
Appendix


The model developed in this article offers an analytical framework for explaining original conditions for settlement of the frontier. It is a one-shot model of the 
initial stage of a multi-stage process of government involvement in property 
rights formation. In the initial stage, the government is free to set the boundary unconstrained by existing de facto claims because the land beyond the boundary is virtually unsettled land and no [or few] de facto claims have been made. In subsequent stages, if settlers choose to squat beyond the boundary and make de facto claims, 
the government is no longer free to set the boundary without considering potential resistance from existing de facto claimants. If settlers squat beyond the boundary 
and are not removed immediately, the government will face additional political costs later when it tries to remove the squatters or claim a revenue stream from them. 
This Appendix considers whether political costs in later stages would subsequently lead the government to alter the official settlement boundary, rE, set in the initial stage.


First, consider the case in which growing export demand and population lead 
to increasing land values, v(r). Government maximizes net revenues by pushing 
out the official boundary, rE. Appendix Figure 1 depicts the equilibrium condition given by equation 4 for determining the initial settlement boundary, [image: image52.emf]Distance (r)
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, in the simplest, baseline case of R = 0. The downward sloping curve, [image: image2.wmf]()/'
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, is the marginal opportunity cost of squatting on a de facto claim, where i = 0 or 1, and [image: image3.wmf]10
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. The government maximizes net revenues by setting the original official boundary, [image: image4.wmf]0
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, where the marginal enforcement cost, e(r), equals the marginal opportunity cost of squatting. 


In a world with zero [political] transaction costs, the government would immediately replace the original boundary¸[image: image5.wmf]0
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, with a new official boundary, [image: image6.wmf]1

E

r
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 or specify de jure rights for private settlers. But squatters’ de facto rights acquire greater preemptive legitimacy as they remain on the land and develop activities that add value to the local economy. If the government should try to remove the squatters to reassert the public claim, not only would incumbent squatters themselves resist, but also other constituent groups with backward and forward linkages to squatter production, and potential newcomers with desires to obtain similar de facto property rights, may choose to support them politically. Therefore, when settlers choose to squat beyond the border, if the government does not remove them immediately, it will find it more costly to remove them later, or to reclaim rights to their land. 


In the initial stage, we assume the marginal cost of enforcing de jure property rights, e(r), is the same regardless of whether it involves removing a squatter on a private de jure claim inside rE or a public claim outside rE. But this equivalence vanishes in the second stage. As squatters’ de facto claims obtain preemptive legitimacy and the squatters acquire additional wealth, the government faces an additional political cost to removing squatters from their de facto claims. In the second stage, the cost of enforcing a de jure claim inside rE continues to be e(r), but the 
[image: image1.wmf]0

E

r

cost of removing a squatter from his de facto claim outside rE is 
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 represents the additional cost the government must incur to remove squatters. 


	
	
	
	
	
	
	
	


Appendix Figure 1

EQUILIBRIUM CONDITION FOR ENFORCEMENT BOUNDARY SHOWING FIRST- AND SECOND-STAGE ENFORCEMENT COSTS

Notes: For explanation, see the text of both the article and the Appendix.

Enforcement costs in the second stage, e*(r), therefore, exhibit a stepwise increase at rE. That is,
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As Appendix Figure 1 depicts, e*(r) jumps at rE because it is only beyond rE 
where squatters have acquired politically legitimate de facto claims. The presence 
of the border introduces a nonconvexity into the government’s costs of enforcement 
at rE. While increases in v(r) would push out rE each period in a zero-political cost model, the nonconvexity induced by the border’s presence leads the government 
to leave the settlement boundary unchanged between 
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). Furthermore, we know that h is a positive function of land value, [image: image17.wmf][()]
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 , since to defend their de facto rights, squatters are willing 
to incur expenses up to the full net present value of the rents that accrue to their properties, and these rents increase with v(r). Therefore, as rising v(r) increases the incentive of government to reassert its public land claims, it also increases squatters’ incentives to defend their de facto claims. 


The magnitude of h varies with a number of other factors. It depends on how effectively political institutions permit squatters or their allies to exercise their voice to influence land policies and, if efforts through these channels fail, on how effectively squatters can mount a resistance. It also depends on how aggressively the government acts to reassert its claims. For example, if the government attempts a general removal, 
squatters’ incentive to resist is relatively large, but if the government takes action only against one, or a selective group, of squatters, the magnitude of h will depend on the perceived general threat to squatters’ de facto property rights. The political cost of shifting the entire boundary of official settlement outward to reclaim control of the settlement process beyond rE is likely to be large, since it requires a general removal. If, instead, the government attempts to reclaim a right to a revenue stream, such as a rental payment for squatters’ use of public lands, political costs, h, remain positive but may be reduced relative to a general removal. Partial attempts to reclaim a revenue stream are relevant to the NSW case, as we discuss below.


Therefore, even if nominally the government identifies [image: image18.wmf]1
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, in Appendix Figure 1, as a new preferred official boundary, it will often be deterred by political costs h from taking action to implement it. It may be noted that this result is not dependent on the assumption that the cost of removing squatters at any r, in stage 1, is the same as the cost of providing them de jure property rights protection. An alternative assumption, that the cost of removal is less than e(r) but still rising in v(r), gives qualitatively similar results.


In the above discussion, the additional fixed cost h is interpreted, consistent with 
the NSW case, as the political cost associated with the squatters’ capacity to resist government action. In Buenos Aires, we observe that the government did expand the boundary outward, but it did not occur continuously as v(r) rose. Rather, it occurred when the government organized military campaigns to pacify targeted new territories. Since organizing a military campaign has a fixed cost, h, the discreteness of pacification efforts in Buenos Aires follows from the same logic, but was, instead, driven by the capacity of first peoples rather than squatters to resist government action. 


Now consider questions of time consistency. The fact that government faces a different constraint in stage 2 introduces a question about the time consistency of its decision in stage 1. Assuming the government is forward-looking and anticipates rising land values, v(r), why would it be willing to draw any boundary, and effectively cede rights to squatters beyond it, knowing that it will want to redraw the boundary in the future and that the cost of doing so will be significantly higher? 


More specifically, when a squatter makes a de facto claim, why does a forward-looking government not remove the squatter immediately if it knows it will want 
to reclaim the squatter’s plot in the future? First, recall that equation 2 in the 
model expresses the sales price of a plot of public land, its value, and its enforcement cost as the net present values of the expected streams of future values. That is, 
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, etc., where δt is a discount factor. This captures the forward-looking nature of government, since vt(r) for t > 0 reflects the anticipated increase in land values. 


Consider what government must do if it wishes to maintain control of its claims 
to land beyond rE in order to avoid the political costs h to claim a future positive 
net revenue stream. For a given de facto claim at distance [image: image20.wmf]KE
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, there is a future time t = k when rising land values cause the equilibrium condition in equation 4 
to hold exactly, that is [image: image21.wmf]()()
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. If land values rise monotonically over time, the government’s future net revenue stream can be divided into two 
periods, one prior to t = k, and another beginning at t = k. The transformation 
of the decision horizon yields a two-period model. For the first period, 
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; and for 
the second period, [image: image24.wmf]1
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. At time t = k, 
the government would prefer to extend the boundary to rK. However, at time t = 0, if it wishes to avoid the future political costs of challenging squatters’ de facto claims, 
it must remove them immediately and keep them from resettling during period 0, which requires incurring the enforcement costs [image: image28.wmf]0
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For the intuition, consider this analogy: Why do urban planners build a highway with a specified number of lanes, say four lanes, when they expect that, at some time in the future, population growth may call for a wider highway? By discounting future benefits and costs, planners build ahead of demand only to an extent, even if they anticipate that in the more distant future the road may need to be widened. A similar situation holds for small governments in settlement economies with vast claims of frontier lands that are beyond their capacity to enforce. The government cannot postpone placing limits in some fashion on the services it provides to enforce property rights. Our model assumes the limit is in the form of an enforcement boundary and 
an official zone of settlement because it fits our two cases, NSW and Buenos Aires. 
It also seems to fit the land policies of a number of other neo-Europes, including British North America and South Africa.


The highway analogy may be extended further. When urban planners extend a 
new highway into an undeveloped part of the city, they are relatively free to choose the optimal number of lanes given the expected costs and benefits. However, when changing the width of an existing highway, urban planners face additional political transaction costs to widening the highway, if the land bordering the existing highway is owned by private individuals. With zero transaction costs, the government and the land owners strike Pareto-improving deals, while positive transaction costs often lead to the use of a more costly process of land acquisition, such as eminent domain.


Squatters are also assumed to be forward-looking. Why would a squatter make a 
de facto claim outside [image: image32.wmf]0
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 knowing that the government might later decide to push out the boundary and expropriate the de facto claim? Squatters may anticipate the possibility of a government attempt to reclaim public land sometime in the future. Such expectations are incorporated in the risk factor, ρ, which accounts for any risk 
of property loss, whether from the threat of indigenous violence, government expropriation, or land disputes or encroachment from competing settlers. Since the 
net present value of the land is [image: image33.wmf]0
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, even if a squatter is certain 
that the government will expropriate him at some time t = m in the future, 
he is willing to make a de facto claim to reap the temporary rents as long 
as [image: image34.wmf]1
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. For both the BA and NSW cases, the capital invested in livestock is mobile and can be moved by the squatter at time t = m to the next best location, possibly farther out on the frontier.


The above discussion does not depend on the assumption that increases in 
land values may not be fully anticipated. Yet it is highly unlikely that the wool boom was fully anticipated in New South Wales in 1829 or that the military successes of 1826 and 1833 in Buenos Aires were easy to predict in 1817. It is also unlikely that changes in enforcement costs, e(r), discussed in the article, were fully anticipated. 
In the initial stage, the government makes an optimal decision using the 
best available forecast. As unanticipated increases in v(r) are observed, the government will not have the incentive to shift the boundary outward as long as [image: image35.wmf]()[()]()
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In the first phase of expansion, when the initial official boundary is set, the risk of future expropriation by government is difficult for squatters to predict because the political economy of the transition from de facto to de jure property rights has several paths of equilibrium. Lee J. Alston, Edwyna Harris, and Bernardo Mueller (AHM, 2012) and Alston, Gary Libecap, and Mueller (1999a, 199b) examine the different paths of transition that property rights on frontiers may take. As land values rise on the frontier, disputes over land claims may arise between a variety of parties. 


If the government should underestimate political costs, h, then disputes arise as 
de facto claimants resist government attempts to expropriate their land. Rising land values also increase the risk of disputes between squatters. In the earliest phase of settlement, land is not scarce, and squatters do not have to compete for it. As land values rise, potential entrants have a greater incentive to challenge incumbents’ claims, which tend to be large and may be perceived as underutilized or inequitable. Increased competition for land creates an incentive for first possessors to develop strategies to minimize rent dissipation, including formation of informal second-party associations and institutions to mediate disputes and to coordinate against intrusion by newcomers. Since first-possessor associations often gain an advantage in the use of force against intruders, rent dissipation from disputes and violence may be reduced.


But the settlement of disputes between incumbents and government, and between incumbents and outside challengers, is inherently political, and the political economy offers multiple paths of transition to de jure property rights. On the one hand, 
if incumbent de facto claimants are politically strong, they may attempt to minimize rent dissipation by demanding conversion of their de facto rights into de jure rights with security of title and enforcement by the courts. On the other, if challengers seeking rights to land can muster sufficient political influence, they may try to persuade the government to reassert the right to specify property rights and to deny incumbent de facto claims so as to reallocate land on the frontier more equitably. 
The John Umbeck (1981) principle of “might makes rights” applies here. If both parties know in advance which party will win, there will be no contest. But if there is uncertainty, and either party thinks it has a chance to win, a struggle, either political or physical, is more likely. 


Long-run outcomes may be more uncertain if the political balance can conceivably change. In New South Wales, squatters gained political influence. In 1844/45 
they were unable to stop enactment of Governor Gipps’ Occupation and Purchase Regulations. Yet by 1846, squatters had turned the tables politically, with support from English wool importers and manufacturers, to obtain Parliament’s passage of the Australian Waste Lands Act, which granted de jure rights to squatters’ de facto claims in the form of 14-year leases with preemptive purchase rights. In 1850 regulations of the Colonial Office strengthened the security of squatters’ leases and their preemptive rights to convert larger sections of their de facto claims into de jure ownership 
(Alston, Harris, and Mueller 2012, pp. 753‒54). 


The role of the NSW government changed as land values rose and the population density of the frontier increased. In the initial phase, government’s actions were focused on plans to raise revenues from public land holdings and to prohibit settlement in remote districts in order to avoid especially costly property-rights protection and enforcement. This policy met little resistance initially because private stakes on the frontier were low, the settlement restriction was not enforced, the indigenous threat was not prohibitive, and land competition among settlers was not too intense. As the competition for land grew, the government had a new incentive to maintain a presence on the frontier: 
to maintain the peace. This additional incentive is not explicit in equation 2, but its effect is to cause the new preferred boundary [image: image36.wmf]1
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After the initial stage, therefore, existing property rights around [image: image37.wmf]0
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 prevent the continual adjustment of the optimal settlement boundary, rE, that the model would otherwise predict because political costs of challenging or removing de facto claims introduce inertia. Instead, the original official boundary, [image: image38.wmf]0
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, remains rigid. If officials fail to account explicitly for the political costs, h, the rightward shift of the optimal rE appears as a perceived divergence in the government’s preferred boundary or policy from its actual policy. The obstacles that government officials acknowledge as they try to redraw the boundary are a manifestation of the political costs they encounter. Political costs, of course, may take many forms other than lobbying or outright resistance. 


Two additional factors are relevant for our model. First, governments may be reluctant to establish policies that discriminate between different de facto claimants in the same district. Consider a policy that authorizes the government to seize (or assert greater control over) the property of a de facto claimant just inside [image: image39.wmf]1
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but not his neighbor’s de facto claim just outside [image: image40.wmf]1
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. Such a policy would be perceived as arbitrary and unfair, which could increase the political costs of the reform. Government officials may not take decisive action until policy reform for an entire district can be justified on grounds of fairness or impartiality.

Second, even if land values rise continuously, policy changes are not enacted continuously because legislative and regulatory processes incur negotiation costs and other transaction costs. There is an advantage to limiting the number of policy changes while trying to anticipate longer-run desired outcomes. Officials choose to hold off from proposing a major reform until the benefits of the reform compensate for both the transaction costs of making the reform and any political costs from challenging existing de facto property rights. 


Partial attempts to reclaim a revenue stream, which can reduce the political 
costs relative to a general removal of squatters, are relevant to the NSW case. 
To reassert its claims to land in the squatters’ band, government has the option to unbundle property rights and reclaim a smaller bundle in order to lower its effective marginal cost of enforcement. For example, consider the NSW licensing policy adopted in the Squatting Act of 1836. It reasserted the government’s right to receive a payment for the use of public land outside the Limits of Location by requiring grazers to purchase a license for a fixed annual fee. The act did nothing to alter the existing 
de facto specification or to provide mechanisms to specify property rights; these were implicitly ceded to squatters. The act committed the government to some costs of enforcement by establishing districts with commissioners to enforce purchase of licenses, keep the peace, and mediate disputes. It did not, however, commit to all the expenses necessary for government specification and enforcement of surveyed property rights in the squatter districts.


The lower marginal enforcement cost curve associated with the unbundled property right is depicted in Appendix Figure 1 as [image: image41.wmf]()
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an optimal enforcement boundary for the licensing policy is set at [image: image43.wmf]1
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. If squatters mount political resistance, h, to the new legislation, so that enforcement costs are [image: image44.wmf]()
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 (not shown in Appendix Figure 1), the new boundary falls somewhere between [image: image45.wmf]0
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. The two zones created in NSW after 1836 are thus depicted: de jure property rights with government enforcement could be purchased in the zone 0 to [image: image48.wmf]0
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; de facto property rights could be acquired in zone [image: image49.wmf]0
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 with the purchase of a license, wherever incumbent squatters had not already claimed it. 
In remoter districts, beyond 
[image: image51.wmf]1
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, it may have been easier to evade purchase of the license.


The successive legislation in New South Wales is consistent with the dynamics of the model with these additional costs and constraints incorporated. As the perceived preferred public land policy diverged more and more from the initial 1829 Limits of Location policy, the NSW government took steps to reassert its claims over public lands beyond the boundary. The first steps were embodied in the Squatting Acts 
of 1836 and 1839, which unbundled the government’s claim, introduced licensing, 
and gave the government greater powers to enforce the license policy and adjudicate disputes. When the NSW government took further steps in the mid-1840s to reclaim rights ceded to squatters in the 1836 and 1839 Acts, squatters had become powerful enough politically to not only resist the government’s action but also to obtain additional accommodation—conversion of their de facto rights into 14-year de jure lease rights with partial preemptive purchase rights at the termination of the lease. 


The successive military campaigns to pacify and claim new territory in Buenos Aires are also consistent with the dynamics of the model. As the organization 
of military campaigns into the desert incurred fixed costs, the government’s attempts to claim new lands on the frontier for settlement took place in discrete campaigns 
(as observed). We note that discrete campaigns are consistent with either a continuous rise in frontier land values—as discussed above—or punctuated increases in values.
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