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While property rights scholarship recognizes that economic development can be stymied when 
rights are not well-defined, displaying this phenomenon empirically poses several challenges. 
Identifying appropriate comparative contexts where economic activity is sufficiently sensitive to 
comparable property rights structures, as compared to other forces determining economic 
outcomes, is no easy task. Similarly, measuring economic outcomes with a sufficient level of 
granularity poses data requirements that are often insurmountable. Our analysis follows in the 
lengthy tradition of considering property rights and economic development along frontiers. In the 
context of the US West, economic historians have long argued that the economic benefits of the 
railroads outweighed the costs of incentivizing development with federal land grants and loans. 
However, the way these land grants were awarded was not uniform in process or timing; we 
argue that uncertainty surrounding the development of the Northern Pacific in Montana created 
the right historical context within which to examine the effects of uncertainty to title on one 
costly economic activity along the frontier, irrigation development. Montana’s irrigation 
development generally lagged that of Colorado and we create a spatially granular data set of land 
patents and water rights for PLSS sections that yields a variety of evidence that uncertainty 
surrounding railroad land grants in Montana specifically contributed to delaying and stunting 
settlement and irrigation development in the state. 
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A subject of persistent interest to historians has been the development of the U.S. West 

throughout the 19th Century. In one century a nearly unexplored frontier became a productive 

economic engine. From valuable mineral deposits, to large scale ranching, to agriculture and 

forestry, the natural resource wealth of the U.S. West proved to be a major input to the U.S. 

economy. Population centers sprung up surrounding the discovery of valuable resources or 

where waterways determined transportation hubs, and subsequently, railroads determined which 

cities remained centers of commerce and transportation. Much ink has been spilled in detailing 

these histories, which are largely characterized as one of beneficial economic development. 

However, this overarching narrative, while generally accurate, could leave the 

interpretation that all was efficient on the western front. Although such an interpretation ignores 

the lack of a counterfactual with which to judge efficiency, the very breadth of questions 

typically considered in the literature results in similarly broad conclusions. Animated by the 

priorities of settlement and economic development, the policy choices allocating rights to 

property among the western territories and states made economic sense given the constraints 

facing the government and settlers at the time. Nonetheless, absent more careful study, this 

answer can lend the impression that everything was in equilibrium. Such a construction can be 

characterized as an extreme extension of Elinor Ostrom’s interest in understanding variation in 

specific institutional arrangements designed to manage common pool resource problems. Her 

work was motivated by a belief that particular solutions often reflect underlying contextual 

specificities that in turn demand unique treatment. Taken to its logical extreme, such a 

characterization can imply that any manifested policy is efficient given its context. From this 

perspective, everything can be argued to be in equilibrium.   

Such an extreme extension of Ostrom effectively vitiates the value of comparative 

analysis. Given that the animating purpose of western land policy was to induce cooperative 

settlement and economic development, were there areas where achievement of these policies was 

more or less successful? A major lesson from the literature on the development of land and water 

rights in the frontier west is that certainty of individual title played a central role in inducing 

settlement and economic development. Another lesson is that railroads enhanced economic 

development by reducing the costs of transportation of goods and labor and increasing market 

access for primary inputs to manufacturing created by frontier industries. Absent clear title to (or 

individual control of) western lands and water, the level of development along the frontier would 
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have been much lower. Absent the ability to get the fruits of agriculture and mining to market 

and laborers to work in both these pursuits, the level of development would have been lower. 

Thus, our analysis here considers the question of how the specific nature of railroad development 

and certainty of title to land and water affected development outcomes. 

Our work is further motivated by the fact that many of the scholarly insights regarding 

the development of the U.S. West pose a puzzle at odds with traditional public choice 

characterizations of political economies: could a rapid, perhaps dissipative, handout in public 

lands truly result in uniformly beneficial outcomes? Again, absent a counterfactual, an efficiency 

argument is strained in this type of historical analysis, but the accounts of orderly rapid 

development yielding significant economic benefit nonetheless gesture at optimality, if not 

suggesting it explicitly. This is the underlying risk of broad-based studies of legal and economic 

development along the frontiers: identifying an overall economic benefit from a particular 

institutional choice necessarily misses how different contexts developed economically, for better 

and for worse.  

None of this is to denigrate the importance of broad analyses of the benefits of specific 

institutional and policy choices surrounding the development of the western frontier. It is instead 

to point out a complementarity between such broad analyses and the more granular comparative 

study we are pursuing here. Once general patterns in the role of institutions in economic 

development have been identified, then there is considerable value in understanding where 

comparatively more or less benefits from the applications of such institutions were realized. This 

is the underlying thrust of Ostrom, rightly construed. Once institutional patterns are well 

theorized and increasingly well understood empirically, approaching specific contexts with a 

more granular lens can help refine the common understanding of otherwise broad institutional 

patterns.  

Two institutions have long been identified as central to the economic development of the 

American West: property rights and transportation. Property rights scholars have considered the 

emergence of rights to land and water, and how government policies at the local, territorial, state 

and federal levels facilitated or hindered development in light of their effects on rights to 

property. While federal land policy created more distortions than policies governing the 

allocation of rights to water, both types of property rights have been characterized as essential to 

understanding the development patterns of the US west. Similarly, the role of the railroads in 
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facilitating development around the country has long been one of interest to economic historians. 

Often, the benefits of this development are linked directly to property values, or indirectly, in the 

increase in taxes that increased property values provided state governments that subsidized 

railroad construction. This study draws from both these literatures by examining the 

consequences of the political economy of railroad land grant policies on the extent of irrigation 

development in Colorado and Montana during the latter decades of the 19th Century and beyond. 

Our analysis here identifies a specific cost to the political economy of land grants where 

persistent difficulties in construction of the Northern Pacific and changes in General Land Office 

practices led to a large amount of lands being withheld from settlement, which we argue had a 

persistent impact on the extent of irrigation development in the state of Montana. 

Section I summarizes the broader literature regarding the role of institutions in facilitating 

economic development along the western frontier of the United States, and situates our 

comparative analysis within this literature, linking the role of railroad land grant policy to 

certainty of title that we predict influenced the level of irrigation development in Colorado and 

Montana. Section II provides the legal history of land policy in the west, both in terms of general 

policies applicable across the frontier states and territories, as well as the specific political 

economy underlyling railroad land grants in Colorado and Montana. Section III exploits the 

differences in timing of railroad construction and associated General Land Office scrutiny of 

indemnity land applications to derive theoretical predictions regarding the comparative 

development of irrigation in Colorado and Montana seen in empirical observations over the latter 

decades of the 19th Century and the first decades of the 20th Century. Section IV tests these 

predictions by examining the levels and timing of irrigation development in the two states, first 

drawing upon agricultural census county level data but primarily combining granular GIS data to 

provide insights into the timing and extent of land settlement and irrigation development at the 

section level (160 acre units) in each state relative to the railroad land grants. Section V discusses 

these results in light of the different legal and institutional context in each state, and draws 

conclusions as to the specific differences in each state that led to more or less development.  

I. Land development in the U.S. West 

Much of the historical economic analysis of railroads, land rights, water law and 

irrigation activity along the Western frontier has been devoted to exploring, and often justifying, 
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the underlying economic rationale for policy measures designed to induce settlement. In this 

section, we survey the relevant literature in each of these areas of development in the US west, 

and situate our intended contribution within this larger literature. 

A. Property rights: land and water 

Studies of arrangements governing property in the frontier west have identified how 

better specified property rights among settlers tended to emerge as increasing scarcity 

transformed the situation from one of de facto open access to one where increasingly well-

specified property rights bore returns that outweighed the costs of such rights’ creation and 

enforcement. (Anderson and Hill, 2004). Such a notion follows from early work by Harold 

Demsetz, identifying scarcity as a primary driver of the definition of property rights (Demsetz, 

1967). Anderson and Hill showed a variety of contexts in which local control yielded beneficial 

property management outcomes. 

 However, the imposition of formal policy on what was primarily land owned by the 

federal government did not always correspond directly to the practices that had emerged in a 

bottom-up fashion along the frontier. One clear example was in the case of land use between 

ranching and homesteading. West of the 100th meridian of longitude, the optimal land parcel 

depended integrally upon access to water, a point famously made by John Wesley Powell in 

1878 (Powell et al, 1879). The 160 acre homesteads that had proven viable in lands to the east 

that received more rainfall were ill-suited to development in the West, absent additional 

definition of property rights surrounding access to water and irrigation institutions.   

A discussion of the emergence of property rights along the western frontier is necessarily 

incomplete absent consideration of the emergence of water rights. In the arid West, water greatly 

determines the ability to produce cattle, refine minerals, and raise crops. Unlike land rights, 

water rights developed much more quickly to match optimal uses in arid western states. This 

development again tracks Demsetz’s seminal insight regarding the development of property 

institutions. Given the comparative scarcity of water and its centrality to productive land uses in 

the west, a practice efficient in the east, riparian water rights, fell swiftly in the face of needs of 

economic actors in a context where water was much scarcer. 

Much analysis has been devoted to the reasons underlying a switch to prior appropriation, 

but the underlying economic rationale is simple. Riparian doctrine creates a more flexible 
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reasonable use standard that is sufficient to govern potential disputes among users in areas with a 

comparative abundance of water. As a predominantly arid climate, the western frontier states 

were ill-suited to the application of a vague standard that would have led to considerable disputes 

among water users, especially in times of drought. Recent scholarship has shown empirically that 

past a certain proportion of arid lands contained within a state, that state was significantly more 

likely to adopt the prior appropriation doctrine (Leonard & Libecap, 2016).  

 Once the security of right to use water had been established, there still remained a 

problem surrounding economic organization. The size of individual farms, in part due to the 

constraints placed upon them by federal land policy, was smaller than the size of organizations 

needed to organize and fund irrigation ditch projects. Overcoming such a mismatch required the 

emergence of firms and “firm-like structures,” including commercial and mutual irrigation 

companies and publicly-controlled irrigation districts (Bretsen and Hill, 2007). This requirement 

for a larger scale in the development of irrigation institutions has an important corollary point; 

irrigation required a greater initial and ongoing investment than a single farmer could typically 

afford. Relatedly, certainty to land title is an input to costly irrigation development because 

irrigation ditches are highly idiosyncratic investments given that the construction costs are sunk, 

location is important, and the ditch cannot be used for anything else (Williamson 1979). Given 

the need for certainty of water and land ownership to induce productive investments in 

agricultural output, this suggests that the larger the investment a particular output required, the 

more sensitive to certainty in land titles a given investor or group of investors would be. In other 

words, supply of irrigation projects was likely more elastic to property rights defects than 

individual economic activities along the frontier.  

B. Railroads 

Perhaps the best known historical analysis of the economic impacts of railroads in the 

U.S. West is the canonical work of Robert Fogel. Fogel constructed a counterfactual scenario of 

what canal development would have looked like in the United States if the railroads had not been 

constructed. Fogel made two important contributions with his work on railroads. First, he 

challenged the conventional “wisdom” that railroads were a major contributor to economic 

development in the latter half of the 19th Century. While he found a significant benefit to the 

railroads, on the order of 3% of GDP per capita more development by the 1890s than would have 
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occurred under other modes of transportation, this was significantly less than the 

transformational effect that had been argued by other historians (Fogel, 1962).1 Second, Fogel 

paved the way for rigorous empirical analysis of development outcomes in the 19th century. His 

work argued that scholars could and should approach major questions in economic history with 

the rigor of empirical analysis (Fogel, 1966). As new data sources and empirical techniques are 

refined, cliometricians should approach settled questions with the increased precision such 

progress affords. 

Subsequent generations of economic historians picked up where Fogel left off and 

continued to refine the general understanding of the contributions of the railroads to economic 

development. Another comprehensive analysis, this time focusing on seven transcontinental 

railroads singularly, found that all but one of them made economic sense from a government 

subsidy perspective (Mercer, 1982). In contrast, however, Mercer found that three of the 

railroads would not have needed the government support, given the returns they eventually 

realized from freight and passenger rates. Another such study looks at the Canadian Pacific 

Railroad, arguing that previous analyses of the government subsidies provided to the railroad did 

not take into account the risk involved in construction. Once this risk was accounted for, the 

subsidies inducing the railroad to “rush” construction prior to settlement of the Canadian West 

were not excessive as previously believed (Emery and McKenzie, 1996). Another study 

examines the increase in state tax revenues that resulted from property value increases due to 

railroad construction. Once these revenue increases are taken into account, the costs the states 

bore in facilitating railroad construction, financial and otherwise, make economic sense 

(Heckelman and Wallis, 1997). 

Recent scholarship has updated Fogel’s analysis to better understand the aggregate 

impact of railroad construction on market access and capitalized agricultural land values, 

concluding that based on this incomplete measure alone, the addition of railroads added 3.22% to 

GNP by 1890 (Donaldson and Hornbeck, 2016). Importantly, these scholars note that 

agricultural land value as a function of market access is but one channel through which railroads 

could have induced development. An extension of this analysis has also found that railroads 

increased manufacturing productivity around the country due to more efficiently allocating 
																																																													
1 Fogel’s exact question remains one that motivates economic historians. Unpublished works from 2013 (Swisher) 
and 2014 (Pereira et al) put the contribution of railroads to economic development as significantly higher than the 
estimate reached by Fogel.  
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primary inputs to manufacturing centers, especially in the East (Hornbeck and Rotemberg, 

2017). An additional concern motivating modern economic scholars is the larger policy context 

regarding disposition of western lands, of which railroads were just one part. The passage of the 

Homestead Act in 1862 closely corresponded to the passage of the first railroad grants in 1862 

and subsequent years. Because of this contemporaneity, one scholar has suggested that these 

policies were part of a concerted effort by the federal government to better secure control of 

western territories by inducing settlers and railroads to rush to the frontier (Allen, 2017).  

Our more granular consideration of the impact of railroad land grants is not without 

precedent. Recent scholarship examines the comparative impact on oil and gas production of 

lands granted to railroads in Wyoming as compared to lands that remained under state or federal 

control. The authors find lands that ended up under private control due to the railroad grants 

experience significantly less delay in well permitting than public lands, and that these private 

lands are successfully drilled at a significantly higher level than public lands once permitted 

(Edwards, O’Grady, and Jenkins, 2016). This study is similar in its intent to the one we are 

pursuing here. In examining the immediate and persistent development effects of land ownership 

surrounding railroad grants, the understanding of the benefits and costs of railroad land grant 

policy is clarified.  

These studies all suggest marginal to significant economic and policy benefits that 

became apparent with the benefit of hindsight, in most instances over a century after construction 

completed on the major railroad projects spanning the western United States. However, these 

benefits were not as apparent to many constituents in the United States during the time of 

railroad development itself. The period of railroad development of the US West has been 

characterized as the “era of good stealings” (Wahlgren Summers, 1993). Because of this, the 

large grants of lands and government-backed bonds supporting construction generated significant 

controversy as the decades in the latter half of the 19th century wore on. This controversy was 

greatly amplified by a well-documented scandal involving the Credit Mobilier construction 

company. (Kens, 2009). As we will proceed to argue subsequently, this drastic change in public 

and political sentiment contributed to a variety of outcomes that stymied the ability of the 

Northern Pacific to secure its land grants in a timely fashion.  

Beyond the increased opportunity for fraud, the administration of the land grants was 

itself costly compared to the status quo. Each required step under the authorizing legislation 
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either increased costs as compared to the status quo, or required the General Land Office to 

complete existing steps much more quickly than would have otherwise occurred. These changes 

as a result of railroad land grant policies obviously had direct implications for the lands being 

administered to the railroads. For instance, the odd-numbered sections to which the railroads 

were entitled could not be patented to the railroad until the land had been surveyed by the GLO. 

This fact alone created delays in administering the grants to the railroads. As importantly, 

however, delays and costs associated with the disposition of the odd-numbered sections had 

implications for adjacent parcels to the extent potential land uses spanned odd and even sections. 

The nature of irrigation development in the arid west frequently required such an outcome. This 

is the area of railroad development that has not been adequately explored in the literature, and we 

argue that the level of legal uncertainty created by the political economy of railroad land grant 

administration had detrimental impacts on the development of lands tied up in the land grants. 

 Thus, the literature about frontier economic development surrounding certainty of title 

and the benefits of railroad development paints a clear picture. Costly investment in land 

improvements to secure water for mineral or agricultural production was more likely to occur 

when title to that land was comparatively more certain and less costly, and when costs of market 

access were reduced. Government land policy could positively or negatively influence both 

certainty of title and the value of a given piece of land. Similarly, the extent to which railroad 

companies completed their lines in a timely fashion, and were granted title to the lands specified 

in their grants, would also influence the extent to which the market access they promised was 

actually delivered to individuals seeking to capitalize on this access. Finally, the political context 

in which railroads completed their lines spanning the North American context changed 

significantly from the time the Union Pacific was completed in 1869 and the time the Northern 

Pacific was completed in 18832, in ways that impacted the allocation of railroad land grants. 

Thus, the comparative development of railroads and land policy in Colorado and Montana from 

1864 to 1930 provides a rich environment in which to test the effects of the interaction of land 

policy and railroad construction on irrigation development outcomes.  

 

 

																																																													
2The Union Pacific was the major line to which the subsidiary line running through Denver connected, whereas the 
Northern Pacific was the first railroad spanning the state of Montana in its entirety. 
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II. Legal History 
A. Preemption Act, Homestead Act, and Railroad Land Grants 

Settlers in the U.S. West interested in obtaining public lands from the federal government 

had two primary means of obtaining this land. The first was the Preemption Act of 1841 (5 Stat. 

453), which was passed in recognition of the fact that settlement of the frontier had long 

preceded legislative action defining the rights of individuals living on public lands. In an effort to 

get settlers to formalize their claims, the Preemption Act allowed any adult male or widow that 

had resided on a piece of land for 14 months or more to purchase title to up to 160 acres of land 

from the government for $1.25 an acre. Second, more generous policy was extended to new 

settlers in 1862 with the passage of the Homestead Act (12 Stat. 392), which provided free title 

to 160 acres of public land after an individual had filed an application for the parcel, settled there 

for five years, and made improvements upon the land.  

 In general, railroad land grants followed a clear policy from 1862 onwards. Once a 

railroad had filed a map of its general route with the General Land Office, the railroad company 

would begin construction within the timelines specified in the particular act authorizing their 

incorporation. As a given railroad company completed twenty-five mile sections of its line, this 

completion would be certified by local commissioners of the Land Office. Upon certification of 

completion of a twenty-five mile section, the Land Office would issue patents for the odd-

numbered sections of public lands lying on either side of the railroad right-of-way (Decker, 1960 

at 83). The size of the grant depended upon whether the railroad was running through a state or a 

territory. If a state, the railroad company had a right to the odd-numbered sections within ten 

miles of each side of the right of way. If the railroad ran through a territory, then the company 

had a right to the odd-numbered sections within twenty miles of each side of the right of way. 

The government retained title to the even-numbered sections of land within the railroad land 

grants, and required a “double-minimum” price for acquisition of these lands, at $2.50 an acre.3 

(Greever, 1951 at 83-84). 

 Thus, with a few minor exceptions, public land acquisition in the frontier territories and 

states could proceed under one of four broad policies: purchase of up to 160 acres at $1.25 an 

acre under the Preemption Act; application for 160 acres of free land upon settling for five years 
																																																													
3 In practice, the General Land Office does not appear to have consistently enforced the double-minimum 
requirement on these lands until 1877.  
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and making improvements upon the land under the Homestead Act; purchase of even-numbered 

sections adjoining the railroad land grants for $2.50 an acre; and direct purchase from the 

railroads once the railroad had been granted title to the land. Our subsequent analysis surveys 

irrigation development across the latter two categories explicitly, as well as implicitly involves 

the first two categories as a development alternative to that occurring on railroad land grants, 

especially when the title to the railroad grants was tied up in legal limbo.  

B. Credit Mobilier & Land Grant Forfeiture Movement 

As noted previously, the amount of land granted to railroads to support rapid 

development ultimately became a major political controversy. This controversy was greatly 

amplified by a well-documented scandal involving the Credit Mobilier construction company. 

The Credit Mobilier company was designed to give the appearance of independence from the 

backers of the Union Pacific, but in reality was a device to overcharge the United States 

government for the support it had promised the Union Pacific to construct the first 

transcontinental railroad. The members of Congress who authorized support for the Union 

Pacific were given discounted stock in the company in order to facilitate continued authorization 

of additional construction costs, costs directly related to the amount that Credit Mobilier was 

overcharging the Union Pacific, and hence, the US government (Kens, 2009). By one 

accounting, the Credit Mobilier company defrauded the federal government of over $20,000,000 

in terms of charges that outstripped actual costs. (Wahlgren Summers, 1993) 

When the scandal broke in 1873, public sentiment toward the railroads was already 

shifting. The railroads’ privileged position as principal transporters of agricultural products 

meant they had considerable bargaining power over the rates to charge individual farmers for 

transporting their harvests. Moreover, the railroads often owned the grain silos in which crops 

were stored for transport to market. The movement against the perceived dominance of the 

railroads over transportation of agricultural products was spearheaded by the Grangers, groups of 

farmers who organized politically to agitate for restraint on railroad rates for agricultural freight, 

among other policy aims. (Ellis, 1946; Greever, 1951) While the Credit Mobilier scandal was the 

most salient outcome involving corruption in railroad development, the perception of abuses on 

the part of the railroads was widespread. (Roberts, 2011 at 126-128). These perceived abuses 

were in many cases directly related to the land grants themselves, including the use of dummy 
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entrymen to evade public sale provisions of land grants, delays in surveying and patenting the 

grants to evade property taxes, speculating with land grant lands, and exchanging the grant lands 

for other more desirable government lands. (Julian, 1883). 

This level of negative public sentiment indicates that the railroad land grant forfeiture 

movement had raised the issue to national salience by the mid-1870s. As a comparison, while 

650,000 acres of land grants were forfeited back to the federal government between 1870 and 

1877, the following decade saw 28,000,000 acres of grant lands reopened for settlement under 

Preemption, the Homestead Act, and the Desert Lands Act (Ellis, 1946). Following a Supreme 

Court decision that demanded affirmative legislative or judicial action to forfeit the land grants, 

these forfeitures required an act of Congress to proceed. Given that six forfeiture acts were 

passed over a four year period from 1884 to 1887, this signifies the extent to which the tides of 

public sentiment had turned against the railroads in the wake of the Credit Mobilier scandal and 

the rise of the Granger movement. (Ellis, 1946) This ultimately culminated in significant changes 

to the General Land Office’s policies surrounding railroad land grants, a change treated in detail 

in the subsequent section on indemnity lands. 

C. Colorado railroad development 

The Kansas Pacific and the Denver Pacific railroads were the culmination of over a 

decade of pressure from Denver business interests and politicians to link Colorado’s largest city 

to the Union Pacific transcontinental railroad project. The Union Pacific company saw benefits 

to reaching existing population centers and their associated areas of commerce that would likely 

translate into freight proceeds, but was ultimately deterred from entering Colorado due to the 

difficulties that the terrain west of Denver presented for railroad construction as compared to the 

route that was ultimately laid through Wyoming. (Noel, 1973). One underlying explanation is 

that the tight timelines governing the construction of the Union Pacific led to choices of route 

that provided less economic benefit than if they had been less time constrained. 

Nonetheless, St. Louis railroad interests had successfully lobbied for the inclusion of a 

southern branch of the transcontinental railroad after the primary route had been set through 

Omaha, the route preferred by Chicago railroad interests. This southern branch was originally 

intended to connect with the Union Pacific line in Fort Kearney, NE, some three hundred miles 

east of Denver. However, on July 3rd, 1866, President Johnson signed the Extension Act, which 
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altered the route originally contemplated by the Union Pacific Eastern Division (“UPED”) to go 

through Denver before connecting with the main Union Pacific Line. Nonetheless, the lack of 

authorization for government-backed bonds to support the UPED stymied the company’s ability 

to follow through on the extension. The completion of the line ultimately required Denver 

backers to raise capital independently, and the UPED to transfer its right of way and grant lands 

to the Union Pacific (a different company, despite the similarities in names), a transfer which 

required Congressional approval. Once the Denver Pacific company had built the roadbed and 

laid the ties and bridges, the Union Pacific company agreed in 1868 to iron the road down to 

Denver, in exchange for the right to lease the Denver Pacific upon completion (Petrowski, 1974). 

By the time Congressional approval of the transfer of land grants had come through, on 

March 3rd, 1869, the Union Pacific was no longer in a financial position to honor its agreement to 

iron the track that was already under construction by the Denver Pacific Railway Company. At 

this point the Union Pacific Eastern Division had been renamed the Kansas Pacific, and had 

secured German investors who supported the westward extension to Denver. The Kansas 

Pacific’s backers saw significant benefit to the completion of a line running north out of Denver 

that would connect the Kansas Pacific to the Union Pacific, and so agreed to finish construction 

on the Denver Pacific in exchange for a one half interest in the Denver Pacific company 

(Petrowski, 1974). 

Having finally secured the financial backing needed to construct the railway, the Denver 

Pacific proceeded swiftly to completion, with the final ceremonial spike hammered in by the 

Denver Pacific’s president on June 22, 1870, just over two years after construction had begun. 

(Noel, 1973) Less than two months later, the Kansas Pacific completed the Colorado extension, 

which notably created the first actual transcontinental railway, for until 1872, the Union Pacific 

crossing of the Missouri River between Council Bluffs, Iowa, and Omaha, Nebraska, required 

passengers to disembark and cross by boat. (Petrowski, 1974) 

Table 1: Colorado Kansas/Union Pacific timeline 

July 3, 1866 Extension Act authorizes construction west to 
Denver 

May 18, 1868 Construction on Denver Pacific line begins 

September 1868 Construction begins in Cheyenne 

March 3, 1869 Transfer of Union Pacific Eastern Division Land 
Grant to Denver Pacific 
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October 1869 Construction on Kansas Pacific Colorado 
extension begins 

June 22, 1870 Construction on Denver Pacific line completed 

August 1870 Construction on Kansas Pacific Colorado 
extension completed 

 

D. Montana railroad development 

The Northern Pacific Railroad was incorporated on July 2nd, 1864 (Act of July 2, 1864, 

ch. 217, 13 Stat. 365) and was granted a primary area of 20 sections (12,800 acres) for each mile 

of railroad constructed in a given state, and 40 sections (25,600 acres) for each mile of railroad 

constructed in a given territory. Other than in the state of Minnesota, the timeline for completion 

of the Northern Pacific preceded the accession to statehood of North Dakota, Montana, Idaho, 

and Washington, such that the railroad was entitled to odd-numbered sections within twenty 

miles on either side of its right of way. Land that could not be granted to the railroad due to prior 

settlement or mineral deposits reserved by the government could be replaced with selections 

from odd-numbered sections in an additional ten mile band surrounding the original twenty mile 

bands on either side of the right of way, a practice detailed further in the following section on 

indemnity lands. The Northern Pacific did not begin construction until 1870, beginning at 

Duluth, MN and Kalama, WA (Mercer, 2016 at 53). This same year, an additional indemnity belt 

of ten miles was added to the original ten mile strip on either side of the primary land grants, 

with the condition that it could be selected only to make up for lacking primary grant lands in a 

given state or territory itself (Act of May 31, 1870, 16 Stat. 378, 378–79 (1870)). This brought 

the total band of land surrounding each side of the railroad right of way to forty miles.  

The construction of the Northern Pacific proceeded eastward in the Washington Territory 

and westward out of Minneapolis into the North Dakota Territory until September 18th, 1873, 

when the company selling bonds to finance the railroad construction went bankrupt. The 

Northern Pacific subsequently defaulted on bond interest payments in 1874, and went into 

receivership in 1875. As the land grant land was not patented to the Northern Pacific due to the 

railroad’s failure to complete construction of its route, this land was not sold to pay off the 

company’s debts. Although reorganized in 1875, the company was largely inactive until late 

1879, with exception of construction of a small extension in Washington Territory in 1876-1877 

to facilitate access to coal fields. Under a new railroad president from May 24th, 1879 onwards, 
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the Northern Pacific proceeded over the next four years to complete construction on its route as 

originally specified (Mercer, 2016 at 53-54).4 In the same time period, the Northern Pacific 

heavily lobbied members of Congress to grant the line a time extension, due to the construction 

period falling outside the original time limits. The effort was ultimately unsuccessful, and so the 

Northern Pacific had to rely on the original grant, despite the movement toward land grant 

forfeiture at the time (Clinch, 1965). The line was actually completed by August 22nd, 1883, with 

an official ceremony to commemorate the completion on September 8th of the same year (Taylor, 

2010).  

By the time the Northern Pacific line was completed, perceived railroad land grant abuses 

generally had reached national salience, and a controversy surrounding the railroad’s indemnity 

lands had emerged in the context of the Northern Pacific specifically (as the subsequent section 

details). These issues bore on the Northern Pacific land grants in Montana in a way that suggests 

there was considerable uncertainty to title in the state in particular. First, the Northern Pacific 

was seriously concerned about forfeiture of its land grants, lobbying Congress to extend its 

statutory timelines to no avail (Schwinden, 1950). As importantly, the Northern Pacific was also 

prone to claiming primary and indemnity lands where minerals had been discovered, arguing that 

its statutory grant and GLO’s selection withdrawal predated valuable mineral claims that had 

subsequently been discovered and developed, a practice that led to significant public and 

political controversy within the state of Montana (Clinch, 1965). Both the Northern Pacific’s 

concern for forfeiture, and the company’s claiming of mineral lands that had been developed 

after the date of the grants provide additional evidence of public sentiment turning against the 

Northern Pacific specifically, in the midst of the more general controversy surrounding the bulk 

of railroad land grants and the General Land Office’s questionable decisions in regards to their 

administration. The opportunistic claiming of developed lands, however, has a much more 

important implication. The level of public awareness in Montana of the Northern Pacific 

opportunistically claiming valuable developed mineral lands, in a context of such uncertainty 

surrounding who would get the patents to those lands, likely affected individuals’ willingness to 

try to develop those lands for irrigation purposes. Similarly, in response to the controversy that 

the Northern Pacific’s claiming of lands that had been developed within their grants, the General 
																																																													
4 Although the Northern Pacific ultimately ended up paying another railroad to use a small section of their line in 
Washington Territory (and subsequently, the state), this does not become an issue for awarding land grants to 
railroads until the litigation of indemnity land claims in the early 1900s that lasted until 1941.  
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Land Office withdrew all granting of patents to the Northern Pacific from 1885-1894, which 

further threw the certainty of title in the grant lands into question. 

Table 2: Montana Northern Pacific Timeline 

July 2nd, 1864 Incorporation of Northern Pacific 

1870 NPRC begins construction in MN and WA 

May 31, 1870 Additional line authorized in OR and indemnity 
limits expanded by 10 miles on either side 

September 18th, 1873 Cooke & Company Bankruptcy 

December 16th, 1873 First train from Tacoma to Seattle 

1874 – 1879 Bankruptcy, Reorganization and minimal 
construction 

May 24th, 1879 New president appointed 

1880  NPRC reaches Yellowstone River 

1882 NP Construction sets up Montana branch in 
Glendive 

January 1883 Construction reaches Livingston, MT 

August 22nd, 1883 Unofficial de facto completion of NP line 

September 8th, 1883 Official date of completion with celebration 
including former President Ulysses S. Grant 

 

  Although the Northern Pacific was the first railroad to cross Montana, it was soon 

followed by another major railroad project in the state. The Great Northern was a line that ran 

out of Minnesota on a route that crossed a more northern portion of the state of Montana. Unlike 

the Northern Pacific, however, the Great Northern did not receive any land grants to subsidize its 

construction in the state of Montana.5 This creates an ideal comparative context in which to 

explore land and irrigation development alongside the Great Northern’s route in Montana. The 

market access effects and other beneficial outcomes facilitated by proximity to the railroads are 

arguably still likely to be present, but none of the tenure uncertainty and coordination costs 

created by the railroad land grants should be present. This makes the area surrounding the Great 

																																																													
5 As we will discuss, the Great Northern has been characterized as being constructed absent the federal assistance 
that supported most major transcontinental railroad projects, including the Northern Pacific. This is not entirely 
accurate, for earlier companies that constructed the first portion of what would become the Great Northern’s line 
were granted a significant amount of land in the state of Minnesota to subsidize their construction. However, by the 
time the railroad company was reorganized and construction began again, no further land grant acts were passed in 
support of its construction (Rae 1952). 
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Northern as critical controls and explicitly useful for placebo tests by which to consider the rate 

of land development that a railroad could create. Earlier generations of economic historians 

identified this comparative possibility (Cochran 1950; Rae 1952), with one noting that the Great 

Northern’s “construction invites comparison...with the well-endowed Northern Pacific.” (Rae 

1952 at 140). 

            The Great Northern had reached Montana by 1887, and construction on the line all the 

way to the Pacific finished in 1893 (Hidy 2004). Although we would expect patent and water 

priority years to be slightly delayed, given the later dates of construction completion in the case 

of the Great Northern, the absence of railroad land grants to the company mean we can use the 

development alongside the Great Northern as a placebo test by which to examine the rates at 

which development occurred in the land adjoining the railroad, as well as at a specific number of 

miles from the railroad, to test what anticipated rates of settlement would look like absent the 

coordination costs and legal uncertainty that accompanied the Northern Pacific’s grants.  

E. Indemnity lands 

The history of the indemnity lands granted to the railroads, and in particular the Northern 

Pacific, requires special treatment for the purposes of this analysis in terms of identifying 

uncertainty of title. In the territories, the railroad land grants typically allotted an additional band 

of ten miles on either side of the primary grants. Once the railroads had completed twenty-five 

mile sections and were granted patents to all the lands in odd-numbered sections on either side of 

the railroad, there was an opportunity for selection of sections within the indemnity bands to 

replace lands within the primary grants that could not be patented to the railroad. This selection 

process was put in place to guarantee the railroad the amount of productive land contemplated in 

the original grant, taking into account land that had already been settled under the Homestead 

Act or Preemption and lands that were reserved to the government because of mineral deposits.  

The passage of the railroad land grant acts required the General Land Office to withdraw 

lands contemplated in the acts while the railroads were being constructed. Because the primary 

land grants were guaranteed to the railroads upon successful completion of each 25 mile section 

of the line, the General Land Office could not in the meantime grant patents to this land. 

However, the General Land Office interpreted the statutory requirement broadly. The statutory 

language noted that “and the odd sections of land hereby granted shall not be liable to sale, or 

entry, or preemption before or after they are surveyed, except by said company, as provided in 



CONFERENCE DRAFT – DO NOT CITE OR CIRCULATE WITHOUT EXPRESS PERMISSION 

18	
	

this act”. (Act of July 2, 1864, ch. 217, 13 Stat. 365) In practice, the General Land Office 

reserved both primary grant lands as well as indemnity lands from selection during the period of 

railroad construction (Julian, 1883, at 251-252).   

It was not until the Credit Mobilier scandal of 1873 that the federal government began to 

intervene in terms of what had increasingly become viewed as excessive government handouts to 

railroad companies whose close ties to legislators had led to the corruption that came to light in 

terms of construction payments to shareholder politicians. In 1874, Congress passed the Act of 

June 22, which specified that lands within the indemnity limits of a railroad do not afford a basis 

for relinquishment and selection (Act of June 22, 1874, ch. 394). The Act noted that a railroad’s 

right to relinquishment and selection was confined to entries made after the rights of the railroad 

attach, namely, upon completion of each 25 mile section with the associated certification by 

Land Office commissioners, which then made apparent where lands in the odd-numbered 

sections had either previously been claimed under the Homestead or Preemption Acts, or 

contained mineral deposits that were reserved by the federal government. 

The Supreme Court followed this Congressional action with its own consideration of the 

question of whether claims could be made under the Homestead Act or Preemption upon lands 

within the indemnity bands of railroad land grant acts. Beginning in October 1878, the Court 

progressively clarified its jurisprudence regarding the status of indemnity lands not yet selected 

by a given railroad. In Ryan v. Central Pac. R. Co., 99 U.S. 382 (1878), the Court held that the 

Interior Department appropriately withdrew indemnity lands from selection under the Homestead 

and Preemption Acts, yet, confusingly, also noted that the railroad company could not have 

claim to sections of indemnity lands until they were specifically selected. In contrast, two years 

later, the Court suggested in Grinnell v. Chicago, R.I. & P.R. Co., 103 U.S. 739 (1880) that “[a]s 

regards the lands to be selected in lieu of those lost by sale or otherwise, it may be that no valid 

right accrues to any particular section or part of a section until the selection is made and reported 

to the land-office, and possibly not then until the selection is approved by the proper officer.” 

This was not dispositive to the case, and the Court’s language suggests some doubt as to whether 

the new interpretation of the status of indemnity lands not yet selected by a railroad was valid.  

However, by 1884 the Supreme Court had firmly come down in favor of the view that 

rights to the indemnity lands did not vest with the railroad until it had made its specific selection 

from the areas set aside for this purpose. First, in Cedar Rapids & M.R.R. Co. v. Herring, 110 
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U.S. 27, 39, the Court held that as pertained to indemnity land sections, “[t]hey are not and 

cannot be made specific until the grantee’s right of selection has been exercised.” Later that year, 

the Court reaffirmed this position in Kansas Pac. Ry. Co. v. Atchison, T. & S.F.R. Co., 112 U.S. 

414, 421, noting that “The grant...gave no title to indemnity lands in advance of their selection.” 

One year later, in the Court reviewed its jurisprudence on this topic, and noted the functional 

reasons underlying the distinction between place lands and lieu lands: “It may be a long time 

after the line of the road is located before it is ascertained how many sections, or parts of 

sections, within the primary limits, have been lost by sale or pre-emption. It may be still longer 

before a selection is made to supply this loss.” Granting an unqualified right to odd numbered 

sections within the indemnity limits until specific selections were made would have held up land 

development in these wider bands for an unknown period of time which depended upon the 

General Land Office surveying lands within the primary land grants, ascertaining which sections 

were unavailable or reserved to the government, and subsequently determining the amount of 

indemnity land to which a particular railroad was entitled.  

Interestingly enough, the General Land Office’s policy toward indemnity lands ensured 

the outcome the Court was trying to avoid, although it did not technically grant title to the 

railroads for the odd-numbered indemnity sections. Following the passage of the Pacific Railroad 

Acts from 1862-1866, the General Land Office withdrew all lands specified in these Acts from 

selection under Preemption or the Homestead Act (Powers, 1889). Notably, this withdrawal 

included indemnity lands, which led to the legal controversies surveyed in the preceding 

paragraphs. Although withdrawn, the Court eventually held that the railroad companies did not 

have actionable title to the indemnity lands until they had made a specific selection of these lands 

to make up for known losses in the primary grants themselves.  

By the 1880s, the General Land Office had come under considerable criticism regarding 

its practices in awarding patents to railroads under the terms of their land grants. As noted 

previously, public sentiment in regards to the railroads generally, and the land grants in 

particular, had shifted significantly. The matter came to head when a GLO Commissioner 

submitted a report of widespread land fraud to Interior Secretary Lamar in 1885. On April 3rd of 

that year, Lamar issued an order forbidding further patents from issuing until he had time to 

examine the issue of fraud through a board he intended to form. This prompted a backlash from 

members of the House of Representatives who denounced the order as unsettling title to lands in 
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the west, and operating to the detriment of the common settler. By one contemporary academic 

account, however, those Representatives who denounced Secretary Lamar were influenced by 

banks who had lent to land speculators in the West, and it was precisely the speculative interests 

taking advantage of federal land policy who had most to fear from heightened scrutiny of patent 

applications (Powers, 1889).  

Around the same time, a case rose to the attention of the General Land Office that 

precipitated the demise of the withdrawal of indemnity lands from selection for settlement. This 

was known as the Guilford Miller case, and involved a homestead claim upon a quarter-section 

of land that was within the indemnity sections pertaining to the Northern Pacific. The case 

displays a number of unusual features that are indicative of the tensions with the General Land 

Office and the broader public sentiment against grants of additional lands to railroads. Guilford 

Miller had settled his farm within the Northern Pacific’s indemnity limits after these lands had 

been withdrawn from selection by the General Land Office, but before the Northern Pacific had 

made its indemnity lands selection. Upon consideration of Guilford Miller’s case in 1884, a GLO 

commissioner found that the indemnity lands withdrawal had no legal authority, and as such, 

Miller was entitled to his homestead as against a claim by the railroad. The Northern Pacific 

appealed the case to Secretary Lamar, who referred it to an assistant attorney-general of the 

GLO, who then confirmed the decision of the commissioner in favor of Miller. These decisions 

in favor of Guilford Miller’s claim came despite the fact that Miller had registered one quarter 

section of land under Preemption, and another, the one in controversy, under the Homestead Act. 

Technically, this perjury should have disqualified him from both parcels of land, although the 

GLO commissioners ruled otherwise (Powers, 1889). This at a minimum indicates the extent to 

which sentiment had turned in favor of ordinary settlers in the West, as compared to the claims 

of railroad companies. 

Secretary Lamar then referred the decision of the assistant attorney-general to the 

attorney general, who did not respond until March 1887, noting that the case should be decided 

in favor of the railroad. Lamar expressed his intent to rule on the case in a manner consistent 

with the attorney general’s opinion, but rendered no official decision. In late April of the same 

year, President Cleveland published a letter in major newspapers condemning the ongoing 

withdrawal of the indemnity lands from settlement, and expressing a desire that Secretary Lamar 
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rule on the case in favor of Guilford Miller. President Cleveland’s language summarizes the 

extent to which settlement on indemnity lands was stymied by the withdrawal order of the GLO: 
“With this interpretation of the law [Attorney-General Garland's] and the former orders and action of the 
Interior department, it will be seen that their effect has been the withdrawal and reservation since 1872 of 
thousands if not millions of acres of these lands from the operation of the land laws of the United States, 
thus placing them beyond the reach of our citizens desiring under such laws to settle and make homes upon 
the same, and that this has been done for the benefit of a railroad company having no fixed, certain or 
definite interests in such lands. In this manner the beneficent policy and intention of the government in 
relation to the public domain have for all these years to that extent been thwarted. There seems to be no 
evidence presented showing how much, if any, of this vast tract is necessary for the fulfilment of the grant 
to the railroad company, nor does there appear to be any limitation of the time within which this fact should 
be made known and the corporation obliged to make its selection. After a lapse of seventeen years this 
large body of the public domain is still held in reserve to the exclusion of settlers, for the convenience of a 
corporate beneficiary of the government and awaiting its selection, though it is entirely certain that much of 
this reserved land can never be honestly claimed by said corporation. Such a condition of the public lands 
should no longer continue.” (Powers, 1889 at 457-458) 

It was noted that such a public rebuke from the President to a high ranking official within the 

executive branch was certainly at odds with custom. The letter was published when Lamar was 

known to be away from Washington, but it subsequently came out that the President had 

arranged with Lamar for this to be the case. (Powers, 1889 at 459) Although there is no record as 

to why this “rebuke” proceeded in this fashion, it may have been a means for the executive to 

restore faith in the government as related to the undue influence the railroad companies had been 

thought to exercise over the disposition of public lands in the west.  

 Regardless of the political machinations underlying the President’s public rebuke of the 

Interior Department, definitive action swiftly followed. Several weeks after the publication of 

President Cleveland’s letter, Secretary Lamar issued a rule requiring the railroad land grant 

companies to show cause why the unselected indemnity lands should not be open to settlement. 

Following arguments from the railroad companies, the Interior Department ruled against the 

railroad companies, and restored the indemnity lands to the public domain. Those lands not yet 

selected by the railroads were unconditionally open to settlement under the Homestead Act (and 

other Acts since passed to induce western settlement). Lands selected by the railroads, but not 

yet approved by the General Land Office were conditionally opened to settlement, with a 

requirement that prospective settlers be notified of the railroad’s application for patents, and the 

potential ownership conflict this would create. As pertains to the Northern Pacific, this decision 

was issued on September 15th, 1887. The Northern Pacific railroad company appealed this 

decision in regards to restrictions it placed on indemnity lands selections going forward, but the 

revocation of withdrawal from selection withstood additional court scrutiny, and was accepted 
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by the subsequent Secretary of the Interior, William Vilas, on November 24th, 1888. (Powers, 

1889). 

Table 3: Comparative Timeline of Railroad Construction and Land Grants 

 Colorado Montana 

Time from Grant to Construction 

completion 

4 years 19 years 

Time from Construction 

beginning to Construction 

Completion 

2 years, 3 months 13 years 

Time of Completion uncertainty 3 years,  months 4 years (1866 – 1870) & 6 years 
(1873 – 1879) 

Time of primary lands patenting 

uncertainty 

0 years 9 years (1885-1894) 

Indemnity lands Withdrawn 0 years 16 years (1872 – 1888) 

Indemnity lands selection delay 0 years 40 years (1864 – 1904) 
& 34 years (1870 – 1904) 

Indemnity lands legal 

controversy (NP v. U.S.) 

0 years 77 years (1864 – 1941) 
& 71 years (1870 – 1941) 

 

III. Theory and Predictions 

This study will examine three broad hypotheses regarding railroad development in 

Colorado and Montana and how variation in this development affected the level of development 

of irrigation ditches. The link is a plausible one to examine because one of the highest valued 

uses of the land surrounding the railroads was agriculture, which in the arid western states 

depended integrally on the viability of irrigation. Irrigation was itself a costly undertaking, and 

coordination among users depended upon certainty as to their right to the water they would 

divert for beneficial use. Certainty of water rights did not depend directly on the uncertainty 

surrounding railroad land grants; rather, water rights were appurtenant to a given piece of land 

where the water was to be used, and so uncertainty to title of land directly affected the certainty 
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to which one could continuously apply the appropriated water to a beneficial use (a requirement 

to retain rights to the water under the prior appropriation doctrine), as well as the certainty that 

other water users could do the same (a likelihood affecting the extent to which a given irrigation 

project would be worth the cost of construction). Furthermore, because irrigation ditches are 

location and use specific, uncertainty to the land title would erode the incentive to invest. 

Importantly, the railroads had an incentive to dispose of their lands quickly, because this 

was the means by which they could recoup capital costs associated with railroad construction, 

and pay back bonds supporting such construction. Both railroad companies in question, the 

Northern Pacific and the Kansas Pacific, displayed an understanding of the relationship of water 

to the value of the land they intended to sell, with the former funding travel from Europe for a 

variety of potential investors (Taylor, 2010) and eventually engaging in irrigation projects in 

Washington State directly (Zeisler-Vralsted, 1993). Similarly, the Kansas Pacific advertised the 

easy availability of water on Colorado land grant lands to potential investors in Europe.6 

Moreover, the Kansas Pacific actually gave settlers in Colorado free transit from the east to settle 

outside what is now Greeley, Colorado (Noel, 1973). Thus, once railroads were completed and 

the patents to land had transferred to the railroad company, these companies had strong 

incentives to capitalize on the lands they had been granted, both to pay back creditors and to 

reward investors.  

The first question we examine regards development of irrigation in the states of Montana 

and Colorado overall. The amount of land granted to the railroads in each state was significant, 

although Montana granted considerably more land to railroads than did Colorado. The amount of 

land granted in Colorado totaled 3,757,673 acres (5.6% of total state acreage), while the amount 

in Montana totaled 14,739,697 acres (15.8 % of total state acreage7), which stands as the largest 

land grant to the railroads of any state in the country (Gates 1968, 385). As was noted in the 

previous section, land grants in Montana were effectively on hold for a much longer period than 

those in Colorado while the Northern Pacific was reorganized and began construction again.  

Because of this, our first hypothesis is that the level of legal uncertainty over such a large 

portion of the Montana territory would have led to lower irrigation development overall as 

																																																													
6 In 1870, “an elegant, promotional booklet, printed on Fleet Street in London, appeared in European financial 
circles proclaiming that the 900,000 acre DP land grant was a plum situated along the scenic front range of the 
Rockies, whose snows assured a year round water supply for farming.” (Noel 1973, 103). 
7 “Montana Agricultural Facts 2016.” National Agricultural Statistics Service. April 2017.  
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compared to Colorado. We label this our naïve hypothesis, because it is unlikely that despite 

15.8% of the total acres in the state being tied up in legal limbo for a minimum of six years, that 

settlers in Montana would have halted all development. What is more likely is that this legal 

limbo diverted development elsewhere, which we consider in subsequent hypotheses. A related 

possibility that might emerge when considering the underlying levels of development is that this 

legal uncertainty merely delayed development in the state overall, a possibility suggested by our 

cursory initial results in the following section. This could have proceeded either through a 

reluctance of investors to engage in irrigation development because of the uncertainty as to 

whether and when the Northern Pacific would ever complete its planned course through 

Montana, or indirectly due to the comparative lack of market access that the uncompleted 

railroad entailed.  

Our second hypothesis is tailored to identify the persistence of institutional outcomes 

surrounding the uncertainty on lands defined in the Northern Pacific grants. The first way we 

consider the effect of uncertainty on Northern Pacific lands in general deals with the extent to 

which railroad land grant irrigation development itself was stymied in Montana, both 

temporarily, but potentially in a permanent sense. Focusing on Montana specifically targets the 

comparative ease with which potential claimants could gain title to lands other than the grant 

lands, either adjacent to the railroad grants, or on other lands altogether. Public lands adjacent to 

railroad grants within the primary belt were more costly than land available through the 

Homestead Act or the Desert Lands Act, the latter of which directly required land owners to 

show successful irrigation in order to perfect title under the Act. Nonetheless, the desirability of 

public lands adjacent to the railroad due to lower costs of market access may have overcome 

their greater cost. Where the uncertainty to title would have come in would be in regards to the 

lands granted directly to the railroads. If the odd-numbered parcels were in legal limbo for at 

least six years (and likely much longer), did this mean a comparative development of irrigation 

on even-numbered parcels, all else equal?  

However, absent even a rough counterfactual as to the role that railroad ownership played 

in inducing or delaying development on their land grants, it not clear we can attribute delay in 

Montana to the specific uncertainty that the Northern Pacific grants process created. Thus, we 

conjecture that within the railroad land grants themselves, the comparatively smooth completion 

of the Denver and Kansas Pacific railroads resulted in persistently greater development of 
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irrigation ditches in Colorado than in Montana. If this hypothesis proves unfounded, how long 

did it take for Montana to reach a similar level of ditch development, controlling for a variety of 

factors well understood to affect the extent of ditch development? If we cleanly identify a period 

of time in which development was delayed, and to what extent, we may be able to put a rough 

estimate as to the second order costs associated with the bankruptcy and delay in construction of 

the Northern Pacific, and the subsequent protracted legal disputes the company was involved in 

with the federal government. This could be achieved by estimating the amount of time irrigation 

was delayed as compared to Colorado. Controlling for percentage of arable land and agricultural 

output, this could provide an amount of production lost over a set period, which could be mapped 

to prevailing agricultural prices over the same period, to generate a rough estimate as to the costs 

of delay. 

Our third hypothesis examines outcomes on railroad lands in Montana from a 

comparative sense: indemnity lands in Montana were more likely to experience delays or an 

absence of irrigation and agricultural development compared to similarly situated lands in the 

state. While the primary railroad land grants were subject to a significant period of uncertainty 

regarding their development, this period pales in comparison to the uncertainty facing the 

indemnity lands that surrounded the primary land grants themselves. The indemnity lands 

provide a clear means by which to test the effects of legal uncertainty on irrigation development, 

as compared to lands more likely to be facing similar development factors. This would get at the 

extent to which the formal practices of the General Land Office actually mattered for outcomes 

on the ground. Were lands withdrawn from settlement subject to delay in development, and less 

development overall?  

The idiosyncrasies in the different grants to primary lands and two distinct indemnity 

belts provides the opportunity to further consider the extent to which the withdrawal of 

indemnity lands affected the decisions of settlers on public lands to engage in irrigation 

development: did the withdrawal of the first indemnity band from settlement delay development 

on those lands more so than the second indemnity band? The first indemnity band of ten miles 

surrounding each twenty-mile section adjoining the Northern Pacific’s right of way was 

supplemented by an additional ten-mile strip in 1870. In 1883, the Northern Pacific requested 

that the Interior Department withdraw this additional indemnity band from selection, a request 

that the Interior Department denied. Thus, these two adjoining ten-mile strips of land provide a 
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potentially ideal comparison by which to test the effects of the General Land Office’s withdrawal 

from settlement. One indemnity band was withdrawn for settlement for a minimum of sixteen 

years, whereas the immediately adjoining indemnity band (ten miles on each side, for twenty 

miles total) was not subject to this constraint in titling for settlement. 

Our empirical analysis is built upon a unique and detailed data set assembled from a 

plethora of sources. This includes both county-level aggregations and highly disaggregated PLSS 

second division (40 acres) land outcomes. With these data we employ a number of independent 

statistical analyses to test the preceding hypotheses. Before further detail, a brief summary is 

provided here: 

Table 4: Summary of Hypotheses 

Hypothesis Empirical Test 

1. Less irrigation development in MT 

than in CO 

Comparison between county-level regressions 

treating irrigation in Montana and Colorado, 

controlling for factors like soil quality and 

distance from stream 

2. (a) Irrigation stymied or delayed on 

NP railroad lands than comparable 

non-railroad lands in MT 

(b) The delay in MT on railroad lands 

is greater than delays in CO  

Comparison of results from Difference-in-

Difference regressions from MT and CO 

examining settlement and irrigation of PLSS 

segments (40 acres) comparing odd-sections 

within Railroad townships to even-sections 

and non-railroad townships 

 

3. (a) Less irrigation on indemnity lands 

than comparable lands in MT 

(b) Less irrigation in first band of 

indemnity lands compared to second 

Regression discontinuity conditioned around 

the boundaries of the Northern Pacific 

primary grants and the two indemnity bands 
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IV. Empirical Tests 

HYPOTHESIS 1: OVERALL STATE-LEVEL COMPARISON 
Data 

For broad trends across Colorado and Montana, we utilize county-level agricultural and 

irrigation outcomes from the US Census Bureau, 1870-1950.8 To measure general levels of 

agriculture activity, we consider farm value, crop value, livestock value, the number of farms, 

and improved acres, all available going back to 1870. Irrigation specific outcomes (irrigated 

farms, irrigated acres, irrigation ditch miles, irrigation investment, and the number of 

independent ditch organizations) are only available after 1890 or 1900 in some cases. To account 

for varying county size, we make two adjustments to the underlying data. First, we fix the county 

border to 1910 county sizes to address temporal variation, reweighting the other census years 

assuming a uniform spatial distribution as has been done in other studies (Hansen, Libecap, & 

Lowe 2011; Hornbeck & Keskin; Edward & Smith 2018). Second, we scale each variable by the 

number of county acres to account for cross-sectional variation in the size of counties. The 

average values for the outcomes are provided in Table 1 for Colorado and Montana, both 

together and separate.9  

First Census
Variable Obs Mean Obs Mean

Agricultural
Farm Value 1870 783 5.2814 531 6.1876
Crop Value 1870 783 0.9266 531 1.1365
Livestock Value 1870 783 1.1437 531 1.2395
Farms 1870 783 0.0005 531 0.0006
Improved Acres 1870 696 0.0499 472 0.0549

Irrigation  
Irrigated Farms 1890 609 0.0003 413 0.0004
Irrigated Acres 1890 609 0.0353 413 0.0415
Ditch Length 1900 261 0.0002 177 0.0002
Irrigation Investment 1900 522 1.0389 354 1.2740
Independent Irrigation Orgs 1900 522 0.0001 354 0.0001

Table 5: County Level Census Data, 1870-1950
ColoradoColorado and Montana

Note: County level data from the 1870, 1880, 1890, 1900, 1910, 1920, 1930, 1940, 1950 censuses, reweighted to maintain 1910 county borders. All variables 
are scaled per acre to account for variation in county sizes

Obs Mean

252 3.3720
252 0.4844
252 0.9418
252 0.0003
224 0.0392

196 0.0002
196 0.0222
84 0.0002

168 0.5436
168 0.0001

Table 5: County Level Census Data, 1870-1950
Montana

Note: County level data from the 1870, 1880, 1890, 1900, 1910, 1920, 1930, 1940, 1950 censuses, reweighted to maintain 1910 county borders. All variables 
are scaled per acre to account for variation in county sizes

Difference

2.8155
0.6521
0.2976
0.0003
0.0157

0.0002
0.0194
0.0000
0.7304
0.0000

Table 5: County Level Census Data, 1870-1950

Note: County level data from the 1870, 1880, 1890, 1900, 1910, 1920, 1930, 1940, 1950 censuses, reweighted to maintain 1910 county borders. All variables 
are scaled per acre to account for variation in county sizes  
 

 In general, Colorado exhibits higher levels of development. However, a number of 

factors besides uncertain land tenure could drive these outcomes, including physical factors 

(topography, water availability, and soil quality) and other socio-economic factors (population 

																																																													
8 We cutoff the sample at 1950 because after 1940 groundwater begins to dominate irrigation development (Edwards 
& Smith 2018) and the indemnity land controversy was settled in 1941.  
9 See appendix B, Table B3 for descriptive statistics for the controls. 
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dynamics and mining development). In order to account for more of these factors, we turn a to a 

regression framework. 

Methods 

To test our “naïve” hypothesis, we use the county level agriculture census data to test 

whether development in Montana lagged that of Colorado even after controlling for other factors 

likely important to irrigation investment and agricultural development. Specifically, we regress:  

𝑌!" = 𝛂′𝒕 ∙ 𝛕𝒕 + 𝛃!𝒕 ∙ 𝛕𝒕 ∙𝑀𝑇! + 𝛅′ ∙ 𝐂𝒊 + η!" (1) 

The outcome variables are the agriculture and irrigation metrics from table 5 in county i in 

census year t, all scaled by the total number of acres in the county. The main coefficients of 

interest are 𝛂𝒕 and 𝛃𝒕, which are both column vectors containing coefficients for the year fixed 

effects. 𝛂𝒕 captures the average change in Colorado from the initial census year while 𝛃𝒕 

estimates the difference in a given year between Colorado and Montana. In addition, 𝐂𝒊 controls 

for a number of county level characteristics including average annual precipitation, the largest 

Strahler order stream within the county, the fraction of the county within 15 miles of a Strahler 

order stream 4 or higher, fraction over an aquifer, slope, soil suitability, longitude, latitude, 

elevation and elevation variation, and population. To help identify the average effect of these 

additional controls, the regressions also include Wyoming and Idaho. The remaining difference 

captured by the estimated year-fixed effects illustrates the lag Montana experienced with respect 

to Colorado even conditional on physical and social attributes that predict irrigation 

development. 

Results 

 The county level results confirm the notion that – even after controlling for other factors 

that would impact irrigation and agricultural development – Montana lags behind Colorado. 

Below, we graphically present the results in graph form for four outcomes that are generally 

representative of the trends. The figures plot the year fixed effects for Colorado and Montana 

with Colorado in the initial year set to zero and all other values are relative to this baseline. In all 

cases, Montana lags Colorado by 1870 and the gap appears to widen over time. For instance, 

from 1870-1900 Montana farms were worth $5 less per county acre but this gap nearly doubled 

by 1920 to $10 and tripled by 1950 to $15. This is a substantial difference given the sample 

average is only $5.28. Crop value in both states are relatively flat from 1870 to 1900, at which 

point Colorado experiences a significant growth not enjoyed be counties in Montana. These 
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overall agricultural outcomes are undoubtedly related to irrigation development. The initial gap 

in irrigated acres nearly quadruples from 1890 to 1920 from 0.01 to 0.04. Again, given the 

sample average of 0.035 acres irrigated per county acre, the gap is economically significant. We 

contend that the underlying reason for the delays is the relative lack of irrigation investment. By 

1900, Montana already lags Colorado by a little more than $1 per county acre. This gap also 

doubles by 1920 to around $2 and on up to $3 by 1950. The gaps in the regressions are in fact 

larger than the general differences based on means. This is suggestive that the controls utilized 

actually predict there should be more irrigation in Montana than what is observed. Indeed, 

Montana does receive more rain, have larger streams, and have more access to larger streams 

while soil quality and topography are similar on average.  

 

Figure	1:	Year	x	State	Fixed	Effect	estimates	from	estimating	equation	(1)	normalized	to	Colorado’s	first	year. 

The tables with results for all outcomes are provided in Appendix B, Table B4 and Table 

B5. Generally, across all outcomes Colorado begins with a premium that then grows over time. 

The only metric in which Montana surpassed Colorado in 1900 was the number of irrigation 

organizations. This measure, however, is ambiguous as a proxy for efficient irrigation 

development. On the one hand, more ditches could indicate more development, but if so, 
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Montana lost this advantage by 1910. On the other hand, having more irrigation organizations 

may stem from simply having (inefficiently) smaller systems irrigating the same amount of 

acres. Given the results on the other outcomes, we contend the latter explanation is most likely. 

Additional evidence is provided in the Figure B6 in Appendix B, showing that in 1910, on top of 

having far fewer irrigated acres in total, the share of cooperative enterprises in Montana is far 

less than in Colorado. Instead, smaller individual or partnership enterprises are utilized, further 

suggesting difficulty in organizing larger scale projects. Furthermore, the smaller systems may 

be symptomatic of the greater uncertainty of land rights in Montana due to the extensive land 

grants provided to the Northern Pacific.  

Of course the year fixed effects proxy for potentially any number of social and 

institutional factors differing across the states, inclusive of the railroad land grants, but we do not 

dare claim that the uncertainty over the railroad land grants solely caused this gap. Nonetheless, 

we take this as suggestive evidence that with Montana lagging Colorado even after adjusting for 

physical factors that having 42% of its land tied up in uncertainty likely played a critical role. We  

next dig into the within state variation of settlement and development of lands around the 

railroads. 

HYPOTHESIS 2: INFLUENCE OF RAILROAD GRANTS ON IRRIGATION 
Data 

Rather than relying on average county outcomes, the main analysis utilizes highly 

disaggregated data that on average accounts for 40 acres based on the PLSS land division. These 

units are based on GIS files obtained (from the BLM and Montana State Government) and 

utilized to match up to outcomes. In order to relate these units to measures of settlement and 

irrigation development, we have linked them to both historic patent records and modern 

irrigation records provided by the two states. The patent data details when the land left the public 

domain and to whom it went, as well as under what statute. Each entry has a unique identifier 

using the PLSS system which is utilized to match these data to the GIS shape file. With this we 

are able to analyze the when land was initially patented, shifting out of the public domain and 

into private hands for development. Secondly, both Colorado and Montana maintain GIS 

shapefiles detailing what land is irrigated by which water rights. Colorado is more limited in its 

coverage generally as well as having a smaller portion of the state with major railroad activity. 

Accordingly, the Colorado data is limited to data from Water Division 1, which covers the South 
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Platte basin and the Kansas-Pacific Railroad. After limiting the data to surface water sources 

only, we extracted the data for the PLSS second division units. With this we are able to measure 

whether the land was ever brought under irrigation and what fraction of it was brought under 

irrigation at some point. In addition, the irrigated lands are linked to the water rights that serve 

the land, allowing us to establish a priority date, approximating when the land was first irrigated.  

A full description of the data and variable construction is provided in Appendix A. 

Outcome variables are summarized for Colorado and Montana in Table 2. As noted 

above, the observations are generally more numerous in Montana due to size, data availability, 

and railroad land grant activity.10 Furthermore, in both states the measures for year (both 

patented and water right establishment) are conditional on settlement or irrigation respectively, 

making the sample smaller. Railroad patents in both state samples are 3-4% of all land units, 

with Montana, having a greater share. Meanwhile, across the development outcomes Colorado 

settled earlier and developed more irrigation on average. Colorado patents are on average 13 

years earlier while water rights are nearly 50 years earlier in Colorado on average despite 

Montana having the earliest priority date.11 Meanwhile, Montana winds up with a larger share of 

units irrigated, but on average a smaller fraction of those units are irrigated than in Colorado. 	

Difference
Variable Obs Mean Std. Dev. Min Max Obs Mean Std. Dev. Min Max
Outcomes
Railroad Owner 409,970 0.03 0.18 0 1 2,137,505 0.04 0.20 0 1 -0.01
Patented 409,970 0.33 0.47 0 1 2,137,505 0.33 0.47 0 1 0.00
Patent Year 136,183 1904.64 19.28 1800 2013 704,300 1917.97 16.79 1776 1999 -13.33
Irrigated 409,970 0.11 0.31 0 1 2,137,505 0.17 0.38 0 1 -0.06
Fraction Irrigated 409,959 0.13 0.46 0 18 2,137,503 0.11 0.36 0 28.1338 0.02
Water Right Year 40,022 1876.01 25.03 1859 1979 335,283 1924.92 35.08 1852 2017 -48.91

Controls
Within Rail Land Grant 409,970 0.40 0.49 0 1 2,137,505 0.40 0.49 0 1 -0.01
Distance to Railroad (miles) 409,970 11.04 8.33 0 38.94936 2,137,288 16.97 14.71 0 74.17051 -5.93
Latitude 409,970 39.42 4.61 0 40.87584 2,137,505 46.62 4.36 0 48.55908 -7.20
Longitude 409,970 -102.69 11.96 -106.3448 0 2,137,505 -108.41 10.27 -115.4061 0 5.73
Strahler Stream Order (nearest) 409,970 1.50 0.89 1 5 2,137,505 1.63 1.13 1 6 -0.13
Distance to Stream (meters) 409,970 1797.17 1533.89 0 6262.243 2,137,505 1674.19 1430.23 0 6262.25 122.98
Soil Quality 409,970 4.91 1.61 0 7.006998 2,137,354 5.30 1.69 0 8.007459 -0.39
Elevation (mean) 409,970 2023.25 703.72 1031 4267 2,124,903 1220.60 480.36 573 3606 802.65
Elevation (st. dev.) 409,970 26.93 40.73 0 377.3463 2,124,903 27.08 38.62 0 404.5758 -0.15

Table 5: Second Division Summary Statistics
Colorado Montana

Note: Descriptive Statistics for 40 acre PLSS units in both Colorado and Montana. Colorado is limited to what is now Water Division 1 (North-East corner) due to 
limited irrigation data and railroad grant location. See Appendix A for a full description of the variables.  

Of course this says little about the causal effect of the railroad and its land grants. 

Colorado may simply be more suitable for irrigation. Accordingly, we gather and calculate a 

number of other variables that may explain irrigation development. These are included in Table 5 

																																																													
10 In addition, the samples are culled by limiting the sample to sections within the 95th percentile of distance from a 
stream in Montana to preclude areas that would be very unlikely to be developed for irrigation. 
11 Across all of Colorado, the earliest water right is also 1852.  
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as well.  Most important is the proximity to railroads and land grants. Underscoring that the 

Colorado subsample provides a decent counterfactual, in both samples nearly 40 percent are 

within the railroad land grant land. Colorado land, however, is 6 miles closer to a railroad (this 

metric is for the nearest railroad, not necessarily the land grant railroads).  

In addition to latitude and longitude, we gather information on the nearest surface water 

source, including the distance and size.12 Soil quality provides a measure of the soils suitability 

to agriculture, scaled from 1 to 8, with higher numbers being better. For elevation, calculated in 

meters, both the average and standard deviation (giving a measure of topography) are calculated 

for first division (640 acre sections). The samples have similar measures for stream size and 

distance but with Montana with slightly larger and closer streams. Montana, also, on average has 

better soil quality. So on many metrics, Montana appears more suitable for agricultural 

development. Conditional on being irrigated, however, Colorado tends to extend much further 

with its irrigation investment. The median distance away from a stream for irrigated land in 

Montana is 620 meters, while in Colorado the figure is nearly double that (1,122 meters). This is 

suggestive evidence that larger scale investments were less likely to occur in Montana, possibly 

owing to the general uncertainty of land rights and the need for pooling investments for more far 

flung irrigation projects. 

 

Methods 

To test our hypotheses that uncertainty surrounding railroad grants on the Northern 

Pacific delayed and stunted irrigation investment and development in Montana, we analyze the 

outcomes at the quarter-quarter unit of the PLSS land division (40 acres) level within each state 

with more depth analysis in Montana. By focusing within each state, we can adjust for the 

overall differential in timing and focus on the relative distinction between railroad grant lands 

within the state. Specifically, we run regressions akin to a difference-in-difference regression 

separately for each state. The regressions are cross-sectional but we consider how odd sections 

within railroad land grants impact the timing and extent of settlement and irrigation vis-à-vis odd 

																																																													
12 Size is imperfectly measured by Strahler order which scores stream reaches from 1 to 7 (discretely) and increases 
as stream reaches come together. Specifically, when two streams of the same order come together, the resulting 
reach’s Strahler order is 1 higher than the separate streams. When two streams of differing orders come together, the 
resulting reach’s stream maintains the Strahler order of the large stream. 
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sections generally and beyond the railroad land grants. Generally, the regression equation is 

given as: 

𝑌!"# = α ∙ 𝑅𝑎𝑖𝑙! + β ∙ 𝑜𝑑𝑑! + γ ∙ 𝑅𝑎𝑖𝑙!×𝑜𝑑𝑑! + 𝛔′ ∙ 𝐅𝒇 + 𝛒′ ∙ 𝑺𝒖 + ε!"# (2) 

 

Outcomes for 40 acre-units (u) in section s of township f considered include those highlighted in 

the data section: railroad patent, patented, patent year, irrigated, fraction irrigated, and water 

right year. Based on the dependent variable, we utilize various estimates. For indicator variables, 

other than rail patent where 𝑅𝑎𝑖𝑙!×𝑜𝑑𝑑! perfectly predicted the outcome, we utilize a logit 

model. A tobit model is used for the fraction irrigated because it is bound at 0 and 1. We use 

OLS to estimate the patent year and priority year, with these samples smaller as they are 

conditional on being patented or irrigated in the first place. In addition, as a way to 

simultaneously explore whether and when land is settled or irrigated, we conduct a hazard 

analysis. 

 The two coefficients of interest are α, which estimates the impact of being within the 

railroad grant buffer, and γ, which is the estimated impact on an odd section within a railroad 

grant buffer. For the main specification, this definition is inclusive of primary and indemnity 

lands. In general, the expected value of β is zero since an odd section outside of the railroad land 

grants should not be expected to be distinct from even sections barring small effects owing to 

sections 16 and 36 being set aside for State use. Notably we use odd sections and not actual 

railroad patents because we are not interested in the impact of railroad ownership but rather the 

uncertainty whether or not the railroads would receive these lands (and subsequently be able to 

legitimately sell it) or if pre-emptive settlement by other settlers would ultimately trump railroad 

claims in Montana. That is not to dismiss the notion that railroad involvement may not have 

altered development (Hedges, 1926; Zeisler-Vralsted, 1993), but we do not use odd sections to 

instrument for railroad patents because our research question is not about railroad ownership. 

In addition to the variables of interest, we also include township (𝐅𝒇) and unit level (𝑺𝒖) 

covariates. Most notably, we directly control for distance (as a second order polynomial) from 

the nearest railroad. This helps to address the market access impact of being near a rail line 

(Donaldson and Hornbeck, 2016) that are generally correlated with railroad land grant locations. 

Because we also consider the distinction between even and odd sections that are of similar 

distance, we do not expect this inclusion to have much effect, though in Montana where the 
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entire state is in the sample and the Great Northern also traverses the state but did not receive 

land grants, some identification of the rail access effect distinct from the land grant impact is 

garnered. In additional analysis, we also create a placebo buffer around the Great Northern and 

utilize it explicitly as a control rather than just implicitly. Other unit level controls are latitude, 

longitude, distance to and size of nearest stream (with distance squared and interacted with 

stream size), and soil quality. For section level controls we include the average and standard 

deviation of elevation.  

Results 

Regression results for PLSS unit outcomes are provided in Table 7 (settlement) and Table 

8 (irrigation). In terms of settlement, railroads in both states were much more likely to patent odd 

sections within the grant buffer, validating that the grants were adhered to generally, though 

some even sections were procured as well as some land extending beyond the buffer (see Table 

B2 in Appendix B).13 For patents more generally, the odd sections within the grant buffer in both 

states were less likely to be patented. For areas in the indemnity bands, this means the odd 

sections being reserved may have permanently dissuaded settlement. More notably, in Montana 

the even sections were significantly less likely to be settled within the railroad grant while they 

were more likely to be settled in Colorado than even sections beyond the grant. This is despite 

the fact that in both states the even sections within the bounds of the primary grants were sold at 

the “double minimum” per acre. In terms of timing, even sections within railroad grants were 

patented later, but only half a year in Montana compared to 4.5 years in Colorado. However, the 

odd sections within the grant were patented 5-6 years prior to those even sections, suggesting the 

railroads often sorted out their claims first. Finally, looking at the hazard model, even sections in 

Montana were 13.8% less likely to be patented in any given year while the odd sections within 

the grant had even less of a chance of being patented. This is also true of the odd sections in the 

rail grants in Colorado, but the even sections in the grant were not themselves less likely to be 

patented. Overall, the evidence suggests that the railroad grant land in Montana deterred and 

delayed patenting.    

																																																													
13 More generally, we are exploring why odd section is predictive across all the outcomes in both states. Generally 
the point estimates are of an order or two smaller than the interaction term, but the effect is still surprising. Our 
leading theory is that Sections 16 and 36 were set aside for Public uses, but other grants in Montana may be 
important. 
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(1) (2) (3) (4) (5) (6) (7) (8)
VARIABLES

Railroad Grant Buffer 0.00377*** -0.000690* -0.176*** 0.0511** 0.397*** 4.645*** -0.138*** 0.00482
(0.000407) (0.000407) (0.0107) (0.0214) (0.149) (0.541) (0.00862) (0.0164)

Odd Section 0.0300*** 0.000305** 0.0135* 0.0896*** -1.275*** 0.744** 0.0242*** 0.0668***
(0.000515) (0.000123) (0.00808) (0.0173) (0.0957) (0.345) (0.00630) (0.0137)

Railroad Grant Buffer x Odd Section 0.118*** 0.161*** -0.299*** -0.838*** -5.004*** -6.273*** -0.215*** -0.650***
(0.00132) (0.00218) (0.0137) (0.0290) (0.201) (0.776) (0.0114) (0.0234)

Distance to Rail 0.000808*** -0.000143 -0.0257*** 0.0129*** 0.303*** 1.368*** -0.0242*** -0.00149
(5.74e-05) (0.000176) (0.000675) (0.00277) (0.00879) (0.0603) (0.000540) (0.00225)

Distance to Rail^2 -9.18e-06*** 8.71e-06* 0.000314*** -0.00112*** -0.00356*** -0.0304*** 0.000292*** -0.000618***
(9.10e-07) (5.07e-06) (1.21e-05) (9.88e-05) (0.000145) (0.00224) (9.43e-06) (7.96e-05)

Constant 0.0599*** 0.0611*** 0.885*** 0.787*** 1,910*** 1,888***
(0.00413) (0.00590) (0.0325) (0.0625) (0.437) (1.242)

Table 7: Railroad Land Grant  Effect; Settlement

Rail Patent Patent Year Patent YearPatented

Model OLS OLS Logit Logit OLS OLS Hazard Hazard
MT CO MT CO MT CO MT CO

Observations 2,124,538 409,960 2,124,538 409,960 699,508 136,178 2,124,538 409,960
R-squared 0.087 0.135 0.084 0.141

Note: Regression Results for PLSS Second Division Land Units (40 Acres). Railroad Grant Buffer indicates that the unit is within the designated distance from the 
railroad to be in the land grant area. Odd Section indicats that the unit is contained in an section. Railroad distance is in miles from the nearest railroad line (not 
necessarily the Northern Pacific or Union Pacific). Additional unreported controls include latitude and longitude, distance (and distance squared) to and size of nearest 
stream, soil quality, and the median and standard deviation of the elevation for the section. Robust standard errors, clustered by section, in parentheses  

(1) (2) (3) (4) (5) (6) (7) (8)
VARIABLES

Railroad Grant Buffer -0.112*** 1.069*** -0.158*** 2.318*** 4.992*** 0.340 -0.0897*** 0.836***
(0.0198) (0.0680) (0.0168) (0.156) (0.562) (1.377) (0.0164) (0.0515)

Odd Section 0.00613 -0.00833 0.00220 0.00178 -0.0832 0.0366 0.00617 -0.00985
(0.0176) (0.0731) (0.0151) (0.161) (0.465) (1.152) (0.0147) (0.0595)

Railroad Grant Buffer x Odd Section -0.0550** 0.0202 -0.0505** 0.00996 0.661 -0.227 -0.0451** 0.0243
(0.0261) (0.0907) (0.0221) (0.205) (0.721) (1.490) (0.0215) (0.0712)

Distance to Rail -0.0588*** -0.388*** -0.0500*** -0.908*** -0.239*** 1.157*** -0.0469*** -0.326***
(0.00134) (0.00842) (0.00117) (0.0257) (0.0333) (0.289) (0.00112) (0.00720)

Distance to Rail^2 0.000862*** 0.00985*** 0.000700*** 0.0234*** 0.00916*** 0.00915 0.000663*** 0.00780***
(2.32e-05) (0.000295) (1.97e-05) (0.000769) (0.000608) (0.0107) (1.93e-05) (0.000277)

Constant 1.146*** -1.344*** 0.669*** -3.397*** 1,914*** 1,894***
(0.0518) (0.175) (0.0424) (0.391) (1.444) (2.457)

Sigma 1.539*** 4.442***
(0.00717) (0.0890)

Model Logit Logit Tobit Tobit OLS OLS Hazard Hazard
MT CO MT CO MT CO MT CO

Observations 2,124,538 409,960 2,124,536 409,949 333,848 40,022 2,124,538 409,960
R-squared 0.078 0.259

*** p<0.01, ** p<0.05, * p<0.1

Note: Regression Results for PLSS Second Division Land Units (40 Acres). Railroad Grant Buffer indicates that the unit is within the designated distance from the 
railroad to be in the land grant area. Odd Section indicats that the unit is contained in an section. Railroad distance is in miles from the nearest railroad line (not 
necessarily the Northern Pacific or Union Pacific). Additional unreported controls include latitude and longitude, distance (and distance squared) to and size of nearest 
stream, soil quality, and the median and standard deviation of the elevation for the section. Robust standard errors, clustered by section, in parentheses

Table 8: Railroad Land Grant  Effect; Irrigation Development

Irrigated Fraction Irrigated Priority Year Priority Year

 
Irrigation outcomes are presented in Table 8. In many ways, this indicator for 

undertaking a costly asset specific investment better captures the impact of the uncertainty on 

investment. Patent dates, in contrast, may actually represent legal certainty arriving. Strikingly, 

land within the railroad grants in Montana are less likely to come under irrigation than land 

beyond the grants while Colorado grants were extremely more likely to be irrigated. Odd 

sections within that area were even less likely to be irrigated in Montana while there was no 

statistical distinction in Colorado. These results are similar to the fraction irrigated since many of 

the observations are in fact either completely irrigated or completely not. Turning to the priority 
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year, marking the date of investment, water rights tend to be 5 years later within the railroad 

grant in Montana than the land beyond it. Because irrigation projects often require sufficient 

economies of scale, the impact (both in Colorado and Montana) appears the same for the odd 

sections and the even sections. That is, irrigation projects were not well-suited for checkerboard 

ownership and relied on ownership across the grid being settled, so the uncertainty on the odd 

sections were sufficient to also delay investment on the neighboring even sections. Finally, the 

Hazard model provides similar evidence in that Grant land in Montana was 9 percent less likely 

to be brought under irrigation in any given year while railroad grant land in Colorado was much 

more likely to be brought under irrigation.  

Throughout these regressions, land along the Great Northern are included, implicitly 

providing a control for access to a railroad in Montana independent of the land grant issues that 

plagued the Northern Pacific. But in Table 9 we report estimation results for a version of 

equation (2) that includes an indicator for being within 40 miles of either rail line in Montana 

(interacted with odd sections) in addition to an indicator for the Northern Pacific. In terms of 

validating the test, the odds of being a rail patent are lower along the Great Northern but higher 

along the Northern Pacific. Patents along either line are actually less likely than other land, but 

even less likely on the Northern Pacific. For patent year, these lands within 40 miles of the Great 

Northern railroad were patented 4 years later on average, while the Northern Pacific Odd 

sections were patented 9 years prior to that on average. This is in part due to the timing. Again, 

what is more telling are the effects on irrigation. Land along the Great Northern was significantly 

more likely to be brought under irrigation, likely due to the lack of land ownership uncertainty. 

This effect is similar for both odd and even sections. Relative to this, land in the actual land grant 

area of the Northern Pacific was less likely to be irrigated and even less so on odd sections. On 

net, it appears the advantage of the railroad being present was entirely wiped out along the 

Northern Pacific due to the land tenure issues. The fraction irrigated tells a similar story.  
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(1) (2) (3) (4) (5) (6) (7) (8)
VARIABLES Rail Patented Patent Year Patent Year Irrigated Fraction Irrigated Priority Year Priority Year

NP Buffer 0.0105*** -0.0217* -2.335*** -0.184*** -0.249*** -0.336*** 1.419* 0.00692
(0.000612) (0.0129) (0.172) (0.0206) (0.0253) (0.0221) (0.763) (0.0102)

NP Buffer x Odd Section 0.138*** -0.328*** -5.603*** -0.0460* -0.0545* -0.0492* 0.876 -0.230***
(0.00130) (0.0157) (0.217) (0.0266) (0.0323) (0.0280) (0.897) (0.0127)

GN/NP Buffer -0.00719*** -0.247*** 3.905*** 0.151*** 0.217*** 0.279*** 5.458*** -0.232***
(0.000523) (0.0130) (0.154) (0.0223) (0.0269) (0.0230) (0.759) (0.0103)

GN/NP Buffer x Odd Section -0.0367*** 0.0534*** 1.015*** 0.00200 -0.000724 -0.00223 -0.447 0.0275**
(0.000987) (0.0160) (0.188) (0.0294) (0.0351) (0.0301) (0.917) (0.0125)

Odd Section 0.0475*** -0.0122 -1.788*** 0.00518 0.00648 0.00335 0.153 0.0112
(0.000870) (0.0117) (0.140) (0.0201) (0.0237) (0.0195) (0.586) (0.00922)

Distance to Rail 0.000971*** -0.0243*** 0.276*** -0.0480*** -0.0601*** -0.0514*** -0.237*** -0.0227***
(5.74e-05) (0.000681) (0.00879) (0.00114) (0.00135) (0.00118) (0.0334) (0.000546)

Distance to Rail^2 -1.67e-05*** 0.000250*** -0.00232*** 0.000708*** 0.000923*** 0.000775*** 0.0102*** 0.000227***
(9.38e-07) (1.25e-05) (0.000150) (2.00e-05) (2.41e-05) (2.06e-05) (0.000619) (9.89e-06)

Constant 0.0519*** 0.905*** 1,910*** 1.142*** 0.658*** 1,913***
(0.00410) (0.0328) (0.437) (0.0521) (0.0423) (1.456)

Sigma 1.536***
(0.00709)

Model OLS Logit OLS Hazard Logit Tobit OLS Hazard
Observations 2,124,538 2,124,538 699,508 2,124,538 2,124,538 2,124,538 333,848 2,124,538
R-squared 0.090 0.092 0.080

*** p<0.01, ** p<0.05, * p<0.1

Table 9: Railraod Land Grant Effect Relative to Great Northern Railway 
Settlement Irrigation Development

Note: Regression Results for PLSS Second Division Land Units (40 Acres). GN/NP Buffer indicates the unit is within 40 miles of either the Northern Pacific or the Great Northern. NP 
Buffer indicates it is within 40 miles of the Northern Pacific. Odd Section indicats that the unit is contained in an section. Railroad distance is in miles from the nearest railroad line 
(not necessarily the Northern Pacific or Great Northern). Additional unreported controls include latitude and longitude, distance (and distance squared) to and size of nearest stream, 
soil quality, and the median and standard deviation of the elevation for the section. Robust standard errors, clustered by section, in parentheses

 
Time of irrigation is a bit more complex. The analysis as is indicates that irrigation 

development, when it occurred, was 5.5 years later within 40 miles of the Great Northern than 

other areas not along the transcontinental railways. The fact that along the Northern Pacific 

irrigation development was even 1.5 years later than that is important because it was completed 

10 years earlier while the cloud of uncertainty over the land remained.  Figure 2 below helps 

drive this point home. It shows the estimated density function for time from rail completion until 

irrigation for lands within 40 miles of the Montana lines and 20 miles for the KP in Colorado. 

All three railroads seemed to spur some irrigation with an initial spike in activity around 12 years 

out. Then, all three have a subsequent boom around 20 years out, though the Northern Pacific 

seems to stop short, only picking up activity another 10 years out beyond that. The additional 

delay beyond completion stems from investment being thwarted by the considerable uncertainty 

over land ownership. 
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Figure	2:	Density	function	for	the	time	from	railroad	completion	until	irrigation	for	units	within	40	miles	(Montana)	or	20	Miles	
(Colorado)	from	the	specified	railroad. 

 

HYPOTHESIS 3: PRIMARY, INDEMNITY, AND BEYOND IN MONTANA 
Data 

 Data to test the relative development of irrigation at various distances from railroad are 

the same as were utilized for Hypothesis 2 but at times limited to observations within twice the 

railroad land grant distance from the railroad.  

Methods 

 As shown above, lands near railroads were generally more likely to be irrigated. This 

overall effect is probably related to railroads providing greater access to markets and/or building 

routes nearer to desirable land. And while we contend the relative delay in timing within 

Montana indicates an institutional deficiency, we turn to variation in property rights within 

Montana based on the distance from the Northern Pacific line. To do this, we exploit the various 

levels of uncertainty induced by the different treatment of potential railroad land grant land 

discussed previously. Specifically, we consider differences from between the primary lands (0-

20 miles away), the first indemnity band (20-30 miles), the second indemnity band (30-40 miles) 
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and the area beyond that (40-80 miles). Provided in Appendix B, Table B8, estimates of equation 

(2) that distinguish between the primary lands and indemnity lands finds there are often 

differences in outcomes. However, comparing lands immediately adjacent to the rail line to those 

40 miles away may be problematic despite the covariates. Indeed, figures below suggest that land 

near the railroad in Montana is more attractive: it is much more likely to be patented and far 

more likely to be irrigated eventually. 

 

Figure	3:	Average	patent	indicator	for	units	in	Montana	up	to	80	miles	from	the	Northern	Pacific.	Graph	created	by	rdplot	in	
Stata. 
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Figure	4:	Average	irrigation	indicator	for	units	in	Montana	up	to	80	miles	from	the	Northern	Pacific.	Graph	created	by	rdplot	in	
Stata. 

Recognizing that these lands close to the railroad appear substantially distinct from the 

rest, and more generally that land across many miles can vary substantially, we utilize a 

regression discontinuity framework to address selection and focus on land just within or just 

beyond any given legal band. Beyond 10 miles or so these lands were further removed from the 

benefit of the railroad transport and the large streams upon which the railroads tended to run 

along. However, smaller streams populate the landscape that could appeal to the entrepreneurial 

irrigator forced to settle further afield due to the uncertain status of the land closer to the railroad. 

In order to test this, we draw upon a spatial regression discontinuity, looking at how settlement 

patterns differed just within and just beyond the 20-mile, the 30-mile, and the 40-mile mark. 

Given the number of observations and statutory-determined rather than attribute-determined 

extent of potential grants, our data is well suited for this empirical technique. The 20-mile line 

gives an idea of the distinction between primary railroad grant lands and those removed for 

possible replacement whereas the distinction at the 40-mile distance zeroes in on the distinction 



CONFERENCE DRAFT – DO NOT CITE OR CIRCULATE WITHOUT EXPRESS PERMISSION 

41	
	

of being within the indemnity lands, surrounded by considerable uncertainty, and just beyond 

where the Northern Pacific’s legal status was not relevant.  

The estimates employ the rdrobust command in Stata (Calonico et al. 2017) that selects 

an optimal bandwidth trading off between bias and variance. But first, suggestive evidence that 

the railroad grants mattered are provided in the figures below which plot the simple linear fit for 

the year of patent and the year of irrigation for units 20 to 40 miles from the NP and 40 to 60 

miles. They show that there is a distinct change at the border: patents are 1.5 years earlier beyond 

the railroad grant. More importantly, actual irrigation investment occurs nearly 5 years earlier 

just beyond the railroad grant lands in Montana while the slope of the lines remain similar. 

 

Figure	5:	Linear	fit	of	year	patented	of	PLSS	units	(40	acres)	by	distance	from	the	Northern	Pacific.	Separate	regressions	are	
shown	for	20-40	miles	and	40-60	miles. 
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Figure	6:	Linear	fit	of	year	of	irrigation	of	PLSS	units	(40	acres)	by	distance	from	the	Northern	Pacific.	Separate	regressions	are	
shown	for	20-40	miles	and	40-60	miles. 

Results 

Regression discontinuity results for 20, 30, and 40 miles from the Northern Pacific are provided 

in Table 10. Between the primary lands and the indemnity lands, the outcomes do not vary much: 

the only statistically significant result is that sections in the indemnity lands were patented about 

four-fifths of a year later. At the juncture between the first indemnity band, which was 

withdrawn, and the second band, which was not withdrawn, also exhibits few distinctions. First, 

the railroad patents increased slightly in the second band and second, the odds of being irrigated 

decreased slightly. The first result suggests, at least from the NPs perspective, their remained 

deficiencies within the 30-mile mark that made the next indemnity band attractive. However, on 

net, very little differed between the primary lands and the first indemnity band as well as very 

little between first and second indemnity bands.  

The evidence does, however, suggest that there was a much greater distinction between 

sections within the indemnity lands and those just beyond. As expected, the incident of railroad 

patents declines across the threshold. The -0.0134 reduction, though small, is significant 

considering the overall incident of rail patents is around 0.04 and most of this within 20 miles of 

the rail line. Generally, sections beyond the indemnity lands were slightly less likely to be 

patented, though this is no longer true if railroad patents themselves are removed from the 
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sample. Conditional on being patented, patents of sections within the indemnity lands were 

delayed 1 year, or about 6 percent of the standard deviation in patent year. Finally, the indemnity 

lands appear to have reduced and delayed irrigation investment. Lands just beyond the 40-miles 

are more likely irrigated by about 2 percent. Given an average of 17 percent irrigated, this is a 

significant reduction in development and accounts for 5 percent of the standard variation across 

the entire sample. On top of this, even those sections that were brought under irrigation, those 

beyond just beyond the indemnity lands were done so 5.5 years earlier on average. This delay is 

over 15 percent of the standard deviation of water rights in Montana. Given that there are often 

economies of scale to irrigation systems, it is even more striking that this arbitrary institutional 

line created these distinctions on what is otherwise nearly uniform land.  

 

(1) (2) (3) (4) (5)
VARIABLES Rail Patented Patent Year Irrigated Priority Year
Panel A: 20 Miles
Discontinuity 0.00179 -0.000117 -0.838** -0.000576 1.299

(0.00275) (0.00524) (0.349) (0.00487) (1.004)

Observations 1,422,727 1,422,727 435,429 1,422,727 222,289
Bandwidth 4.048 3.369 4.574 2.602 4.574
Panel B: 30 Miles
Discontinuity 0.00699*** 0.000639 0.106 -0.0130*** -1.279

(0.00219) (0.00498) (0.421) (0.00379) (1.592)

Observations 1,422,727 1,422,727 435,429 1,422,727 222,289
Bandwidth 7.966 4.287 4.030 4.950 2.346
Panel C: 40 Miles
Discontinuity -0.0134*** -0.0109** -1.034*** 0.0190*** -5.461***

(0.00301) (0.00499) (0.299) (0.00480) (1.162)

Observations 1,422,727 1,422,727 435,429 1,422,727 222,289
Bandwidth 5.562 4.675 6.277 3.441 4.509

Table 10: Regression Discontinuity  Results, Northern Pacific

*** p<0.01, ** p<0.05, * p<0.1

Note: Results are for the change in the dependent variable at the 20, 30, and 40 miles away from 
the Northern Pacific Railroad. Estimates come from the rdrobust command in Stata. Observations 
include only PLSS sections within 80 miles of the Northern Pacific in Montana. Standard errors in 
parentheses
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A series of robustness checks at the 40-mile discontinuity are provided in Appendix B, 

Tables B9-B13. This includes a Hazard model version in which the relative odds of irrigating 

just beyond the 40-mile increases by 14.5 percent.14  Additional tests of the main RD 

specification include testing discontinuity of covariate, inclusion of covariates, and different 

bandwidths as well as testing only even sections. Results are qualitatively similar. In addition, 

reported below in Table 11, we test whether there is a discontinuity for the other railroads. For 

the GN, we again utilize a placebo grant at 40 miles, limit the observations to those within 80 

miles, but also remove any observations that fall within 45.5 miles of the NP, as these buffers do 

overlap and we do not want to pick up the effect of the observations within the bandwidth 

utilized to estimate the impact of the NP. For the KP in Colorado we use the 20-mile band. For 

the GN, there are some small distinctions, including lands more likely to be patented beyond 40 

miles, yet less likely to be irrigated. Though we expected no effects to be found, these are in the 

opposite direction as those found for the NP. Though irrigation further away from the railroad is 

expected to decline, it is not immediately clear why it does so in a discontinuous fashion here 

where no institutional restrictions are in place. Meanwhile, in Colorado, where the land grants 

faced little uncertainty, the only effect is that which is expected; railroad patents decline past the 

legal limit of grant land.   

(1) (2) (3) (4) (5)
VARIABLES Rail Patented Patent Year Irrigated Priority Year
Panel A: Great Northern (MT)
Discontinuity (40 Miles) -6.46e-05 0.0151** -0.160 -0.0191*** 2.168

(0.000994) (0.00681) (0.313) (0.00608) (1.388)

Observations 835,141 835,141 313,689 835,141 128,185
Bandwidth 9.909 5.508 4.670 2.813 4.665
Panel B: Union Pacific (CO)
Discontinuity (20 Miles) -0.0269*** 0.0154 -1.202 -0.00241 1.202

(0.00314) (0.0108) (0.857) (0.00514) (1.925)

Observations 310,049 310,049 101,133 310,049 35,280
Bandwidth 2.082 1.984 2.937 3.148 3.632

*** p<0.01, ** p<0.05, * p<0.1

Table 11: Discontinuity Placebo Tests

Note: Results are for the change in the dependent variable at edge of the railroad land grants. Panel A is for the 
Great Northern Railroad, observations include only PLSS units within 80 miles of the Great Northern and 
beyond 45.5 miles from the Northern Pacific. Panel B is for the Union Pacific, observations include only PLSS 
units within 40 miles of the rail.  Estimates come from the rdrobust command in Stata. Standard errors in 
parentheses

 
																																																													
14 The odds estimates are arrived at by limiting the sample to those observations within the optimal bandwidth and 
running the Cox Hazard model, interacting the distance from the 40-mile distance with an indicator for which side it 
is on. 
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Empirical Summary and Context 

In sum, our tests provide a variety of evidence supportive of our general hypothesis: 

uncertainty surrounding railroad land grants in Montana had a persistent and negative influence 

on the extent of irrigation development in the state. This evidence varies from the general; 

suggesting that agricultural and irrigation outcomes lagged in Montana behind Colorado even 

when controlling for factors generally associated with these outcomes; to the specific; identifying 

a sizably negative impact on irrigation outcomes just within the fortieth mile away from a 

railroad. The outcome measures where Montana persistently lagged behind Colorado include 

farm value, number of farms, number of irrigated farms, and investment in irrigation overall. 

Next, our granular comparison between Colorado and Montana at the PLSS unit level suggests 

that while sections in railroad land grants were more likely to be irrigated in both Colorado, they 

were less so in Montana with additional decline among the odd sections (whose tenure certainty 

was lower) due to that uncertainty than similarly situated sections in Colorado. A similar 

comparison using priority dates of water appropriation finds Montana railroad grant areas were 

on average 5 years later in obtaining water than other areas in the state, a distinction made more 

notable given that irrigation that developed along the GN line (completed 10 years later) is part 

of the control group. In contrast, railroad grant areas in Colorado appropriated water on at similar 

times to non-grant areas. The relative delay in Montana was for the entire grant area, not simply 

the odd sections open to greater uncertainty. Finally, a regression discontinuity model exploiting 

the end of the indemnity bands forty miles away from the railroad on either side uncovered a 

significant decline in irrigation just within the indemnity bands, as opposed to the lands that were 

never covered by the railroad land grants. Taken together, our results make a compelling 

argument that legal uncertainty stymied irrigation ditch development within the state of 

Montana.  

However, the question remains of how large of an effect, in economic terms, did the 

uncertainty have. For instance, how important is it that irrigation was delayed by 5 years within 

the NP grant? In terms of the railroad’s impact on the economy, Fogel’s central estimate 

(essentially confirmed by Donaldson and Hornbeck 2017) found that railroads delivered 1892 

levels of GNP in 1890, just two years earlier. This arguably makes 5 years a large deal. Still, 

coming up with actual amounts is difficult given our data. On the one hand, the overall lag of 
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Montana with respect to Colorado is quite large and we have shown that the NP land grant 

played a role. On the other hand, there could remain other factors and the results may capture a 

shifting of development in space and time rather than permanent and total declines in irrigation 

development. In general, even if irrigation was simply moved in space, say to beyond the 40-

mile mark, if development occurs on “second-choice” land, then their remains a cost, albeit 

smaller than deterring development completely. Similarly, even areas within the grant that were 

irrigated were possibly done so at a greater cost as odd sections within the band were even less 

likely to be irrigated. This would leave even sections as small “islands” that cannot enjoy the 

economies of scale. Indeed, the county level regressions for irrigation costs per irrigated acre 

found that Montana was generally higher than in Colorado while water right level regressions 

(reported in Appendix B, Table B14) find that those with more land within the NP grant tend to 

have fewer irrigated acres. However, the actual costs of these second-order effects are beyond 

the capability of any data we have found to estimate.  

Our best effort at quantifying the delay is made by returning to the county level data. We 

calculate the fraction of Montana counties that lie within 40 miles of the NP and separately 

calculate the same for the GN. We then interact these with each census year and include these 

with the other county level covariates to regress irrigated acreage and crop value. We then use 

those coefficients to create counterfactuals for Montana and compare it to the predicted values 

from the regression. Shown below in figure 7, we see two important effects.15 One, if we 

removed both rail lines, the amount of irrigated acres would not have extended much beyond the 

1890 levels. Second, had the NP been free of the institutional uncertainty and mimicked the 

development of the GN, irrigated acres would have grown faster and been closer to 3 million 

than 2 million. The estimated impacts on crop value indicate that from 1910, crop values would 

have been $20 million higher on average, or 32 percent if NP grant area looked more like 

development that accompanied the GN on the surrounding land. Admittedly rough, these specific 

estimates should not be taken without question, but they are suggestive that the impact of delays 

and deterrents on irrigation investment well identified above did have substantial economic costs 

for Montana. 

 

																																																													
15 Table B15 in Appendix B provide the point estimates.  
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Figure	7:	Counterfactual	of	Montana	Irrigation	development	and	Crop	Value	by	year	based	on	county	level	regression	estimates	
described	in	the	text	with	full	results	provided	in	Appendix	A.	 

V. Conclusion 

Our study follows in the well-established traditions in economic history of examining the 

impact of institutions on economic development along frontiers, and considering the role of 
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railroads in generating this development. In contrast to most economic analyses of the 

development of railroads, other historical surveys emphasize the extent to which federal support 

for railroad construction resulted in the opportunity for fraud and abuse. Notwithstanding 

specific well-documented instances of corruption like the Credit Mobilier scandal, the larger 

political context in which railroad land grants were administered created a set of costs that were 

broader than the specific opportunities for fraud and abuse. However, other than the well-

understood overcharges associated with the Credit Mobilier construction company, empirical 

estimates of the costs of the political economy of the land grants are lacking. Our analysis 

contributes to both literatures by identifying a detrimental impact of the uncertainty surrounding 

Northern Pacific railroad land grants on the extent of irrigation ditch development in Montana, as 

compared to both Colorado as well as compared to non-railroad-land-grant sections within the 

state of Montana itself. The ways each railroad company that received federal land grants 

developed imply important historical and institutional variation that affected how long each 

railroad took to complete its line and receive its grants.  

The Northern Pacific, Montana’s predominant recipient of federal land grants, was a case 

study in delay and uncertainty surrounding its completion. After a bankruptcy and a protracted 

reorganization, the Northern Pacific completed its line in a historical context that differed widely 

from the period in which most transcontinental land grant railroads completed their lines. 

Following well-publicized fraud and corruption, including the Credit Mobilier scandal, public 

sentiment turned sharply against the railroad companies, giving birth to a land grant forfeiture 

movement. Despite missing statutory deadlines for construction, the Northern Pacific avoided 

forfeiting its grants, but completed its line at a time when the General Land Office was coming 

under considerable fire for its handling of railroad land grants. This meant many of the Northern 

Pacific’s primary land grants patents were tied up in court until 1894, and the company did not 

even select its indemnity lands in full until 1904, a selection which was tied up in federal court 

until 1941. In short, the extended construction period and protracted land selection process 

created considerable legal uncertainty surrounding the status of lands to which the railroad 

thought it was entitled. This context is thus a fruitful one in which to examine the effects of legal 

uncertainty on economic development.   

The delay in irrigation development that we measure in Montana rests upon firm theoretical 

ground. Certainty to title affects the extent to which costly investment in a particular property 
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will occur. The greater the cost of this investment, the more likely the investors are to be 

sensitive to defects in title that could result in costly litigation or the loss of their investment in 

the future. Irrigation projects in the arid west were quite expensive and frequently required the 

buy-in from numerous adjacent patches of the PLSS sections to realize economies of scale, such 

that these projects provide a valuable means by which to test the effect of property rights 

uncertainty on development. We document a considerable lag in irrigation (and subsequently 

agricultural) development in Montana relative to Colorado at a macro-level. Drawing upon a 

unique and granular data set of patent and water rights of individual sections, we further utilize a 

variety of econometric techniques to provide a preponderance of evidence that the legal 

uncertainty induced by the Northern Pacific railroad grants contributed to the delay as compared 

to similar land not subject to legal limbo.  

Our empirical results provide an important counterpoint to the wealth of historical studies 

that find a net beneficial impact of federal policy compensating railroads with land to induce 

development at a more rapid rate than would have otherwise occurred. We do not contest the 

broad picture of net economic benefits of the railroads, but instead show how such a broad 

measure can conceal quantitatively distinct levels of development benefits from one place to 

another, depending on the specific institutional context in which the railroads obtained their 

lands in compensation for the completion of a given line. Similarly, our results suggest that in a 

period of well-recognized fraud and corruption as between the railroads and the government, 

such a rapid handout of public lands was not without its losses.  
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Appendix B: Additional Figures and Tables. 
	

	
	

	
Figure	B1:	United	States	Railroad	Land	Grants.	Source:	top,	XXXX;	bottom,	
http://railroads.unl.edu/documents/view_document.php?id=rail.str.0239		



 
Figure	B2:	Illustration	of	the	PLSS	demarcation	system.	Source:	https://nationalmap.gov/small_scale/a_plss.html	 

	

 
Figure	B3:	Illustration	of	the	Railroad	Land	Grant	Checkerboard,	both	primary	and	indemnity	for	the	case	of	the	Union	Pacific.	
Source:	http://www.wikiwand.com/en/Public_Land_Survey_System	 

	
	



	
Figure	B4:	Northern	Pacific	Land	Grant	Map	in	Montana,	1883.	Source:	https://www.loc.gov/item/98688749/		



	
Figure	B5:	Kansas	and	Denver	Pacific	Land	Grant	Map,	1870.	Source:		

	



	
Figure	B6:	State	level	irrigated	acreage	by	organization	type.	Source:	1910	Census	of	the	United	States,	Chapter	14,	Table	4,	p.	
424.	



	
Figure	B7:	Northern	Pacific	Land	activity.	Net	land	sales	and	land	sales	are	for	the	entire	line	while	rail	patents	are	for	Montana	
only.	Land	sales	come	from	Table	C5	from	XXXXX.	Rail	patents	are	from	GLO	records.	

	
	
	
	
	
	



		
	

	

	
Figure	B8:	Rough	Montana	Township	land	activity.	Top	panel	shows	railroad	patents,	middle	panel	shows	patent	year	(teal	
oldest,	red	most	recent),	bottom	panel	irrigation	activity	(dark	green	more	irrigation).	

	



	

	
	

	
Figure	B9:	Rough	Colorado,	Water	Division	1	Township	land	activity.	Top	panel	shows	railroad	patents,	middle	panel	shows	
patent	year	(teal	oldest,	red	most	recent),	bottom	panel	irrigation	activity	(dark	green	more	irrigation).	

	

	
	



	
Figure	B10:	Number	of	total	patents	by	distance	from	the	Northern	Pacific.	Tabulated	from	GLO	Data.	



	
Figure	B11:	Number	of	rail	patents	by	distance	from	the	Northern	Pacific.	Tabulated	from	GLO	Data.	

	
	
	



	
Figure	B12:	Number	of	rail	patents	by	distance	from	the	Northern	Pacific.	Tabulated	from	GLO	Data.	

	
Table	B1	

	
	
	

	

	

	

	

Entry	Class Freq. Percent Cum. Entry	Class Freq. Percent Cum.
Homestead	EntryOriginal 299,866 42.58 42.58 Homestead	EntryOriginal 64,629 47.46 47.46
Sale-Cash	Entry 103,632 14.71 57.29 Sale-Cash	Entry 34,330 25.21 72.67
Grant-RR	Northern	Pacific 83,569 11.87 69.16 Grant-RR	Union	and	Central 12,836 9.43 82.1
Homestead	Entry-Stock	Raising 47,308 6.72 75.88 Colorado	Enabling	Act 4,775 3.51 85.61
Indian	Trust	Patent 32,664 4.64 80.52 Homestead	Entry-Stock	Raising 4,222 3.1 88.71
Indian	Fee	Patent 20,750 2.95 83.47 Timber	Culture 3,692 2.71 91.42
MT-ND-SD-WA	Enabling	Act 18,442 2.62 86.09
State	Grant-School	Sec	Patent 11,707 1.66 87.75
Indian	Homestead	Trust 11,414 1.62 89.37
Desert	Land	Act 11,294 1.6 90.97

Montana	Patents Colorado	(Water	Division	1)	Patents
Frequency	of	patents	by	Entry	Class	(Statute)



Table	B2	

	
	
	
Table	B3:	Summary	of	County	Level	Analysis	Covariates:	

	
	

	

	

	

	

	

	

	

	

	

	

	

	

	

Range from Railroad Patents Portion Mean Median Mode Minimum Maximum
Montana

0-20 Miles 37,597      0.43         1906 1903 1896 (28%) 1875 1997
20-40 28,804      0.33         1908 1906 1896 (17%) 1894 1997
40-60 19,281      0.22         1909 1910 1916 (14%) 1889 1994
60-80 1,945        0.02         1915 1914 1914 (28%) 1895 1995

Colorado
0-10 6429 0.49         1898 1902 1897 (26%) 1865 1964
10-20 6661 0.51         1900 1902 1897 (32%) 1865 1976

Railroad Patent Years

Montana

Colorado

Variable Obs Mean Obs Mean

Average Precipitation (mm) 87 506.80 59 489.15
Fraction over Aquifer 87 0.42 59 0.47
Largest stream (1-7) 87 3.84 59 3.42
Fraction within 15 miles of large stream 87 0.18 59 0.10
Slope Range 87 47.37 59 45.20
Average Slope 87 21.42 59 22.04
Standard Deviation Slope 87 14.00 59 13.81
Average Soil Suitability 87 5.85 59 5.88
Longitude 87 -107.32 59 -105.50
Latitude 87 41.40 59 38.92
Average Elevation (meters) 87 1990.14 59 2212.54
Population 783 10,227.21     531 9345.47

Note: County level physical measures and population (from 1870-1950 Deceniel census)

County Level Physical Data
Colorado and Montana Colorado

Obs Mean

28 544.00
28 0.33
28 4.71
28 0.37
28 51.93
28 20.12
28 14.40
28 5.79
28 -111.16
28 46.65
28 1521.50

252 12,085.17 

Note: County level physical measures and population (from 1870-1950 Deceniel census)

County Level Physical Data
Montana Difference

-54.85
0.13
-1.29
-0.27
-6.73
1.92
-0.59
0.08
5.66
-7.73

691.05
-2739.70

Note: County level physical measures and population (from 1870-1950 Deceniel census)

County Level Physical Data



Table	B4:	Agricultural	Outcome	County-Level	Regression	Results	

	
	

	

	

(1) (2) (3) (4) (5)
VARIABLES Farm Value Crop Value Livestock Value Farms Improved Acres

County level Agriculture Analysis

Montana -4.603*** -0.718* -0.224 -0.000486*** -0.00725
(1.554) (0.369) (0.243) (0.000108) (0.0167)

Montana x 1880 0.218 0.0397 0.0182 0.0182 -0.00593
(0.787) (0.147) (0.106) (0.106) (0.00921)

Montana x 1890 -0.504 0.00470 0.0161 0.0161 -0.0130
(0.864) (0.167) (0.115) (0.115) (0.00998)

Montana x 1900 -0.588 -0.0456 -0.0988 -0.0988 -0.00843
(0.941) (0.176) (0.123) (0.123) (0.0108)

Montana x 1910 -3.520*** -0.518** -0.143 -0.143 -0.0226*
(1.217) (0.211) (0.150) (0.150) (0.0120)

Montana x 1920 -6.390*** -2.305*** -0.921*** -0.921*** -0.0205
(1.724) (0.416) (0.225) (0.225) (0.0158)

Montana x 1930 -5.329*** -1.320*** -0.538*** -0.538***
(1.323) (0.315) (0.178) (0.178)

Montana x 1940 -4.130*** -0.751*** -0.562*** -0.562*** -0.00731
(1.274) (0.228) (0.175) (0.175) (0.00990)

Montana x 1950 -10.75*** -1.933*** -1.042*** -1.042*** -0.0649***
(2.147) (0.447) (0.373) (0.373) (0.0241)

1880 -0.345 -0.0653 0.0149 4.54e-06 0.00860
(0.601) (0.116) (0.0762) (4.95e-05) (0.00708)

1890 -0.0830 -0.114 0.113 0.000125** 0.0228***
(0.703) (0.139) (0.0919) (5.59e-05) (0.00729)

1900 -0.716 -0.0161 0.444*** 0.000213*** 0.0255***
(0.758) (0.147) (0.0990) (6.69e-05) (0.00770)

1910 3.384*** 0.325** 0.721*** 0.000505*** 0.0555***
(0.886) (0.155) (0.102) (7.25e-05) (0.00775)

1920 9.072*** 2.321*** 1.968*** 0.000650*** 0.102***
(1.312) (0.348) (0.157) (7.74e-05) (0.0124)

1930 5.132*** 1.325*** 1.210*** 0.000658***
(0.990) (0.264) (0.114) (8.43e-05)

1940 2.975*** 0.309* 0.499*** 0.000524*** -0.0161**
(0.885) (0.175) (0.121) (7.65e-05) (0.00713)

1950 15.19*** 1.951*** 3.292*** 0.000369*** 0.149***
(1.777) (0.397) (0.278) (7.03e-05) (0.0216)

Constant -54.17*** -12.38*** -4.963* -0.00618*** 0.208
(17.52) (4.395) (2.846) (0.00136) (0.147)

Observations 1,042 1,042 1,042 1,042 918
R-squared 0.577 0.467 0.640 0.601 0.508

*** p<0.01, ** p<0.05, * p<0.1

Note: All dependent variables are scaled per county acre. Counties are fixed by 1910 borders. Annual Precip, Largest 
Stream, Fraction within 15 miles of large stream, Slope, Soil Suitability, Longitude, Latitude, Average Elevation, and 
Population are all included as additional controls. Robust standard errors in parentheses



Table	B5:	Irrigation	Outcome	County-Level	Regress	Results	

	
	
	

	

	

	

	

	

	

	

	

	

(1) (2) (3) (4) (5)
VARIABLES Irrigated Farms Irrigated Acres Ditch Miles Irrigation Investment Independent Ditch Orgs

County level Irrigation Analysis

Montana -0.000193* -0.00996 0.000182** -1.228** 7.93e-05***
(0.000117) (0.0111) (7.79e-05) (0.529) (2.46e-05)

Montana x 1900 -7.47e-05 -0.00160
(7.87e-05) (0.00662)

Montana x 1910 -0.000257*** -0.0130 -0.000205*** -0.847*** -0.000113***
(9.39e-05) (0.00902) (5.24e-05) (0.283) (2.67e-05)

Montana x 1920 -0.000348*** -0.0290** -0.000162** -1.006*** -5.77e-05***
(0.000101) (0.0114) (6.61e-05) (0.297) (2.10e-05)

Montana x 1930 -0.000357*** -0.0272*** -1.085*** -8.55e-05***
(0.000104) (0.0105) (0.303) (1.80e-05)

Montana x 1940 -0.000291*** -0.0243** -1.185*** -0.000106***
(9.99e-05) (0.0100) (0.340) (2.11e-05)

Montana x 1950 -0.000248** -0.0157* -1.946*** -0.000114***
(0.000101) (0.00927) (0.642) (2.58e-05)

1900 9.70e-05 0.00848
(6.15e-05) (0.00540)

1910 0.000216*** 0.0265*** 0.000309*** 0.880*** 0.000161***
(7.27e-05) (0.00702) (3.96e-05) (0.219) (2.19e-05)

1920 0.000224*** 0.0356*** 0.000312*** 1.141*** 0.000106***
(7.41e-05) (0.00931) (4.28e-05) (0.211) (1.28e-05)

1930 0.000249*** 0.0335*** 1.135*** 0.000103***
(7.79e-05) (0.00851) (0.209) (1.33e-05)

1940 0.000207*** 0.0303*** 1.396*** 0.000136***
(7.29e-05) (0.00813) (0.269) (1.62e-05)

1950 0.000116* 0.0203*** 2.407*** 0.000136***
(6.93e-05) (0.00713) (0.575) (2.09e-05)

Constant -0.00679*** -0.371*** -0.00140* -28.77*** -0.000767***
(0.00159) (0.107) (0.000733) (6.362) (0.000212)

Observations 868 868 372 744 744
R-squared 0.437 0.306 0.324 0.343 0.326
Note: All dependent variables are scaled per county acre. Counties are fixed by 1910 borders. Annual Precip, Largest Stream, Fraction 
within 15 miles of large stream, Slope, Soil Suitability, Longitude, Latitude, Average Elevation, and Population are all included as 
additional controls. Robust standard errors in parentheses



Table	B6:		
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(1) (2) (3) (4) (5) (6) (7) (8)
VARIABLES

Railroad Grant Buffer -0.00455*** -0.00601*** -0.185*** 0.120*** 0.791*** 2.772*** -0.147*** 0.0617***
(0.000470) (0.000763) (0.0122) (0.0258) (0.187) (0.492) (0.00987) (0.0194)

Odd Section 0.0566*** 0.0399*** -0.0500*** -0.0825*** -2.160*** -0.797* -0.0180*** -0.0598***
(0.000626) (0.000986) (0.00735) (0.0157) (0.0920) (0.419) (0.00582) (0.0124)

Railroad Grant Buffer x Odd Section 0.0905*** 0.134*** -0.221*** -0.840*** -3.867*** -5.308*** -0.160*** -0.665***
(0.00170) (0.00322) (0.0162) (0.0344) (0.252) (0.614) (0.0136) (0.0287)

Distance to Rail 0.00127*** 0.00128*** -0.0293*** 0.00675** 0.297*** 1.371*** -0.0265*** -0.00660***
(5.94e-05) (0.000208) (0.000687) (0.00288) (0.00895) (0.0580) (0.000545) (0.00234)

Distance to Rail^2 -2.05e-05*** -6.86e-05*** 0.000382*** -0.000786*** -0.00334*** -0.0317*** 0.000337*** -0.000339***
(9.53e-07) (6.20e-06) (1.21e-05) (0.000100) (0.000147) (0.00221) (9.43e-06) (8.05e-05)

Constant 0.0750*** 0.0589*** 0.827*** 0.789*** 1,910*** 1,890***
(0.00428) (0.00644) (0.0321) (0.0620) (0.437) (1.106)

Model OLS OLS Logit Logit OLS OLS Hazard Hazard
MT CO MT CO MT CO MT CO

Observations 2,124,538 409,960 2,124,538 409,960 699,508 136,178 2,124,538 409,960
R-squared 0.064 0.081 0.084 0.136

*** p<0.01, ** p<0.05, * p<0.1

Railroad Land Grant Effect (Primary): Settlement

Rail Patent Patent Year Patent Year

Note: Regression Results for PLSS Second Division Land Units (40 Acres). Railroad Grant Buffer indicates that the unit is within the designated distance from the railroad to be in the land 
grant area. Odd Section indicats that the unit is contained in an section. Railroad distance is in miles from the nearest railroad line (not necessarily the Northern Pacific or Union Pacific). 
Additional unreported controls include latitude and longitude, distance (and distance squared) to and size of nearest stream, soil quality, and the median and standard deviation of the 
elevation for the section. Robust standard errors, clustered by section, in parentheses

Patented

(1) (2) (3) (4) (5) (6) (7) (8)
VARIABLES

Railroad Grant Buffer -0.186*** 0.540*** -0.232*** 1.327*** 5.632*** -14.26*** -0.140*** 0.431***
(0.0215) (0.0660) (0.0183) (0.161) (0.620) (1.011) (0.0174) (0.0494)

Odd Section -0.00853 0.0117 -0.0100 0.0311 -0.0192 -0.123 -0.00585 0.0133
(0.0154) (0.0552) (0.0132) (0.126) (0.422) (1.201) (0.0130) (0.0429)

Railroad Grant Buffer x Odd Section -0.0323 -0.0179 -0.0332 -0.0668 0.703 0.0202 -0.0269 -0.0135
(0.0286) (0.0887) (0.0240) (0.215) (0.780) (1.342) (0.0232) (0.0662)

Distance to Rail -0.0618*** -0.380*** -0.0538*** -0.915*** -0.137*** 0.538** -0.0490*** -0.323***
(0.00137) (0.00866) (0.00120) (0.0268) (0.0353) (0.274) (0.00114) (0.00749)

Distance to Rail^2 0.000906*** 0.00894*** 0.000758*** 0.0222*** 0.00747*** 0.0220** 0.000694*** 0.00721***
(2.34e-05) (0.000299) (2.00e-05) (0.000774) (0.000622) (0.0102) (1.94e-05) (0.000285)

Constant 1.170*** -1.051*** 0.682*** -2.883*** 1,914*** 1,905***
(0.0517) (0.173) (0.0422) (0.399) (1.444) (2.757)

Sigma 1.538*** 4.553***
(0.00715) (0.0915)

Model Logit Logit Tobit Tobit OLS OLS Hazard Hazard
MT CO MT CO MT CO MT CO

Observations 2,124,538 409,960 2,124,536 409,960 333,848 40,022 2,124,538 409,960
R-squared 0.078 0.326

*** p<0.01, ** p<0.05, * p<0.1

Note: Regression Results for PLSS Second Division Land Units (40 Acres). Railroad Grant Buffer indicates that the unit is within the designated distance from the railroad to be in 
the land grant area. Odd Section indicats that the unit is contained in an section. Railroad distance is in miles from the nearest railroad line (not necessarily the Northern Pacific or 
Union Pacific). Additional unreported controls include latitude and longitude, distance (and distance squared) to and size of nearest stream, soil quality, and the median and standard 
deviation of the elevation for the section. Robust standard errors, clustered by section, in parentheses

Railroad Land Grant Effect (Primary): Irrigation Development

Irrigated Fraction Irrigated Priority Year Priority Year
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(1) (2) (3) (4) (5) (6) (7) (8)
VARIABLES Rail Patented Patent Year Patent Year Irrigated Fraction Irrigated Priority Year Priority Year

Primary Grant 0.00154*** -0.138*** 0.234 -0.108*** -0.187*** -0.207*** 3.796*** -0.139***
(0.000480) (0.0159) (0.237) (0.0130) (0.0287) (0.0240) (0.873) (0.0240)

Rail Grant 0.00288*** -0.103*** 0.293 -0.0775*** -0.00457 -0.0434** 2.833*** -0.00562
(0.000430) (0.0139) (0.188) (0.0113) (0.0263) (0.0219) (0.792) (0.0226)

Odd Section 0.0300*** 0.0135* -1.275*** 0.0242*** 0.00613 0.00218 -0.0826 0.00619
(0.000515) (0.00809) (0.0957) (0.00630) (0.0176) (0.0151) (0.465) (0.0147)

Primary Grant x Odd Section -0.00328 0.0374* 0.554 0.0325* 0.0209 0.0125 0.332 0.0170
(0.00247) (0.0224) (0.354) (0.0191) (0.0397) (0.0331) (1.184) (0.0333)

Rail Grant x Odd Section 0.120*** -0.321*** -5.337*** -0.234*** -0.0678* -0.0578* 0.431 -0.0559*
(0.00198) (0.0190) (0.284) (0.0160) (0.0362) (0.0303) (1.091) (0.0310)

Distance to Rail 0.000806*** -0.0276*** 0.311*** -0.0254*** -0.0615*** -0.0533*** -0.166*** -0.0487***
(5.60e-05) (0.000690) (0.00895) (0.000546) (0.00137) (0.00121) (0.0362) (0.00114)

Distance to Rail^2 -9.15e-06*** 0.000340*** -0.00366*** 0.000309*** 0.000900*** 0.000745*** 0.00811*** 0.000688***
(8.91e-07) (1.22e-05) (0.000147) (9.50e-06) (2.36e-05) (2.01e-05) (0.000641) (1.95e-05)

Constant 0.0599*** 0.911*** 1,910*** 1.178*** 0.707*** 1,913***
(0.00413) (0.0325) (0.438) (0.0520) (0.0425) (1.453)

Sigma 1.538***
(0.00714)

OLS Logit OLS Hazard OLS Tobit OLS Hazard
Observations 2,124,538 2,124,538 699,508 2,124,538 2,124,538 2,124,536 333,848 2,124,538
R-squared 0.087 0.084 0.079 0.079

*** p<0.01, ** p<0.05, * p<0.1

Triple Difference Montana Primary and Indemnity
Settlement Irrigation Development

Note: Regression Results for PLSS Second Division Land Units (40 Acres).Rail Grant indicates the unit is within 40 miles of either the Northern Pacific. Primary Grant indicates it is within 20 miles 
of the Northern Pacific. Odd Section indicats that the unit is contained in an section. Railroad distance is in miles from the nearest railroad line (not necessarily the Northern Pacific or Great Northern). 
Additional unreported controls include latitude and longitude, distance (and distance squared) to and size of nearest stream, soil quality, and the median and standard deviation of the elevation for the 
section. Robust standard errors, clustered by section, in parentheses

(1) (2) (3) (4) (5)
VARIABLES Strahler stream distance Soil Elevation St. Dev. Elevation
Discontinuity (40 Miles) -0.0196 -36.14* -0.0392** -20.23*** 1.871***

(0.0131) (18.65) (0.0196) (6.261) (0.530)

Observations 1,422,727 1,422,727 1,422,727 1,414,375 1,414,375
Bandwidth 3.441 3.441 3.441 3.441 3.441

*** p<0.01, ** p<0.05, * p<0.1

Discontinuity Covariate Tests

Note: Results are for the change in the covariates at 40 miles away from the Northern Pacific Railroad. 
Estimates come from the rdrobust command in Stata. Bandwidth is chosen from the optimal width for 
irrigation as the dependent variable.  Observations include only PLSS sections within 80 miles of the 
Northern Pacific in Montana. Standard errors in parentheses
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(1) (2) (3) (4) (5)
VARIABLES Rail Patented Patent Year Irrigated Priority Year
Discontinuity (40 Miles) 0.000354 -0.00838 -1.743*** 0.0219*** -3.354**

(0.000615) (0.00678) (0.401) (0.00618) (1.439)

Observations 711,819 711,819 231,907 711,819 112,249
Bandwidth

*** p<0.01, ** p<0.05, * p<0.1

Discontinuity for Even Sections

Note: Results are for the change in the dependent variable at 40 miles away from the Northern 
Pacific Railroad. Estimates come from the rdrobust command in Stata.  Observations include 
only even PLSS sections within 80 miles of the Northern Pacific in Montana. Standard errors in 
parentheses

(1) (2) (3) (4) (5)
VARIABLES Rail Patented Patent Year Irrigated Priority Year
Discontinuity (40 Miles) -0.0138*** -0.0143*** -0.657** 0.0177*** -4.606***

(0.00304) (0.00497) (0.298) (0.00445) (1.051)

Observations 1,414,375 1,414,375 432,724 1,414,375 221,190
Bandwidth 3.441 3.441 3.441 3.441 3.441

*** p<0.01, ** p<0.05, * p<0.1

Discontinuity with Covariates

Note: Results are for the change in the dependent variable at 40 miles away from the Northern 
Pacific Railroad. Estimates come from the rdrobust command in Stata and have been adjusted for 
covariates: Strahler order, distance to stream, soil quaility, Elevation, and standard deviation of 
elevation.  Observations include only PLSS sections within 80 miles of the Northern Pacific in 
Montana. Standard errors in parentheses
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(1) (2) (3) (4) (5)
VARIABLES
Panel A: Dep; Irrigated
Discontinuity (40 Miles) 0.00215 0.0208*** 0.0116*** 0.00298 -0.00872***

(0.00895) (0.00397) (0.00278) (0.00226) (0.00194)

Observations 1,422,727 1,422,727 1,422,727 1,422,727 1,422,727
Bandwidth 1 5 10 15 20
Panel B: Dep; Priority Year
Discontinuity (40 Miles) -3.539 -5.457*** -2.134*** -4.194*** -4.529***

(2.391) (1.105) (0.801) (0.654) (0.564)

Observations 222,289 222,289 222,289 222,289 222,289
Bandwidth 1 5 10 15 20

*** p<0.01, ** p<0.05, * p<0.1

Discontinuity Bandwidth Robustness

Note: Results are for the change in the irrigation (indicator and priority year)  at 40 miles away 
from the Northern Pacific Railroad. Estimates come from the rdrobust command in Stata with 
various bandwidths as indicated.  Observations include only PLSS sections within 80 miles of 
the Northern Pacific in Montana. Standard errors in parentheses
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(1) (2)
VARIABLES Patent Irrigated
Discontinuity (>40 miles) -0.0195 0.145*

(0.0393) (0.0801)
Miles beyond 40 miles -0.0332*** -0.105***

(0.0112) (0.0325)
Miles before 40 Miles 0.0102 0.0862**

(0.0150) (0.0419)

Observations 154,227 113,860
Bandwidth 4.675 3.441

*** p<0.01, ** p<0.05, * p<0.1

Discontinuity Hazard Model (40 Miles)

Note: Hazard (Cox) regression results for PLSS Second Division Land 
Units (40 acres). Results are for the change in the dependent variable at 40 
miles away from the Northern Pacific Railroad. Estimates come from the 
stcox command in Stata with patent year or irrigated year as the measure of 
"failure" with development post 1940 treated as survival. Bandwidth 
selection comes from rdrobust command. Observations include only PLSS 
sections within 80 miles of the Northern Pacific in Montana. Standard 
errors in parentheses



Table	B14	

	

	
	

	

	

	

	

	

(1) (2) (3) (4) (5) (6)
VARIABLES Irrigated Acres Irrigated Acres Priority Year Priority Year gap gap

np_20 -109.4 -83.58** -7.034*** 2.493*** -7.343*** 1.815***
(103.3) (37.90) (0.775) (0.567) (0.909) (0.644)

mt_20 33.49 12.35*** 11.79***
(102.1) (0.720) (0.823)

strahler 19.47*** 20.07*** 4.018*** 4.276*** 4.575*** 4.835***
(7.183) (6.655) (0.170) (0.169) (0.191) (0.190)

iwyear -2.376*** -2.351***
(0.726) (0.732)

rail -49.63** -53.05* 11.90*** 10.74*** 24.82*** 23.68***
(23.70) (28.10) (1.465) (1.465) (1.536) (1.533)

streamdistance 0.0304*** 0.0304*** 0.00211*** 0.00213*** 0.00116*** 0.00117***
(0.0117) (0.0117) (0.000168) (0.000169) (0.000192) (0.000192)

d_rail_meters -2.511*** -2.789** -0.0121 -0.116*** -0.193*** -0.292***
(0.892) (1.217) (0.0157) (0.0146) (0.0173) (0.0162)

longitude 4.301** 5.105 2.012*** 2.330*** 0.874*** 1.191***
(2.108) (3.746) (0.0731) (0.0711) (0.0804) (0.0779)

latitude 9.853* 11.93 5.028*** 5.848*** 2.450*** 3.260***
(5.117) (9.465) (0.173) (0.167) (0.190) (0.182)

niccdcd -36.10*** -36.09*** -0.254* -0.254* -1.445*** -1.447***
(9.274) (9.263) (0.150) (0.151) (0.166) (0.167)

median -0.0183 -0.0164 -0.00109* -0.000372 -0.000283 0.000371
(0.0168) (0.0204) (0.000655) (0.000660) (0.000743) (0.000750)

std -0.217 -0.199 0.0392*** 0.0464*** 0.0297*** 0.0376***
(0.171) (0.143) (0.00760) (0.00770) (0.00874) (0.00887)

irr_acres -0.000278** -0.000277* -0.000298** -0.000297**
(0.000136) (0.000145) (0.000140) (0.000148)

Constant 5,054*** 5,004*** 1,908*** 1,907*** -1.984 -2.674
(1,403) (1,413) (3.074) (3.137) (3.504) (3.548)

Observations 29,617 29,617 29,617 29,617 25,249 25,249
R-squared 0.001 0.001 0.086 0.077 0.088 0.081
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Water Right-Level Regressions



Table	B15:	Montana	Level	counterfactual	for	Northern	Pacific	

	

(1) (2)
VARIABLES Crop Value Irrigated Acres

Fraction NP Grant x 1870 -0.0258
(0.0310)

Fraction NP Grant x 1880 -0.00947
(0.0261)

Fraction NP Grant x 1890 -0.173 -0.00651
(0.131) (0.00848)

Fraction NP Grant x 1900 -0.00469 0.0173
(0.224) (0.0180)

Fraction NP Grant x 1910 0.292 0.0331
(0.445) (0.0324)

Fraction NP Grant x 1920 1.703* 0.0477
(0.926) (0.0282)

Fraction NP Grant x 1930 0.453 0.0398
(0.776) (0.0248)

Fraction NP Grant x 1940 0.608 0.0357
(0.468) (0.0214)

Fraction NP Grant x 1950 0.332 0.0362
(1.205) (0.0230)

Fraction GN (Placebo) Grant x 1870 0.0527
(0.0315)

Fraction GN (Placebo) Grant x 1880 0.0367*
(0.0205)

Fraction GN (Placebo) Grant x 1890 0.184 0.00669
(0.135) (0.00790)

Fraction GN (Placebo) Grant x 1900 0.0556 -0.0125
(0.226) (0.0169)

Fraction GN (Placebo) Grant x 1910 -0.288 -0.0297
(0.429) (0.0299)

Fraction GN (Placebo) Grant x 1920 -0.932 -0.0457*
(0.788) (0.0244)

Fraction GN (Placebo) Grant x 1930 -0.532 -0.0319
(0.613) (0.0211)

Fraction GN (Placebo) Grant x 1940 -0.546 -0.0279
(0.361) (0.0177)

Fraction GN (Placebo) Grant x 1950 -0.550 -0.0292
(1.073) (0.0175)

1880 -0.353
(0.701)

1890 -3.439
(2.769)

1900 1.748 -0.00777
(6.790) (0.337)

1910 6.786 0.527
(16.99) (0.705)

1920 12.04 0.828
(32.04) (0.638)

1930 27.07 0.587
(28.61) (0.567)

1940 13.65 0.624
(17.85) (0.569)

1950 22.62 0.362
(39.01) (0.511)

Constant -1.081* -0.170
(0.545) (0.173)

Observations 252 196
R-squared 0.763 0.812

*** p<0.01, ** p<0.05, * p<0.1

Note: All dependent variables are scaled per county acre. Counties are 
fixed by 1910 borders. Annual Precip, Largest Stream, Fraction within 
15 miles of large stream, Slope, Soil Suitability, Longitude, Latitude, 
Average Elevation, Population, fraction wilderness, and fraction BIA 
land are all included as additional controls all interacted with year 
fixed effects. Robust standard errors in parentheses

County level counterfactual estimate, Montana
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