 

2 7r 2 0 ? 

3 lr 3 0 ? 

4 71"4 0 0 

subject to the behavior of  the agent. Let the disutility of  effort  to the latter be 
a strictly convex increasing function, g(a), of  the effort  he makes. The agent 
must be at least as well off  as in his next best alternative occupation, where he 
would obtain certain utility U0: 

E 7rsU[w s - g(as)] _> U 0. (2) 

If the principal were perfectly informed concerning the agent's effort,  he 
would require him to work in each state until the marginal disutility of  that ef- 
fort  were equal to its marginal product.  Let the optimal level of  effort  be a* 
and the salary required to induce that effort  be w*. Now consider the possible 
types of  malfeasance. 

2.1. Slacking 

In state three, when the productivity shock is positive and the agent is not ob- 
served, the latter has an incentive to lie about the state of  nature. By asserting 
that the true state was state two, he can reduce his effort  by the amount  of  the 
shock. In order to remove this incentive to distort information, the agent's sa- 
lary net of  effort  when he tells the truth must be at least as great as when he lies: 

W 3 --  g(a3) _> w 2 --  g(a 2 - 0). (3) 

As Tirole has shown, the solution to this revised problem calls for a reduc- 
tion in the period-two salary and an increase in the period-three salary until the 
incentive to slack has just disappeared: 

W 2 < W 1 = W 4 = W* < W 3. (4) 

However, because of  the additional constraint, (3), the efficiency of  the system 
is reduced. The agent supplies the first-best level of  effort  in all but the second 
state, where he now makes a reduced effort: 
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a 2 < a* = a I = a 3 = a 4. (5) 

Why would punishment not be used? Conceivably, the agent could be 
punished for  low output  when he is not observed; that is, an additional con- 
straint, w 2 < 0, could be added to the principal 's problem. The difficulty is 
that to keep the agent 's  utility constant, it would then be necessary to pay him 

an even greater compensation in state three. The result would be an even great- 
er distortion in levels of  effort.  

2.2. Collusion 

The ability of  the principal to obtain the optimal effort  at the optimal wage in 

the fourth state (when productivity is both high and observed) requires that the 

supervisor truthfully report what he sees. It is therefore in the agent 's  interest 
to persuade the supervisor not to reveal this information,  for then the agent 

will receive the higher state-three salary. Two other constraints must therefore 

be added. The agent-supervisor duo must not receive a higher combined salary 

in state three, when the supervisor has no information,  than in state four when 
he is able to observe the state of  nature: 

Z 4 + W 4 - -  g ( a 4 )  _> z 3 -t- w 3 - g ( a 3 ) .  (6) 

In addition, it cannot be in the two employees'  combined interest to claim state 
two when state three occurs: 

z 3 + w 3 - g(a 3) -> z 2 + w 2 - -  g(a2). (7) 

When (1) is maximized subject to (2), (3), (6) and (7), the following solution 
is obtained: 

Z 2 + w 2 ( Z 1 + W 1 ( Z 4 + w 4 = Z 3 + w 3, 

a 2 < a I = a 3 = a 4. 

It will be assumed that the supervisor and agent decide separately how to divide 
the amount  z s + w s between them. Since two extra constraints have been ad- 
ded to the problem, the principal 's expected net output must be lower than in 
the preceding collusion-flee case. 

However,  it does not necessarily follow that an adjustment to the reward 
structure is the optimal correction for collusion. I f  the transfer f rom agent to 
supervisor may be detected at some cost by the principal, there may exist a 
punishment that is more efficient than the above reward structure. Assume that 
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only the agent is punished if collusion is detected. To prevent the principal 
from setting the level of sanction infinitely high, assume that there is some 
institutionally-determined upper limit to such punishment. Let Pc be the 
certainty-equivalent of the punishment for collusion. Then constraint (6) 
becomes: 

Z 4 d- W 4 - -  g(a4) > z 3 + w 3 - -  g(a3) - Pc" (6a) 

As long as this constraint is satisfied, the collusion-free solution will apply. 

2.3. Insubordination 

In the typical principal-agent production problem, what is it that stops the su- 
pervisor and agent from seizing all of the proceeds of their efforts instead of 
simply being content with their salaries? Obviously there must be some addi- 
tional reward or punishment that discourages them from engaging in insubor- 
dination. Can the principal reward the supervisor and agent sufficiently for the 
latter not to appropriate this surplus? The only way for the principal to do so 
is by in effect abandoning his role, sacrificing all of the surplus. The hierarchi- 
cal structure therefore collapses if rewards are used to avert insubordination. 

The only alternative is to threaten to punish the supervisor-agent duo if they 
fail to deliver the appropriate level of output. Assume as before that the agent 
bears the entire burden of punishment and let the punishment for insubordina- 
tion in state s be Ps" Then the following additional constraint must be added 
to the principal's problemS: 

Ws - g(as) >- t0(as + Vs) -g(as)  - Ps, (8) 

o r  

Ps - to(as + Vs) - Ws" (9) 

The relationship between the minimum penalties, P 's ,  in each state of na- 
ture is derived in the Appendix and described in Lemma 1.6 

L e m m a  1: The optimal schedule of penalties for insubordination has the fol- 
lowing structure: 

P*2 < P*I < P*3 < P*4" (10) 

It wilt be observed that the minimum penalties for insubordination must be 
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greater in the high-productivity states (three and four) than in the low produc- 
tivity states (one and two). The explanation is that the value of  the surplus (net 
output claimed by the principal) is greater in the former states. 7 Moreover, for 
a given productivity shock, the penalties for insubordination must be greater 
when the agent is closely monitored (in states one and four) than when his ef- 
fort is not observed (states two and three). The explanation is that the more 
closely the agent is supervised, the greater is the surplus that could be gained 
by insubordination. 8 

It may be concluded that the choice of  reward or punishment depends on the 
principal's information and therefore on the type of malfeasance. Slacking, 
which occurs under asymmetric information, should be corrected by a restruc- 
turing of rewards. Insubordination, for which information is symmetric, 
should be dealt with by punishment. As for collusion, the choice of  punishment 
or reward depends on the cost of  information. 

3. A general-equilibrium model of the state 

Consider now how the need to both punish and reward affects one particular 
type of  organization - the state. This section first examines the effect of  adding 
a simple assumption to the above model; namely, that the quality of  informa- 
tion (as represented by 7r I and 7r 4, the probability of states one and four) 
decreases with distance. It then considers how changes in technology (the 
productivity parameter cp) affect the typical political unit's size and degree of  
centralization. 

As the provision of  public goods is generally not profitable under voluntary 
exchange, some non-market means of  motivating the producers of  such goods 
is required. A state may be viewed as a territory within which a dominant group 
holds a recognized right to raise tax revenues in exchange for providing public 
goods. As the preceding section showed, the state organization must be able 
to generate rewards to encourage productive effort  on the part of  its em- 
ployees; in other words, it must have the power to tax. And it must be able to 
punish its agents when evidence of  malfeasance may be obtained without exces- 
sive cost; that is, it must have the power to apply force. 

Since collecting tax revenues and applying force are specialized activities, 
most historical states have assigned each of  these tasks to a distinct hierarchical 
structure. The generation of rewards is the role of the fiscal bureaucracy, while 
the imposition of  punishment is the role of  the police-military apparatus. 9 As- 
sume that both hierarchies share the same principal and that each functions ac- 
cording to the model of  the preceding section. Consider how these two struc- 
tures interact. 
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Figure 1. Technological change and the frontiers of the state. 

3.1. The fiscal bureaucracy 

Let population and production be spread uniformly over territory, each unit 
of  territory producing one unit of  output.  Assume that a single principal has 
contracts with a number of  identical spatially distributed tax collectors. As- 

sume further, following Tullock (1965) and Williamson (1985), that the proba- 
bility that the principal is able to observe each agent's effort  - either directly, 
or indirectly through a supervisor's reports - diminishes with the number of  
agents or with distance. If  so, then marginal tax receipts net of administrative 
costs per unit of  area will be a decreasing function of  the total area controlled. 
This situation is illustrated by the negatively sloped marginal fiscal revenue 
curve, FF, in Figure 1. 

3.2. The police-military bureaucracy 

If the generation of  reward and imposition of  punishment are specialized tasks, 
the principal will have another set of  contracts with spatially distributed police- 
soldiers. Assume once again that information asymmetry increases with dis- 
tance. Then the cost of  obtaining the minimum military effort  required to keep 
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each additional unit of  territory controlled increases with the distance of  that 
unit from the capital. In Figure 1, the positively sloped curve, MM, illustrates 
how the marginal cost of  military control rises with the area of the state. 

How large will the typical state be in terms of  population or area? How cen- 
tralized will it be in terms of  the share of  total income that will be extracted 
in taxes to be used for collective rather than individual purposes? Since produc- 
tion per unit area is assumed unitary and constant, the average tax share of  
income may be measured on the same graph as the marginal cost and revenue 
curves per unit area. Assume that the dominant group in the state attempts to 
maximize its total tax revenues net of  collection costs and the cost of territorial 

control. The answer will then be determined by the point E in Figure 1, where 
marginal tax revenues net of  collection costs are equal to the marginal cost of  
military control. The equilibrium values of the average tax share and the total 

area are given by the coordinates of the corresponding point, G, on the average 
tax share curve, AA. 

3.3. Economies of  scale 

The marginal cost and revenue curves in Figure 1 are drawn for given technolo- 

gies (that is, for given values of the productivity parameter q~ of  the preceding 
section). Turn now to the manner in which technological change will affect the 
positions of  these curves. 

If one focuses on the citizens of  the state rather than on its employees, one 
may see the state as a network in which, in return for their dues or taxes, mem- 
bers receive the right to interact with other members using the facilities of  the 
network. Thus the level at which taxes may be set depends on the gains from 
network externalities. These gains in turn will vary positively with the econo- 
mies of  scale in information processing. If such scale economies are slight, the 
gains to network membership will be small. Large-scale organization will there- 
fore be unnecessary, each family or clan being able to do as well on its own. 
However, if the information technology favors large-scale organization, there 
will be considerable benefits to network membership, some or all of  which may 
be extracted from the members in the form of taxes. Thus, the capacity of  the 
fiscal system to generate tax receipts, as measured by the height of the marginal 
revenue curve, FF, will depend on the technology for storing, reproducing and 

transmitting information. 
Military control of  remote territories also depends on technology. The prin- 

cipal will put down a revolt by sending a larger force than that controlled by 
the rebels. Choose a close to but less than unity. Let r(n) be the ratio of  the 
expected cost of  an enemy casualty for an army of an  soldiers to the expected 
cost for an army of n soldiers, when the two bodies engage in combat. If this 
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ratio is equal to one, regardless of  the value of  n, then there will be no econo- 
mies of  scale in military technology. Accordingly, the cost of  controlling the 
territory around a state's capital will be high. If, however, the ratio is greater 
than unity for armies smaller than n* and less than unity beyond n*, then there 
will be economies o f  scale up to the optimal size, n*. In a given battle, using 
identical technology, an army larger than this optimal size might be expected 
to defeat a smaller one. However, since it would also be expected to suffer 
greater costs per casualty inflicted, a series of  such Pyrrhic victories would 
eventually lead to the decimation of  the larger force. 1° 

In short, if there are scale economies to military conflict, a central authority 
maintaining a standing force of  the optimal size could defeat any opposition 
with fewer casualties, thereby minimizing the cost of  controlling the territory 
around its capital. Moreover,  the greater are such military economies of  scale, 
the lower the cost of  controlling each additional unit of  territory. In Figure 1, 
an increase in military economies of  scale will lower the left end of  the military 
marginal cost curve, MM. It will then rise from left to right as distance gradual- 
ly weakens hierarchical control. 

3.4. Technological change 

It is possible to imagine four different types of  technological change within the 
context of  the above model. 

Centralizing: an increase in scale economies o f  information processing; 
Atomizing : a decrease in scale economies of  information processing; 
Liberalizing : an increase in scale economies o f  military control; 
Feudalizing : a decrease in scale economies of  military control. 

Each type of  innovation will produce a characteristic change in the curves of  
Figure 1. A centralizing change will shift the fiscal curve, FF, upward while an 
atomizing change will have the opposite effect. A liberalizing change will cause 
the military curve, MM, to move downward, while a feudalizing change will 
cause it to shift upward. Let the proport ion of  a society's resources allocated 
by the state serve as a measure of  the degree of  centralization. In other words, 
a low level of  taxes implies that allocation decisions are made by individuals 
through decentralized market transactions, whereas a high level of  taxes im- 
plies considerable centralization in resource allocation. The geometry of  the 
model then yields the following two propositions: 

Proposition 1: An increase (decrease) in the scale economies of  information 
processing will lead to a larger, more centralized (smaller, less centralized) state. 
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Proposition 2: An increase (decrease) in military scale economies will lead to 
a larger, less centralized (smaller, more centralized) state. 

In short, the model presented here suggests that systematic changes in the size 
and degree of centralization of  states are due to changes in the technology of 

punishment and reward. 

4. An historical test 

Over the course of  history, there have been numerous innovations in both in- 
formational and military technology. And there have been even more numer- 
ous changes in state borders and tax levels. How could one test whether there 
has been any relationship between these sets of  events? 

4.1. The eight key innovations 

A first problem is to select the most important changes in informational and 
military scale economies. To assure that there is sufficient information avail- 
able, the analysis will be limited to the historical period. In the case of  informa- 
tional scale economies, the task is relatively easy. The key innovations have 
been few and their impact on information processing profound.  Writing, print- 
ing, the mass media (mass-circulation newspapers, motion pictures, radio and 
television) and, although it is perhaps too early to be certain, the integrated cir- 
cuit must each be studied in detail. Other possible candidates, such as the al- 
phabet and paper, had relatively minor effects on the way in which information 
was stored, reproduced and distributed. 

Writing, printing and the mass media all tended to increase informational 
scale economies. Although to train people to store the first bits of information 
by means of a written code was expensive compared to use of  human memory, 
the cost of accurate, permanent storage of further bits of  information was 
much less costly. Decentralized storage of small amounts of  memorized infor- 
mation was therefore replaced by centralized storage of  large amounts of  writ- 
ten information. With printing, the cost of the first copy increased further, but 
that of  additional copies fell dramatically. Informational scale economies 
therefore rose again. For printed information to reach beyond the small elite 
trained to read Latin, however, further changes were necessary. A stand- 
ardized written form of the vernacular or spoken languages had to be devel- 
oped and the ability to read had to be extended to the general population 
(Eisenstein, 1979: 126-128). With the development of  mass media, national in- 
formation networks penetrated deeper into society, thereby yielding increased 
taxable network externalities to each individual. 
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Recently, however, the availability of increasingly powerful, miniaturized 
integrated circuits at ever-lower relative prices has greatly reduced the expense 
of producing and distributing the first copy of a set of information. Since the 
cost of small-scale information processing has fallen much more sharply than 
that of large-scale systems, this decrease in informational scale economies has 
tended to reduce the advantages of large organizations. 

In the case of military technology, the choice of the key innovations is more 
difficult.ll Certainly metal weapons, heavy cavalry, gunpowder and the steam 
engine would appear to be likely candidates. Where, however, do the chariot, 
the lateen sail, the cross-bow, the long-bow, the rifle, the rifled cannon, the 
machine gun, the submarine, the airplane, the tank, nuclear weapons, and the 
ballistic missile, fit into the overall picture? 

If one is interested only in historical discontinuities, there is some justifica- 
tion in confining one's attention to land warfare. The effect of gunpowder and 
the steam engine on scale economies in naval combat was not only similar to 
its impact in land battles, but also occurred later. As for the airplane and the 
submarine, although these innovations have played important auxiliary roles 
in land conflict, they have rarely been decisive. Nuclear weapons have been 
used on only one occasion, and had only a marginal impact on the outcome 
of that conflict. Similarly, the ballistic missile has to date had only a slight ef- 
fect on the outcome of armed conflict. 

With regard to innovations whose primary effect was on land warfare, the 
chariot seems to have been effective against undisciplined troops or as a means 
of harassing trained foot soldiers. Otherwise, it did little to change the nature 
of warfare. As for the cross-bow, the long-bow, the rifle, the rifled cannon, 
the machine gun and the tank, all had major effects on military tactics and 
strategy. However, in none of these cases was the optimal size of an army great- 
ly affected. For example, despite the introduction of the machine-gun and 
tank, the German armies on the western front in the First and Second World 
Wars were of the same order of magnitude as the German army occupying 
France in late 1870 (Addington, 1984: 90; Dupuy and Dupuy, 1986:931, 1057). 

Of the four key military innovations mentioned above, three tended to in- 
crease the optimal size of a field army. Consider to begin the effect of bronze 
and iron weapons. Since Egypt long remained isolated from military develop- 
ments elsewhere in the Near East, Egyptian monuments from the late fourth 
and the third millennia B.C. provide some idea of the nature of protohistoric 
armed conflict. Although the Egyptians of the Old Kingdom were familiar with 
the short thrusting spear and shield, there are battle scenes that depict soldiers 
armed only with the mace, without protective armor or shield, fighting a series 
of individual combats (see Humble, 1980: 36-37; and Yadin, 1963: 48). Scale 
economies appear to have been slight. 

However, with the development of bronze and iron weapons, it became pos- 
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sible to form a shield wall of infantrymen, protected by body armor, helmet 
and large, reinforced shield, and armed with shock weapons such as the long 
spear with socketed head and the sword. Sumerian monuments depict a line of 
such heavy infantrymen advancing in tight information (Humble, 1980: 19). 
By enveloping or penetrating the enemy line, a large force of these disciplined 
foot soldiers was generally able to inflict more casualties on a smaller force 
than it suffered in return. 

Two other inventions also served to increase the size of the optimal field 
army. In the later middle ages, the development of artillery firing iron- 
reinforced and cast-iron projectiles sharply lowered the cost of penetrating 
static defenses behind which a small force could take refuge. And in the 
nineteenth century, the establishment of rail and telegraph networks greatly 
reduced the cost of assembling, supplying and coordinating very large numbers 
of soldiers. 

The exception among the most important military innovations was heavy 
cavalry. The combination of the heavy horse, able to carry armor for itself and 
its rider, with the saddle and stirrup, providing a stable platform for shock 
combat, made it possible to penetrate the infantry shield wall. However, since 
there were few gains to coordination of shock cavalry combat, a large force was 
not generally able to inflict fewer casualties than it incurred. As a result, mili- 
tary scale economies fell. 

4.2. The size and degree of centralization of states 

With the eight innovations presented in Table 1 identified, a second problem 
is to isolate any systematic changes in the size and degree of centralization of 
states that have accompanied their introduction. According to Proposition 1, 
increased information-processing scale economies will lead to larger, more cen- 
tralized states. Prior to writing, the typical political units in the lower Tigris 
and Euphrates valleys were small, largely self-sufficient agricultural settle- 
ments, the largest of which comprised fewer than two thousand people. 12 
These communities appear to have been governed by a general assembly of all 
adult free men (Jacobsen quoted in Moscati, 1960: 21). Most land was held by 
individual families (Pirenne, 1951: 27). By the time of the first cuneiform 
records of the Sumerians, at the end of the fourth millennium B.C., however, 
the size and structure of political units in southern Iraq had changed dramati- 
cally. The first cities, reaching over 10,000 inhabitants, had appeared (Adams, 
1981: 71). These 'temple-states' were administered by a hierarchy of priests and 
scribes who organized teams of workers to maintain the irrigation canals and 
cultivate an important share of the agricultural land (Adams, 1984: 92). In 
short, communities increased in size and became more centralized. 13 

Proposition 2 states that an increase in military scale economies will lead to 
larger, more decentralized states. Over the middle centuries of the third millen- 
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Table 2. Effects of innovations on the size and tax level of states 

Innovation Date 

Change in scale economies Change in political units 

Informational Military Size Tax level 

Centralizing innovations: 
Writing -3100 Increase - Increase Increase 
Printing 1550 Increase - Increase Increase 
Mass media 1900 Increase - Increase Increase 
Liberalizing innovations: 
Bronze arms - 2700 - Increase Increase  Decrease 
Artillery 1440 - Increase Increase  Decrease 
Railroad 1825 - Increase Increase  Decrease 
Feudalizing innovation: 
Heavy cavalry - 50 - Decrease Decrease Increase 
Atomizing innovation: 
Intregrated circuit 1959 Decrease - Decrease Decrease 

- B . C .  

nium B.C., with the introduction of  bronce weapons, the tendency in Sumer 
was to larger political units. The many  small au tonomous  temple states 

described above gradually gave way to a dozen contiguous territorial states. Fi- 

nally, around 2340 B.C.,  after prolonged interstate warfare,  the Semitic leader, 

Sargon the Great,  established an empire that  extended over much of  present- 
day Iraq (Larsen, 1979: 77). During this same period, there is evidence of  a 
decline in the power of  the temple over resource allocation. In the Sumerian 
territorial states, records of  transfers of  private property in land, along with 

markets for the voluntary exchange of  goods, appear  for the first time around 
2500 B.C. 14 Again the model ' s  predictions seem to be confirmed. 

According to Proposi t ion 2, if military scale economies decline, the size of  
the typical state will fall and its degree of  centralization rise. Trends in these 

two directions were apparent  throughout  the first millennium A.D. ,  the period 

of  diffusion of  heavy-cavalry techniques (see Dudley, 1990). During the middle 
decades of  the third century A.D. ,  centralized power collapsed in the Roman 
empire (as it did in China). In part ,  the problem was barbarian attacks; 
however, an additional difficulty was renewed challenges to imperial authority 
f rom provincial commanders .  By the time of  Constantine (reigned 310-337),  
Rome ' s  territorial integrity had been reestablished, but only by a switch to a 
defense-in-depth strategy that moved the empire 's  effective borders inward 
(Luttwak, 1976: 127-190).  Simultaneously, tax rates rose sharply (Jones, 
1974: 83-84) .  In 476, the western Roman Empire was extinguished, being 
replaced by barbar ian kingdoms. Over the following centuries, Europe ex- 
perienced periodic phases of  renewed efforts toward centralization (notably, 
in the sixth, eighth and twelfth centuries). However,  the gains made by strong 
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rulers such as Justinian, Charlemagne and Henry II Plantagenet were subse- 
quently eroded by dynastic feuds or external attack, the underlying trend being 
toward smaller political units. Over the same period, the rise of feudal institu- 
tions left only a small amount of western Europe's resources to be allocated 
by the market. 

In the other three centers of civilization on the Eurasian land mass, similar 
internal and external pressures against the centralization of power were felt 
during this period. In the Middle East, the Persian empire was badly shaken 
by nomad invasions, civil war, and conflict with a temporarily-reinvigorated 
Eastern Roman Empire during the fifth and sixth centuries. By 650 it had fallen 
prey to the Arab followers of Mohammed. Although the latter subsequently 
expanded their territory into a band that stretched from Spain to Pakistan, 
their initial political unity was soon broken. Between 850 and 1500, the Middle 
East and North Africa were divided into numerous small and medium states. 
Similarly, in India, the Gupta empire was overthrown by the White Huns in 
480. It would take a further millennium before the greater part of the subconti- 
nent could again be governed by a single administration - under the Mogul dy- 
nasty in the sixteenth century. Finally, in China, the Han empire collapsed at 
the beginning of the third century. There followed four centuries of internal 
strife and external attacks before the empire was reunited under the Sui dynasty 
around 600. Over the following millennium, there were alternating periods of 
centralized rule and imperial decline (the latter occurring in the tenth, four- 
teenth and sixteenth centuries). 15 It was not until the mid-seventeenth century, 
under the Manchu Ch'ing dynasty, that the dual threats of nomad invasion and 
feudal breakup were finally dispelled.16 

Artillery weapons effective against masonry walls were developed in Europe 
in the second quarter of the fifteenth century. Once again, the model predicts 
a tendency toward larger, less centralized states. It was during this period that 
Charles VII, followed by his son and grandson, stripped away the powers of 
the nobility who had dominated France at the beginning of the century (see 
Blum and Dudley, 1989). By the last decade of the fifteenth century, royal pow- 
er extended throughout the French hexagon. As for taxes, real peacetime royal 
tax revenues per capita were probably slightly higher under Charles VIII in 
1490 than under his great-grandfather, Charles VI in 1413 (see Fryde and 
Fryde, 1971: 482; and Bean, 1973: 215). However, total taxes as a share of in- 
come almost certainly declined between the beginning and the end of the 
fifteenth century. 17 A comparison of the change from feudal duchy to renais- 
sance kingdom therefore shows a shift to a larger, less centralized state, as 
predicted.18 In Germany and Italy, where population density and the degree 
of urbanization were greater, the number of states also decreased in the 
fifteenth and sixteenth centuries. However, centrifugal forces remained too 
great to permit unification. 
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As already mentioned, the result o f increased informational scale economies 
should be larger, more centralized states. In the seventeenth and eighteenth 
centuries, following the introduction of printing, a new type of state emerged 
in western Europe - the nation state. This new political form was based on 
wide-spread literacy in the vernacular: the nation-state was a essentially a net- 
work of individuals able to receive and send messages in a written version of 
a standardized spoken language. For a brief half-century, the Dutch were the 
masters of a globe-spanning economy centered in Amsterdam. Then, for the 
following century and a half, England and France vied with each other for 
global dominance. The seventeenth and eighteenth centuries also saw sharp 
rises in tax rates across western Europe, as rulers and legislatures found that 
they could extract more revenues from their citizens without causing them to 
leave the new national information networks (Webber and Wildavsky, 1986: 
259-274). To take the most prominent example, in 1648 the tiny United 
Provinces were able to maintain an army of 55,000 men, almost three times the 
size of the force under Charles VII of France at the end of the Hundred Years' 
War (Kossmann, 1970: 383). In 1695, the typical Dutch household paid some 
38 per cent of its income in taxes (Wilson, 1969: 120). 

The model predicts that the increased military scale economies made possible 
by the railway and telegraph will lead to an expansion of territorial boundaries, 
accompanied by a decrease in the tax share of income. The 1850s and 1860s 
saw three major series of wars in which the new railway and telegraph tech- 

niques were applied. In the Italian Wars of Independence, France used the rail- 
way technology to help its ally, Sardinia (Piedmont) against Austria in the key 
battles leading to Italian unification. Prussia, in three wars against Denmark, 
Austria and France, managed to unite the smaller German states under its 
leadership. Finally, the Union side in the American Civil War used the new 
techniques to put down revolt by the southern states and extend its control 
across the North American continent. As for tax rates, the middle decades of 
the nineteenth century marked the low point for tariffs, which constituted the 
most important revenue source in most countries (Webber and Wildavsky, 
1986: 341). 

The gains to the individual from belonging to an extended national informa- 
tion network in which, due to mass media, everyone shares the same 
knowledge, should enable the authorities to increase the average rate of taxes. 
These taxes could then be used to finance territorial expansion. Something of 
this sort seems to have occurred in western Europe in the 50 years preceding 
the First World War. Taxes as a share of income doubled in Germany and rose 
sharply in England, largely to finance military spending. 19 This was also a 
period of renewed European imperial expansion in Africa and Asia. Isolated 
from competing networks, the United States did not feel the full effects of the 
new technologies until the spread of radio in the 1930s. Over the following de- 
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cades, the public share rose and the area dominated by the state was extended. 
According to the model, a decrease in informational scale economies will 

lead to smaller, less-centralized political units. Its effects should be first evident 
in the largest of  the industrialized states. Problems of  territorial control have 
been particularly evident in both the United States and the Soviet Union in re- 
cent years. Since the late 1970s, the United States has encountered increasing 
difficulty in maintaining its global military commitments while at the same 
time assuring a uniform public presence throughout its own internal territory. 
Outbreaks of  interethnic violence and resistance to central control in the Soviet 
Union's constituent republics and its allies show corresponding weaknesses in 
the Soviet system. At the same time, pressure for deregulation and intense op- 
position to tax increases in the United States, accompanied by a retreat from 
central planning in the Soviet Union and eastern Europe, show that state inter- 
vention in the economy has also encountered increased resistance. 

4.3. The direction of causality 

A final methodological problem is to dermine the direction of causality be- 
tween each innovation and the accompanying changes in the size and structure 
of  states. One means of  doing so is by a priori reasoning. The difficulty with 
this approach, however, is that in many cases causality could go in either direc- 
tion. For example, while it may well be writing that permitted large-scale social 
organization, it appears just as plausible that the first cities arose due to demo- 
graphic pressure and that writing was developed to provide a means of  better 
organizing large settlements. Similarly, increases in military scale economies 
may have made larger states possible, or it could be that extended political units 
required larger armies and therefore developed the appropriate technologies. 
An alternative method of  establishing causality is to examine the chronological 
sequence of events. Knowing that time moves in only one direction, one may 
conclude that a later event cannot be the cause of an earlier one. In most of  
the historical examples cited above, there is some means of  establishing the se- 
quence of  events. Consider each of  the eight cases in turn. 

The temporal sequence is most difficult to establish in the earliest example. 
Uruk's  initial spurt of  growth, to a population of  10,000 people, coincided with 
the development of  writing. However, it should be noted that its further rapid 
growth into a city of  over 40,000 people occurred in a period of four centuries 
following this innovation. Moreover, there are strong reasons for rejecting the 
principal alternative explanation of  the appearance of  cities - demographic 
pressure. Settlements as large as 1,000-2,000 inhabitants had existed in the 
Middle East for four millennia prior to the discovery of writing (Ferrill, 1985: 
28). There was therefore more than enough time for population pressure to 
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lead to larger political units if other conditions had permitted. 
In each of the seven other cases, the timing of events is less open to question. 

Bronze weapons were found in Sumerian graves dating from two centuries 
earlier than the empire of Sargon the Great (Moorey, 1982: 29). Similarly, 
horses large enough and strong enough to carry armor both for themselves and 
their riders were first encountered by the Romans at Carrhae in 53 B.C., two 
centuries before the first serious pressures on the imperial borders. In the late 
medieval period, the crucial improvements in artillery - in particular, iron- 
reinforced and cast-iron projectiles - were developed and introduced into 
France prior to the consolidation of royal power in the 1440s (Dubled, 1976: 
579; and Contamine, 1984: 145). 

In modern times, the appearance of a flourishing printing industry publish- 
ing in the Flemish-Dutch vernacular took place in the sixteenth century; that 
is, before the development of a Dutch nation-state in the first half of the seven- 
teenth century. The nineteenth-century example is also unambiguous. An ini- 
tial attempt to form a Prussian-led union of German states failed in 1850, when 
Prussia backed down rather than face probable defeat at the hands of Austria. 
The completion of the principal pieces of the German rail and telegraph net- 
works in the 1850s and 1860s permitted the envelopment strategy that provided 
Prussia the margin of victory at Sadowa in 1866, the largest battle in history 
up to that time. The chronology was similar in the cases of Italy and the United 
States. 

The mass-circulation newspaper was introduced at the end of the nineteenth 
century in Europe and North America and in the decade before the First World 
War in Russia. Using their own presses and those seized from their opponents, 
the Bolsheviks established the most complete monopoly over the circulation of 
information that had been seen to that time. The successful state control of 
production and the extension of the state's borders occurred in the following 
decades. In the United States, the first major increases in non-military spend- 
ing as a share of G.N.P. occurred somewhat later, in the 1930s, subsequent to 
the introduction of radio. The emergence of that country as a world power 
came in the 1940s. 

Finally, although integrated electronics methods were developed in the 
1950s, their widespread use in large numbers of products first occurred in the 
1970s. The recent resistance to state intervention in the United States, the 
Soviet Union and other states clearly followed this innovation. 

5. Conclusion 

This paper applied the theory of agency to the question of the role and size of 
the state. It was demonstrated that a state must have at its disposal both reward 
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and punishment if it is to deal with malfeasance by its agents. The juggling of 
rewards was found to be appropriate in cases of slacking. However, the threat 
of punishment was shown to be the only effective solution for insubordination. 
Collusion between supervisor and agent could be dealt with by either reward 
or punishment, depending on the cost of information. 

Since the extraction of resources for reward and the imposition of punish- 
ment are both specialized tasks, a state requires two administrative hierarchies, 
one to levy taxes and the other to apply force. Economies of scale in informa- 
tion processing determine the extent to which taxes can be imposed without ex- 

cessive effects on factor supply. Similarly, economies of scale in the application 
of force determine the success of a central power in putting down revolts. Thus 
innovations in either type of technology will lead to changes in the territorial 
boundaries of states and in their degree of centralization. Increases in informa- 
tional scale economies lead to larger, more-centralized states, while increases 
in military scale economies lead to larger but less-centralized states. 

This simple model had a considerable degree of explanatory power. It cor- 
rectly predicted the directions of change in territorial boundaries and the tax 
share of income for all eight major historical transformation in the scale econo- 
mies of information processing and military control. Moreover, there was evi- 
dence that it was the innovation that was the initial event, with the change in 
political and economic structures following. 

Notes 

1. Among the popular explanations of the fall of Rome, for example, are barbarian invasions 
(Gibbon, 1899), epidemic diseases (McNeill, 1976), or military decisions that weakened the 
border defenses (Ferrill, 1986). 

2. The principal contributors to this approach have been Spengler (1926) and Toynbee (1972) 
and, more recently, Olson (1982) and Kennedy (1987). 

3. It should be noted that in each area, there were intervals during this period when imperial pow- 
er was temporarily restored (for example, around 800, under the T'ang in China, the Carolin- 
gians in Europe, the Abbassids in the Middle East, and the Rashtrakutas in central and north- 
ern India). However, none of these revivals endured (within a century, each of the four empires 
had broken up). See Section 4 below. 

4. The agent's salary per period must in this case be higher than what he could gain elsewhere 
in order to make the penalty of firing credible. The problem of the optimal combination of 
frequency of observation, accuracy of observation and penalty is considered by Nalebuff and 
Scharfstein (1987). 

5. Assume that insubordination does not affect the probability that the supervisor observes the 
agent's effort; then the value of a s on each side of relation (8) will be the same. 

6. Note that since all agents are identical, these optimal punishments will never actually be ap- 
plied. Thus they have no effect on the solutions to the two preceding problems. For example, 
there is no need to offer the agent a higher salary to compensate for the risk of punishment, 
as in the Becker and Stigler (1974) model. 
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7. To the extent that penalties remain constant across states, this result may help to explain why 
in difficult times people in an organization tend to stick together, while when conditions im- 

prove the probability of conflict increases. 
8. Thus the more tightly-controlled the organization, the greater the penalties it must be able to 

impose to keep its personnel in line. 
9. Note that a part of the output of each bureaucracy will be self-consumed while the rest will 

be exported to the other sector. The tax collectors will generate revenues not only for their own 
salaries but also for those of the soldiers. Soldiers loyal to the principal will put down rebel 
troops and also discipline tax collectors guilty of malfeasance. 

10. Note that this argument is expressed in absolute rather than relative terms; that is in terms of 
total numbers of soldiers rather than ratios. If there existed a ratio of one army's forces to 
those of its enemy that minimized the expected cost of an enemy casualty, regardless of abso- 
lute size, then there would be no upper limit to the optimal size of an army. 

11. The primary sources for information on military technology and its impact are Humble (1980), 

Addington (1984) and Dupuy and Dupuy (1986). 
12. This population estimate is based on an area of ten hectares and a density of 125 people per 

hectare (Adams, 1981: 58, 69). 
13. In pre-Columbian South America, the Incas were able to control a large empire without writing 

by making use of knotted cords called quipus to store information. However, they had access 
to a military technology - bronze weapons - that had been unavailable at the time writing was 

invented. 
14. See Edzard (1967: 75) for evidence on property transfers and Kramer (1963: 74) on the presence 

of markets in the mature Sumerian territorial states. 
15. During this millennium China and parts of the Middle East, unlike western Europe and India, 

nevertheless experienced long periods of effective centralized rule. Possibly, as Wittfogel 
(1957) argued, people who depend upon large-scale irrigation to water their crops are more in- 
clined to accept authoritarian control than those who rely on rain water. 

16. It should be noted that the Mongol rulers of the thirteenth century briefly controlled a larger 
area than any land empire before or since. Since their victories were based on disciplined heavy 
and light cavalry, their success would seem to contradict the thesis that heavy cavalry led to 
smaller states. However, since the Mongol empire developed no mechanism to assure its own 
survival, it cannot be considered a viable state in the same sense as the Roman, Han and Sas- 
sanid empires. Based on pillage and conquest, the Mongol empire was inherently unstable: 
once it ceased to expand, its rapid breakup and collapse was inevitable. By the time the Mon- 
gols had been ousted from China, the provinces of the north were in ruins. 

17. There are two factors that must be taken into account here: first, taxation by the nobles had 
virtually ceased (Wolfe, 1972); second, per-capita incomes were considerably higher (Conta- 

mine, 1985). 
18. It should be noted that artillery played a major role in the establishment of the Manchu empire. 
19. See Trebilcock (1981 : 87). However, average tax rates in the United States remained low in this 

period, perhaps because of the existence of the frontier, where the state had yet to establish 
its presence (Mueller, 1989: 321-323). 
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Appendix: Optimal minimum penalties for insubordination 

Assume that there is no collusion between agent and supervisor. Without any loss of generality, 
the units of effort may be defined such that t~ = 1. Then, from relations (4), (5) and (7), the optimal 
minimum punishment for insubordination in each state is: 

P * I  = a *  - w * ,  

P*2 = a2 -- w2, 

P*3 = a* + 0 - w3, 

P*4 = a* + 0 - w*. 

Since, from relation (4), w* < w3, it follows that, 

P*l < P*3 < P*4. 

(AI) 

(A2) 

(A3) 

(A4) 

(A5) 



3 1 5  

W h e r e  d o e s  P*2 f i t  i n t o  t h i s  s t r u c t u r e ?  C o m p a r e  f i r s t  P*z a n d  P*3.  S u b t r a c t  ( A 2 )  f r o m  ( A 3 ) .  

P*3 - P*2 = a* + 0 - a 2 - ( w  3 - w2).  ( A 5 )  

B u t  w h e n  c o n s t r a i n t  (3) is b i n d i n g ,  

w 3 - w 2 = g ( a * )  - g ( a  2 - 0).  ( A 6 )  

S u b s t i t u t e  f r o m  ( A 6 )  i n t o  ( A 5 )  t o  o b t a i n ,  

P*3 - P*2 = a* - g ( a * )  - [ (a  2 - 0) --  g ( a  2 - 0)].  ( A 7 )  

T h e  c o n v e x i t y  o f  g ( ° )  a s s u r e s  t h a t  th i s  d i f f e r e n c e  is p o s i t i v e .  

C o n s i d e r  n o w  P*2 a n d  P* I .  S u b t r a c t i o n  o f  ( A 2 )  f r o m  ( A 1 )  g ive s ,  

P*I  -- P*2 = (a* - a2)  - (w* - w2)  ( A 8 )  

B u t  as  T i r o l e  ( 1 9 8 6 :  209)  s h o w s ,  t h e  a g e n t ' s  u t i l i t y  is g r e a t e r  in  s t a t e  o n e  t h a n  in  s t a t e  t w o .  

T h e r e f o r e ,  

w *  - g ( a * )  > w 2 - -  g(a2) ,  o r  

- ( w *  - WE) < - -  [ g ( a * )  - g ( a 2 ) ]  

A d d  a*  - a 2 t o  e a c h  s ide  o f  t h i s  i n e q u a l i t y :  

(a*  - a2)  - (w* - WE) < a* - g ( a * )  - [a  2 - g (a2)  ]. 

B u t  f r o m  t h e  c o n v e x i t y  o f  g ( ° ) ,  it  is c l e a r  t h a t ,  

a*  - g ( a * )  - [a  2 - g (a2)  ] < a* - g ( a * )  - [(a 2 - 0) - g ( a  2 - 0)].  

I t  f o l l o w s  t h a t ,  

(a*  - a 2) - (w* - WE) < a* - g ( a * )  - [(a 2 - 0) - g ( a  2 - 0)].  

S u b s t i t u t i o n  i n t o  t h i s  i n e q u a l i t y  f r o m  (AT)  a n d  ( A 8 )  g i v e s ,  

0 < P*I - P*2 < P*3 - P*2- 

T h u s ,  

P*2 < P*I < P*3 < P*4.  (10)  


