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Executive Summary 

 

ES.1 Key Findings 

 This analysis determined that over 7,000 megawatts (MWAC) of solar energy 

development is technically feasible and financially viable at several Department of 

Defense (DoD) installations in the Mojave and Colorado Deserts of California. 

 Approximately 25,000 acres are ñsuitableò for solar development and another 100,000 
acres are ñlikelyò or ñquestionablyò suitable for solar. 

 This level of solar potential exists even though 96 percent of the surface area of the 

installations is unsuitable for solar energy development due to conflicts between solar 

energy development and military mission activities occurring at the installations or due to 

steep slope, flash flood hazards, biological resource conflicts, cultural resource conflicts, 

and other factors.  

 Private developers can tap the solar potential with no capital investment requirement 

from the DoD. 

 The Federal Government could potentially receive approximately $100 million/year in 

the form of rental payments, reduced cost power, in-kind considerations, or some 

combination among them. 

 There are a range of technical, policy and programmatic barriers that can slow or, in 

some cases, stop solar development. Transmission capacity and the management of 

withdrawn lands are the two most important issues. 

 

ES.2 Report Purpose 

This study addresses current solar development activities and includes an evaluation of the 

potential for solar energy development inside the boundaries of nine large military installations 

located in the Mojave and Colorado Deserts of southern California and Nevada (see Figure ES.1 

and Table ES.1). In addition to assessing the solar energy potential of the military installations, 

this report also discusses the potential mission compatibility and energy security impacts of on-

installation solar energy development and the broader context for solar energy development in 

the Mojave and Colorado Deserts. The Department initiated the study in response to a 

congressional request.  
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Figure ES.1 ï DoD Installations Addressed by this Study 

 

The nine installations are diverse, and each needs to be considered in the context of its unique 

mission role, land endowment, utility service arrangements, and solar development flexibility. 

The installations include representation from the Army, Air Force, Navy and Marine Corps. 

Their mission roles span a wide range of activities, including air, ground and combined arms 

training; weapons system research and development; human- and technical-factor weapons 

system testing and evaluation; and logistics support and management. Most of these installations 

already have 1-2 megawatts (MW) of solar energy systems in operation, and Nellis AFB is host 

to the largest photovoltaic (PV) system sited on a military facility in the U.S., a 14.2 MW solar 

PV facility completed in 2007. 

 

Table ES.1 ï U.S. Department of Defense Installations Reviewed in Study 

Installation  Service State Geographic Region 

Marine Corps Air Ground Combat Center 

(MCAGCC) Twentynine Palms 
Marine Corps CA Mojave Desert 

Marine Corps Logistics Base (MCLB) Barstow Marine Corps CA Mojave Desert 

Chocolate Mountain Aerial Gunnery Range 

(CMAGR) 
Marine Corps CA Colorado Desert 

Naval Air Weapons Station (NAWS) China 

Lake 
Navy CA Mojave Desert 

Naval Air Facility (NAF) El Centro Navy CA Colorado Desert 

Edwards Air Force Base (AFB) Air Force CA Mojave Desert 



Solar Energy Development on DoD Installations in the Mojave & Colorado Deserts January 2012 

Executive Summary  xx 

 

ES.3 Mission Compatibility  

The military services use the nine military installations as key assets for training, test and 

evaluation, and research and development. Their size and relatively remote locations offer the 

military the ability to train personnel and conduct research and development on technology in 

ways that would not be possible at other locations. The militaryôs need for large, unrestricted 

landholdings has increased in recent years because modern systems and platforms ï aircraft, 

missiles, sensors, etc. ï have effective ranges and impacts vastly larger than their predecessors 

from the 1940s, when most of the installations in this study were established. Large areas are 

needed to test, evaluate and train with these systems, both to exploit their full capabilities, and to 

ensure that any unanticipated incidents occur over controlled ranges, rather than populated areas. 

 

Although the effective battlespace requirement is growing, the militaryôs landholdings are not. 

Because it is unlikely that any new major installations will be created in the region, the existing 

installations should be considered irreplaceable, and any degradation of their ability to perform 

their missions has an impact on both the near and long term capabilities of the military to protect 

and defend the U.S. Any plan for large-scale solar development on these installations needs to 

acknowledge and start with that premise. 

 

There are two broad categories of conflict between solar technology and mission activities. The 

first category comprises ñspectrumò issues, where the conflict between solar technology and 

military activities occurs through interactions in the radio frequency, infrared or visual spectra 

(see Table ES.2). 

 

Table ES.2 ï Function and Band of Military EM Spectrum Use 

Spectrum Sensors Weapons Communications 

UV Threat Warning Missile Guidance Data Link 

Visible Optical, Telescopic 

sights, NVD, Electro-

Optical imaging, 

precision tracking 

Aiming and Guidance, 

Fuzing 

Light signals, 

Navigation lights 

IR  Threat warning, NVD, 

IR Imaging, Laser 

warning, Laser ranging, 

Precision tracking 

Active and passive 

Laser guidance, IR 

passive guidance, Laser 

Proximity fuzing, High 

Power Laser 

IR beacons, Modulated 

Laser Data link, voice 

Radio Threat Warning, 

Electronic Support, 

Radar, IFF, GPS, 

Navigation, Telemetry, 

Precision measurement 

HPM, Electronic Attack 

(Jammers), Anti-

Radiation Missiles, 

Radar and Radio guided 

Missiles, Proximity 

Fuzing 

AM, FM, HF Voice, 

Data Link, SATCOM, 

Telemetry, UAS Control 

See Appendix C for full names of the acronyms in the table. 

 

Fort Irwin Army CA Mojave Desert 

Creech Air Force Base (AFB) Air Force NV Mojave Desert 

Nellis Air Force Base (AFB) and the Nevada 

Test and Training Range (NTTR) 
Air Force NV 

Mojave and Great 

Basin Deserts 
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The second category comprises ñphysicalò issues, where the conflict arises from hazardous or 

destructive interaction between military vehicles, ordnance, and other hardware on the one hand, 

and solar technology on the other (see Table ES.3). 

 

Table ES.3 ï Summary of Training and Testing Activities on Bases and Ranges 
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Live Training   X  X  X  X  X  X  X  X  X 

Dismounted Maneuver Training  X  X    X    X       

Mounted Maneuver Training X   X    X           

Air Operations Training   X  X  X  X    X  X  X  X 

Individual & Unit Live Fire Weapons 

Training  
 X  X  X  X  X  X  X  X   

Joint/Combined Arms Maneuver 

Training  
 X  X  X  X    X       

Joint/Combined Arms Live Fire and 

Maneuver Training  
 X  X    X    X  X  X   

Test and Evaluation  X  X   X X X 

Support Facilities  X  X  X  X  X    X  X  X 

 

Because the installations support the complex scope of the Nationôs military activities, the range 

of interactions between their activities and solar development is also complex and wide-ranging. 

Certain issues are more prevalent on some installations, while others are present at all of the 

installations. Some conflicts can be mitigated, while others cannot. It is also important to note 

that each installation is home to a diversity of activities, so that while mission conflicts may 

exclude solar development from active range areas, other areas of the installation may be free of 

mission conflicts. Each proposed facility needs to be evaluated in the context of its specific 

location and the current, and potential future, mission activities occurring there.  

Although the study provides a screening level review of potential mission conflicts, there are 

gaps in data and analysis on mission compatibility. Very few detailed studies of conflicts 

between mission activities and solar development are available in the public domain.  
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ES.4 Solar Potential Assessment 

Results 

Because the two installations in Nevada lack significant solar development potential in addition 

to projects already developed or planned, the solar potential assessment portion of this study 

focuses on the seven military installations located in southern California. For the seven 

California installations, 96 percent of the land surface, largely active range land, is unsuitable for 

solar development. About 25,000 acres are ñsuitableò for solar development and another 100,000 

acres are ñlikelyò or ñquestionablyò suitable for solar. 

 

Assuming that 100 percent of the ñsuitableò acreage plus 25 percent of the ñlikelyò and 

ñquestionableò acreage is available for solar development, the study determined that over 7,000 

MWAC of technically and economically feasible solar capacity could be sited on these lands. In 

this study ñeconomically feasibleò means that the solar projects would be financially attractive 

from the perspective of the project investor. However, the study found that only private investors 

would find it attractive to invest in these projects because private investors have access to 

Federal and State tax-based incentives, which permit them to earn an attractive rate of return on 

their investments. The study found that government investment (e.g., direct DoD funding of 

construction) would be financially unattractive in all cases. The most important federal solar tax 

incentive is mandated to be available through the end of 2016, but it is possible that legislative 

action in the interim could phase-out or eliminate this incentive, which would make private 

project investment less viable. 

 

Assuming private development and ownership of economically-viable solar capacity on the 

seven California installations, the Federal Government could expect to receive over $100 million 

of annual value, in the form of rental payments, discounted power, in-kind considerations, or 

some combination thereof. Full development would also result in the avoided emissions of 

millions of tons of greenhouse gases and criteria air pollutants.  

 

These available acreage and solar capacity figures represent the maximum potential for solar 

electricity development, if one placed solar on all sites that could feasibly host it from the 

technical and economic perspectives. The actual level of solar energy development on these 

military installations is likely to remain well below the maximum potential number for a wide 

variety of reasons, including a shortage of available transmission in the region, environmental 

constraints that could not be incorporated into this study, administrative and legal complexity, 

and competition from other generation sources.  

 

The potential annual electricity generation from this solar energy capacity would be equivalent to 

two-thirds of the current annual electricity consumption of the entire DoD, nationwide. While 

complete development of all of the identified solar energy potential is unlikely, allowing full 

solar development on approximately 6% of the identified, economically-viable lands would 

generate enough electricity to meet all of the DoDôs EPAct 2005 renewable energy goals while 

solar development on less than half of the identified lands would be sufficient to meet all of the 

DoDôs NDAA 2010 renewable energy goals (25% of facility energy supplied by renewable 

energy sources in 2025). 
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It is important to note that the geographical and technical aspects of this analysis were not 

designed to be a detailed engineering analysis of specific solar projects, nor was the economic 

analysis intended to be of sufficient detail for investment decision-making for any particular site. 

Rather, this process provides a reasonable estimate of the technical and economic potential for 

solar development across millions of acres of complex landscape within a constrained study 

schedule and budget. However, while bearing this disclaimer in mind, it is reasonable to treat the 

results of this study as a robust screening of potential solar development areas. Each installation 

and each Serviceôs center of expertise for solar development (e.g., NAVFAC, AFCESA, Corps 

of Engineers, MCI, etc.) can use the outputs of this analysis as inputs to their own process of 

solar site selection and development. 

 

Methodology 

The study organized the many issues affecting solar viability into three categories ï geographic, 

technological, and economic.  

 

Geographic Analysis 

The study analyzed these issues in a step-by-step manner, with geographic screening analyses 

occurring first. The geographic analysis identified potential sites for roof, parking, and ground-

mounted solar projects from among the military installationsô total inventory of buildings, 

parking facilities, and lands. Five distinct ñsite typesò were used: building rooftops; shading 

structures over paved parking lots; shading structures over unpaved parking lots; cantonment
1
 

ground sites; and, range ground sites. Hundreds of layers of Geographic Information System 

(GIS) data were obtained from public, Service and installation databases in support of this study 

(see Figure ES.2). 

  

                                                 

 
1
 Each installation except for Chocolate Mountain AGR, was segmented into a cantonment area representing the 

developed zone of the installation, and a range area representing the undeveloped zone. The study applied different 

criteria and decision rules for solar projects in the two zones, except Edwards AFB where transmission calculations 

for the installationôs cantonment and range zones were combined because they are especially co-mingled. 
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Figure ES.2 ï GIS Data Collection Methodology 

 

For the ground sites that comprise the vast majority of this study, GIS techniques were used to 

overlay 20 to 40 independent variables per installation to identify areas where solar development 

can and cannot occur. The GIS variables were typically in the categories of built infrastructure, 

construction plans, biological resources, cultural resources, environmental resources and hazards, 

military mission and operational activities including explosive arcs, topography, shading, and 

buffers around various areas. Figure ES.3 summarizes the GIS analysis process. 

 

 
Figure ES.3 ï Geographic Information Systems Analysis Flow 

  

1 

ÅObtain Regional GIS Data (e.g., from Desert Renewable Energy Conservation 
Plan) 

2 

ÅObtain GIS Data (many data layers) from Individual Military Installations and 
from Service-Level or Regional Military Sources 

3 

ÅGenerate Integrated GIS Model and Map of Solar Suitability for each 
Installation 

4 
ÅReview Initial GIS Map with Installation Staff and Other Military Stakeholders 

5 

ÅObtain and Formally Integrate Installation Feedback (including additional data 
layers) into GIS Model 

6 
ÅGenerate Final GIS Model and Map of Solar Suitability for each Installation 
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As shown in Figure ES.4 below (an example drawn from NAWS China Lake), at most of the 

installations studied, the vast majority of the land surface was screened out during the geographic 

analysis phase due to mission compatibility conflicts.  

 

 
Figure ES.4 ï Mission Compatibility at NAWS China Lake 
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However, as show in Figure ES.5, even the relatively small area surviving this screening process 

still has significant solar potential. 

 

 
Figure ES.5 ï Solar Suitability at NAWS China Lake 

 

The geographic analysis calculated the acres of roof, parking, and ground sites that are suitable 

for solar development on each installation. Table ES.4 presents the total number of acres for each 

military installation that passed all the screening variables resulting in a ñsuitableò rating 

(suitability score = 1) for solar development for each type of solar site.  
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Table ES.4 ï Acres Suitable for Solar Development (Suitability Score = 1 after minimum parcel size test) 

Military 

Installation  

(A) 

Rooftop 

(acres) 

(B) 

Paved 

Parking 

(acres) 

(C) 

Unpaved 

Parking 

(acres) 

(D)= 

(B)+(C) 

Subtotal ï 

All (Paved 

& 

Unpaved) 

Parking 

(acres) 

(E) 

Canton-

ment 

Ground 

Sites 

(acres) 

(F) 

Range 

Ground 

Sites 

(acres) 

(G)= 

(E)+(F) 

Subtotal ï 

All 

Ground 

Sites 

(acres) 

(A) + (D) 

+ (G) 

All Site 

Types 

(acres) 

MCAGCC 

Twentynine 

Palms 

8 110 N/A 110 461 0 461 579 

MCLB Barstow 13 17 2 19 660 0 660 692 

NAWS China 

Lake 
3 43 N/A 43 3,930 1,339 5,269 5,315 

Chocolate 

Mountain AGR 
N/A N/A N/A N/A N/A 3,768 3,768 3,768 

NAF El Centro 0 14 N/A 14 377 0 377 391 

Edwards AFB 17 104 38 142 6 1,760 1,766 1,925 

Fort Irwin 4 121 230 351 5,757 12,091 17,848 18,203 

Total Acres of 

All Installations 

by Solar Site 

Type 

45 409 270 679 11,191 18,958 30,149 30,873 

N/A = Not applicable (i.e., the site type is not present at the installation) 

 

The 30,873 acres found to be ñsuitableò for solar development represented about 1% of the 

surface area of the seven California installations. Additional areas ï rated as ñlikely suitableò 

(23,389 acres all seven California installations) and ñquestionably suitableò (77,485 acres) were 

also identified at each installation; these represented a further 3% of the surface area of the 

installations.
2
 The other 96% of the surface area was found to be unsuitable due to mission 

incompatibility, biological resource conflicts, excessive slope, cultural resource conflicts, and 

many other reasons.  

 

Key implications of the solar geographic analysis 

 The ranges of most installations were deemed ñunsuitableò because of conflicts with 

military mission activities, as detailed in the chapter on Mission Compatibility. 

 The GIS modeling results indicated that solar development potential exists within or 

adjacent to nearly all installation cantonment areas. 

 Even though extensive range areas were found to be unsuitable, there were still 

substantial areas suitable for ground-mounted solar development in other range areas and 

in installation cantonments. 

 Rooftop installations are familiar, economically-viable, and seen by many people, but 

ground sites offer the vast majority of the acreage available for solar development. 

 

                                                 

 
2
 Only 25% of the ñlikely suitableò and ñquestionably suitableò areas were carried forward into subsequent 

analytical steps, to account for the probability that much of this area would be found to be unsuitable during on-the-

ground investigations. 
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Technological Analysis 

The second step ï technological analysis ï defined the characteristics for each of six solar 

technology packages on areas that survived the geographic screening process. These packages 

included crystalline PV, thin film PV, solar trough and Dish/Stirling engine technology. The 

technological analysis calculated the maximum ñtechnical potentialò for solar electricity on each 

site ï i.e., the potential, in capacity and annual electricity output, for solar development 

unconstrained by project economics. 

 

Economic Analysis 

The capacity and output results from the technological analysis was then passed on to last step in 

the analytic process ï economic analysis. The heart of the economic analysis was a financial 

model that calculated the 20-year investment returns for each potential solar project under 

private or military ownership. The analysis assumed that all construction would occur in 2015 (to 

allow the DoD sufficient time to complete program planning, site studies and procurement 

actions), and that PV prices would fall approximately 20% from their Spring 2011 levels. 

Concentrating solar technology prices in 2015 were assumed to remain level with 2011 prices. 

 

The model included a wide range of other cost inputs: 

 

 Capital costs (e.g., panels, racking, trackers, balance of system, installation labor)  

 Running costs (e.g., O&M labor, insurance, inverter replacement accrual, 

decommissioning accrual) 

 Water cost (for concentrating solar power plants only) 

 Land lease rates for 3rd party owned projects 

 Transmission extension costs 

 

The following revenue and tax-related incentives were included in the model: 

 

 Electricity prices (20-year wholesale and self-generation projection)  

 Renewable Energy Certificate (REC) prices (20-year projection)  

 Solar incentives taken by private developers (which are not available if funded by 

MILCON) 

o Business Investment Tax Credit (30% of installed cost) 

o Modified Accelerated Cost Recovery System (MACRS) Depreciation 

 

The 20-year discounted cash-flow model calculated the Net Present Value (NPV) and Internal 

Rate of Return (IRR) for each technology on each parcel of land for which it was technically 

suitable. Those ñprojectsò whose IRRs exceeded the investorôs discount rate were deemed 

financially feasible.  

 

Table ES.5 shows the total economically-viable acreage available for development on 

cantonment and range ground sites. The tableôs acreage figures reflect 100% of the military 

installation acreage with a suitability rating of 1 (ñsuitableò) and 25% of the military installation 

acreage with a suitability rating of 2 (ñlikely suitableò) or 3 (ñquestionably suitableò) that are 

also economically-viable. 
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Table ES.5 ï Total Economically-Viable Acreage Available for Solar Development on 

Cantonment and Range Ground Sites 

Military Installation  
Cantonment 

Ground Sites 
Range Sites 

Total for Ground 

Sites 

MCAGCC Twentynine Palms 553 0 553 

MCLB Barstow 0 0 0 

NAWS China Lake 3,930 2,847 6,777 

Chocolate Mountain AGR 0 0 0 

NAF El Centro 0 0 0 

Edwards AFB 933 23,394 24,327 

Fort Irwin 5,757 12,971 18,728 

Total 11,173 39,212 50,385 

 

Table ES.6 show the results of the economic analysis by military installation for the five site 

types using a private project ownership model. (The economic analysis found that no solar 

energy projects would be economically-viable under military ownership, which demonstrates the 

importance of the many tax-based incentives for solar energy development that private 

developers can utilize and the dependence that the DoD will have on those incentives if it wishes 

to achieve favorable rates of return from solar projects on its installations.) 

 

Table ES.6 ï Capacity of Solar Technology with Highest IRR for Economically-Viable Solar Development 

Sites, under Private Project Ownership (MW AC in Installed Solar Capacity) 

Military Installation 
Cantonment 

Ground Sites
 3
 

Range 

Ground Sites 

Building 

Roofs
4
 

Paved 

Parking 

Canopies 

Unpaved 

Parking 

Canopies 

Total 

 (All Site 

Types) 

MCAGCC Twentynine Palms 77 0 3 0 N/A 80 

MCLB Barstow 0 0 5 0 0 5 

NAWS China Lake 557 403 1 0 N/A 961 

Chocolate Mountain AGR N/A 0 N/A N/A N/A 0 

NAF El Centro 0 0 N/A 0 N/A 0 

Edwards AFB 134 3,347 7 0 0 3,488 

Fort Irwin 808 1,821 1 0 0 2,630 

Total 1,576 5,571 17 0 0 7,164 

 

                                                 

 
3
 Crystalline-silicon PV on single-axis tracking had the highest overall internal rate of return (IRR) among the six 

solar technologies evaluated on large ground sites. Crystalline-silicon tracking capacity results are reported 

uniformly in this table for economically-viable sites. However, there was one site at which a different technology 

had the highest IRR ï at the NASA Goldstone range at Fort Irwin, thin-film tracking had a slightly higher IRR than 

crystalline-tracking and the highest IRR among the three technologies that were economically-viable on the 

Goldstone range.  
4
 Crystalline-silicon PV fixed-axis had the higher internal rate of return among the two solar technologies evaluated 

on building roofs. 
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Table ES.7 shows the significant difference in the economic viability between solar energy 

technologies assessed in the study. While fixed-mount crystalline silicon PV resulted in the most 

MW of economically-viable installed capacity, single-axis tracking crystalline silicon PV had the 

highest overall internal rate of return (IRR) among the six solar technologies evaluated on 

ground sites. In comparison, the economic viability of concentrating solar power (CSP) 

technologies was limited, because of higher installation costs, fewer parcels of land within the 

military installations that met the size, shape, and continuity requirements for these technologies, 

and special mission conflicts for Dish/Stirling technology at one installation.  

 

Table ES.7 ï Capacity for Economically-Viable Solar Development Across Installations, by Solar 

Technology under Private Project Ownership (MWAC) 

 
PV Technologies CSP Technologies 

Military  Installation 

Crystalline-

Silicon 

Fixed-Mount  

Thin-Film 

Fixed-Mount  

Crystalline-

Silicon 

Tracking  

Thin-Film 

Tracking  
Dish/Stirling  Trough 

MCAGCC Twentynine Palms 116 72 77 49 88 0 

MCLB Barstow 5 3 0 0 0 0 

NAWS China Lake 1,452 901 960 602 0 0 

Chocolate Mountain AGR 0 0 0 0 0 0 

NAF El Centro 0 0 0 0 0 0 

Edwards AFB 5,308 3,295 3,481 2,184 0 0 

Fort Irwin 3,930 1 2,629 1,144 0 0 

Total 10,811 4,272 7,147 3,979 88 0 

 

The key implications of the economic analysis include: 

 

 Large ground sites on the installations in California are economically viable for PV 

technologies. Depending on installation specifics, solar development potential may exist 

in an installationôs cantonment and/or range areas. 

 Solar development on building roof sites is economically viable, but cannot make a large-

scale contribution to the installationsô utility scale solar development compared with 

ground sites. 

 Solar development opportunities on paved and unpaved parking facilities at installations 

are significant, but their economics are currently poor due to the added cost of metal 

parking canopies. 

 Crystalline-silicon PV with single-axis tracking is the solar technology with the highest 

projected investment returns in the study, due to its combination of low cost of 

installation and high electricity output. The other PV technology packages analyzed also 

generate attractive financial returns on many large ground sites. 

 The CSP technologies studied were not economically viable in most cases due to their 

higher installed costs, though great uncertainty exists about present and future CSP costs 

due to the scarcity of recent CSP projects in the U.S. 

 Only privately developed projects were economically viable. Projects funded by the 

government (e.g., using military construction funds) were not viable, given the current 

costs of the technology and the tax-based nature of federal solar incentives. 

  



Solar Energy Development on DoD Installations in the Mojave & Colorado Deserts January 2012 

Executive Summary  xxxi 

ES.5 Energy Security 

Energy security for the DoD means having assured access to reliable supplies of energy and the 

ability to protect and deliver sufficient energy to meet operational needs. Solar energy can 

potentially address one key facet of the energy security question: an installationôs vulnerability to 

disruptions of the public electricity grid that powers the installation. 

 

Currently, the DoD relies on individual diesel generators tied to individual critical loads to insure 

power in case of a grid outage. As the DoD moves toward using secure micro-grids to meet 

energy security needs, solar power on the installations can play an increasingly important role. 

Due to the intermittent nature of solar it is unlikely to provide 100% of the required energy and 

will require energy storage to fully integrate into a micro-grid. The cost and value of solar energy 

to meet DoDôs installation energy security needs is sensitive to individual installation 

requirements, the future costs of energy storage, and the design and value of the required micro-

grid.  

 

ES.6 Solar Development Context 

Solar development on the nine DoD installations addressed by this study is governed by a 

complex web of laws, regulations, and market rules, administered by public and quasi-public 

entities at the Federal, State, and local levels. Few if any of these rules were designed with solar 

in mind; several were promulgated long before solar energy began its real penetration in the 

marketplace in the past 10 years. DoD staff and the private developers they increasingly work 

with need to fully understand these rules to avoid or mitigate policy barriers and to maximize the 

benefit of any available incentives. 

 

The Federal Government has challenging goals for renewable energy development on DoD 

installations. In addition, Federal and state governments created a number of incentives for the 

development of solar energy. These incentives can reduce the installed cost of a solar energy 

facility by half or more depending upon the size and location of the facility. In addition, the DoD 

has more flexibility than other Federal agencies to enter into long-term contracts with third-

parties; under these contracts, the third-party developer builds, owns, and operates the solar 

facility, and the DoD purchases the electricity generated by the solar facility and/or leases the 

DoD land used for solar development. However, a number of challenges to large-scale solar 

development on Federal lands exist, most notably the lack of transmission capacity in the 

Mojave and Colorado Deserts. 

 

A second challenge is the uncertainty related to developing solar projects on withdrawn lands 

within the boundaries of the nine installations (see Table ES.8). These lands are part of the public 

domain supervised by the Bureau of Land Management (BLM), but have been withdrawn from 

the operation of public land laws to serve military mission needs. There is disagreement among 

the DoD, the Services, and the BLM regarding which organization has the lead for authorizing 

and managing renewable energy development on withdrawn lands; this creates uncertainty in the 

development process and leaves private-sector developers unclear as to who their counterparty 

is. 

 

In addition, the large footprint of utility-scale solar energy facilities means that ground-mounted 

systems must be individually reviewed to determine their impact on biological, cultural, and 
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visual resources and a wide variety of construction, interconnection, and other permits must be 

acquired before a potential solar development can move forward. Finally, there is inconsistency 

within the DoD, and between the DoD and other Federal agencies, in how certain laws, 

mandates, and processes should be applied; these inconsistencies slow the solar development 

process and create uncertainty for private sector solar developers. 

 

Table ES.8 ï Withdrawn Lands
5
 

Base Acres Withdrawn Total Acres Withdrawn %  

Edwards AFB 83,110 308,123 27% 

Fort Irwin  725,062 754,134 96% 

China Lake 1,108,956 1,108,956 100% 

Chocolate Mtn. 226,711 463,623 49% 

El Centro 47,870 56,289 85% 

29 Palms 472,649 595,578 79% 

MCLB Barstow  3,683 6,176 60% 

Nellis AFB 10,290 14,000 74% 

Nevada T& TR 2,919,890 2,919,890 100% 

Creech AFB 2,940 2,940 100% 

Total 5,601,161 6,229,709 90% 

Source: (Pease, 2011) 

 

ES.7 Conclusions and Recommendations 

The study quantifies the technically feasible and economically viable solar potential on several 

DoD installations. This potential can be harnessed without impact on mission performance and 

can result in substantial value delivery to the DoD. However, to realize this opportunity, the DoD 

would need to develop a thoughtful program, with the necessary funding, leadership support, and 

capacity building to see it to fruition. The following actions may improve the opportunities to 

develop solar energy in a manner consistent with the military mission: 

 

1 Clarify withdrawn lands policy with the Department of the Interior  (DOI)  

Withdrawn lands make up the majority of the lands within the boundaries of the nine 

installations considered in this study, and resolving their status and potential use in third-

party financed projects with the DOI is critical if the DoD intends to develop utility-scale 

solar energy projects. 

 

2 Work with stakeholders to accelerate transmission development 

The lack of transmission capacity is the single largest barrier to large-scale solar 

development on the seven California installations. The DoD and the many other 

stakeholders affected by this constraint could increase their efforts to encourage 

transmission owners and planners to expand capacity on existing transmission lines and 

expedite the necessary transmission build-out. 

                                                 

 
5
 The withdrawn land acreage figures reported in this table are currently under review by the DoD/DOI Interagency 

Land Use Coordinating Committee and should be considered preliminary data only. For example, other sources 

indicate that 8% of China Lake is DoD fee land and 92% is withdrawn land. 
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3 Clarify DoD policy on REC ownership and accounting 

In the third-party finance model that will likely dominate renewable energy development 

on military installations, it is the developer, not the installation that is the initial owner of 

any RECs arising from a project. While an added expense, the DoD will  likely have to 

join the larger renewable energy market in retaining or purchasing RECs in order to make 

progress towards complying with its renewable energy mandates and goals. 

 

4 Clarify and develop programs to achieve energy security goals 

The DoD should continue to demonstrate secure micro-grid technologies on military 

installations. The DoD could also develop guidance about what types of energy security 

challenges military installations need to be prepared to overcome, the types of actions 

that can be taken to improve energy security, and the ñpriceò or value that could be 

assigned to energy security benefits in the investment process so that the DoD can launch 

targeted programs to address its energy security needs. 

 

5 Increase coordination and integration of renewable energy projects and initiatives 

between military installations and Services 

The DoD should consider making a greater effort to keep energy managers and other key 

personnel involved in renewable energy project planning at each military installation 

informed about the efforts, initiatives, and lessons learned by other military installations 

and Services. This could be one element of a broader effort to build renewable energy 

analysis and development capacity at the installation and support organization levels. As 

part of this activity, the DoD could also identify and work to address the inconsistent 

interpretation of goals, rules, and procedures that currently exists across installations and 

Services. 

 

6 Develop a consistent and incentive-focused formula to allocate project benefits and 

costs between the host installation and parent organizations 

Providing clear incentives for military installations to invest the considerable time and 

effort required to host renewable energy projects will likely generate increased interest 

and support from military installation staff. 

 

7 Work with BLM to ensure that the Federal Government is maximizing its 

compensation from land rentals consistent with fair market value while allowing 

solar developers to make an attractive rate of return  
BLMôs solar land lease rates could increase substantially and still provide an attractive 

rate of return for private developers under the studyôs assumptions. The DoD should 

consider working with BLM to evaluate whether Federal compensation could be re-

calibrated under the BLMôs solar rental formula to continue to capture fair market value 

for the Federal Government against the backdrop of rapidly-changing and regionally-

variable solar economics. The DoD and BLM should maintain a cooperative approach so 

that private solar developers wonôt have an incentive to work with one agency over the 

other because of more attractive land rental rates. 
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8 Develop and apply a consistent methodology for mission compatibility analysis 

within DoD installations, and analyze DoD lands in advance of programmatic scale-

up 

ñConflicts with mission performanceò was the single most important factor limiting the 

potential for solar development across the nine installations evaluated. This study relied 

on discussions with range operators and training managers for most of the mission 

compatibility analysis. Because the results relied, to a great degree, on the best 

professional judgment of range management staff, they were non-reproducible and 

difficult to generalize to other installations or to communicate to the solar development 

community. In the future, the DoD should consider developing a mission compatibility 

assessment methodology that can be applied within its own installations to address the 

full range of renewable energy technologies and the full range of mission activities. 

Developing this methodology will require coordination of representative installation-level 

staff; managers in the Service-level range management offices; OSDôs Training, 

Readiness, Test and Evaluation offices; OSD's Facilities Energy office; as well as the 

existing DoD Siting Clearinghouse. 

 

The steps listed above may greatly improve the implementation environment for solar energy on 

DoD lands. The results of the studyôs Solar Potential Assessment provide a useful starting point 

from which each installation can identify high priority areas for further investigation. Private 

developers could respond to competitive solicitations to conduct the necessary due diligence and 

to offer the DoD some combination of rental payments, discounted power, in-kind consideration, 

and/or energy security capability in return for access to these lands.  

 

It is clear that solar developers are highly motivated to develop projects under present conditions, 

and those conditions are only expected to improve through 2016 as solar prices continue their 

expected decline. However, at the end of 2016 the most important solar tax incentive will 

decrease by two thirds. The DoD is in the position to take advantage of the value offered during 

this 5-year window. It will take time to address the preparatory steps suggested above and to 

create and launch a focused solar development program. By pursuing these challenging 

opportunities, the DoD may be able to take advantage of solar resources on military installations 

in a manner consistent with the military mission.  
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1 Introduction  

 

This study was written in response to the FY 2010 Congressional direction to conduct an 

ñAlternative Energy Studyò to review current solar development activities and to evaluate the 

potential for solar energy development inside the boundaries of nine large military installations 

located in the Mojave and Colorado Deserts of southern California and Nevada. In addition to 

assessing the solar energy potential of the military installations, this report also discusses the 

potential mission compatibility and energy security impacts of on-installation solar energy 

development and the broader context for solar energy development in the Mojave and Colorado 

Deserts.  

 

The study addresses the following issues: 

  

 evaluate the technical and economic feasibility of locating solar energy generation within 

the identified military installations and identify potential areas for solar energy 

development;  

 evaluate limitations on the use of solar energy because of military mission, 

environmental, and jurisdictional constraints; and, 

 analyze the feasibility and potential for on-installation solar energy generation to provide 

additional security benefits for the military installations.  

 

Chapter 2, Geographic Setting Characterization provides a geographic overview of the Mojave 

and Colorado Desert regions followed by a discussion of the areaôs legal regime and primary 

land uses. Chapter 3, Mission Compatibility, reviews the various ways that solar projects and 

military mission activities can conflict. Chapter 4, Technology Characterization, provides a 

technical description of major existing concentrating solar power and PV technologies, including 

a discussion of important system components and efficiencies. Chapter 5, Solar Potential 

Assessment, describes the analytic process employed to determine how much solar generation 

could be developed on military installations in the Southern California Deserts, given real world 

technical and economic constraints. Chapter 6, Energy Security, reviews the range of issues to be 

considered in evaluating installation-level energy security risks and solutions, and describes 

technologies that can provide on-installation energy security. The chapter concludes with a 

description of options for the use of diesel generators and large-scale solar located on a 

microgrid-equipped installation. Chapter 7, Solar Development Context, addresses federally-

mandated renewable energy goals that are a major driver for solar development on DoD 

installations, followed by a review of the principal challenges confronting large-scale solar 

development. Finally, Chapter 8 provides a summary of conclusions and recommendations, 

including key findings, and recommended policy and programmatic actions. 

 

Solar energy development can be a complex undertaking in any setting, affected as it is by an 

evolving policy framework, a geographically-varied economic environment, a dynamic 

technology market, and a range of motivations for installing the technology. Solar development 

is even more complex within a military installation, where preservation of mission capability is 

the paramount consideration, and where solar projects must be implemented within an intricate 

framework of Federal, DoD, and Service rules and requirements.  
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This report demonstrates that there is significant potential to develop solar energy on the nine 

installations with no capital investment by the DoD and without impinging upon mission 

performance. Doing so would create considerable value for the installations, Services, DoD, and 

the country as a whole.
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Characterization  

2 Geographic Setting Characterization 

 

2.1 General Characteristics 

The Mojave and Colorado Desert habitats are home to a wide variety of resources and biological 

communities, which are under increasing pressure by the growing number of stakeholders in the 

area. This chapter provides a geographic overview of the Mojave and Colorado Desert regions 

followed by discussions of the areaôs legal regime and primary land uses. 

 

2.1.1 Mojave Desert 

The Mojave Desert covers over 32 million acres, extending from southern California and Nevada 

into Utah and Arizona. Approximately 20 million acres of the Mojave lie in California, 

comprising approximately one-fifth of the state (CDFG, 2011), and approximately 6.5 million 

acres of the Mojave lie in Nevada. Military installations located in the Mojave include Creech 

AFB, NAWS China Lake, Fort Irwin, Edwards AFB, MCAGCC Twentynine Palms, Nellis AFB, 

and MCLB Barstow. The Mojave is a rain 

shadow desert, meaning that it was 

formed because Californiaôs major 

mountain axis, which bounds the desert in 

the west, prevents moisture-rich clouds 

from the Pacific Ocean from reaching the 

protected eastern side of the range. As air 

rises over the range, water is precipitated, 

and the air loses its moisture content, 

resulting in a desert on the leeward side of 

the mountains (USGS, 1997). The desert 

extends north from the northern boundary 

of the Colorado Desert in California along 

the eastern face of Californiaôs major 

mountain axis (e.g. the Sierra Nevada, 

San Bernardino, and San Gabriel 

Mountains) to the Owens Valley, where it 

meets the Great Basin Desert to the north. The Mojaveôs northern boundary winds its way 

through a succession of desert basins and mountain ranges to the east, where it meets an abrupt 

boundary with the Colorado Plateau and Apache Highland eco-regions of Utah, Nevada, and 

Arizona (see Figure 2.1) (CalPIF, 2009). 

 

The Mojave exhibits a wide variety of topography, with elevations ranging from 280 feet below 

sea level in Death Valley to approximately 11,000 feet above sea level in the Panamint 

Mountains (CDFG, 2011). The Mojave experiences a wide range of temperatures: the 

temperature in Death Valley can exceed 130° F (54° C) in late July and early August while 

temperatures may drop as low as 0° F (-18° C) at higher elevations (Randall et al. 2010). 

Precipitation in the desert is typically between 65 and 190 mm (2.5 ï 7.5 inches) annually, most 

of which falls during the winter season. Snow is not uncommon in the Mojave during the winter. 

Precipitation levels vary depending on topography and elevation (USGS, 2006). 

 

Figure 2.1 ï Mojave Desert Eco-region  

(CalPIF, 2009) 
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2.1.2 Colorado Desert 

The Colorado Desert, one of the six sub-sections of the Sonoran Desert, spans approximately 

seven million acres in southeastern California (see Figure 2.2). The Colorado Desert is also a 

rain shadow desert, extending from the Peninsular mountain range in the west to the Colorado 

River in the east (CDFG 2011a). It extends south of the US-Mexican border and extends north to 

the Mojave Desert. Military installations in the Colorado Desert include Chocolate Mtn. AGR 

and NAF El Centro. 

 

The majority of the Desert lies at a relatively 

low elevation (below 1,000 feet) with the 

lowest point of the desert floor at approximately 

275 feet below sea level in the Salton Trough. 

Most of the regionôs mountains do not exceed 

3,000 feet, although the highest peaks of the 

Peninsular Range (along the western border of 

the desert) can reach approximately 10,000 feet. 

(CalPIF, 2009). Summer daily high 

temperatures in the Colorado Desert are 

regularly above 104° F (40° C). The winter 

season is cooler, with daily high temperatures 

averaging around 72° F (22° C) and nighttime 

lows reaching approximately 41° F (5° C). Sub-

freezing temperatures are uncommon and snow 

is very rare (Michaelsen, 2009). The Colorado 

Desert has two rainy seasons per year (winter 

and late summer) as opposed to the Mojave, 

which for the most part only experiences winter 

rains. The majority of the Colorado Desertôs 

annual precipitation comes from sporadic 

winter storms that are strong enough to 

overcome the mountain ranges to the west, but 

it also receives occasional bouts of monsoonal 

moisture in the summer from the southeast 

(CalPIF, 2009). Annual rainfall amounts range from 2-6 inches (USDA, 2011). 

 

2.1.3 Desert Habitats 

Mojave and Colorado Desert habitats are home to a wide variety of plant life and habitat types. 

The Mojave Desert eco-region contains approximately 230 special status plant species
6
, the 

majority of which are endemic to the region (Randal et al., 2010). Creosote Bush Scrub is the 

most extensive cover type, covering approximately 57% of the land surface (Thomas et al., 

2004). There are relatively few tree-dominated communities in the region with the exception of 

                                                 

 
6
 Special status plant species are those plants found on public lands administered by BLM and determined to be 

either (a) federal endangered, threatened, or proposed plants, or (b) BLM sensitive plants, which have been listed by 

the BLM State Director for special management consideration (BLM, 2010d). 

Figure 2.2 ï Colorado Desert boundaries 

and land ownership distribution 

(CADFG, 2011a) 
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the Joshua tree. The Joshua tree occurs in approximately 15% of the Desert and is rated as ñvery 

threatenedò by the California Department of Fish and Gameôs (CDFG) Natural Heritage Division 

(Randall et al., 2010). Small patches of pinyon-juniper woodland habitats also occur in the 

Mojave Desert, covering approximately 2% of the region (Thomas et al., 2004). 

 

The Colorado Desertôs terrestrial habitats include creosote bush scrub; mixed scrub (including 

yucca and cholla cactus); desert saltbush; sandy soil grasslands; and desert dunes. Higher 

elevations are dominated by pinyon pines and California juniper, and in the southern portion of 

the desert, additional moisture from summer rainfall supports smoketree, ironwood, and palo 

verde trees. In this Desertôs arid environment, aquatic and wetland habitats (such as alluvial fans, 

desert washes, freshwater marshes, streams, and desert riparian vegetation communities) are 

limited in extent but critically important to wildlife. 

 

Below are descriptions of common and notable habitats found in the Mojave and Colorado 

Deserts: 

 

Desert Riparian 

Desert Riparian habitats are located adjacent to permanent surface water (e.g. rivers, streams, 

seeps, and springs) in the Mojave and Colorado Deserts. These habitats are generally found at 

elevations below 3,000 feet and are characterized by dense groves of low, shrub-like trees or tall 

shrubs. They are composed of overstory species such as tamarisk and willows and a sub-canopy 

with species such as desert lavender and seep willow. There is often an abrupt transition between 

these habitats and the more open desert habitats (e.g., desert wash and desert cactus scrub). 

Given the desertôs generally arid conditions, desert riparian habitat is of utmost importance to 

wildlife  populations, and serves as important lay-over spots for migratory birds. With the 

exception of some palm oasis habitats, these habitats support more bird species at greater 

densities than other desert habitats (NDOW, 2006). 

 

Creosote Bush Scrub 

Creosote bush scrub, an ecological system also referred to as warm desert scrub, is characterized 

by low-lying expanses and widely spaced shrubs with bare ground in between. Growth in this 

habitat occurs during the spring if rainfall is sufficient. Growth is prevented by cold weather in 

the winter and by drought in other seasons (Holland, 1986). Creosote bush scrub is home to the 

threatened desert tortoise, which digs burrows in the sandy, well-drained soils (NDOW, 2006).  

 

Desert Dunes 

Prevailing winds carry sands from dry lakes and other areas in desert sinks and washes to form 

desert dune habitats. Sand dunes can rise up to 800 feet in height. Sand dunes may appear to be 

barren, but they support a variety of plant and wildlife species, including evening primrose, 

kangaroo rats, kit foxes, and the Mojave fringe-toed lizard (Feller, 2011). 

 

Joshua Tree Woodland 

Joshua tree woodland is associated only with the Mojave Desert and is especially prominent in 

the Joshua Tree National Monument area. The Joshua tree, a species of yucca that may grow up 

to 50 feet tall, is commonly found in flat and gradually sloping areas. Joshua trees support a 
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range of wildlife species, such as the Scottôs oriole, the American kestrel, and the desert night 

lizard, which lives in decaying plant matter, such as downed Joshua trees (Feller, 2011).  

 

Desert Fan Palm Oasis 

Desert fan palm oases are rare ecological communities located predominantly in the Colorado 

Desert region. Palm oasis habitats generally occupy sites with permanent water sources (e.g., 

seeps, springs, and streams) and may be found next to desert riparian and desert wash habitats. 

The largest desert fan palm oases are along permanent streams or at large springs. Palm oases are 

also located on hillsides or in canyons. Many sites are adjacent to earthquake faults, especially 

along the San Andreas Fault, where underground water frequently emerges. This habitat provides 

unique islands of shade, moisture, vegetation in an otherwise arid and sparse landscape. 

Therefore, many wildlife species (e.g. bighorn sheep) inhabit palm oases (CDFG, 2011). 

 

Desert Wash 

Desert wash habitats form when water flows intermittently after heavy rains, especially late 

summer thunderstorms. Desert wash soils tend to be sandy to gravelly. Plant life is typically lush 

and deep-rooted, ranging from catclaw acacia and four-wing saltbush to taller desert willow and 

cottonwood trees. Washes attract many birds (e.g. migratory finches and tanagers), mammals 

(e.g. blacktail jackrabbit) and other wildlife (e.g. red-spotted toad, desert tortoise) (Baxter, 1988; 

Laudenslayer, 2011). 

 

2.1.4 Prominent Ecological Features  

Ecological features found throughout the Mojave and Colorado Deserts, both on and off-

installation, include desert pavement, underground water stores, and dry lakes. These prominent 

features are described below. 

 

Desert Pavement 

Desert pavement is a surface armor that forms on the ground in hot desert environments, such as 

those covering the Colorado and Mojave Deserts. Desert pavements generally consist of a thin 

layer of densely packed, angular to sub-rounded coarse rock fragments overlying a soft, silty 

layer, commonly referred to as a vesicular horizon (Webb et al., 2009). They typically occur on 

surfaces with very little relief and lie above a layer of well developed soil; their exposed surface 

is often characterized by a dark and shiny coating or varnish of minerals (e.g., iron oxide) and 

organic carbon (McFadden et al., 1987). Desert pavements are less susceptible to disturbance 

than biological soil crusts, but both plant growth (especially perennial shrubs) and burrowing by 

rodents can cause disruption of pavement development (Quade, 2001). Human activities, such as 

military maneuvers and operation of tanks and other vehicles, can also disrupt desert pavement. 

Once disturbed, pavements lose their armoring function, and soil loss due to surface runoff or 

wind erosion becomes much more likely (Thomas et al., 2004). 

 

Aquifers 

Beneath the Mojave Desert is an extensive system of aquifers comprised of underground layers 

of unconsolidated, porous, or fractured rock capable of containing water. The water tables of 

these basin aquifers are often tapped for municipal, agricultural, and industrial use. Perched 

aquifers, which occur on hillsides above the regional water table, are primarily recharged by 

local rain and snow melt. These aquifers feed the natural springs and seeps in the mountains of 
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the deserts. Because the aquifers depend on local precipitation, the location of resulting springs 

and seeps may vary throughout the year, and from year to year. Summer monsoons are 

unpredictable, so late summer through mid-fall is usually the time of year with the least available 

surface water at desert springs and seeps. In years with winter droughts preceded by summers 

without monsoon rains, it is common for these ephemeral springs to dry up (NPS, 2011). 

 

Dry Lakes 

Numerous playa lakes, also referred to as dry lakes, are interspersed throughout the desert 

mountain ranges. Dry lakes form when water drains into basins with no outlet and then quickly 

evaporates under arid conditions. In wet years, some playas may hold standing water. In the 

more common drier periods, water that lies very near the surface of the playa is drawn upward by 

capillary action and then evaporates, leaving a white crust of evaporite minerals, such as sodium 

carbonate and sodium bicarbonate (USGS, 2004). There are a number of dry lakes located on 

Mojave and Colorado Desert installations, including: 

 

 Rogers and Rosamond Lakes (Edwards AFB); 

 Emerson, Mesquite, Dead Manôs, Galway, Melville, Means, and Lavic Lakes (MCAGCC 
Twentynine Palms with proposed expansion); 

 Goldstone, Red Pass, Nelson, Bicycle, Leach, and Drinkwater Lakes (Fort Irwin); 

 China and Airport Lakes (NAWS China Lake); and 

 Groom, Dog Bone, Mud, and Antelope Lakes (NTTR). 

 

2.1.5 Cross-Cutting Ecological Issues 

The Mojave and Colorado Deserts are characterized by several cross-cutting ecological issues, 

including wind erosion, invasive species, and habitat fragmentation. These issues have been 

exacerbated by the increased demand for land and resources in the area for urban development, 

military maneuvers, grazing, mining, recreation, and energy infrastructure development. Several 

of the primary regional issues are outlined below. 

 

Human Soil Disturbance and Wind Erosion 

As mentioned above, when desert pavement and other soil-stabilizing factors (e.g., rock cover 

and physical crusts) are disturbed by vehicles and the trampling effects of livestock and humans, 

the desert soils are highly vulnerable to wind erosion. Wind forces that exceed the ability of 

stabilizing factors to hold soil in place generate airborne dust. Once airborne, the soil becomes a 

non-point source of air pollution with potentially significant health effects. Deposition of this soil 

may also be problematic because it reduces the fertility of plants and contributes to 

sedimentation in surface water bodies (Belnap et al., 2007).  

 

Habitat Fragmentation and Migration Corridor Disruption 

Conservation efforts have helped to maintain habitat connectivity in the region, especially in the 

Mojave Desert, where private conservation organizations (e.g., the Conservation Fund, the 

Nature Conservancy, and Preserving Wild California) have worked to protect thousands of acres 

of essential habitat (CDFG, 2011c). Nonetheless, urban growth and resulting infrastructure 

development (e.g., power lines and road construction), off-highway vehicle (OHV) activity 

(which adds dirt roads and trails), and renewable energy development have all resulted in habitat 

fragmentation and migration corridor disruption in the region (CDFG, 2011c). The construction 
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and expansion of military installation facilities as well as field training (including tank 

maneuvers and air-to-ground bombing) have also contributed to habitat fragmentation and 

corridor disruption (CDFG, 2011c). Bighorn sheep depend on established migration corridors 

between habitats with adequate water and protection. Disruption of these corridors can block 

access to these habitats and separate populations, which limits the potential for natural 

colonization and gene exchange and threatens the health of bighorn sheep populations 

(Wehausen, 2006). Habitat fragmentation has also been documented as posing a substantial 

threat to desert tortoise and Mohave ground squirrel populations (CDFG, 2011c). 

 

Invasive species 

At present, there are approximately 232 non-native taxa in the California deserts (Baldwin et al., 

2002). The early proliferation of non-native species was associated with agriculture and grazing, 

which introduced non-native species such as tumbleweed and annual beard grass (Pavlik, 2008). 

Current human activities and land uses in the desert regions that can promote the invasion of 

non-native species include utility and transmission line access roads; mining; illegal dumping; 

grazing; and OHV activities that disturb soils. Additionally, non-native invasive plants have been 

associated with altered fire regimes on military installations in the region (SERDP, 2011). 

 

Invasive plant species are common in desert wetland and riparian communities (approximately 

20% of the plant species in territory along the Mojave River are non-native) (Dudley, 2009). The 

most damaging and widespread invasive in desert riparian habitats is tamarisk (also referred to as 

salt cedar), which is common along the Mojave and Amargosa rivers in the Mojave Desert 

(Dudley, 2009; Pavlik, 2008) and along the lower Colorado River (Pavlik, 2008). Tamarisk is 

extremely drought tolerant and is capable of explosive reproduction, which provides it a 

competitive advantage over many native riparian species such as cottonwoods and willows. 

Dense stands of tamarisk can exacerbate overbank flooding and erosion. Additionally, tamarisk 

sends it roots down into the water table, resulting in the extreme loss of water resources for 

native riparian species, and a reduction of the diversity and abundance of native wildlife 

(Dudley, 2009). 

 

2.1.6 Species 

While they appear to be barren, the Colorado and Mojave Deserts are home to a wide variety of 

wildlife, most of which exhibit morphological, physiological, or behavioral adaptations that 

allow them to survive hot, arid conditions. Over 439 vertebrate species inhabit the Mojave at 

some point in their life cycle (including 252 species of birds, 101 mammals, 57 reptiles, 10 

amphibians, and 19 fish species), and over 481 vertebrate species inhabit the Colorado Desert at 

some point in their life (including 282 bird, 82 mammal, 66 reptile, 16 amphibian, and 35 fish 

species) (Randall et al., 2010; CDFG, 2011b). A major challenge for military installations has 

been to develop land management plans that protect the species inhabiting the installations while 

allowing for necessary missions and training activities. Of primary concern have been the 

sensitive and special status species that inhabit the installations (see Table 2.1 for installations 

where these endangered species may be found). This section describes several of these species as 

well as the impacts the military has had on the species. 
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Desert Tortoise (Gopherus agassizii) 

The Desert Tortoise, which ranges in size from 2 to 15 inches in length, may be found in the 

Mojave and Sonoran Deserts in southwestern Utah, southern Nevada, southeastern California, 

and western Arizona at elevations ranging from sea level to approximately 3,500 feet (NFWO, 

2011). The desert tortoise spends up to 95% of its life in underground burrows, which range from 

18 inches to over 8 feet in length. Spring and summer burrows are much more shallow compared 

to winter burrows, which are usually located 2-3 feet below the surface (NFWO, 2011). The 

desert tortoise inhabits a variety of habitats but commonly lives on flats and alluvial fans, where 

soils are suitable for den construction (Baxter, 1988; BLM, 2007). Because the desert tortoise 

derives most of its water from the plants it eats, access to water resources is not essential. They 

depend on shrubs for shade and protection from predators such as ravens and coyotes, and their 

diet generally consists of wildflowers, grasses, and cacti. In the most densely populated areas, 

there may be 1 tortoise per 2.5 acres. However, densities are typically closer to 1 tortoise per 100 

acres (NFWO, 2011). 

 

The desert tortoise was listed as ñthreatenedò under 

the California Endangered Species Act (CESA) in 

1989 and the Federal Endangered Species Act 

(FESA) in 1990 (BLM, 2007). The Bureau of Land 

Management (BLM) has since taken the lead role in 

tortoise habitat management, administering 

approximately 75% of the remaining high-quality 

desert tortoise habitat (Feller, 2011). The DoD and 

the military services have also actively participated 

in tortoise population management efforts. Primary 

threats to desert tortoises include lost, degraded, and 

fragmented habitat due to human activities (e.g., 

off-highway vehicles, military installation training, 

sheep and cattle grazing, and mining), and predation 

of young tortoises by ravens and coyotes. Additional 

threats include disease, fire, collection, poachers, mining, drought, and invasion of non-native 

grasses and weeds. Scientists suspect that there is not one threat that impacts tortoises more than 

another ï it is an accumulation of threats that takes a toll on the population (NFWO, 2011). 

 

Military Impact on the Desert Tortoise 

Desert tortoises have been identified on numerous military installations, including Edwards 

AFB, Nellis AFB, Chocolate Mtn. AGR, Fort Irwin, NAWS China Lake, MCAGCC Twentynine 

Palms, and MCLB Barstow (Duncan, 2011). The decline of desert tortoise populations has been 

a continual challenge on military installations, where air-to-ground bombing, tank maneuvers, 

and explosives testing all cause significant habitat disturbance. Resulting changes in plant 

communities can adversely affect the desert tortoises. Noise from vehicles, military aircraft, and 

explosions may also damage their hearing (USFWS, 2010a). Military installations are required to 

employ ecosystem management principles and DoD installations in the western Mojave Desert 

initiated and continued many conservation programs for the desert tortoise, including creating 

on-installation protected lands for desert tortoise habitation. Additionally, the DoD has 

conducted numerous research projects on disease, predation, head starting (shown on the 

Desert Tortoise 
Image courtesy of the Los Angeles Times 
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following page), and population monitoring and demographics, some of which have broad 

applications beyond military installation boundaries (Henen et al., 2011).  

 

 
Juvenile Hatchery at Edwards Tortoise Study Site (JHETSS) 
Image courtesy of Don Clark 

 

Mohave Ground Squirrel (Spermophilus mohavensis) 

The Mohave ground squirrel is found primarily in the western Mojave Desert. The species 

occupies desert scrub habitats in the eastern foothills of the Sierra Nevada up to 5,600 feet in 

elevation. Food resources and the existence of soils with good composition for burrow 

construction are the most important characteristics for ground squirrel habitats. Mohave ground 

squirrels often maintain several home burrows for use at night, as well as additional burrows 

used for temperature control and predator avoidance. Their burrows are typically constructed 

beneath large shrubs. In general, ground squirrel diet varies based on season and resource 

availability. However, it is primarily comprised of leaves and seeds from forbs and shrubs as 

well as the leaves, flowers, and seeds of annual wildflowers (Laabs, 2001).  

 

The Mohave ground squirrel was listed as ñthreatenedò 

under the CESA in 1998 but has been determined to not 

warrant a federal listing by the USFWS at this time. The 

primary threat to the Mohave ground squirrel is loss, 

degradation, and fragmentation of habitat. Causes of this 

degradation and fragmentation include urban/suburban 

development, off-highway vehicle use, agriculture, and 

livestock grazing. Military operations have also contributed 

to habitat degradation and fragmentation, especially in the 

area surrounding Fort Irwin. Additionally, energy 

development, including geothermal and solar energy 

development, has contributed to habitat loss for Mohave 

ground squirrel (Laabs, 2001).  

 

Military Impact on the Mohave Ground Squirrel 

Mohave ground squirrels have been detected on several military installations in the Mojave 

region, including Fort Irwin, Edwards AFB, and NAWS China Lake (Duncan, 2011). Fort Irwin 

training areas encompass over 350,000 acres of ground squirrel habitat (Stewart 2005). Military 

maneuvers have been associated with ground squirrel deaths both directly and indirectly. 

Mohave ground squirrel  
Image courtesy of Smithsonian 
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Additionally, fragmentation of ground squirrel habitat by military installations (e.g., Fort Irwin 

and NAWS) has been a subject of increasing concern for conservationists and government 

entities (i.e., the CDFG) (DMG, 2011). In an effort to mitigate the deleterious effects of 

installation vehicles and maneuvers, Edwards AFB has implemented an extensive ground 

squirrel monitoring program to document population distribution within the installation and has 

developed conservation plans for long-term protection of ground squirrel habitat (Leitner, 2008; 

DMG, 2011). Fort Irwin has also shown interest in conservation partnerships that will both 

protect ground squirrels and prevent future development encroachment that might restrict its 

training mission (Defenders of Wildlife, 2011). 

 

Desert Cymopterus (Cymopterus deserticola) 

Desert cymopterus is found in the western Mojave Desert within the BLMôs Western Mojave 

Plan Area. An early-spring flowering, herbaceous perennial in the carrot family, desert 

cymopterus sprouts purple flowers in a clustered globe at the end of each leafless stalk (Bagley, 

2011). The plant typically grows in the cool, moist weather conditions of winter and spring and 

flowers from March to early May. It then quickly dries out and goes dormant with the end of the 

rainy season and the onset of hotter summer weather around May. There is therefore a long 

period of dormancy when the plants are not visible above ground (Bagley, 2011). 

 

Desert cymopterus is known to occur in deep, 

loose, well-drained soils of alluvial fans and 

basins, often in stabilized low sand dunes or 

sandy slopes. It also occurs in Mojave creosote 

bush scrub, desert saltbush scrub, and Joshua tree 

woodland with scrub understory (Bagley, 2011). 

The plant generally inhabits elevations of 2,000 to 

3,000 feet. Threats to desert cymopterus are not 

well known but are thought to include sheep 

grazing and human land use disturbance activities 

(e.g. on and off-highway vehicles, urbanization, 

military operations, etc.) (Bagley, 2011). Desert 

cymopterus is currently designated as a Federal 

Species of Concern but the USFWS has 

determined that it does not warrant a FESA listing at this time. 

 

Military Impact on the Desert Cymopterus 

Desert Cymopterus has been identified at Edwards AFB, Fort Irwin, and NAWS China Lake 

(Duncan, 2011). Edwards AFB has taken the lead thus far in surveying desert cymopterus 

populations. Efforts to inventory the species on Edwards AFB have far exceeded off-base efforts. 

This is one explanation proposed for the skewed species population distribution ï approximately 

97% of reported desert cymopterus plants are known to occur on Edwards AFB, with 2% on 

private land and 1% on BLM land (Bagley, 2011).  

 

Barstow Woolly Sunflower (Eriophyllum mohavense) 

The Barstow woolly sunflower is endemic to the west-central portion of Californiaôs Mojave 

Desert, preferring sandy or rocky areas within chenopod scrub, Mojave desert scrub, and 

Desert cymopterus plant  
Image courtesy of Don Clark 
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creosote bush scrub. It also occurs on desert 

playas (NatureServe, 2010). Barstow woolly 

sunflower is very small (0.4-1.0 inch) and tends to 

be clumped together. Once the flower goes to fruit 

around the month of May, it can be very difficult 

to detect, which may impact population records 

and estimates (NatureServe, 2010). This was 

evidenced in 1993, when the U.S. Fish and 

Wildlife Service (USFWS) determined that the 

proposal to list Barstow woolly sunflower as 

endangered or threatened may have been 

appropriate, but sufficient data on biological 

vulnerability and threats were not available to 

support a proposed rule (DRECP, 2011a). 

 

Threats to Barstow woolly sunflower include energy development, grazing, off-road vehicle use, 

highway and road improvements and other human activities, such as urban development 

(NatureServe, 2010; CNPS, 2011).  

 

Military Impact on the Barstow Woolly Sunflower 

Barstow woolly sunflower has been identified on Edwards AFB. The Edwardôs AFB Integrated 

Natural Resources Management plan establishes conservation areas for the sunflower (Edwards 

AFB, 2008). 

 

Southwestern Willow Flycatcher (Empidonax traillii extimus) 

Southwestern willow flycatcher is generally found in southern California, southern Nevada, 

southern Utah, Arizona, New Mexico, and southwestern Colorado. The southwestern willow 

flycatcher is rare in the Mojave and Colorado Desert regions and is generally restricted to lower 

elevation riparian habitats occurring along streams or wetlands. However, it does show some 

adaptability to occupy riparian habitats composed of either native broadleaf species, a mix of 

native and exotic species, or solely exotic species (DRECP, 2011c). Their diets therefore 

generally consist of bees, wasps, flies, leaf hoppers, and beetles, but may vary according to 

territory and prey availability. 

 

The CDFG and USFWS listed the southwestern willow 

flycatcher as endangered in 1992 and 1995, respectively (OCWD, 

2008). The USFWS also designated approximately 120,824 acres 

of critical habitat in 2005, including some areas of the Mojave 

Desert (USFWS, 2005). The primary threat to the southwestern 

willow flycatcher is loss, modification, and fragmentation of 

riparian habitat, which the species requires. Habitat disturbance 

has facilitated brood parasitism by the brown-headed cowbird, 

which can contribute to nest failure. Anthropogenic disturbances 

have also facilitated the invasion of tamarisk into riparian 

habitats. Because tamarisk is highly flammable, it poses a threat 

to the speciesô habitat (USFWS, 2002). 

Southwestern Willow Flycatcher 
Image courtesy of Arizona Game and 

Fish Department 

Barstow Woolly Sunflower 
Image courtesy of Bureau of Land Management 
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Military Impact on the Southwestern Willow Flycatcher 

The southwestern willow flycatcher has not been identified on any of the military installations in 

the Mojave and Colorado Desert regions (Duncan, 2011). 

 

Nelsonôs Bighorn Sheep (Ovis canadensis nelsoni) 

Nelsonôs bighorn sheep (bighorn sheep) occurs in the 

desert mountain ranges of the Colorado and Mojave 

Deserts. Critical habitat has been designated for the 

Peninsular bighorn sheep, a distinct population segment 

in the Peninsular Ranges of southern California, and 

Nelsonôs bighorn sheep is fully protected within the 

western Mojave Planning Area (DRECP, 2011b). 

Bighorn sheep are generalist foragers and feed on a 

wide variety of plant species, and diet composition may 

vary with season and location (Wehausen, 2006). 

Although bighorn sheep have a large range, individual 

sub-populations may be widely scattered and discrete 

from one another. Bighorn sheep require specific habitat characteristics in terms of topography, 

visibility, forage resources, and water availability. They generally inhabit palm oases, desert 

riparian, desert scrub, pinyon-juniper woodland, and perennial grassland habitats (Zeiner et al. 

1990; Wehausen 2006). They do not migrate regionally, but bighorn sheep depend on local 

migration corridors between areas with adequate water, which they inhabit during the summer 

months, and alternative habitats, to which they venture in the cooler, wetter season (DRECP, 

2011b). 

 

A broad survey by the CDFG indicates a stable bighorn sheep population overall, but local 

populations have shown more variability with some in decline (DRECP, 2011b). Nelsonôs 

bighorn sheep are threatened by loss and fragmentation of important habitats as well as 

disruption of migration corridors, disease, drought, and other negative human interactions. 

Historically, disease contracted from domestic sheep has been a significant factor in population 

declines (Wehausen, 2006). Negative human interactions are also an increasing threat to 

Nelsonôs bighorn sheep populations. Urban development and fencing along highways cause 

habitat loss, fragmentation, and the disruption of local migration. These physical obstacles limit 

the potential for natural colonization of vacant areas and contribute to reduced genetic diversity 

(CDFG, 2010a). Additionally, on and off-road vehicle and aircraft activities (both military and 

non-mili tary) can affect bighorn behavior by disrupting foraging and use of important areas (e.g. 

water sources, lambing areas, and traditional migration corridors). 

 

Military Impact on Nelsonôs Bighorn Sheep 

The majority of bighorn sheep herds are located on military installations, especially NAWS 

China Lake and MCAGCC Twentynine Palms. Therefore, as urban and rural development, road 

construction, disease, and mining all pressure bighorn sheep populations, conservation and 

management plans on these installations are increasingly important to species survival (BLM, 

2005).  

 

Nelsonôs Bighorn Sheep 
Image courtesy of California Department of Fish 

and Game 
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Flat-tailed Horned Lizard  (Phrynosoma mcallii) 

The flat-tailed horned lizard is generally found south of the Coachella Valley into Baja 

California. Flat-tailed horned lizard ranges from Anza-Borrego Desert State Park in the west 

through the lower Colorado Desert in Arizona. The flat-tailed horned lizard has one of the most 

restricted ranges of all North American horned lizards. It inhabits the hottest, most barren areas 

of the Sonoran Desert, such as stabilized sand dunes and creosote bush scrub, and is found at 

elevations ranging from below sea level to approximately 820 feet above sea level. During the 

winter months (mid-October to mid-February), the flat-tailed horned lizard hibernates in burrows 

approximately 2-5 inches below the surface (DRECP, 2011d). It feeds almost exclusively on 

harvester ants but will eat small beetles, caterpillars, or termites if necessary (FTHL ICC 2003). 

 

There are three discrete populations of the flat-tailed 

horned lizard in California, which are located in the 

Coachella Valley, the west side of the Salton Sea, and the 

east side of the Imperial Valley (NatureServe, 2010). 

Major threats to the species include: agricultural 

development, urbanization, off-highway vehicle use, road 

construction, military activities, renewable energy 

development, cattle grazing, and other human activities 

that disturb the ground (FTHL ICC, 2003). The flat-tailed 

horned lizard has been proposed for listing by the USFWS 

on four separate occasions (1993, 2001, 2005, 2010) 

(USFWS, 2010). The USFWS withdrew the most recent proposal with the explanation that 

available data did not indicate that threats, as analyzed under FESA, will endanger the species in 

the foreseeable future in a significant portion of its habitat range (U.S. Federal Register, 2011). 

However, the USFWS has signed the Flat-Tailed Horned Lizard Rangewide Management 

Strategy (RMS) with the following State and Federal agencies: 

 

 BLM (California and Arizona State Offices),  

 Bureau of Reclamation (Lower Colorado Region),  

 Arizona Game and Fish Department,  

 California Department of Fish and Game, and  

 California Department of Parks and Recreation.  

 

The goal of the RMS is to provide guidance for the conservation and management of the habitat 

for flat-tailed horned lizards (FTHL ICC, 2003). 

 

Military Impact on the Flat-Tailed Horned Lizard 

Flat-Tailed Horned Lizards are found on NAF El Centro-administered ranges but are not known 

to inhabit any of the other Mojave or Colorado Desert military installations (FTHL ICC, 2003; 

Duncan, 2011). Flat-tailed horned lizards experience negative impacts primarily as a result of 

installation activities related to ground disturbance from off-road vehicles and other mission-

related activities. However, explosions and aircraft noise can cause deafness in lizards. 

Additionally, fires resulting from military activities (e.g., use of flares and bombing) can destroy 

lizard habitat (FTHL ICC, 2003). 

  

Flat-Tailed Horned Lizard 
Image courtesy of Endangered Species Law & 

Policy 
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Table 2.1 ï Military Installations On Which Select Special Status Species May Be Found 

 

Desert 

Tortoise 

Mohave 

Ground 

Squirrel  

Desert 

Cymopterus 

Barstow 

Woolly 

Sunflower 

Southwestern 

Willow 

Flycatcher 

Flat-Tailed 

Horned 

Lizard  

Edwards AFB X X X X None None 

MCAGCC 

Twentynine Palms 
X None None None None None 

Chocolate Mtn. AGR X Unknown None None None None 

Fort Irwin X X X None None None 

NAWS China Lake X X X None None None 

Nellis AFB X Unknown Unknown Unknown Unknown Unknown 

MCLB Barstow X None None None None None 

NAF El Centro None None None None None X 

Creech AFB None None None None None None 

Source: Duncan, 2011. 

 

2.2 Legal Regime governing Mojave and Colorado Deserts 

Given the demand for the use of Mojave and Colorado Desert resources, ownership patterns in 

the Mojave and Colorado deserts provide a blend of opportunities and challenges for 

stakeholders in the area. The Mojave Desert has the highest proportion of public ownership of 

any eco-region in North America, with approximately 85% of the land managed by Federal and 

State agencies (Randall et al., 2010). See Table 2.2 and Figure 2.3 for a breakdown of land 

ownership types. The BLM is the regionôs largest land manager, administering 46% of the 

Mojave Desert. The National Park Service (NPS) administers approximately 20% of the Mojave, 

including Death Valley National Park, Mojave National Preserve, Joshua Tree National Park, 

and Lake Mead National Recreation Area (Randall et al., 2010). The Department of Defense 

(DoD) manages approximately 12% of the Mojave, including Fort Irwin, NAWS China Lake, 

MCAGCC Twentynine Palms, MCLB Barstow, Edwards AFB, and Nellis AFB. Additional 

government entities managing Mojave lands include: 

 

 U.S. Department of Agriculture (USDA) Forest Service,  

 USFWS, 

 U.S. Department of the Interior (DOI),  

 California Department of Parks and Recreation (State Parks), and  

 California Department of Fish and Game (CDFG).  

 

In the United States, nearly 70% of the greater Sonoran Desert is owned by Federal or State 

agencies (Marshall et al., 2000). Similar management patterns can be found in the Colorado 

Desert, with BLM managing approximately 43.1% of the region and DoD lands accounting for 

7% of the region. The USFWS, NPS, CDFG and State Parks also manage Colorado Desert lands. 
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Table 2.2 ï Land Ownership in the Mojave and Colorado Deserts (thousand acres) 

 

Mojave Desert Colorado Desert 

 

CA NV 

 BLM  8,821 3,410 2,911 

National Park Service 5,205 539 363 

USFWS 6 850 52 

DoD 2,624 465 529 

Bureau of Reclamation 0 34 61 

US Forest Service 190 318 13 

Private 2,873 625 1,688 

NGO 27 0 23 

Other 310 262 948 

Note: Totals based on data from Protected Areas Database 2010, Conservation Biology Institute edition. 

 

 
Note: Totals based on data from Protected Areas Database 2010, Conservation Biology Institute edition. 

Figure 2.3 ï Land Ownership in the Mojave and Colorado Desert (thousands of acres) 

 

The primary Federal agencies managing desert lands include the BLM, USFWS, and NPS.  

 

BLM:  The BLM manages over 245 million acres of surface land in the United States, most of 

which is located in the 12 Western states. The BLM manages under a ñmultiple-use mission,ò 

which was set forth in the Federal Land Policy and Management Act of 1976 and mandates that 

the BLM manage public land resources for a variety of uses, including energy development, 

recreation, livestock grazing, and timber harvesting, while protecting the natural, cultural, and 

historical resources provided by the land. In order to develop management strategies for these 

lands, BLM coordinates with local, state and tribal governments as well as the public, and 

stakeholder groups (e.g., Non-Governmental Organizations (NGOs)) (BLM, 2011b). 

 

15,143 

6,107 

908 

3,618 

96 

521 

5,186 

51 1,520 Bureau of Land 

Management 

National Park Service 

US Fish and Wildlife 

Service 

Dept of Defense 

Bureau of Reclamation 

US Forest Service 

Private 

NGO 

Other 
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USFWS: The USFWS acts as the principal federal partner responsible for administering FESA. 

Therefore, it takes a leading role in coordinating with public and private landowners to recover 

and conserve species identified as threatened or endangered (USFWS, 2011). In the effort to 

conserve endangered species, USFWS is responsible for designating critical habitat. Once land is 

designated as such, activities involving a Federal permit, license, or funding, and are likely to 

adversely modify an area of critical habitat must be modified as seen fit and approved by the 

USFWS (USFWS, 2011a).  

 

NPS: The National Park service (NPS) has taken responsibility for the National Park System 

since 1916 and currently manages approximately 84,000,000 acres of land in the United States. 

The NPS mission, as signed by President Wilson in the Organic Act, is to ñconserve the scenery 

and the natural and historic objects and the wildlife therein and to provide for the enjoyment of 

the same in such manner and by such means as will leave them unimpaired for the enjoyment of 

future generationsò (NPS, 2010). 

 

DoD: The DoD has also taken an active role in Mojave and Colorado Desert management. For 

example, Edwards AFB manages over 300,000 acres of desert lands, most of which have only 

been partially grazed or farmed and supports a relatively healthy, undisturbed, and sizeable area 

of diverse plant and animal communities. But the impacts vary from installation to installation 

and also within each installation. At some installations, the land surface is heavily used for 

maneuver training, gunnery practice, and other activities that can have deleterious impacts on 

habitat over extensive areas. In other cases, the military uses their ranges for activities such as 

the testing of new aircraft, rocket engines, and weapon systems, which tend to have a much 

smaller impact on habitat or have an impact on a much smaller area of land (DOW, 2007). 

 

In many cases, the various managing governmental agencies coordinate through 

intergovernmental partnerships and conservation plans in order to achieve cohesive and 

appropriate land management strategies. Other groups, such as NGOs, have also taken an active 

role in the management of the region. For example, over 100 NGOs participated in the 

development of the West Mojave Plan (BLM, 2005). Active NGOs in the region include the 

Mojave Desert Land Trust, The Nature Conservancy, and California Partners in Flight. 

 

This section addresses notable conservation plans and legislation as well as major 

intergovernmental partnerships in the region. 

 

2.2.1 California Desert Conservation Area (CDCA) 

The CDCA is a 25 million acre expanse of land in southern California, which was designated by 

Congress in 1976 through the Federal Land Policy and Management Act. BLM manages 

approximately 10 million acres in the area, as shown by the yellow colored areas in Figure 2.4. 

Because of the landôs value and proximity to population centers, Congress required BLM to 

develop and implement a comprehensive plan for the management, use, development, and 

protection of the land that emphasized the concepts of multiple use, sustained yield, and 

maintenance of environmental quality (BLM, 2010c). 
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BLMôs management plan for the CDCA 

designates distinct multiple use classes 

for the area and establishes a framework 

to manage the resources within the 

different classes. Approximately 4 

million acres are ñClass Cò (controlled). 

These lands include 69 wilderness areas 

and are generally limited to non-

motorized means of transportation. 

Approximately 4 million acres are 

ñClass Lò (limited use), and are 

managed to protect sensitive and scenic 

ecological and cultural resources. Low-

intensity, controlled multiple uses may 

be allowed. Approximately 1.5 million 

acres are ñClass Mò (moderate use), and 

are managed to balance higher-intensity 

use (e.g. mining, livestock grazing, 

recreation, energy and utility 

development) and protection. 

Approximately 500,000 acres are ñClass 

Iò (intensive use) and are managed to 

meet human needs (BLM, 2010c). 

 

The DoD has also taken an active 

management role in the CDCA, as a 

number of installations are located in the 

area, including NAWS China Lake, Fort 

Irwin NTC, MCAGCC Twentynine Palms, Edwards AFB, and the Chocolate Mountains AGR. 

Other agencies managing land in the CDCA include the USDA Forest Service, NPS, USFWS, 

and California State Lands (BLM, 2006).  

 

2.2.2 California Desert Protection Act (CDPA) of 1994 

The CDPA of 1994 (Act) protects approximately 6.37 million acres of desert lands in southern 

California managed by the BLM, including the Mojave and Colorado Deserts. Passed with the 

goal of preserving the scenic, geologic, and wildlife values of the California desert, the Act 

designated nearly 3.5 million acres of BLM land as wilderness (Feinstein, 2011). The main 

establishments resulting from the Act include: 

 

 Death Valley National Park 

The Act abolished Death Valley National Monument (established in 1933) and 

incorporated its lands into a new, larger 3,372,800 acre Death Valley National Park, 

which is administered as part of the National Park System. A Death Valley National Park 

Advisory Commission was established to assist in the development and implementation 

of a management plan for the parkôs lands (USGPO, 1994) 

  

Figure 2.4 ï Land Ownership in the California 

Desert Conservation Area (BLM, 2006) 
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 Joshua Tree National Park 

The Act abolished Joshua Tree National Monument, established in 1936, and 

incorporated its lands into the 789,745 acre Joshua Tree National Park. A Joshua Tree 

National Park Advisory Commission was established to assist in the development and 

implementation of a management plan for the park (USGPO, 1994). 

 Mojave National Preserve 

The Act abolished the East Mojave National Scenic Area, designated in 1981, and 

incorporated its lands into the 1,534,819 acre Mojave National Preserve. Park lands were 

to be managed in accordance with National Park System laws, meaning that grazing was 

permitted at current levels and hunting, fishing, and trapping were permitted (USGPO, 

1994). 

 

Additionally, the Act required that Tribal groups have access to the lands designated under the 

Act for traditional cultural and religious purposes in recognition of their prior use of the lands for 

such purposes (USGPO, 1994). 

 

In 2009, Senator Feinstein of California presented the California Desert Protection Act of 2010 

to provide for the conservation, enhanced recreation opportunities, and development of 

renewable energy in the California Desert Conservation Area (PPF, 2011). The proposed Act 

was not passed in 2010 but was reintroduced in January of 2011 as the California Desert 

Protection Act of 2011 (CWC, 2011). The proposed legislation has been referred to the Senate 

Committee on Energy and Natural Resources (Library of Congress, 2011). 

 

The CDPA of 2011 would extend protection to 1.6 million acres of desert landscape in addition 

to the area already protected by CDPA of 1994, including: 

 

 Establishment of 2 new national monuments 

o Mojave Trails National Monument 
This Monument would consist of approximately 940,000 acres between Joshua 

Tree National Park and the Mojave Preserve managed by the BLM. Existing 

recreation as well as construction of transmission lines and development of 

renewable energy would be permitted. An advisory committee with local, state 

and Federal Government, conservation and recreation groups, and local Native 

American Tribes would develop a management plan for the Monument (USGPO, 

2011). 

o Sand to Snow National Monument  
This Monument would consist of over 130,000 acres of Federal land between 

Joshua Tree National Park and San Bernardino National Forest that would be 

jointly managed by the BLM and USDA Forest Service (USGPO, 2011). Figure 

2.5 depicts the proposed Sand to Snow National Monument boundaries and the 

surrounding area. 

 Designation of Wilderness (approximately 394,807 acres) (CWC, 2011) 

 Death Valley National Park expansion (approximately 41,000 acres) (USGPO, 2011) 

 Joshua Tree National Park expansion (approximately 2,900 acres) (USGPO, 2011) 

 Mojave National Preserve expansion (approximately 30,000 acres) (USGPO, 2011) 
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Figure 2.5 ï Proposed Sand to Snow National Monument, CDPA of 2011 (CCD, 2011) 

 

The proximity of the proposed CDPA protected lands to a number of military installations in the 

Mojave Desert, including Fort Irwin, MCAGCC Twentynine Palms, and NAWS China Lake, can 

be seen in Figure 2.6. 

 

 
Figure 2.6 ï Overview of Proposed Additions in CDPA of 2011 (CCD, 2011) 
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Additionally, the CDPA of 2011 would require Federal agencies managing the lands (e.g. BLM, 

DoD, and USFWS) to study the viability and potential environmental impacts of renewable 

energy development in the region (USGPO, 2011). 

 

2.2.2.1 DoD Involvement with the CDPA of 2011 

The DoD has been heavily involved in the congressional discussions surrounding this legislation. 

The bill incorporates many provisions that would protect military operations and renewable 

energy development interests. The CDPA of 2011 also proposes that 248,000 acres of land be 

designated as national park wilderness areas, much of which is located directly adjacent to 

military installations such as Fort Irwin and NAWS China Lake. The DoD has noted the 

importance of the legislation, given its commitment to developing renewable and alternative 

energy resources. However, while the DoD supports environmental protection and a strategic 

approach to energy and climate change, it has reminded Congress that ñsome conflicts may be 

unavoidable, and sustaining our ability to conduct our current and projected mission 

requirements must be our overriding considerationò (Robyn, 2010). 

 

2.2.3 West Mojave Plan 

The West Mojave Plan (Plan) is a multiple species habitat conservation plan (MSHCP) and 

CDCA Plan amendment. The goals of the Plan are to conserve sensitive plant and animal species 

(e.g. the desert tortoise and Mohave ground squirrel) and the communities on which they depend 

and to streamline the FESA permitting process (Haigh & Scott, 2004). Developed through a 

collaborative effort of BLM and 27 other Federal and State agencies, cities, and counties, the 

Plan applies to approximately 9.3 million acres of the western portion of the Mojave Desert in 

southern California (BLM, 2005; BLM, 2011). Key Plan participants in addition to BLM 

include: San Bernardino, Kern, and Inyo Counties, USFWS, CDFG, California Department of 

Transportation, and the DoD (Haigh & Scott, 2004).  

 

2.2.3.1 DoD Involvement with the West Mojave Plan 

The West Mojave Plan was designed to be consistent with the integrated natural resource 

management plans that have been adopted by the five installations in the planned area. Given the 

large military presence in the Plan area, the west Mojave Plan emphasizes the importance of 

coordinating with the installations, particularly with regard to species management (BLM, 2011). 

 

2.2.4 California Desert Renewable Energy Conservation Plan (DRECP) 

The goal of the DRECP is to provide binding, long-term endangered species permit assurances 

and facilitate renewable energy project review and approval processes. As shown in Figure 2.7, 

the DRECP covers an area of over 35,000 square miles (23 million acres) in southeastern 

California, spanning the regionôs deserts and adjacent areas. The DRECP Area is bounded by 

Baja California, Mexico to the south, Arizona and Nevada to the east, the Sierra Nevada and 

Tehachapi Mountain Ranges to the northwest, and the Peninsular and Transverse Mountain 

Ranges to the southwest. The DRECP has been designed to support the public lands and 

managed conservation areas already in place in the Plan Area.  
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The Renewable Energy Action Team 

(REAT) oversees the implementation of the 

DRECP. REAT consists of the California 

Natural Resources Agency, California 

Energy Commission (CEC), CDFG, BLM, 

and USFWS. The Team has developed a 

best practices manual, Best Management 

Practices and Guidance Manual: Desert 

Renewable Energy Projects, and is now in 

the process of developing three additional 

products (REAT, 2009): 

 

 Draft Conservation Strategy (which 

identifies and maps areas for 

renewable energy project 

development and areas intended for 

long-term natural resource 

conservation as a foundation), 

 Desert Renewable Energy 

Conservation Plan (a joint State and 

Federal Natural Communities 

Conservation Plan (NCCP) that will 

be part of other Habitat 

Conservation Plans), and 

 A joint State and Federal DRECP 

Environmental Impact 

Report/Environmental Impact Statement.  

 

2.2.5 Desert Managerôs Group 

The Desert Managerôs Group (DMG) has served the role of coordinating desert conservation, 

visitor services, public outreach, and public safety in the region since 1994. Initially, the DMG 

represented State and Federal land management, recreation, and wildlife agencies. In 2005, the 

Group also expanded to include participants from the desert counties (CDFG, 2011). Today the 

DMG consists of: 

 

 DoD (NAWS China Lake, Edwards AFB, NTC Fort Irwin, MCAGCC Twentynine 

Palms, MCLB Barstow, and Marine Corps Air Station Yuma), 

 DOI (Bureau of Indian Affairs, BLM, USFWS, National Park Service, and U.S. 

Geological Survey), 

 State of California (Department of Fish and Game, Department of Transportation, State 

Parks ï Colorado Desert Sector and Mojave Desert Sector), and 

 California State Counties (Kern County, Imperial County, and San Bernardino County) 

 USDA Forest Service (DMG, 2011) 

 

The DMG is an important region-wide forum for facilitation of conservation and cooperation in 

solving the conflicting demands for use of California desert lands. The Group has been involved 

Figure 2.7 ï Boundaries of DRECP Area 

(DRECP 2011) 
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in identifying research needs, conservation planning, restoration projects, and conservation 

programs. The DMG also helps secure funding for efforts once specific needs have been 

identified (CDFG, 2011). 

 

2.2.6 Nevada Wildlife  Action Plan 

Nevadaôs Comprehensive Wildlife Conservation Strategy, now known as the Wildlife Action 

Plan, is a roadmap designed by the Wildlife Action Plan Team at the Nevada Department of 

Wildlife. The goal of the Plan is to conserve the stateôs wildlife by sustaining healthy populations 

and preventing species from becoming threatened or endangered. The plan covers the entire state 

but effectively targets certain regions (such as the Mojave), because it focuses on the stateôs 

species of greatest conservation need as well as their key habitats (WAPT, 2006). Targeted 

wildlife includes 72 bird, 52 mammal, 34 fish, 2 mollusk, 7 amphibian, and 18 reptile species. 

The Plan also targets 27 habitats that have been determined as ñkey habitatsò for the species 

addressed. Because the Mojave Desert characterizes much of southern Nevada, its habitats and 

species are addressed in the Plan. Specifically, Mojave/Sonoran warm desert scrub, Mojave mid-

elevation mixed desert scrub, and Mojaveôs rivers and streams are included in the Planôs 27 key 

habitats (WAPT, 2006). 

 

2.2.7 Clark County Multi-Species Habitat Conservation Plan (MSHCP) 

Clark County, which contains the metropolitan area of Las Vegas, is 

the southern-most county in Nevada (see Figure 2.8). With a 

population of nearly 2 million living in close proximity to the delicate 

ecosystems of the Mojave Desert, Clark County faces various land 

management challenges (U.S. Census Bureau, 2011a). The Clark 

County Desert Conservation Program, which manages FESA 

compliance for non-Federal activities in Clark County, developed the 

Clark County MSHCP in response to these challenges. Its goal is to 

address the conservation needs of all biological resources in the 

County. The plan covers 79 species and their associated habitats, with 

an additional 103 species listed as ñEvaluation Speciesò and 51 

species listed as ñWatch List Speciesò (CCDCP, 2000). 

 

Additional conservation plans in the region include but are not limited 

to: The Desert Bird Conservation Plan; The Northern and Eastern 

Mojave Desert Management Plan; The Northern and Eastern 

Colorado Desert Coordinated Management Plan; The Lower 

Colorado River Multi-Species Conservation Program; and the Coachella Valley Multiple Species 

Habitat Conservation Plan. 

 

2.3 Land Use in the Mojave and Colorado Deserts 

The question of renewable energy development on military installations is bound in the context 

of the larger desert ecosystem and the numerous stakeholders competing for use of the 

ecosystemôs resources. Among these many interests are: 

  

Figure 2.8 ï Map of 

Clark County, 

Nevada (shaded 

purple) (BLM, 2011b) 
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 natural resource conservation, 

 recreation, 

 agriculture, and 

 urban development. 

 

This section will describe the land uses in the Mojave and Colorado Desert region as well as how 

these various uses interplay. In describing desert land use, the chapter will also portray how the 

installations have the power to both protect and degrade desert resources throughout the deserts. 

Because of their central role in desert resource management, the decisions made on each 

installation can affect the quality of natural resources throughout the deserts. 

 

2.3.1 Historic Land Use 

Evidence of human existence in the Mojave and Colorado Desert region extends back to the 

close of the Pleistocene, nearly 10,000 years ago. Evidence of human inhabitation has been 

found along the shorelines of pluvial lakes in the area. However, the size of these early human 

populations is thought to be minimal. It is likely that human predation and Holocene climate 

change caused the disappearance of large mammals (e.g., California lion, saber-toothed cat, dire 

wolf) from the area (USGS, 2009). 

 

Small numbers of Native Americans inhabited the Mojave and Colorado Desert region at the 

time of European arrival in the 1600s and 1700s. Tribes in the area included the Mojave, 

Halchidmoma, and Paiute tribes as well as the Cahuilla, Shoshone, and Serrano tribes (USGS, 

2009; NPS, 2011). When the Spanish arrived in the region in the 17
th
 century, the Mojave tribe 

represented the largest concentration of people in the Southwest (NPS, 2011). The Mojave and 

other tribes were typically organized into small, mobile clans that traveled between established 

summer and winter locations where water and food resources were available (Randall et al., 

2010). Natives of the Mojave and Colorado Deserts often practiced a dry farming method, 

relying on the regular overflow of the Colorado River to irrigate crops planted along the banks. 

These crops were supplemented with wild seeds and roots as well as game and fish from river 

systems in these deserts (NPS, 2011). 

 

The earliest European migration into the Mojave and Colorado Desert region began with Spanish 

explorers in the late 17
th
 century. Two early travel routes ï the Old Spanish Trail and the Mojave 

Road ï crossed portions of the current Mojave National Preserve and are suspected to have used 

older Indian trails connecting water sources (USGS, 2009). Although the Spanish arrived in the 

Mojave and Colorado Deserts in the 17
th
 century, most Europeans and Americans avoided 

settling in the inhospitable region until the mid-19
th
 century, viewing the land as an obstacle to 

cross in order to gaining access to more livable areas in western California. Jedediah Smith, who 

arrived in the region in 1826 while investigating a route from the Colorado River to San 

Bernardino, is thought to have been the first American to actively explore the Mojave (Pike, 

2005). However, settlers were still not drawn to the region until the discovery of gold in the mid-

19
th
 century.  

 

Following James Wilson Marshallôs discovery of gold in the Sierras in 1848, prospectors flocked 

to the Mojave Desert, and communities began to develop (CADC, 2005). The General Mining 

Law of 1872 further encouraged settlement in the region by allowing individuals to stake a claim 
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on an area of land where a mineral deposit was discovered (NPS, 2011). Miners flocked to the 

area to extract gold as well as silver, lead, copper, and iron, among other materials. During this 

period, a small number of ranchers, prompted by the Homestead Act of 1826, also settled in the 

region to graze cattle and sheep on public livestock allotments (Randall et al., 2010). Although 

most of the arable land in the western half of the US was occupied by the early 1900s, the 

momentum of the Homestead movement continued to draw settlers west. As a result, the dry 

Mojave and Colorado Desert lands were homesteaded in the early 1900s. Water demand proved 

to be a source of controversy between homesteaders and ranchers, both of whom depended on 

water resources for crops and livestock. The lack of water resources and other challenges, such 

as extreme temperatures, caused many farms and small homesteads to be abandoned. The 

abandoned small homestead cabins are still scattered throughout the desert, some of which are 

located on existing DoD lands (Feller, 2011).  

 

The military entered the region in 1850 and has had a strong presence in the region since (NPS, 

2011). The U.S. Armed Services operate a number of installations in the region and have taken 

an active role in land management strategies in both deserts. 

 

2.3.2 Timeline of Land Use Developments in Mojave and Colorado Eco-region 

 1604 ï Juan de Onate is the first European to meet the Mojave Indians while in search of 

the ñSouthern Seaò (the Gulf of California). 

 1774-1775 ï Juan Bautista de Anza expedition from Mexico to today's San Francisco 

passes through present-day Yuma, AZ and the Imperial valley 

 1826 ï Jedediah Smith explores the Mojave territory  

 1848 ï Discovery of gold in California 

 1850 ï California territory acquired by the United States 

 1862 ï Gold Rush substantially increased steamboat trade; Homestead Act opens public 

lands to ranchers and farmers 

 1877 ï First diversion of water for agricultural uses in the Palo Verde Valley in Blythe 

 1901 ï Completion of Alamo Canal to divert water for agricultural uses in the Imperial 

Valley, with additional expansions of diversions to agricultural areas in California and 

Arizona in 1909, 1913, 1927, 1948, 1957 

 1905 ï Breaching of temporary diversion structure, flooding of Salton Sink and 

subsequent creation of the present-day Salton Sea 

 1909-1966 ï Series of dams completed  

 1933 ï Muroc Lake Bombing and Gunnery Range (predecessor to Edwards AFB) 

established near Lancaster, CA 

 1935 ï Boulder (Hoover) Dam completed 

 1936 ï Desert National Wildlife Refuge established 

 1940 ï Fort Irwin established near Barstow, CA and Nellis AFB established northeast of 

Las Vegas, NV 

 1942 ï MCLB Barstow established near Barstow, CA (comprised of 3 sites), and 

Chocolate Mtn. AGR established 

 1943 ï NAWS China Lake established near Ridgecrest, CA and Creech AFB established 

northwest of Las Vegas, NV 

 1946 ï NAF El Centro commissioned in El Centro, CA as a Naval Air Station 
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 1946 ï BLM established by combining the U.S Grazing Service and the General Land 

Office. 

 1952 ï MCAGCC Twentynine Palms established in response to need for live-fire training 

site. 

 1994 ï Joshua Tree National Park, Mojave National Preserve established by the 

California Desert Protection Act. 

 

2.3.3 Current Land Uses and Impacts 

The military is one of an increasing number of the stakeholders vying for Mojave and Colorado 

Desert land and resources. This section addresses land use patterns in the Mojave and Colorado 

Deserts, including urban development, conservation, grazing, tribal reservations, mining, 

transportation, infrastructure development, and renewable energy development. 

 

Urban Development 

Approximately 6% of the region is used for urban development, including low-to-high intensity 

urban development, rural development, and open space associated with developed areas (e.g. 

golf courses, urban parks) (see red-highlighted regions in Figure 2.9) (DRECP, 2011). This 

development began with the establishment of mining settlements in the mid-19
th
 century. 

 

In 2000, an estimated 2.36 million people resided in the Mojave Desert eco-region, of which 

approximately one million resided in California. In 2009, the population estimate for the main 

population centers in the Western Mojave Desert was more than 500,000 people (U.S. Census 

Bureau, 2011). The single largest urban area within the Mojave Desert is Las Vegas, NV which 

lies in the northeastern section of the desert and has seen rapid population growth and geographic 

expansion in recent decades. With the addition of almost 600,000 residents to the Las Vegas 

metropolitan area between 2000 and 2010, the current population within the Mojave Desert eco-

region is likely near 3 million people (U.S. Census Bureau, 2011b). 

 

The main population areas in the Colorado Desert region tend to either border the Los Angeles 

metro area or are associated with the large-scale agricultural activities in the Imperial Valley (the 

pink-colored regions surrounding the Salton Sea in Figure 2.9). Although the Colorado Desert is 

significantly less urbanized than the Mojave and other surrounding deserts, the urban 

development and other human activities (e.g. agriculture) that have occurred in the Colorado 

Desert have substantially impacted the regionôs habitats and wildlife. Many of the Desertôs 

ecological communities, particularly aquatic and dune systems, are limited in distribution and 

separated by vast expanses of inhospitable desert terrain. Therefore, even limited human 

disturbances can have significant impacts on the endemic species supported by these habitats 

(CDFG, 2011).  
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Impacts of urban development include direct habitat loss, degradation, and fragmentation. Water 

use can also be a significant issue. Some of the most significant human-caused effects on the 

Colorado Desert region have resulted from water diversions and flood control measures along 

the Colorado River. These measures have altered the regionôs hydrology by redistributing the 

water supply to metropolitan coastal areas and large expanses of irrigated agriculture areas 

(CDFG, 2011). 

 

Table 2.3 ï Historical Population for 5 Major Counties of Mojave and Colorado Deserts 

Year Kern (CA)  
San Bernardino 

(CA) 

Riverside 

(CA) 

Imperial 

(CA) 

Clark 

County (NV) 
Total 

1990 543,477 1,418,380 1,170,413 109,303 741,459 3,983,032 

2000 661,645 1,709,434 1,545,387 142,361 1,375,765 5,434,592 

2010 839,631 2,035,210 2,189,641 174,528 1,951,269 7,190,279 

Source: U.S. Census Bureau, 1990, 2000, 2010. 

 

Conservation 

Despite agricultural and urban development in the region, many areas remain undeveloped as 

shown by the green, yellow, and black colored regions in Figure 2.9. As discussed earlier in this 

Figure 2.9 ï Habitat Distribution and Urban/Agricultural land use in the 

Californian Mojave and Colorado Deserts (CalPIF, 2009) 
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section, given the delicate ecosystems of the Colorado and Mojave Deserts, there have been 

extensive conservation efforts in the region both on and off-installation to preserve these 

undeveloped ecosystems and the wildlife inhabiting them. Primary conservation areas include: 

Death Valley National Park, Joshua Tree National Park, Mojave National Preserve, and the 

Desert National Wildlife Refuge (NWR).  

 

Water Resources 

Due to low levels of precipitation, Colorado and Mojave Desert inhabitants rely on intact 

watersheds and groundwater resources for adequate water supplies. Therefore, maintaining the 

integrity of watersheds is critical to the health of both the aquatic and terrestrial habitats in the 

region (Randall et al., 2010). Given the importance of these aquatic habitats, water resources 

such as the Salton Sea, Colorado River, and Mojave River are of special concern, particularly 

given the additional human demand for these resources (Thomas et al., 2004). While outside 

sources of water from northern California, northern Nevada, and the Colorado River are 

commonly used to sustain urban development, agriculture, and mining activities in the area, 

these resources are utilized only after regional resources have been depleted or are near 

depletion. Such depletion can have negative impacts on riparian habitat areas and the wildlife 

populations reliant on such water sources (Randall et al., 2010). Water diversions and 

groundwater pumping can also facilitate alterations that encourage the invasion of non-native 

plants that can withstand periods of drought (DRECP, 2011). 

 

Grazing 

Grazing was introduced to the Colorado and Mojave Deserts following the gold rush years in the 

mid-1800s and the Homestead Act of 1862. By the turn of the century, tens of thousands of cattle 

and sheep and smaller numbers of horses were grazing in the region (Pavlik, 2008). While 

livestock numbers have been declining since World War II, grazing still occurs on privately 

owned land and on several large grazing allotments located on BLM and U.S. Forest Service 

lands. Grazing animals in the desert include cattle, sheep, horses, and feral burros (Randall et al., 

2010). 

 

If unmanaged, grazing can alter the composition and productivity of native plant cover. 

Alterations include the introduction or facilitation of non-native species. When these vegetation 

communities are modified, there may be negative impacts on the regionôs terrestrial and aquatic 

wildlife species, many of which depend on relatively undisturbed conditions. The impact of 

livestock hooves can also damage the soil itself (in the form of soil compaction) and disturb 

desert pavement, which facilitates wind erosion (Randall et al., 2010). 

 

Farming/Agriculture  

Agriculture occurs on approximately 3% of the Mojave and Colorado Desert lands (DRECP, 

2011). Farming is primarily concentrated in three regions: the Imperial Valley (south of the 

Salton Sea), the Palo Verde Valley, and Antelope Valley (in the western Mojave) (see pink-

highlighted regions, Figure 2.9). Agriculture in all three areas provides important wintering and 

migration habitat for many bird species. However, agriculture has also introduced non-native 

species into the region and is responsible for habitat fragmentation and significant water 

diversion (DRECP, 2011).  
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Military  

Military presence in the Mojave and Colorado Deserts dates back to 1850, when military 

companies travelled west to newly annexed territory to survey and map a railroad route from 

Fort Smith, Arkansas to the Pacific Ocean (NPS, 2011). The DoD currently administers 

approximately 13% of the Mojave and Colorado Deserts (DRECP, 2011). Military installations 

in the area include: 

 

 Fort Irwin NTC (754,134 acres) 

 NAWS China Lake (1,108,956 acres) 

 NAF El Centro (56,289 acres) 

 MCAGCC Twentynine Palms (595,578 acres) 

 MCLB Barstow (6,176 acres) 

 Chocolate Mtn. AGR (463,623 acres) 

 Edwards AFB (308,123 acres) 

 Nellis AFB (14,000 acres) 

 Creech AFB (2,940 acres) 

 NTTR (2,919,890 acres)
7
 

 

 
Figure 2.10 ï Military Installations of the Mojave and Colorado Deserts 

 

                                                 

 
7
 Note: This acreage is split across the Mojave and Great Basin Deserts 
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Military training activities at southwestern installations include ground troop activities, tracked 

vehicles, bombing strikes and other explosives and Combined Armed Exercises (CAX). The 

resultant military training, maneuvers, and bombing practice can have impacts on desert 

ecosystem processes and inhabitants. For example, the effects of the original maneuvers 

conducted by General Patton almost 70 years ago are still visible as soil erosion, surface scarring 

and vegetation removal (Pavlik, 2008). There have been, and continue to be, efforts at Fort Irwin 

to translocate desert tortoises, which can also be affected by maneuvers. The Army is currently 

working with the USFWS to address challenges with the initiative such as the high level of 

desert tortoise mortality that has resulted from high predation by coyotes at the release sites 

(Pavlik, 2008; Randall et al., 2010).  

 

Alternately, military land use can also benefit desert ecosystems by restricting public access and 

buffering against encroaching developments (Randall et al., 2010). For example, more remote 

areas of Fort Irwin, Edwards AFB, and NAWS China Lake are some of the best representative 

habitats of the Mojave Desert region as a direct result of their limited land use over the last fifty 

years and inaccessibility to the general public (CDFG, 2011c).  

 

Tribal  

Tribal lands comprise approximately 0.6% of the Mojave and Colorado Deserts and are primarily 

concentrated along the Arizona border near the Colorado River (DRECP, 2011). Reservations 

are listed below: 

 

 Chemehuevi Reservation (29,209 acres) 

 Colorado River Reservation (40,300 acres) 

 Fort Independence Reservation (347 acres) 

 Fort Mojave Reservation (6,045 acres) 

 Fort Yuma (Quechan) Reservation (49,399 acres) 

 Lone Pine Reservation (230 acres) 

 Torres-Martinez Reservation ( 6,704 acres) 

 Twentynine Palms Reservation (402 acres). 

 

Mining 

Following the discovery of gold in the region in 1848, miners were some of the first non-Indian 

settlers in the region. Since then, mining has continued to impact the eco-region both directly and 

indirectly. Resources mined from the Mojave Desert include: borates, copper, lead, zinc, coal, 

calcite, tungsten, uranium, precious metals (e.g. gold and silver), gem quality non-metals, and 

building materials (e.g., sand, cinders, decorative rock, and gravel) (Randall et al., 2010). Many 

active mining operations and abandoned mines remain throughout the deserts.  

 

Mining impacts water resources because many operations require large amounts of water for 

processing. Additionally, miningôs surface disturbances may result in damage to desert soils, 

which in turn may result in wind erosion. Open-pit and abandoned mines also provide ideal 

disturbance conditions for invasion of non-native plants, and mining access roads may damage 

and fragment habitat. 

  



Solar Energy Development on DoD Installations in the Mojave & Colorado Deserts January 2012 

Geographic Setting  2-29 

Characterization  

Recreation 

Recreation represents a major land use in the Mojave and Colorado Deserts. For example, over 

1.25 million people visit Joshua Tree National Park and nearly 1 million people visit Death 

Valley National Park each year. Recreational activities in the area include backpacking, 

camping, hiking, horseback riding, rock hounding, and hunting. The environmental impacts of 

different recreational activities vary in severity. However, recreation has the potential to 

significantly affect desert ecosystems, as described in the discussion of off-highway vehicle 

(OHV) use, below.  

 

Off -Highway Vehicle Use 

OHV recreation has become an increasingly popular form of recreational land use in recent 

decades. OHV recreational areas in the Mojave include Dove Springs, Dumont Dunes, El 

Mirage, Jawbone Canyon, Johnson Valley, Rasor, Spangler Hills, and Stoddard Valley. Table 

2.4 shows the OHV recreation areas (including area acreage) in the Californian Mojave and 

Colorado Deserts. As mentioned above, Johnson Valley OHV recreational area has received 

significant attention, as the military is looking to acquire over 146,000 acres of the area for live-

fire exercises.  

 

Table 2.4 ï OHV Areas in the Californian Mojave and Colorado Deserts 

OHV Area Manager Location County Acreage 

Heber Dunes Cal State Parks W of Calexico, CA Imperial 343 

Ocotillo Wells Cal State Parks E of Ocotillo Wells, CA Imperial, San Diego 80,000 

Dove Springs BLM N of Mojave, CA Kern 5,000 

Jawbone Canyon BLM N of Mojave, CA Kern 7,000 

Dumont Dunes BLM N of Baker, CA San Bernardino 8,150 

El Mirage BLM NW of Adelanto, CA San Bernardino 24,000 

Johnson Valley BLM 
W of MCAGCC 

Twentynine Palms, CA 
San Bernardino 188,000 

Imperial Sand Dunes BLM E of Brawley, CA Imperial 118,000 

Plaster City BLM Plaster City, CA Imperial 41,000 

Superstition Mountain BLM W of Imperial, CA Imperial 13,000 

Spangler Hills BLM SE of Ridgecrest, CA Kern 57,000 

Rasor BLM SW of Baker, CA San Bernardino 22,500 

Stoddard Valley BLM S of Barstow San Bernardino 53,000 

Source: CSP, 2011; BLM, 2011c. 

 

OHV use can significantly impact desert ecosystem processes, especially where trails are dense 

and occupy a large portion of the landscape (Webb et al., 2009). Although many individual OHV 

trails may have low travel frequency, even minimal vehicular passes can cause significant 

surface disruption, including soil compaction, and alteration of soil composition. OHV travel off 

trails can result in the destruction of biological crusts, and desert pavement. All of these may lead 

to greater wind and water erosion and facilitate the invasion of non-native plant species (Webb et 

al., 2009; Randall et al., 2010). OHVs may also contribute to habitat loss and fragmentation, 

disruption of migration corridors, destruction of burrows, and mortality from collisions (Randall 

et al. 2010). Prior to 1980, almost all of the 12.1 million acres of BLM land in the desert was 
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open to various intensities of OHV use (Pavlik, 2008). Since the signing of the 1980 California 

Desert Conservation Area (CDCA) Plan, BLM lands have been classified as ñopen,ò ñlimited,ò 

or ñclosed,ò depending on the type and intensity of motorized vehicle use authorized for the area.  

 

Utilities, Infrastructure, and Transportation 

 

Transportation  

Paved and maintained dirt roads are among the most pervasive forms of anthropogenic 

disturbance in the Mojave and Colorado deserts, resulting in habitat loss and fragmentation as 

well as animal mortality and injury from vehicular collisions. Major transportation corridors in 

the Mojave Desert include Interstate 15 (Cajon Pass to Las Vegas), Interstate 40 (Barstow to 

Needles), and Highway 395 (Adelanto to the Owens Valley), Highway 58 (Mojave to Barstow), 

and Highway 14 (Palmdale to Highway 395). Fewer major transportation corridors exist in the 

Colorado Desert. Corridors include: Interstate 10 (Coachella Valley to Blythe), Interstate 8 (San 

Diego County to Yuma, AZ), Highways 86 and 111 (paralleling the Salton Sea to the El Centro 

area), and Highway 78 (Brawley to Blythe) (DRECP, 2011). 

 

Infrastructure and Utilities  

Industrial-scale electrical power plants generate electricity that 

is transmitted through transmissions lines, which extend across 

Mojave and Colorado deserts to urban centers. Increased 

development of utility-scale electrical generation plants in the 

desert requires additional transmission lines to distribute the 

electricity generated. These lines require construction of 

access roads, which may cause soil disruption, plant 

uprooting, habitat fragmentation, and other negative impacts 

[see transportation impacts, above] (Webb et al., 2009).  

 

Construction, operation, and maintenance of the transmission lines themselves may also cause 

habitat loss, degradation, and fragmentation (Randall et al., 2010). Additionally, transmission 

towers may serve as perching and nesting sites for ravens, providing ideal vantage points for 

hunting. The towers facilitate the ravensô capacity to prey on newly-hatched desert tortoises and 

other small animals (e.g. the flat-tailed horned lizards, fringe-toed lizards). Structures such as 

transmission lines, wind turbines, and power towers, also pose a direct threat to flying birds and 

bats from strikes and collisions. Routine maintenance and repair operations along transmission 

corridors can also result in collisions between wildlife and patrol and maintenance vehicles. 

Because many of these facilities are remote, utilities and infrastructure development are 

accompanied by associated infrastructure and access roads that facilitate public access to 

otherwise remote and relatively pristine areas (DRECP, 2011). 

 

Solar Energy Development 

Renewable power sources are increasingly gaining importance in the United States and 

particularly in California, where one third of the stateôs power will be required to come from 

renewable sources by 2020 (NPR, 2010). Because of the vast expanses of open land and valuable 

solar resources in the Mojave and Colorado Deserts, the development of renewable energy in the 

region has become a popular topic of debate. Projects, such as Terra-Genôs Alta Wind Energy 

High Voltage Power Lines 

Crossing the Mojave Desert 
Image courtesy of Associated Press 
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Center (AWEC), have already begun construction in the region. The AWEC Alta-Oak Creek 

Mojave Project will consist of over 300 wind turbines, ancillary facilities, and support 

infrastructure, generating up to 800 megawatts (MW) once completed (Terra-Gen, 2009). Solel 

Solar Systems, a solar company now owned by Siemens, is also developing the Mojave Solar 

Park on 6,000 acres of Mojave Desert lands. The Park will provide over 550 MW of solar power 

annually to Pacific Gas & Electric (PG&E), a major California utility, when complete (MSNBC, 

2007).  

 

Renewable energy development has also begun on military installations in the region. A 14-MW 

photovoltaic (PV) solar energy system at Nellis AFB saves approximately $1 million annually, 

and NAWS China Lake has been operating a 270-MW geothermal plant since 1987 (Carden, 

2010). The DoD is also researching the feasibility of installing additional renewable energy 

facilities at several sites in the Mojave and Colorado Deserts. 

 

While renewable energy projects in the region have the potential to generate significant amounts 

of energy, many stakeholders are concerned about the significant impacts these projects might 

have on the surrounding land and wildlife species. Vegetation removal and soil disturbance from 

grading, rainfall obstruction, accidental chemical discharges or leaks, and resulting increases in 

vehicle traffic are potential impacts that may occur due to solar development (Swartley, 2010). 

Further discussion of solar energy developments and their impact on the Mojave and Colorado 

Deserts can be found in the Solar Development Context Chapter. 
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3 Mission Compatibility  

 

3.1 Introduction  

Solar energy is diffuse and existing solar technologies require a substantial surface area to 

generate significant volumes of electricity. Solar developers need hundreds of square feet for 

kilowatt-scale solar development and many acres to site projects of the megawatt scale. The need 

for surface resources can bring solar development into conflict with other, higher priority uses 

for that same surface area. 

 

For both civilian and military site owners, an ideal solar project creates no interference with the 

primary use of the building or ground site that will host the project. The best site for a solar 

project is real estate where there is no other ñmissionò use, such as building rooftops; greenfield 

ground sites with no planned uses or competing needs; brownfields (such as capped landfills and 

remediated hazardous waste sites) that are otherwise in low demand; etc. If a proposed solar 

project begins to impinge upon the primary function of the building or ground site that it is 

proposed for, the solar project can, in some instances, be modified to eliminate the impingement. 

In other cases, mission activities can be modified, although site hosts justifiably expect that the 

solar projectôs real estate demands will be subordinate to their own. If the conflict cannot be 

resolved, the military mission will take priority over the solar project being built. 

 

The nine military installations covered by this report are key assets of the military services, used 

extensively for training, test and evaluation, and research and development. Their size and 

relatively remote locations offer the military the ability to train personnel and conduct research 

and development on technology in ways that would not be possible at other locations. The 

demands placed on the installations have increased in recent years because modern systems and 

platforms ï aircraft, missiles, sensors, etc. -- have effective ranges and impacts vastly larger than 

their predecessors from the 1940s, when most of the military installations in this study were 

established. Large areas are needed to test, evaluate and train with these systems, both to exploit 

their full capabilities, and to ensure that any risk of unanticipated incidents occurs over 

controlled ranges, rather than populated areas. 

 

Although the effective battlespace is growing, the militaryôs landholdings are not. Because it is 

unlikely that any new major military installations will be created in the region, the existing 

installations should be considered irreplaceable, and any degradation of their ability to perform 

their missions degrades both the near and long term capabilities of the military. The custodians 

of these installations are aware of these issues and are charged with maintaining their facilitiesô 

continuing ability to serve mission requirements. Any plan for large-scale solar development on 

these installations needs to acknowledge and start with that premise. 

 

This chapter reviews the various ways that solar projects and military mission activities can 

conflict. There are two broad categories of conflict: ñspectrumò issues, where the conflict 

between solar technology and military activities occurs through interactions in the radio 

frequency, infrared or visual spectra; and ñphysicalò issues, where the conflict arises due to the 

potential of hazardous or destructive interaction between military vehicles, ordnance and other 

hardware on the one hand, and solar technology on the other. While a number of conflict types 
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can be identified (and are further described below), it can be said that the subject of solarôs 

mission compatibility has not been thoroughly studied. Thus, military installation staffs have to 

make decisions about solar development, in some cases, without solid scientific and engineering 

criteria but with a natural caution about any possible mission conflict.  

 

Because the military installations support the complex scope of the Nationôs military activities, 

the range of interactions between their activities and solar development is also complex and 

wide-ranging. Certain issues are more prevalent on some installations, while others are present at 

all of the installations. Some conflicts can be mitigated, while others cannot. It is also important 

to note that each installation is home to a diversity of activities, so that while mission conflicts 

may exclude solar development from active range areas, other areas of the installation may be 

free of mission conflicts. 

 

There are no simple rules that can guide the identification of potential conflicts nor are there 

simple methods for conflict mitigation. Each proposed facility needs to be evaluated in the 

context of its specific location and the mission activities occurring there. 

 

As discussed in greater detail in the Solar Potential Assessment chapter, mission incompatibility 

precludes solar development on the vast majority of the land area of the nine military 

installations covered by this study. The basis for this observation relates to the assumption that 

solar development should only be permitted on military installation range lands if the 

incompatibility issues can be resolved and ranges can continue their mission at 100% of their 

current operational tempo and training, test and evaluation output, and with sufficient allowance 

for future uses of the ranges. Future research may determine that some of this acreage can in fact 

be opened to solar development without diminishing the Nationôs military capabilities. But it is 

also possible that in this case, as in so many others, that solar development cannot be permitted 

because it conflicts with the primary use of seemingly barren but exceedingly valuable real 

estate. 

 

3.2 Overview of Mission Compatibility Issues 

The need to train as they fight is fundamental to the U.S. armed forces. The nine military 

installations and range areas considered by this study are some of our most valued U.S. military 

assets, providing contiguous, unencumbered space to replicate, as closely as possible the 

operational environment of an assigned mission. These installations and ranges are considered 

critical to maintaining the readiness and mission effectiveness of the DoD and must be available 

when and where needed with the capabilities to support current and future military mission 

requirements.  

 

Access to military installations, ranges, operating areas, and other lands, seaspace, airspace, and 

frequency spectrum is essential to providing the realistic training and testing environments to 

prepare soldiers, sailors, airmen, and Marines, and their associated equipment for the diverse 

peacetime and wartime missions they are called upon to support around the globe. These training 

and testing resources are being increasingly challenged by external factors that inhibit the ability 

of the military to use its installations, ranges, airspace, and other operating areas (DoD, 2010). 
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The DoD faces incompatibility and encroachment challenges that impact its ability to conduct 

military readiness activities, generally falling within three categories: competition for resources 

(e.g., access to land, water, airspace, and frequency spectrum); development on or near military 

training areas; and environmental enforcement and compliance issues. This chapter will 

specifically discuss the potential conflicts between the military mission and solar development at 

each of the nine installations considered by this study.  

 

3.3 Mission Compatibility  Challenges 

The interaction between solar technology and mission activities can present challenges in four 

distinct categories: Sensitivity; Activity; Access; and, Environs and Shared-Use Space. 

 

Table 3.1 ï Mission Compatibility Challenges 

1. Sensitivity  
The classification level of mission activities in these areas forbids any solar 

development, without exception. 

2. Activity  
The military activities performed in these areas severely limit any solar 

development or limit periodic operations and maintenance access. 

3. Access 
Military activities may require periodic access through an area or corridor for 

transit purposes, and thereby conflict with solar development. 

4. Environs and Shared-

Use Space 

Certain areas may potentially be host to solar projects, but could be limited by 

mission activities in adjacent areas. 

 

The remainder of this chapter is organized by examining mission compatibility issues and 

conflicts related to these four challenges. Where possible, this analysis will also include a 

breakdown by installation or range, within the limitations of the Unclassified sensitivity level of 

this report and dependant on the data made available by Service and installation representatives. 

 

3.4 Sensitivity 

Limitations and exclusions to solar development due to sensitivity of an area is the simplest 

exclusion to understand. These are areas that have been placed ñoff limitsò due to the security 

classification assigned by the DoD and enforced by the installation or range commander. 

Prohibited areas and prohibited airspace are examples of this exclusion. Such areas are 

established for security or other reasons associated with the national welfare, and these areas are 

published in the Federal Register and are depicted on aeronautical charts (Federal Aviation 

Administration (FAA), 2010). Another example is a restricted-access test area.  

 

Several of the installations considered in this study, such as Nellis AFB, Edwards AFB and 

NAWS China Lake, host security-sensitive areas. These areas were eliminated from further 

consideration during the suitability reviews conducted with the representatives from each 

installation.  

 

3.5 Activity  

Potential direct conflicts between military activities and on-installation solar energy development 

are the primary limiting factor for locating solar energy facilities on the military installations 

analyzed in this study. The issues of these activity-related conflicts can best be examined in two 

broad categories, Spectrum and Physical. Section 3.5.1 will examine some of the known 
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technical and spectrum issues related to solar technology and the military mission and the 

possible mitigation to resolve mission incompatibilities. 

 

3.5.1 Technical and Spectrum Mission Conflict 

Military operations rely heavily on equipment using the limited resources of the electro-magnetic 

(EM) spectrum. Efficient use and control of the EM spectrum is critical to national security in 

terms of Information Operations (IO), combat operations, and command and control warfare 

(C2W) (Chairman, Joint Chiefs of Staff, 2000). The rapid growth of sophisticated weapons 

systems, sensors, and intelligence and communications systems greatly increases the demands 

for slices of the EM spectrum. This section will discuss the EM spectrum in depth, outlining the 

uses and conflicts between solar energy technologies and military operations. 

 

The EM spectrum is the range of all possible frequencies of electromagnetic radiation.
 
The "EM 

spectrum" of an object is the characteristic distribution of electromagnetic radiation emitted or 

absorbed by that particular object. Generally, EM radiation is classified by wavelength into radio 

wave, microwave, infrared, the visible region perceived as light, ultraviolet, X-rays and gamma 

rays. Figure 3.1 shows the EM spectrum. 

 

 
Figure 3.1 ï Electromagnetic Spectrum (LCSE, 2011) 

 

3.5.1.1 Solar Energy Systems and the EM Spectrum 

Solar energy systems harvest solar energy primarily in the visible light portion of the EM 

spectrum. Solar arrays may be stationary linear arrays, tilted to maximize the collection of solar 

energy averaged throughout the day, or they may be tracking arrays that follow the sun. To 

increase the efficiency of the system, manufacturers strive to maximize the transmission of light 
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to the array through the use of very low reflectivity glass or coatings. These glass compounds 

and coatings typically are very effective in the visible spectrum, but also may be highly reflective 

in portions of the infrared (IR) spectrum. 

 

Concentrating solar thermal systems also harvest solar radiation in the visible light spectrum, but 

convert the energy to heat to drive electro-mechanical systems to generate electricity. The 

collection and concentration of the energy varies by type of system, but generally relies on a 

highly reflective sun tracking mirror system focusing the visible light energy onto a receiver. At 

the receiver the energy is absorbed and converted to heat by a ceramic or metallic heat exchanger 

where it is transferred to a working fluid. These receivers heat to 500° F - 1100° F, and lose 

some of that energy to emissions across the IR band, with the peak emissions range from 5.5 ɛm 

to 3 ɛm. In commercial solar thermal power plants, some of the solar thermal energy absorbed 

by the receiver is not converted into electricity and must be rejected to the environment. This 

rejected energy will take the form of a thermal plume and is also emissive in the IR spectrum, 

with peak emissivity around 8 ɛm at the source and extending to longer wavelengths as it cools 

and mixes with the ambient air (Kearney and Associates, 1992). 

 

Solar thermal plants requiring manned operation can also be expected to be lit , though the light 

footprint can be minimized by adhering to the Illuminating Engineering Society of North 

America (IESNA) LZ1 protocol for lighting (State of California, 2008). Concentrating Solar 

Power (CSP) systems with towers exceeding 200 feet in height must be lit in accordance with 

Federal Aviation Administration (FAA) regulations (FAA, 2000).  

 

Radiofrequency (RF) emissions from solar facilities fall into two primary categories, intentional 

and unintentional. Intentional RF emissions from a large-scale solar facility encompass RF 

controllers and telemetry equipment used to control the arrays and other communication 

electronics. Unintentional RF emission sources are those from generators, DC-AC inverters, and 

array control motors and power transmission equipment, including any substations and high-

tension power lines associated with the solar facility. The effects these contributors have on the 

RF background environment vary depending on the location and the specific piece of emitting 

equipment (Welsh, 2011). Intentional RF emissions can be mitigated somewhat through the use 

of RF frequency management or other methods such as fiber optic cable control of PV arrays and 

other equipment (U.S. Navy, 2010). Unintentional RF emissions can be mitigated by shielding, 

cancellation, filtering and suppression.  

 

3.5.1.2 Military Uses of the EM spectrum 

The military is a heavy user of the EM spectrum for a wide variety of uses. For the purposes of 

this study, one can classify the uses by systems function and EM operating band. The three 

principal systems functions are Sensors, Weapons, and Communications. Sensors are used to 

sample the surrounding environment and enable a wide range of target detection, navigation, 

ranging, and measurement. Weapons systems include the guidance and fusing of explosive 

devices and projectiles, directed energy systems, and electronic systems that deny portions of the 

EM spectrum to enemies and/or create deception within enemy Command and Control systems. 

Communications systems include any form of data transmission from simple light signals to 

complex data links. Table 3.2 lists function and band of military EM spectrum use. 
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Table 3.2 ï Function and Band of Military EM Spectrum Use 

Spectrum Sensors Weapons Communications 

UV Threat Warning Missile Guidance Data Link 

Visible Optical, Telescopic 

sights, Night Vision 

Devices (NVD), 

Electro-Optical imaging, 

precision tracking 

Aiming and Guidance, 

Fuzing 

Light signals, 

Navigation lights 

IR  Threat warning, NVD, 

IR Imaging, Laser 

warning, Laser ranging, 

Precision tracking 

Active and passive 

Laser guidance, IR 

passive guidance, Laser 

Proximity fuzing, High 

Power Laser 

IR beacons, Modulated 

Laser Data link, voice 

Radio Threat Warning, 

Electronic Support, 

Radar, IFF, GPS, 

Navigation, Telemetry, 

Precision measurement 

High Power Microwave 

(HPM), Electronic 

Attack (Jammers), Anti-

Radiation Missiles, 

Radar and Radio guided 

Missiles, Proximity 

Fuzing 

AM, FM, HF Voice, 

Data Link, SATCOM, 

Telemetry, UAS Control 

 

3.5.1.3 Conflicts across the EM Spectrum 

The properties of large-scale solar infrastructure can conflict with military use of the EM 

spectrum in many ways. The magnitude and mitigation of the conflict is highly dependent upon 

the use of the particular range and the placement of the infrastructure relative to the sensor, 

weapon, or communication equipment in use by the military. There is also variability of the 

potential impacts between the test community and the operational forces due to the nature of 

their missions. In the following sections, the physical and operational conflicts will be detailed, 

along with generic recommendations on how to negate or mitigate the effects. Each factor will be 

cross-referenced to a scientific study, military reference, or Subject Matter Expert opinion. 

 

3.5.1.4 Conflicts in the Visible Spectrum 

Solar energy technologyôs effects in the visible spectrum are characterized as glint, the 

momentary flash of a reflection, and glare, a more prolonged reflection of the sun. Each can 

cause potentially serious interference with aircraft and ground vehicle operation, air traffic 

control, and other activities requiring visual reference. Reflection from the sun and moon can 

cause glint and glare, with the latterôs effect on night vision devices. Studies of glint and glare 

for both CSP and PV have been completed (Ho, Clifford, Ghanbari, Cheryl, Diver, & Richard, 

2009) (USAF, 2011).  

 

CSP systems employ highly reflective mirrors to concentrate the sunôs light and heat and 

therefore are more capable of producing potentially harmful or disruptive glint and glare than PV 

systems. However, the dangers to the unprotected eye from CSP systems are limited to exposures 

within one focal length of the concentrating mirrors, typically tens of meters (Ho, Clifford, 

Ghanbari, Cheryl, Diver, & Richard, 2009). One study found that moderate or severe glint 

extends out to ranges of three miles from a CSP Trough type system (Blow, 2010).  
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PV systems are far less problematic and have already been deployed close to or on airfields, 

including a system on the southern approach corridor to Nellis AFB. The following description is 

from the Nellis AFB Solar Energy Final Environmental Impact Assessment (USAF, 2011): 

 

ñThe results of the study indicated that under the worst case scenario, there would be a slight 

potential for an afterimage or flash glare resulting from reflected direct sunlight. This 

afterimage or flash glare is similar to the potential for flash glare due to water and less than that 

due to weathered, white concrete and snow. Since this represented the worst case scenario, it 

would be expected that pilots would typically mitigate glare using glare shields and sunglasses; 

these typically reduce radiation by approximately 80 percent and would make any reflected 

sunlight from solar panels insignificant. 

 

A review of FAA Regulations and completed studies determined that there are no regulations 

associated with reflected sunlight around airports. A study completed by the California 

Department of Transportation, Division of Aeronautics at the Southern California Logistics 

Airport in Victorville, found no objection to a proposed solar PV system based on aircraft 

operational safety. (State of California 2008b) Further, Denver International Airport, San 

Francisco International Airport, Fresno International Airport, San Jose International Airport, 

Buckley Air Force Base, and Luke Air Force Base all have solar panels in proximity to active 

runways. 

 

The proposed PV system would not alter Nellis AFB land uses and would be a passive system 

that would not impact land use on adjacent properties. Solar panels are designed to absorb solar 

radiation; therefore, flat plate panels have little reflectivity. Because the land use change would 

be consistent with Nellis AFB land use plans, and the operation of the PV system would not 

cause a substantial increase in solar radiation reflectivity (compared to sparsely vegetated 

desert soils and weathered, white concrete currently present at the site), there would not be a 

significant impact on land use. Reflectivity of the metal stands and frames would be further 

subdued, if necessary, by painting the frames with a paint with low reflective properties.ò 

 

Mitigation  

The effects of glint and glare have the potential to deny airspace and impact mission 

performance and safety. Future development of CSP should be carefully planned as to not create 

safety hazards or deny training or test areas due to the effects of glint and glare. The effects of 

glint and glare are best mitigated by distance, and CSP systems should not be placed close to 

airfields or Landing Zones (LZ). Once developed, military operations should avoid over-flight 

within 3000 feet of CSP systems (Ho, Clifford, Ghanbari, Cheryl, Diver, & Richard, 2009). 

Trough concentrators at Kramer Junction, located on the southern border of Restricted Area 2508 

(R-2508 )
8
and away from low-level training and test areas, have operated for 20 years with no 

complaints of glare from Edwards Range Operations or General Aviation (Ho, Clifford, 

Ghanbari, Cheryl, Diver, & Richard, 2009). 

                                                 

 
8
 The R-2508 Complex includes all the airspace and associated land presently used and managed by the three 

principal military activities in the Upper Mojave Desert region, Air Force Flight Test Center, Edwards AFB; 

National Training Center, Fort Irwin; and Naval Air Weapons Station China Lake. (NAWC, 2011). 
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The experiences of Nellis AFB and other on-airport applications show PV solar to be compatible 

with visual operations such as flight operations and air traffic control.  

 

System: Night Vision Devices (NVD) 

Light pollution and encroachment is identified as a standing threat to military training ranges, 

and solar infrastructure sites can be problematic for ground and air operations using night vision 

devices (NVD) (State of California, 2008) (Urban Land Institute (ULI), 2006). NVDôs amplify 

ambient light many thousand-fold and produce a representative scene to the viewer through a 

phosphorous ocular device. The amplification, or gain, of the device constantly and rapidly 

adjusts automatically in response to the amount of light sensed by the system. The visual acuity 

of the NVDs is affected in large part by the signal to noise ratio (S/N) of the scene within the 

field of view. The desired sceneôs light is the ñsignalò, while extraneous light and internal 

artifacts of amplification are the ñnoise.ò In cases of moonlight glare or glint from a solar 

collector, the gain of the NVD will rapidly adjust downward during the event in response to an 

increase in received light. The effect is a momentary loss in the case of glint, or prolonged loss in 

the case of glare, of visual acuity as the remainder of the desired scene, the signal, is lost due to 

under-amplification. From the userôs perspective, glint and glare will be unpredictable in nature. 

 

The effects of the intentional lighting of solar infrastructure are much more readily identifiable 

and predictable. Lighting in and among other existing facility lighting will be indistinguishable 

from pre-existing lighting if it conforms to Dark Skies guidelines (State of California, 2008). The 

gains of the NVD system are already low in areas of facility lighting, and the scene is uniformly 

bright, so the added effect of the solar infrastructure is negligible. NVD operations, especially 

those of aviation, plan for this cultural lighting. Aviation units will typically avoid low-level 

over-flight of well-lit areas knowing there will be a decrease in their ability to see terrain and 

obstructions. When isolated in undeveloped areas currently free of artificial lighting, however, 

the effects of light will be much more disruptive. In low light conditions the NVDs operate at a 

very high gain to render the terrain visible. Any artificial light, no matter how Dark Skies 

compliant, will appear exceptionally bright to the NVDs. The effect will again be a loss in detail 

available to the wearer. For ground operations, vehicle drivers will need to slow their vehicles 

while accepting a higher chance of collision. Aviators must change course to remove the 

offending light from their field of view (FOV) or elevate sufficiently to remove the possibility of 

hitting the ground, known in aviation as controlled flight into terrain. 

 

Mitigation  

The encroachment of light onto the training ranges threatens to deny US forces the ability to train 

effectively in night tactics. Lighted facilities are incompatible with all of the Western training 

ranges except lit cantonment areas. All lighted facilities should be in strict compliance with dark 

skies lighting protocols. In the event that temporary lighting is required for construction or repair 

of normally dark facilities, coordination with the range operations and scheduling personnel is 

required to minimize operational conflicts.  

 

System: Optical Telescopic Sights and Trackers 

Optical telescopic sights and trackers are used extensively for test and evaluation, threat 

simulation, target scoring, and range safety. Thermal plumes from concentrating solar plants will 
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create a difficult environment for optical trackers and telescopic sights in the visible spectrum. 

When air parcels of dissimilar densities mix in a rapidly rising and turbulent column of hot air, 

light rays are distorted, creating blurring, shimmer, mirages, and reductions in the resolution and 

accuracy of optical systems. Unlike the transient nature of optical distortions brought about by 

solar heating of the desert floor, the turbulent flow of air from a CSP trough or tower facilityôs 

cooling tower(s) would be a permanent obstacle during the operation of a CSP facility. The 

turbulent air created by any cooling towers would be bent by the winds aloft and carried 

downwind a considerable distance before dissipating (U.S. Navy, 2010).  

 

Mitigation 

The test community would be most severely impacted by the thermal plume of an on-installation 

cooling system. Construction of CSP on or along the western (generally upwind) borders of the 

NAWS China Lake and Edwards AFB test ranges would degrade the pristine test environment 

required by the hosted test activities. Threat simulation activities at the Nevada Test and Training 

Range (NTTR) might also be negatively affected. Placing CSP facilities and their associated 

cooling towers on the leeward side of these installations, and well away from test and target 

ranges involving ground based trackers or air-to-ground optical sensor testing, is the only way to 

ensure compatibility. Because the ranges within the other installations considered by this study 

do not support the same level of test and evaluation operations, these negative effects are not 

expected to impact the other ranges considered in this study to any appreciable degree. 

 

3.5.1.5 Conflicts in the IR Spectrum 

Solar thermal plants have a large IR signature across the bands used in military operations. Glass 

PV panels and the mirrors of CSP plants will reflect IR lasers used in ground and airborne 

operations. Thermal solar plants will exhibit a strong signature in the long and mid wave bands 

used by IR imaging devices, and solar towers, due to their large, very high temperature collector, 

will emit strongly in the 2-5 ɛm band used by IR tracking missiles. Linear trough collector 

systems, with peak irradiance at 5.5 ɛm, will be weaker in the 2-5 micron range due to their 

lower collector temperature, but their large angular size may prove problematic. CSPôs thermal 

plume, discussed above, creates shimmer and optical haze in the long wave IR regions and is 

particularly problematic for the test communities sharing R-2508 and the NTTR. 

 

System: Imaging IR  

IR Imagers, such as Forward Looking IR (FLIR) systems used for target acquisition, tracking, 

and weapon designation and guidance can be found on ground vehicles, rotary-winged aircraft, 

fixed-winged aircraft, unmanned aerial vehicles (UAVs), and test and target range infrastructure. 

These sensors give the military the ability to ñseeò in darkness by operating in the mid-wave (3-8 

ɛm) or long wave (8-10 ɛm) region and collecting the radiated heat of an object to form an 

image. One negative characteristic of the current generation of IR sensors is their limited 

dynamic range. That is, the sensor cannot render a clear image of both a bright and dim IR 

source at the same time. The strong IR signals generated by objects much hotter than their 

background overwhelm the sensor, washing out the image of objects much closer to background 

temperature. An example of the effect is the white out image that results on a previously clear IR 

video after a bomb detonates. Thermal plumes also affect these sensors, degrading IR system 

performance by introducing shimmer and some obscuration of the target and affecting the 

resolution and contrast of the image. 
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The dominant effects of potential CSP IR signals on IR imaging sensors will only be problematic 

when the CSP is in the same FOV as the intended point or object of interest. The ability of the IR 

system to cope with the unwanted IR energy from CSP systems will also vary with the 

percentage of FOV subtended by the CSP and the properties of the particular system in use. 

Generally, if the IR image of the CSP takes up a smaller percentage of the IR imager (longer 

distances and wider FOVôs) the operator will be able to tune the IR system to see the temperature 

ranges of interest. This adjustment takes time, practice and experience. 

 

Mitigation  

IR clutter threatens to deny the military operator use of a critical portion of the EM spectrum. IR 

clutter of all types must be kept clear of all target areas, as interference in this band significantly 

degrades training and test activities. As discussed in the optical mitigation paragraph, IR plumes 

can be mitigated by placing CSP facilities on the leeward side of installations and well away 

from IR optical devices. The Joint Mission Planning Suite (JUMPS) can be used to model 

current air tactics and sensor FOV to evaluate proposed sites for IR interference.  

 

System: Imaging IR Trackers 

Many IR imaging systems utilize automatic tracking systems to ease the operatorôs workload. 

Automatic tracking systems are especially important to airborne systems, where aircrew 

workload is already very high. Auto trackers work by comparing the IR picture frame by frame 

(scene trackers) or by tracking a very narrow portion of the IR picture by signal strength (gate 

trackers) and adjusting the system orientation appropriately. Inadvertent IR overload, such as that 

of the IR energy emitted by a CSP facility, increases the risk that auto-trackers will lose track of 

the object of interest.  

 

Mitigation 

As discussed in the Imaging IR section, the effects of competing IR signals can be mitigated by 

distance and careful placement of CSP facilities away from weapons and test ranges. Interference 

of this type is more benign in training environments not involving weapons targeting or 

guidance.  

 

System: Airborne IR Search and Track 

IR Search and Tracking Systems (IRST) are a class of IR sensor used for passive searching and 

tracking of airborne targets. IRST devices typically work in narrow slices of the IR spectrum, 

which aids in rejection of clutter from the IR signature of the ground and clouds. The hot metal 

of a CSP facility mimics the hot metal of an aircraft engine and will be visible to IRSTs as a false 

target. The range, capabilities, and exact spectral windows of the IRST are classified, however it 

is a safe assumption that the angular size and energy emitted by the CSP fields is greater than 

that of the intended targets (fighter sized aircraft) and therefore will be visible at ranges greater 

than that expected for detection of aircraft in a look-down scenario.  

 

Mitigation  

This is a pure spectral conflict and the effects on IRST are assessed as relatively benign (Ho, 

Clifford, Ghanbari, Cheryl, Diver, & Richard, 2009). The areas most affected are the R-2508 

complex and NTTR, where test activities and fighter tactics development take place.  
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System: IR Homing Missile Seekers 

The seeker systems on air-to-air ñheat seekingò missiles track the IR radiation from target 

aircraft in multiple IR bands. Seekers generally search the 2-4 ɛm regions looking for the heat 

from the propulsion systems of potential targets. Some IR seekers also look in the vicinity of 6 

ɛm for the radiation emitted from the plume of jet engines. These systems use a variety of 

techniques to reject clutter from unwanted sources and IR countermeasures, such as clouds and 

flares. These techniques include multispectral target discrimination and angular measurements, 

among others. The spectral signature of CSP facilities mimics that of valid airborne targets by 

strongly emitting heat in the IR bands used in target tracking. Additionally, their large angular 

size may fool the clutter rejection methodology adopted originally to reject point-source IR 

countermeasures like flares. IR tracking/fuzing is also used on some types of air-to-ground and 

artillery delivered munitions, and the nature of operations for these weapons precludes use near 

any infrastructure, solar or otherwise.  

 

Mitigation  

Future development of CSP facilities in close proximity to live fire air-to-air ranges jeopardizes 

this critical range asset. The signature of a CSP facility is such that modern IR missiles can track 

the facilityôs heat signature, creating the possibility of a weapons impact on the solar 

infrastructure. This risk will deny the range for free-flight IR Missile test, and for this reason 

CSP technology is unsuitable for deployment near air-to-air live-fire ranges in the R-2508 

complex and NTTR. For all other ranges, the effects are benign and aircrew training and 

awareness is a sufficient mitigation strategy. 

 

System: Laser Designators and Pointers 

Unlike the passive nature of Imaging IR systems, laser devices are active emitters of energy in 

the IR region. Pointers are either visible or near-IR devices used at night to transfer a visual of a 

target or to confirm the aiming of a weapon system. Designators are very narrow band, pulse-

coded lasers used for marking, or designation, of targets and the terminal guidance of air-to-

ground weapons. The power of these devices varies greatly, but generally pointers are eye-safe 

devices, both because radiated power is relatively low and the visible nature of the beam creates 

a natural aversion response if viewed directly. Laser Designators, however, are extremely 

hazardous as they are both powerful and, operating around 1.6ɛm, invisible to the naked eye. 

During peacetime training, lasers are never intentionally pointed at humans or animals. Lasers 

are used with the expectation of a diffuse reflection of energy, greatly diminishing the laser 

energy that reaches the unprotected eye. The chance exists, however, for the specular reflection 

of laser energy from smooth, glassy objects. The military manages risk in laser operations 

through a laser safety program. For each laser, a Nominal Ocular Hazard Distance (NOHD) is 

published. The NOHD is a distance at which the laser can be viewed without causing any 

permanent retinal damage. Nominal Hazard Zones (NHZ) are calculated for laser operations on 

all laser certified ranges, and take into account topography and surface composition. One 

requirement for laser range certification is that it be clear of specular reflectors (U.S. Navy, 

2008). Standing water, due to its specular reflectance qualities, greatly increases a laserôs NHZ 

and requires much greater safety margins. The installation of glass covered PV and all CSP 

heliostats to a range utilizing lasers would introduce specular reflectors to the environment and 

greatly complicate the certification of ranges for laser use.  
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Operations involving laser designators are tightly governed and controlled. A solar energy 

facility would never be an intentional target of high-powered laser designators if placed outside 

the laser operations range. However, laser spillover, the unintentional illumination of an object 

along the laser line of sight, is a very real possibility. Spillover may occur due to low grazing 

angles or unstable tracking by the target designator. Operations involving Laser Pointers are not 

as tightly controlled as Laser Designators. It is probable that any non-manned infrastructure on 

the training ranges will be subject to intentional illumination unless expressly prohibited and 

monitored by the range operations management. 

 

The direction of the specular laser reflection will be very difficult to predict due to the dynamics 

of the operations. Ground mounted, non-tracking PV would reflect ground-based lasers up into 

the air, creating hazards for both participating and non-participating aircraft. Ai rborne 

illumination of non-tracking PV systems could create reflections towards either the air or ground, 

depending upon the angle of incidence. All other reflectors, including tracking PV systems, 

would reflect lasers based on their pointing angles.  

 

Mitigation  

PV and CSP systems are incompatible with laser certified ranges on all military installations. 

The installation of solar systems in close proximity to laser operations -- line of sight and inside 

a NHZ -- would serve to deny the military the ability to conduct some or all laser activities. The 

hazards of laser spillover on CSP systems and tracking PV may be mitigated by ensuring their 

arrays or heliostats are always pointing away from laser ranges. Placement of infrastructure such 

that intervening terrain mitigates or eliminates laser spillover is another effective option for 

ground-based laser activities. Small scale PV, commonly used to power remote range sensors 

and communications infrastructure, can be effectively masked to mitigate laser reflection 

concerns. Military operations policy already prohibits the intentional illumination of 

infrastructure and must be strictly enforced. 

 

System: High Power Laser Weapons 

High power laser (HPL) weapons differ from laser designators and pointers in function and 

effect. HPL are intended to transfer great amounts of energy through the coherent laser beam to 

burn the intended target. Power ranges for HPL are in the megawatt class and are of great danger 

to the unprotected eye. HPL and solar infrastructure cannot coexist where there is a chance of 

inadvertent laser spillover onto specular surfaces such as PV arrays or CSP heliostats. In addition 

to damage to the solar infrastructure, the redirected energy can cause effects well off range. 

 

Mitigation  

Placement of solar infrastructure beyond line of sight of HPL firing positions or employment 

airspace is the only effective strategy. Based on its size, HPL activity inside the R-2508 complex 

is feasible and the size of NTTR and MCAGCC Twentynine Palms may facilitate these 

operations as well (U.S. Navy, 2010). The R-2507 North and R-2507 South (Chocolate 

Mountain) restricted areas are also authorized for HPL activity and the same mitigation plan 

identified for R-2508 is also applicable to the R-2507 N/S (USMC, 2011i). 
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3.5.1.6 Conflicts in the RF Spectrum 

As noted in section 3.5.1, the military is highly reliant on the radio portion of the RF spectrum 

for IO, C2W, and a vast array of combat operations. Within the U.S., the use of the RF spectrum 

on training and test ranges is carefully balanced to coexist with surrounding civil uses. The 

demand for RF bandwidth and the explosion in the number of RF devices in everyday life 

threatens to encroach upon the military rangesô use of the RF spectrum. Solar energy facilities 

are likely to generate both intentional and unintentional RF emissions that could directly (Radio 

Frequency Interference [RFI]) or indirectly (clutter) interfere with military operations. 

Conversely, military operations present a potential risk to solar energy facilities through high-

powered emissions from electronic attack systems, radars and communications systems, as well 

as weapons systems such as High Powered Microwave (HPM). 

 

System: Radar 

Radar systems are ubiquitous in military operations. Radars transmit a strong radio signal and 

must be able to differentiate an extremely faint target echo from the relatively strong echo of the 

environmental clutter. Solar infrastructure differs from the natural background in its ordered 

construction and placement. The natural desert background is random and jumbled and offers a 

diffuse reflective surface to RF, while the angular, flat and uniformly curved reflective surfaces 

of PV arrays and CSP heliostats offer a specular reflective surface in RF. When the reflection is 

directed back to the radar receiver, a very strong signal may obscure other lower powered 

returns. Conversely, when the returns are directed away from the receiver, the effect is a lower 

than normal return, which can mask terrain. Some spectral smearing, or spread of the reflected 

frequency, can also be expected. Despite this reflectivity, solar infrastructure has a negligible 

effect on most military radars in the operational environment. In the test environment, however, 

this reflectivity may severely compromise the pristine environment needed to accurately measure 

radar performance. 

 

Ground radar systems must deal with backscattered energy from the surrounding environment, 

which include desired signals in the form of targets and undesired signals in the form of 

background noise or clutter. Most ground radar systems, as part of their design, filter out the 

natural surrounding clutter of terrain, towers, buildings, etc by looking for the Doppler frequency 

shift caused by moving objects. Solar energy infrastructure is stationary, or nearly so, and does 

not shift the frequency of the radar returns with relation to the natural background, and therefore 

its returns are rejected along with the other ground clutter. For ground based systems, concern 

exists that an excessive amount of clutter or interference within the radarôs FOV, such as that 

presented by a large-scale array of PV panels or heliostats, will significantly impact system 

performance, especially if the clutter obscures a critical range area (Welsh, 2011).  

 

Mitigation 

Due to the significant number of variables, each suggested solar energy location should be 

evaluated separately to ensure there are no adverse effects. Careful analysis of clutter effect and 

spectral smearing for infrastructure within the line of sight of ground-based radars can be 

accomplished in advance of approval. There are also a number of Geospatial Information System 

tools such as Falconview that can assist in determining radar horizons and identifying blank 

areas suitable for placement of arrays. 
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System: Airborne Radar 

Airborne radars typically operate in a pulse-Doppler modality and function by sensing moving 

objects in backscattered signals within the radar FOV. The backscattered signals processed by 

the radar receiver contain both undesirable clutter and desired target skin returns. The pulse-

Doppler radar receiver processor attempts to identify those Doppler-modulated backscattered 

signals associated with target skin returns, while rejecting all other forms of clutter backscatter 

and jamming interference. Solar energy arrays appear to the airborne radar as stationary clutter 

and have similar characteristics to ground clutter backscatter. The effective radar cross-section 

(RCS) of the array is a function of installation size, platform line-of-sight (LOS) geometry, and 

the operating frequency of the radar sensor. The variability of the RCS of the array installation 

will induce either a strong or weak stationary clutter response in the radar receiver signal 

processor. 

 

For a pulsed-Doppler radar system operating in moving target tracking air-to-ground mode and 

any air-to-air mode, there is no expected impact from a PV or CSP array installation in the 

operational training environment. There is a potential for impact on the pulse-Doppler radar 

system operating in the air-to-ground imaging/mapping mode. This impact is primarily due to the 

possibility that the array-induced clutter may be very large due to glint. This glint condition 

could cause a saturation of the radar receiver or artifacts in the formed images or ground maps. 

However, the impact will be small because of the extremely small angular size of the glint and 

the small likelihood of being at the glint angle to see it for an extended period of time (Welsh, 

2011). This glint artifact is also seen in radar maps of structured urban areas and aircrew are well 

conditioned to its temporary nature.  

 

Mitigation 

For the majority of military installations considered, there are no mitigation strategies required. 

However, large-scale PV and CSP facilities have the potential to deny range space to test and 

evaluation activities. Naval Air Warfare Center Weapons Division (NAWCWD) has expressed 

serious concerns for the effects of radar glint on their test mission. Unlike the training 

environment, where there is some acceptable level of glint-induced interference, NAWCWD 

relies upon the pristine environment offered within their ranges (U.S. Navy, 2010). China Lakeôs 

North and Echo Ranges are examples of areas used for radar test activities. Further study and 

coordination with the test activities hosted within R-2508 and NTTR are required to identify 

other radar test areas.  

 

Systems: Communications, IFF, Electronic Support (ES), Telemetry, Anti-Radiation 

Homing Missiles (ARM) 

Solar systemsô use of intentional RF control and telemetry equipment introduces the potential for 

RF encroachment on the spectrum in use by the military. Despite FCC specified limitations on 

power and frequency, there exists the possibility that these signals can be detectable beyond 500 

km by extremely sensitive airborne receivers (Welsh, 2011). Intentional emissions within FCC 

standard, however, do not directly compete with the intentional signals in use by the military and 

are of concern mainly to the test community (U.S. Navy, 2010).  

 

Unintentional RF emission sources create RFI, sometimes also referred to as Electromagnetic 

Interference (EMI). RFI emanates from generators, DC-AC inverters, array control motors and 
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power transmission equipment, including any substations and high-tension power lines 

associated with a solar energy facility. The effects these contributors have on the range RF 

background environment vary depending on the location, scale, and properties of specific pieces 

of equipment, as well as the sensitivity of the receiving system and degree of frequency overlap. 

RFI is often broadband in nature, blanketing large swaths of the RF spectrum with noise. These 

effects are most troublesome in the test environment, but also may affect those ISR assets that 

must compete with a raised noise floor, i.e., lower S/N ratio, to detect faint signals. 

 

Mitigation  

Frequency deconfliction for all intentional RF emissions with station frequency managers is 

necessary in order to address potential spectrum conflicts. These concerns can also be greatly 

mitigated by minimizing the use of RF devices for control and telemetry of sites in favor of other 

technologies such as fiber optics. RFI is most troublesome to the test communities inhabiting the 

R-2508 complex and the NTTR. The most common method of reducing unintentional RF 

emissions is through a combination of shielding, cancellation, filtering and suppression. 

However, the greatest reductions in RFI are realized either by increasing the distance between 

the range complex and sensitive electronic equipment and the RFI emitter or by locating the RFI 

emitter so that intervening terrain limits its effect. 

 

System: Airborne Electronic Attack (EA)  

Electronic attack (EA) systems can be divided into high power EA systems designed to spoof, 

jam or otherwise degrade or deny the enemyôs use of the RF spectrum, and self protect systems 

designed to protect friendly systems from the effects of enemy weapons by interfering with 

guidance and fusing systems. Intentional RF and unintentional RFI emitted from solar energy 

facilities will have no effect on EA activities. However, the high-powered electronic attacks 

(jamming) energy reflected by the solar infrastructure may produce a significant amount of 

unintended broadband RFI. The geometry of the jamming platform, intended jamming target, 

and solar energy arrays can contribute to the scatter of a directed jamming signal to unintended 

ground radars and other electronic equipment. Modern radar systems can reduce, but not 

eliminate, broadband RFI through electronic processing. This typically results in some system 

degradation. It is unlikely that electronic jamming will have any detrimental effect on the solar 

cells of PV systems, as the received power, though strong to a very sensitive RF receiver, is very 

low in practical terms. But there is a possibility that the EA will interfere with RF control and 

telemetry devices used in CSP and PV systems, especially those in close proximity to EA 

activities. 

 

Mitigation  

Encroachment of solar energy development onto threat simulation, electronic attack, and test 

ranges threaten use of these range spaces. The most effective mitigation strategy is to ensure that 

the location of any solar energy arrays is not between or behind the intended target and the 

jamming platform. For consideration of placement of solar energy facilities, planners must take 

into account the placement of threat replicating RF emitters and the airspace available to the EA 

platforms to conduct their operations. EA activities are most prevalent within R-2508 complex, 

NTTR, Chocolate Mtn. AGR, and MCAGCC Twentynine Palms. 
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Ground Vehicle Self-Protect Systems 

Ground vehicle-borne electronic self protect systems are designed to interrupt the command 

detonation of Improvised Explosive Devices (IED). Some of these IEDs use readily available RF 

transceivers as their command mechanisms, such as garage door openers, cell phones, pagers, 

and hand held radios. These RF transceivers share the frequency bands of FCC approved RF 

control devices and telemetry equipment that may be under consideration for use in solar 

systems. Counter IED systems (CIED), may therefore, directly interfere with the solar control 

and telemetry systems. 

 

Mitigation 

Ground vehicle electronic self protect systems have limited effective range and avoidance of 

solar facilities using RF devices is appropriate. Employment of other control and telemetry such 

as fiber optics is also appropriate near ground combat vehicle operation areas approved for self 

protect system exercise and test. 

 

Airborne Self-Protect Systems 

Active airborne electronic self protect systems do not pose a direct conflict to solar infrastructure 

due to low radiated power and operating frequency range. Passive RF protection material, known 

as chaff, may pose problems for power transmission sub systems. Chaff is composed of 

aluminum-coated silica glass fibers that can be spread by aircraft in flight, ships at sea, and 

vehicles on the ground to help them evade enemy radar. This chaff is deployed into the free 

stream air, where it disperses and eventually falls to the ground. Chaff can disrupt electrical 

power and affect electrical equipment. There have been at least two documented cases of chaff 

induced power outages (GAO, 2010).  

 

Mitigation 

Chaff operations are conducted throughout the R-2508 complex, R-2501 at MCAGCC 

Twentynine Palms NTTR, Chocolate Mtn. AGR, and NAF El Centroôs R2510. Though a low 

probability event, the threat of chaff induced power outages could result in the loss of airspace to 

chaff operations and threat simulation with a corresponding degradation of readiness and test and 

evaluation effectiveness. If situated close to military operations, some risk of chaff-induced 

short-circuiting must be accepted. Shielding vulnerable electrical junctions and equipment may 

mitigate the probability of harmful interference from chaff. In the first power loss event, chaff 

infiltrated open circuitry. In the second, an extremely dense cloud of chaff inadvertently 

jettisoned at very low altitude caused arcing of power lines. Though the circumstances of this 

second event are unlikely to be replicated, proximity to military operations involving chaff raises 

the likelihood of occurrence.  

 

System: Directed Energy Weapons / High Power Microwaves 

High Power Microwave (HPM) Weapons can be vehicle or aircraft-mounted in the case of 

directed energy HPM, or in air-delivered or cruise missile warheads forms in the case of an e-

bomb. HPMs operate by generating a concentration of electromagnetic waves in the microwave 

frequency band (hundreds of megahertz to tens of gigahertz) and whose primary objective is to 

overload electrical circuitry either temporarily or permanently, depending on the delivered 

energy level (Abrams, 2011). At lower power levels, vehicular mounted directed energy 

weapons can target humans and operate as a non-lethal deterrent (Siniscalchi, 1998).   
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Mitigation  

HPM weapons are incompatible with solar infrastructure, and the presence of solar infrastructure 

would serve to deny airspace to HPM test activities. Since the effects of most HPM weapons are 

difficult to control, and may significantly damage critical parts of the surrounding infrastructure, 

testing is presently accomplished on various isolated facilities and range areas (USAF, 2000) 

(Wilson, 2004) (U.S. Navy, 2010). It is unlikely that ranges presently conducting HPM testing 

would be compatible with large-scale solar facilities. As the effects of HPM systems are 

classified and the susceptibility of an electrical system to HPM effects vary greatly, individual 

test facilities need to be consulted to determine the exact effects or EM footprint for each range. 

 

3.5.1.7 Hazards to Flight Operations 

This section addresses the hazards to flight operations brought about by large-scale solar 

infrastructure within the boundaries of military ranges, Military Operating Areas (MOA), 

Military Training Routes (MTR) and Restricted Areas. Hazards to flight operations can come 

from both spectrum and physical conflicts, but this discussion is included in the spectrum section 

because it affects every installation and range that supports flight operations. MOA, MTR, and 

Restricted Areas are set aside to separate civilian air traffic from high intensity, high speed, and 

or dangerous military activity. These ranges allow the military to train in activities precluded in 

non-protected airspace by the FAA Regulations. Two such activities potentially affected by 

large-scale solar infrastructure are low-level flight, which typically involves flight below 500 

feet above ground level (AGL) and flight at airspeeds greater than 250 nautical miles per hour 

while below 10,000 feet above mean sea level. These operations are inherently more dangerous 

than other flight operations due to their proximity to terrain, the presence of more airborne 

hazards such as birds and other aircraft, minimal reaction times, and high energy of any physical 

impact.  

 

Cooling Tower Induced Turbulence 

Thermal plumes, as discussed in 3.5.1.1, can create a hazard to aircraft when situated close to 

airports and helicopter landing zones. The hazard can manifest itself as severe turbulence on the 

approach and departure phases of flight, where close proximity to the ground and operation close 

to stall speeds magnify the effects.  

 

Mitigation  

CSP cooling systems should be placed such that the rising plume of heat does not cross the 

airport traffic pattern and designated LZôs. Military operations should avoid selecting and 

locating landing zones near CSP facilities, and be aware of the effects. 

 

Increased Avian Hazards 

Thermal plumes may also increase the chance for bird strike as raptors and scavengers take 

advantage of the rising air columns. The USAF Avian Hazard Advisory System was designed to 

predict transient thermal activity that gives rise to birdsô soaring activity to issue warnings to 

pilots through their Bird Avoidance Model (Kelly, 1999). Thermal plumes from CSP facilities 

will create permanent conditions for these birds and give rise to permanent avoidance areas. The 

three installations sharing the R-2508 complex are actively pursuing aviation easements to 

restrict bird attracting land uses (State of California, 2008).   
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Mitigation:  

Bird activity in CSP cooling system plumes is most dangerous to high speed, low altitude aircraft 

on MTRs, and inside training ranges, and threatens to increase the risk of these activities or deny 

airspace. Pilots should be made aware of this risk and plan the avoidance of CSP during periods 

of bird activity. 

 

Physical Obstructions 

Any new development of solar generation facilities will require the addition of power lines to 

connect the facility to the electrical power distribution system. Suspended power lines are very 

difficult to see in flight, especially at night, and constitute a great threat to low-level flight 

operations. Though typically suspended less than 100 feet AGL, wires spanning valleys or 

traversing steep terrain can greatly exceed this height creating a higher likelihood of an aircraft 

impact. Aviators plan low level flight activities to avoid power lines and will elevate when 

uncertain of their proximity to power lines. The introduction of power lines into protected 

airspace used for low-level flight will increase the risk of aircraft impact, making the affected 

airspace less valuable for certain types of aircrew training, although at the same time, the 

existence of power lines may make the training range a more realistic representation of the air 

space where actual combat may take place. 

 

Mitigation: 

Low-level flight activities take place at all military installations except MCLB Barstow. 

Underground power lines eliminate any hazard to aviation; however, undergrounding of power 

lines is expensive. Placement of suspended power lines within existing corridors will have 

minimal impact on flight operations. Placement of power lines along airspace boundaries and 

away from MTR entry points onto military reservations will also minimize the impact to 

operations. Visual augmentation of power lines, typically done with brightly colored balls, may 

be an effective daytime strategy near helicopter landing zones and along MTR.  

 

3.5.2 Range Utilization and Physical/Operational Mission Conflicts  

Section 3.5.1 reviewed the ñspectrumò interactions between mission activities and solar 

technology. This section will review the physical/operational conflicts. To provide context, this 

section will describe the military operations and activities conducted on each installation, 

summarize range utilization and discuss each installationôs mission activity compatibility issues 

and concerns. 

 

3.5.2.1 Introduction: Installation and Range Activities 

For the purposes of this report, the study team developed a simplified list of the Live Training 

activities conducted on these installations and ranges that are relevant to all four Servicesô 

Mission Areas, described below and identified per installation in Table 3.3. 

 

 Live Training - training participants operate their operational systems and platforms 

(including their full range of mobility and capability) in the physical environment for 

which they were intended. 

o Dismounted maneuver training - employment of forces - personnel on foot - in the 

range areas carrying out tactical exercises in imitation of battle. 
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o Mounted maneuver training - employment of forces - personnel in vehicles - in the 

range areas carrying out tactical exercises in imitation of battle.  

o Motorized (wheeled vehicle) 

o Mechanized (tracked vehicle)  

 Air operations training (AO) - employment of aviation assets in the range area carrying 

out tactical exercises in imitation of battle, test and evaluation activities, logistics support 

activities, training support activities, range safety activities and search and rescue 

activities. 

o Manned Fixed Wing 

o Manned Helicopters 

o Unmanned Aircraft Systems (UAS) 

 Individual and unit live fire weapons training - using live ammunition and/or loaded 

weapons or weapons systems. 

 Joint/combined arms maneuver training - fully integrated training participants from two 

or more arms or elements (armor, artillery, aviation) of one military Service (Combined) 

or elements from two or more military Services (Joint/combined) 

 Joint/combined arms live fire and maneuver training - using live ammunition and/or 

loaded weapons or weapons systems. 

 Testing and evaluation (T&E) - [Also discussed in 4.2 Technical and Spectrum Conflicts] 

o Ground weapon systems and equipment 

o Aviation weapon systems and equipment 

o Support facilities (Maintenance and repair facilities for weapons and equipment, 

administrative buildings, public works, family housing, and other activities that 

support mission accomplishment).  

  

Table 3.3 ï Summary of Live Training Activities on Installations and Ranges 
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Live Training   X  X  X  X  X  X  X  X  X 

Dismounted Maneuver Training  X  X    X    X       

Mounted Maneuver Training X   X    X           

Air Operations Training   X  X  X  X    X  X  X  X 

Individual & Unit Live Fire Weapons 

Training  
 X  X  X  X  X  X  X  X   

Joint/Combined Arms Maneuver Training   X  X  X  X    X       

Joint/Combined Arms Live Fire and 

Maneuver Training  
 X  X    X    X  X  X   

Test and Evaluation  X  X   X X X 

Support Facilities  X  X  X  X  X    X  X  X 
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This section includes a discussion of the operating areas for each installation, beginning with a 

mission review, a general overview for the military installation, and lists each of the operating 

areas (Training areas, ranges, T&E sites and Support Facilities) associated with each installation. 

Each operating area is categorized by one or more of the critical capabilities it provides and the 

compatibility issues associated with each area. Additionally, when usage data is available, the 

annual number of units, personnel, and weapons and equipment the operating area supports will 

also be provided, presenting a more complete picture of the importance of the operating area and 

to better identify areas that may be compatible with solar energy projects and rule out those areas 

that are not.  

 

3.5.2.2 Fort Irwin, National Training Center (NTC) 

Mission  

The National Training Center at Fort Irwin serves as the Army's premier training 

center. The installation is comprised of 754,134 total acres and is surrounded by desert 

hills and mountains. Much of this area is actually restricted from training due to 

logistical, physiographic, cultural and environmental concerns. There are 4,709 

assigned military; 7,461 family members; and a civilian workforce of 5,646 personnel 

permanently assigned to Fort Irwin. 

 

Fort Irwinôs mission is to: 

 

 Provide tough, realistic joint and combined arms training  

 Focus at the battalion task force and brigade levels 

 Assist commanders in developing trained, competent leaders and soldiers 

 Identify unit training deficiencies, provide feedback to improve the force  

 Prepare for success on the future joint battlefield 

 Provide a venue for transformation 

 Take care of soldiers, civilians, and family members 

 

NTC trains the transformed Army by conducting force-on-force and live-fire training 

for ground and aviation brigades in a joint scenario across the spectrum of conflict, 

using a live virtual-constructive training model, as portrayed by a highly lethal and 

capable Opposing Force and controlled by an expert and experienced Operations 

Group. U.S Army and joint service units along with other governmental agencies 

deploy to Fort Irwin for training rotations. A typical rotation lasts several weeks and 

involves field training, including situational training exercises and full spectrum 

operations. 

 

Land Training  Areas and Range Usage 

The staff, civilians and assigned units at Fort Irwin train 10 Army Brigades (a brigade 

consists of approximately 4,000-5,000 personnel) on a 28-35 day rotational basis each 

year. During the rotation, soldiers participate in challenging force-on-force and live-fire 

training and exercise scenarios. The land training areas and ranges for Fort Irwin are 

extensive. The southern half of Fort Irwin contains over 30 non-live fire TAs and 

numerous ranges for non-dud producing weapon systems (service rifles, machineguns, 
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etc) depicted inside the green boundaries in Figure 3.2. The northern half of Fort Irwin 

contains the Live Fire (LF) Training Areas. These areas allow for the employment of 

dud-producing weapon systems (mortars, artillery, aviation delivered ordnance, etc.), 

depicted inside the red bounded areas in Figure 3.3. Between June 1, 2010 and May 31, 

2011, a total of 60,751 servicemen and women utilized these facilities to train for duty 

in Iraq and Afghanistan (U.S. Army, 2011).  

 

 
Figure 3.2 ï Fort Irwin Southern Maneuver TAs and Live Fire Ranges  

(Halpin, June 2009-2011) 

 

 
Figure 3.3 ï Fort Irwin  Northern Live Fire (LF) Training and Impact Areas  

(Halpin, June 2009-2011) 














































































































































































































































































































































































































































































































































































































































































































































































































































