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Abstract: 
Sources of renewable energy are becoming increasingly important throughout the United States.  
From an economic development standpoint, renewable energy can serve as an important source 
of jobs and local growth.  However, the siting of potential renewable energy plants depends on a 
variety of physical and economic factors to ensure their sustainable development.  To that end, 
the Regional Center for Sustainable Economic Development, Arizona Cooperative Extension, the 
College of Architecture and Landscape Architecture, and the School of Geography and 
Development at the University of Arizona developed three models for renewable energy, 
including wind, solar, and bio energy, in Cochise County, Arizona.  The three models and their 
associated parameters were developed using the fundamentals of the LUCIS (Land-Use Conflict 
Identification Strategy) Model and were run in ArcGIS ModelBuilder.  The model outputs 
indicate that Cochise County has many opportunities for renewable energy development.  Future 
modeling efforts will expand throughout the state of Arizona. 
 
 
Introduction: 
 
 Renewable energy, or energy that comes from natural sources such as wind, sun, and 

more, has always played an important role in human development (Pace and Gatrell, 2009), 

although nonrenewable energy sources, such as fossil fuels, have been more prevalent in the 20th 

and 21st centuries.  However, within the last few decades, it has become apparent that many of 

the nonrenewable energy sources upon which we rely may be contributing to climate change and 

other environmental problems.  Therefore, in many places throughout the United States and the 

rest of the world, there has been a renewed interest in renewable energy sources that come from 

the wind, sun, and other seemingly infinite energy sources.  Along with this renewed interest in 

renewable energy sources such as wind, sun, and biologically based sources, such as biomass 

generated from living organisms, has come a desire to build and develop our capacity to utilize 
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this type of energy in a sustainable manner.  In other words, there is a recognition that perhaps 

the best way to approach the implementation of renewable energy sources for powering our lives 

is through sustainable development that takes into consideration important physical and 

economic factors at any given location in the present, as well as the future, prior to development. 

 To that end, a considerable amount of attention has been paid, as of late, as to how best 

approach sustainable development, not just for energy power plants, but for residential, 

commercial, industrial, agricultural, and conservation development, as well.  Specifically, in the 

U.S., the trends of urban sprawl and incremental land-use change, without the support of strong 

land-use planning and decision making in many cases, has led to many social, economic, and 

environmental problems (Carr and Zwick, 2007).  Moving forward, it is important to thoroughly 

analyze and explore different land-use scenarios prior to development in order to thoroughly 

consider the long-term consequences of any given development (Ibid, 2007).  When it comes to 

renewable energy development, it is especially important to approach the planning stages of such 

a project with a long view to the future and a focus on sustainability, as the siting of renewable 

energy power plants depends on a variety of physical and economic factors.  GIS (Geographic 

Information Systems) allows for complex modeling of potential future renewable energy 

facilities through advanced modeling that reveals the spatial reality and constraints of a given 

area, while also taking into account both physical and economic factors.   However, it should be 

noted, that even with advanced modeling to site potential renewable energy plants public policy 

still plays an important role in the success or failure of this type of project no matter how 

advanced the GIS model or insightful the planning process may be (Pace and Gatrell, 2009).  
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Siting Renewable Energy Facilities in Arizona 

The state of Arizona has many opportunities for future renewable energy development, 

especially due to high estimates of photovoltaic solar radiation throughout the state (Pace and 

Gatrell, 2009).  From an economic development standpoint, the development of renewable 

energy power plants can be beneficial in terms of local job creation and economic growth.  To 

that end, the Regional Center for Sustainable Economic Development and Arizona Cooperative 

Extension, in partnership with the College of Architecture and Landscape Architecture and the 

School of Geography and Development at the University of Arizona modeled potential 

renewable energy power plant sites as a strategy for sustainable economic development in the 

state of Arizona.  Using the LUCIS (Land-Use Conflict Identification Strategy) Model for smart-

land use analysis as the spatial modeling framework, the group sought to identify the most 

preferable sites for solar, wind, and bio-energy development in Cochise County, Arizona, based 

on a suite of local physical and economic factors.  

LUCIS is a goal-driven GIS model through which is it possible to visualize current and 

future land use.  LUCIS breaks down land use into existing land use, areas preferred for specific 

types of land use, and areas of probable future conflict between different types of land use.  The 

power of LUCIS lies in its application of results to develop alternative land use futures based on 

community preference and potential conflict (Carr and Zwick, 2007).  LUCIS was developed at a 

University of Florida graduate design studio.  The model is based on the work of Eugene P. 

Odum, an ecologist who developed a simplified model of ecosystems so “that growth-type, 

steady-state, and intermediate-type ecosystems can be linked with urban and industrial areas for 

mutual benefit” (Odum, 1969).  Odum divided ecosystems into four types: productive, 

protective, compromise, and urban/industrial.  Each ecosystem type needs certain limits imposed 
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on it in order to balance the exchange of energy and materials between types for sustainability.  

LUCIS conceptualizes the world in a similar way, except that the LUCIS model has only three 

“ecosystem” types: agriculture (which relates well to Odum’s productive type), conservation 

(protective and compromise types), and urban (urban/industrial type).  In sum, the LUCIS model 

first determines existing agriculture, conservation, and urban lands.  Next, LUCIS determines 

areas for preferred future agricultural, conservation, and urban land use.  Finally, it identifies 

areas of probable future conflict among the three stakeholders (Carr and Zwick, 2007).  All of 

this is done with some degree of expert and community input throughout the different stages.  

The model is built in ArcGIS ModelBuilder and uses both raster and vector data as input.  

However, during the modeling process, all data is rasterized and the final outputs of the 

modeling process are GIS raster surfaces. 

For the purposes of this project, the LUCIS model was adapted to fit the theme of 

renewable energy.  To that end, instead of using agriculture, conservation, and urban as the three 

land use types being modeled, we used solar, wind, and bio-energy.  At this stage, our modeling 

efforts stopped at the step of identifying suitable areas for these land use types based on a set of 

physical and economic parameters for each type.  This project was initially implemented as part 

of an economic development forum that took place in Bowie, Arizona, in Cochise County on 

November 12, 2010, but it will continue to expand throughout the rest of the state of Arizona. 

 

Study Site 

 Bowie, Arizona, is located in northern Cochise County adjacent to Interstate 10, which 

runs from east to west (Figure 1).  Cochise County, Arizona, is the southernmost and easternmost 

county in Arizona just north of Mexico and west of New Mexico.  Bowie is a small, 
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unincorporated community with a population of approximately 650.  The primary sources of 

employment in and around Bowie are agricultural, with local crops including cotton, chilé, 

garlic, pecans, pistachios, and grapes.  The community is located in the western part of the San 

Simon Valley near the northeastern foothills of the Dos Cabezas Mountains.  Local areas of 

interest include the Hot Well Dunes Recreation Area, a popular ATV riding area and hot springs 

administered by the Bureau of Land Management (BLM), which is located fifteen miles 

northeast of Bowie.  Historic Ft. Bowie National Monument, which is enjoyed by hikers, wildlife 

observers, and history enthusiasts alike, is located fourteen miles south of Bowie.  While the 

focus of the Economic Development Forum on November 12 was Bowie, Arizona, and the 

surrounding areas of Northeast Cochise County, the modeling for wind, solar, and bio-energy 

sources was completed for all of Cochise County.   

 

Figure 1 - Bowie, Arizona, in Cochise County 
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Modeling Approach: 

LUCIS is a five-step process, which begins with identifying stakeholders (ie. land-use 

types), establishing goals and objectives, identifying data sources, determining the relative 

suitability for each land-use type based on the goals and objectives, and finally, combining the 

relative suitabilities to determine preference for each land-use type (Carr and Zwick, 2007).  As 

mentioned previously, the stakeholders for this project are solar, wind, and bio-energy, which 

were identified as having the most potential success for renewable energy development in 

Arizona at the outset of the project.  The second step in the LUCIS process is the writing of the 

goals and objectives.  Goals and objectives are a series of hierarchical statements that define 

what is to be accomplished (goal) and how to achieve the goal (objectives and subobjectives).  

The goals address broad themes; in our case, goals correspond to each land-use type (Table 1). 

Goal Purpose 

1. Solar Identify areas suitable for photovoltaic (PV) 
arrays and Concentrating Solar Power (CSP). 

2. Wind Identify areas suitable for utility-scale wind 
turbine projects. 

3. Bio-Energy Identify areas suitable for utility-scale bio-
energy development. 
Table 1 - Goals and Objectives 

 
Within each goal are two main objectives, which seek to isolate, and subsequently determine 

suitability of, physical and economic factors.  Under each set of physical and economic 

objectives are a series of subobjectives that address specific factors related to each goal and 

objective.  For example, under the wind goal, within the physical objectives, there is a 

subobjective that asks the model to identify all areas with a slope of two percent or less for siting 

wind turbines.  This is just one of many subobjectives that capture the complexity of the land-use 

suitability analysis process.  Each of the three goals has two main objectives (physical and 
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economic) and as many subobjectives under each objective as are necessary to capture all of the 

factors that contribute to the sustainable development of each goal.  A Cooperative Extension 

Agent with advanced knowledge of renewable energy working on this project wrote the goals 

and objectives for each of our land-use types.  The goals and objectives are dynamic and subject 

to change throughout the course of the project to incorporate new knowledge, stakeholder input, 

additional data, and more. 

 The third step of the LUCIS process is to collect data for input to the model.  For the 

purposes of this project, we collected a wide range of GIS data layers in raster and vector 

formats, as well as other necessary tabular information, from a variety of data sources.  All of the 

data was managed in a geodatabase in ArcCatalog and converted to the same projection and 

coordinate system (NAD 83 UTM Zone 12N) for consistency.  Our data needs ranged from land-

use information, such as parcels, land ownership, and land-use land-cover layers, to DEM’s 

(digital elevation models), to soil, vegetation, floodplain, and other physical layers, to roads, 

railroads, and other transportation layers, as well as transmission line layers, wind speed 

information, and more.  Data was collected from Cochise County GIS, Arizona State 

Cartographer’s Office, National Renewable Energy Labs (NREL), Southern Arizona Data 

Services Program, and the University of Arizona. 

 After all of the data were collected and processed, the fourth step of the LUCIS process is 

to develop the GIS models in ArcGIS ModelBuilder.  The modeling is done in stages, the first of 

which is to create and name all of the models, based on the goals and objectives, and set the 

model parameters.  For this project, we used a cell size of 440 meters by 440 meters, which is 

approximately 48 acres.  The model extent was set to the entire county.  For the mask, the entire 

county was also used, but only for the bio-energy and solar models.  For the wind model, the 
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extent was set to all areas with a wind speed of Class 2 or greater.  Any other areas with wind 

speeds less than Class 2 were not considered, as they would not be suitable for wind turbines at 

any level. 

 After the models are built, the second stage is to model the single utility assignments 

(SUA) under each subobjective.  A SUA measures the utility of a single layer or objective (ie. 

using a DEM to find all areas with a slope of two percent or less), the output of which is an 

assessment of the suitability of a single subobjective.  Once the models for each SUA are 

complete, the relative importance of each subobjective is weighted based on either stakeholder or 

expert opinions.  The weights must add up to a total of 1.00 under both the physical and 

economic objectives.  This process is done for both the physical and economic SUA’s and each 

goal.  Once the physical and economic SUA’s are completed, they are combined to create 

multiple utility assessments (MUA).  A MUA indicates which land is best overall for a given 

objective, using the SUA’s as input.  In this stage, a model is developed with each of the SUA’s 

as input, with the weights determining their relative importance, and the final output is a MUA 

for both the economic and physical objectives.  Next, the relative importance of the physical and 

economic factors is weighted, once again for a total of 1.00 based on stakeholder or expert 

opinions.  Next, another model is developed that uses the economic and physical MUA’s as 

input, along with the weights for each MUA, the output of which is a suitability grid for each 

goal.  The suitability grid values range from approximately 1 to 9 (depending on the weighting), 

with 9 being the best, and show the relative suitability of each goal.   

Finally, the fifth step of the LUCIS process is to determine preference for each land use 

type based on the suitability of each final MUA from the modeling in step four.  In this final 

step, the grid surfaces are normalized to produce a final grid with preference values that range 
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from 1 to 3, with 1 being low preference for the land use being modeled, 2 being moderate 

preference, and 3 being high preference.  This can either be done within the final MUA model or 

simply as a separate operation using the necessary tools in ArcMap or ArcCatalog.  In order to 

normalize them, the suitability MUA grids are divided by the highest value in the grid, which 

produces a continuous raster with values from 0 to 1.  This is then reclassified, using the 

reclassify tool, from low to high values, or 1 to 3, to produce the final preference classes.  Once 

again, this is done for each of the three land use types, for a final of three preference grids for 

wind, solar, and bio-energy. 

 

Results: 

 After all of the five steps in the LUCIS process described above were completed, the final 

grid surfaces were added to ArcMap with appropriate layers for spatial reference, as well as any 

layers that show important transportation routes, land ownership, and more, to make final 

preference maps for each land use type.  The results of the mapping for solar, wind, and bio-

energy are shown in Figures 2, 3, and 4 respectively.  The color scheme for preference is 

universal among the three maps with green indicating areas of high preference, yellow indicating 

areas of moderate preference, and red indicating areas of low preference.  In the case of the wind 

map, white areas were not modeled, as they are areas with low sustained wind speeds that could 

not support wind turbines.  The extent of the three maps shown below is just northeast Cochise 

County in order to focus on Bowie and the surrounding areas. 
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Figure 2 - Solar Energy Suitability in NE Cochise County 
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Figure 3 - Wind Energy Suitability in NE Cochise County 
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Figure 4 - Bio-Energy Suitability in NE Cochise County 

 

Conclusions: 

 The results of this project indicate that there is ample opportunity for renewable energy 

development in Cochise County.  For the community of Bowie specifically, our results suggest 

that Bowie could use this information to target renewable energy firms for local economic 

development, as there is a substantial amount of land near Bowie that could support any of the 

three different renewable energy types modeled in this project.  Even if a renewable energy 

facility were not built immediately around Bowie, the results of this project indicate that there is 

opportunity for such development very close to Bowie, which could also provide benefits to the 
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nearby cities of Wilcox and San Simon.  It should also be noted that this modeling is not meant 

to be the final assessment for small and large scale renewable energy development siting, but 

rather a “first cut” in helping communities understand where, spatially, they might begin to 

attract renewable energy development.  Many other factors will come into consideration when 

implementing such as project on the ground, such as availability of real estate, land prices and 

ownership, and more. 

 Future work will expand this modeling process to other counties throughout Arizona.  

Unfortunately, due to the level of detail required for such a model, it will be quite time 

consuming to collect all of the data layers necessary from each county in Arizona.  Some 

counties in the state have more advanced GIS layers than others, which can contribute to the 

level of sophistication of the model and the significance of the results, as well.  However, there is 

a great deal to be gained from this future work, as a model for siting sustainable renewable 

energy sites at the county level is much more specific and appropriate than one that attempts to 

identify sites at the state level.  Such a model will therefore provide a better analysis of current 

and future suitability and provide for better land-use planning and decision-making.  Therefore, 

it is our hope that this project will be the beginning of a ripe area of sustainable economic 

development and sustainable land-use planning throughout Arizona. 
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