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Abstract

I offer a model of the sustainability of authoritarian rule in which the transparency
of productive economic activity enables the ruler to distinguish productive economic
activity from preparations for rebellion. The less transparent the productive technol-
ogy the greater the economic side effects of maintaining authoritarian rule, and the
stronger the incentives to liberalize the regime. Using a cross section of countries I
provide evidence that, consistently with the theory, democratic government Granger
causes internet penetration.

Introduction

Authoritarian governments often display hostility to innovation. During

Summer, 1933 industrialist Carl Bosch complained to Hitler about the dam-

aging effects on German competitiveness of widespread dismissals of Jewish

professors in physics and chemistry. Hitler replied that “Germany could

get on for another hundred years without any physics or chemistry at all”

(Evans, 2003) p.426. Indeed history is replete with examples of govern-

ments that repress productive activity out of concern about domestic threats

to their survival–most dictatorships impose some form of press censorship,

notwithstanding the economic costs of restricting the flow of information. In

∗An earlier version of this paper was presented at the April 20, 2010 conference in honor of Avinash
Dixit in Princeton. I thank Avidit Acharya, Adam Meirowitz, Rainer Schwabe, Jeroen Swinkles and
seminar participants at the Princeton Political Economy Seminar and the Universidad de Desarollo for
useful comments.
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the realm of telecommunications and the internet Kedzie (1997) describes

the “dictator’s dilemma”: “How to benefit from the global economy with-

out relinquishing domestic control.”. He notes that the former Soviet Union

severely restricted telephone connections with the outside world, while Saudi

Arabia and Singapore wrestle with the tradeoff between the economic ben-

efits of expanded internet connectivity and the threat this poses to their

authority. In a cross sectional statistical analysis Kedzie (1997) shows that

higher levels of democracy are associated with greater telecommunications

density, and especially with more extensive internet penetration, a finding

confirmed by Milner (2006).

Authoritarian regimes’ aversion to technology goes beyond xenophobia.

Not only did the former Soviet union restrict international telephone connec-

tions, it also placed limits on intra-regional connections within its borders,

and it even limited the publication of telephone directories (Pool, 1983)–

despite the potential economic costs of such a restriction identified by Jipp

(1963). Fleck and Hanssen (2006) note that in Ancient Greece the most

productive use of the hilly land in Athens and Argos, city states that lib-

eralized, was olive cultivation, which poses severe monitoring difficulties for

third parties. In contrast, on the plains of Sparta and most other city states,

cropland could be turned to grain production, where monitoring problems

were much easier to solve. Indeed, the regularity that monitoring problems

are more severe for perennial crops than they are for annuals persists to the

present day (Milgrom and Roberts, 1992). Fleck and Hanssen note further

that after Athens was occupied, in the wake of the battle of Chaeronea,

olive cultivation lapsed. Fleck and Hanssen argue this decadence of olive

tree cultivation stemmed from the conquerors’ inability to extract rents from

confiscated orchards because, unlike owner/cultivators, the conquerors had

to delegate harvesting to slaves. Turning to the modern world, in a cross-

national, multi-industry study of technology adoption Comin and Hobijn

(2004) find that the implementation of “successor technologies” (e.g. motor

ships, which succeeded steam ships, or blast oxygen furnaces that came af-
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ter furnaces using Bessemer processes) takes place more quickly in countries

with more democratic governments.

In this paper I argue that the tendency of authoritarian regimes to limit

productive activities is a central feature of their existence: activities that

could mask preparations for a rebellion pose a threat to the survival of an

authoritarian regime. I present a model in which citizens have private infor-

mation about their productivity in an autonomous economic activity. There

is also a less productive but easier to monitor activity that they could use

instead. The difficulty of discerning whether workers are plotting forces au-

thoritarian governments to choose between facing the hazards of allowing

citizens to use the productive technology or interfering with the productive

sector of the economy to attenuate the risk of being overthrown. The less

transparent the activity is, the greater the cost of maintaining an authori-

tarian government rather than liberalizing.

The model identifies conditions under which authoritarian governments

will prefer to relinquish authoritarian control, as did Spanish monarch Juán

Carlos, rather than to maintain a remorseless grip on power, as in the case of

the Communist Party of Cuba. The authoritarian government is most likely

to step down when hidden actions and innovation are important, and least

likely when economic activity uses known and easy to monitor technologies.

This paper has the seemingly paradoxical implication that transparency of

the production technology, a trait we are accustomed to think of as favorable

in a free society can actually facilitate the persistence of authoritarian rule,

as an autocratic government takes advantage of the opportunity to extract

resources more efficiently while suppressing rebellion. In this it is some-

what reminiscent of the “resource curse” that posits a link between another

favorable condition, large endowments of extractable resources, and the per-

sistence of authoritarian rule. Hence one might refer to the process identified

in this paper in which easy to monitor economic activities provide a stable

base for authoritarian rule as the “transparency curse”1.
1In the discussion section of this paper I argue that, given the relative ease with which governments

can monitor many extractive activities, the resemblance between the resource curse and the transparency
curse is more than superficial.
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This model contrasts with the mechanism identified in North and Wein-

gast (1989), in which democracy promotes investment and growth by guaran-

teeing that investors are represented in future governments, thereby making

the commitment not to renege on bonds nor to abrogate property rights more

credible. Their insight has been extensively applied to settings as diverse as

the extension of the franchise in Western Europe after the first World War

(Ticchi and Vindigni, 2003), to the adoption of new technologies (Comin

and Hobijn, 2004). Notably, Acemoglu and Robinson (2006) argue that ex-

tension of the franchise is crucial to locking in governments’ commitment to

egalitarian income redistribution.

Another strand of the political economy literature is characterized by

Fernández and Rodrik (1990) who note that individuals threatened by re-

form, or by innovation, will lobby to block the change. While that paper

is couched in terms of a proposed Pareto Improving tariff reform it applies

equally well to cases in which users of a status quo production process lobby

to block the introduction of a successor technology. Comin and Hobijn (2004)

link the Fernández and Rodrik model with regime type by arguing that it

is easier for incumbents to bribe a dictator to block innovation than it is

to successfully lobby a democratic government. Applying the framework

of Diermeier and Myerson (1999) one could characterize the Fernández and

Rodrik argument as asserting that the “hurdle factor” is equal to 1 for dic-

tatorships, while it is higher for the various forms of democracy.

Looking through a similar lens at the politics of innovation Acemoglu and

Robinson (2000) show that interest groups may lobby to prevent technolo-

gies that will undermine their political rights, as opposed to harming their

economic position as in the Fernández and Rodrik framework.

In the model developed here the limitations on economic activity in an

authoritarian context originate with the government, and not with reluctant

investors, as in the North and Weingast (1989) model, nor with active lobby-

ing by industry to block innovation as in Fernández and Rodrik (1990) and

Acemoglu and Robinson (2000). This leads to somewhat different empirical
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implications, and I consider these at greater length in the discussion section

of the paper.

The next section sets forth a simple information theoretic model of the po-

litical economy of production and rent extraction by the government. Section

two centers on the informational asymmetry between a citizen and her gov-

ernment and presents the Perfect Bayesian Equilibria (Fudenberg and Tirole,

1991) for this model, while section three discusses applications of the formal

model to understanding regime choice. Section four contains an empirical

analysis of the model’s implications for the adoption of the internet.

1 Information Theory and Rent Extraction

The model centers on the informational asymmetry between a citizen and

her government. Because the government is sovereign it cannot bind itself to

a contract. This is a key departure from principal-agent models in which the

principal2 is able to bind himself to a contract, see for example Laffont and

Martimort (2002). In this section I specify a stylized model of the interaction

between a government and its citizen in the form of a game of imperfect

information.

A brief Sketch of the Game

Here I model a citizen’s productivity at innovative activity as being drawn

from a probability distribution. The realized value of her productivity is pri-

vate information. In addition the citizen can devote a fraction of her time to

plotting against the government. Whether a revolt against the government

occurs depends on the citizen’s decision to go through with her plot, and

on whether she has spent enough time “arming” or otherwise organizing her

intrigue. If rebellion occurs some output is destroyed and the citizen dis-

poses of what remains3. The citizen is able to work in a risky activity with

2This paper takes a somewhat “Hobbesian” view: instead of a social contract there is a predatory
state.

3This feature of the model is shared with the framework set forth in chapters 4 and 5 of Acemoglu and
Robinson (2006), though it differs in several other respects
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a high expected return, or she can work in a traditional activity where her

productivity level is known to be mediocre. For its part, the government can

reward high levels of output and penalize low levels using a combination of

punishment, think of this as capital punishment, and economic rewards, in

the form of giving the citizen back some of the output she has produced. If

the government suspects plotting on the part of the citizen, it can inflict pun-

ishment and or withhold rewards. The government can observe the citizen’s

economic output but not her productivity, and it cannot observe directly the

way she uses her time.

At the initial stage, before the citizen allocates her time between produc-

tion and conspiracy, the government decides whether to remain authoritarian

or to “liberalize”, in which case it forgoes the ability to punish the citizen.

If the government liberalizes it can subsequently be dismissed by the citizen,

albeit at a cost that is proportional to output. The output lost from dis-

missing the government is lower than the output destroyed in a successful

rebellion. If the government decides to continue being authoritarian, then

at the initial stage of production, before nature has assigned the level of the

citizen’s productivity, the government must choose whether or not to allow

the citizen to use the productive but hard to monitor technology where pro-

ductivity is private information for the citizen, or whether she is restricted

to a traditional production technique where her productivity is known.

Now let’s look at the elements of the game in more detail:

Preferences

The preferences of the citizen are given by:

UC = α
(

(1− π)
(

(1− ρ)
(

(1− δ)t+ δq
)

+ ρΛq
)

− πB
)

+ (1− α)
(

(1− η)
(

(1− δ)t+ δq
)

+ ηΦq
)

(1)

Here q is the output quantity produced by the citizen, while t, for “transfer”,

is the amount allotted by the government to consumption for the citizens.
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The −B term represents the subjective value of being punished by the gov-

ernment. This happens when the government sets π = 1. Think of this as

the death penalty, so that B is very large compared with the available re-

sources. If the government does not punish the citizen, so that π = 0, and

the citizen accepts the consumption level t offered by the government, the

citizens retains an infinitesimal portion δ of the quantity (q − t) that the

government insists the citizen turn over. This captures the citizen being able

to shield at least some of what she produces4. Of course, the government can

respond to this by reducing t to offset it’s losses, but it can never set t < 0.

In the analysis that follows I focus on the equilibria to the game when δ is

vanishingly small. This is helpful in ruling out “silly” equilibria in which the

citizen is indifferent about the output level.

The variable α is an indicator for whether government chooses repressive

institutions, with α = 1 indicating that the government selects a repressive

system that gives it the option to punish the citizen, α = 0 means the

government relinquishes this capability. The η term in equation (1) becomes

relevant when the government opts not to repress. Then η = 1 represents

the citizen’s choice not to expel the government, while η = 0 if the citizen

chooses to vote the government from office. If the citizen does expel the

government, her payoff isΦq, where (1−Φ)q is the cost of losing the expertise

of the government5. The ρ term represents the citizen’s decision whether to

overthrow a repressive regime. If she rebels her payoff is Λq. However, she

can only choose to rebel, setting ρ = 1, if she has spent at least a fraction

1− ξ of her time conspiring, otherwise, either by choice or because of a lack

of preparation, ρ = 0.

The government’s preferences are:

4Think of gold miners being able to smuggle a bit of ore-laden dust out of the mine at the end of the
workday.

5This can be less benign, it may include the destruction of files and fixtures and other forms of sabotage
committed by an outgoing government.

7



UG = α

(

(1− π)
(

(1− ρ)(1− δ)(q− t) − ρB
)

+ πΨq

)

+ (1− α)(1− η)(1− δ)(q− t) (2)

Most of the terms in expression (2) are in common with those appearing

in (1), save for Ψ, if the government punishes the citizen, it receives a payoff

of Ψq. We can think of punishment as destroying a fraction Ψ of output6. I

shall assume that the government prefers to punish the citizen rather than

having to appease her:

1 < Ψ+Λ (3)

Technology

There are two technologies, an innovative technology, indicated by ι = 1 that

depends on the citizen’s productive type θ ∈ {θ, θ̄}, with θ < θ̄ in which the

quantity produced is q = θs, where s ∈ [0, 1] is the fraction of her time the

citizen devotes to production. Ex ante the realized value of θ is unknown.

The probability that θ = θ̄ is given by ψ, otherwise of course θ = θ. I assume

that the high productivity state is not exotically rare, which is formalized as:

φ ≥
(1− Ψ− δ)min{θ, ξθ̄}

B + (1− δ)min{θ, ξθ̄}
(4)

The second technology, denoted ι = 0, delivers a quantity of q = θ0s,

regardless of the citizen’s productivity parameter. The parameter θ0 satisfies:

θ < θ0 < θ+ φ(θ̄− θ) (5)

This says that the ι = 0 technology is more productive than a citizen in

the ι = 1 activity if her productivity is low, but it falls short of the expected

productivity of a citizen in the innovative industry, and so of course it also

6This can also be thought of as encompassing the direct costs to the government of inflicting punish-
ment.
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implies lower productivity than a high productivity realization for the ι = 1

process.

Figure 2 about here.

The Game Tree

For any value of δ the sequence of events is the same. For convenience, and

because the following analysis will focus on the limiting case as δ vanishes,

the payoffs in the figures depicting the game all pertain to: G = limδ→0 G(δ).

Now let’s consider the sequence of events for the game in more in more detail.

(A) The government selects the institutional structure, by choosing either

α = 1 and retaining the ability to punish the citizen and imposing its choice

of productive technology ι, or α = 0 and subjecting itself to removal by the

citizen, while the citizen is left free to choose ι. This choice is portrayed in

figure 2. Following the usual labeling conventions the government’s decision

node corresponds to the circle marked with a G, while the ends of the three

branches indicate the different subgames that follow different government

decisions. As the government chooses the political and productive regime

it knows the value for φ, but it does not observe the realized value of the

citizen’s productivity parameter θ.

After the government has chosen a regime, nature “chooses” θ ∈ {θ, θ̄}, where

the probability of realizing θ = θ̄ is φ. While φ is common knowledge, only

citizen now observes the realized value of θ, while the government does not.

Of course, the realization of θ is not relevant if the government chose the

“safe” technology by setting ι = 1.

What happens next depends on the choices made at the first stage.

Repression with the Risky Technology

If at the first decision node the government decides to repress, and it opts for

the higher risk production scheme the G3 subgame ensues, and the citizen,

but not her government, learns the value of θ.
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(i) The citizen chooses how to divide her time between production and re-

bellion. If she spends a fraction s of her time on production her output is

q = θ0s. If the citizen is to subsequently have the option to rebel, at stage

(6), she must spend more than a fraction 1 − ξ of her time now at stage

(3) preparing to rebel, so that s < ξ and hence q < ξθ. If she invests no

more than 1−ξ of her time readying a rebellion, corresponding to an output

quantity of q ≥ ξθ then even if she reaches stage (6) she will have no choice

but to acquiesce in the transfer offered to her by the government.

Notice that, given her productivity level, the citizen’s choice of how to

divide her time between preparing a rebellion and producing output is tan-

tamount to selecting an output level, so I shall model her as if she was

choosing a quantity to produce.

(ii) Once the citizen has made her time allocation decision, the government

observes q, and chooses π ∈ {0, 1}. If the government chooses to punish,

corresponding to choosing π = 1, it receives a terminal payoff of Ψq, while

the citizen’s payoff is −B and decision making comes to an end. If instead

the government chooses not to punish, so that π = 0, it must now proffer a

transfer t to the citizen.

(iii) At this stage the citizen either accepts the transfer of t, corresponding

to a choice of ρ = 0, or, if at stage (3) she had spent at least a fraction

1− ξ of her time preparing for rebellion, she can opt to rebel, setting ρ = 1.

Remember that if the citizen is punished at stage (ii) then stage (iii) does

not occur.

If at stage (iii) the citizen accepts the transfer her payoff is t while the

government receives a payoff of q − t. If in contrast the citizen rebels the

government’s payoff is −B, while the citizen garners a payoff of Λq.

There are two variants to the G3 subgame depending on the ease with

which the government can monitor. If

ξθ̄ ≤ θ (6)

the government’s surveillance problem is relatively simple, see figure 4. No-

tice that the two nodes denoted G∗ form a single information set for the
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government, player G. It will emerge in the analysis of equilibrium that the

output costs of repression are relatively mild in this subgame when condition

(6) is met.

Figure 4 about here.

In contrast monitoring is more difficult, with the inequality is reversed, that

is θ < ξθ̄, then matters become more complicated, as depicted in figure 5.

In the next section of the paper we shall see the dramatic consequences for

equilibrium behavior implied by this elevated difficulty in monitoring.

Figure 5 about here.

Repression with the Predictable Technology

In the G1 subgame, see figure 3 the government chooses to repress, and it

imposes the predictable technology, making the realized value of θ irrelevant.

(one) After the government has opted for G1 the citizen chooses how to divide

her time. Recall that the citizen’s time allocation is isomorphic to a choice

of how much output to produce. Recall that if the citizen spends more than

a fraction 1− ξ of her time preparing to rebel she will be able to choose the

value of ρ ∈ {0, 1} at the rebellion stage. If she invests less than 1− ξ of her

time readying a rebellion, then ρ = 0 is her only option.

Figure 3 about here.

(two) Once the citizen has made her time allocation decision, the govern-

ment observes q. At this stage the government updates its beliefs about the

citizen’s productivity parameter θ on the basis of having observed q, and de-

cides whether to punish the citizen, in which case it sets π = 1 and receives

a terminal payoff of Ψq, while the citizen’s payoff is −B and decision making

comes to an end. If the government chooses not to punish, so that π = 0,

the government proffers a transfer t to the citizen.

(three) At this stage the citizen either accepts the transfer of t, correspond-

ing to a choice of ρ = 0, or, if she spent at least a fraction 1− ξ of her time
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preparing for rebellion during the production stage, she can opt to rebel,

setting ρ = 1. Remember that if the citizen is punished at stage (two) then

stages (three) does not even happen.

If at stage (three) the citizen accepts t then her payoff is t while the

government receives a payoff of q − t. If in contrast the citizen rebels the

government’s payoff is −B,

If the government chooses not to repress, we are instead in the subgame

denoted G2, see figure 6. In this subgame the government has chosen to

liberalize, with α = 0. Now, having observed nature’s choice of θ, at stage

(a) of this subgame the citizen chooses the technology, ι = 0 or ι = 1,

and decides how to allocate her time between production and preparing a

rebellion, as under a repressive regime, which is equivalent to choosing an

output level q.

Figure 6 about here.

(b) Once the citizen has made her time allocation decision, the government

observes q. At this stage the government chooses a transfer t to proffer.

(c) At this stage the citizen either accepts the transfer of t, or does away

with the government. If she accepts the transfer her payoff is t while the

government pockets q − t. If she expels the government her payoff is Φq

while that of the government is 0.

The citizen could also avail herself of the option of rebellion, provided she

spent at least a fraction 1− ξ of her time preparing for rebellion during the

production stage. A successful rebellion would net the citizen a payoff of Λq,

just as it would be if she overthrew a repressive government. However, one

of the keys to regular democratic transitions is that they are less destruc-

tive than civil wars–ballots marked and cast like “paper stones” can bring

down a government, but they break fewer windows than the rocky variety. I

operationalize this insight by imposing condition (7):

Λ < Φ (7)
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This means that rebellion against a non-repressive regime is strictly domi-

nated, and so for convenience, it is not portrayed in figure 6.

I also impose the following condition on the punishment payoff:

−B < −
2θ̄

φ
(8)

being punished is “a very bad thing”.

Equilibrium

Signaling games, such as the one set forth in the previous section, notori-

ously give rise to multiple equilibria. However, many of these involve highly

counterintuitive actions. To focus on the more sensible outcomes. As fore-

shadowed in the discussion of preferences, I analyze the the perfect Bayesian

equilibria to the limit of a sequence of associated games indexed by δ the

“retention parameter” that calibrates the fraction of output the citizen with-

holds from the government. Each of these games, denoted G(δ), differs only

in the value of δ. Of particular interest is G(0), which I will refer to sim-

ply as G. I will restrict my attention to the set of equilibria to G satisfying

the D1 refinement that are also perfect Bayesian equilibria (satisfying D1)

for limδ→0 G(δ). Let’s call this set S. The following result characterizes the

government’s equilibrium choice of regime type:

Corollary to Proposition 1: The government’s choice of α consistent

with the perfect Bayesian equilibrium satisfying the D1 criterion set forth in

Proposition 1 (stated and proved in the appendix) must satisfy:

Prob{αG = 1} =































1 if Φ > Φ3A and ξθ̄ < θ

1 if Φ > Φ3B and ξθ̄ > θ

υ ∈ [0, 1] if Φ = Φ3A and ξθ̄ < θ

υ ∈ [0, 1] if Φ = Φ3B and ξθ̄ > θ

0 otherwise

where:

13



ω =
(1−φ

φ

)

(

(1− Ψ)ξθ

B+ Ψξθ

)

Φ3A = 1−

(

θ+ φ(θ̄ − θ)
)

θ0 + φ(θ̄ − θ0)

Φ3B = 1−
max{θ0, Ψξθ

(

1−φ(1−ω)
)

+ φωθ̄}

θ0 + φ(θ̄ − θ0)

Proof: This is a corollary to Proposition 1, which is stated in the Appendix.

Moreover, we have:

Lemma 1: Φ3A < Φ3B.

Proof: See the Appendix.

When the gap between the output levels at low and high productivity is

small enough the government can assure itself that no individual has had

sufficient time to surreptitiously prepare rebellion. This condition is summa-

rized by ξ ≤ θ

θ̄
and if it is satisfied the authoritarian government’s monitoring

problem is sufficiently tractable that it is fairly easy for it to adopt the mod-

ern technology while maintaining political control. It does so by threatening

dire consequences for anyone who produces less than ξθ̄, thereby assuring

itself that no one is able to rebel, while it confiscates all of the output pro-

duced by those who produce more than the critical ξθ̄ threshold. Because

she can keep a few crumbs in the δ versions of the game, the citizen produces

at capacity. The government’s equilibrium rents are given by φθ̄+(1−φ)θ.

Only if democracy came with tremendous concessions, in the form of a very

low Φ, would the government be willing to transit to democracy in order to

access the even higher output afforded by allowing citizens to opt for the θ0

technology instead of the more modern technology when they observe that

in fact the modern technology doesn’t work well, as occurs when θ = θ. In

this relatively transparent environment the government is able to assure itself

that citizens are not preparing to rebel yet it can still access the benefits of

modern technology.
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In contrast, when θ

θ̄
< ξ the control problem is more severe. A low pro-

ductivity citizen is simply not capable of producing enough output to prove

that she is actually not a high productivity individual who pretends her

productivity is low to mask her having prepared a rebellion. The result is

a mixed strategy equilibrium in which high productivity citizens randomly

pool with the low productivity types, and then rebel, while the government

randomly punishes anyone with the low productivity output level. More-

over, the only such equilibrium that survives the D1 refinement calls upon

the low productivity types to produce an even lower output than they are

capable of; q = ξθ. Notice that in this setting a government that chooses not

to democratize yet opts for modern technology is overthrown with positive

probability.

0.0 0.2 0.4 0.6 0.8 1.0

0.
48

0.
49

0.
50

0.
51

0.
52
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pi

piH

piL piH>piL

piH<piL

Figure 1: Punishment Regimes and Output Quantities: Indifference Conditions

The informational problem that arises when θ < ξθ̄, so that the low types

cannot credibly signal that they are not preparing a rebellion, manifests it-

self in two ways. Firstly the equilibrium output is even lower than capacity
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when productivity is low, and secondly the high productivity types some-

times pool with the low productivity types. This forces the government to

punish low productivity output with a positive probability, further lowering

the government’s expected returns, and further worsening the outcome for

low productivity types as well. While there is some probability that this will

drive the government to simply eschew the modern technology and repress,

it also increases the likelihood that the government will choose to liberalize.

Thus we observe the emergence of the “dictator’s dilemma”, whether to

adopt modern technology but risk being overthrown or to rule over squalor in

security, adopting the low productivity traditional technology θ0. When the

monitoring problems implied by adoption of the modern technology become

particularly severe the government faces a serious temptation to democra-

tize rather than face the headaches of monitoring the modern technology,

and it faces a real prospect of being overthrown if it does try to maintain

control as the economy modernizes. The prospect of hard to monitor but

also potentially highly productive modern technology tempts authoritarian

governments to liberalize in order to take advantage of the technology with-

out being overthrown, while it simultaneously increases the probability that

governments that do not liberalize but do adopt the new technology are

overthrown. One way or another, countries that adopt the hard to monitor

technology are more likely to transition to democracy.

It is worth pointing out that the pooling equilibrium implies that all low

types run a risk of being punished, even if they follow their equilibrium strate-

gies. This echoes a depressingly recurrent theme in accounts of authoritarian

regimes that arbitrarily punish some but not others. A classical example is

the Roman army punishment of decimation, in which some soldiers (a tenth

of the total), selected at random, are killed as punishment for the poor con-

duct of their entire military unit, and regardless of their individual valor in

battle. Another example of people facing an unavoidable risk of punishment

is afforded by the following account of the Soviet prison system:
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At the Novosibirsk Transit Prison in 1945 they greeted prisoners

with a roll call based on cases. “So and so! Article 58-1a, twenty-

five years.” The chief of the convoy guard was curious; “What did

you get it for?” “For nothing at all.” “You’re lying. The sentence

for nothing at all is ten years.”(Solzhenitsyn, 2002) p.293

The elaborate and sophisticated internet monitoring policy of the Chinese

government also appears to incorporate a random element. China specialist

James Mulvenon (quoted in Thompson (2006)), says of the Chinese security

forces “There’s a randomness to their enforcement, and that creates a sense

that they’re looking at everything.“.

2 Discussion

In this model government’s maxim is “the devil makes work for idle hands”7:

the government would like to ensure citizens work hard enough to preclude

their preparing a rebellion. When the ratio of low productivity to high pro-

ductivity
θ

θ̄
is large, so that uncertainty about θ is relatively unimportant,

then the limiting equilibrium set forth in the appendix makes it nearly cer-

tain that both types of citizen will produce enough to rule out the possibility

of overthrowing the government, and the government’s rents from having a

repressive regime are high. Although there is some loss in expected output

from the government not directly observing the value of θ before it imposes

its choice of technology, once it has chosen, the repressive government cap-

tures all of the potential surplus.

In contrast, the combination of a repressive regime with a harder to mon-

itor state of the art technology, represented by a low
θ

θ̄
ratio, results in a less

efficient outcome. The government’s mixed punishment strategy puts all of

the low productivity types at risk, and a fraction of the high productivity

types pool with the low types. This limits output, and so rents for the gov-

ernment, and it also confronts the government with a non-trivial risk of being

7In this case of course, one might better think of the devil as the regime!
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overthrown. Alternatively the government may opt for the less productive

but easy to monitor “backstop” technology ι = 0. Both of these options are

less lucrative than adopting an easy to monitor state of the art technology,

and so both result in a lower threshold for liberalizing, that is, for setting

α = 0.

Hard to Monitor Technologies

While the model of the preceding section had but one sector, actual national

economies are a potpourri of industries. Those for which the monitoring

problems are most severe for the government will be those that combine dif-

ficulty of observation with danger to the regime. In particular, newspapers,

telecommunications, broadcasting, and the internet may constitute the real

“commanding heights” of an economy–for potential rebels the ability to dis-

seminate information is essential for expanding their ranks and for coordinat-

ing anti-regime activities8. At the same time communications, broadcasting,

and publishing are vital to the regime’s ability to reinforce its case–that it

serves the interests of adherents, that it is invincible, that groups that pose

a threat to the regime are a threat to the public as well. The other set of

industries vital to regime survival are those involved in the production of

weapons.

However, these are not the only activities that matter for regime sur-

vival. There is the colorful example of taxi drivers parking their cars across

airport runways in 1962 to prevent the rebellious army in Algeria from fly-

ing troops into metropolitan France. The Venezuelan government of Hugo

Chávez has had a difficult time restoring petroleum production to pre-Chávez

levels against the opposition of many petrochemical workers. Because of the

threat of organized work stoppages all industries constitute potential security

threats to an authoritarian regime, albeit to different degrees.

The other relevant characteristic of industries is the importance of hid-

den actions to their functioning. This feature is central to the model in

8The phrase “commanding heights” is due to Lenin (1971) who described his National Economic Plan
as having retained “...all commanding heights in the sphere of the means of production (transport etc.)”.
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the preceding section. In general we might try to calibrate this feature of

industry using the number of individuals a single supervisor can effectively

monitor. The larger the number of individuals one can supervise, the more

easily surmounted the challenge of monitoring. As noted in the introduction,

perennial crops and animals require more care from farmers than do annual

crops. Also, generally speaking, literate people are likely to be harder to

monitor than illiterates.

Another regularity we might expect to observe is that pressures to liber-

alize will be keenly felt as new technologies are introduced. Greenwood and

Yorukoglu (1997) note that the adoption of new technology is often accom-

panied by an increase in the skill premium, which we might expect to be

associated with a more severe monitoring problem.

Slavery and Literacy

Authoritarian rule is often likened to slavery, and it is in the nature of similes

to commute: one can think of slavery as a sort of micro-authoritarianism.

If we extend the model to slavery, with the subversive activity now as likely

to involve escape as direct confrontation, then some of the regularities of

slavery come into sharper focus. In particular, fearing insurrection and es-

capes by slaves, some antebellum slave states9 made it unlawful to educate

slaves (Woodson, 1919) pp.161-8. This ban seems economically counterin-

tuitive given that literate and educated slaves would tend to have enhanced

productivity. On the other hand, literate slaves were also in a better po-

sition to flee, both because of their increased productivity in freedom, and

more importantly in the context of this model, because their better education

made it harder to tell whether a slave was preparing an escape attempt, or

indeed organizing a rebellion among his compatriots. Likewise, as the civil

war broke out, slave owners became considerably more fastidious about al-

lowing their slaves access to fire arms (Dew, 1995) p.295. While it served the

slave owner’s interests to delegate long hours spent stalking game through

9These included 1831 laws in Georgia and Virginia, an 1832 law in Alabama, and 1847 legislation
passed in Missouri.
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brambles and poison ivy to his slaves, the advent of war can be thought of

as increasing ξ, making it easier to prepare a rebellion–after January 1, 1863

one needed only reach the nearest US Army picket to attain freedom.

The counterpart to liberalization, with the government choosing α = 0,

can also be found in the history of slavery, Fleck and Hanssen (2006) observe

that in the ancient world literate slaves were given administrative tasks with

some frequency, but when they were they tended to be motivated by the

prospect of manumission rather than being threatened with the whip: a

rational response of the often illiterate slave owners to the difficulties of

monitoring these educated servants.

Poverty and the Resource Curse

This analysis provides a useful perspective on two widely noted cross sectional

empirical regularities. Firstly. there is the income and democracy hypothesis

put forward by Lipset (1959). Lipset asserted that wealthier countries are

more likely to be democratic. While Lipset remained vague about the theo-

retical mechanism at work, this hypothesis has the advantage of being broadly

consistent with the evidence. Lipset’s cursory cross-national revealed that

wealth and democracy tend to appear together, and under extensive scrutiny

his finding has been confirmed by others Cheibub et al. (1996), Londregan

and Poole (1996).

While the theory put forth in this paper posits no direct causal link be-

tween income and democracy, it does predict that economies making use of

harder to monitor technologies have a greater tendency to become demo-

cratic. If we add to this the observation that the monitoring problem be-

comes more difficult in the complicated setting of an industrial economy, and

so by the time an authoritarian country has industrialized its government will

likely have either decided to liberalize or it will have so often risked being

overthrown by adopting the hard to monitor technology that it is likely to

have been replaced by a democracy.
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A second widely commented empirical regularity is in fact an exception

to the first. Many scholars have remarked at the resilience of the oil ex-

porting monarchies (and dictatorships) of the Middle East. Moreover, in a

close study of the internal politics of primary resource exporting countries,

Ross (2001) suggests that this phenomena tends to be associated with the

exportation of primary resources to the world economy, and that it is not

peculiar to petroleum, though see Haber and Menaldo (2011) for a dissenting

view. Perhaps there is something about primary resource exploitation that

allows authoritarians to cling to power. The nebulous link between primary

resource revenues and authoritarian rule has come to bear the label “resource

curse”. While the resource curse appears as an exception to the income and

democracy hypothesis, it is remarkably consistent with the information-based

theory set forth in this paper. Whereas we might expect that most of the

activities of a modern industrial economy will pose severe challenges to a

police state’s ability to monitor them, extractive activities such as pump-

ing oil from known reserves, or mining known deposits, or harvesting old

growth timber10 will be relatively easy for the authorities to track, and in

such conditions the theory set forth here leads us to expect authoritarian

regimes to persist. Indeed, one of the regularities that has been identified as

a key component of “Dutch disease”, a constellation of characteristics shared

by oil exporting countries, is a tendency to give short shrift to education

(Humphrey’s, Sachs and Stiglitz, 2007). While in the case of it’s eponymous

country Dutch disease is probably the result of exchange rate appreciation,

one notes that authoritarian regimes looking to stay in control would likely

resist the emergence of new industries, and the expansion of education, given

they would likely make surveillance and so regime survival more difficult.

Authoritarian Rule and the Internet

An example of an industry for which monitoring problems may pose a severe

threat to an authoritarian regime, consider the internet. The quintessential

decentralized communications medium, the internet was designed to continue

10This last is the focus of Ross (2001).
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to function in the rubble after a nuclear attack–it thus poses special challenges

to secret police seeking to monitor it. During the August 18, 1991 attempted

coup d’état in Russia standard telecommunications were intervened by the

coup plotters, however, dissidents were further down the internet learning

curve than the plotters and made extensive use of the “Relcom” network

to assemble effective opposition to the unfolding plot11 (Kedzie, 1997). In

1989 Czech dissidents were similarly ahead of that country’s secret police,

still focused on wiretapping and bugs, as the Civic Forum supplanted that

country’s repressive regime (Kedzie, 1997). In contrast, a decade later the

Communist Chinese government had developed very effective countermea-

sures that it employed to neutralize the versatile use of the internet by the

Falungong movement.

The internet is not the first information technology to have shifted the

balance of power back and forth between government and opposition. Dur-

ing the fifteenth century printing presses enabled Protestants to shock the

Catholic Church with the massive dissemination of bibles written in local

languages, but presently the Catholics (and indeed many protestant princes)

expanded the capacity of their inquisitors and censors to read correspon-

dence and limit the circulation of printed matter. As technologies age the

government becomes more effective at monitoring them12.

This is not to say that the more modern technology is always the most fa-

vorable to the dissidents. For example, when the Egyptian police interdicted

internet access during the anti-Mubarak protests the embers of protest sim-

ply scattered into dozens of off line street protests across Cairo that proved

much harder for the regime to extinguish (Hassanpour, 2011).

A Reanalysis of Kedzie’s Data

Kedzie (1997) contends that the causal arrow connecting internet access and

democracy flows in one direction, from connectivity to enhanced democracy.
11The internet was not the only technology the superannuated plotters had failed to counter–evidently

they were also oblivious to the content of fax messages (source: personal communication with Mark
Beissinger).

12Of course, there are limits to this process. As was noted in the introduction growing perennial crops
(and raising animals) remain more prone to agency problems than does cultivating grain and other annual
crops.
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While the model set forth here indicates that democracy enhances govern-

ments’ willingness to adopt new technology. With a commendable commit-

ment to transparency, Kedzie provides his data along with his results, and

this facilitates an informative closer look at his findings. His inference is

based on a pair of two stage least squares regressions, which I replicate here

as the first and third columns of table 1:

Table 1 About Here

In column one Kedzie treats Democracy (measured at it’s 1993 level) as

endogenous and estimates the regression model via two stage least squares13.

He identifies his model by excluding per capita GDP, the natural logarithm of

population, school enrollment rates, life expectancy, and ethnolinguistic frac-

tionalization (Kedzie, 1997) pp.38-53. In column three Kedzie removes per

capita income from the list of instruments and treats it as an additional en-

dogenous explanatory variable14. The verdict of both of Kedzie’s regressions

is similar: democracy does little to explain the level of internet connectivity,

although in other regressions, which I do not reproduce here, he shows that

connectivity does have a significant impact on democracy (Kedzie, 1997) p.53.

Kedzie has another explanatory variable–Democracy in 1983, which he

omits from his specifications. Interestingly enough, given the rapid diffusion

of the internet during the years bracketing the end of the cold war, almost

no countries had connectivity (a nonlinear function of the number of internet

nodes) as of 1983, so one is safe to treat this earlier measure of democracy

as exogenous with respect to subsequent internet connectivity15. If we add

the 1983 Democracy variable to the list of instruments16 used in the column

one regression we obtain the results of table one, column two. There we find

that the democracy variable earns a significant (at α = 0.01) t-ratio. Like-

wise, the column four results revisit the column three specification with 1983
13These results appear in Kedzie (1997) in his table 4.2 under the heading “Model V, INT”.
14Kdezie reports these estimates in his table 4.2 under the heading “Model VI, INT”.
15To violate the exogeneity condition one would need to believe that the anticipation of the internet

being brought on line during subsequent decades caused countries to become more democratic by 1983–a
far fetched hypothesis indeed.

16Namibia was not independent in 1983, and I drop this observation when calculating the estimates
reported in columns 2 and 4.
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democracy added to the list of instruments. Again the estimated democracy

coefficient earns a significant t-ratio. The results using the more powerful

instrument indicate that a one standard deviation increase of democracy

corresponds to an increase in internet connectivity of about one quarter of

a standard deviation. These results provide support for the claim that more

democratic regimes were more likely to have embraced internet technology

by 1993, at a time when authoritarian regimes were still grappling with the

question of how to control cyber connectivity.

Milner (2006) analyzes data from a panel of countries during the decade

from 1991 to 2001. Incorporating country specific fixed effects in a cross sec-

tional negative binomial regression she finds that government type, as mea-

sured by “polity” scores, is a significant predictor of internet penetration even

after including various other explanators in her specification. Milner notes

that whereas government type earns a significant coefficient in her analysis,

many other potential explanatory variables, such as per capita income, do

not.

Central to much of the discussion about the internet and government type

is the direction of the causal arrow–Kedzie contends that the internet pene-

tration promotes democracy by undermining the ability of the authoritarian

government to maintain control, while Milner’s makes the case that demo-

cratic governments adapt the internet more rapidly, making an argument

similar to that of Comin and Hobijn (2004) that entrenched groups threat-

ened by a new technology can more easily block its adoption in the context

of an authoritarian government.

The model set forth here starts from a position similar to Kedzie’s, that

hard to monitor technologies such as the internet make authoritarian gov-

ernment more difficult to sustain. However, in the equilibrium of the model

authoritarian governments are cognizant of the threat. If the government

liberalizes in response to the threat of a new technology, then the technol-

ogy is adopted, but it will show up in the data as a democratic government

embracing the internet. In contrast, governments that remain authoritarian

will include a mix of those that resist the technology and those that adopt
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it, but then repress their citizens while running the risk of being overthrown.

Thus the authoritarian governments in a data sample may be expected to

include a mixture of those that adopt the new technology and those that

resist. In contrast with the democratic governments that all adopt the new

technology, the authoritarian rulers will include all the technology resisters.

Thus the model predicts that empirically democracy will appear to cause the

adoption of the new technology.

Granger Causality

One tool to assess the hypothesis that democracy leads to greater internet

penetration is the notion of “causality” offered by (Granger, 1969). Variable

x is said to “Granger cause” variable y if, the expectation of y at time period

t conditioning on both the history of x: {xt−s}
t
s=1, and on the history of past

realizations of y: {yt−s}
t
s=1, differs from the conditional expectation of y given

it’s past history alone. That is, x Granger causes y if condition 9 is satisfied:

E
{

yt|{yt−s}
t
s=1, {xt−s}

t
s=1

}

6= E
{

yt|{yt−s}
t
s=1

}

(9)

This concept is usually operationalized by estimating a model of the form

10:

yt = α0 +

L
∑

s=1

αsyt−s +

L
∑

s=1

βsxt−s + ǫt (10)

and then testing the composite null hypothesis:

H0 :

L
⋃

s=1

(

βs = 0
)

(11)

Here L specifies the appropriate number of lags that provide a sufficient

statistic for the time series17.

This approach is not without it’s drawbacks, “Granger causality” does not

comport with the standard definition of “cause”, for example application of

17For expositional purposes I’ll treat this as known, and as being the same for both y and for x.
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the break pedal Granger causes automobile accidents, though this is hardly

evidence that we should disable the brake systems in motor vehicles! Nev-

ertheless, Granger causality indicates a potentially important relationship

between two variables, and it has become a standard implement in the time

series analyst’s tool kit.

Estimation Issues

While Granger causality is most easily assessed in the context of long time

series, Holtz-Eakin, Newey and Rosen (1988) showed how one could efficiently

overcome the “short sample bias” that plagues cross sections of short time

series to assess Granger causality in data sets for which the number of time

periods T is small, while the number of individual observations N is large–

evidence that is often described as “panel data”.

In a cross national panel it is customary to incorporate country-specific

fixed effects into the model:

yi,t = αi +

L
∑

s=1

αsyi,t−s +

L
∑

s=1

βsxi,t−s + ǫi,t (12)

The introduction of the country-specific effects creates bias in short sam-

ples, see Arellano. (2003) pp 85-6 for a compact exposition. To avoid this

bias it is customary to take first differences18 of equation 12:

∆yt =

L
∑

s=1

αs∆yi,t−s +

L
∑

s=1

βs∆xi,t−s + ∆ǫi,t (13)

and then to estimate the model for observations 2 through T .

However, by first differencing the lagged variables in equation (13) we

typically generate correlation between ∆yt−1 and ∆ǫt, as both are correlated

with ǫt−1. Holtz-Eakin, Newey and Rosen (1988) recommend one apply a

method of moments estimator based on the moment restrictions:

E{∆yi,s∆ǫi,t} for s ≤ t− 2 and 3 ≤ t ≤ T (14)

18For an alternative approach, see Arellano and Bover. (1995).
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This gives rise to a plethora of moments. Holtz-Eakin, Newey and Rosen

(1988) then suggest a two step estimator that uses initial estimates of the

α and β parameters to generate a heteroscedasticity robust estimator of the

variance of Z′~y, where Z is a matrix of the lagged instruments, and ~y is a

vector consisting of ∆y terms. Armed with this estimator, they advocate

that the analyst then implement a second step estimator that incorporates

the variance estimate from the first step.

The methodology for exploiting the Holtz-Eakin, Newey and Rosen (1988)

approach of using lagged values of the variables as instruments was gener-

alized and refined by Arellano and Bond. (1991), who developed useful test

statistics to detect serial correlation among the residuals. Windmeijer. (2005)

calibrates the downward bias that plagues the variance covariance matrix es-

timates that emerge from the second step of the Holtz-Eakin, Newey and

Rosen method, and calculates a bias corrected variance covariance matrix

estimator for {α̂s, β̂w} that is robust to heteroscedasticity.

Data

To measure connectivity I turn to the Internet Systems Consortium’s (ISC)

internet domain survey. This survey counts active internet nodes from 1998

through 201019 See Consortium (2011) for more details. I combine these data

with economic data from Heston, Summers and Aten (2011), and with polit-

ical data from Marshall and Jaggers (2010). I also draw on data from Union”

(2011) which uses countries’ self reported internet and telecommunications

penetration.

When these data are matched one is left with approximately 1100matched

observations for 145 countries spanning the time interval from 2001 through

2008, with instrumental variables lagging back to 1998.

19The survey is taken twice annually, in January and July. Two surveys, January 1999 and July 2003
are not available from the ISC web site. I estimate these two missing values by linear interpolation. To
make the series comparable with annual cross national political and economic data I use Simpson’s rule, so
that for year t the count of nodes is nt = 1

4
nJanuary,t +

1
2
nJuly,t +

1
4
nJanuary,t+1 given the two missing

surveys, and the interpolation rule, the formula is slightly different for 1998; n1998 = 1
4
nJanuary,1998 +

5
8
nJuly,1998 + 1

8
nJanuary,1999 for 1999; n1999 = 1

8
nJanuary,1999 + 5

8
nJuly,1999 + 1

4
nJanuary,2000 and for

2003; n2003 = 1
2
nJanuary,2003 + 1

2
nJanuary,2004 .

27



Results

Estimates of {αs}
3
s=1 and {βs}

3
s=1 from equation (12) appear in column (a)

of Table 2, with the log of internet nodes per capita in place of y and the

government type variable “polity2” in lieu of x. The observed value for m2

is consistent with the null hypothesis of no second order correlation in the

residuals from the first differenced form of (12)–a condition that needs to

hold in order for the lagged values of the potentially endogenous variables

to be valid instruments. Under the null hypothesis of no second order serial

correlation the realized value of 0.10 form2 corresponds to a p-value of 0.920.

Likewise, Hansen’s statistic NτN, which is asymptotically distributed as χ2154
under the null hypothesis that the instruments are valid, has a realized value

of 131.99. Given validity of the instruments this corresponds to a p-value

of 0.900. Of course, this test only has power against the overidentifying

restrictions embodied in the model.

Table 2 About Here

The parameter estimates indicate that a transient one point exogenous in-

crease in a country’s polity2 score20 that lasts for one year leads to a transient

increase in the log of internet nodes per capita, with a peak impact corre-

sponding to an increase of approximately three percent in internet nodes per

capita the year following the increased liberalization, with the effect wearing

off after three years. Under the null hypothesis that the level of democracy,

as measured by polity2, does not Granger cause internet connectivity, as

calibrated by the log of internet nodes per capita, the three lagged polity

variables whose coefficient estimates are reported in column (a), should be

jointly insignificant. Using the robust variance-covariance matrix for the co-

efficients, I calculate the Wald test statistic for this null hypothesis. Relative

to its asymptotic χ23 distribution under the null hypothesis, the realized value,

9.04, of the Wald statistic corresponds to a p-value of 0.0287, which would

lead to rejection of the null hypothesis at α = 0.05 (but not at α = 0.01).

20Polity2 scores are measured on a 21 point scale ranging from −10 for the most autocratic governments,
to 10 for the most democratic.
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This result is consistent with democracy Granger causing internet connec-

tivity.

To check the robustness of this finding, I reestimate the model in column

(b) with year-specific intercept shifts included. This allows for the possibility

that the desired level of internet connectivity in each country is changing

over time–something we might very well expect in the context of such a

new technology21. The results are largely similar22, with a test of the null

hypothesis that the lagged polity variables can be excluded giving rise to a

Wald statistic of 9.32, which corresponds to a p-value of 0.0254 relative to

the asymptotic χ23 distribution under the null hypothesis. Again the outcome

indicates that democracy Granger causes internet connectivity.

Is the Granger causality reciprocal? Column (c) reports estimates with

polity2 as the dependent variable. The Wald test for the joint insignificance

of the lagged connectivity variables gives rise to a test statistic of 1.01, cor-

responding to a p-value of 0.7996. This is entirely consistent23 with the

conclusion that internet connectivity does not Granger cause democracy.

As an additional check on the robustness of the result, column d reports

a version of the model in which lagged values for real income24 have been

added to the specification as an additional control. Once again the Wald test

rejects the null hypothesis that democracy does not Granger cause internet

connectivity: the realized value for the test statistic of 9.09 corresponds to

a p-value of 0.0281. In contrast with the evidence that democracy Granger

causes connectivity, the hypothesis that income does not Granger cause in-

ternet connectivity easily passes muster, the realized value of 1.75 for the

Wald test corresponds to a p-value of 0.6266. Column e of Table 2 takes

21The Consortium (2011) internet domain survey reports that in August of 1981 the total number of
internet nodes world wide was only 213! While the instrumental variables approach of Holtz-Eakin, Newey
and Rosen (1988) and Arellano and Bond. (1991) continues to render consistent parameter estimates, the
“cold start” at the temporarily low values for internet connectivity observed in the late 1990’s complicates
the calculation of the bias that would result from failure to use the lagged instruments.

22The value for m2 = −0.18 corresponds to a p-value of 0.855, while NτN = 107.29 corresponds to an
asymptotic p-value of 0.993.

23Strictly, the test fails to reject the null hypothesis that the log of nodes per capita does not Granger
cause polity2.

24This is income per capita in 2005 US dollars using a Lespeyres price index, reported as series “rgdpl”
in Heston, Summers and Aten (2011).
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polity2 as the dependent variable, and the estimates are consistent with the

hypotheses that neither income25 nor internet connectivity26 Granger cause

democracy. Likewise, the dependent variable in column f is income, and the

parameter estimates indicate that neither democracy27 nor internet connec-

tivity28 Granger cause democracy29.

The cross national evidence for the first decade of the twenty first century

indicate that democracy Granger causes internet connectivity. This relation-

ship is robust to the inclusion of country-specific fixed effects, of year effects,

as well as the incorporation of the lagged levels of per capita income. While

this does not prove causality, it is remarkable that even after including so

many controls the history of the democracy variable still contains additional

information relevant to predicting the current level of internet connectivity.

The evidence is consistent with democracies being faster to adopt the internet

than are countries saddled with more authoritarian governments.

Conclusion

The hypothesis set forth here, that it is asymmetric information that maxi-

mizes the pressure for political freedom, suggests that we will observe hetero-

geneity among the governments observed in different countries that is related

to the difficulty of monitoring economic activity. The model is also consistent

with the aversion of authoritarian governments to press freedom, and to the

introduction of new technologies, especially those such as the internet that

facilitate decentralized communication–and I present empirical findings that

further strengthen the weight of evidence that democracies exhibit greater

internet connectivity.

25The χ23 statistic of 3.30 for this hypothesis corresponds to a p-value of 0.3475.
26The relevant χ23 statistic equals 1.27, implying a p-value of 0.7359.
27In this case the Wald statistic is asymptotically distributed as χ23 so that the realized value of 0.78

implies a p-value of 0.8550.
28The realized value for the test statistic of 1.28 maps to an asymptotic p-value of 0.7345 under the χ23

distribution.
29A similar analysis using the International Telecommunications Union (Union”, 2011) data on the

density of internet subscribers does not indicate a relationship between democracy internet connectivity.
However, the ITU data rely on the self-reports of national governments, including the authoritarian ones,
to the UN. The ISC Internet Domain Survey has the advantage of not requiring the approbation of the
relevant national governments, thereby removing one source of unreliability.
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The model identifies two potential stable states–one in which an authori-

tarian government compels individuals to use an easy to monitor low produc-

tivity technology, this is epitomized by sugar cane harvesting in Cuba, and

another in which a democratic government coexists with citizens’ use of pro-

ductive but hard to monitor state of the art technology, consider the example

of internet startup companies in California. Finally, the model identifies a

third, unstable, outcome in which an authoritarian state adopts the state of

the art technology–this leads both the government and its citizens to play

mixed strategies: to the government sometimes punishes loyal citizens, while

there is also some chance that the authoritarian government is overthrown

by a successful rebellion.

While high income economies are likely ceteris paribus to be more opaque

to government monitors, and primary resource extraction is likely to be more

transparent, I contend that the informational environment is itself the key

to the emergence of sustainable democracy. Looked at the other way, too

little information asymmetry creates what we might think of as a “curse

of information”: regimes that can easily monitor productive activity and so

detect plotting at an early stage will tend to remain autocratic. A transparent

productive technology may be the enemy of nascent democracy!
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Appendix

The following tables summarize the symbols used in the model. Firstly there

are the strategic variables chosen by the government:

α G’s binary choice of regime type.

ιG G’s binary choice of production technology (when α = 1).

π G’s binary decision whether to punish after observing output.

t G’s non-negative transfer to C (when π = 0).

The citizen can choose the following variables:

ιC C’s binary choice of production technology (when α = 0).

ρ C’s binary choice whether to rebel.

η C’s binary choice whether to expel the leader (when α = 0).

q C’s production decision.

In the α = 1 regime, the time C does not spend on production is spent

preparing to rebel.

The following variables are parameters of the model:

φ The probability nature chooses θ = θ̄.

θ0 The productivity parameter for the ι = 0 technology.

θ̄ The high value for the ι = 1 productivity parameter.

θ The low value for the ι = 1 productivity parameter.

−B The punishment payoff.

Φ the fraction of output not lost when the government is expelled.

Λ the fraction of output not lost when the government is overthrown.

Ψ the fraction of output not lost when the citizen is punished.

δ the infinitesimal fraction of output retained by the citizen from

the Government’s share when transfers are made.

Several parameter intervals emerge in the analysis of equilibrium, and for

convenience they are referred to using the following definitions:
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Q1 ≡ {q|q < ξθ}

Q2 ≡
{

q|ξθ ≤ q < min{θ, ξθ̄}
}

Qa ≡ {q|ξθ̄ ≤ q < θ}

Qb ≡ {q|θ ≤ q < ξθ̄}

Q3 ≡
{

q|max{θ, ξθ̄} ≤ q
}

Q4 ≡ {q|q < ξθ0}

Q5 ≡ {q|ξθ0 ≤ q}

Finally denote the information set for the government at stage 1 of the

game by I1, while it’s information set at stages (4A) and (5), after it observes

q, and once it has observed αC in the G2 and G3 subgames, is I4. Notice that

before she need act the citizen observes θ so whenever she needs to act she

observes the entire state of the system.

A strategy for the government, σG is a set of contingent plans setting forth

how the government will choose α, and if it selects α = 1, how it will choose

ι, as well as settings for π, when α = 1, and, provided that απ 6= 1, t:

σG ≡













α∗

ι∗G

π∗

t∗













(15)

A strategy for the citizen is a similar set of plans including her choice of

q, η, ρ, and of ι if α = 0:

σC ≡













ι∗C

q∗

η∗

ρ∗













(16)

I will denote by V iη the equilibrium payoff realized by η ∈ {C,G} in Gi for

i ∈ {1, 2, 3}. Next denote UC1 and UG1 as follows:

UC1
(

q, t, ρ, Λ, δ
)

= (1− δ)t+ δq + ρ
(

(Λ− δ)q− (1− δ)t
)

(17)
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and

UG1
(

t, q, ρ, B, δ
)

= (1− δ)(q− t) − ρ
(

B− (1− δ)(q− t)
)

(18)

Likewise, define UC2 and UG2 as:

UC2
(

t, q, η,Φ, δ
)

= t+ δ(q− t) + η
(

(Φ− δ)q− t(1− δ)
)

(19)

and

UG2
(

t, q, η, δ
)

= (1− η)(1− δ)(q− t) (20)

Finally, consider the following optimization problems:

P1(π, t, ρ) : Max
q

UC1
(

q, t, ρ, Λ, δ
)

− π
(

B+UC1
(

q, t, ρ, Λ, δ
)

)

subject to q ≤ θ0

P2(q, t, ρ) : Max
π

π
(

Ψq−UG1
(

t, q, ρ, B, δ
)

)

+UG1
(

t, q, ρ, B, δ
)

EP2(q, t, ρ) : Max
π

Eθ
{

π
(

Ψq −UG1
(

t, q, ρ, B, δ
)

)

+UG1
(

t, q, ρ, B, δ
)

|I4
}

P3(q, π, ρ) : Max
t

UG1
(

t, q, ρ, B, δ
)

EP3(q, π, ρ) : Max
t

Eθ
{

UG1
(

t, q, ρ, B, δ
)

|I4
}

P4(q, π, t) : Max
ρ

UC1
(

q, t, ρ, Λ, δ
)

P5(q, t, η) : Max
ιC

UC2
(

q, t, η,Φ, δ
)
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P6(ι, t, η) : Max
q

UC2
(

q, t, η,Φ, δ
)

subject to q ≤ θ0 + ι
∗

C

(

θ− θ0
)

P7(ι, q, η) : Max
t

UG2
(

q∗, t, η, δ)

P8(ι, q, t) : Max
η

UC2
(

q∗, t∗, η,Φ, δ
)

Definition: A perfect Bayesian equilibrium (Fudenberg and Tirole, 1991)

to G1(δ) consists of a pair of strategies σG and σC, with α
∗ = 1, and ι = 0,

and a set of beliefs at each decision node, such that:

(one) q∗ solves P1(π, t, ρ) subject to π solving P2(q, t, ρ) while if π = 0 then

t solves P3(q, π, ρ) and ρ solves P4(q, π, t) whenever q ≤ ξθ.

(two) π∗ solves P2(q
∗, t, ρ) subject to t solving P3(q

∗, π, ρ) while ρ solves

P4(q
∗, π, t), while when π∗ = 0, t∗ solves P3(q, 0, ρ) subject to ρ solving

P4(q
∗, 0, t) should q < ξθ0.

(three) If π∗ = 1 or ξθ < q then ρ∗ ≡ 0, but if π∗ = 0 and q ≤ ξθ then ρ∗

solves P4(q, π, t).

Claim 1: Given δ satisfies condition (21):

0 < δ < min
{

1− Ψ,Φ,Λ
ξθ

θ̄
,
B

ξθ

}

(21)

any perfect Bayesian equilibrium to G1(δ) calls upon C to choose q = θ0,

while G opts for a transfer of t = 0, and he chooses the probability of π = 1

as follows:

Prob{π = 1} =

{

1 q < ξθ0

0 ξθ0 ≤ q

If C survives, the probability she chooses ρ = 1 is given by:

Prob{ρ = 1} =











1 if q < ξθ0 and t <
Λ−δ
1−δ

υ ∈ [0, 1] if q < ξθ0 and t =
Λ−δ
1−δ

0 otherwise
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The resulting payoffs are (V1C, V
1
G) = (δθ0, (1− δ)θ0).

Notice that given δ satisfies (21) the equilibria to G1(δ) differ only in the

probability υ, the probability with which C rebels when q < ξθ0 and t =
Λ−δ
1−δ

. Moreover, q is never low enough to allow this in equilibrium.

Proof of Claim 1: If C is able to choose ρ, so that she has not been

punished, and her output q < ξθ0 is low enough that she has the option to

rebel, then her payoff from acquiescence, setting ρ = 0 is t+δ(q−t), whereas

if C rebels, choosing ρ = 1, she receives a payoff of Λq. So she prefers to

acquiesce when: Λq < t + δ(q − t), that is, when Λ−δ
1−δ

< t. Likewise, if

t+ δ(q− t) < Λq, so that t < Λ−δ
1−δ

her payoff is strictly higher if she opts for

ρ = 1. If t = Λ−δ
1−δ

the payoff for acquiescence, t+ δ(q− t) is exactly equal to

the rebels payoff of Λq, and C is indifferent between ρ = 0 and ρ = 1, and

hence she is willing to mix between them with any probability υ ∈ [0, 1].

Given the citizen’s strategy, player G faces a payoff of −B < 0 if q < ξθ0,

and t < Λ−δ
1−δ
q or at most (q− t)(1− δ) if Λ−δ

1−δ
q ≤ t. The highest such payoff

is:

(

q−
Λ− δ

1− δ
q
)

(1− δ) = (1−Λ)q

In contrast he earns a payoff of Ψq if he selects π = 1. By condition (3)

we have:

Ψq > (1−Λ)q

So G unambiguously prefers π = 1.

Likewise if ξθ0 ≤ q the payoff to choosing π = 0 is (q− t)(1−δ), which is

maximized by selecting t = 0, leaving G with q(1−δ) if he opts not to punish

C, whereas Gs payoff if he chooses punishment is Ψq. Provided δ < 1 − Ψ,

G strictly prefers not to punish.

Given G’s strategy for Pr{π = 1}, and for t, and given C’s subsequent

strategy for choosing Pr{ρ = 1}, C’s expected payoff from choosing q is:

E{UC} =

{

−B if q < ξθ0

δq if ξθ0 ≤ q
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This is maximized at q = θ0 > ξθ0, the highest level of output q can

select. �

Definition: A perfect Bayesian equilibrium (Fudenberg and Tirole, 1991)

to G2(δ) consists of a pair of strategies σG and σC, with α
∗ = 0, and a set of

beliefs at each decision node, such that, given the value of θ:

(a) ι∗C solves P5(q, π, t) subject to q solving P6(ι, t, η), while t solves P7(ι, q, η)

and η solves P8(ι, q, t).

while q∗ solves P6(ι
∗, q, η) subject to t solving P7(ι

∗, q, η) while η solves

P8(ι
∗, q, t).

(b) t∗ solves P7(ι, q, η) subject to η solving P8(ι
∗, q, t).

(c) η∗ solves P8(ι, q, t).

Claim 2: Given δ satisfies condition (21), the unique Perfect Bayesian Equi-

librium to G2(δ) calls for C to choose ι = 1 if θ = θ̄, and ι = 0 if θ = θ,

C then produces at capacity, while G selects t = Φ−δ
1−δ
q, and C selects η as

follows:

Prob{η = 1} =











1 if t <
Φ− δ

1− δ
q

0 if
Φ− δ

1− δ
q ≤ t

The resulting payoffs are (V2C, V
2
G) =

(

Φmax{θ0, θ}, (1 − Φ)max{θ0, θ}
)

.

Taking expectations over θ we have: E{V2C} = Φ
(

θ0+φ(θ̄−θ0)
)

and E{V2G} =

(1−Φ)
(

θ0 + φ(θ̄ − θ0)
)

.

Proof of Claim 2: If C punishes her payoff is Φq, whereas if she acquiesces

in the transfer offered by G she receives a utility of t + δ(q − t). So, if

t < Φ−δ
1−δ
q then η = 1 is the unique best response, whereas if Φ−δ

1−δ
q < t then

η = 0 is C’s unique best response.

If t = Φ−δ
1−δ
q then C will be indifferent between η = 0 and η = 1, and so any

probability υ ∈ [0, 1] of selecting η = 1 is a best response. Now suppose that

υ > 0, then the payoff for G from selecting t = Φ−δ
1−δ
q is U0 = (1−υ)(1−Φ)q

if G proffers a transfer of t = Φ−δ
1−δ
q. In contrast, G receives a payoff of

U1 = (1 − Φ)q − (1 − δ)∆ if G proffers a transfer of t = Φ−δ
1−δ
q + ∆, where

0 < ∆ < 1−Φ
1−δ
q. Moreover, when ∆ ∈ D(q), where D(q) ≡ [0, υ1−Φ

1−δ
q], we
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have U1 > U0, so t =
Φ−δ
1−δ
q is not a best response when υ > 0. Moreover,

neither is any transfer t′ > Φ−δ
1−δ
q. For example, a transfer of t = Φ−δ

1−δ
q + ∆

is dominated by a transfer of t = Φ−δ
1−δ
q + ∆

2
. On the other hand, transfers

t′ < Φ−δ
1−δ
q result in punishment, and so they are dominated by t = Φ−δ

1−δ
q+∆,

where ∆ ∈ D(q). Thus, we cannot have υ 6= 0 in any perfect Bayesian

equilibrium. On the other hand, if υ = 0 then t = Φ−δ
1−δ
q gives G a payoff of

(1 −Φ)q, higher than G could obtain by making a more generous transfer,

and also better than the −B payoff the government would receive if it was

to choose a smaller transfer.

Given the equilibrium η and t highlighted above, C’s utility is given by

Φq, which is increasing in q, thus C will prefer to produce at capacity.

Moreover, C wants this capacity to be as high as possible, corresponding to

θ0 when θ = θ–leading C to prefer ι = 0, and equal to θ̄ when θ = θ̄, so that

C chooses ι = 1 in this case. �

Definition: A perfect Bayesian equilibrium (Fudenberg and Tirole, 1991)

to G3(δ) consists of a pair of strategies σG and σC, with α
∗ = 0, and a set of

beliefs at each decision node, such that, given the value of θ:

(i) q∗ solves P1(π, t, ρ) subject to π solving EP2(q, t, ρ) while if π = 0 then t

solves EP3(q, π, ρ) and if in addition q ≤ ξθ then ρ solves P4(q, π, t).

(ii) π∗ solves EP2(q
∗, t, ρ) subject to ρ solving P4(q

∗, π, t), and subject to

t∗ solving EP3(q, 0, ρ) subject to ρ solving P4(q
∗, 0, t), should π∗ = 0 and

q ≤ ξθ.

(iii) If π∗ = 1 or ξθ < q then ρ∗ ≡ 0, but if π∗ = 0 and q ≤ ξθ then ρ∗

solves P4(q, π, t).

Claim 3A: In any Perfect Bayesian Equilibrium to G3(δ), if q ∈ Q1

⋃

Qb

then π = 1, t = 0, while:

Prob{ρ = 1} =























1 if t <
Λ− δ

1− δ
q

ϕ ∈ [0, 1] if t =
Λ− δ

1− δ
q

0 if
Λ− δ

1− δ
q ≤ t
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Proof of Claim 3A: If π = 0 and q ∈ Q2 and the government proffers a

transfer of t then then the citizen chooses between overthrowing the govern-

ment to receive Λq, or she can acquiesce to receive t + δ(q − t). She will

strictly prefer overthrow the government, setting ρ = 1 when Λq > t+δ(q−

t), that is, when t < Λ−δ
1−δ
q, in this case the payoff for the government would be

−B. Likewise, she will prefer to acquiesce when Λq < t+ δ(q− t) e.g. when

t > Λ−δ
1−δ
q, leaving the government with a payoff of (1− δ)(1− t) ≤ (1−Λ)q.

In the borderline case of Λq < t+ δ(q− t) e.g. t > Λ−δ
1−δ
q the citizen is indif-

ferent between ρ = 1 and ρ = 0 and she is willing to mix with any probability

ϕ ∈ [0, 1] of choosing ρ = 1. In this case the payoff to the government is

(1−ϕ)(1− δ)(q− t) ≤ (1−Λ)q. So the government’s payoff if it sets π = 0

and chooses some t ∈ [0, q] is at best (1−Λ)q, whereas it can enjoy a payoff

of Ψq if it punishes, setting π = 1. Given condition (3) the government is

better off setting π = 1. �

Claim 3B: In any Perfect Bayesian Equilibrium to G3(δ), if q ∈ Q3

⋃

Qa

then π = 0, t = 0, and ρ = 0.

Proof of Claim 3B: In this case the citizen has no choice but to set ρ = 0,

so that the government’s payoff is (1 − δ)(q − t). This is maximized over

feasible values of t by setting t = 0. The government then chooses between

(1−δ)q if it sets π = 0 or Ψq with π = 1. Provided δ < 1−Ψ the government

will prefer π = 0. �

Claim 3C: If q ∈ Q2 is produced with positive probability in any Perfect

Bayesian Equilibrium to G3(δ) when θ = θ̄ then it is also produced with

positive probability when θ = θ.

Proof of Claim 3C: If the citizen produces q ∈ Q2 only when θ = θ̄ then

the government’s payoff from setting π = 0 is at most (1−Λ)q, whereas the

government can garner a payoff of Ψq by setting π = 1, and so this is what

it will do, when confronted by an output of q. But in that case the citizen is

punished, receiving a payoff of −B, whereas if she were to select an output

level of q = θ̄ claim 3B tells us that she would obtain a payoff of δθ̄ > −B,

and hence she would not opt for q. �
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Claim 3D: If q ∈ Q2 is produced with positive probability in any Perfect

Bayesian Equilibrium to G3(δ) then G will respond with t = 0.

Proof of Claim 3D: Any t ∈ (0, Λ−δ
1−δ
q) is dominated by t = 0. If θ = θ̄

then the citizen can attain a payoff of Λq if she sets ρ = 1, whereas she

only receives t + δ(q − t) < Λq if she acquiesces, so she will rebel just

as she would have with t = 0, either way the government’s payoff is −B,

whereas if θ = θ the citizen must acquiesce, so the government’s payoff is

(1 − δ)(q − t) < (1 − δ)q, so the government will prefer t = 0. Likewise,

any t > Λ−δ
1−δ
q is dominated by t = Λ−δ

1−δ
q. With such a generous transfer no

citizens rebel for any t ≥ Λ−δ
1−δ
q, the smallest of these dominates the others

from the standpoint of the government. Finally, t = Λ−δ
1−δ
q generates a payoff

for the government of (1 − Λ)q, whereas if the government sets π = 1 and

t = 0 it can gain a payoff of Ψq > (1 − Λ)q, where the inequality is a

consequence of condition (3). �

Claim 3E: No pair (q′, q′′) ∈ Q2 is produced by both θ = θ̄ and θ = θ

types.

Proof of Claim 3E: Suppose to the contrary that there was such a pair.

Then we would require the citizen to be indifferent between opting for q = q′

and choosing q = q′′ when θ = θ̄. Recalling that t = 0 as a consequence of

Claim 3D we would need:

Λq′−Prob{π = 1|q = q′}
{

B+Λq′
}

= Λq′′−Prob{π = 1|q = q′′}
{

B+Λq′′
}

this simplifies to:

Prob{π = 1|q = q′} =
Λ(q′ − q′′)

B+Λq′
−

1

B+Λq′
Prob{π = 1|q = q′′} (22)

Likewise, when θ = θ we would need:

δq′ − Prob{π = 1|q = q′}B = δq′′ − Prob{π = 1|q = q′′}B

this simplifies to:
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Prob{π = 1|q = q′} =
δ(q′ − q′′)

B
−
1

B
Prob{π = 1|q = q′′} (23)

So, combining expressions (22) and (23) we have:

Λ(q′ − q′′)

B +Λq′
−

1

B +Λq′
Prob{π = 1|q = q′′} =

δ(q′ − q′′)

B
−
1

B
Prob{π = 1|q = q′′}

Solving for Prob{π = 1|q = q′′} we have:

Prob{π = 1|q = q′′} =
B+Λq′

B+Λq′′
δ(B+Λq′′) −ΛB

Λq′
(q′ − q′′) (24)

For δ < ΛB
B+Λq

this gives us Prob{π = 1|q = q′′} < 0, a contradiction. �

Corollary 3F: There is at most one q ∈ Q2 that is produced in any Perfect

Bayesian Equilibrium to G3(δ), when θ = θ̄.

Proof of Corollary 3F: This is an immediate consequence of Claims 3C

and 3E.

Claim 3G: Provided condition (4) is satisfied, there is at least one q /∈ Q2

that is produced in any Perfect Bayesian Equilibrium to G3(δ), when θ = θ̄.

Proof of Claim 3G: Suppose to the contrary that when θ = θ̄ the citizen

opted for q ∈ Q2 with certainty. Then the government’s expected payoff

from setting π = 0 would be at most −Bφ + (1 − φ)(1 − δ)q. But given

condition (4) −Bφ+(1−φ)(1−δ)q < Ψq and so the government will prefer

to punish an output level of q, leading the citizen to receive a payoff of −B,

which is dominated by her payoff from producing q = θ̄ to receive δθ̄, hence

the citizen would eschew an output level of q when θ = θ̄, contradicting the

hypothesis that q is the only output level produced when θ = θ̄. �

Claim 3H: If q ∈ Q2 is produced with positive probability in any Perfect

Bayesian Equilibrium to G3(δ) when θ = θ then it is also produced with

positive probability when θ = θ̄.

Proof of Claim 3H: Suppose to the contrary that q is only produced when

θ = θ. Then the best response of the government is to set π = 0 and t = 0,

gaining an expected payoff of (1 − δ)q, in excess of the Ψq the government

would receive if it punished the citizen. But in this case a citizen with θ = θ̄
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can garner a payoff of Λq by producing an output level of q. Suppose instead

the citizen with θ = θ̄ adheres to her equilibrium strategy. By claim 3G we

know the citizen with a high productivity parameter either mixes between

q ∈ Q2 or does not choose any q ∈ Q2. In either case, the highest payoff

she can expect from an output level outside of Q2 is δθ̄, her payoff if she

produces q = θ̄. This is dominated by defecting to the output level chosen

only when θ = θ, contradicting the hypothesis that the citizen only opts for

q when her productivity is low. �

Corollary 3I: At most one q ∈ Q2 is produced with positive probability

in any Perfect Bayesian Equilibrium to G3(δ), and if such an output level is

produced it will be realized both when θ = θ and when θ = θ̄.

Proof of Corollary 3I: This is an immediate consequence of Claims 3C,

3E, and 3H.

Claim 3J: If q /∈ Q2 in any Perfect Bayesian Equilibrium to G3(δ), then

q = θ when θ = θ while q = θ̄ when θ = θ̄.

Proof of Claim 3J: the complement of Q2 consists of Q1, Q3, Qa, and Qb.

If q ∈ Q1

⋃

Qb then by Claim 3.B π = 1 and the citizen receives a payoff

of −B. If instead we have q ∈ Q3

⋃

Qa then Claim 3.A tells us that π = 1

and t = 0, so the payoff for the citizen will be δq > −B, so the citizen will

produce the largest feasible output in Q3

⋃

Qa. When θ = θ this is q = θ,

whereas with the high productivity realization for θ the maximum feasible

output in Q3

⋃

Qa is q = θ̄. �

Claim 3K: If ξθ̄ ≤ θ, then given δ satisfies condition (21), every Perfect

Bayesian Equilibrium toG3(δ) that satisfies the D1 criterion has the following

form:

q =

{

θ θ = θ

θ̄ θ = θ̄

Prob{π = 1} =

{

1 q < ξθ̄

0 ξθ̄ ≤ q

t = 0
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If C survives, the probability she chooses ρ = 1 is given by:

Prob{ρ = 1} =











1 if q < ξθ and t < Λ−δ
1−δ

υ ∈ [0, 1] if q < ξθ and t = Λ−δ
1−δ

0 otherwise

The expected equilibrium payoff for C is E{V3AC } = δ
(

φ(θ̄− θ) − θ
)

while

the expected payoff for G is: E{V3AG } = (1− δ)
(

φ(θ̄− θ) − θ
)

.

Proof of Claim 3K: By claim 3J we know that if q /∈ Q2 then the output

levels are as specified in claim 3K. But suppose to the contrary that there

is a q ∈ Q2 that is produced with positive probability when ξθ̄ ≤ θ. Then

by corollary 3I the citizen produces q with positive probability for either

possible realization of θ. Moreover, claim 3G tells us that when θ = θ̄ the

citizen will also produce an output quantity outside ofQ2, while claim 3J tells

us that this output level will be θ̄. By claim 3B the payoff for the citizen of

producing an output level of θ̄ is δθ̄, so to make the citizen indifferent between

producing an output of θ̄ and an output of q ∈ Q2 the government’s strategy

must offer a citizen with θ = θ̄ an expected payoff of δθ̄. However, claim

3D tells us that the government sets t = 0 when q ∈ Q2, so to keep the

citizen with θ = θ̄ indifferent we must have π = −δθ̄+Λq
B+Λq

. given the citizen’s

equilibrium strategy for ρ. But now the payoff for the citizen with θ = θ

who produces q is:

U2 = δ

(

q +
B+ δq

B +Λq
θ̄

)

−Λq
B + δq

B+Λq

this payoff is negative when δ < Λ
2
, whereas citizen can gain a payoff of

δθ > 0 if she instead produces q = θ, so the citizen will only opt for q ∈ Q2

when θ = θ̄, but this contradicts corollary 3I, so we cannot have q ∈ Q2.

As for the transfer, t = 0 follows from claims 3A, 3B, and 3D. Likewise,

the equilibrium ρ simply solves the citizen’s optimization problem should she

arrive at a terminal node with the option of choosing ρ.

Claims 3A and 3B confirm the posited equilibrium π when q /∈ Q2. What

about the response to an output deviation to q ∈ Q2? Given t = 0 for q ∈
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Q2, which follows from claim 3D, a low productivity type could not benefit

from deviating to q ∈ Q2 as it would generate at most a payoff of δq < δθ,

whereas a high productivity type would not be deterred from deviating to

q ∈ Q2 for π ∈ [0, Λq−δθ̄
B+Λq

]. Thus by the D1 criterion the government should

view the deviation as coming from a high productivity citizen, who poses

a threat of overthrow, and so the government’s best response is to choose

π = 1 when q ∈ Q2. �

Claim 3L: If θ < ξθ̄, then given δ satisfies condition (21), every Perfect

Bayesian Equilibrium toG3(δ) that satisfies the D1 criterion has the following

form:

q = θ if θ = ξθ, whereas if θ = θ̄, then with probability ω q = ξθ, while

with probability 1−ω we have q = θ̄.

Prob{π = 1} =











1 q ∈ [0, ξθ)
⋃

(ξθ, ξθ̄)

λ q = ξθ

0 ξθ̄ ≤ q

where:

λ =
−δθ̄+Λq

B +Λq
and ω =

1−φ

φ

(1− Ψ− δ)ξθ

B + Ψξθ
(25)

t = 0

If C survives, the probability she chooses ρ = 1 is given by:

Prob{ρ = 1} =











1 if q < ξθ and t < Λ−δ
1−δ

υ ∈ [0, 1] if q < ξθ and t = Λ−δ
1−δ

0 otherwise

The expected equilibrium payoff for C is E{V3BC } = φδθ̄ + (1− φ)
(

δξθ −

λ(B+δξθ)
)

while the expected payoff for G is: E{V3BG } = Ψξθ(1−φ+φω)+

ωφ(1− δ)θ̄.

Proof of Claim 3L: Firstly suppose that contrary to the claim the citizen

produced only q /∈ Q2 when θ = θ. Given that θ < ξθ̄ her only remaining

recourse would be to produce q < ξθ, but by claim 3A we know that the
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government will impose π = 1 in response to such an output, so that the

citizen will receive a payoff of −B. Moreover, by corollary 3I if the citizen

produces only q /∈ Q2 when θ = θ then she will also produce only q /∈ Q2

when θ = θ̄. But the payoff for the citizen with θ = θ̄ if she produces

q < ξθ will be −B, so she must produce q > θ. From claims 3A and 3B it

immediately follows that she will in fact produce an output of θ̄, earning a

payoff of δθ̄.

But no outcome of this nature survives the D1 refinement. For the set of

π values needed to deter a defection to q ∈ Q2 by a citizen with productivity

θ = θ consists of the entire set [0, 1], as her equilibrium payoff is already −B,

which is the worst she can receive if she defects to q ∈ Q2. In contrast, the

citizen will only defect to q ∈ Q2 if π ∈ [0, −δθ̄+Λq
B+Λq

]. Thus, any defection to

q ∈ Q2 will be taken as having come from a citizen with productivity θ = θ,

hence the government’s best response will be not to punish, setting π = 0,

and this will cause the citizen to defect to q regardless of her productivity

parameter, breaking the equilibrium, and generating a contradiction.

If the citizen produces q ∈ Q2 when θ = θ with positive probability, then

it is in fact certain that she will produce only q ∈ Q2. Why? by corollary 3I

there will be only one such quantity, and the citizen will produce this output

with positive probability for both high and low realizations of θ. However,

the citizen can gain a payoff of δθ̄ if she produces q = θ̄ when θ = θ̄, so

she will only be willing to select q ∈ Q2 when π ≤ −δθ̄+Λq
B+Λq

But this means

that the citizen’s payoff from selecting q ∈ Q2 when θ = θ will be at least

δq− −δθ̄+Λq
B+Λq

B > −B.

I have now shown that in any perfect Bayesian equilibrium satisfying the

D1 refinement a citizen with productivity θ = θ does not produce only

q /∈ Q2, and that if she does produce q ∈ Q2 then she produces only q ∈ Q2.

Hence we know that when θ = θ the citizen will only produce q ∈ Q2.

Moreover, by corollary 3I the citizen must also produce q ∈ Q2 with positive

probability when θ = θ̄. However, by claim 3G the citizen with θ = θ̄ must

produce at least one q /∈ Q2, and the output that satisfies this condition and

delivers the highest payoff is q = θ̄.
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Thus I have shown that when θ = θ the citizen will produce exactly one

q ∈ Q2, call this q
∗, while if θ = θ̄ the citizen will mix between q = q∗ and

q = θ̄. It remains to show that the only q∗ that survives the D1 refinement

is q = ξθ.

Suppose that there is an equilibrium in which q∗ ∈ Q2 is chosen by the

citizen with positive probability at both possible productivity levels. Now

consider a possible deviation q′ 6= q∗ for some q′ ∈ Q2. Let π(q∗) denote

the equilibrium punishment probability at q∗, while we let π(q′) denote a

possible conjecture about the probability an output level of q′. Then the

expected utility for a citizen with θ = θ from producing q∗ is:

U7 = δq
∗ − π(q∗)(B+ δq∗)

whereas her utility from defecting to an output level of q = q′ given a

punishment probability of π(q′) is:

U8 = δq
′ − π(q′)(B+ δq′)

Then the citizen will earn higher utility from defection if and only if

U8 > U7, that is, provided π(q
′) < piL(q′), where:

πL(q′) = π(q∗) +
δ
(

1− π(q∗)
)

)

B+ δq′
(q′ − q∗)

Likewise, a citizen with θ = θ̄ will earn higher utility from defecting to

an output level of q′ if and only if π(q′) < piH(q′), with:

πH(q′) = π(q∗) +
Λ
(

1− π(q∗)
)

)

B+Λq′
(q′ − q∗)

So the set of punishment probabilities that would induce a citizen with

θ = θ to be at least indifferent about defection to q′ is π ∈ PL(q
′) ≡ {π|π ≤

πL(q′). Corresponding set of punishment probabilities for a citizen with

θ = θ̄ is: π ∈ PH(q
′) ≡ {π|π ≤ πH(q′).

However, subtracting πL(q′) from πH(q′) leaves us with:
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πH(q′) − πL(q′) =
(

1− π(q∗)
)

(

Λ+ δ

(B+Λq′)(B+ δq′)

)

(q′ − q∗)

when δ < Λ we have πH(q′) − πL(q′) ∝ q′ − q∗, that is, for q′ < q∗ where

q′ ∈ Q2 it follows that PH(q
′) ⊂ PL(q

′), whereas when q∗ < q′ ∈ Q2 we have

PL(q
′) ⊂ PH(q

′).

Applying the D1 refinement, when PH(q
′) ⊂ PL(q

′) the government player

attributes all deviations to q′ as having come from a citizen with θ = θ, and

so chooses the government’s best response to such a move with q ∈ Q2,

namely π = 0. This will induce the citizen to defect regardless of her θ and

breaks the equilibrium.

In contrast, the government applies a draconian π = 1 response to q =

q′inQ2 if PL(q
′) ⊂ PH(q

′) as the government attributes all deviations to q′

as coming from a citizen with θ = θ̄.

Thus we see that for any q ∈ (ξθ, θ̄) the equilibrium is always broken by,

for example, a deviation to q = ξθ ∈ Q2. But what about an output that

is already at the lower boundary of Q2? An output of q = ξθ is the only

element of Q2 that survives the D1 refinement. Whereas any deviation to

another, larger output level in Q2 is attributed by the government to a high

productivity citizen, evoking a response of π = 1, making such a deviation

unattractive for both types. Recall that even the low productivity types

get an expected payoff of δξθ − π(B + δξθ) > −B if they do not deviate.

Unlike the other elements of Q2 it is impossible to deviate from q = ξθ to

a lower output level in Q2, and so q∗ = ξθ is the unique value for q∗ that

survives D1. As we have already seen that the low productivity types will not

produce an output level outside of Q2, and that if they produce an output

level q∗ ∈ Q2 the high productivity types must mix between q∗ and θ̄ we

observe that the unique perfect Bayesian equilibrium satisfying the criteria

for the D1 refinement calls for the low productivity types to produce only

q = ξθ and for the high productivity types to mix between this output level

and θ̄.
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For the high productivity individual to be indifferent between her payoff

of U11 = δθ̄ if she opts to produce q = θ̄ and her expected payoff of:

U12 = −λB + (1− λ)
(

Λξθ
)

= Λξθ− λ
(

B +Λξθ
)

setting U11 = U12 and solving for λ we have:

δθ̄ = Λξθ− λ
(

B+Λξθ
)

so:

λ =
Λξθ− δθ̄

B+Λξθ

For the government to be indifferent between U13 = Ψξθ, the payoff it

receives if it punishes the citizen, and the expected payoff if it tolerates an

output level of q = ξθ:

U14 = −ωB + (1−ω)(1− δ)ξθ = (1− δ)ξθ−ω
(

B+ (1− δ)ξθ
)

setting U13 = U14 and solving for ω we have:

Ψξθ = (1− δ)ξθ−ω
(

B+ (1− δ)ξθ
)

so:

ω =
1− φ

φ

(1− Ψ− δ)ξθ

B+ Ψξθ

which matches the definition of ω from equation (25).

Finally, notice that ψ simply solves the problem of maximizing the citi-

zen’s utility should she arrive at her final decision node with the ability to

stage a rebellion, which only occurs when q < ξθ. �

Definition: A perfect Bayesian equilibrium (Fudenberg and Tirole, 1991) to

G(δ) consists of a pair of strategies σG and σC, and a set of beliefs at each

decision node, such that:

(A) α∗, and ι∗G solve (26):
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Max
α,ιG

(1− α)E{V2G|I1}+ αιGE{V
3
G|I1}+ α(1− ιG)E{V

1
G} (26)

(B) Conditional on α∗ = 0, σC and the remaining elements of σG constitute

an a perfect Bayesian equilibrium for G2(δ).

(C) Conditional on α∗ = 1, and ι = 0, σC and the remaining elements of σG

constitute an a perfect Bayesian equilibrium for G1(δ).

(D) Conditional on α∗ = 1, and ι = 1, σC and the remaining elements of σG

constitute an a perfect Bayesian equilibrium for G3(δ).

Beliefs, expressed as a probability distribution over decision nodes in the

same information set, reflect the strategies used by the other player and

satisfy Bayes’ rule when this is decisive.

Claim 4: In any perfect Bayesian equilibrium to G(δ) satisfying the D1

constraint, and provided B > θ+ Ψθ
2

θ̄
, αG and ιG will be given as follows:

Prob{αG = 1} =































1 if Φ > Φ3A and ξθ̄ < θ

1 if Φ > Φ3B and ξθ̄ > θ

υ ∈ [0, 1] if Φ = Φ3A and ξθ̄ < θ

υ ∈ [0, 1] if Φ = Φ3B and ξθ̄ > θ

0 otherwise

where:

Φ3A = 1−
E{V3AG }

θ0 + φ(θ̄− θ0)

Φ3B = 1−
max

{

V1G, E{V
3B
G }

}

θ0 + φ(θ̄ − θ0)

Prob{ιG = 1} =































1 ifξθ̄ < θ

1 if V1G < E{V
3B
G } and ξθ̄ > θ

υ ∈ [0, 1] ifξθ̄ = θ

υ ∈ [0, 1] if V1G = E{V3BG } and ξθ̄ > θ

0 otherwise
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Where E{V3BG } = Ψξθ(1−φ + φω) +ωφ(1− δ)θ̄

Proof of Claim 4: This is an immediate consequence of claims 1, 2, 3K,

and 3L.

Proof of Lemma 1: Substituting from the definitions of Φ3A and Φ3B we

see that Φ3A < Φ3B if and only if:

E{V3AG } > max
{

V1G, E{V
3B
G }

}

However,

θ+ φ(θ̄− θ) > θ0 > (1− δ)θ0

so V3AG > V1G, hence we have Φ3A < Φ3B if and only if: E{V3AG } > E{V3BG }.

However, E{V3AG } is a probability weighted average of (1−δ)θ, with probability

weight 1−φ and (1−δ)θ̄ with probability weight φ. In contrast E{V3BG } places

weight φ on an expected payoff of (1−ω)(1− δ)θ̄ < θ̄ and weight 1−φ on

an expected payoff of Ψξθ < (1− δ)θ. Putting this together we have:

E{V3AG } = φ
(

(1− δ)θ
)

+ (1−φ)
(

θ̄
)

> φ
(

Ψξθ
)

+ (1− φ)
(

(1−ω)(1− δ)θ̄
)

= E{V3BG } �

Proposition 1: The following strategies and beliefs constitute a perfect

Bayesian equilibrium to limδ→0 G(δ). If α = 0, then:

η∗ =

{

1 t < Φq

0 Φq ≤ t

while if α = 1:

ρ∗ =

{

1 t < Λq and q < ξ
(

θ0 + ι(θ− θ0)
)

0 Λq ≤ t or ξ
(

θ0 + ι(θ − θ0)
)

< q

while in either case the government chooses t:

t∗ =

{

Φq α = 0

0 otherwise
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If α = 1 the government also chooses π:

Prob{π∗ = 1} =























0 ι = 0 and ξθ0 < q

0 ι = 1 and ξθ̄ < q
Λq
B+Λq

ι = 1 and θ < ξθ̄ and q = ξθ

1 otherwise

In any case, the citizen chooses q∗:

q∗ =















































θ0 α = 0 and θ = θ

θ̄ α = 0 and θ = θ̄

θ0 ι = 0 and α = 1

θ ι = 1 and α = 1 and θ = θ and ξ ≤ θ

θ̄

ξθ ι = 1 and α = 1 and θ = θ and θ

θ̄
< ξ

θ̄ ι = 1 and α = 1 and θ = θ̄ and ξ ≤
θ

θ̄

Finally, if ι = 1 and α = 1 and θ = θ̄ and
θ

θ̄
< ξ, then the citizen plays a

mixed strategy with:

Pr{q̃} =

{

ω q̃ = θ̄

1−ω q̃ = θ

where

ω =
(1− φ

φ

)

(

(1−Φ)ξθ

B+Φξθ

)

ι∗C =

{

1 θ = θ̄ and α = 0

0 θ = θ and α = 0

Prob{α∗

G = 1} =































1 if Φ > Φ3A and ξθ̄ < θ

1 if Φ > Φ3B and ξθ̄ > θ

υ ∈ [0, 1] if Φ = Φ3A and ξθ̄ < θ

υ ∈ [0, 1] if Φ = Φ3B and ξθ̄ > θ

0 otherwise
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where:

Φ3A = 1−

(

θ+ φ(θ̄− θ)
)

θ0 + φ(θ̄− θ0)

Φ3B = 1−
max{θ0, Ψξθ

(

1−φ(1−ω)
)

+ φωθ̄}

θ0 + φ(θ̄ − θ0)

Prob{ι∗G = 1} =































1 ifξθ̄ < θ

1 if θ0 < Ψξθ
(

1− φ(1−ω)
)

+ φωθ̄ and ξθ̄ > θ

υ ∈ [0, 1] ifξθ̄ = θ

υ ∈ [0, 1] if θ0 = Ψξθ
(

1− φ(1−ω)
)

+ φωθ̄ and ξθ̄ > θ

0 otherwise

Proof of Proposition 1: This is an immediate consequence of claims 1, 2,

3K, 3L, and 4.
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Figure 2: Regime Choice by the Government.
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Figure 3: lim
δ→0

G1(δ): Output Selection with a Repressive Regime.
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Figure 4: lim
δ→0

G3(δ): Output Selection with a Repressive Regime when ξθ̄ ≤ θ
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G3(δ): Output Selection with a Repressive Regime when θ < ξθ̄
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Figure 6: lim
δ→0

G2(δ): Output Selection with an Open Regime.

Dependent Variable: Interconnectivity

Explanator Col. 1 Col. 2 Col. 3 Col. 4

Democracy (1993) 0.0103 0.04 0.0126 0.04
(0.53) (3.25) (0.59) (3.22)

GDP 0.00009 (0.00019)
(0.37) (0.91)

literacy 0.034 0.026 0.033 0.026
(3.23) (2.76) (3.08) (2.69)

telephones 0.22 0.19 0.19 0.13
(9.45) (11.54) (2.38) (2.03)

N 136 136 135 135

The quantities reported in parentheses are t ratios.

Table 1: Internet Use
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Explanator Col. a Col. b Col. c Col. d Col. e Col. f

log(nodespercapita )i,t−1 0.6321 0.4214 0.0759 0.4416 0.0810 78.0370
(8.67) (4.77) (0.95) (4.91) (0.98) (1.03)

log(nodespercapita )i,t−2 −0.0892 −0.1275 −0.0246 −0.1313 -0.0199 −64.8339
(−1.56) (−3.43) (−0.38) (−3.50) (−0.31) (−0.78)

log(nodespercapita )i,t−3 0.1312 −0.0417 −0.0047 −0.0443 0.0225 −4.6397
(2.97) (−0.98) (−0.11) (−1.07) (0.60) (−0.09)

polity2i,t−1 0.0512 0.0334 0.1863 0.0330 0.1942 −16.7649
(2.63) (2.12) (2.47) (2.09) (2.58) (−0.87)

polity2i,t−2 0.0048 −0.0113 −0.0373 −0.0116 −0.0375 −1.5749
(−0.38) (−0.85) (−0.64) (−0.86) (−0.64) (−0.13)

polity2i,t−3 0.0019 −0.0198 −0.1115 −0.0189 −0.1158 0.9162
(0.12) (−1.16) (−1.50) (−1.17) (−1.51) (0.10)

RealGDPpercapitai,t−1 −1.78× 10−6 1.69× 10−6 1.1181
(−0.09) (0.04) (23.57)

RealGDPpercapitai,t−2 −2.55× 10−7 −1.81× 10−5 0.4443
(−0.01) (−0.58) (1.60)

RealGDPpercapitai,t−3 2.24× 10−5 −6.32× 10−5 −0.7524
(0.97) (−1.46) (−2.72)

N 1101 1101 1100 1101 1100 1102

Year effects no yes yes yes yes yes

m2 0.10 −0.18 −0.28 −0.21 −0.71 −0.08
p-value 0.920 0.855 0.490 0.834 0.480 0.935

NτN 131.99 197.29 137.28 130.70 141.30 139.05

p-value 0.900 0.993 0.685 1.000 0.999 0.999

The quantities reported in parentheses are t ratios.
For columns a, b, and d the dependent variable is log(nodes per capita)i,t

For columns c, and e the dependent variable is polity2i,t
For column f the dependent variable is GDP per capitai,t in 2005 dollars

Table 2: Internet Participation and Political Freedom: Granger Causality
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