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CHAPTER 5 | SITE-LEVEL SOLAR DEVELOPMENT AND ECOLOGICAL
IMPACTS
There is an inextricable link between the built landscape and the natural landscape. Within the context
of utility-scale solar energy development, that link specifically connects the development and
construction of the project to the effects the project will have on the surrounding desert ecosystem.
By providing both landscape constraints and opportunities, local ecological conditions dictate the type
of development that is suitable for an area. In turn, technological development alters the natural
landscape, thereby affecting the resident wildlife and plant populations as well as inorganic aspects of
the ecosystem, such as soil stability and drainage patterns. The type and severity of the potential
impacts that solar development may have on an ecosystem are also influenced by technology type, and
therefore certain design variables also play a key role in determining the ecological impacts of a
project.
Given the potential that utility-scale solar development will disturb large areas of the California desert
landscape, an understanding of the ecological footprint, resource requirements, and additional
necessary infrastructure for these projects is essential to determine the impacts these facilities will
have on the local ecology. These potential ecological impacts should be considered when making siting
decisions, especially if development will occur on relatively undisturbed portions of the California
desert. To assess the impacts of utility-scale facilities on desert ecology, our research was based on the
understanding that the type, intensity, and scope of impact will depend on technology type,
geographic location, and the biological resources associated with the site.
This chapter includes a discussion of site engineering processes and landscape modifications required
for development, plus an analysis of the implications these requirements have for the ecological
processes and species of the California desert. This chapter also summarizes some of the mitigation
measures that developers are currently proposing to minimize ecological impacts; however, an indepth analysis of mitigation measures and biological resource Best Management Practices (BMPs) is
included in Chapter 11.

SITE DEVELOPMENT AND ECOLOGICAL IMPACTS
Since a wide range of technological needs and ecological impacts will be discussed in this chapter, we
have prepared Table 5.1, which visually displays the relationship between these two subjects. When a
technological need may result in an ecological impact, the corresponding box in the below table is
marked with the likely intensity of that impact. In cases where the intensity of the impact is
dependent on multiple factors, a footnote has been added for explanation. This table provides an at-a-
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glance summary of which site engineering processes are the most likely to have potentially serious
effects to the surrounding ecosystems as well as which site engineering processes appear to be less
problematic. The needs of different solar technology types, the associated land manipulation practices
required to meet these needs, and the ultimate impacts of these factors on the environment are
discussed in more detail below.
Table 5.1 Site Development and Ecological Impacts.

GRADING, HYDROLOGICAL MODIFICATION, AND VEGETATION REMOVAL
Most development requires that a certain amount of site engineering be performed on site in order to
accommodate the proposed project. At the very minimum, this usually includes grading, road
construction, and fencing. Because certain
solar technology types, such as parabolic
troughs and PV, require panels that are
level and extend hundreds of feet, the
desert floor upon which these systems sit
must be manipulated to accommodate these
systems (Figure 5.1). While parabolic trough
technology can only be accommodated on
land with a slope of approximately three
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Figure 5.1 Existing Amonix CPV System in Arizona.
Source: Arizona Public Service Commission.
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percent or less, dish/engine and power tower systems can easily tolerate a grade of up to six percent.1
The higher slope tolerance of dish/engine systems is likely due to the fact that the mirrors are
anchored to the ground independently of one another and therefore require less uniform land
conditions. Although this may seem like a minor difference, a slight change in the pitch of the land can
result in the need to grade a considerably larger portion of the project site.
Other types of site engineering necessary to prepare a project site include erosion control measures,
placement of infill, and the redesign of hydrologic features on site such as ephemeral streams and lowlying basins. The redesign of hydrologic features, such as streams, is designed to keep water from
pooling next to large pieces of infrastructure and to prevent any flooding from occurring on site during
rain events. Most developers only propose the re-routing of hydrologic features that overlap proposed
infrastructure. Streams that run along the edges of the project site, or away from the buildings and
solar array field are often left unaltered. Each of these processes may need to be performed to a
varying degree, depending on the technology type that will be placed on the site. Grading and slope
adjustment are the most common types of landscape alteration for solar facility development. This is
due to the relatively inflexible range of slope tolerance for the different solar technologies as
mentioned above.
All of the proposed projects that have submitted an AFC to the CEC include a grading plan and often
other detailed site engineering descriptions and drawings. This information usually includes estimates
of the amount of soil being moved.
Figure 5.2 demonstrates the substantial amount of earthwork planned for the construction of solar
facilities. For a comparison of the volume of soil that is being removed, if all the soil being moved by
the Solar Millennium Blythe project were placed onto a football field, the mound of soil would be over
a mile in height. The grading process for each project will vary based on the size and layout of the
project, the slope of the land, and the type of solar technology that will be utilized. Before discussing
the ecological implications of such large-scale earthwork, a review of site engineering processes used
when grading land is important to better understand the intensity of these activities.
Although each of the project developers address grading in the supporting documents for their project
application (such as the AFC), some applications include more detailed information regarding the
grading process than others. For example, the AFC for the Tessera Calico project (formerly called Solar
One) simply stated that the site topography was “sloping gently to the south” and that only “minor cut
and fill will be required” in order to prepare the site for construction.2 Cut and fill is a process where
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Figure 5.2 Grading Estimates for Select Solar Projects in CA. All estimates are taken from the AFC
materials.

material is cut away from one area of a landscape, such as a slope or hill, and used to fill in another
part of the same landscape, such as a low-lying depression. This earthwork process is commonly used
alongside grading, since it can assist in the overall leveling of an area.
Additionally, many developers will be utilizing infill to prepare the site for construction. The term infill
refers to the general concept of filling in a given area of land with additional materials, such as soil,
brick, or concrete. For the purposes of this research, this term is used to describe the process of
adding additional soil to an uneven desert surface in order to make either a level or low-grade (less
than five percent) plane. Though some of the solar applications indicate that there will be a net import
of soil materials on site to be used as infill, others indicate that they will implement a “balanced”
grading plan, which means no soil would be imported or exported from the site for general earthwork.
However, it is expected that some materials, such as engineering fill, will be imported to the site in
order to provide adequate structural support for building foundations, even for those projects that are
relying on a predominately balanced grading plan. Engineering fill is different from regular soil since it
has specific properties, such as grain size and moisture content, which can make compaction easier.
A final earthwork process associated with grading a project site is soil compaction. Industrial-level soil
compaction will be performed to stabilize the land and sufficiently reinforce it so that it can support
the construction of buildings, solar arrays, roads, and fencing. This soil compaction will likely be
performed using industrial equipment such as single-drum rollers, reversible plate compactors, or tire
rollers depending on the size of the area that requires compaction. Additionally, the movement of
heavy equipment around the project site will also cause soil compaction. Clearly, these processes will
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have a range of types and intensity of effects on the surrounding ecology, which will be discussed in
detail in the following section.
In addition to these grading practices, most developers also propose to clear vegetated undergrowth
from the project site. Vegetation removal is often a requirement for development in order to meet
California’s high standards for fire prevention. This requirement is not likely to vary based on
technology type, which means that the ecological implications of this activity cannot be circumvented
by utilizing a different type of system. This vegetation removal will primarily be focused within the
solar array field and around the buildings, as these areas represent the greatest threat for wildfires.3,4
For example, the AFC for the Genesis Solar states that,
“Access routes will also be graded between the parabolic troughs to permit washing of the
mirrors with a pick-up truck mounted tanker and the occasional cutting of vegetation to reduce
the risk of fire due to plant regrowth.”5

Ecological Impacts
These extensive grading practices as well as the removal of vegetation from the project site are likely
to have critical implications for the surrounding flora and fauna populations.
Biological Soil Crusts: Soil Structure and Stability
Grading and erosion control measures associated with the installation of solar infrastructure, in
addition to the movement of workers and vehicles during the construction and operation of a facility,
will result in substantial disturbances to soil crusts. Biological soil crusts play a significant role in
stabilizing soil in a water limited and consequently erosion prone environment. Unfortunately, their
importance is not matched by their durability, as biological soil crusts are incredibly fragile. The drier
the environment, the easier they are to crush, so crusts in the hot and dry California desert are
particularly vulnerable to anthropogenic stressors, including the relatively low compressional force of
human footsteps as well as grading-related disturbances.6 When crusts are crushed, the aggregate crust
structure is destroyed and soil stabilizing, as well as dust-trapping, capabilities will be significantly
compromised.7
Biological Soil Crusts: Dust Emission
The scraping and grading of sites, particularly during construction phase of development, will likely
have immediate and foreseeable impacts on dust emission. While the removal of vegetation as a result
of scraping increases soil surface vulnerability to wind erosion, perhaps the most dramatic increase in
dust emission would result from development activities that disturb biological soil crusts. As these
crusts are quite fragile and highly vulnerable to anthropogenic stressors, disturbances can range from
trampling by foot and vehicle to complete removal by scraping in preparation for facility installations.
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Sites that have expanses of soil crusts may be particularly
large sources of dust emission during construction, in that
crusts are good at sequestering dust, often trapping dust for
decades or longer (Figure 5.3).8 In some areas, dust layers
can be several meters thick, and trapped just below the
desert surface.9 Rich Reynolds, a research geologist for the
US Geological Survey (USGS), expressed this concern in an
interview:

Figure 5.3 Soil Crusts, Mojave National
Preserve. Image Credit: Sarah Tomsky.

“It turns out that these kinds of desert surfaces, in the Mojave, the Great Basin, and almost all
deserts, sequester dust… They’re not only areas where dust is emitted, but they’re areas
where dust is deposited… And there’s a process in desert geomorphology whereby the dust that
falls in these rough areas where there are plants and perhaps gravels or coarse grains at the
surfaces – these rough surfaces protect the fallen dust from going back up into the
atmosphere… And this dust, over hundreds of years, thousands of years, and even, in some
cases, hundreds of thousands of years works its way down (through wetting and drying), gets
down into the cracks in the soils, moves through the soils in various ways, and accumulates in
these desert soils…
Now this dust that has been deposited over hundreds of years to thousands of years, to even a
hundred thousand years, is now buried – but not far below the surface – so that if one were to
scrape and take off the surface, even on the order of a few centimeters or even tens of
centimeters, one then uncovers these very thick deposits of fallen dust… If one then were to
scrape for any reason, and one can do this just by pulling cobbles off the surface, one gets
down to a dust layer, and now that layer is exposed… Some of these dust deposits are quite
thick – on the order of a few meters thick, if they’re old and harbored by surfaces that have
been exposed to the atmosphere for a few hundreds of thousands of years. So there’s a
potential in certain places to expose old dust, especially during construction. Such places,
when disturbed, have high potential for emission of large amounts of dust.”10
One major consideration for siting decisions is the fact that neither dust sequestration nor
biological soil crusts have been mapped in the California desert. Therefore, without doing a
survey on site, it may be difficult to predict an area’s potential for dust emission prior to
construction.
Biological Soil Crusts: Nutrient Cycling
Solar development that directly destroys biological soil crusts could alter nutrient cycles by eliminating
the main source of nitrogen and carbon fixation, as well as decreasing soil fertility by releasing fine soil
particles from their aggregate. In the California desert, where vascular plants are sparse, biological soil
crusts are the main source of nitrogen and carbon fixation — in many cases they are “the only show in
town” for this important ecosystem function.11 When crusts are wet, such as following a rain event,
they release the stored carbon and nitrogen for use of nearby organisms.12 In addition to storage and
release of nutrients by the crusts directly, the fine soil particles trapped by biological soil crusts also
bind plant-essential nutrients, increasing soil fertility.13 The capture of these nutrients by the rough
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soil surface therefore acts as the main control for nutrient
availability in nutrient-limited ecosystems like the California
desert. The rough surface in Figure 5.4 is created by a black
soil crust (a dime is used for scale). Plants that do establish
in soil crusts tend to have greater biomass and a higher
concentration of nutrients than those growing in soil without
crusts.14 If crusts are destroyed as a result of solar
development, nutrient availability will be drastically reduced
and the re-establishment and/or growth of vegetation may be

Figure 5.4 Soil Crust Detail, Mojave
National Preserve. Image Credit: Nerissa
Rujanavech.

limited.
Biological Soil Crusts: Water Infiltration
The destruction of soil crusts as a result of solar development may also affect on-site water
infiltration. Infiltration rates can be influenced by soil moisture retention, soil surface permeability,
and residence time of water. Biological soil crusts act as one control on the distribution of water that
falls on the soil surface by modifying water infiltration, and therefore disturbance of crusts can have
impacts on the ecosystem. However, as the permeability and roughness of biological soil crusts are
variable, it can be difficult to determine whether soil crusts in a given location limit or increase
infiltration.15 Water availability drives most microbial processes in arid ecosystems, determining the
location and density of vegetation. Solar development that destroys soil crusts can alter water runoff
patterns, changing the path of this important driver.16 Additionally, disturbance of crusts that have
been enhancing water infiltration on site may lead to increased runoff. This runoff can also erode the
soil, transporting nutrients away from the project area and delivering it elsewhere, changing the
nutrient balance of the surrounding ecosystem. In a nutrient-limited desert, fluctuations in the
nutrient balance may be difficult for the ecosystem to tolerate. Conversely, disturbance of soil crusts
that normally encourage runoff can lead to death of plants downslope if their water source has been
eliminated by increased infiltration upslope.17
Biological Soil Crusts: Recovery and Long-term Consequences
Solar development, with the necessary grading, vegetation removal, movement of soil, and soil
compaction, will likely cause severe disturbances to biological soil crusts. Siting decisions should be
made in light of the potential long-term consequences that a solar facility might have on the recovery
of biological soil crusts. While recovery of soil crusts after solar development has not been studied
specifically, there has been extensive research on the recovery of crusts after other disturbances,
including military camps, pipeline corridors, roads, heavy livestock grazing, and OHV areas. The
following discussion is based on those studies, but the true recovery potential for soil crusts on solar
facility sites remains largely unknown due to the sheer number of acres that could be disturbed.
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Estimates for soil crust recovery time depend on the model used for estimation and the definition of
the word “recovery.” In a 2002 study, authors Belnap and Warren estimate that full recovery of soil
crusts from General Patton’s World War II military training exercises in the Mojave Desert will require
almost two millennia, with full recovery defined as the recovery of the most sensitive crust species.18 A
2003 article by Belnap states that total recovery of soil crusts will take over 1,000 years in deserts with
high potential evapotranspiration (the California desert falls into this category).19 Estimates of recovery
time become more nuanced when distinguishing between different soil crust functions and species. A
2010 study by Bowker et al. estimates that natural post-disturbance recovery of ecosystem nitrogenfixation capabilities might take several decades.20 In a 2009 study by Webb et al., the authors estimate
that for soil crusts in the Mojave Desert, cyanobacteria may take 20 to 50 years to recover, while
lichens and mosses may take 100 to over 1,000 years to recover.21
Factors affecting recovery rates of biological soil crusts include climate regimes (e.g., precipitation),
soil moisture, soil fertility, the condition of adjacent soils, presence and type of plant structure,
recovery of nitrogen and carbon fixation (which is dependent on different soil crust species), surface
albedo and soil temperature, and lastly the frequency, severity, size, and type of disturbance.22
Therefore, the recovery rate and recovery potential of soil crusts are extremely dependent on the
characteristics of a particular site. For example, the rate of lichen recovery is much slower for
disturbed areas that have a higher internal surface area to perimeter area ratio.23 In some cases, full
recovery of species diversity or full physiological function may not be possible.24 Cyanobacteria (e.g.,
Microcoleus spp., Collema spp.) are usually the first crust organisms to recolonize an area after
disturbance, but in the lower elevation areas of the Mojave Desert, limited soil moisture restricts the
ability of lichen and moss species to recolonize.25,26,27 Sometimes it may not be possible to regain
species diversity of biological crust organisms after a disturbance because conditions that allowed the
establishment of a particular species in the past may no longer be present.28
Invasive Plants: Soil Disturbance
The land disturbed within the solar project site boundaries could become a source of propagules and
allow for the establishment of invasive plants because habitat disturbances can facilitate the
colonization of natural areas by invasive plants.29 Construction machinery and other earth-moving
equipment could carry invasive plant material and seeds to the solar facility site from other
construction sites. The disturbed soils created by grading and vehicle traffic could create sites that
facilitate the growth of invasive plants. Invasive plants will also likely benefit from water used to
suppress dust during facility construction.
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Invasive Plants: Alterations to Fire Regimes
Disturbances from solar development that facilitate the spread of invasive grasses, such as Bromus spp.
and Schismus spp., can increase the frequency of fire events in the California desert. Because
decomposition of organic matter occurs slowly in arid regions, thick layers of plant litter can
accumulate when invasive annual plant species die off each year.30 The accumulation of litter can lead
to increased size and intensity of fires, and can shorten the amount of time between fire events.31 In a
1999 study, Brooks found that Bromus spp. fuel intense, hot fires that destroy perennial shrubs while
Schismus spp. can facilitate the spread of fire between patches of Bromus spp.32 Invasive annual
grasses increase the frequency of fire by providing a more persistent and uniformly distributed fuel
than is normally supplied by native plants.33 Fires were historically uncommon in the California desert
due to limited and sparsely distributed vegetative fuel; consequently native perennial shrubs are poorly
adapted to the increasing frequency of natural and anthropogenic fires.34
The shift from a natural fire regime characterized by small, infrequent fires to a new fire regime
characterized by large, frequent fires would be detrimental to native plants, and would also allow
invasive species to gain an even greater competitive advantage. In the California desert, invasive
plants compete for resources, such as water and soil nutrients, and can use allelopathic chemicals to
inhibit native plant growth.35 Frequent fires not only eliminate competition from native plants, but
they create an environment that is much more conducive to invasive plant growth.36 Invasive plants are
better able to exploit the increased availability of soil nutrients and light after a fire than native plants
due to their relatively high growth rates and ability to disperse quickly into burned areas.37 Recovery of
native plants is made more difficult if a high proportion of the seedbank is destroyed during a fire.38 A
shift in the natural fire regime around multiple solar facilities could result in regional changes to the
natural fire regime, giving invasive plants an advantage over native plants on a much larger scale. This
positive feedback cycle may become difficult to stop. Once a fire regime that favors invasive plants
over natives is established, restoration of preinvasion conditions is challenging.39 Solar development
could further contribute to this cycle if the potential for fires from power generation or transmission
are not adequately dealt with. Shifts in the natural fire regime could result in fundamental changes in
native plant community structure and plant and animal food web dynamics.40
Hydrology: Soil Compaction
Soil compaction is detrimental to desert ecosystems because it crushes soil pores, decreases soil
permeability and impedes water infiltration into the soil, thereby increasing runoff.41 In addition to
increasing the volume of runoff, soil compaction can also alter the flow of runoff over the landscape.
Moving heavy construction equipment and vehicles over the facility site, industrial-scale soil
compaction, as well as foot traffic on the site will likely result in soil compaction and alter water flow
across the project area. Soil compaction can result from trampling by people or passage of a vehicle
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over the soil. In a 2009 study, author Lei found that soils became significantly compacted after 10
passes on a foot trail, so it is likely that construction and maintenance workers will contribute to soil
compaction as well.42
Hydrology: Re-routing Stream Channels
Solar developers plan to redesign hydrologic features on site in order to accommodate the construction
of the facility, such as re-routing desert washes that fall within a project area. In general, ephemeral
stream flow will be diverted to artificial channels that go around the site and return to the
approximate location of the existing wash. Changing water movement across the landscape may divert
water away from important water capturing features such as ephemeral stream channels and playas.
The diversion of ephemeral stream flow could affect water infiltration and groundwater recharge
depending on the length and acreage of stream channel that is covered up by the project site.
Ephemeral stream channels are characterized by exceedingly high infiltration rates, caused by the sand
and gravel sediments within these channels.43 The infiltration that occurs in stream channels during
precipitation events is the primary source of groundwater recharge in desert ecosystems.44 Playas are
desert basins that become shallow lakes during periods of water flow, often after precipitation events.
Playas provide a sink for water, sediments, and salt; water entering a playa can either evaporate or
percolate downward, possibly providing another source for groundwater recharge.45 Therefore,
diverting water flow away from these natural channels or playas could reduce or eliminate a muchneeded source of recharge for an already overdrawn aquifer system.
Hydrology: Vegetation Removal
Removal of vegetation for facility construction and fire prevention, especially perennial vegetation
(e.g., shrubs like creosote bush, Larrea tridentata), could result in reduced water infiltration and
decreased soil moisture. The removal of all or a large proportion of the vegetation on a several
thousand acre solar facility site could increase soil evaporation rates, as well as significantly speed up
the flow of water over the land surface, increasing the potential for water erosion of the soil and
decreasing the potential for water infiltration into the soil.46, 47 Over time, reduced water infiltration
and increased evaporation may lead to decreased soil moisture, thereby increasing the likelihood of
wind erosion of drier soils and also making recolonization of the site by plants more difficult should
vegetation be allowed to return.

Current Mitigation Measures for Development
Given the range and intensity of earthwork processes that will be performed and the potential
ecological effects, it is important to consider what developers are doing to minimize the impacts. As
with most development in California, the applicant is required to utilize BMPs in order to mitigate the
ecological impact of any activity. An in-depth analysis of mitigation measures and biological resource
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BMPs, including a rating of these practices and a discussion of the potential unintended consequences
of their implementation can be found in Chapter 11.
Many of the solar project applications have indicated that after grading is performed, extensive BMPs
will be utilized. For example, in the application for the Solar Millennium Blythe project, the applicant
states:
“[t]he site will be graded as part of construction. With the implementation of best
management practices (BMPs), such as soil compaction, dust suppression, straw bales, and silt
fences, as well as limiting exposed areas, impacts during construction would be less than
significant. Likewise, BMPs and dust control measures will be implemented to minimize water
48
and wind erosion impacts during Project operation.”
As is evidenced by this quote, there are a multitude of possible BMPs that a developer can rely upon to
reduce the intensity of grading effects. A second example can be seen in the AFC submitted by Stirling
Energy Systems (SES)-Tessera for the Calico (formerly named Solar One) facility, which included a large
range of measures that aim to reduce the ecological impact to soils under the guidelines of the
California Environmental Quality Act (CEQA). A sample list of some of these measures includes wetting
active construction areas to minimize wind erosion, stabilization of exposed areas by compression or
application of polymeric soil stabilizers, application of a native seed mix to encourage revegetation,
segregation and stockpiling of removed topsoil for potential reuse, and the implementation of drainage
control measures.49
Due to a high fire risk in portions of this region, fire protection measures are non-negotiable for
developers and must be implemented. Yet developers are not required to mitigate any indirect effects
that may result from these fire protection measures. For example, typically developers have to remove
vegetation from within the field of solar arrays and around buildings to prevent fires, however, any
subsequent impacts that result from the removal of this vegetation, such as increased wind or water
erosion, are not required to be addressed. Despite this, there are a few special circumstances in which
developers are including some BMPs. For example, when special-status plant species must be removed
in order to reduce the risk of fire on site, then developers often include some mitigation measures to
offset this impact. The Ivanpah project states:
“Mitigation for the loss of special-status plants… may consist of the following approaches (or a
combination thereof): (1) permanent protection of an existing offsite native population; (2)
translocation of existing plants to an offsite location; (3) salvage of the plants to the botanical
institutions and native plant nurseries; (4) salvage of the plants to the general public; (5)
50
mitigation banking; and (6) a fee in lieu of mitigation.”
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PERIMETER FENCING
Most utility-scale solar facilities will also require the placement of perimeter fencing. The fencing will
serve two primary functions: as security for the
infrastructure, and as an environmental barrier to
keep wildlife out of the project site (Figure 5.5).
But before discussing the ecological ramifications
of fencing and the measures being proposed by
developers to reduce the associated impacts, it is
important to clarify the scale of the fencing that
is being proposed. Table 5.2 provides the
estimates that were supplied by the project
developers in each of their project applications.

Figure 5.5 Example of Fencing in Desert Regions.
Source: Bureau of Land Management, Essex.

Table 5.2 Fencing Estimates for Select Solar Facility Proposals in California.

Proposal Name
City of Palmdale - Hybrid GasSolar
San Joaquin Solar 1 & 2
Rice Solar Energy Project
Solar Millennium - Ridgecrest
Beacon Solar Energy Project
Abengoa Mojave
Genesis Solar
Ivanpah
Solar Millennium - Palen
Imperial Valley (formerly Solar
Two)
Calico (formerly Solar One)
Solar Millennium - Blythe
AVERAGE

Nameplate Capacity (MW)
62

Fencing Estimate (in acres)
377

106.8
150
250
250
250
250
400
484
750

640
1,410
1,440
2,012
1,765
1,800
3,400
2,974
6,500

850
1,000
400.2

8,230
5,952
3,042

There is a wide range in the amount of area that each project proposal plans to fence, with the
average being 3,042 acres, which is nearly five square miles (Table 5.2). In order to understand the
causes of this range, we looked at three variables; technology type, nameplate capacity, and how
much infrastructure is going to be fenced. Figure 5.6 displays the relationship between these three
variables. Our results indicate that range of fencing estimates is partly due to the fact that the
nameplate capacity (total MW) varies for each project proposal. Facilities with larger nameplate
capacities show a tendency to have higher amounts of proposed fencing. This is likely due to the fact
that a larger nameplate capacity generally means a larger facility footprint. This range is also partly
due to the fact that each project proposal plans to fence a different portion of their generating
infrastructure. Some of the project proposals include fencing around the solar generating panels, the
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Figure 5.6 Fencing Estimates and Technology Type of Solar Facilities in California.

power block and associated buildings, and the permanent parking areas, while other project proposals
include plans to fence the entire “disturbance” area, comprising all of the above areas in addition to
the access roads and some of the transmission infrastructure. However, the results of the graph also
indicate that there does not appear to be a significant relationship between the amount of area to be
fenced and the technology type. As can be seen, the technology types appear to be somewhat
interspersed throughout the fencing estimates, suggesting that there is not a strong correlation.
Additionally, since there are not any project proposals that are the same nameplate capacity but have
different technology types, we are not able to infer whether there is a strong relationship between
these two variables.

Ecological Impacts
Habitat Connectivity
Larger landscapes can be described as habitat mosaics, with patches of habitats dispersed across an
ecosystem.51 Regardless of whether habitat remains intact within the interior of a fence surrounding a
solar facility, this barrier essentially removes the habitat for species that cannot penetrate the
fencing. For species with limited range, loss of habitat can directly affect species survival; if suitable
habitat does not exist outside facility fencing, or is not substantial enough to support a population,
limited resources such as forage or cover may result in direct mortality.
Species with higher mobility often rely on habitat patches to meet resource needs as they move
throughout their range.52 While these species may be able to survive by traveling farther distances to
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access forage, fencing that directly removes a vital habitat patch could severely limit their ability to
survive. A solar facility that restricts access to some or all of a habitat patch may therefore inhibit
species movement if suitable replacement cannot be found and a large enough gap exists between
other patches to prohibit migration. Wildlife species most vulnerable to habitat loss from solar
development are those reliant on plant assemblages found only in flat, lower elevation areas of the
California desert, since these areas are most preferable for developers.
Not only does fencing remove habitat within its boundaries, it can also act as a barrier, restricting or
completely blocking movement of species. Even if a population will not be affected by loss of habitat
within a facility’s fenced area, the fencing itself may be difficult to navigate around. If migration
corridors are blocked, the viability of a species’ population may be compromised as a result of geneflow restriction.

Current Mitigation Measures for Development
Each of the applications that have been submitted to the BLM and the CEC include a variety of
mitigation measures that aim to minimize the effects of perimeter fencing on regional wildlife
movement. These measures include the use of low-to-the-ground rolling gates at the entrances and
exits to the site to prevent wildlife entering the facility and becoming trapped, reduced speed limits
on access roads to avoid car strikes of wildlife, the placement of clear and prominent markers to
ensure all vehicles remain on the designated roads, and long-term equipment storage and space for
parking will occur in fenced areas to exclude the possibility that wildlife may be drawn to these spots
for shelter.53 Many of the applications also indicate that the disturbance associated with fencing will
not be limited to the period during construction, thus requiring that any adopted mitigation measures
be kept in place throughout the lifetime of the project.
Furthermore, projects that encompass habitat of the federally threatened desert tortoise also include
the construction of tortoise exclusion fencing (also sometimes called tortoise-proof fencing), designed
specifically to prevent tortoises from entering the facility area, which may prevent unintended fatal
vehicle strikes of the tortoises. In general, this type of fencing is comprised of vertical galvanized mesh
fencing at least two feet high and buried at least one foot deep to prevent tortoise access through
burrowing.54,55 In some areas, burial of a portion of the fence will not be possible and in these cases
the galvanized mesh fencing will be bent at a right angle directed toward the outside of the fenced
area and covered with soil.56 Some applications also include tortoise-proof gates, which are especially
low-to-the-ground rolling gates to prevent tortoises from being able to crawl underneath.57 This
fencing is considered a mitigation measure, despite the fact that it will result in some loss of habitat,
because it serves to minimize the potential for vehicle strike mortality within the facility, among many
other potential on-site threats to the tortoise.
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ROADS AND TRANSMISSION LINES
Every utility-scale solar energy facility application includes the construction of roads. These roads may
be paved or unpaved with varying levels of improvement and will serve an array of functions including
general mobility, access for panel cleaning, and repairs (Figure 5.7). In some locations, primary roads
such as highways already exist, nonetheless, every applicant will need to at least improve existing
roads and construct new maintenance roads through the solar panel fields. Additionally, given the
relatively remote locations of many of these proposed projects and the limited amount of available
capacity on the existing transmission grid, utility-scale solar facilities will also require new sections of
transmission to be built. Due to the size of many of the proposed solar facilities, the total area that
will be developed with road and transmission infrastructure will represent a considerable amount of
land disturbance.
Although each project proposes some road
construction, there is a sizable amount of
variation regarding road disturbance area. Table
5.3 below shows the estimated amount of land
that will be permanently disturbed due to road
construction for four of the solar energy facility
applications currently under review. Although we
reviewed all 11 of the solar applications currently
on file with the CEC, many of them did not
contain sufficient information to calculate total
acreage of the permanent disturbance area. In
order to maintain data quality and accuracy, only

Figure 5.7 An Unpaved Road in the California
Desert. Source: Bureau of Land Management.

those applications that presented sufficient and consistent data on access infrastructure development
are included. However, a summary table that also includes the applications that contained minimal
data can be found in Appendix C.
Table 5.3 Road Construction Estimates for Select Solar Facility Proposals in California.

Proposal Name
Genesis Solar
Calico (formerly Solar One)
Imperial Valley (Solar Two)
San Joaquin Solar 1 and 2
AVERAGE

Permanent Disturbance Area (acres)
154
1,132
550
18
464

Nameplate Capacity (MW)
250
850
750
106.8
489.2

*All estimates are taken from the Application for Certification materials
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The variation in area of road construction can be substantial (Table 5.3). This variation results from
numerous contributing factors, including:
• Surrounding Development: Some of the solar energy facilities are proposed for very remote
locations, which currently have minimal or no existing access routes. Other projects are
proposed for locations near agricultural or industrial development, where construction or
improvement of access routes in the area has already occurred. The prevalence of existing
access infrastructure will have a significant influence on how much new access infrastructure
will need to be built.
• Previous Uses on Site: Although the majority of solar energy facilities are proposed on
completely or largely undisturbed land, some have chosen locations that have recently hosted
other types of development, such as agriculture or recreation. In these cases, even though the
previous use has been abandoned, some of the road infrastructure may still remain in place.
This would reduce the need for new roads to be constructed.
• Size and Layout of Proposed Solar Energy Facility: Design characteristics also play a role in
determining the land area that will be required for road construction. Applications vary by
technology type, nameplate capacity (total megawatts of the facility), and layout of the
development, all of which can result in differences in the number and size of roads that must be
built to serve the proposed facility. Some of the variation may be explained by the nameplate
capacity of the facility. However, four data points is not a large enough sample to draw a firm
statistical conclusion of the relationship.
Unfortunately, we were not able to perform a detailed analysis on the needs and impacts of
transmission construction for two primary reasons. First and foremost, the highly sensitive and secure
nature of transmission data makes it difficult to obtain unless formally working with a government
agency. Second, information that was available was often times incomplete, insufficiently labeled, or
outdated, and never included information on the specifics of proposed transmission. Due to this
unexpected constraint, we chose to focus our research on the impacts associated with roads.

Ecological Impacts
Biological Soil Crusts
Similar to grading, the construction of new roads and transmission lines pose a threat to biological soil
crusts. As previously discussed, soil crusts are extremely fragile and can be easily crushed by grading,
road construction activities, and the movement of workers and vehicles across the project site. This
type of disturbance to soil crusts can disrupt soil structure, which can lead to dust emissions and
impede new vegetation growth. This disturbance can also alter the nutrient cycle, and may change the
level and pattern of water infiltration on site.
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Invasive Plants
Roads, both dirt and paved, can serve as primary pathways for nonnative plant invasions into arid
ecosystems.58 Vehicles serve as major transporters of nonnative plant seeds while runoff from roads
can elevate the supply of water at the edges of roads, facilitating the establishment and productivity
of nonnative plants along roadsides.59 Once invasive plants become established, they more easily
spread away from roadsides and into natural areas.60 Each solar facility will also require at least one
transmission line to connect the facility to a new or existing substation. Maintenance roads along power
lines are also a concern.61 Similarly to roads, the disturbed areas created by utility corridors are more
susceptible to invasion by non-native plants.62
The construction of new roads and utility corridors will also increase human access to previously
inaccessible areas, exacerbating other human-mediated disturbances.63 For example, OHV use tends to
be concentrated around dirt roads and can further the spread of nonnative plant seeds into the
surrounding ecosystem.64 The tracks created by a single OHV pass can create microsites that enhance
the abundance of nonnative plant species.65 When road densities are high in an area, the biomass and
number of nonnative plant species may increase from the combined effects of high nonnative plant
biomass near roads, increased seed dispersal along and away from roads by vehicles, and decreased
distance from roads to other areas of the landscape.66
Agricultural regions serve as major sources of invasive plant propagules, where farming practices and
livestock feed introduce nonnative plant species into a landscape.67 Roads and highways connect the
desert ecosystem with large agricultural areas such as the Imperial Valley and the Central Valley.68 The
use of new solar facility roads by vehicles transporting agricultural products may inadvertently
facilitate the spread of invasive species. For example, hay straw and seed can become dislodged from
bales and disperse off trucks onto roadsides.69 This problem could be compounded if developers choose
to use hay bales or other straw-based materials to control erosion during the construction phase as it
would provide invasive plants with multiple entry points into the ecosystem (i.e. all roads used to
transport straw-based materials and the facility site where the materials are used).
Habitat Connectivity
Linear corridors such as roads, transmission lines, pipelines, and OHV trails, can serve as barriers to
migration. Species like the bighorn sheep may avoid crossing large or heavily trafficked roads.
Therefore, solar development that requires any substantial new roads or results in increased traffic on
existing roads may further fragment habitats.70 In addition to this potential restriction of gene flow, an
added risk to species includes increased vehicle-strike mortality.
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Hydrology
Because soil can become significantly compacted after a single pass by a vehicle,71 it is likely that dirt
roads to and within a solar facility site may suffer from severe soil compaction. Soil compaction from
new roads specifically could redirect water flow and concentrate runoff streams, accelerating
erosion.72 Additionally, the formation of pools of water along the roads could result in damage to the
roads, which might force the developer to repave or regrade the roads more frequently, which would
in turn augment the ecological impact of roads on the project site.

Current Mitigation Measures for Development
The construction of roads can incur a variety of ecological impacts, ranging from habitat fragmentation
to direct strikes of wildlife by vehicles. Additionally, since the roads will be used throughout the
lifetime of the project, this type of development is considered to be permanent land disturbance,
therefore requiring that the proposed mitigation and remediation measures be sufficient for
ameliorating long-term impacts. However, the BMPs proposed by developers to minimize these
ecological impacts are fairly limited. Most of these BMPs focus on either keeping vehicles on designated
roads, reducing run-off and water pooling around roadways, and limiting the areas where toxic
substances can be used such as gasoline and road sealant.

FACILITY LOCATION AND PLACEMENT
The selection of the facility location and placement on the project site are arguably the most
important decisions that a developer makes during the planning process. The location and placement of
the infrastructure on the project site will directly determine the type and intensity of the site-level
ecological impacts discussed above. Over the course of nine interviews, we established that developers
generally look for three key characteristics when selecting a project site: distance to transmission,
slope of the land, and the availability of water.
1. Distance to Transmission: Distance to transmission is one of the most important considerations
for obvious reasons. Without transmission infrastructure, the developer has no way to get the
electricity from the facility to the nearby towns and cities. Furthermore, transmission
infrastructure is extremely costly to construct, making locations with nearby transmission
lines extremely desirable to developers as it keeps the construction costs down.
2. Slope of the Land: As was mentioned earlier, each technology type has its own range of slopes
that it can tolerate and therefore developers that are proposing parabolic trough systems may
look for the areas with the lowest natural grade. Additionally, developers prefer level areas
since it reduces the overall amount of grading that will need to be performed, and therefore
can reduce the construction cost.
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3. Water Availability: And finally, a consideration that was frequently mentioned by developers
was the availability of water. Of course, water availability is a greater concern for CSP
systems than for PV systems, but nonetheless PV systems do still need water for panel
washing. Developers indicated that the wastewater could be piped in from a local
municipality, assuming they could provide enough wastewater to meet the facilities needs, or
could be pumped from underground wells. However, if neither of these options are available,
then a developer will be forced to have water trucked in and stored on site. This process
ultimately is more costly since it requires additional water storage infrastructure to be built,
contractual agreements with a delivery company, and potentially hiring additional employees.
Moreover, the trucking in of water requires the use of more energy in the form of gas or diesel
and also includes the associated carbon dioxide emissions. This is an unfortunate side effect,
especially for a renewable energy facility that aims to reduce greenhouse gas emissions.
Many developers select the facility location based on these three criteria, and the potential ecological
implications of facility siting may not necessarily play a significant role in the initial siting decision.
However, the location and layout of the facility will have considerable implications for the overall
ecological impacts of the facility. These effects will range in type and intensity based on the specific
ecological conditions of the projects site. These impacts are discussed further below, and a spatial
analysis of ecological impacts using GIS modeling can be found in Chapter 7.

Ecological Impacts
Aeolian Wind Processes: Sand Dune Systems
Solar facilities that are built on top of dry water channels, washes, or playas, or that are constructed
on or near alluvial fans (also called bajadas), may interfere with the sediment deposition that sustains
desert sand dune systems. Solar facilities constructed in wind corridors risk interrupting or blocking the
transport of sediment to these dune systems. A solar facility site that has hundreds to thousands of
acres of infrastructure, potentially with energy-capturing structures up to 40 feet tall, such as
dish/engines, may be large enough to create wind barriers.
The placement of solar facilities in the proximity of sand dune systems may negatively affect dune
endemic biodiversity (Map 5.1), resulting in impacts similar to suburban development. For example,
suburban development encroachment on aeolian sand dune habitat in the Coachella Valley has been
found to negatively impact flat-tailed horned lizards (Phrynosoma mcallii) up to 150 m from the edge
of the habitat boundary.73 Anthropogenic habitat fragmentation due to roads and suburban
development in the Coachella Valley has rendered some sand dune habitat areas too small to sustain
populations of the threatened Coachella Valley fringe-toed lizard (Uma inornata).74 Roads could also
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Map 5.1 Sand Dune Systems in the California Desert.
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be a source of mortality, while perimeter fencing and buildings on-site could provide hunting perches
for avian predators. The cumulative effect of new utility-scale solar facilities and current impacts to
sand dune systems (e.g., OHV recreation, urban and suburban development, and invasive species) may
exert even greater pressure on these already threatened systems.
Habitat Connectivity
Solar development may affect species migration if facilities are sited in pre-existing or potential
migration corridors, including corridors utilized by both limited-range species (such as desert tortoises)
and wide-range species (like bighorn sheep). Inability to access food and water could have immediate
impacts on population viability, leading to mortality; in small populations, decreases in population size
due to mortality can lead to long-term impacts by shrinking the gene pool.75 Similarly, sustained
migration corridor blockage can decrease evolutionary fitness of a population or metapopulation by
placing long-term restrictions on gene-flow.76
The placement of solar facilities in key migration corridors may limit a species’ ability to adapt to
future changes in climate. Changes in temperature and precipitation may result in the spatial shift of
suitable microclimates or habitats, and it may be necessary for some species to adjust ranges to reflect
this shift. Inability by individuals or populations to access suitable microclimates or resources could
lead to species decline.
Disturbed vs. Undisturbed Land
Whether a facility is placed on undisturbed natural areas or land that has already been disturbed,
influences the magnitude of impact caused by solar development. There is greater potential for
disturbed areas to have already undergone land modifications like grading, vegetation removal, and
soil compaction. Facility placement on undisturbed lands may result in a significant departure from
existing natural conditions than if the facility was placed on disturbed lands. If facilities are placed on
disturbed lands (e.g. abandoned agriculture), there is a higher likelihood that crusts have already been
destroyed and have not returned. Conversely, if facilities are sited on undisturbed lands, there is a
higher likelihood of crusts being present on-site. Facilities placed in disturbed areas may have a
relatively smaller contribution to the establishment and spread of invasive plants in the area than
facilities placed in undisturbed areas. Invasive plants may already be established on disturbed lands
and the development of a solar facility may not result in a significant departure from existing
conditions. Conversely, the placement of a facility on undisturbed lands may result in the
establishment of invasive plants on and around the site, resulting in a significant departure from
existing natural conditions.
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Current Mitigation Measures for Development
The identification of a potential project site is the responsibility of the developer. Their first choice is
related to the general location of the facility within the areas open for development on BLM-managed
lands. The second choice is regarding the facility size and location within the selected site. The
developer frequently performs initial studies to determine the best design and layout to maximize
energy generation, and may fund ecological surveys to determine the location and distribution of
sensitive resources on site. The size and layout can be influenced and changed during the permitting
approval process, although most developers make these decisions before submitting their application
to the BLM, having already spent significant financial resources on their design.
Once an application has been submitted, developers typically will consult with the BLM about different
options for design and layout. While the BLM may suggest changes in layout or location to reduce the
amount of ecological impacts on the site based on known resources, the initial financial investment
may leave developers reluctant to make large changes or move the proposed placement of key
infrastructure. Some developers consult early with the BLM in order to incorporate the agency’s
recommendations before committing too many resources to a design that may require changes. While
this may be preferable, it is currently not the typical progression of facility design and placement.
Given the current decision-making process for facility location and placement, mitigation measures are
therefore limited. An analysis of the BLM’s process for approving proposed facilities is included in
Chapter 11.

22

Chapter 5 | Site-Level Solar Development and Ecological Impacts

Renewable Energy Development in the California Desert

UM School of Natural Resources & Environment Report 2010

CITATIONS
Chapter 5
1

Aspen Environmental Group, “Renewable Energy Project Types & Characteristics” presentation, January 7, 2010.
SES-Tessera, Calico (formerly Solar One) Solar Facility Project Proposal: Application for Certification, Environmental
Information – Soils, 5.4-9.
3
Genesis Solar LLC / NextEra™ Energy Resources LLC, Genesis Solar Facility Project Proposal: Application for Certification,
Agriculture and Soils, pg. 5.6 – 6.
4
Solar Partners/Brightsource, Ivanpah Solar Facility Project Proposal: Application for Certification, Biological Resources, pg. 5.2
– 2.
5
Genesis Solar LLC / NextEra™ Energy Resources LLC., Genesis Solar Facility Project Proposal: Application for Certification,
Agriculture and Soils, pg. 5.6 – 6.
6
Jayne Belnap, “Biological Soil Crusts and Wind Erosion,” in Ecological Studies, Vol. 150, Biological Soil Crusts: Structure,
Function, and Management, eds. J. Belnap and O.L. Lange, (Berlin: Springer, 2001), 339.
7
Jayne Belnap, S.L. Phillips, and J.E. Herrick, “Wind erodibility of soils at Fort Irwin, California (Mojave Desert), USA, before and
after trampling disturbance: implications for land management,” Earth Surface Processes and Landforms 32 (2007): 75-84.
8
Richard Reynolds and others, “Aeolian dust in Colorado Plateau soils: Nutrient inputs and recent change in source,”
Proceedings of the National Academy of Sciences of the United States of America 98, no. 13 (2001): 7123-7127.
9
Richard L. Reynolds, Research Geologist, U.S. Geological Survey, Earth Surface Dynamics, Denver, CO, personal communication,
November 6, 2009.
10
Richard L. Reynolds, Research Geologist, U.S. Geological Survey, Earth Surface Dynamics, Denver, CO. personal
communication, November 6, 2009.
11
Jayne Belnap, Research Ecologist, U.S. Geological Survey, personal communication, November 4, 2009.
12
Jayne Belnap, “The world at your feet: desert biological soil crusts,” Frontiers in Ecology and the Environment 1, no. 4 (2003):
181-189.
13
Jayne Belnap, “The world at your feet: desert biological soil crusts,” Frontiers in Ecology and the Environment 1, no. 4 (2003):
181-189.
14
Jayne Belnap, “The world at your feet: desert biological soil crusts,” Frontiers in Ecology and the Environment 1, no. 4 (2003):
181-189.
15
Jayne Belnap, “The world at your feet: desert biological soil crusts,” Frontiers in Ecology and the Environment 1, no. 4 (2003):
181-189.
16
Jayne Belnap and others, “Linkages between microbial and hydrologic processes in arid and semiarid watersheds,” Ecology 86,
no. 2 (2005): 298-307.
17
Jayne Belnap, “The world at you feet: desert biological soil crusts,” Frontiers in Ecology and the Environment 1, no. 4 (2003):
181-189.
18
Jayne Belnap and S.D. Warren, “Patton’s tracks in the Mojave Desert, USA: An ecological legacy,” Arid Land Research and
Management 16, no. 3 (2002): 245-258.
19
Jayne Belnap, “The world at your feet: desert biological soil crusts,” Frontiers in Ecology and the Environment 1, no. 4 (2003):
181-189.
20
Matthew A. Bowker, Jayne Belnap, and Diane W. Davidson, “Microclimate and Propagule Availability are Equally Important for
Rehabilitation of Dryland N-Fixing Lichens,” Restoration Ecology 18, no. 1 (2010): 30-33.
21
Robert H. Webb, Jayne Belnap, and K.A. Thomas, “Natural Recovery from Severe Disturbance in the Mojave Desert,” in The
Mojave Desert: Ecosystem Processes and Sustainability, eds. R.H. Webb and others, (Reno: The University of Nevada Press,
2009), 343-377.
22
Robert H. Webb, Jayne Belnap, and K.A. Thomas, “Natural Recovery from Severe Disturbance in the Mojave Desert,” in The
Mojave Desert: Ecosystem Processes and Sustainability, eds. R.H. Webb and others, (Reno: The University of Nevada Press,
2009), 343-377.
23
Jayne Belnap and D. Eldridge, “Disturbance and recovery of biological soil crusts,” in Biological Soil Crusts: Structure,
Function, and Management, Ecological Studies Series 150, Second Edition, eds. J. Belnap and O. L. Lange (Berlin: Springer,
2003), 363-383.
24
Jayne Belnap and D. Eldridge, “Disturbance and recovery of biological soil crusts,” in Biological Soil Crusts: Structure,
Function, and Management, Ecological Studies Series 150, Second Edition, eds. J. Belnap and O. L. Lange, 363-383. (Berlin:
Springer, 2003), 363-383.
25
Jayne Belnap, “The world at your feet: desert biological soil crusts,” Frontiers in Ecology and the Environment 1, no.4 (2003):
181-189.
26
Michael A. Bowker, Jayne Belnap, and D.W. Davidson, “Microclimate and Propagule Availability are Equally Important for
Rehabilitation of Dryland N-Fixing Lichens,” Restoration Ecology 18, no.1 (2010): 30-33.
27
Robert H. Webb, Jayne Belnap, and K.A. Thomas, “Natural Recovery from Severe Disturbance in the Mojave Desert,” in The
Mojave Desert: Ecosystem Processes and Sustainability, eds. R.H. Webb and others (Reno: The University of Nevada Press, 2009),
343-377.
28
Robert H. Webb, Jayne Belnap, and K.A. Thomas, “Natural Recovery from Severe Disturbance in the Mojave Desert,” in The
Mojave Desert: Ecosystem Processes and Sustainability, eds. R.H. Webb and others (Reno: The University of Nevada Press, 2009),
343-377.
2

Citations

23

Renewable Energy Development in the California Desert

UM School of Natural Resources & Environment Report 2010

29

Matthew L. Brooks, “Spatial and Temporal Distribution of Nonnative Plants in Upland Areas of the Mojave Desert,” in The
Mojave Desert: Ecosystem Processes and Sustainability, eds. R.H. Webb and others (Reno: The University of Nevada Press, 2009),
343-377.
30
Matthew L. Brooks, “Alien annual grasses and fire in the Mojave Desert,” Madroño 46, no. 1 (1999):13-19.
31
Matthew L. Brooks, and J.R. Matchett, “Spatial and temporal patterns of wildfires in the Mojave Desert, 1980-2004,” Journal
of Arid Environments 67 (2006): 148-164.
32
Matthew L. Brooks, “Alien annual grasses and fire in the Mojave Desert,” Madroño 46, no.1 (1999):13-19.
33
Matthew L. Brooks, and J.R. Matchett, “Spatial and temporal patterns of wildfires in the Mojave Desert, 1980-2004,” Journal
of Arid Environments 67 (2006): 148-164.
34
Matthew L. Brooks, “Peak Fire Temperatures and Effects on Annual Plants in the Mojave Desert,” Ecological Applications 12,
no. 4 (2002): 1088-1102.
35
Jeffrey E. Lovich, and D. Bainbridge, “Anthropogenic Degradation of the Southern California Desert Ecosystem and Prospects
for Natural Recovery and Restoration,” Environmental Management 24, no. 3 (1999): 309-326.
36
Matthew L. Brooks and C. D’Antonio, “The role of fire in promoting plant invasions,” in Proceedings of the California Exotic
Pest Plant Council Symposium, Volume 6, ed. M. Kelly, (2003), 29-30.
37
Matthew L. Brooks and C. D’Antonio, “The role of fire in promoting plant invasions,” in Proceedings of the California Exotic
Pest Plant Council Symposium, Volume 6, ed. M. Kelly, (2003), 29-30.
38
Matthew L. Brooks, “Peak fire temperatures and effects on annual plants in the Mojave Desert,” Ecological Applications 12, no.
4 (2002): 1088-1102.
39
Matthew L. Brooks and others, “Effects of Invasive Alien Plants on Fire Regimes,” BioScience 54, no. 7 (2004): 677-688.
40
Matthew L. Brooks, “Competition between alien annual grasses and native annual plants in the Mojave Desert,” American
Midland Naturalist 144 (2000): 92-108.
41
Jayne Belnap, “Surface Disturbances: Their Role in Accelerating Desertification,” Environmental Monitoring and Assessment 37
(1995): 39-57.
42
Simon A. Lei, “Rates of Soil Compaction by Multiple Land Use Practices in Southern Nevada,” in The Mojave Desert: Ecosystem
Processes and Sustainability, eds. R.H. Webb and others (Reno: The University of Nevada Press, 2009), 159-167.
43
Walter G. Whitford, Ecology of Desert Systems (San Diego: Academic Press, 2002).
44
L.H. Hekman Jr. and W.R. Berkas. “Modeling Desert Runoff,” in Water in Desert Ecosystems, eds. D.D. Evans and J.L. Thames,
(Stroudsburg, PA: Dowden, Hutchinson & Ross Inc., 1981), 244-264.
45
D.D. Evans and J.L. Thames, “Desert Hydrologic Systems.” in Water in Desert Ecosystems, eds. D.D. Evans and J.L. Thames,
(Stroudsburg: Dowden, Hutchinson & Ross Inc., 1981), 265-272.
46
John A. Ludwig and others, “Vegetation Patches and Runoff-Erosion as Interacting Ecohydrological Processes in Semiarid
Landscapes,” Ecology 86, no. 2 (2005): 288-297.
47
D.D. Breshears and others, “Effects of woody plants on microclimate in a semiarid woodland: Soil temperature and evaporation
in canopy and intercanopy patches,” International Journal of Plant Sciences 159, no. 6 (1998): 1010-1017.
48
Solar Millennium, Blythe Solar Facility Project Proposal: Application for Certification, Executive Summary, 1-8.
49
SES-Tessera, Calico (formerly Solar One) Solar Facility Project Proposal: Application for Certification, Environmental
Information – Soils, 5.4-10 to 5.4-11.
50
Solar Partners/Brightsource, Ivanpah Solar Facility Project Proposal: Application for Certification, Biological Resources, 5.2-61
to 5.2-62.
51
Cameron W. Barrows and M.F. Allen, “Conservation Implications of Fragmentation in Deserts,” in The Mojave Desert:
Ecosystem Processes and Sustainability, eds. R.H. Webb and others (Reno: The University of Nevada Press, 2009), 168-195.
52
Cameron W. Barrows and M.F. Allen, “Conservation Implications of Fragmentation in Deserts,” in The Mojave Desert:
Ecosystem Processes and Sustainability, eds. R.H. Webb and others (Reno: The University of Nevada Press, 2009), 168-195.
53
Solar Millennium, Blythe Solar Facility Project Proposal: Application for Certification, Biological Resources, 48-59.
54
Abengoa Solar Inc., Abengoa Solar Facility Project Proposal: Application for Certification, Biological Resources, 5.3 – 42 to 5.3 –
43.
55
Beacon Solar LLC., Beacon Solar Facility Project Proposal: Application for Certification, Biological Resources, 5.3 – 38 to 5.3 –
39.
56
Abengoa Solar Inc., Abengoa Solar Facility Project Proposal: Application for Certification, Biological Resources, 5.3 – 42 to 5.3 –
43.
57
Beacon Solar LLC., Beacon Solar Facility Project Proposal: Application for Certification, Biological Resources, 5.3 – 38 to 5.3 –
39.
58
Matthew L. Brooks and B.M. Lair, “Ecological Effects of Vehicular Routes in a Desert Ecosystem,” in The Mojave Desert:
Ecosystem Processes and Sustainability, eds. R.H. Webb and others, (Reno: The University of Nevada Press, 2009),168-195.
59
Matthew L. Brooks and B.M. Lair, “Ecological Effects of Vehicular Routes in a Desert Ecosystem,” in The Mojave Desert:
Ecosystem Processes and Sustainability, eds. R.H. Webb and others, (Reno: The University of Nevada Press, 2009),168-195.
60
Matthew L. Brooks and B.M. Lair, “Ecological Effects of Vehicular Routes in a Desert Ecosystem,” in The Mojave Desert:
Ecosystem Processes and Sustainability, eds. R.H. Webb and others, (Reno: The University of Nevada Press, 2009),168-195.
61
Jayne Belnap, Research Ecologist, U.S. Geological Survey, Personal Communication, November 4, 2009.
62
Matthew L. Brooks and B.M. Lair, “Ecological Effects of Vehicular Routes in a Desert Ecosystem,” in The Mojave Desert:
Ecosystem Processes and Sustainability, eds. R.H. Webb and others, (Reno: The University of Nevada Press, 2009),168-195.
63
Matthew L. Brooks and B.M. Lair, “Ecological Effects of Vehicular Routes in a Desert Ecosystem,” in The Mojave Desert:
Ecosystem Processes and Sustainability, eds. R.H. Webb and others, (Reno: The University of Nevada Press, 2009),168-195.
64
Matthew L. Brooks and K.H. Berry, “Dominance and environmental correlates of alien annual plants in the Mojave Desert,
USA,” Journal of Arid Environments 67 (2006): 100-124.

24

Citations

Renewable Energy Development in the California Desert

UM School of Natural Resources & Environment Report 2010

65

Matthew L. Brooks, “Spatial and Temporal Distribution of Nonnative Plants in Upland Areas of the Mojave Desert.” in The
Mojave Desert: Ecosystem Processes and Sustainability, eds. R.H. Webb and others, (Reno: The University of Nevada Press,
2009), 101-124.
66
Matthew L. Brooks and K.H. Berry, “Dominance and environmental correlates of alien annual plants in the Mojave Desert,
USA,” Journal of Arid Environments 67 (2006): 100-124.
67
Matthew L. Brooks, “Spatial and Temporal Distribution of Nonnative Plants in Upland Areas of the Mojave Desert,” in The
Mojave Desert: Ecosystem Processes and Sustainability, eds. R.H. Webb and others, (Reno: The University of Nevada Press,
2009), 101-124.
68
Matthew L. Brooks, “Spatial and Temporal Distribution of Nonnative Plants in Upland Areas of the Mojave Desert,” in The
Mojave Desert: Ecosystem Processes and Sustainability, eds. R.H. Webb and others, (Reno: The University of Nevada Press,
2009), 101-124.
69
Matthew L. Brooks, “Spatial and Temporal Distribution of Nonnative Plants in Upland Areas of the Mojave Desert,” in The
Mojave Desert: Ecosystem Processes and Sustainability, eds. R.H. Webb and others, (Reno: The University of Nevada Press,
2009), 101-124.
70
K.L. Penrod, E.S. Rubin, and C. Paulman, “Mojave Desert Habitat Connectivity ~ Phase 1: A Brief Overview of the Mojave
Desert’s Previously Identified Areas of Ecological Significance,” SC Wildlands, Fair Oaks, CA, 2009.
71
Simon A. Lei, “Rates of Soil Compaction by Multiple Land Use Practices in Southern Nevada,” in The Mojave Desert: Ecosystem
Processes and Sustainability, eds. R.H. Webb and others (Reno: The University of Nevada Press, 2009), 159-167.
72
Matthew L. Brooks and B.M. Lair, “Ecological Effects of Vehicular Routes in a Desert Ecosystem,” in The Mojave Desert:
Ecosystem Processes and Sustainability, eds. R.H. Webb and others, (Reno: The University of Nevada Press, 2009),168-195.
73
Cameron W. Barrows, M.F. Allen, and J.T. Rotenberry, “Boundary processes between a desert sand dune community and an
encroaching suburban landscape,” Biological Conservation 131 (2006): 486-494.
74
Cameron W. Barrows and others, “Using occurrence records to model historic distributions and estimate habitat losses for two
psammophilic lizards,” Biological Conservation 141 (2008): 1885-1893.
75
K.L. Penrod, E.S. Rubin, and C. Paulman, “Mojave Desert Habitat Connectivity ~ Phase 1: A Brief Overview of the Mojave
Desert’s Previously Identified Areas of Ecological Significance,” SC Wildlands, Fair Oaks, CA, 2009.
76
K.L. Penrod, E.S. Rubin, and C. Paulman, “Mojave Desert Habitat Connectivity ~ Phase 1: A Brief Overview of the Mojave
Desert’s Previously Identified Areas of Ecological Significance,” SC Wildlands, Fair Oaks, CA, 2009.

Citations

25

