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Abstract

This paper compares the e ectiveness of two alternative property rghts regimes to over-
come the Tragedy of the Commons. One regime is to distribute access righunder public
ownership, as proposed by Samuelson, the other is to sell land to gersde private owner-
ship as proposed by Coase. However, as property rights are not randomly allated, causal
evidence on the relative e ectiveness of these two regimes is sca. | exploit a spatial discon-
tinuity generated by the 1934 Taylor Grazing Act, which created 20,000 miles of plausibly
exogenous boundaries that separated publicly owned rangeland from open-@ass rangeland.
| combine these boundaries with data on the timing of private-property sales to jointly es-
timate the e ects of public and private ownership on resource expldiation and income in
a spatial regression discontinuity design. Using satellite-based getation data, | nd that
both property rights regimes increased vegetation by about 10%, relatived the open-access
control. Census-block-level income data reveals that public ownship raised private house-
hold income by 13% and decreased poverty rates by 18%. To study mechanisml exploit
variation in pre-reform police presence and panel data on farm values, andhow that legal
enforcement through police presence is a necessary condition for tip@sitive and long-lasting
e ects of both regimes to arise.
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1 Introduction

Property rights are a central concept in economics, but how to best irplement them is a
contentious policy issue in many countries around the world. While itis well established that
secure private property rights are important for productivity ( Besley, 1995 Goldstein and Udry,
2008, income (Field, 2005 2007, and wealth (Besley et al, 2012, little is known about the
e ects of poorly de ned property rights to common-pool resources Qstrom, 1990. Here, limited
excludability of entrants and enforcement of rules may condemn farmes to poverty, if they have
to compete with other farmers for use of the same resource. Resourcesahen extracted at a
non-sustainable rate and many policymakers conclude that overcoming tis so-called Tragedy
of the Commons Hardin, 1968 is an important step in ending poverty.

Many policy makers and economists agree that allocating and enforcing formaproperty
rights solves the Tragedy of the Commons. WhileCoase (1960 advocated well-de ned prop-
erty rights on privately owned land, Samuelson(1954) argued for property rights on publicly
owned land through a system of well-de ned access rights. As the typef property right estab-
lished is usually in uenced by the productivity of a resource, enpirical evidence on the relative
e ectiveness of these regimes is virtually absent. Moreover, inHheory both property rights
regimes can be e cient (Lindahl, 1919 Samuelson 1954 Foley, 1970, but privately owned
land may be preferable in areas with weak law enforcement or imperféénformation, and less
suitable for areas where transactions between individuals are costlyJoase 1960. Hence, lack
of causal evidence and theoretical ambiguity present a major challengef policy makers.

This paper sets out to provide the rst answers to two key questiors: First, how e ective
are di erent property rights in reducing resource exploitation and improving living standards?
Second, are there necessary conditions on enforcement, nancial aceeand transaction costs
for these property rights to be e ective? In answering these queions, | focus on historical
variation of ownership caused by the 1934 Taylor Grazing Act, which diviced the livestock
grazing ranges of the American West into di erent property rights regimes.

The main challenge in estimating the causal e ects of the two propertyrights regimes is that
their allocation is correlated with unobservable characteristics. h the context of the United
States, high productivity lands are most suitable for farming crops and private rights tend
to become established on these valuable lands. In contrast, lands unigable for farming are
instead used to graze livestock and either formal access rights or inforal property rights are
established. As a result, estimating the e ect of two property rights regimes may be plagued by
biases, in particular due to the underlying di erences in productivity. To achieve identi cation,

| thus require a separate identi cation strategy for each property rights regime.



| overcome these endogeneity concerns by exploiting a spatial disctinuity in a large-scale
land reform in the United States, namely the 1934 Taylor Grazing Act. The reform created large
grazing districts in nine states to which renewable access rightdating a xed price and quantity
of livestock were distributed to nearby farmers! By law, the total area of grazing districts was
capped at 142,000,000 acres and exclusively selected from vacant and unappreped open-
access rangeland. Grazing boundaries were drawn using plausibly exogenous grid linesam
the Public Land Survey System, which were originally constructed b register land ownership
during between 1851 and 1880. These grid lines were set within open-acsaangeland 50 years
prior to the reform, such that public ownership is quasi-randomly alocated in a very narrow
bandwidth around the grazing boundary. Hence, close to the boundary, ope@access rangeland
serves as a valid control group to estimate the e ect of access rights on seurce extraction,
de ned as property rights on public lands.

To identify the e ect of property rights on private lands, | explore t he timing and location
of purchased rangeland as recorded by the General Land O ce. Since pricand quantity were
xed under the Homestead Act of 1862, quality was the only margin of choice for bugrs. As
a result, the most productive rangeland was sold rst and a comparison b&veen the early
privatized land and unsold rangeland would be biased by underlying prductivity di erences.
Some decades later, the remaining public rangeland was of low quality andvergrazed. In these
areas of arguably equal productivity, | provide evidence that a farmes' decision to purchase
rangeland was uncorrelated with potential yields. As the grazing boundars divided these areas,
they enable me to compare private rights to nearby open-access rangelarmblding productivity
constant. To ensure comparability with the access rights treatment,| focus on privatized plots
inside the grazing districts, since these plots would have beerré¢ated with access rights, had
the reform been passed earlier. A private plot inside the grazing disicts is thus de ned as the
private rights treatment if the plot was purchased between 1916 and 1934. In this setting, land

quality is balanced for all treatments inside the grazing districts ard the open-access control

L Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, and Wyoming (see Figure 2).
Prices were heavily subsidized and quantities determined after surveying the carrying capacity of the district.

2*Open-access' and “common pool' resources concern the same raswe. While the resource is completely
unmanaged in an open-access setting, common pool resources armanaged by a nite number of people in a
community. As argued by Bromley and Cernea (1989, many policy debates actually confuse the two, as the
de nitions are uid, especially when local institutions are u ndermined. The implications here are una ected by
this distinction, as they are equivalent at the very local leve I.

3The results do not change if | instead use privatized plots on either side of the boundary. The selection
here is taken to illustrate the e ects and has the same regression discontinuity design. In 1916, the Stock
Raising Homestead Act quadrupled the available acreage farmers ®uld purchase to 640 acres, in a response to
the ongoing degradation in land quality. More exible specic ations involving decade-of-purchase xed e ects
from 1864 onwards show that plots bought after 1916 are balanced in terms of productivity to the access rights
treatment and the open-access control, while earlier ones were nore productive.



outside the grazing districts. Land is thus quasi-randomly selectednto “private rights' and
“access rights', as well as the “open-access' control.

Given the quasi-random allocation, | compare treatments and control in a egression dis-
continuity design. To proxy for productivity, | digitized maps of s oil erosion in 1934 which were
used to draw the original grazing boundaries and collected additional dataon vegetation, tem-
perature and rain. Additionally, | digitized maps of 6,830 minor civil divi sions which | use to
link census data on population statistics and individual characterisics to its sub-county division
in 1930. | validate the identifying assumptions of the regression discormuity by showing that
all covariates are balanced and continuous at the boundary.

Using high-resolution satellite imagery as a proxy for productivity, | show that access rights
and private rights have no di erential e ect on vegetation close to the boundary. Both property
rights regimes increase vegetation by 10%, compared to open-access rangelavithin one and
ve miles. Image recognition and machine-learning techniques con rmthat this increase in
vegetation directly translates into 25 million acres less of the least pductive, but abundant,
shrub land. In the Sub-Saharan Africa-context, a 10% increase in vegetatn would imply a
30% (150 million acres) reduction in the lowest quality lands.

Using wealth and income data on more than 16,000 census blocks in nine statBem 1990,
2000, and 2010, | show that establishing property rights raised family income ¥ 13% ($5,000),
increased the likelihood of completing high school by 4%, and decread the poverty rate by at
least 18%* This program is likely to be welfare improving as the $71 million annual ©sts are
easily covered by a 1.4% tax on the additional income of people living clos® the boundary.

Finally, | provide evidence against hypotheses of di erential popuhtion growth, migration
or privatization, and try to pin down the necessary conditions for propety rights reforms to
raise private wealth. Using pre-reform data on police presence to pxy for law enforcement,
| show that vegetation and wealth increased only in areas with enforced a@&ss rights. Since
enforced access rights validate o -farm income, farmers could either s the additional value
as collateral or obtain a higher selling price. | use pre-reform data on bak presence to proxy
for nancial access and pre-reform data on newspapers to proxy for lowetransaction costs. |
show that nancial access has no di erential impact on long term outcomes Lower transaction

costs, however, greatly decrease resource exploitation and increasedme and wealth®

4Since census blocks are larger than the resolution of the ownerslp data, | estimate a compound e ect of
access rights and private rights on wealth. This is to my advanta ge, as comparing the wealth e ect of access
rights requires someone to live inside and outside the grazing dstricts.

®Importantly, the e ect is not driven by the spread of information a s radio penetration, de ned as the share
of people with radio in 1930, does not have the same impact as ne/spapers.



| argue that low transaction costs simplify an e ciency improvement d ue to occupation
switching of farm owners. To give evidence for this channel and foaion the e ects of farmers,
| exploit county level data on farm values from the agricultural census 1910{2007 Here, | use
a di erences-in-di erence strategy with a treatment dummy for c ounties with grazing districts
and replicate the results from the regression discontinuity framewrk. | show that the e ects
materialize immediately, inconsistent with a hypothesis of slowy increasing productivity. Then,

I nd support for the hypothesis of market consolidation using evidence from the agricultural
census on fewer, but larger, farms.

My combined results suggest that under ideal conditions, selling reources and renting out
access to resources have the same e ect on sustainability. An indigual with enforced and
exclusive rights to a resource is likely to extract resources at th e cient rate. My results
show that farmers in areas with stronger enforcement and lower transadbn costs may prefer
access rights to privatization for two reasons. First, the least prodative people get a wealth
shock, fostering relocation to more pro table occupations. Second, asormal access rights
may mirror informal existing rights, they might be easier to implement in developing countries
where property rights are a contentious policy issue. Potentially, he results may be explained
by alternative hypotheses, but | nd suggestive and indecisive ewlence against the hypothesis
that police presence proxies for counties with better public serice provision.

My results on vegetation contribute to the literature on managing common+{ool resources
(Ostrom, 1990. | complement evidence from experimental designs on the probabty of de-
struction of resources and the impact of time preferences on exploitédn (Walker and Gardner,
1992 Fehr and Leibbrandt, 2011). | add to the literature of economic e ects of ambiguous
property rights ( Goldstein and Udry, 2008, and well-identi ed historical evidence on issuing
private rights in colonial Congo (Vinez, 2017 or Liberia ( Christensen et al, 2017. | extend this
literature in two substantial ways. First, | exploit a geographical di scontinuity to estimate the
causal impact of access rights and private rights on resources and wealth ah¢ same boundary.
By extending the literatures view on private rights to access righs, this paper presents the
rst causal evidence on the relative e ectiveness of both regimes. &cond, by estimating the
causal long-term e ect of property rights on vegetation, my estimates are ikely to encompass
equilibrium e ects, which would be hard to gauge in experimental andlocal settings.

My results on wealth add to the literature on property rights and wealth. The evidence on
the wealth e ect of access rights extends previous work on the e ect ofsecure private rights
on investments Besley, 1995 Field, 2005 Hornbeck, 2010, labor supply (Field, 2007, assets

(Besley et al, 2012, the distribution of income and crop choice Montero, 2017, and human



capital investments (Bleakley and Ferrie, 2016. | conrm the results in the literature that
farmers bene t directly, and show potentially large spill-overs to the non-farming population in
the same census-block more than 60 years after the reform. The wealtheets are larger than
the estimates in the literature on private rights enforcement, probably because access rights are
more equally distributed among farmers.

My ndings on mechanisms shed some light on how higher wealth may come abdou Us-
ing data on police presence in 1930, | con rm previous results on secure drenforced private
rights (Besley, 1995 Svensson 1998 and extend the implications to access rights where en-
forcement by the government arguably plays a larger rol€. Secure access rights appear more
important than nancial access, even though access rights increase thealue of collateralizable
assets De Sotg 2000. The results con rm that access to nance does have a smaller impaic
than enforcement on increasing investments by the poor Johnson et al, 2002 Galiani and
Schargrodsky 2010. Consistent with recent evidence on First Nations' treaties in Carada, the
introduction of enforced contracts increased incomesAragn, 2015 and alleviated the e ects
of mis-allocation of property rights by realizing the gains from trade (Chernina et al., 2015
Restuccig 2016 Chen et al., 2017).

In what follows, | brie y describe the historical background and the Taylor Grazing Act
before describing the data used in Section 3. | then highlight the iénti cation challenges, the
empirical strategy and validity of my approach in Section 4. In Section 5, | pesent the main
results before discussing mechanisms and identifying necesgazonditions in Section 6. | focus
on the e ects of farmers in Section 7, before discussing the implicans of my ndings. Section

9 concludes the paper.

2 Background on the Land Reform

In many respects, the western United States in 1934 were similar to mgndeveloping countries
today. Rangeland was mismanaged by local farmers and ranchers who usedtexlegal meth-
ods to control public rangeland as privatization attempts failed to bear fruit. This situation,

combined with poor agricultural practices, contributed to a severeland degradation, with the
Dust Bowl (Hansen and Libecap 2004 Hornbeck, 2012 being the most prominent example.

To stop the ongoing land degradation, Congress passed the Taylor Grazing Act.

6SeeAlston et al. (2000 for evidence from Brazil.



In this section, | brie y introduce how property rights were dis tributed prior to the Taylor
Grazing Act and how the act changed the way in which property rights wee de ned in the

western United States.

2.1 Privatization of the Public Domain

During the westward expansion of the United States, the federal goverment disposed of vast
amounts of lands. It considered these lands to be a source of revenue, cahanded over 72
million acres to eleven western states, 90 million acres to railroad copanies, and more than
285 million acres to homesteading citizens.

The rst Homesteading Act of 1862 enabled citizens to apply for 160 acres of pulr land.
After having lived on their homestead for ve years and documented inprovements to it, they
were awarded the land title for a small fee of 10$. Since price and quantity were xed, the
margin of di erentiation for settlers was quality. As the homesteaded land needed to sustain its
owners, the earliest plots usually encompassed the most productvlands. As productivity in
the western states was generally low and decreased further with ongajrprivatization, Congress
reacted by increasing the acreage to 640 acres in 1996By the end of 1934, 236 million acres
(38.9%) of the land area in the nine states had been sold to private indiduals. As shown in
Figure 1, the density of privatizations was lower in states like Arizona and Neva@ with large
amounts of deserts. The continuous decrease in productivity creaté comparable plots where
one was sold shortly before the Taylor Grazing Act, and another which wouldhave been sold,
had the Act not passed in the Congress in 1934.

As most lands in the western United States were unsuitable for agricultire, farmers turned
to grazing cattle and sheep'® To feed their livestock, farmers grazed their animals on their
rangeland, as well as on public rangeland nearby. As the rst farmer reapedhe bene ts on
public rangeland, it could never fully recover from overgrazing and gentually became depleted.
Farmers were painfully aware that they needed to overgraze public anges without recovery

periods as this ensured their customary right to these range$' As these customary rights

"In their e orts to connect the coastal regions, railroad compani es got partially reimbursed with lands close
to the tracks. They were supposed to sell this land o to settlers , but many companies kept their lands as assets.

8The price for outright buying land was 1.25% per acre, a substanti al amount in 1862.

“Powell (1878 suggested that in order to make a pro table living, a homestea der required 2,580 acres in total.
In 1877 there was another increase for some lands in the Desert Lang Act, but the Act referred to here was the
Stock-Raising Homestead act of 1916.

Many lands were also destroyed by agricultural technologies unsuited to local conditions ( Foss 1960).

A New Mexico rancher in 1915:
\I can better a ord to take the $2,500 loss of stock which | know | will have when the dry years eme than to
take my stock 0 my range and try to save some grass which | know! will need in those dry years. | hold on to
my range only by having stock on it. If | take my stock o, someone else will take my range, and | can a ord to



to open-access resources were threatened by an in ow of new farmersda series of bad rain
seasons, overgrazing on the public domain contributed to the “Tragedy dhe Commons' (Hardin,

1969, which motivated the Congress to explore potential solutions*?

2.2 The public grazing solution (Samuelson, 1954)

Following the proposal from stockmen associations in Montana, Congress tblished a rst
trial grazing district on public land in 1928. The Mizpah-Pumpkin Creek grazing district was
intended to demonstrate the bene ts of public management, asit was pretty generally conceded
by 1920, that some sort of grazing regulation was imperative."(Pfe er, 1951). Ranges were
subdivided into parcels to allow for recovering periods and acceswas regulated to nearby
farmers. The bene ts were observed earlier than anticipated when asevere drought hit the
western states in 1930 and the trial district went into the 1931 season wh 20% more vegetation
than adjacent rangeland. As the rangeland was also in better condition and thdéivestock heavier
than on the surrounding rangeland, Congress decided to implement a miilar solution on all of
the remaining public rangeland (Muhn, 1987).

In line with many nature preserving acts of the time®® and the disastrous e ects of the Dust
Bowl (Hansen and Libecap 2004 Hornbeck, 2012, the Congress enacted the Taylor Grazing
Act on June 28, 1934'* It was enacted to:

stop injury to the public grazing lands by preventing overgrazing andog deteriora-
tion, to provide for their orderly use, improvement, and development, tostabilize the

livestock industry dependent upon the public range, and for other purpes.

As a rst step, the Taylor Grazing Act prohibited future sales of the r emaining public lands
in the western United States!® As the act stipulated an upper bound on the acreage to be
covered in grazing districts, the administration set out to identify the areas with most need®

After an extensive soil reconnaissance survey in late 1934 and public heéags in early 1935, 49

lose the stock better than to lose the range.”
Wooten, E.O. (1915) \Factors A ecting Range Management in Ne w Mexico" U.S. Department of Agriculture
Bulletin 211. Figure 5 | show that the periods just leading up to the Taylor Grazing Act w ere especially severe.
12The Supreme court of the United States a rmed the rights to graze an imals on public rangeland (Rundle,
2004).

13 Antiquities Act 1906, National Park Service Organic Act 1916, t o name the most commonly known.

¥ The act was preceded by many state-specic laws, most of which aimed at discriminating against sheep,
such as the \two mile law" in Idaho. However, none of these laws specied conservation of resources as an
objective (Coggins and Lindeberg-Johnson 1982). Prior to enacting the reform, the government tested the range
management in the Mizpah-Pumpkin Creek grazing district in Mon tana in the early 1900s which enlisted the
support of some ranchers (Rundle, 2004).

5The annual purchase of land decreased to about 200,000 acres from g@eak of 18.3 million acres in 1910. See
Figure 6 for the distribution of plots sold from 1900{1934 in my data.

8 The original upper bound was 80 million acres, which was corrected to 142 million in 1936.



grazing districts in nine states were established by 1936 (Figur@). The clear upper bound on
acreage left a number of essentially equivalent areas outside the bouades, which would have
been treated, had the limit been higher. | will use these areas as myoatrol group.

In each grazing district, range surveys determined the optimal numier of cattle or sheep
a range can sustain. The resulting animal units per months [AUM] were ivided between
farmers and types of livestock. Farmers applied for access rights tohe grazing district by
stating a number of AUM they intended to use. Taking into account the usage of ranges ve
years prior to that time and dependent property, the district board allocated farmers a xed
quantity of AUM at a xed price of $0.05 per AUM. 17 Prices were kept low for a number of
years to gain support among farmers and revenues were only used withirhé grazing districts
to improve water supply, re-vegetate the ranges and build roads and feses!® Since prices were
low to enlist participation, independent range surveys determired carrying capacity and farmers
agreed on the need to intervene, this grazing solution may not have beefar from ful lling the
Samuelson(1954 condition of optimal provision of public goods.!® Access rights were issued
for a period of up to ten years and almost automatically renewable to enswe cooperation by
farmers. Further, since revoking access rights when pledged as ctiéral was only possible in
case of grazing violations, these rights became de-facto property rightsed to farms.

Combined with prior privatization of public lands, this institution al reform allows me to
compare the e ect of two types of property rights, private rights and access rights, in their
e ciency to overcome the “Tragedy of the Commons'. As private individuals have the strongest
incentives to behave in an optimal fashion, they serve as a natural besinmark for local resource

management.

3 Data

| combine several sources of data to estimate the e ects of property ghts on resource manage-
ment and wealth. | digitized data on land quality in 1934 and the historical grazing districts

from archival sources. This is the rst time that this data, covering more than 500 million acres

17 Although this system was rather strict, elite capture by powerful farmers lead to many court cases as they
allocated the majority of AUM between themselves, and excluded small farmers (Calef, 1960 Libecap, 1981
Klyza, 1994).

8 These range improvements were relatively cheap but were expectedto have an economic impact as the quality
was so low (Calef, 1960).

9The condition states that the sum of the marginal bene ts is eq ual to the marginal cost of providing the
public good. In the spirit of Lindahl's price system and the allocation mechanism with a cap on quartity, this
is likely to satisfy this condition. Naturally, no farmer has the incentive to truthfully report her demand for the
public good, but as long every farmer asks for 1 + x of her demand, the allocation is optimal.



in nine states, has been combined with historical data on the ownersh of rangeland and the
public land survey system to identify a causal e ect of property rights.

As we have seen, the Taylor Grazing Act regulated the access to, and ingted in, public
ranges in nine states, with the intent to increase the productiviy of rangeland. As the density of
vegetation determines the number of livestock the rangeland can suppt, vegetation is a natural
choice to proxy for productivity and was also surveyed at regular intevals by local o ces.
Unfortunately, local o ces may have di ered in their subjective | udgment of productivity and
only a few original surveys remain?® To conduct a large scale, objective, and long-term analysis
of the impact of property rights on productivity, | use modern satellite data on vegetation that
covers treated and untreated areas of the United States. In this seabin, | introduce data sources

for outcome variables and the main control variables, and brie y discuss heir construction.

Vegetation  Satellite imagery captures di erent colors across the spectrum of ligh Since
measuring vegetation was one of the rst applications of satellites, secahonly to espionage,
already the rst Landsat satellites had cameras that captured red and nearinfra-red lights.
As plants re ect near-infra-red light to protect themselves from overheating, and soil absorbs
near-infra-red light, the relation between the red and near-infra-red light allows me to iden-
tify vegetation from imagery. An example is shown in Figure 7a where | show a test bed of
crops together with the satellite vegetation index in Figure 7b. More dense vegetation is rep-
resented by more near-infra-red light being re ected relative tored light. This ratio, called the
Normalized-Di erence-Vegetation-Index [NDVI], is frequently used in the literature for resource
management Scheftic et al, 2014 and economics Kudamatsu et al., 2016.2%

In my main analysis, | use data from the Advanced Very High Resolution Radioneter
[AVHRR] series. | collapse weekly data from 1989{2016 to reduce measurementrer and error
term correlations across time periods as the treatment is cross-sdéohal (Moulton, 1986. |
construct the NDVI from the red and near-infra-red channel of the satelite at a pixel resolution
of 1 1 km. | show the summary statistics for the estimation sample in Tablel which already
show a higher NDVI inside the grazing districts (3rd row).

| use various satellite series, the Moderate Resolution Imaging Spaoradiometer [MODIS]

at a pixel resolution of 250m and the Landsat NDVI index at 30m to check robustnes®f the

20One of these surveys has been digitized bySkaggs et al. (2010. Although only available for a small part
of New Mexico in 1936, this provides a useful balance test for my analysis. However, according to the authors,
these early surveys were hard to classify and thus | only use their data as a balance test.

2 The formula is: NIR  Red
— e .
NDVI = QiR + Rea 2[ U

NIR stands for Near-Infra-Red light and higher values indicatin g more dense vegetation.

9



ndings. Since these three data series come from di erent sateltes, and capture di erent wave
lengths, they provide independent observations with limited eror correlations.??

| use the AVHRR data in my main analysis since its resolution is closest @ the size of
sections in the Public Land Survey System that is used to administe ownership and balances
the risk for spatial correlation.?® Satellite imagery is likely to be spatially correlated, and more
detailed data increases the severity of this problem. One pixel 'm the AVHRR data capturing
a green forest is equivalent to 16 pixels in the MODIS data, which are prfectly correlated
with each other. The downside of reducing the resolution of the datas the loss in power and
the increased frequency of partially treated observations. Pixels ith centers very close to the
boundary are partially treated because they do not align perfectly withthe grazing boundaries.
This increases the NDVI values for control pixels at the boundary, thus basing the estimate
downwards ?*

Since the values of the NDVI vary from satellite to satellite, level vaues are not comparable.
Then, since only the correlation between NDVI sensors has a clear intpretative value, | use
image classi cation techniques to translate the satellite measuresnito land classi cations. | use
a random forest to predict land types based on NDVI, elevation, and tempeature, and then

interpret the point estimate on property rights in terms of acres of quality land gained.?®

Grazing districts Modern grazing districts are likely to have adapted and exchanged areas
based on experiences after 1935. To avoid this potential selection bias,digitize the original
grazing maps from archival maps. On these maps, the grazing districts areeferenced to the
Public Land Survey System [PLSS], a system to administer ownersp over the vast western
lands2® This system dates back to Thomas Je erson in 1785, and divides the westarstates
into rectangular townships of 6 6 miles, and every township into 36 sections of 11 mile each,
based on reference meridians. Since these meridians were deddetween 1855-1880 in the nine
states, the PLSS is not a ected by land quality and grazing districts in 1934. In implementing

the Taylor Grazing Act, the grazing agency chose to x grazing districts to be made up of these

22Red wavelength with the AVHRR: 0.58-0.68 m and near-infra-red: 0.725-1.1m . Values for the MODIS
version "MOD13Q1' used here are 0.62-0.67n and 0.84-0.87m , respectively. MODIS data constructed using
google earthengine. Landsat satellites are further sources, but due to the large data only the access rights
treatment is tested (Table B.24).

Zgince treatment is de ned by the Public Land Survey System data , this constitutes the level of variation
in the data. Then, since higher resolution data does not change the variation of treatment, but risks spatial
correlation, the AVHRR data is the preferred choice here.

24 A solution is to drop these partially treated pixels. | show robus tness to dropping these pixels in Tables B.8
and B.9.

The land classi cations are based on the o cial land classi ¢ ations from the US Department of Agriculture.

2 For a further discussion on the e ect of this system on property rig hts security, | refer to Libecap and Lueck
(2011).
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1 1 mile sections, so that the boundary of each grazing district perfedy corresponds to the

boundary of the pre-de ned areas.

Ownership data Grazing districts were drawn on a large map, but the e ective treatment
areas varied by ownership status. National parks, national forests, Indianreservations and
other reserved areas were not placed under the jurisdiction of the grag districts and are thus
removed from both control and treatment in my data.?’ Sections of townships with private
property could also not be administered by the grazing administration. To identify which
sections that were privately owned in 1935, | web-scrape the database on ldriransaction by the
General Land O ce [GLO], which provides information on the timing and | ocation of private
purchases using the PLSS (Figure6).?26 Combining the two in Figure 2, historical grazing
districts generally identify treatment and control areas (shaded areay while the ownership
status of every section determines whether a section was treated thi access rights (shaded
and white), private rights (shaded and grey) or open-access (white). i the estimation sample
(Table 1), 19.3% of the observations are de ned as private rights (row 1) and 80.7% are daed

as access rights (row 2).

Soil erosion in 1934  The Taylor Grazing act starts with a proclamation \to stop injury to
the public grazing lands"and initiated a comprehensive soil erosion study covering the westn
United States in October 19342° Based on this study, maps of soil erosion were drawn for all
states, and the most severely damaged public lands were incorporatedtmthe grazing districts.
| digitized these erosion maps for nine states and show two levels of @ion in Figure 2. While
Arizona, Nevada, and Utah are the most eroded states and thus have more grazingigtricts
(Figure 4), | conrm in the balance section 4.4 that erosion is indeed balanced for treatment

and control.

Minor Civil Divisions in 1930 As the Taylor Grazing Act covered vacant and unappropri-
ated lands, less populated places were more likely to be included igrazing districts. Moreover,
as a larger population is a good indicator of development and the presence @blice, banks

or newspapers, it is important to verify pre-treatment balance to attribute contemporaneous

27| drop every 6 mile boundary segment that has a national forest with in 6 miles on either side.

BThe data is available at the sub-section level but considerably more messy. To be conservative, | de ne a
section as private if any part of this section has been sold. Since before 1916, quarters of sections and after 1916
entire sections were sold, this does not a ect the qualitative ndings from the analysis.

2 Generally, soil erosion is de ned as loosened soil caused by ddle or sheep eating the grass that binds the
soil. Similar to the Dust Bowl, where soil was blown away as far as Washington from the Midwest, soil without
grass got washed away in excessive rains.
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wealth di erences to the treatment. | use the grazing boundaries totest the balance of the
population in my empirical setup using statistics for all minor civil divisions of each county.
Every county in the United States was sub-divided into minor civil divisions in 1930 and 1940,
for which data is almost universally available. | digitized the minor civil divisions for Arizona,
Montana, Utah, and Wyoming for 1930, and all nine states in 1946° Where the 1930's equiv-
alent was not available, | digitized the 1940's and followed given annotations d attribute the
1930's statistics. The population census in 1940 also has numbers for 1930, suttat | attribute
population statistics to 6,830 minor civil divisions in 1930 (6,537 in 1940) withih 312 counties
in all nine states. Linking the minor civil divisions to the 5% census sample in 1930, | collect
information about families, houses and occupations at the individual leel and link them to
their geographic position in each county®® Summary statistics of these variables are shown in

Table 1.

Census data in 1990, 2000 and 2010 To estimate the long-term e ects on wealth, |

use census statistics at the census-block group level in 1990, 2000 and 2010. tadb 16,248
geo-coded observations for 1990, 15,701 for 2000 and 17,527 for 2010, and use information on
median family income, median house value, the share of people below thmoverty line and

the share of people with a high school degree to capture growth in indators of long-term
economic development (Tablel, last four rows).3? This data can be used in the same regression
discontinuity design since it is exceptionally detailed with the mean size of a census-block being
3600 acres.

Agricultural Census Since the Taylor Grazing Act mainly a ected farmers, | use the agri-
cultural census 1910{2007 to estimate the dynamic impacts on farmers. The obsvational level
is at the county level such that, for consistency, | re-construct all pre-1935 counties to their
equivalent 1935 county boundaries’® Because counties are often signi cantly larger than graz-
ing districts, | de ne treatment status as an indicator variable of whether any part of the county

is inside the grazing district. Two major data limitations that remai n are the availability of

30 An example for Montana is shown in Figure 9.

1 Unfortunately, the minor civil division code is unavailable fo r the 1930's census from the IPUMS website, so
| have to resort to the 5% sample.

%2The census-block groups change every decade which is why | corsuct the data for every year separately
before merging it into the nal data set. Census-blocks are signi cantly smaller than minor civil divisions and only
available in recent history. Data obtained from the National hist orical geographic information system [NHGIS].
No individual data or earlier data is available at that level.

3| use the intersection of historical boundaries with the bounda ries from 1935 to calculate the share of the
1910 county that is part of its 1935 equivalent. Variables are assigned to their 1935 county code using this share.
To further mitigate concerns, | control for statehood for every coun ty in every regression.
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pre-1935 data and soil erosion maps. Due to changes in the questionnaire, prd subset of
guestions are asked consistently in the 22 survey rounds. Second, ihthe soil erosion maps
cover all grazing boundaries, the eastern parts of Colorado are not drawn orhe source maps.
To have a consistent sample, | drop all counties without information on ®il erosion, leaving 283
counties of which 199 are covered by the Taylor Grazing Act. Since the dylor Grazing Act is

likely to a ect farm and land values, as well as investments and the balae sheet of farms, |

concentrate on these variables in my analysis.

4 Empirical Strategy

Property rights are not randomly allocated in space. Farmers choose the ost productive sec-
tions to purchase and likewise, access rights are distributed on lanthat supports livestock. To
estimate a causal e ect of property rights, | compare property rights within a narrow bandwidth
not exceeding 5 miles around historical grazing boundaries based on samts from the Public
Land Survey System. By choosing a narrow bandwidth and employing aggression discontinuity
design, | capture control and treatment areas that were pre-treatment guivalent.

Especially in a setting where | compare the productivity of areas ttat are in geographic
vicinity, it is important that the functional form of latitude and longit ude su ciently captures
productivity. Not capturing the underlying productivity of eve ry boundary segment risks mis-
interpreting pre-treatment productivity di erences for the treatment e ect.

In this section, | discuss the identi cation strategy, which is based on the observation that
grazing boundaries were set without taking local conditions into accouti | introduce three
speci cations with di erent assumptions about how to capture the underlying productivity.
Having discussed the identi cation strategy and the speci cations, | conclude this section by
de ning my treatment arms and providing evidence that treatments and control are balanced

at the boundary.

4.1 Identi cation Strategy

| aim at estimating a causal e ect of property rights on resource managementnd wealth using
a regression discontinuity design in a small band around the grazing boutaries. However, as
the Taylor Grazing Act stipulated that “vacant and unappropriated' lands be used, the majority
of lands inside the grazing districts are likely of lower average prodctivity than lands outside

the districts. Similarly, since it was intended to include the most severely eroded public lands,

the grazing districts contain worse lands almost by de nition.
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The act demanded that vacant land \not exceeding in the aggregate an area of one hundred
and forty-two million acres" were combined in grazing districts®* Since lands just outside of
grazing districts could well have been treated, had the limit beenset higher, they are likely
to provide a reasonable control group. To decide which areas were treale the act stipulated
that \before grazing districts are created in any State as herein provid#, a hearing shall be held
in the State". With input from these hearings and the limitation on maximum acreages, ®me
districts were approved, while others were not® Since these districts were usually adjacent to
each other, and the boundaries between districts were determineébr administrative reasons,
the underlying land productivity should not vary signi cantly at th e boundary. Similarly, if
preferences in uenced the decision to approve districts, it $ unlikely that preferences change
discontinuously at the boundary.®®

To exactly determine the boundaries of grazing districts, | used ifiormation about ownership
provided by the Public Land Survey System [PLSS]. Since sectionsf the PLSS are 1 1 mile
rectangular and reference lines which were set between 1855-1880, the gragiboundary was
plausibly set orthogonal to local conditions. | visualize the identi cation strategy in Figure
103, showing a typical township and its 36 sections. As the grazing boundaris a straight line,
treatment and control are de ned using the PLSS jointly with ownership data. This pattern is
repeated in Figure 10b, where a farm is split in half as the PLSS is based on reference points
hundredths of miles away without input from local geography. Without | ocal knowledge, many
grazing boundaries were set as straight lines for a number of miles, suggang that treatment and
control are quasi-randomly allocated in a wider range around the boundary. Ashown in Figure
11, the grazing boundary was a visible fence, which separated properly amaged rangeland on
the right from severely overgrazed rangeland on the left. Importantly, the boundary did not
align with other administrative changes, so | can rule out compound treatnent e ects and
isolate the e ects of interest (Keele and Titiunik, 2015.

Not all boundaries were placed within vacant land as some boundaries were @rdetermined

by national parks, national forests and Native American reservations. As the ontrol areas of

%4 The original act in 1934 said 80 million acres, but the situatio n was so bad that already in 1936, this limit
was increased to 142 million acres. The current gure stands at about 155 million acres.

3% An example of this is Nevada, as most of Nevada was suggestedd be covered by grazing districts. After the
hearings and reaching the upper limit of 142 million acres, they decided to leave out the entire center of Nevada
and only focus on the edges close to the other states.

% However, the preferences are unlikely to be a determining factor as the overwhelming majority of farmers were
pro-regulation at the time. Between 1903 and 1906, the Public L and Commission had surveyed a representative
sample of farmers and found that 77% of the farmers who replied favored government control ( Foss 1960, p.42).
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such boundaries are not comparable, | drop these observations and focus onudndary segments
that were placed quasi randomly in space’’

Even if boundaries are quasi-randomly placed, an RDD is invalid if the otcome variables
are manipulated at the cuto . Here, as farmers decide on each plot individially and cattle only
live on the plot for one season per year, the treatment e ect is unlikey to be driven by farmers
intentionally overgrazing areas close to the cuto for 80 years®® Another potential threat
to manipulation arises from the hearings before the grazing districts wre created. However,
as many boundaries formed long and straight lines that split large farms (Fgure 10b), local
manipulation is unlikely to have been systematic3®

In short summary, the maximum on acreage limited the overall size of grazig districts
and created a control group of lands that would have been treated had the lirh been set
higher. Since boundaries were determined using a system of rectgmlar townships and sections
constructed years prior to the act, land is quasi-randomly placed in teatment and control
within a one mile bandwidth around the boundary. Furthermore, much like African borders,
large parts of the grazing boundaries are straight lines, such that areas ftiner away from the

boundary still constitute valid controls.

4.2 Estimation Framework

| follow the literature on geographical discontinuities and use standardversions of spatial regres-
sion discontinuity design [RDD] used in the economics literature Holmes 1998 Black, 1999
Dell, 2010. The design in its most basic form has two forcing variables in latitude and longitude
and relies on two dimensions of choice. First, since the RDD only eshates the local average
treatment e ect at the boundary, | only compare treatment and control observations in a tight
bandwidth of one, two, or three miles. Second, the functional form neeslto capture any other
variable that varies continuously at the boundary. Hence, | use three derent speci cations to
capture potential continuous di erences in productivity in an inc reasingly parsimonious way,

and three bandwidths to show robustness at a local level.

37The largest fraction by far are national forests with 25% of the observ ations within a 6 mile bandwidth. As
they are located in areas with higher productivity, | exclude bo undary segments if a national park is within 6
miles. This dropping rule drops 11,400 miles of border segments ad is robust to excluding any boundary segment
with national forests, parks or Indian reservations that drop a furth er 4,800 miles of border segments. | show
robustness to the dropping rule in Tables B.14{B.17.

% However, as shown by the main RDD graph in Figure 16, leaving out areas close to the cuto would not
a ect the estimates.

39Even if local manipulation happened systematically, withi n one mile vegetation is randomly placed in the
sections of the PLSS and thus randomly assigned to treatment.
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Baseline  The baseline speci cation controls for pre-treatment productivity with a global poly-
nomial in latitude and longitude and estimates the e ect of property rights using a simple

indicator variable:

log(NDVI;) = Treatment; + diStb(i) oyt it "b(i) (1)

Here, | regress the vegetation outcome on pixel on a binary treatment indicator for whether
its center is located inside the grazing district?® Controlling for boundary segment xed e ects
by, the distance to the boundary segmentdisty;y and a global second-order polynomial in
latitude and longitude ;, identi es the local average treatment e ect of property rights.
Since a valid comparison requires geographic proximity between treatent and control, | only
compare observations close the same boundary segmétit.

Distance to the boundary segment and the global polynomial in latitude and bngitude de ne
pre-determined productivity globally across the western states. These variables capture more
productive areas in the north and less productive areas in the southEssentially, | assume that
productivity across the nine states can be represented by a contimous grid of productivity. The
treatment e ect is then identi ed as the di erence between the expected productivity as de ned
by this grid and the actual productivity as indicated by the pixel.

Treatment in a spatial RDD is de ned by two forcing variables, latitu de and longitude.
Controlling exibly for latitude and longitude is su cient, which i s why | do not interact
distance to the closest boundary with the treatment indicator (Lee and Lemieux 201Q Keele
and Titiunik , 20195. | compare observations within one mile of the boundary and since the
AVHRR data has a one km spatial resolution, the coe cient on distance is basd on two
observations away from the boundary*? In such a tight bandwidth, a local linear regression is

often the better choice, which is why | use this as a baseline estiation.

Interacted with distance In my second speci cation, | interact the treatment indicator

with distance to the nearest boundary segment to illustrate the disontinuity and the ndings:

40| use log transformation of the index for several reasons. First, the point estimate of this regression directly
gives the percentage increase over the control group. Second, tk log transformation put more weight on the
most destructed, targeted lands. Third, since negative values are not de ned, this transformation ignores water
bodies which would be a bad control. | show robustness to using astandardized measure in TablesB.18 for the
AVHRR satellites, in Table B.21 for MODIS, and in Table B.24 for Landsat.

41| use 60 miles boundary segments and show the robustness to usig six mile boundary segments in Tables
B.12 and B.13. However, in the main speci cation, this e ectively compares 24 observations on the treatment
side with 24 observations on the control side, severely reducingpower.

42Since the bandwidth is 1.6km, it allows for maximally two 1x1 k m squares to be captures within control and
treatment.
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log(NDVI;) = Treatment; + disty;) Treatment; + distyi) + iy + i+ "piy  (2)

By adding the interaction disty;y Treatment;, this speci cation is closer to the standard
regression discontinuity design based on vote shares in the politicacenomy literature (Lee and
Lemieux, 2010. Here, | assume that the productivity is additionally captured by t he distance
to the border and its functional form may change discontinuously at the border.*3

However, as every observation within 0.3 miles of the boundary is partidy treated, this
speci cation is greatly a ected by the choice of bandwidth, as it estimates the di erence between
the control functions of distance at the boundary** Since partial treatment has a positive e ect
on control observations by increasing their vegetation index, and treatnent observations have a
negative e ect by decreasing their vegetation index, these functinal forms are pivoted towards
each other in small bandwidths*® The treatment e ect is then identi ed as the di erence
between the expected productivity as de ned by the global produdivity grid and the slopes of
productivity as measured by distance to the border. In a two dimersional RDD, distance to
the border is an inferior forcing variable, as treatment is solely detemined by longitude and
latitude. *® Hence, | include this speci cation to visualize the ndings but draw inference from

the baseline speci cation.

Boundary speci ¢ productivity In my third speci cation, | estimate a di erent functional

form of pre-treatment productivity for every boundary segment (Dell, 2010:

log(NDVI;) = Treatment; + distyjy + iy + poylati+ ploni+ i+ "giy  (3)

“3Here | assume that there exists a mapping from productivity Pg(i) 7! dist gm with the number of dimensions
d 2.

4The underlying resolution of the AVHRR data is 1km (0.625miles ). Thus, every pixel that is as close as half
that distance is partially treated.

“SEssentially, partial treatment and productivity are functions o f distance. In the smallest bandwidth of 1
mile of the boundary, the treatment e ect is a ected by the former function of distance since it has a relatively
larger number of partially treated observations. Then, the trea tment e ect is no longer identi ed as the e ect of
property rights, but as a combined e ect of the two counteracting forces. Extending to the maximum bandwidth
in the sample, the point estimates are indi erent from the baseli ne. Excluding partially treated observations, the
point estimates are statistically indi erent to the baseline in most cases. The results are shown in TablesB.8
and B.9.

“6|nteracting longitude and latitude separately with treatment does not solve this issue, as treatment in longi-
tude is always de ned conditional on crossing a threshold in latitude and vice versa. SeeCattaneo et al. (2017)
for more information on geographic RDDs.
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Instead of the global polynomial chosen to capture productivity in the baseline specica-
tion (1), | allow the underlying productivity grid to vary for every bound ary segment. This
speci cation is exible enough to allow productivity to increase with latitude in some areas and
decrease with latitude in others®’

The exibility of this speci cation requires more variation in the d ata. As every boundary
segment has its own latitude and longitude coe cient on top of the xed e ect, it requires
more variation per segment for the central limit theorem to hold. Hence,especially with few
observations in tight bandwidths around boundary segments, inferencés a ected as the number
of observations approaches the number of variable€ However, especially with productivity,
this speci cation captures every unobserved variable that varies cotinuously at the border and
identi es the treatment e ect exclusively from the discontinu ity at the border. Hence, | use the
baseline to draw some inference and report this speci cation as a rolsiness test that captures

productivity most conservatively.

4.3 De ning Treatment Status

In my setting, property rights can take the form of either private right s or access rights. Since
the two treatments are based on their geographic location and ownershig, de ne treatment in
this section.

First, the access rights treatment is de ned as public lands insie the grazing districts, since
nearby farmers could use them if they obtained grazing permits. The arresponding open-access
controls are vacant and unappropriated lands just outside the grazing digticts. Using a three
mile bandwidth around the boundaries, | show in Table1 that 80.7% of the observations inside
the grazing district received the access rights treatment.

Private lands inside the grazing districts are de ned as the private rights treatment and
grouped into decades of purchase. Because prices and quantities wered, quality was the
margin of adjustment farmers used to choose plots. If farmers optimallydecided to purchase
the most productive plots that were available at the time, the averageproductivity of remaining

plots was decreasing over time. Thus, a plot sold in 1880 was more produge than a vacant

“"Here, | assume that there exists a mapping from productivity P to a di erent function f () for every boundary
segment: Pg(i) 7! f(P)ﬁ(i) with the number of dimensions d 2. Essentially, the underlying productivity can be
represented by a di erent hyperplane in every boundary segment. | u se higher ordered polynomials to capture
productivity more exibly in two dimensions in Tables B.6 and B.7 .

“8This issue had been noted in previous papers and has thus not bea reported in Dell (2010 and only partially
reported in Cantoni (2016).
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plot in 1935.4° However, a plot sold in 1934 would have been treated with access rights,all
the Taylor Grazing Act happened one year earlier. Thus, di erences in underlying productivity
between the two treatments diminish the closer the date of purchas is to 1934 as the underlying
productivity is continuous at the boundary, which | verify in the b alance section.

An alternative representation of the private rights treatment is an ind icator for being bought
after the Stock-Raising Homestead Act in 1916. As early as 1878, o cials discussethat in
order to make a sustainable living in most areas in the western statedarmers needed at least
2,560 acres of land Powell, 18789. However, up until 1916, farmers could only purchase up to
160 acres at subsidized prices from the government. Realizing theuggish demand for plots,
the federal government increased the available acreage to one entireion of 640 acres for the
same price>® Therefore, 1916 makes for a natural break point in productivity, as a lowe average
productivity per acre was suddenly su cient to sustain a living. Due to its simple interpretive
value, | use this cuto to plot the RDD graphs and conduct the heterogendty analysis. In Table
1, 1 show that 19.3% of the observations are de ned as private rights.

To fully exploit the local exogeneity of the boundary, | con ne the treatment status for
the private rights treatment to be within the historical grazing dis tricts for all speci cations.
While a private plot outside the grazing districts is similar to a public plot outside the grazing
district in 1934, it was never "at risk' of being treated and thus violatesan assumption of the
identi cation.

To identify the long term e ects on wealth, | use census blocks that are larger than the
resolution of the ownership data. Here | de ne a treatment indicator for a census block being
located inside the grazing district. A pure comparison between priate rights and access rights
is impossible since no individual lives in sections that were puunder the grazing district, this
estimates a compound e ect. | compare farmers with access to open-ag®rangeland to farmers

with access to regulated Taylor Grazing land.

4.4 Balance of Covariates

A valid spatial regression discontinuity design requires that pre-gtermined covariates vary con-
tinuously at the border and are su ciently captured by the polynomial i n latitude and longitude.

In this section, | present evidence in support of the local exogensi of grazing boundaries at two

“®Graphical evidence of this assumption is provided in Figure 14 where | test the balance of pre-treatment
covariates that might a ect productivity. Earlier plots are alw ays more productive than plots sold closer to the
Taylor Grazing Act.

%0To be conservative and due to data quality issues at lower levels of aggregation, | de ne every section as
privately owned in any year, if any record shows that any part of it w as purchased by a private individual or a
company.
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levels. First, | present evidence that control variables for both the access rights and the private
rights treatment for vegetation are balanced across treatment and control. $cond, moving to
population statistics and micro data, | show that the border was set orthogoral to population,
income, wealth and other characteristics of the population.

To establish balance, | estimate the treatments separately using ol public lands in 1935
(Figure 12) and the 1916 cuto for the private rights treatment (Figure 13).°' All variables are
indeed balanced at the boundary. As the Taylor Grazing Act was written to stop injury to the
public grazing lands by (...) soil deterioration Figure 12a for soil erosion and Figurel2b for pre-
treatment vegetation show the most important balance graphs. Clearly, as v move from 5 miles
outside the grazing district to 5 miles within, rangelands are about 4% nore eroded. At the
boundary, however, treatment and control are balanced and continuous. Siilarly, Figure 12b
shows that in New Mexico, there were no pre-existing di erencesn vegetation at the boundary.

In the remainder of Figure 12, | show that other inputs to production such as elevation,
temperature, precipitation and accessibility are balanced at the bounary. Even though 5 miles
outside of grazing districts, rangeland is further away from cities aml less accessible, Figure
12 shows balance at the boundary. This conclusion is supported by the potnestimates in
Appendix Tables B.1 and B.2.

The results carry over to the private rights treatment in Figure 13. In this treatment spec-

i cation, | cannot test the additional identi cation assumption that the marginal productivity
of rangeland decreases closer to the area a ected by the Taylor Grazing Ac Hence, | allow
for a more exible speci cation in Figure 14 where | group privatized rangeland into decades of
purchase and report the point estimates of the regression on the covarias®® As expected, the
earliest rangelands were less eroded due to inherent quality dirences (Figurel4a). However,
already from 1896 onwards, there is no di erence in erosion relative to th open-access control,
i.e. the access rights treatment. Similarly, rangeland bought beforetie turn of the century is at
lower altitudes, is less rugged, as well as closer to rivers and cise The smooth increase in the
point estimates in Figure 14 provides additional evidence that land quality did indeed decrease

over time and, importantly, all treatments and controls are balanced from 1916 onwards. The

1 The estimation results are shown in Appendix Tables B.1 and B.2.
52Every gure is a separate regression including decades of purchasexed e ects and the access rights treatment.
The speci cation is similar to the baseline in equation ( 1). Speci cally, the estimation equation is:

X
INNDV I = Access rlghts + 4 Soldin Decadea;i + diStb(i) + piyt it "b(i)
d

and the Tables and Figures report the coe cients and 4.
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results suggest that my design provides valid counterfactuals to eghate the e ects on resource
management and compare the e ects of access rights and private rights.

Since all covariates jointly determine erosion, | predict the erosin indicator using a probit
and a linear probability model. The results are shown in FigureA.1 and Table B.3. By reducing
the dimension of productivity to one variable capturing the severty of erosion, | increase power
to detect worse types of lands. However, this reduced dimension caring the probability of
erosion is also balanced at the boundary?

Minor civil divisions, a sub-county aggregation available in 1930 and 1940, are largehan
a section from the PLSS, which is why the estimation features a sim@ treatment dummy for
being inside the grazing districts®>* This speci cation then captures the e ect of access rights,
as both sides of the boundary have privatized plots. | show that all popuation numbers and
characteristics are balanced and continuous at the boundary (Figurel5).>® As all covariates
including income and earning scores are balanced prior to the reformt is likely that any impact
on income and wealth stems directly from property rights.

Taken together, the evidence provided here suggests that the Taylofrazing Act in 1934
provides a valid quasi-experimental setting to evaluate the e ets of property rights on resource

management, income and wealth.

5 Results

To the owner, property rights guarantee exclusive access to a plot ofahd. As the Mizpah-
Pumpkin Creek experiment showed prior to the Taylor Grazing Act, enforcing exclusive access
increases productivity, as farmers are forced to adopt more sustainablgrazing strategies. As
farmers gain long-term property rights, these become a valuable asset tihe farmer. Enforced
property rights can then be used as collateral for investments or sold togber with the farm to
achieve a higher price.

This section documents a causal link between establishing propsr rights and wealth more
than 60 years later. This time span allows spill-overs and equilibim e ects to manifest them-

selves and provides an adequate picture of a large scale property righteform. The rst part

%3The probability of erosion is balanced in the closest bandwidt h of one mile, and increases by 0.3 percentage
points at the two mile boundary. However, since the graph shows continuity and no other speci cation shows
any signi cance, this is balanced at the boundary.

54 Speci cally, the estimation equation is:

Y = Inside Grazing District i diStb(i) + b(i) + i+ "b(i)

S Estimation results are shown in Appendix Tables B.4 and B.5.

21



documents the impact of a change in property rights on the targeted outcom, resource man-
agement, and its impacts on wealth, before moving on to potential undesling mechanisms.

In my setting, property rights are de ned as both access rights to publc lands, and private
rights on purchased land. | rst separate their e ects and compare the wo solutions to the
“Tragedy of the Commons' by Samuelson(1954 and Coase(1960. Then, using their empirical
equivalence, | estimate the joint e ect of property rights on wealth using modern day census-

block data.

Access rights as property rights The main result for access rights is visualized in Figure
16. | plot the residuals, controlling for boundary segment xed e ects, a exible polynomial
in latitude and longitude, and distance to the boundary in a ve-mile bandwidth around the
boundary.>® Moving from an open-access regime on the left-hand side of Figurks to an access
rights regime on the right-hand side signi cantly increases the deniy of vegetation.

The graphical nding is corroborated by empirical evidence in Table 2 for all empirical
speci cations. In all speci cations and bandwidths, public and vacant land in 1935 which was
put under government control shows a 7-12% increase in density of vegaton.®’ Issuing access
rights to control the number of cattle on ranges, fencing of ranges and smaimprovements in
water access have a substantial e ect on the productivity of the land>®

For this to be a causal nding, it is important to compare pixels which were similar prior
to treatment. In my setting, this requires the expected produdivity function to be continuous
across the threshold and su ciently captured by the speci cation. | n the baseline, | compare
pixels along a 60 mile boundary segment, and drop entire 6 mile boundaryegments if there
was a national forest on any side. In TableB.12, | make the comparison within an even tighter

corridor of 6 miles along the boundary segment and up to 3 miles in bandwith. Furthermore,

%6 Each bin is 0.125 miles wide and the con dence intervals are corstructed using bootstrapped standard errors
with the boundary segment as the sampling cluster.

5" For more speci cations, see Table B.6 and for more bandwidths, see the left panel of Figure A.2. All point
estimates are statistically indistinguishable in all bandw idths and speci cations, except for the “Interacted with
Distance' speci cation. However, as argued in the empirical stra tegy section, the lower point estimate is due to
partial treatment. | exclude partially treated observations in F igure A.4a and Table B.8 to show that the point
estimates are stable and indistinguishable. More bandwidths are shown in Figure A.3. The results are more
stable than the original bandwidths shown in Figure A.2, suggesting that partial treatment implies a downward
bias close to the cuto . Thus, as control pixels close to the boundary are partially treated and show higher NDVI
values than their control pixels further outside the grazing dis tricts, the curvature close to the cuto explains the
sensitivity of this speci cation in small bandwidths.

8 These results support reports for the “Mizpah River Pumpkin Creek' experiment prior to the Taylor Grazing
Act, where it was noted that \after three years (...) there is twice as much grass on the Mizpah as before, although
the carrying capacity has been increased from 3,000 to 5,000head". Harold Ickes, Secretary of the Interior, \The
National Domain and the New Deal" Saturday Evening Post December 23, 1933, p.11.
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Table B.14 and Table B.16 explore the sensitivity to dropping entire 60 mile segments if it
incorporates a forest or keeping all boundary segments.

Furthermore, as standard errors are likely spatially correlated, clusering by border segments
might lead to wrong inference. Thus, | explore di erent cuto s for s patial clustering in Table
B.11 and show that no reasonable assumption on spatial correlation a ects infengce. Another
way to calculate standard errors is based on randomization inferenceAthey and Imbens, 2017).
Drawing 200 random grazing districts in the nine states, | report the dstribution of the point
estimate and T-statistic in Figure A.6. In all six graphs, the baseline point estimates are clear
extreme values of the distribution indicating a signi cant baseline result.>°

To translate the estimated treatment e ect into changes from shrubland to grassland, |
use a machine learning approach to classify lands in the nine westerstates. Using the U.S
Department of Agriculture cropland data layer from 2016, | identify the most common land
usage types in my data®® Using these land types, | create a random training sample from the
data and train a model to classify land types using the MODIS NDVI data, average temperature
and elevation®' In Table 5 column (2), | show the total area in million acre for the top ve
land categories. Around 300 million acres are shrubland and 100 million acres amggass land,
which can be used to graze cattle.

To capture varying degrees of non-linearities, | use two machine leaing approaches. Both
the support vector machine algorithm (columns 3-5), and the random forest ¢olumns 6-8)
highlight their accuracy in predicting the distribution of land typ es in the baseline. Both
algorithms suggest that a ten percent increase in NDVI in column (4) imples that more than
25 million acres of shrub land are transformed into grass land. Even thoughhte random forest
results are slightly smaller, they con rm the initial results that for every percentage increase in
vegetation, more than 1% of the shrub land is transformed into grass land$? An even larger
impact is found in Sub-Saharan Africa, where the average NDVI is similar, It the impact is

about 3% for each percent increase in vegetation.

59| repeat the exercise in Figure A.10 for the wealth outcomes.

%0The top 5 common land types are: 51 % shrubland (also known as bus or scrub land), 22% evergreen forest,
11% grassland, 4% deciduous forest and 4% barren lands. Data from CrofScape.

61 Average temperature at the grid cell level and elevations are controls, much like in a regression. The prediction
algorithm is then conditional on temperature and elevation. Mo derate Resolution Imaging Spectroradiometer
[MODIS], values for red and near-infra-red from version "MOD13Q1' used h ere are 0.62-0.67m and 0.84-0.87m
respectively. Data processed using Google earthengine. The resliis are shown in Figure A.5a. Results focusing on
heterogeneous treatment e ects on shrub lands suggest that abaut 10% are transformed into grassland, consistent
with the results presented here.

2Using the land classi cation data as output, | nd the same po int estimates as on NDVI (Table B.25).
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In all speci cations, access rights signi cantly increase vegetation asompared to an open-
access regime. While an important result, the e ciency of this treatment can only be compared

using the benchmark of privatization.

Private rights as property rights To compare private rights to open-access regimes, |
de ne comparable treatment and control groups. By grouping private lands nto decades of
purchase in Figurel4, | ensure that private plots sold close to 1934 are comparable to the open-
access control and the access rights. The results on vegetation in Tablkand Figure 18, it is
clear that plots sold in 1866 are 40% more productive than the open-access coak. % However,
plots sold after the “Stock-Raising Homestead Act' in 1916 are comparable in ect sizes to the
access rights treatment and suggest a 10% increase in productivity. Cdomed with balanced
covariates (Figure 14), Figure 18 provides additional evidence in favor of a decreasing marginal
productivity for rangeland sold closer to the Taylor Grazing Act.

Thus, | use the Stock-Raising Homestead Act in 1916 as a natural cuto to hae a simple
division of treatments. Access rights treatments are de ned on unsoldplots in 1935 inside the
grazing districts while private rights treatments are de ned as those plots sold after 1916. The
open-access control groups are unsold plots in 1935 outside the grazing dists.®*

The RDD graph in Figure 17 shows the same discontinuity as the access rights treatment
before. In Table 4, | empirically test the equality of treatments and cannot reject the null
hypothesis of equality in most speci cations. Partial treatment heavily a ects the Interacted
with Distance' speci cations and excluding partially treated observations in Table B.9 results
in a similarity of e ect sizes in eight speci cations, with only the largest bandwidth being
signi cantly di erent at the 5% level.

Once more, to properly control for pre-treatment productivity, | ¢ ompare within 6 mile
boundary segments (TableB.13), drop 60 mile boundary segments (TableB.15), keep all seg-
ments (Table B.17), and show various bandwidths in the right-hand panel of Figure A.2. To
address concerns about the log transformation of the vegetation index, | gsiw the point esti-

mates on the standardized vegetation index and levels in Tablé.18 and B.19, respectively5®

83The estimation equation is:

X
INNDV I = Access rights + ¢ Sold in Decadey; + distpiy + i)y + i+ "b(i)
d

and the Tables and Figures report the coe cients  and 4.

% Private plots sold prior to 1916 are excluded, as are private plots outside the grazing districts. Including the
private plots outside the grazing district does not a ect the po int estimates (Table B.23).

8 Although the index is normalized to lie within the interval [-1 1], it is a ected by the actual values of red and
near-infra-red lights. Thus, comparisons across sensors are only pesible in terms of correlations. | standardize
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All results suggest that access rights and private rights have the same &ct on vegetation within
a tightly de ned bandwidth around the grazing district boundaries. %°
This conclusion is supported by the results in FigureA.5a and Table B.20, where | instead use
the MODIS data. Since NDVI values are calculated from di erent wavelengths as compared to
the original data source, the e ects are slightly smaller, but more stalle across all bandwidths®’
The results point to an equivalence of private rights and access rightand suggest an answer
to the rst question. Both forms of property rights are better forms of r esource management
than open-access management in the western U.S. In a modest intergetion, the presented
results show a rst stage, where access rights were distributedhat were as e ective as private
rights. While this equivalence speaks to critiques of either tyg of property rights, it also

suggests that access rights could increase the value of assets, similargroperty rights.

Property rights e ects on wealth The equivalence of government intervention distributing
access rights and privatization in terms of vegetation leads to the quegbn of how property rights
a ect wealth. Enforced property rights for private rights increase the assets of a household.
Whether access rights have a similar e ect on wealth is an important qeestion when considering
welfare e ects.

Using census-block data from 1990, 2000 and 2010, | show in Figut® how income, poverty,
schooling and house values are a ected. In this setup, | only separatediween inside and outside
the grazing district as census-blocks on both sides have both privatrights and open-acces8®
| refer to the previous results and argue that the e ect stems from goernment intervention
distributing access rights 8°

Families living inside the grazing districts have a slightly large median income, are less
likely to be below the poverty line, more likely to have a high sdool degree, and to have more

assets in terms of housing. Thus, in terms of development indicatorsgcensus-blocks inside

the values by its standard deviation and the mean to have a comparable index across sensors, similar to the log
transformation. The results from the MODIS data are comparable (Table B.21).

% For spatially corrected standard errors, see Table B.11.

57The results are robust to the same robustness checks as the AVHRR data (Table B.22). The same e ect
is found using Landsat imagery. Here, the average e ect is slightly smaller, but the consistency over three
bandwidths and speci cations highlights the robustness of t his nding (Table B.24). The data is processed using
Google earthengine.

% Speci cally, the estimation equation is:

Y = Inside Grazing District Pt |Og(SiZE Census B|OC|() + diStb(i) + iyt it "b(i)

where | include the size of the census block to have comparable ensus blocks. Results are qualitatively the same
if dropped.

1t is likely a combined e ect, but while the share of private plo ts is larger inside the grazing districts in
1935, there is no signi cant di erence in 2010. Thus, the e ect of private wealth accumulation should cancel out,
leaving the access rights vs open-access comparison driving th results.
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grazing districts show more signs of development. | show in Tablés, among other things,
that the median family income is 13% larger close to the boundary?® Strikingly, poverty rates
consistently decrease by 2-6 percentage points, translating into deeases of at least 18% over
the average rate of 0.121

The results suggest that secured tenure and freed capital allowed thfarmer to re-invest in
education and housing and subsequently grow out of poverty. Since cens blocks cover every
resident, they contain valuable spill-overs from farmers to non-faming community members.
These spillovers are especially welcome, as they magnify the per ¢ value of an intervention.
Here, distributing the access rights at 7% of the cost of private grazingdes generated income
increases of $5,000 per household or $1,300 per capita to one million peoplerigiwithin 3 miles
of the boundary. Comparing this to the $71,000,000 annual costs for only those tax pears, a
1.4% tax on the additional income of the people most a ected would cover all cds.’?

Issuing property rights, that is access rights for public lands, or sking lands to individuals,
increases the vegetation and economic development. Moreover, therg an equivalence ofCoase
(1960 and Samuelson(1954) for the average e ect on resource management as measured by the
denseness of vegetation. However, pre-treatment conditions might f@r the one or the other
solution, such that drawing conclusions for modern day policies regjres that it is investigated

what conditions shape the e ectiveness of property rights.

6 Channels

The grazing administration included the worst land types in the grazing districts. The results of

the previous section show that these lands now feature substantigflmore vegetation and richer

1n 1940, income is balanced at the border using the minor civil divisions. The results are not shown, as they
are based on the 1% sample of the census and post-treatment data

"L Since these estimates are based on pooled data, | verify in TableB.26 that the results are consistent across all
years. Moreover, the results are stable across the robustness checkin Tables B.27{B.31. Various speci cations
are robust (Table B.27) and dropping partially treated census-blocks (Table B.28) increases the robustness to
bandwidths as before. Similarly, neither spatially corrected st andard errors (Table B.29), nor comparing only
within 6 miles (Table B.30) or comparing within the original sample from the satellite data (Table B.31) does
impact inference. Furthermore, the results are robust to narrow bandwi dths of up to three miles (Figure A.7),
extreme bandwidths of up to 200 miles away from the boundary (Figu re A.8), and excluding partially treated
observations (Figure A.9). Furthermore, additional outcomes in Table B.32 show similar e ects in per capita
income, the number of bachelor degrees, population, mortgage shares, as well as social security and public
assistance programs. Randomization inference based on drawing 20 random borders highlight the validity of
my results (Figure A.10).

2 Comparing this to the 6.4 million residents in those states, th e additional tax revenue at the state level would
be even smaller. Moreover, as all tax payers obtain some value from ron-destroyed lands, this policy is likely to
be welfare generating. The numbers are taken from Glaser et al. (2015. Revenues per Animal Unit per Month
[AUM] in 2014: $1.35, with 8,594,442 AUM in 2012. Total grazin g receipts in 2014: $14,585,000. Costs for
Grazing Appropriations in 2013: $85,280,000. In 2016, the grazing fees are at least $1.65 and every state had
surcharges per AUM of at least $2.56. Even taking into account foregone income where the price on the private
range is about $20, the program would be welfare improving due to the immense per year increases in income.
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inhabitants more than 60 years later. In this section, | try to deepen ou understanding of the

mechanisms behind these results. | show that the worst types of lahwere the most a ected

by the grazing districts, and that the most likely explanation for the i mpact on vegetation is an

introduction of recovery periods without grazing during the winter months. Credibly enforcing

farmers' access right to ranges makes them willing to move the cattle the range when needed.
To proxy for farmers' beliefs about enforcement, | use the existece of police, as well as the
quality of policing.

With increasingly secure property rights, a farm appreciates in valwe for its owner. Using her
property rights as collateral, a farmer may be able to obtain a larger loan or a flgher selling price
for the farm on the market. The data suggests no heterogeneous treatmentexts of nancial
access and instead points toward increased consolidation of farms. Givethat farm values
increased, evidence suggests that more farmers sold their farms and weal to more pro table
occupations. Such relocation is stronger in counties with lower trasaction costs which show
larger increases in wealth. The persistence of the resulting wedlte ects more than 60 years
later suggests that the reallocation of individuals had positive equilbrium e ects.

The results suggest that initial constraints on the farmers' ability t o reap the bene ts from
investing were lifted by enforcing property rights, and that the re-allocation of property rights
increased their productivity. Heterogeneous e ects of enforcemen nancial access and consol-
idation are likely to depend on the continued presence of these enahl institutions. However,
as some institutions might respond endogenously to the Taylor Grazing At | restrict myself to
pre-determined variables. By exploiting the time variation in the Agricultural Census, | show
that this selection is justi ed, as the reform had a near instant impact on farm values.”® Since
the enabling institutions are more likely to be present in cities | show that neither population
density, distance to the closest large city, nor the grazing boundarytself predict the presence of
these institutions in 1930. To validate the proposed mechanisms, | rul@ut confounding factors
by showing that population growth, migration and privatization could not ex plain the results

as each is balanced in 1930 and today.

Implementation of the Reform The Taylor Grazing Act aimed at improving the state of
the worst lands in the western United States. Such lands can be charaetized by a strong
population pressure on resources, barren or shrubland with the loweNDVI values, or the

most severely eroded lands. Using the minor civil divisions from 1930, éxploit high resolution

In Section 7. | show the e ects in 1940 and 1945. Considering that those were war years, and endogenous
response to the Taylor Grazing Act is even less likely.
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population data to capture the severity of the Tragedy of the Commons. In aeas with low
population, resources are unlikely to be over-exploited, as farmerdo not overlap in their claims

or self-organize to manage the resourceqstrom, 1990. In Figure 20, | divide the population

into quantiles and report the average marginal e ects in each quantile ér access rights’* Figure

20a on population shows that the e ects are concentrated in the upper poplation quantiles,

except for the densest areas. Since the fth quintile is likely b corresponds to more urban
areas, the evidence here is consistent with access rights redugirthe population pressure on
rangeland.

Naturally, the population pressure should also a ect the quality of the land. With the data
at hand, | can derive two, more direct, measures of land quality shown inFigure 20b and
c. First, | divide the dependent variable into quantiles and showthat the e ect is driven by
the lowest vegetation, shown in the largest quintile. Conditioning on the outcome variable,
| estimate the e ect in every quintile of the NDVI distribution, in stead of the average e ect.
Together with the land-classi cation results in Table 5, this suggests that an impact is seen only
at the lower end, thereby increasing the quality of the worst type oflands.”®

Another measure of land quality comes from soil erosion. However, as erosiotself is
driven by all factors of production, merely using soil erosion as an inteaction does not capture
the full underlying heterogeneity. Similarly, a heterogeneity aralysis using all covariates lacks
power and is unlikely to yield signi cant results. To reduce the dimension of soil quality from
the nine variables shown in Tablel, | predict soil erosion by the other covariates in a linear
probability model.’® The resulting continuous probability is then split into quintil es and the
average marginal e ects reported in Figure20c. Lands which were more likely to be severely
eroded in 1934 show greater improvements than lands that were not erode

Figure 21 indicates that the di erence between control and treatment may be &plained by

an introduction of a recovery period in the winter months. Farmers with secured and enforced

"4The estimation equation interacts access rights (AR) and priva te rights (PR) with a dummy for each popu-
lation quintile Qq:

X
IN(NDV )= ar AR+ prPR+ [at arg AR+ prqPR] I[Pop2 (Qq 1;Qqll
q=2
Then, the average marginal e ects for each quintile are calculated asAME arq = ar + argq * g, €valuated

at the mean of the covariates. Figure 20 then plots all AME ar,q for access rights.

SThis e ect is not driven by the weight that the log transformation  puts on values close to zero as the results
in Table B.18 show for the average e ects.

®The results are consistent using a Probit model or using a random forest to predict the likelihood of classifying
into erosion based on the covariates.
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access rights were willing to take their livestock o the ranges and ét them recover/” The
resulting productivity increases should allow farmers to have atieast the same number of cattle

per year, thereby signi cantly increasing their income.”®

Enforcement of the Reform More secure tenure on access rights plots is only realizable
with strong governance. In the nine states | study, strong governane is represented by the
presence and quality of law enforcement. It is plausible to assumehat the closer a farmer is
to a police o cer, the stronger is the enforcement of the law. It is also plausible that if this
police o cer is more competent, the farmer is more likely to believethat the law will be upheld.
Such beliefs should a ect both vegetation, as tenure on the plot is seaqed, and wealth, as the
stronger property rights suggest a higher collateral value of the farm.

To proxy for governance, | use the existence of police in the 1930 fudeunt census at
the county level and the distance of an observation to the closest city vth a civil-service
reform.”® As argued by Ornaghi (2016, these measures should gauge the availability and
quality of governance in the early 1930s. Splitting the sample into counes with and without
law enforcement o cers, | nd that law enforcement is a driving fac tor behind both the decrease
in resource exploitation and the increases in wealth. These resultappear in Table 7, columns
2 and 38 The same interpretation arises when interacting the access rightsreatment with
the distance to the closest city with a civil service reform. Theresults in Table 8 show that a
one standard-deviation increase in the distance to quality of governare negates the e ect on
vegetation and decreases the impact on wealtf! Naturally, since civil service reforms were
enacted in larger cities, other covariates potentially correlate with distance to the closest city
with a civil service reform. To alleviate this concern, | show in Table B.35 that distance to the

closest city above a population threshold has no heterogeneous e ect onyroutcome variables®?

"In contrast: | hold on to my range only by having stock on it. If | take my stock o, someone else will take my
range, and | can a ord to lose the stock better than to lose the range." Wooten, E.O. (1915) \Factors A ecting
Range Management in New Mexico" U.S. Department of Agriculture B ulletin 211. The enforcement of recovery
periods is consistent with evidence from qualitative surveys in the 1960s (Calef, 1960, Foss 1960).

8The experiment in the Mizpah-Pumpkin-Creek shows that even in dry years, farmers have more cattle on
the elds for a longer period of time precisely because of securedtenure.

“The data only has 31 cities with police reforms up until 1940 whic h | use in this paper. | thank Ornaghi
(2016) for sharing.

80| follow her approach and count individuals with the occupatio n ‘Policemen and detectives' in every county
and de ne cities with civil-service reforms according to her data . In total, 84 counties had no policemen in 1930.
Policemen are de ned as individuals who work in the occupation class “policemen and detectives'. There are
2,539 policemen in the nine states in my sample.

81 Using an indicator and full results using all speci cations sh own in Table B.33.

8 ncluding both at the same time, only the interaction with civ il service reform persists. The results are not
shown.
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Economic Channels of the Reform The economic impact of property rights includes two
channels, each of which is likely to depend on the enforcement of prepty rights. First, more
secure property rights lead to a higher value of the collateral a farmer &n post. Second, higher
farm values should result in higher prices for farms, leading to a grea&r willingness to sell.
To identify both channels, | use the presence of banks as a proxy fornancial access and
the presence of local newspapers as a proxy for the ease of placing farfos sale. Since these
channels likely bene t from more secure property rights, | show the results for the entire sample,
as well as for the sample of counties with law enforcement.

Property-rights protection as highlighted by the presence of law enbrcement increases the
value of potential collateral. As property rights are ensured by the govenment, banks begin to
accept access rights as collateral and issue more credit. Farmers with larger collateral may
invest more and grow out of poverty (De Sotg 2000. To obtain a credible measure of nancial
access in 1934, | use th&ederal Deposit Insurance Corporation(2001) and divide the counties
according to the existence of a banking institution*

Dividing the sample in columns (4) and (5) of Table 7, I nd that neither vegetation nor
wealth is a ected by the presence of banks in 1934. These results suggehtt for access rights,
increased collateral values had no impact on farmers' economic situation.Considering the
nature of the ranching business and the marginal possibilities to inease the growth of young
calves, these results are unsurprising.

Another e ect of secure property rights stems from the higher sales pice of farms. As
previously non-veri able o -farm income from public land is guaranteed with access rights,
the price for farms with access rights increased. A subset of farmen®tained their farms since
prospective buyers did not compensate them for the non-veri able o farm income. With access
rights, the increased selling price may lead to some farmers seilj and switching occupations®®

To proxy this channel, | rely on the presence of local newspapers. d&mers post ads for their
farms, including price and grazing rights in local newspapers wherether farmers may search for
potential farmland with additional grazing rights. Hence, the availability of local newspapers
decreases the transaction cost for buyers and sellers. Using data fro@entzkow et al. (2014, |

divide the sample into counties with local newspapers in 1932 and thos&ithout. The evidence

8 The text of the act also explicitly states that access rights ¢ annot be revoked if they are pledged as part of
a bona de loan.

84 There are 60 counties without a bank in 1934 in my sample. As nan cial access prior to establishing banks
was mainly through post o ces, | verify that the results are robustt o0 using the existence of post o ces in 1916
using data from Rogowski (2016). As the importance of post o ces declined between 1916 and 1934, | do not
report the results here.

8 From the buyers side, the expected value is only the income from the farm. Once access rights document
o -farm income, they are willing to pay more. See Appendix C for a simple model highlighting this fact.

30



presented in Table7 shows how important this selling channel was for the e ects of the Tglor
Grazing Act. Vegetation increases, suggesting that more productive faners remain in the
county, and indicators of wealth go up only in areas with newspapers. Sire newspapers also
transmit useful information for farmers, | use data from Stemberg (2004 on the share of people
having access to radio. In TableB.38, | interact radio share with treatment to separate out the
e ects of information and farm advertisement. The results on radio shae show a signi cant
average impact on wealth indicators. However, once | condition on the extence of a local
newspaper, this correlation is insigni cant (Column 6).8°

Economic channels depend on the farmers' belief about enforcement of¢ reform. Thus,
explore the interaction of these channels and enforcement in Tabl®. By conditioning on the
presence of police in counties, | isolate the importance of nancial acess and market consoli-
dation, given that the reform is enforced. Once more, the results sug@® no impact of nancial
access, but a positive impact of lower search costs via local newspape

To conclude the discussion about channels, | provide evidence agatrdi erential migration,
population growth or privatization driving the increase in wealth. If i ssuing access rights in-
creased the value of farms, this could have been accompanied by an in oaf farmers. Evidence
in Figure 22 however, suggests that both in 1940 at the individual level and in 1990 and 2000
at the census-block level migration was balanced for treatment and contl. There is no e ect
for farmers who have been active in 1935, and neither is there a signi cdandi erence in the
tendency to migrate in any variable from 1985{2000. Thus, as land sales have only ka allowed
restrictedly since 1976, and had been rare before, it is unlikely thatritentional migration into
grazing districts could explain an increase in wealth. Corroborating ths hypothesis, Figure23
shows no di erences in the contemporaneous population (top panel) or midern day privatiza-
tion (bottom panel). In fact, the privatization rates seem to have increased outside the grazing
districts. 8’

Combined, the evidence presented here suggests that a greater p@ienforcement and a
better ability to advertise farms with access rights are important determinants of the e ective-

ness of property rights. Similar to the previous literature (Johnson et al, 2002, | show that

% |nteracting pre-determined variables solves potential endogeneity problems but especially in the case of radio,
the interaction captures multiple channels. It is thus hard to d irectly disentangle the information channel. | argue
that jointly with newspapers, the information channel is su cie ntly captured by the interaction of treatment with
radio share.

87Using the agricultural census and a di erences-in-di erence estimation, | show in Tables B.46 that, if anything,
more farms were sold and farm sizes increased, indicating a consolidtion of the local economy. Additionally, |
provide evidence dividing the data using population density , median rent, retail wage and unemployment in 1930
B.49 to show that the e ect is not driven by these characteristics.
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secure and enforceable property rights have a larger e ect on wealth thn access to nance®®
Since the previous ndings include the entire population of each cesus block 60 years after, the
estimated impact includes important equilibrium e ects. To isol ate the channels for farmers, |

use data from the agricultural census in the next section.

7 E ects on Farmers

Farmers were the intended benefactors of the reform. Access rightsese distributed to farmers,
which increased the value of their farms. The relocation of unprodutive farmers to other
occupations, as well as other spill-overs to the non-farming populatins, are part of interesting
equilibrium e ects. While these e ects are important in evaluati ng the welfare consequences
of the reform, tracing these impacts back to the original intended reeiver is important for
understanding the underlying economic mechanisms.

To directly capture the impact on farmers, | use the agricultural census from 1910{2007
covering every county in the nine states®® Contrary to the census block data from 1990, | can
evaluate the immediate impact of the Taylor Grazing Act in regular inter vals from 1940 onwards.
However, as the spatial resolution of the agricultural census is too coaesfor a spatial regression
discontinuity design, | exploit the time dimension and use a Di erence-in-Di erences (DID)
strategy. | argue that counties and farmers did not anticipate the extent of the reform and use
22 surveys from the agricultural census to identify the channels fothis subgroup. Due to the
time dimension, it provides additional information on a potential time dimension of treatment.
If the increase is directly due to increases in vegetation, farm vales should gradually increase.
However, the channels | discuss are more in line with a sudden impaon farmers such that
farm values go up right away.

Here, | exploit two versions of a standard DID estimation equation with county ( ¢), year
( t), and state year ( g t) xed e ects. The inclusion of . captures all unobservable
county characteristics, and g ¢ captures any change in state policy that might a ect the
outcome. In its most basic form, | estimate:

T32007

log Yt = sAccessrights It =s]+ ¢+ (+ & t+"¢ 4)
$=1910

8The results are unlikely to be driven by a greater development pot ential of treatment census blocks, since all
covariates as well as police, banks, and newspaper divisionsare not predicted by treatment.

8 Earlier versions are available, but since Arizona only became remgnized as a state in 1910, this makes for
a natural cuto. Moreover, since county boundaries change signi cantly, the potential for measurement error
increases with a longer time horizon.
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where | regress farm values per county and survey periodYg;t) on an indicator variable
of whether any part of the grazing district is within the county borders (Access rightg). |
allow the coe cient ¢ to vary by time to verify the assumption of similar pre-trends. As
selection into treatment is potentially endogeneous, identifyinga causal e ect requires that
any unobserved characteristics are linearly additive. Testing ths linearity assumption requires
1910 = 1920 = 1925 = 1930 = 1935 = 0 and ensures that selection is not based on di erential
pre-trends and any post-treatment di erence is due to treatment. In this setup, the point
estimates 1940 and 1945 capture the immediate e ects of the reform on farm values.
In a second version of §), | assume no di erential pre-trends, and regress farm values on

an indicator for post-treatment:

log Yet = Access rights  I[t> 1935]+ .+ (+ o t+"¢ (5)

The previous speci cations assume that county and year xed e ects capure selection into
treatment and policies that changed during the time period. In equaion (5), | additionally
control for county-speci c time trends ( ¢ t) to capture di erential growth rates of counties.
However, even controlling for all unobservables in this extensive @ter, selection into treatment
is potentially endogeneous. Thus, | estimate a reduced form e ect usg a country's share of
severely eroded lands as an instrument for treatment. Treatment asggnment was a ected by
soil erosion in 1934, which is orthogonal to preferences at the time. This appach has been
taken by Hornbeck (2012 to estimate the long-term impact of the Dust Bowl in the American
Mid-West.

The exclusion restriction requires that soil erosion in 1934 only a ectel farm values through
the policies of the Taylor Grazing Act. As soil erosion is greatly a ected by weather uctuations,
it is likely that soil erosion maps in any other year would have been drawm to an entirely
di erent extent. However, much like rainfall, soil erosion follows some historical average. As
local erosion is in uenced by di erential rainfall with an unknown f unctional form, | cannot
know the correlations between the average historical soil erosion anddttemporary realization
in 1934. Thus, | assume that the 1934 version of soil erosion was particularly seke, since it
followed a period of relative drought (Figure 5). As rainfall was more bene cial in every year
thereafter, even absent the Taylor Grazing Act, soil erosion would not lave been as severe as

in 1934, and is thus not likely to have in uenced other policies or farm valies®

% As | cannot rule out that soil erosion in 1934 only a ected farm val ues through the Taylor Grazing Act,
the exclusion restriction is potentially violated. Thus, to p rovide further evidence of the channel in question,
| instrument erosion and treatment status using the standard Pal mer Drought Severity Index in October 1934,
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The main results for farm values and land values are shown in Figur&4 and Table 10.
While the point estimates prior to 1935 are not signi cantly di erent fr om zero, they increase
signi cantly after the act had been passed in all speci cations for total farm value and the
average value of farm land?® The point estimates suggest a signi cant increase in farm and
land values if the county were a ected by the Taylor Grazing Act. Whil e the access rights
treatment is insigni cant including county-specic time trend s, the proxy variables for soil
erosion are strong and suggest a robust increase in farm and land valu&.Since the inclusion
of county-speci c time trends is only necessary with pre-trendsand potentially weakens the
sharpness of the treatment, | base my inference on columns with statspecic xed e ects. %
To further alleviate concerns of sample selection and treatment shanpess, | extend the sample
to counties in neighboring states in TableB.45 and show that using an extended set of control
counties, the point estimate does not statistically vary between sgci cations and is signi cant
in all speci cations.

An additional feature of the DID approach is the ability to identify time dynamics. We
observe an immediate increase in farm and land values following the estlishment of property
rights (Figure 24) which are persistent and rarely change. This result suggests that th value
of collateralizable assets has increased, and the choice of pre-determad covariates to identify
channels was justi ed.

In Table 11, | identify the three mechanisms de ned in the previous sectiors. Indeed,
enforcement (column 3) has the largest e ect on farm and land value di erances, while banks
and newspapers (columns 5 and 7) are somewhat smaller. However, the camsibns carry over,
as property rights enforcement is of great importance for the developmerof wealth. Financial
access and the ability to sell farms via newspapers further increasthis e ect in a similar way

as constraints are lifted from farmers. Corroborating evidence for inceased consolidation is

the month the erosion maps were drawn, as an instrument. | use a onestandard deviation shock from the long-
term mean, to have an excessive drought predicting treatment. Dat a description https://climatedataguide.
ucar.edu/climate-data/palmer-drought-severity-index-pdsi . | standardize using the historical mean and
standard deviation for each county separately and de ne a drought shock as one if there is a minus one standard
deviation shock realization in October 1934. The rst-stage re lationship is shown in Figure A.11 and plotting
all possible months-year combinations in Figure A.12 to highlight the importance for the treatment assignment.
The lead lag graph is shown in Figures A.13 and IV point estimates are shown in Table B.50. IV estimates are
slightly larger without county-speci ¢ time trends, but are in  signi cant with county-speci c time trends, as the
reduced form has no power in this speci cation. The results are robu st to instead using rainfall in October 1934.

1 Full results, including using state xed e ects in Table B.39{B.44.

92Since this speci cation identi es the variation only at the ¢ ounty year level, the loss of power is potentially
due to over tting the data. Using state xed e ects and state s peci ¢ time trends, the result is robust (Tables
B.39 and B.41, columns (2) and (6).

% For a discussion on the impact of including county-speci ¢ t ime trends seelLee and Solon(2011) and Meer
and West (2015).
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provided by the characteristics of farms. | do not nd any e ects on expenditures, income, or
prots (Table B.47), but nd fewer and larger farms in a ected counties (Table B.46).

However, while nancial access and the ability to advertise farms aremportant, it appears
that this e ect is driven by conditioning on police presence (Table B.48). Thus, in line with
research byJohnson et al. (2002, the results suggest that secure property rights are more
important than nancial access. This result is not driven by other development indicators such
as population density, rents, wages or unemployment in 1930 (Tabld.49).

The e ects on farm values had been documented from the Mizpah-Pumpin Creek exper-
iment. Here, a report in 1934 stated that farmers can plan their operations gars in advance
through long-term licenses. Furthermore, since investments indnd decreased, more capital

could be used for more productive livestock.

8 Policy Discussion

Despite having documented the positive e ects on farmers herepublic management of common-
pool resources in the United States is a contentious policy issue. Wle the Bundy family in
Nevada (2014) and Oregon (2016) fought to abolish the status quo, ranchers in Montanaght to
protect the system they require to make a pro table living.%* Similar incidences are common in
Kenya (2017) were cattle herders violate property rights and in uence ¢ections or in Ethiopia
(2017) where privatizations to foreign investors, so called large-scale lahacquisitions, threaten
the life of the average Somali shepherd?®

Especially in Africa, informal property rights have contributed to | arge-scale land acquisi-
tions in Africa ( FAO 2009). Under such customary systems, either the village chief or the most
tenured farmer controls who has access to land. These lands are vulradsle to be sold on the
private market, as the government does not recognize these customaryatms. Here, the largest
bidder usually promises to invest in the local communities, but $nce customary rights and for-
mal rights are formally at odds, many promises are left un lled (Christensen et al, 2017). The
selling of these lands has the largest impact on marginalized farmers whado not own a land

title to their plots ( Knight, 2010.°

%The Bundy standos were nationally televised in both years and cost the life of one supporter
in 2016. Newspaper article in Montana:  https://www.theguardian.com/environment/2017/jun/06/
montana-land-transfer-american-ranchers

% Newspaper article about Kenyan cattle grazers: https://www.theguardian.com/environment/2017/feb/
02/armed-herders-elephant-kenya-wildlife-laikipia , and Somalian shepherds: https://www.economist.
com/news/middle-east-and-africa/21723155-well-adapted-desert-not-modern-world-hard-life-somali

%1n conversations with Konrad Burchardi about his study in Tanzan ia, 301 of the 968 farmers who said they
own the plot, do not possess a formal land title to verify their cla im.
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In such situations, formalizing customary rights into enforced acces rights could prevent
this extraction of land from the rural poor at no cost of e ciency in managing the resource.
On the contrary, the results in this paper show that many farmers coutl benet from the
allocation of access rights, and would potentially even trade in the land dr the opportunity to
switch occupations. Moreover, since some customary systems disatage women, formalizing
such rights and recognizing the status of women could improve the econamsecurity for many
families. Moreover, since many of the bene ts arise from a less contwersial formalization of
customary property rights in terms of access rights that bene t more people, they could lead

to substantial decreases in poverty across the developing world.

9 Conclusion

The results in this paper suggest that government intervention to establish collective access, in
the spirit of Samuelson(1954, can have the same e ects on resource management as outright
privatization in the spirit of Coase(1960. While property rights are contentious, distributing
regulated access rights to all previous users should make this policy one appealing to policy
makers. Moreover, as more users benet from such a policy, wealth e&s may be distributed
more evenly and decrease poverty rates. However, for such policies be e ective, the issued
access rights need to be enforced and easily transferable betweenrfer, as the ability to con-
solidate and relocate greatly increase the e ectiveness of this polic As access rights document
o -farm income, the valuation of sellers and buyers are more aligned impling more farm sales
by the lowest productivity farmers. Then, access rights overcora a market friction and the
relocation into more productive occupations should then imply a né welfare gain for society.
Combined the results suggest that under ideal conditions, sellingesources and renting out
access to resources has the same e ect on sustainability. As soon as an iwidual has enforced
exclusive rights to a resource, she is likely to behave optimallyHowever, in areas without strong
enforcement, privatization may be preferable to access rights. Wh stronger enforcement and
low transaction costs, distributing access rights is preferable tgorivate rights for two reasons.
First, more people obtain a wealth shock that leads the lowest produtive farmers to relocate
to more pro table occupations. Second, as formal access rights mirror ifrmal existing rights,

they might be easier to implement in development countries.
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Appendix : Figures

Figure 1. Private rights

Lands sold before 1935 in nine western states shown in gray. Data shows &ar correlation
between moving westwards into more desert like regions and privatations. Data taken from
the General Land O ce.

Figure 2: Access rights

Lands sold by 1935 in nine western states with the extent of the Taylor Gazing Districts
overlaid. Treatment is de ned as follows. Access rights: Shaded areasith white background.
private rights: Shaded areas with grey background. Open-access controlUnshaded white
background.
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Figure 3. Erosion status

Erosion Status in nine western States (October 1934). Severely eroderay areas. Moderately
eroded: Gray shaded areas.

Figure 4. Erosion Status with Grazing Districts

Erosion Status in nine western States (October 1934) with the extent of he Taylor Grazing Dis-
tricts overlaid. Severely eroded: Gray areas. Moderately erodk Gray shaded areas. Grazing
districts: Solid shaded areas. Data for the east of Colorado is missing.
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Figure 5: Station level rainfall

Time series of station level rainfall during in the last century. The years prior to the Taylor
Grazing Act (1934) were particularly sever in terms of rainfall, increasng the pressure to pass
regulations.

Figure 6: Rates of privatization

Histogram of purchases within Sections of the PLSS by year of purchases ilmé GLO data. The
peak years were more than ten years prior to the Taylor Grazing Act (red ine), indicating a
lower demand due to low quality of the remaining lands.
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Figure 7: Normalized Di erence Vegetation Index (NDVI)

(a) Vegetation test bed from a satellite picture. (b) As measured with in NDVI.

This gure shows how the NDVI values (right) capture the di erent sh ades of vegetation in the
left picture.

Figure 8: Average in-sample NDVI

Average NDVI values in nine western states during 1989{2016. Desert like regions Nevada
are shown in dark gray while forest regions in Idaho are shown in lightecolors.
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Figure 9: Minor Civil Divisions

1,177 Minor civil divisions in Montana in 1930 with county information
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Figure 10: The Public Land Survey System

(a) A typical township from the PLSS with 36 (b) The grazing border splitting a ranch in
sections a 1 x 1 mile. Grazing border markedWyoming over 24 miles. Figure from (Calef,
red, privately owned sections by sold color. 1960.

Figure 11: Identi cation example

Identi cation in a picture as explained by a grazing bulletin in 1940: \The pasture on the right
is representative of properly used range. The one on the left has been pmed dangerously close.
[...] by annually harvesting only [the optimal] amount of foragd... and] by adjusting the grazing
season to permit maximum forage production under use, and by obtaimg uniform utilization
by proper distribution of livestock and income may be realized."
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Figure 12: Balance graphs: Access rights treatment

(a) Severe Erosion (b) Vegetation in NM (c) Elevation

(d) Rainfall prior to 1935 (e) Temp. prior to 1935 (f) Ruggedness

(g) Distance to nearest river  (h) Distance to Saint Louis (i) Distance to closest city

Balance regression discontinuity graphs for the access rights treatmeérin the AVHRR data:
Plotting the residuals, controlling exibly for latitude and longitu de, distance to the border
as well as boundary xed e ects. Each bin is 0.125 miles wide. Balance talal in Table B.1.
Variable description: Severe Erosionrefers to erosion maps constructed for the nine states in
1934. Those maps were used to determine the extent of the Taylor Grazingct and show the
erosion status of the land in 1934. 54% of my sample is classi ed as severely denl and 22
% as moderately eroded. Vegetation in NM shows the vegetation in a small southern part
of New Mexico in 1936 as digitized bySkaggs et al.(2010. Due to the limited geographical
extent the numbers of observation is severely reduced and thus thivariable is not part of the
covariates in any other regression.Elevation is constructed from the Global Multi-resolution
Terrain Elevation Data (GMTEDZ2010), and shows the mean elevation in a 500m radiis around
every pixel. Rainfall prior to 1935 and Temp. prior to 1935 de nes the average yearly rainfall
and temperature from 1900{34. | use station level data from all stations within 100kn and take
the weighted average based on the distance to the pixel. Results argaivalent to using only the
closest station. Ruggednesgalculates the standard deviation of elevation of 8 adjacent cells and
denominates it by the average elevation of all 9 cells. The average withia 500m radius around
every pixel is reported here.Distance to nearest river, Distance to Saint Louis and Distance to
closest city capture varying distances to proxy for water access, remoteness andhus time of
settlement, and distance to modern day civilization which might a ect the NDVI measure due
to green lawns or highways.

48



Figure 13: Balance graphs: Private rights treatment

(a) Severe Erosion (b) Vegetation in NM (c) Elevation

(d) Rainfall prior to 1935 (e) Temp. prior to 1935 (f) Ruggedness

(g) Distance to nearest river  (h) Distance to Saint Louis (i) Distance to closest city

Balance regression discontinuity graphs for the private rights treatmat in the AVHRR data:
Plotting the residuals, controlling exibly for latitude and longitu de, distance to the border
as well as boundary xed e ects. Each bin is 0.125 miles wide. Balance talal in Table B.2.
Variable description: Severe Erosionrefers to erosion maps constructed for the nine states in
1934. Those maps were used to determine the extent of the Taylor Grazingct and show the
erosion status of the land in 1934. 54% of my sample is classi ed as severely denl and 22
% as moderately eroded. Vegetation in NM shows the vegetation in a small southern part
of New Mexico in 1936 as digitized bySkaggs et al.(2010. Due to the limited geographical
extent the numbers of observation is severely reduced and thus thivariable is not part of the
covariates in any other regression.Elevation is constructed from the Global Multi-resolution
Terrain Elevation Data (GMTEDZ2010), and shows the mean elevation in a 500m radiis around
every pixel. Rainfall prior to 1935 and Temp. prior to 1935 de nes the average yearly rainfall
and temperature from 1900{34. | use station level data from all stations within 100kn and take
the weighted average based on the distance to the pixel. Results argaivalent to using only the
closest station. Ruggednesgalculates the standard deviation of elevation of 8 adjacent cells and
denominates it by the average elevation of all 9 cells. The average withia 500m radius around
every pixel is reported here.Distance to nearest river, Distance to Saint Louis and Distance to
closest city capture varying distances to proxy for water access, remoteness andhus time of
settlement, and distance to modern day civilization which might a ect the NDVI measure due
to green lawns or highways.
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Figure 14. Balance graphs: Combined access rights and private rights treat ment

(a) Severe Erosion (b) Vegetation in NM (c) Elevation

(d) Rainfall before 1935 (e) Temperature before 1935 (f) Ruggedness

(g) Distance to nearest river  (h) Distance to Saint Louis (i) Distance to closest city

Combined point estimates for both treatments in the AVHRR data from a single regression
including decade of purchase. Plotting the point estimate for each deade of purchase and the
access rights treatment (ed line) from a single regression within two miles. 95% con dence
intervals reported. Variable description: Severe Erosionrefers to erosion maps constructed for
the nine states in 1934. Those maps were used to determine the extent tiie Taylor Grazing
act and show the erosion status of the land in 1934. 54% of my sample is classi ed asverely
eroded and 22 % as moderately erodedVegetation in NM shows the vegetation in a small
southern part of New Mexico in 1936 as digitized bySkaggs et al.(2010. Due to the limited
geographical extent the numbers of observation is severely reduced arttius this variable is
not part of the covariates in any other regression. Elevation is constructed from the Global
Multi-resolution Terrain Elevation Data (GMTEDZ2010), and shows the mean elevation in a
500m radius around every pixel.Rainfall before 1935 and Temperature before 1935de nes the
average yearly rainfall and temperature from 1900{34. | use station level data fom all stations
within 100km and take the weighted average based on the distance to the péet. Results are
equivalent to using only the closest station. Ruggednesscalculates the standard deviation of
elevation of 8 adjacent cells and denominates it by the average elevation d&ll 9 cells. The
average within a 500m radius around every pixel is reported here Distance to nearest river,
Distance to Saint Louis and Distance to closest city capture varying distances to proxy for
water access, remoteness and thus time of settlement, and distance tmodern day civilization
which might a ect the NDVI measure due to green lawns or highways.
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Figure 15: Balance graphs: Population characteristics

Balance regression discontinuity graphs using the minor civil divisons. Plotting the residuals,
each bin is 0.125 miles wide. These RDD graphs complement Tabi.4 and B.5.



Figure 16: Main result: Public ownership

E ects of the "access rights' treatment graph on the AVHRR vegetation index. It shows the
residual vegetation after | control exibly for latitude and longitude, d istance to the bound-
ary and boundary xed e ects. Standard errors are constructed by bootstrapping individual
boundary segments. Each bin is 0.125 miles wide.

Figure 17: Main result: Private ownership

E ects of the private rights treatment graph on the AVHRR vegetation index . It shows the
residual vegetation after | control exibly for latitude and longitude, d istance to the bound-
ary and boundary xed e ects. Standard errors are constructed by bootstrapping individual
boundary segments. Each bin is 0.125 miles wide.
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Figure 18: Main result: Combined access rights and private rights

Coe cient plot on decade of purchase on NDVI. Access rights are plots stillpublic in 1935 (red
line), and the year indicates that the plot was purchased in the decaddhereafter. Combined
with Figure 14, these indicate that earlier privatized plots were of higher quality and thus not
comparable to the access rights plots. Thus, these results providempirical evidence for my
identi cation strategy of private rights using the 1916 Stock-Grazing Homestead Act. These
gures complement Table 3.
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Figure 19: Main result: Income and wealth

Treatment e ect on Wealth indicators. Census Blocks inside the graing districts (right of the
red line) show signi cant increases in income, schooling, house vads, and reductions in poverty
rates. RD-Graph using census-block Groups in 1990, 2000 and 2010. Residual®wshn from the
baseline shown, including year xed e ects. Each bin is 0.125 milesvide.
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Figure 20: Channels: Implementation

(a) Population Quantiles (b) NDVI Quantiles (c) Probability of Erosion

How access rights a ect vegetation. Average Marginal E ects for di erent quantiles. Every
point estimate is calculated as the sum of the point estimates on Treatmet, the interaction

with the population quantile and the quantile itself. Access rights a ect areas of high population
pressure per minor civil division (a), have the lowest NDVI (b), or the probability of erosion
(c) estimated using a linear probability model. Calculated using the marginsplot command in
Stata .

Figure 21. Channels: Recovery periods

(&) Average E ect for Access (b) Access rights with Enforce- (¢) Access rights without En-
rights ment forcement

How access rights a ect vegetation. Increases vegetation by extendinghe grazing season into
the winter. Figure (b) and (c) split the sample for access rights in those counties with (b) and
those without (c) police to show that enforcement is crucial for the mplementation of recovery
periods. Calculated using themarginsplot command in Stata .
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Figure 22: Alternative hypothesis: Migration

Using Minor Civil Divisions in 1940

Using census-blocks in 1990 & 2000.

Assessing potential confounding channels for the wealth e ects: Dierential Migration Patterns.
Top row using the 1940 1% sample for the minor civil divisions. Next two ravs, census blocks
in 1990 and 2000, denominated by population in each census block.
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Figure 23: Alternative hypothesis: Population and privatization

Assessing potential confounding channels for the wealth e ects: Dierential population growth
(top panel)and di erential privatization (bottom panel).
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Figure 24: E ects on farmers

Point estimates for all years in the Agricultural Census for log(Total farm value) in the upper
panel and log(Average value of farm land) in the lower panel. On the left is he access rights
treatment, on the right the reduced form e ect of severe soil erosion.
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Appendix : Tables

Table 1. Summary statistics within three miles of the boundary

Outside Grazing Districts

Inside Grazing Districts

Mean Standard Deviation Observations Mean Standard Deviation Observatios
Treatment Assignment
Private rights 0 0 31,968 0.193 0.395 53,342
Access rights 0 0 31,968 0.807 0.395 53,342
Outcome from Satellite Data
Normalized Di erence Vegetation Index 0.109 0.075 31,968 0.131 0.054 53,342
Covariates for Satellite Data
Distance to boundary 2.244 1.381 31,968 2.400 1.382 53,342
Severe erosion 0.481 0.500 31,966 0.540 0.498 53,338
Annual rain prior to 1935 67.135 229.605 31,968 55.584 206.183 53,342
Annual temperature prior to 1935 50.509 6.473 31,968 51.822 7.808 53,342
Elevation 1469.649 454.170 31,968 1417.717 499.409 53,342
Ruggedness -0.023 0.152 31,968 -0.019 0.152 53,342
Distance to nearest river 5.320 4.856 31,968 5.539 4,954 53,342
Distance to closest city 20.638 13.471 31,968 19.082 12.586 53,342
Distance to Saint Louis 1897.538 333.830 31,968 1876.984 323.538 53,342
Vegetation in New Mexico (1936) 0.093 0.290 1,291 0.251 0.433 3,191
Outcome Data from census blocks in 1990, 2000 and 2010 :
Median family income 44915.090 24616.042 2,077 52804.549 27877.380 5,301
Share poor 0.153 0.135 2,055 0.116 0.117 5,264
Share with high school 0.829 0.139 2,055 0.868 0.123 5,276
Median value of house 147723.080 132826.370 2,071 167709.510 135666.090 5,262
Population statistics from Minor Civil Divisions in 1930
Population 619.092 1170.311 261 632.039 1222.981 384
Population Density (per sg mile) 3.154 15.722 144 4.898 26.466 161
Individual controls from Minor Civil Divisions in 1930 (Adults only)
Male 0.513 0.500 4,143 0.513 0.500 5,609
Age 42.352 14.293 4,143 42.216 13.966 5,609
White 0.956 0.205 4,143 0.949 0.219 5,609
Citizen 0.815 0.388 4,143 0.832 0.374 5,609
Farmer 0.284 0.451 4,143 0.359 0.480 5,609
Works in agriculture 0.305 0.477 2,233 0.415 0.493 3,001
Works in education 0.023 0.149 2,233 0.023 0.151 3,001
Part of the labor force 0.540 0.498 4,143 0.536 0.499 5,608
Is unemployed 0.073 0.260 2,239 0.063 0.242 3,021
Policeman 0.004 0.067 2,244 0.002 0.041 3,035
Household controls from Minor Civil Divisions in 1930 (Household head only) :
Owns her house 0.573 0.495 2,390 0.589 0.492 3,160
Family size 3.848 2.286 2,400 4.013 2.315 3,174
Number of children 1.896 2.029 2,400 2.006 2.052 3,174
House Value 1703.530 300.440 1,341 1496.050 2804.630 1,820
Household income from Minor Civil Divisions in 1930 (Employed adults) :
Occupational income score 22.838 11.835 2,082 21.865 11.465 2,840
Occupational prestige score 36.158 13.042 2,082 36.358 13.048 2,840
Occupational earning score 44.290 56.654 2,082 49.666 106.308 2,840

Summary table for outcomes and covariates. Treatment assignmert based on the data by the General Land O ce and done for the Satel lite data only. private rights
p< 0:10, p< 0:05, p< 0:.01

de ned as privatizations after 1916. Standard errors clustered by t he boundary segments shown in parenthesis.

59



Table 2: Access rights treatment: E ect on density of vegetation

Baseline Interacted with Distance Boundary speci ¢ productivity
@ @ @) “) ®) (6) @) ® ©
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Without Covariates 0:075 0:110 0:126 0:017 Q043 0:064 0:071 0:108 0:125
(0:020) (0:028) (0:031) (0:011) (0:016) (0:021) (0:021) (0:030) (0:034)
With Covariates 0:076 0:109 0:122 0:019 0:043 0:063 0:071 0:107 0:121
(0:019) (0:025) (0:027) (0:011) (0:015) (0:020) (0:020) (0:028) (0:030)
Adj. R2 Without Covariates 0:695 0671 0652 0696 Q671 0652 Q795 Q764 Q745
Adj. R2 With Covariates 0:734 Q718 Q707 Q734 Q719 Q707 Q0811 Q786 Q773
Observations 25,870 49,770 72,491 25,870 49,770 72,491 25,870 49,770 72,491
Control Mean 12:262 12151 12131 12262 12151 12131 12262 12151 12131

Every cell constitute a separate regression of the treatment indi cator on log(NDVI) using the model in the header. An observatio n is treated if its center is within the historical grazing
districts and was public land in 1935. Control observations are o pen-access pixels, outside the historical grazing districts. Covariates are de ned in Table B.1. Standard errors clustered

by the boundary segments shown in parenthesis.

Table 3: Access rights and private rights treatment: E ect on density

p < 0:10,

p < 0:05,

p< 0:01

of vegetation

Baseline Interacted with Distance Boundary speci ¢ productivity
) @ (©)] 4 (5) (6) ™ 8 ©)
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Access rights 0074 0:105 0:118 0:021 0:044 0:064 0:.072 0:105 0:120
(0:019) (0:025) (0:027) (0:011) (0:015) (0:020) (0:020) (0:026) (0:029)
Purchased after 1926 ao1 0:099 0:115 0:040 Q088 0:098 0:097 0:107 0:125
(0:038) (0:027) (0:026) (0:027) (0:037) (0:033) (0:037) (0:028) (0:029)
Purchased after 1916 88 0:117 0:134 0:048 0:081 0:106 0:082 0:113 0:135
(0:019) (0:023) (0:025) (0:017) (0:020) (0:022) (0:019) (0:023) (0:026)
Purchased after 1906 a35 0:151 0:160 0:099 0:133 0:157 0:118 0:146 0:165
(0:026) (0:026) (0:026) (0:024) (0:027) (0:029) (0:027) (0:027) (0:028)
Purchased after 1896 @03 0:244 0:268 0:188 0:210 0:245 0:165 0:226 0:257
(0:036) (0:035) (0:035) (0:039) (0:042) (0:042) (0:035) (0:037) (0:039)
Purchased after 1886 @20 0:290 0:318 0:150 0:167 0:229 0:189 0:269 0:300
(0:040) (0:040) (0:044) (0:035) (0:040) (0:039) (0:043) (0:044) (0:049)
Purchased after 1876 B39 0:358 0:385 0:277 0:308 0:314 0:263 0:305 0:346
(0:063) (0:065) (0:072) (0:052) (0:059) (0:059) (0:056) (0:058) (0:061)
Purchased after 1866 602 0:541 0:539 0:385 0:411 0:470 0:317 0:400 0:430
(0:105) (0:116) (0:119) (0:081) (0:084) (0:111) (0:087) (0:096) (0:090)
Adj. R2 0:728 Q715 Q701 Q729 Q716 Q702 Q804 Q781 Q767
Observations 33,096 64,317 93,934 33,096 64,317 93,934 33,096 64,317 93,934
Control Mean 12:262 12151 12131 12262 12151 12131 12262 12151 12131

Every column constitute a separate regression of the treatment indicator on log(NDVI) using the model in the header. An observat ion is de ned as access rights if its center is
within the historical grazing districts and has not been privati zed in 1935. An observation is de ned as ‘Purchased after 1866'if the the land title was issued between 1866 and
1875. Control observations are open-access pixels, outside th historical grazing districts. Covariates are included in all reg ressions and de ned in Table B.1 and B.2. Standard

errors clustered by the boundary segments shown in parenthesis.

p< 010,

p < 0:05,

p< 0:01

Table 4: Access rights and private rights treatment: Using purchased plots after
1916.
Baseline Interacted with Distance Boundary speci ¢ productivity
1) 2 [©)] ()] (5) 6) ()] (8 9
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Access rights 0074 0:107 0:120 0:018 0:042 0:062 0:070 0:105 0:119
(0:019) (0:025) (0:027) (0:011) (0:015) (0:020) (0:020) (0:027) (0:029)
Property rights 0:090 0:112 0:131 0:044 0:079 0:102 0:083 0:110 0:129
(0:022) (0:022) (0:025) (0:018) (0:022) (0:024) (0:022) (0:023) (0:026)
Adj. R2 With Covariates 0:736 Q722 Q710 Q736 Q723 Q710 Q812 Q789 Q776
Observations 29,217 56,661 82,775 29,217 56,661 82,775 29,217 56,661 82,775
F-Test of equality 0:249 Q652 Q398 Q094 Q016 Q008 Q377 Q673 Q336

Every column constitute a separate regression of the treatment indicator on log(NDVI) using the model in the header. An observat ion is de ned as access rights if its center is within
the historical grazing districts and has not been privatized in 1 935. An observation is de ned as private property rights if its cen ter is within the historical grazing districts and has
been privatized after 1916. Control observations are collectively managed pixels, outside the historical grazing districts. T he last row tests for equality of coe cients using an F-Test.
Covariates are included in all regressions and de ned in Table B.1. Standard errors clustered by the boundary segments shown in parenthesis.
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Table 5: Land classi cation results after a 10% increase in vegetation usin
learning algorithms

g machine

Machine Learning Classi cations

Average NDVI Area in 2016 Support Vector Machine Random Forest
(@) @ ©) “ ®) 6 @) ®)
Baseline +10% Di erence Baseline +10% Di erence
Western United States
Barren 0:042 13440 13197 10602 19:67% 10645 9078 14:72%
Shrub land 0:141 305981 204506 174746 14:55% 191306 166432 13:00%
Grass land 0202 101847 131082 131261 Q14% 138339 138289 0:04%
Deciduous forest 0379 8885 46948 48744 382% 33445 33718 082%
Evergreen forest 0552 122176 133423 163804 2277% 155422 181640 1687%
Sub-Saharan Africa
Bare ground Q126 72551 99800 59011 40:87% 50051 31239 37:59%
Open shrub land Q137 385059 382161 283223 25:89% 386598 276886 28:38%
Closed shrub land 0168 328250 337995 297350 12:03% 364500 317957 1277%
Grass land 0207 281483 563762 459573 18:48% 277103 169416 38:86%
Wooded grass land @23 849709 570039 671341 1777% 514152 627265 2200%
Crop land 0:234 250286 662290 476293 28:08% 308251 202084 34:44%
Wood land 0:259 1281306 734626 1007978 3721% 1581189 1755501 1102%
Evergreen forest 0277 543762 542243 554423 225% 682073 696104 206%
Deciduous forest 0285 172149 29595 379676 2829% 24950 112414 35056%

Classi cation results from a support vector machine (Columns 1{ 3) and Random Forest (Columns 4{6) controlling for elevation an d temperature. Cross validation
rate for the support vector machine 0.942, and for the random forest 0.995. Numbers given in million Acres. NDVI is calculated withi n the training sample using
the MODIS NDVI data for the US and the Global AVHRR data for Sub-Sa haran Africa. Column (2) gives the area covered by this type of land in the respective
sample. Columns (3) and (6) indicate a 10% increase in NDVI over the baseline.

Table 6: Wealth e ect of property rights

Baseline Interacted with Distance Boundary speci ¢ productivity
1) 2 (3 4 (5) 6) Q)] 8 9)
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
log(Median Family Income) 0:131 0:161 0:174 0:047 Q095 0:108 0:139 0:197 0:233
(0:039) (0:044) (0:043) (0:037) (0:033) (0:046) (0:034) (0:032) (0:035)
Share below Poverty Line 0:027 0:035 0:046 0:027 0:022 0:024 0:032 0:047 0:060
(0:008) (0:012) (0:011) (0:014) (0:008) (0:009) (0:006) (0:011) (0:012)
High school graduate 0033 0:043 0:041 0:019 0026 0:036 0:042 0:061 0:063
(0:016) (0:020) (0:019) (0:014) (0:012) (0:020) (0:014) (0:017) (0:017)
log(Median Value Housing) Q072 0:110 0:105 0:007 Q059 0:090 0:093 0:155 0:187
(0:042) (0:043) (0:044) (0:046) (0:031) (0:047) (0:032) (0:039) (0:041)
Observations 1,928 4,325 6,658 1,928 4,325 6,658 1,928 4,325 6,658

Wealth e ects using census-block groups in 1990, 2000, and 2Q0. Every cell is a separate regression of the treatment indicator on the variable in the rst using the model in the header.
A census-block is treated if its center is within the grazing di stricts with control observations being blocks outside the graz ing districts. All columns control for the size of the census-bl ock

and year xed e ects. Standard errors clustered by the boundary seg ments shown in parenthesis.

p< 0:10, p< 0:05,
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Table 7: Heterogeneous e ects of property rights

@ &) 3 4 (6) 6 O
Baseline Police in 1930 Bank in 1934 Newspaper in 1932
Without With Without With Without With

Vegetation Outcomes

Access rights 0108 0:007 Q136 0:136 0:111 0:058 0:252
(0:027) (0:028) (0:036) (0:039) (0:036) (0:024) (0:067)
Private rights 0:110 0:047 Q132 0:156 0:096 0:081 0:198
(0:024) (0:035) (0:033) (0:046) (0:030) (0:024) (0:061)
Wealth Outcomes
log(Median Family Income) 0:161 0:059 Q185 0:129 Q0166 0:038 Q167
(0:044) (0:058) (0:042) (0:085) (0:045) (0:044) (0:039)
Share below Poverty Line 0:035 0:021 0:041 0:050 0:035 0:004 0:038
(0:012) (0:012) (0:012) (0:027) (0:012) (0:010) (0:012)
High school graduate 0043 0:027 0:051 0:051 Q044 0:022 0:042
(0:020) (0:009) (0:020) (0:035) (0:022) (0:011) (0:013)
log(Median Value Housing) Q0110 0:007 Q118 0:166 0:108 0:008 Q096
(0:043) (0:090) (0:045) (0:094) (0:045) (0:055) (0:057)

In the rst panel “Vegetation Outcomes' | run seven di erent regre ssions using the baseline model with satellite data and splitting the sample by the variable in the
header. In the second panel "Wealth Outcomes' every cell is a dierent regression using the census-blocks in 1990, 2000 and 200. A census-block is treated if its center
is within the historical grazing districts. Police is de ned as zero if not person in the 1930 census is a police men in that couny. Out of 321 counties, 84 counties have
no policemen. Bank is de ned as zero if the county had no bank in 1934. Downloaded from the Federal Deposit Insurance Corporation (2001). Out of 321 counties,
60 counties had no bank. Newspaper is de ned as zero if the couty had no newspaper in 1932 (Gentzkow et al., 2014). Out of 321 counties, 230 counties have no
Newspaper. None of the split variables is predicted by treatment. Full results for all speci cation in Table B.33{B.37. Standard errors clustered by the boundary
segments shown in parenthesis. p < 0:10, p< 0:05, p < 0:01

Table 8: Civil service reform proxy for quality of governance

(1) (2 (©)] 4 5)
log(NDVI) Log Median Share below High school Log Median
Family Income  Poverty Line graduate Value Housing
Access rights 0147
(0:029)
Distance to Police Reform 0:135
(0:027)
Private rights 0:145
(0:030)
Distance to Police Reform 0:100
(0:025)
Inside Grazing District 0:145 0:032 0:039 0:092
(0:030) (0:010) (0:015) (0:032)
Distance to Police Reform 0:068 0:017 0:030 0:080
(0:032) (0:010) (0:015) (0:031)
Observations 56,667 4,325 4,325 4,325 4,325

Civil Service Reforms (Ornaghi, 2016) as a proxy for quality of governance. In the rst column the dista nce of every pixel to the closest
city with civil service reform is calculated. Distance is standard ized to give the interaction an \one standard deviation increas e"
interpretation. One standard deviation is 80 miles. A census-block is treated if its center is within the grazing districts wit h control
observations being blocks outside the grazing districts. All c olumns control for the size of the census-block and year xed e ects.
Standard errors clustered by the boundary segments shown in parenthesis. p < 0:10, p < 0:05, p< 0:01
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Table 9. Heterogeneous e ect of property rights: Conditioning on police pr esence
in 1930
@ ) ©) (4) (5)
Police in 1930 Bank in 1934 Newspaper in 1932
With Without With Without With
Vegetation Outcomes
Access rights 0136 0:137 0:168 0:073 0:254
(0:036) (0:047) (0:054) (0:034) (0:068)
Private rights 0:132 0:169 0:142 0:092 0:201
(0:033) (0:079) (0:044) (0:036) (0:061)
Wealth Outcomes
Log(Median Family Income) 0:185 0:126 0186 0:003 Q167
(0:042) (0:094) (0:044) (0:053) (0:039)
Share below Poverty Line 0:041 0:051 0:040 0:011 0:038
(0:012) (0:029) (0:013) (0:015) (0:012)
High school graduate 0051 0:060 Q051 0:013 Q042
(0:020) (0:037) (0:021) (0:.016) (0:013)
Log(Median Value Housing) 0118 0:184 Q119 0:000 Q096
(0:045) (0:123) (0:047) (0:059) (0:057)

In the rst panel "Vegetation Outcomes' | run ve di erent regress

ions using the baseline model with satellite data and splitt ing the

sample by the variable in the header. In the second panel "Wealth Outcomes' every cell is a di erent regression using the censusblocks
in 1990, 2000 and 2010. A census-block is treated if its centeris within the historical grazing districts. Police is de ned as zero if
not person in the 1930 census is a police men in that county. Out of 321 counties, 84 counties have no policemen. | restrict the
sample to counties with police in this table. Bank is de ned a s zero if the county had no bank in 1934. Downloaded from the Federal
Deposit Insurance Corporation (2001). Out of 321 counties, 60 counties had no bank. Newspaper is & ned as zero if the county had
no newspaper in 1932 Gentzkow et al., 2014). Out of 321 counties, 230 counties have no Newspaper. None ofthe split variables is
predicted by treatment. Standard errors clustered by the boundary se gments shown in parenthesis. p < 0:10, p < 0:05, p< 0:01

Table 10: Wealth e ect for farmers

log(Total Farm Value in County)

log(Average Value of Farm )

log(Average Value of Farm Land)

1) )] 3 4 ®) (6) ) 9
Access rights  Post TGA 0:345 0:272 0:048 Q0246 0:115 0:105 0:341 0:209 0:121
(0:060) (0:063) (0:073) (0:048) (0:040) (0:063) (0:065) (0:060)  (0:101)
Share of Severe Erosion Post TGA 0:539 0:207 0:197 0:489 0:199 0:368 0:678 0:377 0:771
(0:093) (0:102) (0:101) (0:077) (0:082) (0:091) (0:094) (0116)  (0:147)
State speci c year xed e ects Yes Yes Yes
County speci ¢ year trends Yes Yes Yes
Observations 5628 5628 5628 5628 5628 5628 5628 5628 5628

Wealth e ects using for farmers using the agricultural census 1910{2007. County and year xed e ects included in all regressions . Full results in Table B.39{B.44. The rst row ‘Access
rights  Post TGA' is de ned as one if any part of the county is a ected by the Taylor Grazing Act and the observation is after 1935. The sec ond row ‘Share of Severe Erosion Post
TGA' is a continuous variable indicating the amount of land se verely eroded in 1934 per county. On average, 35% of the land is seerely eroded in 283 counties and increases the likelihood
of being a ected by the Taylor Grazing Act signi cantly. F-te st conditioning on state xed e ects: 12.73, unconditional F-Test: 33.57. The area share of a county a ected by the Taylor
Grazing Act is signi cantly increasing by soil erosion as well. F-test conditional on state xed e ects: 37.77, unconditio nal F-test: 89.66. All F-tests calculated using robust stand ard errors.

In the above Table standard errors are clustered by county and are shown in parenthesis.

p < 0:10,
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Table 11: Heterogeneous e ects for farmers

1) 2 3 4 (5) (6) (]
Baseline Police in 1930 Bank in 1934 Newspaper in 1932
Without With Without With Without With

log(Total Farm Value in County)

Access rights  Post TGA 0:048 0:155 Q120 0:022 Q043 Q029 Q099
(0:073) (0:310) (0:054) (0:328) (0:067) (0:103) (0:072)
Share of Severe Erosion Post TGA 0:197 0:180 Q206 0:152 0233 0:143 0343
(0:101) (0:257) (0:091) (0:306) (0:117) (0:127) (0:137)
log(Average Value of Farms)
Access rights  Post TGA 0:105 0:344 0:210 0:193 Q160 0:018 0283
(0:063) (0:199) (0:055) (0:187) (0:068) (0:082) (0:090)
Share of Severe Erosion Post TGA 0:368 0:105 0486 0:108 Q449 0:231 0:762
(0:091) (0:196) (0:094) (0:199) (0:114) (0:107) (0:151)
log(Average Value of Farm Land)
Access rights  Post TGA 0:121 0:386 Q0252 0:512 Q0214 0:019 Q322
(0:101) (0:274) (0:103) (0:431) (0:081) (0:136) (0:126)
Share of Severe Erosion Post TGA 0:771 0:362 Q957 0:506 Q861 0:663 1:076
(0:147) (0:269) (0:177) (0:370) (0:176) (0:175) (0:265)

Wealth e ects using for farmers using the agricultural census 1910{2007. Every cell is a separate regression on the variable in the heder of its panel. County xed
e ects, year xed e ects and county speci ¢ time trends inclu ded in all regressions. The rst row ‘Access rights  Post TGA' is de ned as one if any part of the
county is a ected by the Taylor Grazing Act and the observation is after 1935. The second row “Share of Severe Erosion Post TGA' is a continuous variable
indicating the amount of land severely eroded in 1934 per county. Having police, bank or newspaper is not predicted by being a ected by the Taylor grazing act:
-0.080 (0.62), -0.024 (0.053) and -0.024 (0.069) respectivig. They are also not predicted by soil erosion: -0.059 (0.115), 0.127 (0.112) and 0.073 ( 0.099) respectively.
In the above Table standard errors are clustered by county and are shown in parenthesis. p< 0:10, p< 0:05, p< 0:01
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A Appendix : Robustness Graphs

Figure A.1: Probability of erosion

(a) Access rights (b) Private rights (c) Combined

(d) Access rights (e) Private rights (f) Combined

The underlying variable in this gure is the predicted probabilit y of an observation being eroded
based on all other covariates, except vegetation in New Mexico. The rst ow uses a Probit and
the second a linear probability model.
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Figure A.2: Additional bandwidths

Access rights treatment (left) and private rights treatment (right) : Bandwidth choices of
the baseline speci cation (top), interacted with distance to the boundary segment (middle)
and boundary speci ¢ productivity (bottom). First red line denote s the optimal bandwidth
(Calonico et al., 2015, the second the bias corrected optimal bandwidth.
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Figure A.3: Additional bandwidths: Excluding partially treated obse rvations

Excluding partially treated: Access rights treatment (left) and pr ivate rights treatment (right).
Bandwidth choices of the baseline speci cation (top), interacted with distance to the boundary
segment (middle) and boundary specic productivity (bottom). Fir st red line denotes the
optimal bandwidth ( Calonico et al,, 2015, the second the bias corrected optimal bandwidth.
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Figure A.4: Excluding partially treated

(a) Excl. Partial (b) NDVI (c) NDVI, excl. Partial

(d) Excl. Partial (e) NDVI (f) NDVI, excl. Partial

Excluding partially treated and raw data for the access rights treatment (upper panel a-c) and
private rights treatment (lower panel d-f). Each bin is 0.125 miles wide.

Figure A.5: MODIS: Main outcome

(a) Access rights (b) Private rights

Using the MODIS satellites to derive the vegetation index. It shows the residual vegetation
after | control exibly for latitude and longitude, distance to the boun dary and boundary xed
e ects. Standard errors are constructed by bootstrapping individual boundary segments. Each
bin is 0.125 miles wide.
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Figure A.6: Placebo estimates

Distribution of the access rights point estimates (left) and private rights point estimates (right)
after drawing 200 random grazing boundaries. The reference line markshe baseline estimate.
| use all three speci cation. Baseline (rst row), interacted wit h distances (second row), and
interacted with lat&lon (third row).
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Figure A.7: Wealth: Alternative bandwidths

(a) Baseline (b) Interacted with Distance (c) Boundary speci c prod.
(d) Baseline (e) Interacted with Distance (f) Boundary specic prod.
(g) Baseline (h) Interacted with Distance (i) Boundary specic prod.
(j) Baseline (k) Interacted with Distance () Boundary speci c prod.

Bandwidth choices for four variables from the census-blocks, usinghree speci cations. The
horizontal red line marks zero, the black vertical line the optimal bandwidth calculated using
Calonico et al. (2015.
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Figure A.8: Wealth: Wide bandwidths

(a) Baseline (b) Interacted with Distance (c) Boundary specic prod.
(d) Baseline (e) Interacted with Distance (f) Boundary speci c prod.
(9) Baseline (h) Interacted with Distance (i) Boundary specic prod.
(i) Baseline (k) Interacted with Distance () Boundary speci c prod.

Bandwidth choices in extreme bandwidths up to 200 miles for four variales from the census-
blocks, using three speci cations. The horizontal red line marks ero, the black vertical line the
optimal bandwidth calculated using Calonico et al. (2015.
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Figure A.9: Wealth: Excluding partially treated

Excluding partial treatment: RD-Graph using census-block Groups in 1990, 2000 and 2010.
Residuals shown, including year xed e ects.
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Figure A.10: Placebo Estimates

(a) Baseline (b) Interacted with Distance (c) Boundary speci c prod.
(d) Baseline (e) Interacted with Distance (f) Boundary specic prod.
(g) Baseline (h) Interacted with Distance (i) Boundary specic prod.
(j) Baseline (k) Interacted with Distance () Boundary speci c prod.

Distribution of the access rights point estimate after drawing 200 randm grazing boundaries.
Bandwidth: 2 miles. First panel: log(Median Family Income), second @nel: Share below
Poverty Line, third panel: High school graduates, and fourth panel. log(Malian Value Housing).

73



B Appendix : Robustness Tables

Table B.1: Balance test for issuing access rights

Baseline Interacted with Distance Boundary speci ¢ productivity
(€} (2 (©)] 4) (5) (6) @) (8) )
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles

Productivity of Land

Severe Erosion (1934) 04 Q012 0022 Q002 0:001 Q000 0:002 0002 Q009
(0:013) (0:018) (0.021) (0.009) (0:009) (0012) (0:012) (0.018) (0.020)
Vegetation in New Mexico (1936) 0070 Q077 0083 0:008 Q042 0036 Q078 0:083 0:077
(0:051) (0:050) (0.047) (0.037) (0.051) (0.059) (0:040) (0:045) (0.040)

Inputs into Production of Vegetation

Elevation 1:543 5797 10187 1:133 Q579 2029 2032 5208 9771
(5:325) (7:562) (9:047) (3704) (4224) (5:267) (4:651) (7:824) (9:841)
Average Rainfall prior to 1935 0015 2320 4600 5:063 3:492 2:524 1323 2708 4930
(2:625) (4:360) (6:170) (1:831) (1:349) (2095) (2961) (4:270) (4:950)
Average Temperature prior to 1935 0040 0:047 Q037 Q046 0:035 Q046 0:001 Q009 Q014
(0:022) (0:029) (0:038) (0:027) (0:022) (0:022) (0:015) (0:021) (0:028)
Standard Deviation of Elevation 0:004 Q000 Q001 Q009 0:010 0:005 Q003 0:001 0:000
(0:003) (0:002) (0:002) (0:005) (0:004) (0:003) (0:003) (0:002) (0:002)
Distance to River 0:058 Q133 Q156 Q016 Q004 Q0034 Q122 0:230 0:303
(0:068) (0:102) (0:133) (0:065) (0:065) (0:074) (0:072) (0:125) (0:166)

Accessibility of Grazing Districts

Distance to Saint Louis 0:020 Q009 Q008 Qo010 0:006 Q009 0:000 0:002 0:002
(0:053) (0:059) (0:059) (0:055) (0:052) (0:054) (0:001) (0:002) (0:003)

Distance to Closest City 0113 Q302 Q420 Q103 0:023 Q063 Q021 0:109 0:157
(0:164) (0:219) (0:281) (0:164) (0:164) (0:183) (0:125) (0:206) (0:274)

Observations 26,506 51,340 75,015 26,506 51,340 75,015 26,506 51,340 75,015

An observation is treated if its center is within the historical grazing districts and is public in 1935. Control observations are open-access pixels, outside the historical grazing districts without
prior ownership status. Every cell is a di erent regression. RD-grap hs in Figure 12. Severe Erosion (1934) refers to erosion maps constructed for the nine states in 1934. Tho® maps were used to
determine the extent of the Taylor Grazing act and show the erosi on status of the land in 1934. 54% of my sample is classi ed as gverely eroded and 22 % as moderately eroded.Vegetation in
New Mexico (1936) shows the vegetation in a small southern part of New Mexico in 1936 as digitized by Skaggs et al.(2010). Due to the limited geographical extent the numbers of observat ion is
severely reduced and thus this variable is not part of the covariat es in any other regression. Elevation is constructed from the Global Multi-resolution Terrain Elevati on Data (GMTED2010), and
shows the mean elevation in a 500m radius around every pixel. Average Rainfall prior to 1935 de nes the average yearly rainfall and Average Temperature prior to 1935 the average temperature
in Fahrenheit from 1900-34. | use station level rainfall data from al | stations within 100km and takes the weighted average based m the distance to the pixel. Results are equivalent to using only
the closest station. Standard Deviation of Elevation calculates the standard deviation of elevation of 8 adjacent cells and denominates it by the average elevation of all 9 cells The average within
a 500m radius around every pixel is reported here. Distance to River, Distance to Saint Louis and Distance to Closest City capture varying distances to proxy for water access, remoteness ad
thus time of settlement, and distance to modern day civilizat ion which might a ect the NDVI measure due to green lawns or high ways. Standard errors clustered by the boundary segments shown
in parenthesis. p< 0:10, p< 0:05, p< 0:01
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Table B.2:

Balance test for issuing private rights

Baseline Interacted with Distance Boundary speci ¢ productivity
(€} (2 3 4 (5) (6) @ (8 )
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Productivity of Land
Severe Erosion (1934) 0:009 Q000 Q014 0:007 0:008 0:006 0:.019 0:016 0:008
(0:018) (0:018) (0:020) (0:021) (0:022) (0:020) (0:014) (0:019) (0:022)
Vegetation in New Mexico (1936) 0048 Q108 Q122 0:012 Q007 0:013 Q103 Q0215 0:236
(0:110) (0:117) (0:097) (0:133) (0:099) (0:124) (0:070) (0:073) (0:067)
Inputs into Production of Vegetation
Elevation 10:203 7:005 8:197 11:772 10:530 10:033 4:378 Q0264 1738
(8:353) (8:801) (10:396) (8:662) (9:345) (8:768) (4:994) (6:840) (8:258)
Average Rainfall prior to 1935 1:878 2:482 1390 2:860 3:967 4:236 Q881 Q0540 4372
(2:739) (2733) (2675) (3:329) (2823) (2693) (0:899) (1:375) (2659)
Average Temperature prior to 1935 0:657 0:718 0921 1:376 1:555 0:747 0:351 0:556 Q975
(1:472) (L572) (1:601) (1:696) (1:720) (2395) (0:720) (1:139) (1:693)
Standard Deviation of Elevation 0:006 0:002 0:001 Qo001 Q000 Q004 0:005 0:005 0:005
(0:005) (0:004) (0:004) (0:008) (0:006) (0:005) (0:006) (0:004) (0:005)
Distance to River 0:267 Q381 0:484 0:096 Q274 Q372 0:399 0:630 0:723
(0:204) (0:219) (0:252) (0:161) (0:199) (0:221) (0:199) (0:215) (0:232)
Accessibility of Grazing Districts
Distance to Saint Louis 0149 Q0226 Q275 Q147 Q195 Q0169 0:001 Q002 0:000
(0:249) (0:258) (0:278) (0:186) (0:222) (0:225) (0:002) (0:004) (0:006)
Distance to Closest City 0:547 0:249 0:244 0:637 0:525 0:367 Q233 Q004 0:040
(0:379) (0:387) (0:395) (0:399) (0:402) (0:405) (0:315) (0:393) (0:466)
Observations 15,482 29,512 42,257 15,482 29,512 42,257 15,482 29,512 42,257

An observation is treated if its center is within the historical

grazing districts and is privatized after 1916. Control observati ons are open-access pixels, outside the historical grazing disicts

without prior ownership status. Every cell is a di erent regressi on. RD-graphs in Figure 13Severe Erosion (1934) refers to erosion maps constructed for the nine states in 1934. Tho® maps
were used to determine the extent of the Taylor Grazing act and show the erosion status of the land in 1934. 54% of my sample is clasi ed as severely eroded and 22 % as moderately eroded.
Vegetation in New Mexico (1936) shows the vegetation in a small southern part of New Mexico in 1936 as digitized by Skaggs et al.(2010. Due to the limited geographical extent the numbers
of observation is severely reduced and thus this variable is not part of the covariates in any other regression. Elevation is constructed from the Global Multi-resolution Terrain Elevatio n Data
(GMTED2010), and shows the mean elevation in a 500m radius around every pixel. Average Rainfall prior to 1935 de nes the average yearly rainfall and Average Temperature prior to 1935 the
average temperature in Fahrenheit from 1900-34. | use station level rainfall data from all stations within 100km and takes the weig hted average based on the distance to the pixel. Results are
equivalent to using only the closest station. Standard Deviation of Elevation calculates the standard deviation of elevation of 8 adjacent cells and denominates it by the average elevation of all 9
cells. The average within a 500m radius around every pixel is reported here. Distance to River, Distance to Saint Louis and Distance to Closest City capture varying distances to proxy for water
access, remoteness and thus time of settlement, and distanceto modern day civilization which might a ect the NDVI measure d ue to green lawns or highways. Standard errors clustered by the

boundary segments shown in parenthesis.

p < 0:10,

p< 005 p<001

Table B.3: Balance test for productivity of the land: Instrumenting
with covariates to reduce the dimensionality.

Severe Erosion

Baseline Interacted with Distance Boundary speci ¢ productivity
(€] @ (©)] 4 (5) (6) ()] 8 C)
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Instrument Severe erosion using a Linear Probability Model
Access rights 0002 Q003 0:004 0:001 Q000 Qo001 Q001 Q001 Q002
(0:001) (0:001) (0:002) (0:001) (0:001) (0:001) (0:001) (0:001) (0:002)
Private rights 0:002 0:000 0:000 0:003 0:002 0:002 Q002 Q002 Q002
(0:002) (0:002) (0:002) (0:002) (0:002) (0:002) (0:002) (0:002) (0:002)
Instrument Severe erosion using a Probit Model
Access rights 0002 Q006 0:007 0:002 Q001 Q003 Q001 Q002 Q003
(0:002) (0:003) (0:003) (6:002) (0:002) (0:002) (0:001) (6:002) (0:003)
Private rights 0:005 0:002 Q001 0:006 0:006 0:006 0:000 0:000 Q001
(0:005) (0:005) (0:006) (0:004) (0:005) (0:005) (0:002) (0:002) (0:003)
Observations 29,857 58,235 85,304 29,857 58,235 85,304 29,857 58,235 85,304

An observation is de ned access rights if its center is within t he historical grazing districts and is public in 1935 and private rights if its center is within the historical
grazing districts and is privatized after 1916. Control observati ons are open-access pixels, outside the historical grazing disicts without prior ownership status. Here |
instrument Severe Erosion (1934), by all covariates except vegeation in New Mexico, as de ned in Table B.1. Severe Erosion (1934) refers to erosion maps constructed
for the nine states in 1934. | combine access rights and private rights in one regression. Standard errors clustered by the boundary segnents shown in parenthesis.

p< 0:10, p< 0:05, p< 0:01
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Table B.4: Balance test on census data using Minor Civil Divisons - Part I

Baseline Interacted with Distance Boundary speci ¢ productivity
(€} 2 3 4 (5) (6) @ (®) 9
1 mile 2 miles 5 miles 1 mile 2 miles 5 miles 1 mile 2 miles 5 miles

Census of Population

log(Population) (1930) 0:283 0:147 0:017 0:682 0:396 0:086 0:002 0:112
(0:189) (0:130) (0:087) (0:389) (0:232) (0:132) (0:283) (0:149)
234 427 1,033 234 427 1,033 427 1,033
log(Population) (1940) 0:127 0:173 0:028 0:297 0:263 0:060 0123 0:038
(0:205) (0:155) (0:089) (0:389) (0:244) (0:155) (0:323) (0:158)
260 496 1171 260 496 1,171 496 1,171
log(Population Density) (1930) 0:163 0231 0383 0:731 0:209 0285 0407 0:031
(0:266) (0:236) (0:151) (0:617) (0:428) (0:267) (0:608) (0:246)
108 195 521 108 195 521 195 521
log(Population Density) (1940) 0:036 0481 0:314 0:109 0004 0368 0259 0093
(0:307) (0:289) (0:171) (0:637) (0:442) (0:302) (0781) (0:316)
106 196 512 106 196 512 196 512

Household Covariates

Owns the House 0026 Q058 Q058 0:027 0:036 Q022 Q055 Q093
(0:049) (0:063) (0:037) (0:068) (0:089) (0:055) (0:064) (0:072)
2,057 3,906 10,826 2,057 3,906 10,826 3,906 10,826
log(House Value) 0:615 0:410 1:065 0:406 0:893 0:185 1375 0:432
(0:589) (0:395) (0:495) (1:153) (0:929) (0:496) (0:706) (0:787)
1,134 2,230 5,901 1,134 2,230 5,901 2,230 5,901
Family Size 0339 0:054 Q113 Q422 0:089 0:104 Q018 0299
(0:197) (0:163) (0:107) (0:378) (0:305) (0:179) (0:280) (0:143)
2,068 3,921 10,873 2,068 3,921 10,873 3,921 10,873
Number of Children 0:236 Q050 Q083 Q421 0:037 0:092 Q029 Q271
(0:179) (0:140) (0:094) (0:319) (0:259) (0:156) (0:227) (0:141)
2,068 3,921 10,873 2,068 3,921 10,873 3,921 10,873

An observation is treated if the center of the minor civil divis ion lies within the historical grazing districts in 1935. The th ird row of each variable indicates the number of observations for
this variable in this year. Variables from the “Census of Populati on' are derived from o cial statistic and are available for the uni verse of counties close to the boundary. Individual and
household covariates are taken from the 5% sample of the 1930 censs. Policemen is derived from the occupation of the individual. All individua | statistics are taken from all adults, and all
household statistics from the household head. log(House Value) is conditioning on owning a house and occupation, industry and unemployment status is conditional on being in the labor
force. RD Graphs in Figure 15. Column (7) cannot be estimated as the degrees of freedom are zero Whin one mile of the boundary in that speci cation. Standard e rrors clustered by the
boundary segments shown in parenthesis. p < 0:10, p< 0:05, p< 0:01
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Table B.5: Balance test on census data using Minor Civil Divisons - Part

Baseline Interacted with Distance Boundary speci ¢ productivity
) @ ®) “ ) (6) @) ®) ©)
1 mile 2 miles 5 miles 1 mile 2 miles 5 miles 1 mile 2 miles 5 miles
Individual Covariates
Male 0:002 Q004 Q002 Q002 0:002 Q003 Q004 Q012
(0:009) (0:007) (0:006) (0:021) (0:012) (0:009) (0:012) (0:013)
3,626 6,842 19,046 3,626 6,842 19,046 6,842 19,046
Age 2:035 0:676 Q714 0:475 2:147 0:549 1:078 1:735
(0:754) (0:546) (0:519) (1:272) (1:157) (0:737) (0:666) (0:885)
3,626 6,842 19,046 3,626 6,842 19,046 6,842 19,046
Race: White 0:064 0:037 Q020 Q066 0:069 0:038 Q001 0:000
(0:037) (0:026) (0:019) (0:103) (0:030) (0:030) (0:034) (0:026)
3,626 6,842 19,046 3,626 6,842 19,046 6,842 19,046
Citizen 0:019 Q035 Q002 Q001 Q042 Q030 Q087 Q082
(0:016) (0:026) (0:017) (0:040) (0:035) (0:026) (0:070) (0:033)
3,626 6,842 19,046 3,626 6,842 19,046 6,842 19,046
Farmer 0:089 0:069 Q099 0:089 Q094 Q011 0:078 Q029
(0:047) (0:046) (0:049) (0:085) (0:093) (0:054) (0:096) (0:083)
3,626 6,842 19,046 3,626 6,842 19,046 6,842 19,046
Works in Industry: Agriculture 0 :093 0:052 Q076 Q127 Q061 0:038 Q070 Q076
(0:048) (0:043) (0:049) (0:114) (0:085) (0:056) (0:072) (06:077)
1,964 3,689 10,194 1,964 3,689 10,194 3,689 10,194
Works in Industry: Education 0:005 Q005 0:001 0:029 0:015 Q001 Q014 Q012
(0:011) (0:011) (0:006) (0:019) (0:014) (0:010) (0.017) (0:012)
1,964 3,689 10,194 1,964 3,689 10,194 3,689 10,194
Is part of the Labor Force 0:008 0:001 0:001 0:033 0:014 Q001 0:051 0:010
(0:019) (0:014) (0:009) (0:027) (0:024) (0:013) (0:016) (0:021)
3,626 6,842 19,043 3,626 6,842 19,043 6,842 19,043
Is unemployed 0033 0:010 Q003 Q049 Q028 Q021 Q037 Q024
(0:019) (0:017) (0:014) (0:046) (0:026) (0:017) (0:024) (0:025)
1,964 3,689 10,194 1,964 3,689 10,194 3,689 10,194
Is a police men 0:006 0:001 0:002 0:006 0:003 Q000 Q000 0:005
(0:003) (0:002) (0:002) (0:005) (0:005) (0:003) (0:000) (0:002)
1,964 3,689 10,194 1,964 3,689 10,194 3,689 10,194
Occupational Income Score 3:693 1:295 1:074 6:667 2:694 0:001 Q031 2:223
(1:671) (1:333) (0:924) (2793) (2:650) (1:660) (1:329) (2051)
1,854 3,475 9,544 1,854 3,475 9,544 3,475 9,544
Occupational Prestige Score 2:639 0:494 Q0515 7:135 2:347 0:569 0:422 1:064
(1:427) (1:195) (0:669) (1:780) (2:018) (1:327) (1:817) (1:246)
1,854 3,475 9,544 1,854 3,475 9,544 3,475 9,544
Occupational Earnings Score 13:832 2:090 1:983 16:637 7:732 3338 6815 2:832
(5:009) (3:984) (2978) (7:509) (7:916) (5:139) (4:961) (6:452)
1,854 3,475 9,544 1,854 3,475 9,544 3,475 9,544

An observation is treated if the center of the minor civil divis ion lies within the historical grazing districts in 1935. The th ird row of each variable indicates the number of observations for
this variable in this year. Variables from the “Census of Populati on' are derived from o cial statistic and are available for the univ erse of counties close to the boundary. Individual and
household covariates are taken from the 5% sample of the 1930 censs. Policemen is derived from the occupation of the individual. All individua | statistics are taken from all adults, and all
household statistics from the household head. log(House Value) is conditioning on owning a house and occupation, industry and unemployment status is conditional on being in the labor
force. RD Graphs in Figure 15. Column (7) cannot be estimated as the degrees of freedom are zero Wthin one mile of the boundary in that speci cation. Standard e rrors clustered by the

boundary segments shown in parenthesis.

p < 0:10,

p < 0:05,

p< 0:01
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Table B.6: Access rights treatment: Speci cation tests

(@) 2 [€) (4) (5) 6) @) (8) 9 (10)
Bandwidth: 2 miles 2 miles 2 miles 2 miles 2 miles 2 miles 2 miles 2 miles 2 miles 6 miles
Baseline
Without Covariates 0:108 0:108 0:110 0:110 0:110 0:110 0:110 0:108 0:110 0:125
(0:028) (0:028) (0:028) (0:028) (0:028) (0:028) (0:028) (0:028) (0:028) (0:034)
With Covariates 0:110 0:109 0:109 0:109 0:109 0:109 0:109 0:108 0:108 0:120
(0:025) (0:025) (0:025) (0:025) (0:025) (0:025) (0:025) (0:025) (0:025) (0:029)
Interacted with Distance
Without Covariates 0:042 0:042 0:043 0:043 0:043 0:043 0:014 Q018 Q004 0028
(0:015) (0:015) (0:015) (0:015) (0:016) (0:015) (0:011) (0:016) (0:018) (0:013)
With Covariates 0:043 0:043 0:043 0:043 0:043 0:043 0:016 0020 Q005 Q022
(0:015) (0:015) (0:015) (0:015) (0:015) (0:015) (0:010) (0:015) (0:017) (0:012)
Boundary speci ¢ productivity
Without Covariates 0:108 0:108 0:108 0:106 0:103 0:105 0:103 0:101 0:099 0:118
(0:028) (0:030) (0:030) (0:030) (0:030) (0:030) (0:030) (0:031) (0:032) (0:033)
With Covariates 0:110 0:106 0:106 0:105 0:105 0:104 0:104 0:101 0:098 0:113
(0:025) (0:027) (0:028) (0:028) (0:028) (0:028) (0:028) (0:029) (0:030) (0:030)
Linear Lat/Lon Yes Yes Yes Yes Yes Yes Yes Yes Yes
Lat Lon Yes Yes Yes Yes Yes Yes Yes Yes
Linear Distance Yes Yes Yes Yes Yes Yes Yes
Squared Lat/Lon Yes Yes Yes Yes Yes Yes
Lat Lon, squared Yes Yes Yes Yes Yes
Squared Distance Yes Yes Yes Yes
Cubic Lat/Lon Yes Yes Yes
Lat Lon, Cubic Yes Yes Yes
Cubic Distance Yes Yes Yes
Quadratic Distance Yes Yes
Quadratic Lat/Lon Yes Yes
Lat Lon, Quadratic Yes Yes
Observations 49,770 49,770 49,770 49,770 49,770 49,770 49,770 49,770 49,770 132,200

An observation is treated if its center is within the historical
only boundary segment xed e ects and a binary treatment indica tor for access rights. Column (6) constitutes the baseline speci cation. In the third panel with boundary speci ¢ productiv

| additionally interact all boundary segments with all latitu

p< 0:10, p< 0:05,

p< 001

grazing districts. Control observations are collectively mana ged pixels, outside the historical grazing districts. Column ( 1) features

ity,

de and longitude polynomials and distance polynomials. Standard errors clustered by the boundary segments shown in parenthess.
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Table B.7: Private rights treatment: Speci cation tests

@ 2 3 (4) (5) (6) ) (8) (9) (10)
Bandwidth: 2 miles 2 miles 2 miles 2 miles 2 miles 2 miles 2 miles 2 miles 2 miles 6 miles
Baseline
Access rights 0.107 0.106 0.107 0.107 0.106 0.106 0.106 0.105 0.106 0.117
(0.025) (0.025) (0.025) (0.025) (0.025) (0.025) (0.025) (0.025) (0.025) (0.029)
Private rights 0.113 0.113 0.114 0.114 0.112 0.111 0.111 0.110 0.110 0.124
(0.022) (0.022) (0.023) (0.023) (0.022) (0.022) (0.022) (0.022) (0.022) (0.026)

Interacted with Distance

Access rights 0.045 0.044 0.044 0.044 0.044 0.044 0.015 0.019 0.006 0.022
(0.015) (0.015) (0.015) (0.015) (0.015) (0.015) (0.011) (0.015) (0.017) (0.012)
Private rights 0.091 0.090 0.091 0.091 0.089 0.088 0.054 0.041 0.016 0.093
(0.019) (0.020) (0.020) (0.020) (0.020) (0.019) (0.020) (0.020) (0.024) (0.025)
Boundary speci ¢ productivity
Access rights 0.107 0.104 0.105 0.103 0.097 0.101 0.100 0.097 0.095 0.109
(0.025) (0.027) (0.027) (0.027) (0.027) (0.027) (0.028) (0.028) (0.028) (0.029)
Private rights 0.113 0.108 0.109 0.109 0.103 0.105 0.105 0.104 0.102 0.121
(0.022) (0.023) (0.023) (0.023) (0.024) (0.024) (0.024) (0.025) (0.025) (0.027)
Linear Lat/Lon Yes Yes Yes Yes Yes Yes Yes Yes Yes
Lat Lon Yes Yes Yes Yes Yes Yes Yes Yes
Linear Distance Yes Yes Yes Yes Yes Yes Yes
Squared Lat/Lon Yes Yes Yes Yes Yes Yes
Lat Lon, squared Yes Yes Yes Yes Yes
Squared Distance Yes Yes Yes Yes
Cubic Lat/Lon Yes Yes Yes
Lat Lon, Cubic Yes Yes Yes
Cubic Distance Yes Yes Yes
Quadratic Distance Yes Yes
Quadratic Lat/Lon Yes Yes
Lat Lon, Quadratic Yes Yes
Observations 56,661 56,661 56,661 56,661 56,661 56,661 56,661 56,661 56,661 151,442

An observation is treated if its center is within the historical grazing districts. It is de ned as access rights if it was public lands in 1935, and private rights if it has been privatized after 1 916.
Control observations are open-access pixels, outside the histrical grazing districts. Column (1) features only boundary segme nt xed e ects and a binary treatment indicator for access rights .
Column (6) constitutes the baseline speci cation. In the th ird panel with boundary speci ¢ productivity | additionally in  teract all boundary segments with all latitude and longitude p olynomials
and distance polynomials. Covariates included in all regressions. Standard errors clustered by the boundary segments shown in paenthesis. p< 0:10, p< 0:05, p < 0:01
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Table B.8: Access rights treatment: Excluding partially treated

Interacted with Distance

Boundary speci ¢ productivity

Baseline
(€} @ 3 4 (5) (6) ) ()] (C)]

1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Without Covariates 0:098 0:128 0:140 0:076 0:087 0:101 0:095 0:128 0:143

(0:026) (0:033) (0:035) (0:024) (0:026) (0:030) (0:028) (0:036) (0:039)
With Covariates 0:097 0:125 0:134 0:076 0:084 0:097 0:096 0:128 0:138

(0:024) (0:029) (0:031) (0:023) (0:024) (0:028) (0:026) (0:033) (0:035)
Adj. R2 Without Covariates 0:695 0667 0648 0695 Q667 0648 Q787 Q759 Q743
Adj. R2 With Covariates 0:737 Q718 Q706 Q737 Q719 Q706 Q0804 Q784 Q773
Observations 16,224 40,003 62,587 16,224 40,003 62,587 16,224 40,003 62,587
Control Mean 12:260 12120 12104 12260 12120 12104 12260 12120 12104

Every cell constitute a separate regression of the treatment indicator on log(NDVI) using the model in the header. Distance is de ned as the distance from the edge of the pixel to the
grazing district boundary. If the pixel intersects the boundary t he pixel is dropped. An observation is treated if its center is wi thin the historical grazing districts. It is de ned as access
rights if it was public lands in 1935. Control observations are op en-access pixels, outside the historical grazing districts. Covariates are de ned in Table B.1. Standard errors clustered by

the boundary segments shown in parenthesis.

p< 0:10,

p < 0:05,

p< 0:01

Table B.9: Private rights treatment: Excluding partially treated

Interacted with Distance

Boundary speci ¢ productivity

Baseline
@ %) ©)] 4 (5) (6) ™ ® 9

1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Access rights 0094 0:122 0:131 0:073 0:082 0:095 0:093 0:125 0:136

(0:023) (0:029) (0:030) (0:022) (0:024) (0:027) (0:025) (0:032) (0:034)
Private rights 0:110 0:126 0:142 0:094 0:112 0:127 0:103 0:125 0:144

(0:024) (0:025) (0:027) (0:022) (0:025) (0:027) (0:024) (6:027) (0:030)
Adj. R2 0:739 Q722 Q709 Q739 Q722 Q710 Q807 Q787 Q776
Observations 18,481 45,777 71,720 18,481 45,777 71,720 18,481 45,777 71,720
F-Test of equality 0:245 Q807 Q0453 Q0183 Q051 Q031 0466 Q990 Q472

Every cell constitute a separate regression of the treatment indi cator on log(NDVI) using the model in the header. Distance is de ned as the distance from the edge of the pixel
to the grazing district boundary. If the pixel intersects the bou ndary the pixel is dropped. An observation is treated if its cente r is within the historical grazing districts. It is
de ned as access rights if it was public lands in 1935, and private rights if it has been privatized after 1916. Control observatio ns are open-access pixels, outside the historical

grazing districts. Covariates are de ned in Table B.1. Standard errors clustered by the boundary segments shown in parenthesis.
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Table B.10: Access rights treatment with Conley standard errors

Local Linear Local Linear, Interacted Local Linear, Boundary Lat,Lon
() (2 3) 4) (5) (6) @ ®) (9)
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Without Covariates 0:075 Q110 Q0126 Q017 Q043 Q064 Q071 Q108 Q125
Clustered by boundary segment (0019) (0:025) (0:027) (0:011) (0:015) (0:020) (0:020) (0:027) (0:029)
Spatial correlation within 0.5 degrees (0021) (0:029) (0:032) (0:012) (0:016) (0:021) (0:022) (0:031) (0:033)
Spatial correlation within 1 degree (0031) (0:044) (0:049) (0:015) (0:021) (0:030) (0:031) (0:045) (0:050)
With Covariates 0:076 Q0109 Q122 Q019 Q043 Q0063 Q071 Q107 0121
Clustered by boundary segment (0019) (0:025) (0:027) (0:011) (0:015) (0:020) (0:020) (0:027) (0:029)
Spatial correlation within 0.5 degrees (0020) (0:027) (0:029) (0:012) (0:016) (0:021) (0:020) (0:028) (0:030)
Spatial correlation within 1 degree (0029) (0:040) (0:044) (0:015) (0:020) (0:029) (0:030) (0:042) (0:047)
Adj. R2 Without Covariates 0:695 0671 0652 0696 Q671 0652 Q795 Q764 Q745
Adj. R2 With Covariates 0:734 Q718 Q707 Q734 Q719 Q707 0811 Q786 Q773
Observations 25,870 49,770 72,491 25,870 49,770 72,491 25,870 49,770 72,491
Control Mean 12:262 12151 12131 12262 12151 12131 12262 12151 12131

Every cell constitute a separate regression of the treatment indi cator on log(NDVI) using the model in the header. An observatio n is treated if its center is within the historical grazing distri cts.
Control observations are collectively managed pixels, outside the historical grazing districts. Covariates are de ned in Tabl e B.1. Standard errors shown in parenthesis. p < 0:10, p < 0:05,
p< 001

Table B.11: Private rights treatment with Conley standard errors

Local Linear Local Linear, Interacted Local Linear, Boundary Lat,Lon
(€] 2 (3 4) (5) (6) ()] (8) 9
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Access rights 0074 Q107 Q120 Q018 Q042 Q062 Q070 Q0105 Q0119
Clustered by boundary segment (0019) (0:025) (0:027) (0:011) (0:015) (0:020) (0:020) (0:027) (0:029)
Spatial correlation within 0.5 degrees (0020) (0:026) (0:028) (0:015) (0:021) (0:028) (0:020) (0:027) (0:029)
Spatial correlation within 1 degree (0029) (0:040) (0:043) (0:020) (0:028) (0:035) (0:031) (0:035) (0:038)
Private rights 0:090 0112 0131 Q044 Q079 Q102 Q083 Q0110 0129
Clustered by boundary segment (0022) (0:022) (0:025) (0:018) (0:022) (0:024) (0:022) (0:023) (0:026)
Spatial correlation within 0.5 degree (Q021) (0:023) (0:025) (0:019) (0:026) (0:032) (0:022) (0:024) (0:026)
Spatial correlation within 1 degree (0030) (0:033) (0:037) (0:025) (0:030) (0:035) (0:031) (0:035) (0:038)
Observations 29,217 56,661 82,775 29,217 56,661 82,775 29,217 56,661 82,775

Every column constitute a separate regression of the treatment indicator on log(NDVI) using the model in the header. An observat ion is de ned as public management if its center is within the
historical grazing districts and has not been privatized in 1935 . An observation is de ned as private management if its center i s within the historical grazing districts and has been privatize d after
1916. Control observations are collectively managed pixels, aitside the historical grazing districts. Covariates are include d in all regressions and de ned in Table B.1. Standard errors shown in
parenthesis. p< 0:10, p< 0:05, p< 0:01
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Table B.12: Access rights treatment: using 6 miles boundary segment S

Baseline Interacted with Distance Boundary speci ¢ productivity
(€} @ 3 4 (5) (6) ) ()] (C)]
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Without Covariates 0:072 0:101 0:112 0:012 Q033 0:053 0:021 0:027 0:033
(0:022) (0:028) (0:030) (0:010) (0:015) (0:020) (0:010) (0:012) (0:014)
With Covariates 0:075 0:105 0:114 0:014 Q036 0:057 0:021 0:029 0:035
(0:021) (0:026) (0:027) (0:010) (0:015) (0:020) (0:011) (0:012) (0:014)
Adj. R2 Without Covariates 0:845 0804 Q779 0846 Q805 Q780 Q0934 Q0920 Q907
Adj. R2 With Covariates 0:851 0817 Q798 0852 0818 Q799 Q935 0920 Q908
Observations 25,870 49,770 72,491 25,870 49,770 72,491 25,870 49,770 72,491
Control Mean 12:262 12151 12131 12262 12151 12131 12262 12151 12131

An observation is treated if its center is within the historical ~grazing districts. Control observations are collectively manag ed pixels, outside the historical grazing districts. Estimati ons
have xed e ects for each 6 miles boundary segments. Standard errors clustered by 60 miles boundary segments shown in parenthesis. p < 0:10, p < 0:05, p< 0:01

Table B.13: Private rights treatment: using 6 miles boundary segments

Baseline Interacted with Distance Boundary speci ¢ productivity
1) 2 3 4 (5) (6) ()] (C)] 9
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Access rights 0073 0:103 0:112 0:015 Q038 0:058 0:021 0:026 0:035
(0:020) (0:026) (0:027) (0:010) (0:015) (0:019) (0:010) (0:011) (0:014)
Private rights 0:077 0:098 0:114 0:048 0:077 0:092 0:024 0:033 0:040
(0:022) (0:021) (0:023) (0:016) (0:018) (0:019) (0:009) (0:011) (0:012)
Adj. R2 0:852 Q820 Q801 Q852 Q821 Q802 Q939 Q925 Q912
Observations 29,217 56,661 82,775 29,217 56,661 82,775 29,217 56,661 82,775
F-Test of equality 0:769 0653 Q910 Q027 Q002 Qoo7 Q584 Q167 Q274

An observation is treated if its center is within the historical grazing districts. It is de ned as access rights if it was public lands in 1935, and private rights if it has been
privatized after 1916. Control observations are open-access piels, outside the historical grazing districts. Estimations ha ve xed e ects for each 6 miles boundary segments.
Standard errors clustered by 60 miles boundary segments shown in paenthesis. p < 0:10, p < 0:05, p< 0:01
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Table B.14:

Access rights treatment. Dropping 60 miles boundary segm

ents

Baseline Interacted with Distance Boundary speci ¢ productivity
(€} @ 3 4 (5) (6) ) ()] (C)]
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Without Covariates 0:100 0:143 0:166 0:032 0:056 0:077 0:093 0:138 0:161
(0:028) (0:037) (0:040) (0:015) (0:021) (0:029) (0:029) (0:039) (0:043)
With Covariates 0:097 0:134 0:153 0:037 0:057 0:077 0:091 0:132 0:150
(0:026) (0:033) (0:036) (0:015) (0:021) (0:028) (0:027) (0:036) (0:039)
Adj. R2 Without Covariates 0:733 Q717 Q706 Q733 Q718 Q707 0813 Q783 Q768
Adj. R2 With Covariates 0:736 Q719 Q709 Q736 Q720 Q710 0813 Q783 Q768
Observations 17,042 32,768 47,660 17,042 32,768 47,660 17,042 32,768 47,660
Control Mean 11:356 11286 11270 11356 11286 11270 11356 11286 11270

An observation is treated if its center is within the historical

grazing districts. Control observations are collectively manag ed pixels, outside the historical grazing districts. In the bas eline

I drop 6 miles border segments if any observation associated wih that segment is a national forest. Here | drop an entire 60 miles border segment if any observation is a national forest.

Standard errors clustered by the boundary segments shown in parenthesis.

Table B.15: Private rights treatment: Dropping 60 miles boundary segmen

p< 0:10,

p < 0:05,

p< 0:01

ts

Baseline Interacted with Distance Boundary speci ¢ productivity
1) 2 3 4 (5) (6) ()] ()] 9
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Access rights 0097 0:133 0:152 0:038 0:058 0:076 0:091 0:131 0:149
(0:026) (0:033) (0:035) (0:015) (0:021) (0:026) (0:027) (0:035) (0:037)
Private rights 0:122 0:142 0:161 0:077 0:115 0:134 0:109 0:136 0:161
(0:032) (0:030) (0:033) (0:024) (0:028) (0:028) (0:032) (0:030) (0:034)
Adj. R2 0:736 Q722 Q711 Q736 Q723 Q712 Q814 Q787 Q772
Observations 19,028 36,889 53,823 19,028 36,889 53,823 19,028 36,889 53,823
F-Test of equality 0:227 Q602 Q0559 Q058 Q003 Q003 Q403 Q764 Q414

An observation is treated if its center is within the historical

grazing districts. It is de ned as access rights if it was public lands in 1935, and private rights if it has been

privatized after 1916. Control observations are open-access pixels, outside the historical grazing districts. In the baseline | drop 6 miles border segments if any observation
associated with that segment is a national forest. Here | drop an entire 60 miles border segment if any observation is a national forest. Standard errors clustered by the
boundary segments shown in parenthesis.

p< 0:10, p< 0:05,

p< 0:01
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Table B.16: Access rights treatment: Not dropping any boundaries

Baseline Interacted with Distance Boundary speci ¢ productivity
(€} @ 3 4 (5) (6) ) ()] (C)]
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Without Covariates 0:047 0:063 0:070 0:034 0:057 0:073 0:038 0:063 0:075
(0:016) (0:022) (0:025) (0:009) (0:014) (0:018) (0:016) (0:023) (0:026)
With Covariates 0:051 0:074 0:085 0:019 0:041 0:057 0:044 0:073 0:086
(0:015) (0:020) (0:022) (0:008) (0:012) (0:016) (0:015) (0:021) (0:024)
Adj. R2 Without Covariates 0:710 0683 Q660 Q710 0683 0660 0814 Q784 Q763
Adj. R2 With Covariates 0:754 Q736 Q720 Q755 Q736 Q720 0829 0806 Q790
Observations 46,573 88,728 128,370 46,573 88,728 128,370 46,573 88,728 128,370
Control Mean 13:982 13764 13705 13982 13764 13705 13982 13764 13705

An observation is treated if its center is within the historical ~grazing districts. Control observations are collectively manag ed pixels, outside the historical grazing districts. In the bas eline
| drop 6 miles border segments if any observation associated with that segment is a national forest. In this table | keep all obse rvations regardless. Standard errors clustered by the
boundary segments shown in parenthesis. p < 0:10, p < 0:05, p< 0:01

Table B.17: Private rights treatment: Not dropping any boundaries

Baseline Interacted with Distance Boundary speci ¢ productivity
1) 2 3 4 (5) (6) ()] ()] 9
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Access rights 0050 0:072 0:082 0:030 0:058 0:074 0:043 0:070 0:082
(0:015) (0:020) (0:022) (0:009) (0:012) (0:015) (0:015) (0:021) (0:023)
Private rights 0:064 0:084 0:098 0:066 0:103 0:118 0:054 0:076 0:089
(0:016) (0:019) (0:021) (0:013) (0:015) (0:017) (0:015) (0:019) (0:021)
Adj. R2 0:753 Q736 Q719 Q753 Q735 Q719 Q831 Q809 Q793
Observations 57,308 109,613 158,150 57,308 109,613 158,150 57,308 109,613 158,150
F-Test of equality 0:056 Q090 Q037 Q000 Q000 Q000 Q106 Q270 Q214

An observation is treated if its center is within the historical ~grazing districts. It is de ned as access rights if it was public lands in 1935, and private rights if it has been

privatized after 1916. Control observations are open-access pixels, outside the historical grazing districts. In the baseline | drop 6 miles border segments if any observation

associated with that segment is a national forest. In this tabl e | keep all observations regardless. Standard errors clustered by tte boundary segments shown in parenthesis.
p< 0:10, p< 0:05, p< 0:01
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Table B.18: Access rights and private rights treatment: Standardize th e index
instead of using logs.
Baseline Interacted with Distance Boundary speci ¢ productivity
1) (@) (3 ()] (5) 6) ()] ()] 9
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Access rights 0069 0:112 0:136 0:006 Q022 Q051 0:061 0:099 0:114
(0:026) (0:039) (0:046) (0:012) (0:018) (0:023) (0:027) (0:040) (0:045)
Private rights 0:090 0:132 0:174 0:055 0:115 0:148 0:083 0:123 0:149
(0:034) (0:039) (0:045) (0:030) (0:032) (0:035) (0:034) (0:039) (0:043)
Adj. R2 With Covariates 0:736 Q722 Q710 Q736 Q723 Q710 Q812 Q789 Q776
Observations 29,217 56,661 82,775 29,217 56,661 82,775 29,217 56,661 82,775
F-Test of equality 0:459 Q458 Q179 Q094 Q001 Q001 Q423

0296 Q114

Every column constitute a separate regression of the treatment indicator on log(NDVI) using the model in the header. An observat ion is de ned as access rights if its center is within
the historical grazing districts and has not been privatized in 1 935. An observation is de ned as private property rights if its cen ter is within the historical grazing districts and has
been privatized after 1916. Control observations are collectively managed pixels, outside the historical grazing districts. T he last row tests for equality of coe cients using an F-Test.

Covariates are included in all regressions and de ned in Table B.1. Standard errors clustered by the boundary segments shown in parenthesis.

p< 0:10, p< 0:05, p< 0:01
Table B.19: Access rights and private rights treatment. Dependent var iable:
NDVI 100

Baseline Interacted with Distance Boundary speci ¢ productivity
(€0 (@) (©) 4) (5) (6) @ ®) )
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Access rights 0437 0:715 0:866 0:038 Q141 Q0321 0:388 0:634 0:725
(0:163) (0:250) (0:293) (0:078) (0:114) (0:148) (0:174) (0:257) (0:286)
Private rights 0:574 0:841 1:108 0:348 0:735 0:942 0:525 0:786 0:945
(0:216) (0:247) (0:289) (0:191) (0:205) (0:221) (0:213) (0:248) (0:276)
Adj. R2 With Covariates 0:736 Q722 Q710 Q736 Q723 Q710 Q812 Q789 Q776
Observations 29,217 56,661 82,775 29,217 56,661 82,775 29,217 56,661 82,775
F-Test of equality 0:459 Q458 Q179 Q094 Q001 Q001 Q423

Q0296 Q114

Every column constitute a separate regression of the treatment indicator on the standardized index of NDVI using the model in th e header. An observation is de ned as access rights
if its center is within the historical grazing districts and has not been privatized in 1935. An observation is de ned as private property rights if its center is within the historical grazing
districts and has been privatized after 1916. Control observatio ns are collectively managed pixels, outside the historical grazing districts. The last row tests for equality of coe cients

using an F-Test. Covariates are included in all regressions and de ned in Table B.1. Standard errors clustered by the boundary segments shown in parenthesis.

p < 0:01
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Table B.20: Access rights and private rights treatment: Using MODIS

250m data

Baseline Interacted with Distance Boundary speci ¢ productivity
@ &) ©)] 4 (5) (6) ™ ® 9
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Access rights 0065 0:081 0:094 0:036 0:049 0:055 0:065 0:086 0:101
(0:020) (0:025) (0:028) (0:013) (0:017) (0:020) (0:021) (6:027) (0:030)
Private rights 0:054 0:069 0:083 0:035 0:051 0:058 0:048 0:070 0:090
(0:020) (0:021) (0:023) (0:017) (0:020) (0:022) (0:020) (0:023) (0:026)
Adj. R2 0:622 Q0604 0588 0622 Q0604 0588 Q709 0690 Q0673
Observations 623,437 1,210,956 1,771,353 623,437 1,210,956 1,771,353 623,437 1,210,956 1,771,353
F-Test of equality 0:414 Q319 Q379 Q943 Q879 0828 Q188 Q164 Q0332

Every column constitute a separate regression of the treatment indicator on NDVI

100 using the model in the header. An observation is de ned as access rights if its center

is within the historical grazing districts and has not been priva tized in 1935. An observation is de ned as private property rights if its center is within the historical grazing
districts and has been privatized after 1916. Control observatio ns are collectively managed pixels, outside the historical grazing districts. The last row tests for equality of
coe cients using an F-Test. Covariates are included in all regre ssions and de ned in Table B.1. Standard errors clustered by the boundary segments shown in parenthesis.

p< 010,

Table B.21: Access rights and private rights treatment: Using MODIS 250m

p < 0:05,

p < 0:01

and standardize the index and levels.

data

Baseline Interacted with Distance Boundary speci ¢ productivity
1) 2 (3) 4 (5) (6) ()] (8) 9
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Standardized NDVI
Access rights 0083 0:097 0:108 0:046 0:058 0:063 0:080 0:096 0:104
(0:031) (0:038) (0:040) (0:017) (0:024) (0:030) (0:032) (0:040) (0:042)
Private rights 0:065 0:083 0:107 0:034 Q050 Q049 Q057 Q085 0:111
(0:038) (0:040) (0:042) (0:031) (0:034) (0:037) (0:038) (0:041) (0:043)
Observations 623,437 1,210,956 1,771,353 623,437 1,210,956 1,771,353 623,437 1,210,956 1,771,353
F-Test of equality 0:589 0635 Q960 Q714 Q792 0660 0434 0695 Q773
NDVI 100
Access rights 0779 0:.911 1:021 0:435 0:551 0:595 0:750 0:903 0:.977
(0:289) (0:355) (0:379) (0:163) (0:226) (0:285) (0:302) (0:375) (0:398)
Property rights 0:617 0:781 1:008 0:324 Q472 Q0465 Q0534 Q805 1:044
(0:362) (0:379) (0:397) (0:291) (0:320) (0:346) (0:355) (0:384) (0:405)
Observations 623,437 1,210,956 1,771,353 623,437 1,210,956 1,771,353 623,437 1,210,956 1,771,353
F-Test of equality 0:589 Q0635 Q960 Q714 Q792 0660 Q434 0695 Q773

Every column constitute a separate regression of the treatment indicator on standardized index of NDVI or NDVI

100 using the model in the header. An observation is

de ned as access rights if its center is within the historical g razing districts and has not been privatized in 1935. An observation is de ned as private property rights if its
center is within the historical grazing districts and has been p rivatized after 1916. Control observations are collectively man aged pixels, outside the historical grazing districts.
The last row tests for equality of coe cients using an F-Test. C ovariates are included in all regressions and de ned in Table B.1. Standard errors clustered by the boundary

segments shown in parenthesis.

p< 010,

p< 0:05,

p< 0:01
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Table B.22: Access rights and private rights treatment: Using MODIS 250m

robustness checks

data,

Baseline Interacted with Distance Boundary speci ¢ productivity
@ @ (©)] 4 (5) (6) ™ ® 9
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Using 6 miles border segments

Access rights 0061 0:077 0:087 0:031 0:040 0:046 0:041 0:040 0:037

(0:019) (0:022) (0:024) (0:012) (0:016) (0:019) (0:016) (G:016) (0:016)
Private rights 0:050 0:063 0:075 0:030 0:044 0:048 0:039 0:042 0:040

(0:017) (0:017) (0:019) (0:013) (0:017) (0:018) (0:014) (0:015) (0:014)
Observations 623,437 1,210,956 1,771,353 623,437 1,210,956 1,771,353 623,437 1,210,956 1,771,353
F-Test of equality 0:270 Q0168 0214 Q907 Q714 0886 Q791 Q728 0623

Dropping 60 Miles Boundary Segments

Access rights 0057 0:073 0:085 0:026 0:040 0:044 0:059 0:077 0:091

(0:021) (0:024) (0:026) (0:013) (0:019) (0:022) (0:022) (0:026) (0:029)
Private rights 0:064 0:072 0:087 0:043 0:063 0:065 0:054 0:073 0:093

(0:024) (0:023) (0:025) (0:021) (0:024) (0:025) (0:023) (0:023) (0:026)
Observations 422,277 821,250 1,119,720 422,277 821,250 1,119,720 422,277 821,250 1,119,720
F-Test of equality 0:663 Q0925 Q936 Q0336 Q182 0207 Q776 Q723 0850

Keep entire sample

Access rights 0043 0:054 0:062 0:042 0:049 0:052 0:040 0:054 0:065

(0:015) (0:018) (0:020) (0:009) (0:013) (0:015) (0:015) (0:020) (0:022)
Private rights 0:040 0:054 0:066 0:047 0:056 0:059 0:034 0:051 0:064

(0:014) (0:017) (0:019) (0:012) (0:014) (0:016) (0:014) (6:017) (0:020)
Observations 1,200,270 2,294,028 3,309,410 1,200,270 2,294,028 3,309,410 1,200,270 2,294,028 3,309,410
F-Test of equality 0:687 Q978 0601 Q537 Q0387 0411 0362 0535 0868

Every column constitute a separate regression of the treatment indicator on log(NDVI) using the model in the corresponding head er. An observation is de ned as access
rights if its center is within the historical grazing districts a nd has not been privatized in 1935. An observation is de ned as private property rights if its center is within the
historical grazing districts and has been privatized after 1916. Control observations are collectively managed pixels, outside the historical grazing districts. The last row tests
for equality of coe cients using an F-Test. Covariates are incl uded in all regressions and de ned in Table B.1. Standard errors clustered by the boundary segments shown in

parenthesis. p< 0:10, p< 0:05, p< 0:01
Table B.23: Private rights treatment: Using private rights on either s ide of the
boundary
Baseline Interacted with Distance Boundary speci ¢ productivity
@ @ 3 4 () (6) ™ ®) C)}
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
AVHRR data:
Access rights 0074 0:106 0:118 0:018 Q041 0:061 0:068 0:101 0:111
(0:019) (0:025) (0:027) (¢:011) (0:015) (0:020) (0:020) (0:026) (0:028)
Private rights 0:078 0:094 0:105 0:040 0:070 0:093 0:072 0:089 0:095
(0:019) (0:020) (0:021) (G:016) (0:020) (0:022) (0:018) (0:020) (0:021)
Observations 31,221 60,514 88,432 31,221 60,514 88,432 31,221 60,514 88,432
F-Test of equality 0:749 Q0363 Q338 Q100 Q036 Q030 Q783 0329 Q187
MODIS data:
Access rights 0063 0:.078 0:088 0:036 0:047 0:052 0:064 0:082 0:092
(0:019) (0:022) (0:024) (0:012) (0:017) (0:019) (0:020) (0:025) (0:027)
Private rights 0:062 0:072 0:084 0:043 0:058 0:061 0:057 0:074 0:091
(0:019) (0:020) (0:021) (0:016) (0:019) (0:021) (0:019) (0:021) (0:023)
Observations 623,369 1,210,853 1,771,230 623,369 1,210,853 1,771,230 623,369 1,210,853 1,771,230
F-Test of equality 0:903 Q634 Q738 Q606 Q445 Q0512 Q523 Q0493 Q893

Every cell constitute a separate regression of the treatment indi cator on log(NDVI) using the model and data in the header. Dista nce is de ned as the distance from the edge
of the pixel to the grazing district boundary. If the pixel inters ects the boundary the pixel is dropped. An observation is treated if its center is within the historical grazing
districts. It is de ned as access rights if it was public lands i n 1935, and private rights if it has been privatized after 1916. Co ntrol observations are open-access pixels, outside

the historical grazing districts. Covariates are de ned in Table B.1. Standard errors clustered by the boundary segments shown in parenthesis.

p< 0:.01
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Table B.24: Access rights treatment: Using Landsat 30m data

Baseline Interacted with Distance Boundary speci ¢ productivity
(€] 2 (3 4) (5) (6) ™ ® 9
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Within 60 miles segments 0038 0:043 0:043 Q026 Q031 0:038 0:046 0:050 0:049
(0:020) (0:024) (0:027) (0:016) (0:017) (0:019) (0:019) (0:024) (0:027)
Adj. R2 0:433 Q426 Q420 Q433 Q426 Q420 Q488 Q478 Q469
Within 6 miles segments 0040 0:043 0:044 Q026 0:029 0:033 0:030 0:029 0:028
(0:019) (0:024) (0:027) (0:013) (0:014) (0:017) (G:016) (0:014) (0:014)
Adj. R2 0:613 0594 Q0578 0613 Q0594 Q578 Q0676 0663 Q0650
Standardized NDVI value 0:102 0:133 0:147 0:033 Q053 Q075 0:109 0:128 0:136
(0:053) (0:069) (0:078) (0:025) (0:033) (0:043) (0:044) (0:059) (0:066)
Adj. R2 0:385 Q393 Q396 Q385 Q394 Q397 Q480 Q486 Q488
Observations 37,693,841 73,713,788 107,250,573 37,693,841 73,713,788 107,250,573 37,693,841 73,713,788 107,250,573

Every cell constitute a separate regression of the treatment indicator on log(NDVI) using the model in the header. An observatio n is de ned as access rights if its center is within
the historical grazing districts and has not been privatized in 1 935. Control observations are collectively managed pixels, ouside the historical grazing districts. In the rst column |
compare within 60 miles boundary segments and in the second colimn within 6 mile segments. The last column compares standardized NDVI values within 60 miles boundary segments
to compare across sensors. Standard errors clustered by the boundary sgments shown in parenthesis. p < 0:10, p < 0:05, p< 0:.01

Table B.25: Access rights treatment: US Department of Agriculture ¢ ropland type

Baseline Interacted with Distance Boundary speci ¢ productivity
1) (2 (3) 4 (5) (6) (Y] ®) 9)
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Pr[Type=rangeland] 0:080 0:120 0:143 0:029 0:046 0:067 0:080 0:116 0:138
(0:015) (0:019) (0:020) (0:011) (0:013) (0:016) (0:016) (0:020) (0:023)
Observations 22,703,293 44,526,483 66,004,911 22,703,293 44,526,483 66,004,911 22,703,293 44,526,483 66,004,911
Control Mean 0:643 Q0635 0634 Q643 Q635 0634 0643 Q0635 0634
Pr[Type=rangelandjType 2 f rangeland;barrerg] 0:056 0:082 0:096 0:022 0:035 0:051 0:054 0:079 0:096
(0:013) (0:016) (0:019) (0:009) (0:010) (0:013) (0:013) (0:017) (0:020)
Observations 18,762,732 37,086,222 55,288,555 18,762,732 37,086,222 55,288,555 18,762,732 37,086,222 55,288,555
Control Mean 0:805 Q798 Q800 Q805 Q798 Q800 Q805 Q798 Q800
Pr[Type=grassjType 2 f grass;shruly] 0:006 Q009 0:007 Q000 Q004 Q008 0:012 0:017 0:017
(0:004) (0:005) (0:006) (0:003) (0:004) (0:004) (0:004) (0:005) (0:006)
Observations 15,882,187 31,728,891 47,934,780 15,882,187 31,728,891 47,934,780 15,882,187 31,728,891 47,934,780
Control Mean 0:229 Q0234 0238 Q229 0234 0238 Q0229 Q0234 0238

Every cell constitute a separate regression of the treatment indi cator on log(NDVI) using the model in the header. An observatio n is de ned as access rights if its center is within the historic al grazing districts.
Control observations are collectively managed pixels, outside the historical grazing districts. Every row is a di erent depende nt variable from the NASS Cropland classi cation. The rst row esti mates the
overall likelihood of observing rangeland, de ned as shrub or grass land. The second row compares the probability of rangeland conpared to low quality barren land. The third row compares the likelih ood of
observing higher quality grass land, compared to shrub land. Unconditional probability of observing grass land: 0.713, shrub la nd: 0.601, grass land: 0.112 and barren lands: 0.068 Standard errorslustered by
the boundary segments shown in parenthesis. p < 0:10, p < 0:05, p< 0:01

Table B.26: Wealth e ect of property rights: Year-by-year e ects

Baseline Interacted with Distance Boundary speci ¢ productivity
D ) 3 (] 5) (6) ™ (C)) 9
Year 1990 2000 2010 1990 2000 2010 1990 2000 2010
Log(Median Family Income) 0:175 0:169 0:171 0:114 0:127 0:073 Q224 0:229 0:193
(0:059) (0:041) (0:043) (0:049) (0:038) (0:046) (0:047) (0:034) (0:032)
Share below Poverty Line 0:038 0:038 0:033 0:024 0:019 0:024 0:048 0:057 0:048
(0:019) (0:011) (0:010) (0:013) (0:011) (0:009) (0:020) (0:010) (0:010)
High school graduate 0052 0:046 0:042 0:019 0028 0:027 0:063 0:070 0:061
(0:021) (0:021) (0:022) (0:015) (0:014) (0:013) (0:017) (0:018) (0:019)
Log(Median Value Housing) Q170 0:096 0:100 0:064 Q094 0:046 Q193 0:164 0:155
(0:045) (0:040) (0:052) (0:050) (0:041) (0:042) (0:056) (0:036) (0:058)
Observations 1,125 1,510 1,757 1,125 1,510 1,757 1,125 1,510 1,757

Wealth e ects using census-block Groups in individual years. Every cell constitute a separate regression of the treatment indicator on the variable in the rst using the model in the
header. A census-block is treated if its center is within the hi storical grazing districts. Control observations census-blocks outside the historical grazing districts. All columns control for
the size of the census-block and a year xed e ect. Standard errors clustered by the boundary segments shown in parenthesis. p < 0:10, p < 0:05, p< 0:01
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Table B.27: Wealth e ect: Speci cation tests
1) 2 [€)) (4) (5) (6) @) (8) (9) (10)
Bandwidth: 2 miles 2 miles 2 miles 2 miles 2 miles 2 miles 2 miles 2 miles 2 miles 2 miles
Baseline
log(Median Family Income) 0.121 0.149 0.156 0.153 0.158 0.161 0.159 0.158 0.156 0.154
(0.051) (0.048) (0.047) (0.047) (0.048) (0.046) (0.046) (0.046) (0.046) (0.047)
Share below Poverty Line -0.027 -0.032 -0.034 -0.033 -0.035 -0.035 -0.035 -0.035 -0.035 -0.035
(0.012) (0.012) (0.011) (0.011) (0.011) (0.012) (0.012) (0.012) (0.012) (0.012)
High school graduate 0.038 0.041 0.043 0.043 0.043 0.043 0.042 0.042 0.042 0.042
(0.020) (0.021) (0.021) (0.020) (0.021) (0.020) (0.020) (0.020) (0.020) (0.020)
log(Median Value Housing) 0.075 0.101 0.109 0.106 0.107 0.110 0.106 0.104 0.101 0.099
(0.050) (0.049) (0.050) (0.050) (0.050) (0.046) (0.046) (0.046) (0.045) (0.045)
Interacted with Distance
log(Median Family Income) 0.061 0.084 0.093 0.084 0.084 0.085 0.080 -0.008 0.035 -0.039
(0.038) (0.038) (0.036) (0.035) (0.035) (0.036) (0.033) (0.042) (0.055) (0.074)
Share below Poverty Line -0.016 -0.021 -0.023 -0.021 -0.021 -0.022 -0.022 -0.028 -0.037 -0.023
(0.009) (0.009) (0.008) (0.008) (0.008) (0.008) (0.009) (0.015) (0.023) (0.017)
High school graduate 0.023 0.025 0.028 0.025 0.025 0.026 0.022 0.010 0.025 0.028
(0.012) (0.013) (0.013) (0.012) (0.012) (0.012) (0.012) (0.014) (0.020) (0.024)
log(Median Value Housing) 0.016 0.039 0.050 0.038 0.038 0.041 0.030 -0.065 -0.082 -0.196
(0.037) (0.039) (0.038) (0.035) (0.035) (0.035) (0.038) (0.064) (0.092) (0.117)
Boundary speci ¢ productivity
log(Median Family Income) 0.121 0.149 0.184 0.171 0.182 0.180 0.162 0.185 0.178 0.172
(0.051) (0.048) (0.034) (0.031) (0.036) (0.041) (0.036) (0.045) (0.052) (0.063)
Share below Poverty Line -0.027 -0.032 -0.047 -0.046 -0.049 -0.049 -0.046 -0.053 -0.053 -0.051
(0.012) (0.012) (0.010) (0.011) (0.012) (0.013) (0.012) (0.014) (0.015) (0.018)
High school graduate 0.038 0.041 0.061 0.059 0.063 0.063 0.057 0.066 0.065 0.062
(0.020) (0.021) (0.017) (0.016) (0.018) (0.020) (0.017) (0.022) (0.023) (0.029)
log(Median Value Housing) 0.075 0.101 0.136 0.122 0.121 0.117 0.108 0.125 0.107 0.108
(0.050) (0.049) (0.039) (0.042) (0.041) (0.044) (0.046) (0.051) (0.061) (0.074)
log(Area) Yes Yes Yes Yes Yes Yes Yes Yes Yes
Linear Lat/Lon Yes Yes Yes Yes Yes Yes Yes Yes
Lat Lon Yes Yes Yes Yes Yes Yes Yes
Linear Distance Yes Yes Yes Yes Yes Yes
Squared Lat/Lon Yes Yes Yes Yes Yes
Lat Lon, squared Yes Yes Yes Yes
Squared Distance Yes Yes Yes
Cubic Lat/Lon Yes Yes
Lat Lon, Cubic Yes Yes
Cubic Distance Yes Yes
Quadratic Distance Yes
Quadratic Lat/Lon Yes
Lat Lon, Quadratic Yes
Observations 4,325 4,325 4,325 4,325 4,325 4,325 4,325 4,325 4,325 4,325
es the

An observation is treated if its center is within the historical

baseline speci cation. In the third panel with “Boundary spec i ¢ productivity' | additionally interact all boundary segmen
errors clustered by the boundary segments shown in parenthesis.

grazing districts. Column (1) features only boundary segment xe d e ects and a binary treatment indicator. Column (6) constitut
ts with all latitude and longitude polynomials and distance polynomials. Standard

p< 0:10, p< 0:05,

p< 0:01
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Table B.28: Wealth e ect of property rights: Excluding partially treat ed

Baseline Interacted with Distance Boundary speci ¢ productivity
() @ (©) 4 (5) (6) @) ®) 9)
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Log(Median Family Income) 0:215 0:231 0:251 0:019 Q163 0:180 0:216 0:260 0:290
(0:028) (0:041) (0:044) (0:071) (0:056) (0:063) (0:034) (0:035) (0:044)
Share below Poverty Line 0:039 0:049 0:063 0:011 0:027 0:035 0:045 0:066 0:076
(0:010) (0:016) (G:016) (0:014) (0:014) (0:014) (0:008) (0:017) (0:018)
High school graduate 0057 0:078 0:074 0:018 Q049 0:068 0:058 0:082 0:086
(0:020) (0:024) (0:020) (0:019) (0:020) (0:032) (0:020) (0:023) (0:021)
Log(Median Value Housing) Q0139 0:152 0:153 0:013 Q106 0:145 0:127 0:183 0:213
(0:045) (0:041) (0:051) (0:066) (0:043) (0:063) (0:055) (0:039) (0:045)
Observations 1,125 3,234 5,351 1,125 3,234 5,351 1,125 3,234 5,351

Wealth e ects using census-block Groups in 1990, 2000, and 2a0. Every cell constitute a separate regression of the treatment indicator on the variable in the rst using the model in the
header. A census-block is treated if its center is within the hi storical grazing districts. Control observations census-blocks outside the historical grazing districts. All columns control for
the size of the census-block and a year xed e ect. Standard errors clustered by the boundary segments shown in parenthesis. p < 0:10, p< 0:05, p < 0:01

Table B.29: Wealth e ect of property rights with Conley standard errors

Baseline Interacted with Distance Boundary speci ¢ productivity
(€} (2 3 4 (5) (6) @ ®) (9)

1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Log(Median Family Income) 0.131 0.161 0.174 0.047 0.095 0.108 0.139 0.197 0.233
Clustered by boundary segment (0.039) (0.044) (0.043) (0.037) (0.033) (0.046) (0.034) (0.032) (0.035)
Spatial correlation within 0.5 degrees (0.042) (0.047) (0.049) (0.041) (0.037) (0.050) (0.036) (0.032) (0.040)
Spatial correlation within 1 degree (0.044) (0.051) (0.054) (0.037) (0.037) (0.051) (0.036) (0.031) ®12)
Share below Poverty Line -0.027 -0.035 -0.046 -0.027 -0.022 -0.024 -0.032 -0.047 -0.060
Clustered by boundary segment (0.008) (0.012) (0.011) (0.014) (0.008) (0.009) (0.006) (0.011) (0.012)
Spatial correlation within 0.5 degrees (0.009) (0.011) (0.011) (0.013) (0.009) (0.010) (0.007) (0.009) (0.011)
Spatial correlation within 1 degree (0.008) (0.011) (0.012) (0.014) (0.009) (0.010) (0.006) (0.008) @@m1)
High school graduate 0.033 0.043 0.041 0.019 0.026 0.036 0.042 0.061 0.063
Clustered by boundary segment (0.016) (0.020) (0.019) (0.014) (0.012) (0.020) (0.014) (0.017) (0.017)
Spatial correlation within 0.5 degrees (0.017) (0.021) (0.021) (0.014) (0.013) (0.022) (0.013) (0.016) (0.018)
Spatial correlation within 1 degree (0.018) (0.023) (0.022) (0.015) (0.015) (0.023) (0.013) (0.015) @8)
Log(Median Value Housing) 0.072 0.110 0.105 0.007 0.059 0.090 0.093 0.155 0.187
Clustered by boundary segment (0.042) (0.043) (0.044) (0.046) (0.031) (0.047) (0.032) (0.039) (0.041)
Spatial correlation within 0.5 degrees (0.042) (0.045) (0.045) (0.047) (0.032) (0.046) (0.027) (0.035) (0.041)
Spatial correlation within 1 degree (0.043) (0.048) (0.051) (0.047) (0.031) (0.046) (0.026) (0.036) ®19)
Observations 1,928 4,325 6,658 1,928 4,325 6,658 1,928 4,325 6,658

Wealth e ects using census-block Groups in 1990, 2000, and 2a0. Every cell constitute a separate regression of the treatment indicator on the variable in the rst using the model in the heade r.
A census-block is treated if its center is within the historica | grazing districts. Control observations census-blocks outside the historical grazing districts. All columns control for the s ize of the
census-block and a year xed e ect. Standard errors shown in parenthesis. p < 0:10, p < 0:05, p< 0:01

Table B.30: Wealth e ect of property rights: using 6 miles boundary segm ents
Baseline Interacted with Distance Boundary speci ¢ productivity
() @ (©) “ (5) (6) @) ®) 9)
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Log(Median Family Income) 0:070 0:119 0:152 0:023 Q0046 Q073 0:098 0:102 0:128
(0:024) (0:019) (0:035) (0:055) (0:031) (0:031) (0:047) (0:031) (0:027)
Share below Poverty Line 0:019 0:025 0:041 0:006 0:014 0:020 0:030 0:033 0:037
(0:006) (0:005) (0:009) (0:010) (0:009) (0:007) (0:009) (0:011) (0:011)
High school graduate 0031 0:040 0:039 0:001 Q019 0:031 0:020 Q034 0:042
(0:007) (0:008) (0:009) (0:010) (0:008) (0:013) (0:017) (0:014) (0:014)
Log(Median Value Housing) Q036 0:092 0:101 0:092 0:015 Q066 0:023 Q048 Q105
(0:020) (0:038) (0:053) (0:037) (0:022) (0:028) (0:038) (0:044) (0:044)
Observations 1,928 4,325 6,658 1,928 4,325 6,658 1,928 4,325 6,658

Wealth e ects using census-block Groups in 1990, 2000, and 2a0. Every cell constitute a separate regression of the treatment indicator on the variable in the rst using the model in the
header. A census-block is treated if its center is within the hi storical grazing districts. Control observations census-blocks outside the historical grazing districts. All columns control for
the size of the census-block and a year xed e ect. Standard errors clustered by the boundary segments shown in parenthesis. p < 0:10, p< 0:05, p < 0:01
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Table B.31: Wealth e ect of property rights: Using the boundary segment

from the AVHRR data

sample

Baseline Interacted with Distance Boundary speci ¢ productivity
@ 2 3 ()] (5) (6) ™ (8 9
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Log(Median Family Income) 0:084 0:109 0:221 0:063 Q029 0:002 Q050 0:202 0:302
(0:024) (0:038) (0:065) (0:052) (0:043) (0:047) (0:030) (0:040) (0:083)
Share below Poverty Line 0:023 0:027 0:063 0:062 0:023 0:010 0:029 0:057 0:084
(0:010) (0:012) (0:022) (0:016) (0:014) (0:012) (0:006) (0:014) (0:027)
High school graduate 0016 Q022 Q036 0:027 Q014 Q007 Q022 Q052 0:061
(0:015) (0:019) (0:022) (0:020) (0:019) (0:021) (0:019) (0:023) (0:021)
Log(Median Value Housing) Q108 0:110 Q211 0:101 0:073 Q078 Q084 Q209 0:315
(0:057) (0:075) (0:092) (0:058) (0:053) (0:080) (0:052) (0:095) (0:119)
Observations 741 1,631 2,587 741 1,631 2,587 741 1,631 2,587

Wealth e ects using census-block Groups in 1990, 2000, and 2A0. Every cell constitute a separate regression of the treatment indicator on the variable in the rst using the model in the
header. A census-block is treated if its center is within the hi storical grazing districts. Control observations census-blocks outside the historical grazing districts. All columns control for

the size of the census-block and a year xed e ect. Standard errors clustered by the boundary segments shown in parenthesis. p < 0:10,

p < 0:05,

Table B.32: Wealth e ect of property rights: Additional outcomes

p< 0:01

Baseline Interacted with Distance Boundary speci ¢ productivity
@ )] 3) 4 (5) 6 @) ®) 9)
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
Mortgage Share 0019 0:029 0:033 0:015 Q024 Q019 Q005 Q014 Q021
(0:011) (0:011) (0.010) (0:027) (0:017) (0:014) (0:012) (0:013) (0:015)
log(Per Capita Income) 0070 0:094 0:094 0:054 Q065 0:077 Q103 0:169 0:204
(0:040) (0:039) (¢:037) (0:051) (0:039) (0:047) (0:038) (0:032) (0:040)
Bachelor degree 032 0:038 0:025 0:011 Q024 0:034 Q042 0:062 0:059
(0:014) (0:014) (0:014) (0:016) (0:014) (0:021) (0:011) (0:010) (0:013)
Households with Social Security Income 0:014 0:017 0:019 0:007 0:002 0:010 0:006 0:001 Q003
(0:008) (0:008) (0:007) (0:022) (0:013) (0:012) (0:008) (0:006) (0:005)
Households with Public Assistance Income 0:005 0:012 0:013 0:001 0:003 0:006 0:009 0:017 0:019
(0:004) (0:004) (0:004) (0:003) (0:003) (0:004) (0:003) (0:004) (0:004)
Observations 1,928 4,325 6,658 1,928 4,325 6,658 1,928 4,325 6,658

Wealth e ects using census-block Groups in 1990, 2000, and 2A0. Every cell constitute a separate regression of the treatment indicator on the variable in the rst using the model in the heade r. A
census-block is treated if its center is within the historical grazing districts. Control observations census-blocks outside the historical grazing districts. All columns control for the si ze of the census-block

and a year xed e ect. Standard errors clustered by the boundary seg ments shown in parenthesis. p< 0:10, p< 0:05, p< 0:01
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Table B.33: Heterogeneous e ect on vegetation

Baseline Interacted with Distance Boundary speci ¢ productivity
1) @ (©)) 4 (5) 6) ()] (8 9
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
County Without Police

Access rights 0003 0:007 0:010 Q013 Q027 Q017 Q028 0024 0028
(0:021) (0:028) (0:030) (0:024) (0:033) (0:035) (0:026) (0:029) (0:032)

Private rights 0:023 Q047 Q065 Q027 Q061 0:073 0:039 Q066 0:085
(0:027) (0:035) (0:043) (0:024) (0:035) (0:039) (0:028) (0:032) (0:039)

County With Police

Access rights 0085 0:136 0:161 0:103 0:115 0:138 0:082 0:131 0:155
(0:026) (0:036) (0:041) (0:034) (0:035) (0:040) (0:029) (0:041) (0:046)

Private rights 0:098 0:132 0:156 0:120 0:140 0:159 0:089 0:122 0:147
(0:032) (0:033) (0:037) (0:034) (0:039) (0:042) (0:033) (0:036) (0:041)

City with civil service reform > 100miles

Access rights 0002 Q006 Q014 Q004 0:001 0:007 0:005 0:009 0:005
(0:010) (0:016) (0:020) (0:.016) (0:013) (0:015) (0:010) (0:.016) (0:019)

Private rights 0:017 0028 0:038 0:021 0023 0026 0:000 Q010 Q018
(0:012) (0:016) (0:021) (0:017) (0:015) (0:016) (0:012) (0:016) (0:019)

City with civil service reform < 100miles

Access rights 0222 0:331 0:377 0:234 0:285 0:343 0:232 0:347 0:394
(0:049) (0:064) (0:070) (6:057) (0:063) (0:072) (0:053) (G:070) (0:077)

Private rights 0:249 0:322 0:376 0:253 0:336 0:385 0:287 0:354 0:407
(0:071) (0:068) (0:074) (0:061) (0:074) (0:080) (0:074) (¢:071) (0:076)

County Without Bank

Access rights 0095 0:136 0:164 0:098 0:109 0:121 0:053 0:060 0:067
(0:032) (0:039) (0:045) (0:037) (0:045) (0:048) (0:029) (0:033) (0:037)

Private rights 0:151 0:156 0:186 0:141 0:175 0:193 0:125 0:098 0:110
(0:067) (0:046) (0:046) (0:054) (0:062) (0:057) (0:072) (0:044) (0:043)

County With Bank

Access rights 0074 0:111 0:123 0:091 0:097 0:110 0:075 0:116 0:130
(0:026) (0:036) (0:040) (0:032) (0:033) (0:039) (0:028) (0:040) (0:045)

Private rights 0:058 0:096 0:111 0:083 0:098 0:112 0:057 0:099 0:116
(0:023) (0:030) (0:032) (0:029) (0:033) (0:037) (0:022) (0:032) (0:038)

County Without Newspaper

Access rights 0041 0:058 0:069 0:036 0:046 0:044 0:033 0:041 0:050
(0:018) (0:024) (0:028) (0:021) (0:023) (0:025) (0:016) (0:020) (0:023)

Private rights 0:070 0:081 0:099 0:076 0:090 0:096 0:053 0:062 0:079
(0:027) (0:024) (0:027) (0:024) (0:028) (0:029) (0:027) (6:022) (0:024)

County With Newspaper

Access rights 0155 0:252 0:296 0:200 0:231 0:282 0:137 0:211 0:240
(0:050) (0:067) (0:076) (0:059) (0:064) (0:073) (0:056) (06:079) (0:092)

Private rights 0:116 0:198 0:238 0:145 0:201 0:249 0:122 0:184 0:213
(0:048) (0:061) (0:068) (0:055) (0:065) (0:073) (0:049) (0:070) (0:082)

Every column in every panel separates a separate regression usingte model in the header, and splitting by the variable in the pane | header. Outcome variable is

log(NDVI) and an observation is de ned as access rights if its ¢ enter is within the historical grazing district and has not been privatized in 1935. An observation is de ned

as private rights if its center is within the historical grazing d istricts and has been privatized after 1916. Police is de ned as zero if not person in the 1930 census is a

police men in that county. Out of 206 counties, 61 counties have no policemen. Bank is de ned as zero if the county had no bank in 1934. Downloaded from the Federal

Deposit Insurance Corporation (2001). Out of 206 counties, 54 counties had no bank. Newspaper is & ned as zero if the county had no newspaper in 1932 (Gentzkow

et al., 2014). Out of 206 counties, 154 counties have no Newspaper. Standad errors clustered by the boundary segments shown in parenthesis. p < 0:10, p < 0:05,
p< 0:01
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Table B.34: Heterogeneous wealth e ect of property rights: Enforcement

Baseline Interacted with Distance Boundary speci ¢ productivity
(€] @) €) @ ®) ®) @) ® ©)
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
log(Median Family Income)
No Police 0:142 0:059 0:002 0:077 Q003 0:030 0:090 0:090 0:063
(0:066) (0:058) (0:058) (0:103) (0:088) (6:070) (6:137) (0:091) (0:060)
With Police 0:153 0:185 0:199 0:046 Q106 0:112 0:143 0:218 0:262
(0:036) (0:042) (0:041) (0:038) (0:033) (0:046) (0:036) (0:033) (0:032)
Share below Poverty Line
No Police 0034 Q021 0:015 Q015 Q025 Q028 Q032 Q029 Q017
(0:020) (0:012) (0:013) (0:023) (0:019) (0:018) (0:034) (0:022) (0:019)
With Police 0:034 0:041 0:052 0:030 0:027 0:028 0:035 0:053 0:068
(0:007) (0:012) (0:011) (0:012) (0:008) (0:008) (6:005) (6:011) (0:012)
High school graduate
No Police 0:018 0:027 0:023 0:041 Q005 0:006 Q001 0:008 0:013
(0:016) (0:009) (0:009) (0:029) (0:027) (0:019) (0:034) (0:021) (0:014)
With Police 0:040 0:051 0:050 0:015 Q029 0:039 0:044 0:066 0:072
(0:016) (0:020) (0:018) (0:014) (0:013) (0:021) (0:015) (06:017) (0:016)
log(Median House Value)
No Police 0:102 Q007 Q010 Q038 Q009 Q005 Q001 Q038 Q042
(0:100) (0:090) (0:075) (0:195) (0:124) (0:110) (0:189) (0:148) (0:117)
With Police 0:088 0:118 0:115 0:004 Q063 0:086 0:089 0:159 0:197
(0:043) (0:045) (0:047) (0:045) (0:033) (0:047) (0:039) (0:044) (0:045)
Observations without Police 171 308 400 171 308 400 171 308 400
Observations with Police 1,779 4,085 6,354 1,779 4,085 6,354 1,779 4,085 6,354

Wealth e ects using census-block Groups in 1990, 2000, and 2A0. Every cell constitute a separate regression of the treatment indicator on the variable in the rst using the model in
the header. A census-block is treated if its center is within th e historical grazing districts. Control observations census-blocks outside the historical grazing districts. All columns con trol
for the size of the census-block and a year xed e ect. Police is de ned as zero if not person in the 1930 census is a police men irthat county. Out of 321 counties, 84 counties have no
policemen. Standard errors clustered by the boundary segments shevn in parenthesis. p < 0:10, p < 0:05, p<0:01

Table B.35: Distance to closest city as a proxy for public good provisi on
1) 2 (3 4 (5) (6)
log(NDVI) Log Median Share below High school Log Median
Family Income  Poverty Line graduate Value Housing
Access rights 0105 0:115
(0:027) (0:031)
Distance to closest City Q0010
(0:017)
Distance to closest City with Pop 10,000 0:032
(0:023)
Private rights 0:104 0:109
(0:024) (0:028)
Distance to closest City Q025
(0:017)
Distance to closest City with Pop 10,000 0:006
(0:020)
Distance to Closest City
Inside Grazing District 0:146 0:033 0:044 0:089
(0:053) (&:012) (0:020) (0:049)
Distance to closest City 0:110 0:018 Q028 Q093
(0:059) (0:014) (0:017) (0:050)
Distance to Closest City with Pop 10,000
Inside Grazing District 0:126 0:029 0:039 0:073
(0:044) (&:011) (c:016) (0:044)
Distance to closest City with Pop 10,000 0:026 Q009 0:024 0:000
(0:030) (0:008) (0:010) (0:029)
Observations 56,667 56,667 4,325 4,325 4,325 4,325

In this Table | use the distance to the closest city as a proxy for quality of governance. Larger cities are more likely to have police, and thus if the estimated e ect in

Table 8 is driven by the size of the city, it should also show up in this T able. In the two columns the distance of every pixel to the closest city with civil service reform is

calculated. Distance is standardized to give the interaction an \one standard deviation increase" interpretation. One standa rd deviation is 80 miles. A census-block is
treated if its center is within the grazing districts with contro | observations being blocks outside the grazing districts. All columns control for the size of the census-block
and year xed e ects. Standard Deviations for the AVHRR data: 11 miles and 33 miles, and for the census blocks 1.8 and 18 miles. t&ndard errors clustered by the
boundary segments shown in parenthesis. p < 0:10, p < 0:05, p< 0:01
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Table B.36:

Heterogeneous wealth e ect of property rights: Financial acces

S

Baseline Interacted with Distance Boundary speci c productivity
(€] (@) (©)] 4 (5) (6) v ®) C)
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
log(Median Family Income)
No Bank 0:156 Q129 Q145 0:211 Q112 Q130 Q046 0229 0:498
(0:141) (0:085) (0:074) (0:237) (0:104) (0:118) (0:185) (0:119) (0:189)
With Bank 0:126 0:166 0:186 0:025 Q093 0:097 0:132 0:197 0:239
(0:039) (0:045) (0:044) (0:038) (0:033) (0:047) (0:035) (0:034) (0:032)
Share below Poverty Line
No Bank 0:012 0:050 0:070 0:114 0:018 0:058 Q005 0:032 0:116
(0:038) (0:027) (0:027) (0:073) (0:031) (0:035) (0:028) (0:044) (0:069)
With Bank 0:026 0:035 0:046 0:026 0:023 0:021 0:035 0:048 0:061
(0:008) (0:012) (0:012) (0:011) (0:008) (0:009) (0:005) (0:011) (0:011)
High school graduate
No Bank 0:057 Q051 Q043 0:077 Q054 Q056 0:021 Q098 Q132
(0:044) (0:035) (0:026) (6:076) (0:055) (0:047) (0:038) (0:080) (0:041)
With Bank 0:031 0:044 0:044 0:017 0026 0:035 Q041 0:060 0:064
(0:016) (0:022) (0:020) (6:012) (0:013) (0:021) (0:014) (0:017) (0:018)
log(Median House Value)
No Bank 0:056 Q166 0:119 0:422 0:037 Q150 0:673 0:136 Q733
(0:078) (0:094) (0:099) (0:133) (0:143) (0:159) (0:135) (0:374) (0:267)
With Bank 0:069 0:108 0:105 0:003 Q060 0:083 0:083 0:140 0:163
(0:038) (0:045) (0:047) (0:041) (0:029) (0:044) (0:037) (0:042) (0:040)
Observations without Bank 128 279 430 128 279 430 128 279 430
Observations with Bank 1,766 3,964 6,091 1,766 3,964 6,091 1,766 3,964 6,091

Wealth e ects using census-block Groups in 1990, 2000, and 2A0. Every cell constitute a separate regression of the treatment indicator on the variable in the rst using the model in
the header. A census-block is treated if its center is within th e historical grazing districts. Control observations census-bl ocks outside the historical grazing districts. All columns cont rol
for the size of the census-block and a year xed e ect. Bank is de ned as zero if the county had no bank in 1934. Downloaded from the Federal Deposit Insurance Corporation (2001).

Out of 321 counties, 60 counties had no bank. Standard errors clugered by the boundary segments shown in parenthesis.

Table B.37: Heterogeneous wealth e ect of property rights: Newspaper

p< 010, p< 005

p< 0:01

Baseline Interacted with Distance Boundary speci ¢ productivity
(€} 2 ©) 4 (5) (6) ()] ® (C)]
1 mile 2 miles 3 miles 1 mile 2 miles 3 miles 1 mile 2 miles 3 miles
log(Median Family Income)
No Newspaper 0:054 0:038 0:017 Q064 Q051 Q033 Q022 Q049 Q061
(0:040) (0:044) (0:043) (0:070) (0:064) (0:062) (0:065) (0:056) (0:047)
With Newspaper 0127 0:167 0:214 0:031 Q068 0:107 0:085 0:164 0:219
(0:032) (0:039) (0:040) (0:040) (0:034) (0:042) (0:018) (0:040) (0:048)
Share below Poverty Line
No Newspaper 0013 Q004 0:006 0:014 Q008 0:001 Q001 0:015 0:021
(0:011) (0:010) (0:012) (0:017) (0:015) (0:013) (0:022) (0:020) (0:018)
With Newspaper 0:031 0:038 0:055 0:019 0:025 0:.027 0:029 0:033 0:051
(0:006) (0:012) (0:013) (0:015) (0:010) (0:009) (0:006) (0:011) (0:012)
High school graduate
No Newspaper 0:.018 0:027 0:023 0:041 Q005 0:006 Q001 0:008 0:013
(0:016) (0:009) (0:009) (0:029) (0:027) (0:019) (0:034) (0:021) (0:014)
With Newspaper 0:025 0:022 0:023 0:015 Q003 0:000 Q003 Q013 Q005
(0:013) (0:011) (0:011) (0:020) (0:017) (0:018) (0:018) (0:011) (0:013)
log(Median House Value)
No Newspaper 0:081 0:008 0:011 Q046 Q092 Q103 Q026 Q125 0:099
(0:044) (0:055) (0:050) (0.088) (0:070) (0:067) (0:080) (0:060) (0:053)
With Newspaper 0:051 Q096 0:113 0:073 Q003 Q056 Q037 Q106 Q164
(0:042) (0:057) (0:059) (0:046) (0:034) (0:053) (0:034) (0:068) (0:070)
Observations without Newspaper 545 1,200 1,776 545 1,200 1,776 545 1,200 1,776
Observations with Newspaper 1,383 3,125 4,882 1,383 3,125 4,882 1,383 3,125 4,882

Wealth e ects using census-block Groups in 1990, 2000, and 2a0. Every cell constitute a separate regression of the treatment indicator on the variable in the rst using the model in the
header. A census-block is treated if its center is within the hi storical grazing districts. Control observations census-blocks outside the historical grazing districts. All columns control for the size
of the census-block and a year xed e ect. Newspaper is de ned as zero if the county had no newspaper in 1932 Gentzkow et al., 2014). Out of 321 counties, 230 counties have no Newspaper.

Standard errors clustered by the boundary segments shown in parenthesis.

p< 0:10,

p < 0:05,

p < 0:01
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Table B.38: Spread of Information: comparing local newspaper to radio

Newspaper Radio share, standardized
1) 2 3 4 5) (6)
Average without with Average without with
E ect Newspaper Newspaper E ect Newspaper Newspaper

log(Median Family Income)

Access rights 0161 0:038 Q167 0:147 0:086 0:158
(0:044) (0:044) (0:039) (0:035) (0:032) (0:050)

Access rights x Radio 0:054 0:101 0:023
(0:019) (0:024) (0:029)

Share below Poverty Line

Access rights 0:035 0:004 0:038 0:032 0:009 0:037
(0:012) (0:010) (0:012) (0:010) (0:007) (0:014)

Access rights x Radio 0:011 Q014 0:003
(0:008) (0:008) (0:009)

High school graduate

Access rights 0043 0:022 0:042 0:032 0:032 0:035
(0:020) (0:011) (0:013) (0:012) (0:008) (0:015)

Access rights x Radio 0:028 0:019 0:020
(0:008) (0:008) (0:009)

log(Median House Value)

Access rights 0110 0:008 Q096 0:098 0:063 Q093
(0:043) (0:055) (0:057) (0:046) (0:052) (0:075)

Access rights x Radio 0:036 0:088 0:013
(0:027) (0:043) (0:046)

Std. Dev. 0:140 Q147 Q134

Log(NDVI) from the AVHRR data series and wealth e ects using cen sus-block Groups in 1990, 2000, and 2010. Every cell
constitute a separate regression of the treatment indicator on t he variable in the rst using the restriction and model in the
header. Sample is split into presence of local newspapers fromGentzkow et al. (2014). A census-block is treated if its center is
within the historical grazing districts. Control observations ¢ ensus-blocks outside the historical grazing districts. All columns
control for the size of the census-block and a year xed e ect. R adio share in 1930 is standardized within sample. Data from
Stemberg (2004). | abstain from instrumenting the radio share in 1 930 with ground conductivity due to the low F-stats.
F-stat: 5.36 within the nine states, F-stat: within the 2 mil e sample: 0.30 , and F-stat for the entire US: 35.42. Standard errors
clustered by the boundary segments shown in parenthesis. p < 0:10, p < 0:05, p< 0:01
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Table B.39: Full results for log(Total Farm Value in County) and the access

rights

treatment
@) &) (©)] 4 ®) 6 7 ®)
Access rights  Post TGA 0:334 0:246 0:272 0:048
(0:060) (0:062) (0:063) (0:073)
Access rights 0088 Q075 0:036 Q028
(0:130) (0:129) (0:132) (0:129)
Access rights 1910 0:188 0:082 0:056 0:045
(0:110) (0:098) (0:093) (0:093)
Access rights 1920 0:154 0:088 0:066 0:028
(0:091) (0:081) (0:075) (0:064)
Access rights 1925 0:142 0:013 Q009 0:036
(0:082) (0:052) (0:043) (0:044)
Access rights 1930 0:139 0:055 0:026 0:050
(0:077) (0:044) (0:029) (0:029)
Access rights 1940 0:041 0:069 0:069 0:062
(0:030) (0:032) (0:032) (0:031)
Access rights 1945 0039 Q031 Q060 Q069
(0:049) (0:045) (0:048) (0:056)
Access rights 1950 Q175 Q302 Q0332 Q186
(0:191) (0:277) (0:282) (0:177)
Access rights 1954 0035 Q073 Q103 0:030
(0:090) (0:059) (0:052) (0:050)
Access rights 1959 Q076 Q084 Q114 0:051
(0:094) (0:063) (0:052) (0:053)
Access rights 1964 0147 Q159 0:189 0:103
(0:100) (0:063) (0:053) (0:050)
Access rights 1969 0089 Q009 Q159 0:058
(0:091) (0:094) (0:061) (0:064)
Access rights 1974 0233 0:145 Q297 0:196
(0:093) (0:104) (0:070) (0:063)
Access rights 1978 0256 0:190 0:244 0:109
(0:086) (0:076) (0:074) (0:066)
Access rights 1982 0314 0:290 0:302 0:151
(0:081) (0:075) (0:072) (0:064)
Access rights 1987 0249 0:198 0:270 0:202
(0:092) (0:078) (0:077) (0:095)
Access rights 1992 0679 0:629 0:658 0:525
(0:344) (0:353) (0:357) (0:346)
Access rights 1997 0418 0:510 Q0540 Q245
(0:253) (0:333) (0:330) (0:231)
Access rights 2002 0262 0:186 0:204 0:029
(0:068) (0:078) (0:079) (0:056)
Access rights 2007 0213 0:226 0:256
(0:123) (0:079) (0:070)
State xed e ects Yes Yes Yes Yes
State speci ¢ year Fixed E ects Yes Yes Yes Yes
County xed e ects Yes Yes Yes Yes
County speci ¢ year trends Yes Yes
Observations 5,628 5,628 5,628 5,628 5,628 5,628 5,628 5,628
Adjusted R? 0:634 Q0635 Q0898 Q902 0634 Q636 Q897 Q902
Wealth e ects using for farmers using the agricultural census 1910{2007. “Access rights Post TGA' is de ned as one if any part of the county is aected by the Taylor
Grazing Act and the observation is after 1935. In the above Table standard errors are clustered by county and are shown in parenthesis. p < 0:10, p < 0:05, p< 0:01
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Table B.40: Full results for log(Average Farm Value in County) and the acces S
rights treatment
@) &) (©)] 4 ®) 6 7 ®)
Access rights  Post TGA 0:231 0:108 0:115 0:105
(0:049) (0:040) (0:040) (0:063)
Access rights 0:085 Q031 0:047 Q045
(0:074) (0:071) (0:063) (0:061)
Access rights 1910 Q077 Q046 Q044 Q135
(0:056) (0:061) (0:062) (G:071)
Access rights 1920 Q059 Q003 Q006 Q116
(0:050) (0:060) (0:060) (0:059)
Access rights 1925 0073 0:033 Q035 Q109
(0:044) (0:045) (0:045) (0:049)
Access rights 1930 0:018 0:014 0:014 0:000
(0:022) (0:023) (0:023) (0:025)
Access rights 1940 0100 0:068 0:068 0:082
(0:031) (0:031) (0:031) (0:031)
Access rights 1945 0222 0:141 0:156 0:191
(0:052) (0:051) (0:053) (0:050)
Access rights 1950 0272 0:165 0:165 0:219
(0:060) (0:054) (0:054) (0:058)
Access rights 1954 0192 0:092 0:092 0:124
(0:052) (0:046) (0:046) (0:050)
Access rights 1959 0203 0:058 Q058 Q117
(0:059) (0:051) (0:050) (0:057)
Access rights 1964 0274 0:106 0:106 0:170
(0:077) (0:060) (0:060) (0:070)
Access rights 1969 0166 0:010 Q033 Q074
(0:088) (0:068) (0:068) (G¢:078)
Access rights 1974 0302 0:125 Q148 0:195
(0:087) (0:078) (0:078) (0:075)
Access rights 1978 0231 0:036 Q029 Q073
(0:092) (0:076) (0:076) (0:078)
Access rights 1982 0332 0:155 0:148 0:172
(0:085) (0:076) (0:075) (0:072)
Access rights 1987 0264 0:050 Q079 Q161
(0:084) (0:072) (0:073) (0:083)
Access rights 1992 0617 0:410 Q0426 Q0460
(0:283) (0:290) (0:292) (0:283)
Access rights 1997 0350 0:242 Q257 Q180
(0:188) (0:244) (0:242) (0:176)
Access rights 2002 0254 0:020 Q025 Q031
(0:079) (0:072) (0:073) (0:060)
Access rights 2007 0258 0:145 0:145
(0:071) (0:063) (0:063)
State xed e ects Yes Yes Yes Yes
State speci ¢ year Fixed E ects Yes Yes Yes Yes
County xed e ects Yes Yes Yes Yes
County speci ¢ year trends Yes Yes
Observations 5,608 5,608 5,608 5,608 5,608 5,608 5,608 5,608
Adjusted R? 0:829 Q830 Q875 0886 0829 Q830 Q875 Q885
Wealth e ects using for farmers using the agricultural census 1910{2007. “Access rights Post TGA' is de ned as one if any part of the county is aected by the Taylor
Grazing Act and the observation is after 1935. In the above Table standard errors are clustered by county and are shown in parenthesis. p < 0:10, p < 0:05, p< 0:01
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Table B.41: Full results for log(Average Land Value in County) and the acces S
rights treatment
@) &) (©)] 4 ®) 6 7 ®)
Access rights  Post TGA 0:317 0:195 0:209 0:121
(0:062) (0:058) (0:060) (0:101)
Access rights 0:068 Q033 0:112 0:021
(0:070) (0:071) (0:065) (0:064)
Access rights 1910 0:064 0:064 0:065 Q005
(0:063) (0:067) (0:067) (G:075)
Access rights 1920 0:060 0:105 0:103 0:006
(0:049) (0:066) (0:066) (0:055)
Access rights 1925 0:029 0:052 0:051 Q004
(0:039) (0:042) (0:042) (0:043)
Access rights 1930 0:066 0:050 0:050 0:049
(0:024) (0:026) (0:026) (0:026)
Access rights 1940 0039 0:007 0:007 Q022
(0:034) (0:036) (0:036) (0:035)
Access rights 1945 0126 0:020 Q039 Q104
(0:049) (0:050) (0:052) (0:049)
Access rights 1950 0323 0:288 0288 Q272
(0:149) (0:221) (0:221) (0:153)
Access rights 1954 0186 0:088 Q088 Q122
(0:077) (0:060) (0:060) (0:082)
Access rights 1959 0192 0:046 Q046 Q111
(0:101) (0:072) (0:072) (0:106)
Access rights 1964 0256 0:110 0:110 0:159
(0:074) (0:059) (0:059) (0:075)
Access rights 1969 0169 0:009 Q037 Q104
(0:087) (0:068) (0:069) (0:095)
Access rights 1974 Q305 0:123 Q151 0:229
(0:087) (0:078) (0:078) (0:094)
Access rights 1978 0257 0:060 Q116 0231
(0:085) (0:078) (0:081) (0:091)
Access rights 1982 0316 0:143 0:155 0:244
(0:082) (0:074) (0:075) (0:087)
Access rights 1987 0263 0:052 Q079 Q192
(0:084) (0:071) (0:072) (0:089)
Access rights 1992 0608 0:400 Q420 Q0480
(0:284) (0:290) (0:293) (0:264)
Access rights 1997 0611 0:564 0583 Q472
(0:341) (0:395) (0:397) (0:320)
Access rights 2002 0199 0:049 Q055 0:009
(0:080) (0:090) (0:090) (0:072)
Access rights 2007 0242 0:157 0:157
(0:080) (0:065) (0:065)
State xed e ects Yes Yes Yes Yes
State speci ¢ year Fixed E ects Yes Yes Yes Yes
County xed e ects Yes Yes Yes Yes
County speci ¢ year trends Yes Yes
Observations 5,608 5,608 5,608 5,608 5,608 5,608 5,608 5,608
Adjusted R? 0:829 Q830 Q875 0886 0829 Q830 Q875 Q885
Wealth e ects using for farmers using the agricultural census 1910{2007. “Access rights Post TGA' is de ned as one if any part of the county is aected by the Taylor
Grazing Act and the observation is after 1935. In the above Table standard errors are clustered by county and are shown in parenthesis. p < 0:10, p < 0:05, p< 0:01
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Table B.42: Full results for log(Total Farm Value in County) and the soil eros ion
proxy

1) 2 3 4 5 6) ()] 8
Share of Severe Erosion Post TGA 0:536 0:174 0:207 0:197
(0:089) (0:096) (0:102) (0:101)
Share of Severe Erosion 0:251 0:188 0:381 0:113
(0:246) (0:240) (0:247) (0:254)
Share of Severe Erosion 1910 0:075 Q081 0028 Q063
(0:147) (0:169) (0:142) (G:161)
Share of Severe Erosion 1920 0:313 0:078 0021 0:168
(0:105) (0:144) (0:110) (0:113)
Share of Severe Erosion 1925 0:118 0:158 Q076 0:036
(0:061) (0:111) (0:067) (0:066)
Share of Severe Erosion 1930 0:138 0:059 0:008 0:096
(0:046) (0:101) (0:050) (0:046)
Share of Severe Erosion 1940 0:039 0:177 0:177 0:082
(0:053) (0:064) (0:064) (0:054)
Share of Severe Erosion 1945 0234 0:086 Q019 Q147
(0:061) (0:077) (0:081) (0:060)
Share of Severe Erosion 1950 0420 0:475 Q0408 Q0290
(0:217) (0:388) (0:384) (0:218)
Share of Severe Erosion 1954 0120 Q113 Q046 0:045
(0:082) (0:126) (0:089) (0:078)
Share of Severe Erosion 1959 0127 Q136 Q069 0:081
(0:088) (0:129) (0:090) (0:081)
Share of Severe Erosion 1964 0372 0:196 Q129 Q121
(0:093) (0:133) (0:094) (0:081)
Share of Severe Erosion 1969 0458 0:093 Q185 0:178
(0:121) (0:159) (0:110) (0:089)
Share of Severe Erosion 1974 0583 0:277 Q347 0:257
(0:129) (0:170) (0:128) (0:093)
Share of Severe Erosion 1978 0634 0:298 0:376 0:301
(0:107) (0121) (0:120) (0:089)
Share of Severe Erosion 1982 0604 0:345 0:354 0:198
(0:112) (0:123) (0:123) (0:087)
Share of Severe Erosion 1987 Q732 0:267 0:292 0:343
(0:126) (0:155) (0:143) (0:092)
Share of Severe Erosion 1992 0194 0:012 0:079 0:298
(0:566) (0:689) (0:683) (0:568)
Share of Severe Erosion 1997 0474 0:487 0:419 0:060
(0:233) (0:194) (0:163) (0:209)
Share of Severe Erosion 2002 0576 0:404 0:400 0:038
(0:110) (0:124) (0:124) (0:073)
Share of Severe Erosion 2007 0621 0:744 0:677
(0:114) (0:171) (0:136)
State xed e ects Yes Yes Yes Yes
State speci c year Fixed E ects Yes Yes Yes Yes
County xed e ects Yes Yes Yes Yes
County speci c year trends Yes Yes
Observations 5,608 5,608 5,608 5,608 5,608 5,608 5,608 5,608
Adjusted R? 0:631 0634 0896 Q902 0632 0635 Q897 Q902

Wealth e ects using for farmers using the agricultural census 1910{2007. "Share of Severe Erosion Post TGA' is a continuous variable indicating the amount of la nd severely
eroded in 1934 per county. On average, 35% of the land is severelyeroded in 283 counties and increases the likelihood of being aected by the Taylor Grazing Act signi cantly.
F-test conditioning on state xed e ects: 8.19, unconditio nal F-Test: 30.19. The area share of a county a ected by the Tayl or Grazing Act is signi cantly increasing by soil erosion
as well. F-test conditional on state xed e ects: 37.77, unc onditional F-test: 89.66. All F-tests calculated using robu st standard errors. In the above Table standard errors are
clustered by county and are shown in parenthesis. p < 0:10, p < 0:05, p < 0:01
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Table B.43: Full results for log(Average Farm Value in County) and the soil erosion
proxy

1) 2 3 4 5 6) ()] 8
Share of Severe Erosion Post TGA 0:489 0:208 0:199 0:368
(0:076) (0:081) (0:082) (0:091)
Share of Severe Erosion 0:696 0:406 0:472 0:263
(0:115) (0:103) (0:103) (0:095)
Share of Severe Erosion 1910 0557 0:458 0:464 0:619
(0:103) (0:106) (0:106) (0:115)
Share of Severe Erosion 1920 0238 0:083 Q085 Q373
(0:075) (0:084) (0:084) (0:086)
Share of Severe Erosion 1925 0296 0:135 Q140 Q378
(0:084) (0:086) (0:087) (0:091)
Share of Severe Erosion 1930 0060 0:038 Q038 Q101
(0:036) (0:043) (0:043) (0:040)
Share of Severe Erosion 1940 0236 0:039 Q039 Q195
(0:057) (0:069) (0:069) (0:057)
Share of Severe Erosion 1945 0618 0:296 0:262 0:536
(0:083) (0:089) (0:091) (0:081)
Share of Severe Erosion 1950 Q725 0:310 0:310 0:602
(0:097) (0:104) (0:104) (0:093)
Share of Severe Erosion 1954 0496 0:208 0:208 0:340
(0:096) (0:099) (0:099) (0:091)
Share of Severe Erosion 1959 0515 0:188 0:188 0:318
(0:101) (0:100) (0:100) (0:093)
Share of Severe Erosion 1964 Q793 0:253 0:253 0:555
(0:130) (0:116) (0:116) (0:125)
Share of Severe Erosion 1969 0878 0:333 0:335 0:597
(0:131) (0:127) (0:129) (0:123)
Share of Severe Erosion 1974 0947 0:473 0:474 0:626
(0:140) (0:145) (0:147) (0:133)
Share of Severe Erosion 1978 0973 0:475 0:471 0:618
(0:129) (0:131) (0:130) (0:121)
Share of Severe Erosion 1982 0908 0:505 0:505 0:512
(0:126) (0:131) (0:129) (0:116)
Share of Severe Erosion 1987 0923 0:371 0:381 0:538
(0:132) (0:129) (0:135) (0:123)
Share of Severe Erosion 1992 0519 Q179 Q145 Q050
(0:449) (0:557) (0:554) (0:449)
Share of Severe Erosion 1997 Q725 0:525 0:491 0:215
(0:193) (0:164) (0:148) (0:182)
Share of Severe Erosion 2002 0819 0:450 0:449 0:252
(0:124) (0:124) (0:124) (¢:107)
Share of Severe Erosion 2007 0591 0:663 0:663
(0:101) (0:116) (0:116)
State xed e ects Yes Yes Yes Yes
State speci c year Fixed E ects Yes Yes Yes Yes
County xed e ects Yes Yes Yes Yes
County speci c year trends Yes Yes
Observations 5,608 5,608 5,608 5,608 5,608 5,608 5,608 5,608
Adjusted R? 0:631 0634 0896 Q902 0632 0635 Q897 Q902

Wealth e ects using for farmers using the agricultural census 1910{2007. "Share of Severe Erosion Post TGA' is a continuous variable indicating the amount of la nd severely
eroded in 1934 per county. On average, 35% of the land is severelyeroded in 283 counties and increases the likelihood of being aected by the Taylor Grazing Act signi cantly.
F-test conditioning on state xed e ects: 8.19, unconditio nal F-Test: 30.19. The area share of a county a ected by the Tayl or Grazing Act is signi cantly increasing by soil erosion
as well. F-test conditional on state xed e ects: 37.77, unc onditional F-test: 89.66. All F-tests calculated using robu st standard errors. In the above Table standard errors are
clustered by county and are shown in parenthesis. p < 0:10, p < 0:05, p < 0:01
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Table B.44: Full results for log(Average Land Value in County) and the soil e rosion
proxy

1) 2 3 4 5 6) ()] 8
Share of Severe Erosion Post TGA 0:673 0:375 0:377 0:771
(0:090) (0:108) (0:116) (0:147)
Share of Severe Erosion 0:624 0:403 0:617 0:395
(0:115) (0:103) (0:106) (0:096)
Share of Severe Erosion 1910 0168 Q0214 0:219 0:236
(0:120) (0:118) (0:118) (¢:137)
Share of Severe Erosion 1920 0:078 0:112 0:111 Q007
(0:075) (0:088) (0:088) (0:082)
Share of Severe Erosion 1925 0:002 0:034 0:029 Q046
(0:063) (0:067) (0:067) (0:069)
Share of Severe Erosion 1930 0:036 0:031 0:031 0:012
(0:041) (0:048) (0:048) (0:048)
Share of Severe Erosion 1940 0095 0:095 0:095 Q071
(0:062) (0:073) (0:073) (0:064)
Share of Severe Erosion 1945 0476 0:177 0:133 Q427
(0:081) (0:084) (0:090) (0:089)
Share of Severe Erosion 1950 0947 0:610 0:610 0:874
(0:195) (0:306) (0:306) (0:200)
Share of Severe Erosion 1954 Q720 0:248 0:248 0:628
(0:135) (0:117) (0:117) (0:138)
Share of Severe Erosion 1959 0924 0:283 0:283 0:808
(0:158) (0:159) (0:159) (0:180)
Share of Severe Erosion 1964 0809 0:280 0:280 0:668
(0:129) (0:113) (0:113) (0:143)
Share of Severe Erosion 1969 0878 0:329 0:356 0:735
(0:131) (0:128) (0:136) (0:157)
Share of Severe Erosion 1974 0947 0:470 0:495 0:784
(0:141) (0:145) (0:153) (0:173)
Share of Severe Erosion 1978 0966 0:450 0:495 0:790
(0:131) (0:135) (0:149) (0:157)
Share of Severe Erosion 1982 0901 0:467 0:507 0:693
(0:123) (0:132) (0:139) (0:162)
Share of Severe Erosion 1987 Q907 0:340 0:409 0:731
(0:132) (0:128) (0:136) (0:168)
Share of Severe Erosion 1992 0495 Q166 Q122 Q217
(0:449) (0:557) (0:553) (0:462)
Share of Severe Erosion 1997 0430 1119 1:076 0:128
(0:473) (0:581) (0:579) (0:476)
Share of Severe Erosion 2002 0366 0:294 0:293 0:023
(0:188) (0:159) (0:159) (0:200)
Share of Severe Erosion 2007 0349 0:602 0:602
(0:167) (0:176) (0:176)
State xed e ects Yes Yes Yes Yes
State speci c year Fixed E ects Yes Yes Yes Yes
County xed e ects Yes Yes Yes Yes
County speci ¢ year trends Yes Yes
Observations 5,608 5,608 5,608 5,608 5,608 5,608 5,608 5,608
Adjusted R? 0:827 Q830 0874 Q0886 0828 0830 Q874 0886

Wealth e ects using for farmers using the agricultural census 1910{2007. "Share of Severe Erosion Post TGA' is a continuous variable indicating the amount of la nd severely
eroded in 1934 per county. On average, 35% of the land is severelyeroded in 283 counties and increases the likelihood of being aected by the Taylor Grazing Act signi cantly.
F-test conditioning on state xed e ects: 8.19, unconditio nal F-Test: 30.19. The area share of a county a ected by the Tayl or Grazing Act is signi cantly increasing by soil erosion
as well. F-test conditional on state xed e ects: 37.77, unc onditional F-test: 89.66. All F-tests calculated using robu st standard errors. In the above Table standard errors are
clustered by county and are shown in parenthesis. p < 0:10, p < 0:05, p < 0:01
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Table B.45: Wealth e ect for farmers - Including counties from neighbor ing states

log(Total Farm Value in County) log(Average Value of Farm ) log(Average Value of Farm Land)

(€] 2 3) 4) (5) (6) ) ®) 9)
Access rights  Post TGA 0:345 0:272 0:048 Q246 0:115 0:105 0:341 0:209 0:121
Counties with Erosion information: N =283 (0:060) (0:063) (0:073) (0:048) (0:040) (0:063) (0:065) (0:060)  (0:101)
Access rights  Post TGA 0:370 0:289 0:050 Q227 0:140 0:087 Q332 0:232 0:125
All counties in a ected states: N =313 (0:057) (0:056) (0:065) (0:044) (0:040) (0:055) (0:059) (0:053)  (0:090)
Access rights  Post TGA 0:468 0:304 0:059 Q382 0:318 0:207 0:491 0:281 0:356
Without control counties in a ected states: N =641 (0:037) (0:094) (0:039) (0:031) (0:083) (0:034) (0:035) (0116)  (0:052)
Access rights  Post TGA 0:446 0:292 0:058 Q347 0:174 0:181 0:453 0:242 0:307
All counties in neighboring states: N = 751 (0:036) (0:049) (0:038) (0:030) (0:037) (0:033) (0:035) (0:048)  (0:053)
State speci c year xed e ects Yes Yes Yes
County speci ¢ year trends Yes Yes Yes

Wealth e ects using for farmers using the agricultural census 1910{2007. County and year xed e ects included in all regressions . Full results in Table B.39{B.44. The rst row "Access rights Post TGA' is
de ned as one if any part of the county is a ected by the Taylor G razing Act and the observation is after 1935. The lead-lag graphs using the extended samples are indistinguishable from Figure 24. In the
above Table standard errors are clustered by county and are shown in parenthesis. p< 0:10, p < 0:05, p< 0:.01

Table B.46: Sales of farms

log(Number of Farms) log(Number of Farms) log(Average Farm Size)
1) 2 3 4 ©) (6)
Access rights Post TGA 0:084 0:256 0:170
(0:041) (0:119) (0:117)
Share of Severe Erosion Post TGA 0:270 0:954 0:705
(0:067) (0:161) (0:167)
County speci ¢ year trends Yes Yes Yes Yes Yes Yes
Observations 5,641 5,641 5,641 5,641 5,641 5,641
Adjusted R? 0:952 Q953 0873 Q876 0860 0862

Wealth e ects using for farmers using the agricultural census 1910{2007. County speci c year trends included in all columns. Th e rst row "Access
rights  Post TGA' is de ned as one if any part of the county is a ected by the Taylor Grazing Act and the observation is after 1935. The sec ond
row “Share of Severe Erosion Post TGA'is a continuous variable indicating the amount of la nd severely eroded in 1934 per county. On average,
35% of the land is severely eroded in 283 counties and increaseshe likelihood of being a ected by the Taylor Grazing Act signi cantly. F-test
conditioning on state xed e ects: 8.19, unconditional F-T est: 30.19. The area share of a county a ected by the Taylor Grazi ng Act is signi cantly
increasing by soil erosion as well. F-test conditional on state xed e ects: 37.77, unconditional F-test: 89.66. All F-te sts calculated using robust
standard errors. In the above Table standard errors are clustered by county and are shown in parenthesis. p< 0:10, p < 0:05, p< 0:01
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Table B.47: Income e ect for farmers

log(Average Income per Farm) log(Average Expenditures per Farm) log(Average Ry ts per Farm)

@ @ €) “) ®) )
Access rights  Post TGA 0:068 Q165 Q159
(0:105) (G:101) (0:124)
Share of Severe Erosion Post TGA 0:034 Q0606 0:040
(0:148) (¢:153) (0:169)
County speci c year trends Yes Yes Yes Yes Yes Yes
Observations 4177 4177 4684 4684 3455 3455
Adjusted R? 0:900 Q900 Q890 Q0890 0913 0913

Wealth e ects using for farmers using the agricultural census 1910{2007. County speci ¢ year trends included in all columns. Th e rst row "Access rights ~ Post TGA'
is de ned as one if any part of the county is a ected by the Taylo r Grazing Act and the observation is after 1935. The second row "Share of Severe Erosion Post TGA'
is a continuous variable indicating the amount of land severely eroded in 1934 per county. On average, 35% of the land is seversl eroded in 283 counties and increases
the likelihood of being a ected by the Taylor Grazing Act sign icantly. F-test conditioning on state xed e ects: 8.19, u nconditional F-Test: 30.19. The area share of a
county a ected by the Taylor Grazing Act is signi cantly incre  asing by soil erosion as well. F-test conditional on state xe d e ects: 37.77, unconditional F-test: 89.66.
All F-tests calculated using robust standard errors. In the above Table standard errors are clustered by county and are shown in parenthesis. p < 0:10, p < 0:05,

p< 0:01
Table B.48: Heterogeneous e ects for farmers - Conditioning on police pres ence in
1930
1) @ 3) (4) ®)
Police in 1930 Bank in 1934 Newspaper in 1932
With Without With Without With
log(Total Farm Value in County)
Access rights  Post TGA 0:120 0:169 Q096 0:130 0:106
(0:054) (0:198) (0:057) (0:076) (0:073)
Share of Severe Erosion Post TGA 0:206 0:010 0213 0:120 Q0342
(0:091) (0:229) (0:123) (0:118) (0:237)
log(Average Value of Farm)
Access rights Post TGA 0:210 0:059 Q244 0:158 0:290
(0:055) (0:187) (0:060) (0:070) (0:090)
Share of Severe Erosion Post TGA 0:486 0:190 Q537 0:319 0:761
(0:094) (0:198) (0:120) (0112) (0:151)
log(Average Value of Farm Land)
Access rights  Post TGA 0:252 0:612 0335 0:195 0332
(0:103) (0:717) (0:081) (0:152) (0:227)
Share of Severe Erosion Post TGA 0:957 0:488 1018 0:883 1:075
(0:177) (0:400) (0:229) (0:236) (0:265)
County speci ¢ year trends Yes Yes Yes Yes Yes

Wealth e ects using for farmers using the agricultural census 1910{2007. Every cell is a separate regression on the variable in the
header of its panel. County xed e ects, year xed e ects and county speci c time trends included in all regressions. The rst row
“Access rights  Post TGA' is de ned as one if any part of the county is a ected by the Taylor Grazing Act and the observation is
after 1935. The second row "Share of Severe Erosion Post TGA' is a continuous variable indicating the amount of la nd severely
eroded in 1934 per county. In the above Table standard errors are clustered by county and are shown in parenthesis. p < 0:10,

p < 0:05, p< 0:01
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Table B.49: Heterogeneous e ects for farmers, development indicators

O &) ©) (©) ®) ©) @

Population density Median rent Retail wage Unemployment 1930

Below mean Above Mean Below mean Above Mean Below mean Above Mean Belowean Above Mean

log(Total Farm Value in County)

Access rights  Post TGA 0:057 Q030 0082 Q038 0026 Q055 Q011 Q076
(0:091) (0:093) (0:089) (¢:075) (0:117) (0:094) (0:087) (0:124)

Share of Severe Erosion Post TGA 0:244 0:089 Q266 0:101 Q212 Q173 Q078 Q408
(0:115) (0:247) (0:133) (0:123) (0:134) (0:138) (0:106) (0:206)

log(Average Value of Farm)

Access rights  Post TGA 0:067 Q096 Q157 0:116 Q114 Q060 Q050 Q0166
(0:074) (0:100) (0:090) (0:077) (0:126) (0:069) (0:085) (0:093)

Share of Severe Erosion Post TGA 0:337 0:086 Q518 0:404 0:368 0:320 0:341 0:413
(0:096) (0:201) (0:131) (0:134) (0:132) (0:120) (0:108) (0:159)

log(Average Value of Farm Land)

Access rights  Post TGA 0:069 Q125 Q164 Q171 Q082 Q074 Q164 Q066
(0:123) (0:115) (0:158) (0:106) (0:216) (0:099) (0:106) (0:177)

Share of Severe Erosion Post TGA 0:767 0:029 Q999 0:771 0:907 0:548 0:728 0:872
(0:157) (0:244) (G:210) (0:227) (0:208) (0:193) (0:171) (0:273)

County speci ¢ year trends Yes Yes Yes Yes Yes Yes Yes Yes

Wealth e ects using for farmers using the agricultural census 1910{2007. Every cell is a separate regression on the variable in the heder of its panel. County specic time trends
included in all regressions. The rst row “Access rights ~ Post TGA' is de ned as one if any part of the county is a ected by the Taylor Grazing Act and the observation is after 1935.
The second row ‘Share of Severe Erosion Post TGA' is a continuous variable indicating the amount of la nd severely eroded in 1934 per county. Aside from population densty, the
median rent, retail wage and unemployment is not predicted by be ing a ected by the Taylor grazing act: -0.112 (0.048), -0.075 (0.075), -0.077 (0.064) and -0.103 (0.074) respectively.
Soil erosion does not predict population density or retail wage, -0.012 (0.096) and 0.002 ( 0.113) , but does predict median rem and unemployment, 0.363 (0.116) and -0.205 (0.110). In
the above Table standard errors are clustered by county and are shownin parenthesis. p < 0:10, p< 0:05, p< 0:01
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Figure A.11: First stage of the Palmer drought index

Graphical illustration of the First Stage. More severe droughts (left) imply higher erosion
(dotted line) and larger probability of being treated (solid line).

Figure A.12: Randomization inference on rst stage

Cumulative distribution of point estimates from 116 years and 12 months forsoil erosion (left)
and access rights (right). Line represents the rst stage point estinate.
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Figure A.13: 2SLS estimates on wealth

Reduced form estimate using the drought shock variable for the total fam value (left) and the
average farm value (right).

Table B.50: Instrumenting treatment with droughts in 1934

Reduced Form OoLS Instrumental variables

@) @) (©) 4) ®) (6)

log(Total Farm Value in County)

One SD Drought Shock in October 1934 Post TGA 0:262 0:004
(0:062) (0:061)
Access rights  Post TGA 0:345 0:048 Q370 0:006
(0:060) (0:073) (0:084) (0:086)
First stage F-Statistic 198543 186257
County speci c year trends Yes Yes Yes
log(Average Value of Farm Land)
One SD Drought Shock in October 1934 Post TGA 0:391 0:184
(0:063) (G:106)
Access rights  Post TGA 0:341 0:121 Q0551 0:260
(0:065) (0:101) (0:092) (0:151)
First stage F-Statistic 197.621 185786
County speci ¢ year trends Yes Yes Yes

Instrumenting “Access rights ~ Post TGA' by a one standard deviation shock from the long term avera ge drought index in 1934. Results robust to using rainfall in
October 1934 instead. Standard errors are clustered by county and are shown in parenthesis. p < 0:10, p < 0:05, p< 0:01
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C Farm prices under open-access and access rights

Consider a farmer with private land, of which she derives a per pedd utility of one. The value

of her farm is derived from the discounted sum of all future payo s and gven by % where

is the per period discount factor. Additionally, the farmer has accesgo the public domain .

The public domain ' is indistinguishable before the implementation of the reform, but ae split

into public lands T and open-access. It is assumed that the public domain is less productive
than private land ' < 1, such that no new farmer has an incentive to buy it?” The sum of all

future payo s is thus given by:

VAR - ® ti— : (6)
t
where AR stands for access rights. With no entry, her farm value, determinedby the
discounted sum of all future payos from her private farm and her prots from the public
domain. A farmer thus sells her farm if the price of private rights (PPR) and access rights
(PAR) plus the discounted expected income in another occupatiofE [1 ] is larger than the value
of the farm.

PPR + PAR + E[I] VPR + VAR (7)

Assuming that the price of private rights is fair (VPR PPR), a farmer thus sells her farm
if the price of the o -farm income is priced to compensate for the loss i income?®® For the
seller the problem is similar, but the expectation is over the vale of the o farm income. A
seller buys if:

PPR + PAR VPR+ E VAR (8)

Hence, in equilibrium with fair pricing a farm is sold if the expeded valuation of the buyer
matches the income loss of the seller:

VAR EQN] PAR E VAR (9)

In the extreme, moving from no valuation (E VAR = 0) to full realization of prots ( E VAR =
VAR) increases the sales of farms.

C.1 With entry into the public domain

The above framework can be extended to include shared resources, agrtain entry into the
public domain and price bargaining. The farmer shares access to the publland with R other
farmers in a stable collusive agreement. That is:

VC(R):>4 tfizi
R T )R

t

(10)

However, in every periodt with probability 1  p, N R new entrants compete in the public
domain if no entry occurred before®® If in any previous period N R farmers entered, no

7 Existing farmers have an incentive to buy it as acquiring this lan d would provide them with economies of
scale, but due to homesteading, the public domain was hard to acquire before the reform.

%8 Note that someone with expected income E [I ] larger than the value of access rights would have sold the farm
prior to the reform.

% For simplicity, assume that entry does not reduce the size of th e public domain.
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future entry is possible!® If no entry occurs, the collusion payo with R farmers is realized.
After entry, all N ranchers decide to collude and obtain the collusion payo VC(N). The
uncertainty of new competition in the public domain reduces the expected future pro ts from

the public domain for each farmer:

X
E VE(R) = L@ pVEN)+ p*VE(R) (11)

@p .0 1 @ap', p "
1 NTPR )1 p 1 N1 pR (12)

= (p)

t

If the farmer now tries to sell her land, the price for her land is déermined by the future
payo s of her own land, plus the expected payo for the share of publicdomain. Since the
farmer cannot guarantee the latter, the price for the share of pro ts from the public domain lies
in the interval [0;E V¢ (R) . If the price P is uniformly distributed the average price is given
by:101

i i
1 1 @ P, p

Liepy = & _
P(p”R)_lel N 1 pR

(13)
which depends on the probability of no entry p, the land quality ', and the number of farmers
active.

The implementation of the reform had two distinct e ects on this pri ce. First, it divided
lands into public lands T and open-access lands. Both lands could be grazed and used by
adjacent farmers. Secondly, for Taylor lands T it decreased the probability of new entry to zero,
as it assigned access rights to th® farmers that used the lands before. Since access rights were
transferable, farmers could price their lands accordingly. For farmes with open-access lands,
the probability of new entry decreased as well such that with probabiity p 2 (p;1], farmers of
the public land did not face entry. Here the baseline model can be obtaied by setting p = 1.

Di erences-in-di erence estimates compare the prices obtained, within those lands that
were to be come Taylor lands, minus the di erence in prices of thoséands that remained public:

(p;; TR)= P T;R) P(p; T;R)  [P(p;;R)  P(p;;R) (14)

Since land quality has been shown to be the same in the previous sémh, we can assume that
there is no di erence in the average price before the refornP(p; T;R) P(p; ;R). Moreover,
since farmers inside the Taylor lands could contract on T, they were able to obtain V¢ (R) for
their farm, reducing to:

(p;; T;R)= VE(R) P(p;;R) (15)
w1 1@ p p
- 1R 21 p 1 N1 p R (16)

Since farmers inside Taylor lands could contract on the output T, and enforce the mech-
anism, any distributional assumption on the price outside the Taylor lands, leads to a gain in
price, and thus farm value.

100 The underlying assumption is that once N farmers are in the market for , no farmer has an incentive to
enter the public domain.

191 For analytical convenience, any other distribution, or the e xtremes would yield the exact same result. The
same results holds when the price is an outcome of a bargaining pr@ess where the bargaining power for the seller
increases with the number of farmers active.
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