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Abstract 

This report contains two wind energy analyses for the northern Arizona county, Navajo County.   In the 

first analysis, the developable wind energy capacity was estimated using a geographic information system.  

Specifically, the amount of windy land by wind class was determined.  Development exclusions were then 

applied and the developable windy land was determined.  The wind energy potential in Navajo County 

was estimated to be 4800 MW.  The majority of developable windy land, 97%, was Class 3.   

The second analysis determined the economic impact of constructing a wind energy project in Navajo 

County.  Utilizing National Renewable Energy Laboratory’s Job and Economic Development Impact 

(NREL’s JEDI) model in conjunction with Monte Carlo simulation, economic benefits categorized by 

jobs, earnings, and economic output were estimated for three different sized wind energy projects, 10.5 

MW, 60 MW and 180 MW.  

For a 10.5 MW wind energy project 

 Jobs during construction: median was 6 jobs  

 Jobs during operations and maintenance phase (O&M phase): median was 3 jobs 

 Earnings during construction: the median was $0.15 million   

 Earnings during O&M phase: median was $0.09 million annually 

 Output (economic activity) during construction: median was $0.62 million 

 Output during O&M phase: median was $0.20 million annually 

For a 60 MW wind energy project 

 Jobs during construction: median was 32 jobs  

 Jobs during operations and maintenance phase (O&M phase): median was 14 jobs 

 Earnings during construction: the median was $0.86 million   

 Earnings during O&M phase: median was $0.51 million annually 

 Output (economic activity) during construction: median was $3.54 million  

 Output during O&M phase: median was $1.15 million annually 

For a 180 MW wind energy project 

 Jobs during construction: median was 96 jobs  

 Jobs during operations and maintenance phase (O&M phase): median was 43 jobs 

 Earnings during construction: the median was $2.60 million   

 Earnings during O&M phase: median was $1.51 million annually 

 Output (economic activity) during construction: median was $10.67 million  

 Output during O&M phase: median was $3.47 million annually 
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Introduction 

The wind energy development potential and economic benefits were determined for a northern Arizona 

county, Navajo (see Figure 1).  Using Geographic Information System (GIS) techniques on wind map 

data an estimate was made of the amount of developable windy land and potential installed.  Secondly, an 

analysis was made of the economic impacts of constructing and operating wind energy projects in this 

county utilizing the Job and Economic Development Impact * (JEDI) model developed for National 

Renewable Energy Laboratory (NREL). Wind energy projects of three representative sizes were 

considered: 10.5 MW, 60 MW, and 180 MW. The JEDI model was used in conjunction with Monte 

Carlo simulation to estimate economic impacts at the county level.  Direct, indirect and induced 

economic effects were estimated and categorized by jobs, earnings, and output (economic activity). 

The wind maps and information in this report are not appropriate for siting wind energy projects.  It is 

useful for discussing policy and locations that might be appropriate for further study.  In order to site a 

wind energy project, an anemometer should be installed on the property and two years of data collected.  

More Arizona wind maps are available at www.ses.nau.edu. 

 

 

Figure 1 Navajo County in northern Arizona 

                                                      

* The JEDI model was designed by Marshall Goldberg, of MRG & Associates, under contract with 
NREL.The model is posted on the Wind Powering America website:  
http://www.eere.energy.gov/windandhydro/windpoweringamerica/filter_detail.asp?itemid=707 in June 2005. 
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Figure 4 Windy Land and Developable Windy Land by Wind Class for Navajo County 

 

 

Table 5 Windy Land and Developable Windy Land in Navajo County  

Wind 
Class

Power 
(w/m2)

Total Area 
(km2)

Windy Land as Percent 
of Total Land Area

Developable  
Windy Land (km2)#

Developable Windy Land as 
Percent of Total Land Area

Developable Installed  
Capacity (MW)*

3 300-400 1,193              4.66% 935                        3.65% 4,673                            
4 400-500 37                   0.15% 23                          0.09% 113                               
5 500-600 12                   0.05% 6                            0.03% 32                                 
6 600-800 7                     0.03% 4                            0.01% 18                                 
7 >800 2                     0.01% 1                          0.00% 5                                  

25,585            4,841                           

#Exclusions determined using GIS analysis

Navajo County Wind Class Area Analysis

Navajo County Total
*Assuming 5 MW per sq. km.
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Economic Impact Analysis 

In this study, economic input/output (I/O) analysis in conjunction with Monte Carlo simulation was used 

to estimate the economic impact for wind energy projects.  The JEDI model performs I/O analysis with 

an Excel add-in, @Risk , used to perform the Monte Carlo simulation. 8

In I/O analysis, a project expenditure may have up to three impacts on the local economy: 

• Direct effects – on-site effect created by expenditure (i.e., on-site jobs of contractors and crews, 

jobs at the turbine). 

• Indirect effects – increase in economic activity that occurs when a contractor, vendor or 

manufacturer receives payment for goods or services and in turn is able to pay others who support 

their business. 

• Induced effects – change in wealth and income that is induced by the spending of those persons 

directly and indirectly employed by the project (i.e., spending on food, clothes, utilities, 

transportation, insurance, medical, etc.). 

The results of I/O analysis estimate these effects (direct, indirect, and induced) on the jobs, earnings, and 

economic output.   

Methodology 

JEDI Model 

JEDI is a spreadsheet economic input/output model that accepts wind project data and estimates the 

direct, indirect, and induced effects of the expenditure to build and operate a wind energy project.  The 

model separates a wind energy project into two distinct phases:  construction phase and operations and 

maintenance (O&M) phase.  The construction phase is approximately a year while the O&M phase is 

from the time the project is brought on-line until it is decommissioned.  JEDI estimates the jobs, 

earnings, and economic activity for the one-time impact of the construction phase and the annual impact 

of the O&M phase. 

JEDI was designed for users that have a variety of experience-levels in I/O analysis or with wind energy 

projects.  To obtain results from JEDI, a user can input as little as the year of installation, the size of the 

project, and the state for which the economic impacts will be estimated.  The remaining input has default 

values designed for a state-level analysis.  As the user gains additional experience or information about the 

project, additional details can be entered into the model . 9
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Results of Economic Impact Analysis 

All economic outputs from JEDI are divided into benefits that occur during the construction phase 

(usually less than a year) and annual benefits that occur during the operational life of the wind project.  

For each phase, the model estimates: 

• Jobs – the number of full-time equivalent employment for a year. 

• Earnings - wage and salary compensation paid to workers. 

• Output - economic activity or the value of production in the county economy. 

For all three estimates, the simulation in conjunction with the JEDI model produces a frequency 

distribution.  We report the percentiles for these distributions.  The 50th percentile is the median.  That is 

there is 50% chance that the number of jobs will be above the median and a 50% chance that the number 

of jobs will be below the median.  We report the minimum, 5th percentile, 50th percentile, 95th percentile 

and maximum.  There is a 95% likelihood that the number of jobs will be less than the 95th percentile. 

Jobs 

Figure 6Results pertaining to job creation for each wind energy project size and project phase are given in  

and Figure 7.  A summary table is given in Appendix A-1.  Based on simulation, there is a 90% likelihood 

that the number of jobs created during the construction phase in Navajo County will be between 25 and 

39 for a 60 MW wind energy project.  During the O&M phase, there is a 90% likelihood that the 

number of jobs created in Navajo County will be between 12 and 16.   
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Figure 6 Wind Energy Project Impact on JOBS during Construction Phase 

Arizona Wind Energy Assessment || Navajo County      Release date || April 2007 17



Jobs Benefits during O&M Phase
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Figure 7 Wind Energy Project Impact on JOBS during O&M Phase 

Earnings 

Earnings refer to millions of dollars in wages and salary paid to workers. Results for earnings for all wind 

energy project sizes and phases are given in Figure 8 and Figure 9. A summary table is given in Appendix 

A-2.  Based on simulation, there is a 90% likelihood that the earnings paid during the construction phase 

in Navajo County will be between $0.69 and $1.06 million annually for a 60 MW wind energy project (in 

2007 dollars).  During the O&M phase, there is a 90% likelihood that the annual earnings in Navajo 

County will be between $0.40 and $0.67 million.   

Earnings Benefits during Construction Phase
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Figure 8 Wind Energy Project Impact on EARNINGS during Construction 
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Earnings Benefits during O&M Phase
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Figure 9 Wind Energy Project Impact on EARNINGS during O&M Phase  

Output 

Figure 10 and Figure 11 show a summary of output results for all wind energy project sizes and phases. A 

summary table is given in Appendix A-3.  Output refers to economic activity or the value of production in 

the county and is also in millions of 2007 dollars.  Based on the simulation results there is a 90% 

likelihood that the output will be between $2.8 and $4.34 million annually for Navajo County.  During 

the O&M phase, there is a 90% likelihood that the annual output in Navajo County will be between 

$0.91 and $1.44 million.  
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Figure 10 Wind Energy Project Impact on OUTPUT during Construction Phase 
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Output Benefits during O&M Phase
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Figure 11 Wind Energy Project Impact on OUTPUT during O&M Phase 
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Conclusions 

The first objective of this project was to estimate the wind energy development potential for Navajo 

County. Based on high-resolution wind map data analyzed in a GIS while considering development 

exclusions, it was estimated that the developable windy land and potential installed capacity for Navajo is 

approximately 4800 MW.  The majority of this capacity is from Class 3 wind.  When this estimate is 

restricted to windy lands of class 4 or better, the developable capacity is 160 MW. 

The second objective of this work was to estimate the economic impact of constructing and operating 

wind energy projects of various sizes in Navajo County.  Monte Carlo simulation was conducted in 

conjunction with the JEDI model and provided a range of outputs corresponding to a range of estimated 

input parameters.  For a 60 MW wind energy project, there is 90% likelihood that: 

 number of jobs created during the construction phase is between 25 and 39 with a median of 32 

jobs.  

 number of jobs created during the O&M phase is between 12 and 16 with a median of 14.  

 earnings during the construction phase is between $0.69 and $1.06 million with a median of 

$0.86 million. 

 earnings during the O&M phase is between $0.40 and $.67 million annually with a median of 

$0.51 million. 

 output during the construction phase is between $2.80 and $4.34 million with a median of $3.54 

million.  

 output during the O&M phase is between $0.91 and $1.44 million annually with a median of 

$1.15 million.  
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Appendix A Tables of JEDI/Monte Carlo Simulation Results 

 

Appendix A- 1 Wind Energy Project Impact on JOBS 

Percentile Construction O & M
0th 4 2
5th 4 2
50th 6 3
95th 7 3
100th 8 3

Percentile Construction O & M
0th 22 11
5th 25 12
50th 32 14
95th 39 16

100th 43 18

Percentile Construction O & M
0th 64 32
5th 75 37
50th 96 43
95th 117 49
100th 129 54

Jobs for 60 MW Wind Farm

Jobs for 180 MW Wind Farm

Jobs for 10.5 MW Wind Farm

 

 

Note:  Percentile is a descriptive statistic.  When we simulate 1000 times, there are 

1000 measurements of each output (i.e. Construction Jobs for 60 MW 

Wind Farm).  The 95th percentile tells us that 95% of those 1000 

simulations had 39 or fewer Construction Jobs for a 60 MW Wind Farm.  

We interpret this as a 95% probably that the number of Construction Jobs 

for a 60 MW Wind Farm will be 39 or less.  The 50th percentile represents 

the median.
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Appendix A- 2 Wind Energy Project Impact on EARNINGS  

($ millions) 

Percentile Construction O & M
0th 0.10 0.06
5th 0.12 0.07
50th 0.15 0.09
95th 0.18 0.12

100th 0.21 0.14

Percentile Construction O & M
0th 0.60 0.34
5th 0.69 0.40
50th 0.86 0.51
95th 1.06 0.67

100th 1.16 0.77

Percentile Construction O & M
0th 1.76 1.04
5th 2.04 1.19
50th 2.60 1.51
95th 3.17 2.04

100th 3.51 2.28

Earnings for 10.5 MW Wind Farm

Earnings for 60 MW Wind Farm

Earnings for 180 MW Wind Farm

 

 

Note:  Percentile is a descriptive statistic.  When we simulate 1000 times, there are 

1000 measurements of each output (i.e. Earnings for 60 MW Wind Farm).  

The 95th percentile tells us that 95% of those 1000 simulations had $1.06 

million or less Earnings from a 60 MW Wind Farm.  We interpret this as a 

95% probably that the amount of Earnings from a 60 MW Wind Farm will 

be $1.06 million or less.  The 50th percentile represents the median. 
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Appendix A- 3 Wind Energy Project Impact on OUTPUT 

($ millions) 

Percentile Construction O & M
0th 0.42 0.12
5th 0.48 0.16
50th 0.62 0.20
95th 0.76 0.25

100th 0.88 0.30

Percentile Construction O & M
0th 2.45 0.75
5th 2.80 0.91
50th 3.54 1.15
95th 4.34 1.44

100th 4.75 1.65

Percentile Construction O & M
0th 7.16 2.29
5th 8.35 2.72
50th 10.67 3.47
95th 13.03 4.32

100th 14.40 5.03

Output for 180 MW Wind Farm

Output for 10.5 MW Wind Farm

Output for 60 MW Wind Farm

 

Note:  Percentile is a descriptive statistic.  When we simulate 1000 times, there are 

1000 measurements of each output (i.e. Output from a 60 MW Wind Farm).  

The 95th percentile tells us that 95% of those 1000 simulations had $4.34 

million or less Output from a 60 MW Wind Farm.  We interpret this as a 

95% probably that the amount of Output from a 60 MW Wind Farm will be 

$4.34 million or less.  The 50th percentile represents the median. 
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