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Environmental justice has been defined as, “every-
one is entitled to equal protection and equal en-

forcement of environmental, health, housing, land use, 
transportation, energy and civil rights laws and regula-
tions” (Bullard et al., 2008). Part of this environmen-
tal justice equation involves the spatial distribution of 
industrial facilities. Policies have been put in place to 
protect the public from health and other impacts asso-
ciated with some industrial facilities such as factories, 
landfills and hazardous waste facilities, which can emit 
toxic pollutants and deal with hazardous materials. Sit-
ing policies are enacted to ensure that these industries 
are not in residential areas and the risks to the public 
are minimized. That being said, studies have found that 
despite siting policies factories, landfills and hazard-
ous waste facilities have been placed near low income, 
minority populations and communities that have few 
resources to combat industry placement (Abel, 2008; 
Atlas, 2001; Bullard et al., 2008; Kreig, 2009). These 
communities are bearing an unequal burden of health 
impacts from the facilities near where they live. This 
unjust distribution of industrial activities and hazardous 
materials is the focus of my study, but with a twist. 

Equitable distribution issues concerning these indus-
trial facilities have been studied over the years, but there 
is little evidence that anyone has examined industrial 
scale renewable energy siting in regards to equitable 
distribution of facilities. Renewable energy facilities 
consist of: solar, geothermal, wave, and wind power; 
and it is the last source, wind power, which I will exam-
ine in this paper. Wind farms bring impacts on public 
health and the environment just like other large indus-
tries, but the siting regulations only take into account 
each wind farm on its own. Siting policies need to take 
into account not only the placement of wind farms in 
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respect to other large scale facilities such as hazardous 
waste facilities, but also in respect to the other wind 
farm development in the area and the combined impact 
they have on the community.

Pressures on local utility companies to meet their Re-
newable Portfolio Standards (RPS) percentages each 
year has added to the rush to establish renewable en-
ergy facilities. This has led to a flurry of wind farm 
construction and there are communities with multiple 
wind farms surrounding them. This is where the ineq-
uitable distribution comes into question. Multiple wind 
farms in one area concentrate the health impacts asso-
ciated with wind farm activity. Do the wind farm siting 
policies concentrate the associated hazards in areas that 
are already overburdened by other kinds of polluting 
facilities?

A case study of Arlington, Oregon is used to establish 
a foundational understanding of the spatial distribution 
of facilities at the county level in order to evaluate dis-
tributions of other wind and waste facilities throughout 
the Pacific Northwest and the health impacts that mul-
tiple industrial facilities could have on the community.

Methods

Arlington is a small rural community in Gilliam 
County in northern Oregon with a local population of 
586, one-third of the entire county population (U.S. 
Census Bureau, 2011). Waste Management North-
west’s Chemical Waste Facility and Colombia Ridge 
Landfill and Re-cycling are both based near Arlington 
and they receive more than 120 million tons of waste 
materials each year from surrounding communities; 
including Seattle and Portland. According to the Or-
egon Department of Energy, Energy Facility Siting 
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website this rural community is also home to six op-
erating large-scale wind farms with a total of 430 wind 
turbines. There are another five even larger wind farms 
in the permitting process or under construction total-
ing another 1300 turbines for this area alone (Energy 
Facility Siting, 2011). This combination of hazardous 
facilities and wind farms together in one place make 
Arlington a good candidate for a case study of spatial 
distributional issues in regards to wind power genera-
tion and other industrial facilities.

In order to determine whether wind farm communities 
were bearing an unfair burden, I first had to assess how 
to measure health risks from facilities. The Biennial Re-
port from the United States Environmental Protection 
Agency (EPA) is used to measure the health risk to in-
dividuals from various types of industries producing or 
handling hazardous waste. The focus was to follow the 
health risks over time to determine which facilities har-
bored the most risk to the public. The health risk data 
were overlaid with the census data to determine the pro-
portion of the public affected, by which facilities and 
to what extent (Atlas, 2001). I used the EPA’s Biennial 
report of hazardous facilities to locate and assess risk 
from the Waste Management sites to determine the risk 
buffer or area of impact from the waste facilities within 
five miles. In a study by Troy D. Abel about Toxic Re-
lease Inventory (TRI) facilities in St. Louis, one kilo-
meter km buffer rings were used to assess the risk levels 
to the community (2008). Abel’s study found that risks 
for facilities differed by site and mapping each site indi-
vidually provided more accurate risks to the local com-
munity (Abel, 2008). This method helps to define the 
health risks at different distances from a wind turbine.

I then had to determine how to measure areas at risk.  
In the siting of a wind facility the  Oregon Department 
of Energy: Energy Facility Siting setback (distance from 
a residence) requirements are: “(a) all facility compo-
nents must be at least 3,520 feet from the property line 
of properties zoned residential use or designated in the 
Gilliam County Comprehensive Plan as residential” 
(Energy Facility Siting, 2011). Being that most of Ar-
lington is farm land I also included the siting rules for 
non-residential areas, “If (a) does not apply, the certifi-
cate holder shall maintain a minimum distance of 1,320 
feet, measured from the centerline of the turbine tower 
to the center of the nearest residence existing at the time 
of tower construction” (Energy Facility Siting, 2011).   
I used U.S. Census Tiger shape files to determine the 
Oregon zoning and mapped that using ARCGIS, a com-
puter program used to map spatial data, to identify the 

residential areas.  Umatilla County, near Gilliam Coun-
ty, passed regulations approving a two mile setback for 
noise from wind turbine to a residence, which was the 
setback pushed by activist groups like the Blue Moun-
tain Alliance and Friends of the Grande Ronde Valley 
(Tipler, 2011).  I chose buffer zones of 1,320 feet and 
two miles around each wind turbine to represent the Or-
egon State siting requirements for a wind farm and the 
conservative estimate from activist groups for setbacks 
from wind turbines, respectively.

To understand the distribution of the wind turbines, 
we need tmeasure if the placement of the wind turbines 
is significantly clustered or dispersed in the study area. 
The distribution of facilities was analyzed within a 
Geographic Information Systems (GIS) framework. I 
used ARCGIS to map out the locations of each wind 
turbine on wind farms within a radius of five miles 
from the city limits of Arlington, Oregon and the sites 
of the waste facilities in that same study area. Using 
the county as a study area, I used the nearest neighbor 
index, a statistical tool, to evaluate the average distance 
from each wind turbine to every other wind turbine to 
determine if the turbines are clustered, random or dis-
persed (Mitchell, 2009, p. 88-91). The nearest neighbor 
index is calculated using:

where R is the nearest neighbor ratio and   is the dis-
tribution of the observed points and   is a theoretical 
distribution, d is the distance to the nearest neighbor, 
n is the number of wind turbines, i and j are the target 
point and every other features, respectively, and A is the 
study area.

In order to assess the extent of the distribution of the 
wind turbines, we need to test if the distribution is by 
chance. The statistical significance of the distribution 
ratio is tested using the Z-score equation:
The constant .26136 is used to represent the random 
distribution of points based on a circle. This will show 
the distribution of the wind turbines in respect to the 
county.
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with  SE being the standard error calculated as: 
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It is also important to understand the extent of the dis-
tribution at various distances within the study area, in 
order to determine if the distribution is random or not. I 
used the K-function, another statistical test, to evaluate 
the distribution of turbines at different scales (Mitchell, 
2009, pp. 98-99). The K-function is calculated using:

L is the value at any given distance d and n is the number 
of wind turbines, k(ij) is the weight (1 if d_ij≤0 and 0 
if d_ij>0) i and j are the target point and every other fea-
tures with a distance d, respectively, and A is the study 
area. This produces a graph with an expected value for 
any given distance in a random distribution shown as 
a line at a 45 degree angle and then plots the L value 
for the function. If the observed L values are above the 
expected values, the sample is clustered and if below 
it is dispersed. My null hypothesis is that the distribu-
tion of the wind turbines is random. A null hypothesis 
is the assertion that there is no relationship between 
what is being studied, such as the wind turbine place-
ment is merely by chance.  This graph also displays a 
confidence envelope which shows the upper and lower 
boundaries of a random distribution. If the 

observed values are outside the confidence envelope 
then they are statistically significant and the distribu-
tion is not due to chance.

Even if the statistical tests show an inequitable dis-
tribution of wind turbines in Arlington, it does not nec-
essarily mean that this same pattern is repeated else-
where.  To test this idea, I mapped the locations of the 
waste facilities and wind farms in Washington, Idaho, 
and Oregon and analyzed them for distribution and if 
they were sited in small, rural communities. I gathered 
the location information for each municipal landfill 
from Oregon and Idaho’s Department of Environmental 
Quality and Washington’s Department of Ecology (Ida-
ho, 2012, Oregon, 2012,Washington, 2012). Wind farm 
locations were obtained from the Renewable Northwest 
Project website (Renewable Energy Projects, 2012). 
The locations of the hazardous waste facilities were 
collected from the EPA’s Toxic Release Inventory Pro-
gram website (EPA, 2012). I used a data visualization 
program called Tableau to map each location and for 
analysis of the block group income per capita data from 
the U.S. Census Bureau (U.S. Census Bureau, 2009).

Figure 1. K-function graph for wind turbines in Arlington, Oregon using ARCGIS. Distance is in meters.

Friang



UW BOTHELL POLICY JOURNAL, 2012  35

Inequitable Distribution

Map 3: Per capita income by block group for 2009 and areas populated by wind farms and waste facilities. 

Map 2: Locations of hazardous waste facilities, municipal landfills, and wind  farms in the Pacific Northwest.
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Results

 Based on the mapping of the wind turbines, (x) the 
distribution of the wind turbines suggest that they are 
clustered and there are areas of Arlington that experi-
ence impacts of both the wind turbines and the waste 
facilities (See Map 1). Waste facilities, both hazardous 
and municipal, are represented by the red squares. Waste 
facility impact areas are illustrated by the dark red buf-
fer lines. When I mapped the land use zoning in Gil-
liam County, I found no “Residential” areas in Arling-
ton (See Map 1). It was zoned as “Urban” and “Rural 
Industrial” so I used the option (c) setback requirements 
for noise, which are 1,320 feet, for the wind turbines 
constructed in agricultural zone areas. Light gray lines 
indicate these wind turbine setback for noise as required 
by Oregon State law. The green line illustrates the two-
mile noise setback used in Umatilla County. All of the 
city-proper of Arlington is clear of the impacts of the 
wind and waste facilities at these setback standards, but 
there are still areas of the rural community that fall un-
der the impact of both types of facilities. 

One interesting finding when I mapped the waste 
facilities was that the Roosevelt Regional Landfill in 
Washington State, represented by the red buffer circle 
at the top of Map 1, also impacted the Arlington area.

The results of the statistical tests for distribution of 
the wind farms illustrates that the wind farms are clus-
tered and significantly so. The results of the nearest 
neighbor index calculations are:  the average distance 
between wind turbines was 246.55 meters and with a 
ratio of .1847 the distribution is clustered. A  Z- score 
of -32.68 indicates that the clustering of turbines is sta-
tistically significant at the county level. The K-function 
test shows that the wind turbines are clustered since the 
observed values (red) are above the expected values 
(blue) (See Figure 1). The distance of the clustering is 
out to more than 8500 meters or four miles. This means 
that the distributions of the wind turbines in Gilliam 
County are indeed clustered.

Mapping of the hazardous waste, municipal landfills, 
and wind farms in the Pacific Northwest illustrates that 
the clustering of wind farms in rural communities (See 
Map 2). The red circles show locations of hazardous 
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Map  4: Per capita income by block groups for 2009 and areas populated by wind farms and waste facilities in 
Northern Oregon and Southern Washington. 
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waste facilities dealing with 3000 or more times of haz-
ardous waste per year. The brown circles are municipal 
landfills and the green circles are wind farms. Some of 
the communities with clustered wind farms also con-
tained either a hazardous waste facility or municipal 
landfill.

The map (See Map 2) of Washington, Oregon, and 
Idaho illustrating the locations of the hazardous waste 
facilities, landfills, and wind farms shows clustering of 
wind farms in specific areas such as North-Central Or-
egon, Southern Washington and Southeastern Idaho.

Maps 3 and 4 depict the per capita income by block 
group for each county in the Pacific Northwest. These 
maps are overlaid with the facilities map and shows nu-
merous windfarms and landfills in communities with 
incomes below $41,000. Closer investigation in Map 4 
reveals many locations in Northern Oregon and South-
ern Washington with multiple facilities and average in-
comes below $28,000.

Conclusion

Wind farms surround Arlington. If you take into con-
sideration the two mile setback, used in the neighbor-
ing Umatilla County, the entire city of Arlington could 
be impacted by the noise of wind turbines (See Map 
1). This means that most of the residents could be at 
risk from noise issues, vibrations and flicker effects as-
sociated with the wind turbines. This also expands the 
parts of the community that could be potentially under 
impacts of both the wind turbines and also the waste 
facilities if the two mile buffer setback was used. The 
combination of these two different types of facilities in 
one place, tip the scales of equity against the citizens of 
Arlington. 

Since Arlington, Oregon is considered an agricul-
tural community, the larger setback requirements for 
wind farm construction do not apply. Wind turbines can 
be constructed within 1,320 feet of a residence. This 
smaller setback requirement leads to wind turbines be-
ing located closer to residents in the agricultural com-
munity than in a regular residential zone and puts these 
rural residents, who are already at risk from nearby 
hazardous waste facilities, at a greater risk of health 
impacts from these turbines. Expanding the setback re-
quirements for all areas creates a safe zone in which to 
operate these facilities and decreases the health impacts 
to the population. 

The analysis of the Pacific Northwest data depicted 
many low-income communities, besides Arlington, Or-

egon, dealing with the combined impacts of energy and 
hazardous waste facilities. This shows that Arlington’s 
experience is not isolated but has been repeated in loca-
tions across the region. The clustering of the wind farms 
in places that are already home to hazardous waste fa-
cilities concentrates the impacts to a smaller popula-
tion in number, but compounds the health risks to these 
individuals. This is the inequitable distribution that re-
searchers and activist groups have worked to change 
(Abel, 2008; Atlas, 2001; Bullard, et al., 2008; Krieg 
and Faber, 2004). Renewable energy facilities also pose 
health risks to the public and should be treated the same 
as any other large scale facility in the siting policies 
for the permitting process. By holding all large scale 
industries, “green” or not, to the same siting standards 
and creating policies that will limit the number of facili-
ties that can operate in one area, the health risks to the 
public are diminished and communities like Arlington 
will be safer places to live. 
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