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Shale formations rich in oil and gas cover parts of many 
agriculturally rich states. Since farmers own or operate 
more than half of the non-urban land in the 48 lower states 
(U.S. Department of Agriculture, Economic Research Ser-
vice (USDA, ERS), 2013), the potential for oil and gas 
drilling to affect the well-being of farmers and the profit-
ability of their farms is high. Most onshore oil and gas pro-
duction is concentrated in the south-central United States, 
the western Plains, and the Appalachian Mountain region 
in the east. The value of this production often dwarfs the 
local agricultural economy. In 2012, the value of energy 
production was, on average, 16 times greater than the val-
ue of agriculture in energy-producing counties, up from 
6 times in 2002 (USDA, National Agricultural Statistics 
Service (NASS), 2012; USDA, NASS, 2002; and USDA, 
ERS, 2014). 

The overall effect of shale development on agriculture 
is uncertain and depends on local and individual factors. 
The energy industry makes large payments to farmers who 
own mineral rights or land needed for pipelines or ac-
cess roads. However, energy companies also compete for 
inputs, such as water and labor, which may weaken the 
profitability of farms, particularly in remote and dry areas. 
For example, farmers and drilling companies will compete 
for water in dry parts of Texas and other western states. In 
rural areas far from population centers, farmers might find 
it hard to retain hired workers who can make higher wages 
driving semi-trucks or pouring concrete for well pads. In 
North Dakota, competition for trains given the use of rail 
for transporting oil has led to lower local grain prices and 
mounting concerns over future backlogged shipments of 

Figure 1. Value of Energy in 2011

Source: USDA-ERS, 2014. 

Figure 2. Change in Agricultural Variables from 2002 to 
2012 across Shale and Non-Shale Counties

Source: Based on USDA, NASS, 2002 and 2012 Censuses of Agriculture. Note: 
Includes counties with shale plays in AR, CO, LA, MO, NM, ND, OK, and TX.
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grain (Nixon, 2014). Drilling pads 
and access roads can also reduce the 
surface area available for crops or 
pasture.

Shale development from 2002 to 
2012 appears to have diverse impacts 
on agriculture. Farms in shale coun-
ties experienced a larger increase in 
the value of their land and buildings 
than those outside of shale plays. This 
suggests that growth in the value of 
the oil and gas rights has outpaced 
any decline in the value of land as-
sociated with loss of land for agricul-
tural use and potential environmen-
tal degradation of the land related 
to drilling. In addition, within the 
shale area, the value of machinery 
and equipment increased compared 
to non-shale areas. This could be the 
result of a wealth increase through 
lease and royalty payments to farmers 
owning their mineral rights. While 
crop and livestock production remain 
unchanged, there is some evidence 
of farm consolidation in shale areas. 
Competition for water may explain 
why shale areas had a smaller increase 
in irrigated acres, while competition 
for labor could account for the rela-
tively larger increase in hired labor 

expenses in shale areas relative to 
non-shale areas. 

The descriptive comparisons, of 
course, mask exactly why and how 
shale development may be affecting 
agriculture. 

Water Quantity and Quality 
Much of the concern with the re-

cent wave of oil and gas development 
regards its potential impacts on water 
quantity and quality. Shale develop-
ment uses large quantities of water 
because of its reliance on hydraulic 
fracturing to create fissures in rocks 
to release the oil and gas trapped 
within. A typical horizontal shale gas 
well requires 2 to 4 million gallons of 
water during the fracturing process 
(U.S. Department of Energy, 2009). 
Although water use associated with 
shale development is small at the state 
level, it may cause large increases in 
water demand in specific areas (Nicot 
and Scanlon, 2012). This is especially 
a concern for water-scarce areas in 
Texas and other western states where 
many shale wells have been drilled 
(Freyman, 2014). 

The use of water in hydraulic 
fracturing has also led to concerns 
about water quality. In Pennsylvania, 
Osborn et al. (2011) found evidence 
that drilling can affect groundwater 
through methane migration or faulty 
well casings. It can also affect surface 
water quality through spills at drill-
ing sites or if drilling wastewater is 
not properly processed by treatment 
plants before it is discharged into riv-
ers and streams (Kargbo, Wilhelm, 
and Campbell, 2010; and Olmstead 
et al., 2013). 

Water quality and quantity con-
cerns associated with shale develop-
ment may affect farming and ranch-
ing in several ways. Farmers may face 
higher water prices due to competi-
tion with energy companies. In cer-
tain areas of the country, such as Texas 
and Colorado, farmers and ranchers 
may sell their water rights to energy 
producers thereby diverting water use 
from agriculture (Gold and Campoy, 
2011; and Healy, 2012). Greater de-
mand for water in general could cause 
farmers to transition from water-in-
tensive crops such as cotton and rice 
to crops requiring less irrigation or 
none at all. In particularly dry areas 
dependent on irrigation, farmers may 
stop growing crops altogether and 
switch to ranching. In Weld County, 
Colo., for example, large-scale drill-
ing accompanied a large decline in 
irrigation (Figure 3). 

Concerns associated with water 
quality may also affect the decisions 
of farmers. The Food Safety and 
Modernization Act of 2010 requires 
pre-testing of all water used for irri-
gation. Any decrease in water quality 
caused by nearby shale development 
could reduce the water available for 
irrigation or force farmers to find al-
ternative sources of water that meet 
the Act’s quality standards. In addi-
tion, many farms are also valued for 
their use as a rural residence, not for 
production. The potential human 
health implications described in Fin-
kel and Law (2011) could make such 

Figure 3. Change in Irrigated Acreage from 2002 to 2012 in Northeastern 
Colorado

Source: Based on USDA, NASS, 2002 and 2012 Censuses of Agriculture and the Colorado Geological 
Survey (2014). 
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farm around a 7-acre well pad that 
was built in the middle of a 20-acre 
field. Although he received compen-
sation for the loss of use created by 
the well pad area, it did not cover his 
losses. 

Farms are also affected by an in-
crease in the price of inputs that are 
used in shale gas development. For 
example, mulch and straw are used 
for erosion and sedimentation control 
on gas sites, but also for animal bed-
ding (Drohan et al., 2012). On the 
other hand, lower natural gas prices 
can bring down the cost of nitrogen-
based fertilizers since natural gas ac-
counts for about 70% to 90% of the 
estimated cost of producing them 
(Pirog and Ratner, 2012). However, 
the high demand for fertilizers in re-
cent years has translated mainly into 
increased profits for fertilizer produc-
ers compared to cost savings for fer-
tilizer consumers (Pirog and Ratner, 
2012).

Greater demand for transporta-
tion infrastructure from the oil and 
gas industry can affect farmers in 
several ways. Produced oil and gas 
can be transported by rail, increas-
ing competition for rail resources 
that farmers rely on for marketing 
their crops. Olson (2014) estimates 
that rail shipment delays have caused 
a loss of $66.6 million in North Da-
kota’s farm-level revenue for crops 
that were sold from January through 
April 2014. In addition, increased 
truck traffic damages roads, particu-
larly dirt roads, which farmers rely 
on to move their machinery and ag-
ricultural products. Abramzon et al. 
(2014) find that a new well in Penn-
sylvania required on average about 
600 to 1,100 one-way loaded heavy 
truck trips. They estimate that heavy 
truck traffic on Pennsylvania’s state-
maintained roadways from shale gas 
development in 2011 created roughly 
$13,000 to $23,000 worth of dam-
ages per well. Other costs from truck 
traffic include declining health of 
livestock due to air pollution. In 

region of North Dakota, in particular, 
finding seasonal workers has become 
difficult and most farmers are resort-
ing to labor from foreign countries 
who work under H-2A visas (Deede, 
2014). Temporary workers around 
drilling areas typically rent hous-
ing, which has caused rental prices 
to escalate. In Bradford County of 
Pennsylvania, houses that previously 
rented for $500/month could rent for 
$4,500/month due to the increased 
demand from the industry (Drohan 
et al., 2012). 

Shale development requires land 
for drilling sites, gas processing fa-
cilities, pipelines, access roads, and 
water impoundments. Drilling itself 
occupies relatively little land. Five 
acres from which multiple wells are 
drilled can provide the capability to 
extract gas from about 500 to 1,000 
acres (U.S. Department of Energy, 
National Energy Technology Labo-
ratory (NETL), 2013). Other in-
frastructure, however, such as access 
roads and water impoundment areas, 
also requires land. Companies must 
clear the right of way over any pipe-
lines they wish to install (Williams, 
2012). Many agricultural activities 
can occur on top of pipeline rights 
of way, though the disturbing of the 
soil can lower crop yields. Drohan 
et al. (2012) find that if all the wells 
permitted in the Marcellus Shale area 
in Pennsylvania by June 2011 were 
developed, it would convert at least 
1,600 to 2,600 acres of agricultural 
land and 1,300 to 2,200 acres of for-
est land into industrial land. 

When farmers do not own the 
mineral rights to their land, they 
are unable to direct where wells are 
placed on their property. Gibson 
(2013) finds that oil companies in 
North Dakota drilling in the Bakken 
often do not respond to even modest 
requests for change, such as moving a 
well pad to the other side of a fence 
to allow for calving. In one North 
Dakota example documented by 
Gibson, a farmer could not profitably 

farms less desirable as residences, 
thereby lowering their value and the 
well-being of their residents. 

Livestock farms are also sensi-
tive to changes in water quality. A 
recent study by Bamberger and Os-
wald (2012) suggests that livestock 
are highly susceptible to water qual-
ity impacts from shale gas develop-
ment. Water contamination effects 
on livestock health may encourage 
some livestock farmers to transition 
to growing crops or to relocate their 
farms. In addition, organic farmers 
in areas with shale development areas 
may face consumers’ fears regarding 
the quality of their products. This 
concern has led the Pennsylvania As-
sociation for Sustainable Agriculture 
to call for a moratorium on shale 
development until the state has fully 
evaluated its impacts on water quali-
ty, food safety, and farmer well-being. 
Some organic food companies have 
expressed concern that they could 
lose their organic accreditation due to 
nearby unconventional gas develop-
ment (Miller, 2012). 

Competition for Inputs: Labor, 
Land, Infrastructure, Supplies

Aside from water, shale develop-
ment can affect the price of other 
agricultural inputs such as labor, 
land, and infrastructure. Weber 
(2012) finds that shale gas develop-
ment added about 1,780 jobs and 
$69 million in wages in counties in 
Colorado, Texas, and Wyoming that 
experienced a boom in natural gas 
production. While the workers di-
rectly involved in drilling, complet-
ing, and operating a well are highly 
specialized, demand for labor in 
supporting services, such as driving 
and construction, could force farms 
to pay higher wages to retain their 
similarly skilled workers. There is evi-
dence that greater shale development 
caused the average wage per job in a 
county to increase, though the effect 
varies by region (Brown, 2014; and 
Weber, 2014). In the Bakken Shale 
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North Dakota, Bakken-related truck 
traffic on red-rock gravel roads cre-
ates dust. Gibson (2013) found that 
cattle sometimes reject the dust-laden 
feed, refuse to lay in the dusty hay, 
and even die from dust pneumonia. 
In the long run, farmers could benefit 
from the subsequent repair of a dam-
aged road or the conversion of dirt 
roads to asphalt. Similarly, farmers 
gain from railroad and highway ex-
pansions driven by the demand from 
the oil and gas industry. 

Farmer Wealth
In 2011, energy lease and royalty 

payments to farmers amounted to 
$2.3 billion, almost half the value of 
payments provided by the USDA’s 
direct payment commodity program, 
which was on average the largest fed-
eral farm income support program 
in the 2000s (Weber, Brown, and 
Pender, 2013). This increased wealth, 
in turn, may have various effects on 
farmer decisions. Payments may pro-
vide farmers with the money to ex-
pand and upgrade their operations, 
thereby improving their farms’ long-
term financial viability. Alternatively, 
the payments may allow marginally 
profitable farmers to retire early or 
switch to less labor intensive activi-
ties, for example, from dairy to beef 
cattle. The combination of early re-
tirement among farmers and greater 
investment for others may cause the 
consolidation of production and land 
ownership.

Subsurface rights in most of the 
continental United States are pri-
vately owned. Before drilling for oil 
and gas, companies must lease the 
rights from the owner through a lease 
contract, which specify a payment to 
the owner for signing the lease (often 
called a bonus payment) and a per-
centage of the value of production to 
be paid to the owner (the royalty). 
The lease will also state a time after 
which the lease expires if produc-
tion has not occurred. Upon expira-
tion, the farmer may sign a new lease, 

earning a new bonus payment. Bo-
nus payments may range from a few 
dollars to $9,000 an acre (Andrews, 
2009; and Pronko, 2013). The stan-
dard royalty rate is 12.5%, though 
this rate can be much higher if there 
is a strong likelihood of marketable 
production (Fitzgerald and Rucker, 
2013).

Because royalty payments are 
based on the value of production, 
they will vary substantially over time 
as the productivity of wells and en-
ergy prices change. A typical shale 
gas well can produce between 1 and 
5 million cubic feet per day during 
the first month, but production can 
decline by nearly 70% by the end of 
the first year (King, 2014). After the 
initial rapid decline in production, 
wells can continue to produce gas 
at a slowly declining rate. There are 
differences in the methodology and 
parameters used in life-cycle analyses 
of well productivity (Branosky, Ste-
vens, and Forbes, 2012), leading to 
production forecasts that vary from 
20 (King, 2014) to 70 years (Fuquay, 
2013). For a well that produces 2 mil-
lion cubic feet of gas per day in the 
first month and an assumed natural 
gas price of $4 per thousand cubic 
feet, annual royalties would start at 
$200,000, drop to $80,000 in the 
first and second years, and decline 
to $23,000 in the sixth year (King, 
2014). Since 2008, the wellhead price 
of natural gas has varied from $3 to 
$11 per million cubic feet.

Farmers, however, may not al-
ways own the rights to the oil and gas 
beneath the land that they own. In 
places where oil and gas rights have at 
one time held meaningful value, they 
were often severed from the surface 
rights in what is known as splitting 
the estate. Where oil and gas rights 
have value, a landowner may split the 
estate by selling a property but retain-
ing the rights. Most of the areas with 
shale oil and gas resources have some 
history of drilling, making it less 
likely that the surface owners own the 

rights to the oil and gas below. Re-
cently, Weber and Hitaj (2014) found 
small effects of shale gas development 
on farm real estate values in Texas’ 
Barnett Shale. In contrast, shale de-
velopment had a large positive effect 
on farm real estate in northeastern 
Pennsylvania, which does not have 
a history of drilling. The contrasting 
results likely reflect the prevalence of 
split estates. 

Community Well-Being
Aside from affecting the profit-

ability of farms, shale development 
can influence the well-being of farm 
households if the livability of their 
surrounding communities changes. 
The extraction, processing, and trans-
portation of oil and gas have led to 
substantial decreases in air quality 
in some areas (Litovitz et al., 2013; 
and Rich, Grover, and Sattler, 2014), 
which have been implicated as the 
potential cause of nearby infant 
health issues (Hill, 2012). Noise and 
light pollution occur near shale wells 
and processing facilities (Clark et 
al., 2013). Differences in regulations 
across states can affect the magnitude 
of these negative impacts (Richard-
son et al., 2013). In New York and 
Pennsylvania, residents have ex-
pressed concern about the effects of 
a large influx of workers, and there is 
evidence that criminal activity can in-
crease in counties experiencing drill-
ing (Stedman et al., 2012; and James 
and Smith, 2014). Both prostitution 
and drug use have risen in the Bakken 
Shale (Boyce, 2014), while the frack-
ing boom in Texas has been connect-
ed with a rise in fatal traffic accidents 
(Olsen, 2014). 

Shale development can also cre-
ate community tensions by increas-
ing inequality (Schafft et al., 2014). 
Kelsey, Metcalf, and Salcedo (2012) 
found that lease and royalty income 
is heavily skewed to a small portion 
of residents in the Marcellus Shale. In 
some counties, only 11.3% of lease 
and royalty income accrues to the 
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bottom 90% of landowners residing 
in the county. 

Despite its various community 
costs, shale development has im-
proved state and municipal finances 
through driller fees, severance taxes 
on gas production, or well fees. In 
2011 and 2012, for example, Penn-
sylvania raised over $400 million in 
revenue through a per-well impact 
fee, some of which is allocated to local 
governments that host drilling opera-
tions (McNulty, 2013) to help off-set 
some of the aforementioned negatives 
that can occur with rapid business ex-
pansions in areas not prepared for the 
boom. Moreover, in some states, local 
governments can tax the value of oil 
and gas rights as property. Looking 
at the Barnett Shale in Texas, Weber, 
Burnett, and Xiarchos (2014) found 
that expansion in the local property 
tax base through appreciation of oil 
and gas rights led to greater school 
spending and higher housing values 
in shale areas. 

Much Uncertainty Remains
Shale development has a range of 

diverse consequences for agriculture. 
They can be positive or negative and 
vary at the regional, local, and even 
farm levels. Farms in the Marcel-
lus Shale are unlikely to face water 
quantity issues, compared to areas in 
North Dakota or Colorado, where 
water is scarce. Even there, the im-
pact can vary across farms and over 
time. Farmers in areas without prior 
oil or gas drilling experience, such as 
northeastern Pennsylvania, are more 
likely to own their mineral rights and 
receive royalty income, which they 
can then invest in the farm. 

The long-term effects of develop-
ment, both economic and environ-
mental, are still unclear since large-
scale drilling began only in the early 
2000s in Texas and later elsewhere. 
By financing investment, expansion, 
or retirement, the wealth created 
through lease and royalty payments 
may have long-term consequences 

for the agricultural landscape even 
after well production stops. Likewise, 
spills or other environmental mishaps 
could degrade some parcels of land 
for decades. In balance, shale devel-
opment comes with challenges and 
opportunities for farmers and their 
rural communities with uncertain, 
long-term effects. 
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