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Abstract: Property value models are used to examine how utility-scale, ground-mount solar
farms impact nearby agricultural land values. Results indicate that solar farms do not have direct
positive or negative spillover effects on nearby agricultural land values. However, results also
suggest that solar farm construction may indirectly affect agricultural land values by signaling
the land’s suitability for future solar development. Specifically, results indicate that proximity of
agricultural land to electric transmission lines may be positively valued after a solar farm is
constructed nearby.
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1. Introduction

In just over a decade, solar photovoltaic electricity generation in the United States
increased 100-fold from 1.2 billion kilowatt hours generated to 114.7 billion kilowatt hours.!
This high growth is expected to continue as states implement policies that encourage the use of
renewables and as the cost of solar generation continues to fall. As of 2022, North Carolina (NC)
ranked third in the nation in overall installed solar capacity, behind California and Texas.? The
total installed ground-mount solar capacity in NC grew from under 10 megawatts (MW) in 2009
to over 5,000 MW by 2020.3 Ground-mount, utility-scale, solar systems (hereafter referred to as
“solar farms”) are the primary component of solar capacity in NC, which contrasts with other
leading states such as California, Texas, Arizona and New Jersey where residential solar power
systems (i.e., roof-top solar panels) are a sizeable portion of the installed solar capacity.

Solar farms are generally placed in rural areas due to their relatively large footprint. For
example, the average S MW farm in NC occupies approximately 30 acres, exclusive of any
buffers or setbacks. The rapid expansion of solar farms in NC and other states has let to conflict
as stakeholders in rural counties raise concerns about the loss of farmland to solar development,
as well as the potential effects of solar installations on the productivity of the land once the farm
is converted back to agricultural service at the end of the solar farm’s life (NC Sustainable
Energy Association (NCSEA), 2017).* In urban and suburban areas, the siting of solar farms has
been subject to local resistance, mainly due to perceived negative visual effects from solar
installations on surrounding property values. In NC, concerns about negative spillover effects
have resulted in local governments either imposing moratoriums on solar farm development or

completely banning solar farm development.’
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It is well understood that some land uses can negatively affect neighboring property
values. Two recent evaluations indicate that solar farms negatively affect nearby residential
property values (Abashidze, 2019, Gaur and Lang, 2020).°® However, we are unaware of
research that explores how agricultural land values could be negatively impacted by a nearby
solar farm. Solar farms could have negative spillover effects in agricultural land markets if a
solar farm negatively impacts the productivity of nearby land or if aesthetic concerns negatively
impact the demand for agricultural parcels (Ma and Swinton, 2011). On the other hand, solar
farms can be a lucrative land-use choice for property owners in rural areas. Typical lease
agreements for solar development in NC guarantee landowners’ income greater than $500 per
acre for a period of 20 years, which contrasts with average rental rates of farmland in agricultural
production of $27 to $102 per-acre, per-year (NCSEA, 2017). Data suggest that solar farms are
clustered across space in NC and the same solar developer tends to install solar systems in close
proximity to each other. Thus, solar development on one parcel may signal interest in the area
and the potential for increased land rents, which could be capitalized into land values. This
effect has been demonstrated in other contexts. For example, Haan and Simmler (2018) find that
the potential for increased wind farm development significantly increased agricultural land prices
in Germany (see also Kirwan, 2009).

We empirically estimate the impacts of utility-scale solar development on nearby
agricultural land values using hedonic property value models.” A comprehensive database of
georeferenced agricultural land sales obtained from Zillow Research is linked to a georeferenced
census of solar farm installations in NC.3° North Carolina provides an ideal setting to explore
this question given its rich agricultural landscape, numerous solar farms (>450), and the close

proximity of solar farms to productive agricultural land.'°
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To disentangle the potential positive spillover effects of solar development (i.e., option
values) from potential negative spillover effects such as impacts on nearby land productivity or
visual disamenities, we take advantage of geospatial data on electric transmission infrastructure.
Proximity to electric infrastructure is necessary for solar farm siting, and so it is hypothesized
that proximity of a parcel to transmissions lines after a solar farm is built could be positively
capitalized into land values if solar development nearby signals to markets the potential for
higher land rents. Proximity to electric infrastructure is not highly collinear with proximity to a
solar development, and so we are able to disentangle solar development option values from solar
development visual or other disamenities.

Results indicate that utility-scale solar farms have no direct positive or negative spillover
effects on nearby agricultural land values. However, results also suggest that solar farm
construction may indirectly affect agricultural land values by creating a signal effect of the land’s
suitability for future solar development. Specifically, proximity of agricultural land to electric
transmission lines is positively valued only after a solar farm is constructed near the agricultural
parcel. Although not the focus of this paper, this latter finding is of note since siting of
transmission lines also faces significant opposition (Eto, 2016) and our results suggest one
instance where proximity to transmission infrastructure may result in pecuniary benefits for

landowners.

2. Background

Solar energy capacity in NC grew more than 600-fold in the decade following 2009.
This remarkable growth can be attributed to several influences including NC’s renewable energy

mandating that required electric utilities to produce 12.5 percent of their electricity from
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renewable energy sources by 2021 coupled with generous state and federal financial incentives.
From 2006 to 2015, NC also offered a 35 percent state tax credit to solar developers on the cost
of each renewable energy project constructed (capped at $2.5 million per project), and federal
investment-tax credits increased from 10 percent to 30 percent between 2006 and 2019.!! In
addition, NC implemented requirements for “power purchase agreements” (PPAs) that were
generous relative to other states. PPAs mandate that utilities purchase electricity generated by
qualifying renewable sources at a fixed price for up to 15 years, reducing price risk for solar
developers dramatically. NC allowed PPAs for projects up to SMW, while most states limit
qualifying renewable sources to one-megawatt or less (NC Clean Energy Technology Center,
2017). In addition to generous state and federal incentives, solar panel prices fell by more than
70 percent between 2009 and 2015 (Platzer, 2015).

As of July 2017, there were 451 utility-scale ground-mount solar farms with over one
MW electric power capacity installed in NC. Total installed capacity of these 451 farms is 2,900
MW (see Figure 1). To put the scale of these solar installations into context, they occupy 14,864
acres or 0.31 percent of potential cropland in the state. Solar power is expected to expand further
and account for five percent of electricity generation in NC by 2030 and will require the use of
0.57 percent of available cropland (NC Clean Energy Technology Center and NC State
University, 2019).

[Insert Figure 1 here]

A solar farm’s siting process is a complex procedure that can take up to two years and
often depends on the scale and location of the project (Kikuma, Rublev, and Tan, 2018). The
solar developer must first determine the lease terms with the landowner and obtain an

interconnection agreement with an electric utility that includes a PPA specifying the prices paid
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for generation over a period of time. The solar developer must also work with local government
ordinances and zoning rules, which often have been revised in consideration of solar growth in
the region. Solar ordinances typically include setback requirements that vary by zoning district
and are usually more restrictive for residential areas. These ordinances also have standards on the
height of solar energy systems, vegetative buffers that could mitigate visual impacts of solar
farms, and include decommissioning requirements. Large solar farms are also often required to
obtain special use permits that require quasi-judicial hearings, along with the standard
construction building and electrical permits, a stormwater permit, and in some instances, an
aviation notification. Solar ordinances are heterogeneous across counties and are becoming more
stringent over time.'?

Along with existing solar regulations, proximity to the current electricity infrastructure is
an important consideration for solar farm development (Kikuma, Rublev, and Tan, 2018). Solar
developers must build and pay for new transmission lines to connect each solar farm to existing
high-voltage transmission lines. The construction cost of a new transmission line is estimated to
vary from $390,000 per mile for a 138 kV single circuit line (Public Service Commission of
Wisconsin, 2011) to $1,343,800 for a 345 kV single circuit line (Western Electricity
Coordinating Council, 2014). As such, solar developers prefer siting solar farms as close as
feasible to existing high-voltage transmission lines rather than building costly new infrastructure
(Brawner et al., 2017 and Kikuma, Rublev, and Tan, 2018).

Other factors that affect solar farm siting processes include land use/land cover
(typically land classified as agricultural, vacant, wild, forest, and horticulture are suitable for
solar development), slope (typically less than 10 degrees) and aspect (South, south-west, or

south-east facing). Parcels located in floodplains, wetlands, and/or protected areas are not



Downloaded from by guest on March 24, 2023. Copyright 2022

considered suitable for solar development (Kikuma, Rublev, and Tan, 2018). We explicitly

control for these factors in our empirical strategy.

3. Hypotheses and Data

The expected externality effects of utility-scale solar farms on neighboring agricultural
land values follow from a standard hedonic pricing model (Rosen, 1974) as applied to
agricultural land markets (Miranowski and Hammes, 1984, Palmquist, 1989, Petrie and Taylor,
2007, Ma and Swinton, 2012, Bishop et al., 2020). In the context of agricultural land markets,
the value of land characteristics are derived from their direct or indirect contribution to the net
present value of future rents (profits). For example, the marginal value of additional levels of
soil quality would be positive since improved soil quality is expected to increase profits directly
through increased crop yields and indirectly through reduced production costs (e.g., reduced
fertilizer or irrigation costs).

Expectations for the marginal value of proximity to solar farms or transmission lines are
not as clear-cut as they are for soil quality. While proximity of an agricultural parcel to either a
solar farm or a transmission line is not expected to affect land prices through agricultural
production processes, there could be changes in aesthetic views from the land that might be
disvalued by farmers (Ma and Swinton, 2011 and 2012). However, proximity to a solar farm
may also suggest to buyers that the area is of interest to solar farm developers. This could
positively influence prices through an option value to lease the land for future solar development
(see Haan and Simmler, 2018, for evidence of this type of effect in the context of wind farms in
Germany). Similarly, because cost-minimizing solar developers prefer to locate solar farms as
close to transmission lines as feasible, it is hypothesized that proximity to the electricity

infrastructure increases the land’s option value for solar development.
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We can combine the above insights to hypothesize a set of empirical relationships
(Appendix A contains a formal treatment). Consider a parcel of land (parcel “X”) that is
converted to a solar farm in time 7. We expect that proximity to parcel X prior to time 7 will
have no effect on agricultural land sales prices. A significant effect of proximity to the future
site of a solar farm would indicate selection effects that would bias our estimates. We might see
selection effects if land that is chosen for solar development has systematically positive or
negative spillover effects on neighboring agricultural land. While it is difficult to imagine what
these spillover effects might be, we empirically test for the possibility.

The relationship between sales prices and proximity to parcel X after time 7 (after the
solar farm is built) is ambiguous. If aesthetics surrounding agricultural land are capitalized into
sales prices, and solar farms are considered visually unappealing, we would expect land closer to
solar farms to sell for a discount. However, at the same time, solar farm development signals the
potential for future solar development on the parcel, which implies a positive external effect.

Lastly, consider the relationship between transmission lines and agricultural land values.
Colwell and Sanders (2017) indicate that transmission lines have substantial negative impacts on
agricultural land which have direct easements (i.e., for which the transmission line easement
crosses part of the land) and several studies reveal negative impacts of nearby transmission lines
on residential property values (e.g., Elliott and Wadley, 2002, and Tatos, Glick, and Lunt, 2016).
We are unaware of hedonic property value evidence that explores how transmission lines impact
nearby farmland values. Absent of any solar development in a region, we hypothesize that
transmissions lines would have no effect on nearby agricultural land values or possibly a

negative effect due to visual externalities. However, after solar development has occurred near
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