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ABSTRACT 

Previous research indicates that in many regions in this country, especially in metropolitan areas, 
pockets of areas exist which are characterized by higher poverty, higher employment, and greater 
prevalence of diseases and higher level of pollution.   A great body of evidence suggests that regions of 
poverty are also associated with differential access to unhealthy foods compared to healthy foods 
resulting in negative health impact on the community members such as obesity or diabetes.  This study, 
primarily focused on methods, finds similar results in the Albuquerque/Bernalillo County region of New 
Mexico with coexistence of high mortality rates from various diseases, lower level of educational 
achievement, less access to public facilities including transit and higher concentration of stationary 
polluting sources as well as toxic waste dump sites.  The authors then develop a risk index to 
geographically distinguish the differential quality of life.  GIS is used for mapping and analyses in this 
study which was done in early 2013. 
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1. Introduction 

Environmental equity refers to people and communities of all races, ethnicities and socioeconomic 
status (SES) receiving equal protection from hazards posed by the environment.  In a broad sense, the 
word environment can be defined to include not only the air we breathe and the water we drink but 
also neighborhood characteristics such as congested living conditions, lower level of educational 
achievement, access to healthy foods, access to public resources such as parks, libraries and public 
transportation, and so on.  In fact, Garrett & Taylor (1999) talk about a transit equity which is the 
differential allocation of services based on income, race and status as inner-city dwellers versus 
suburbanites.  A pioneering study by Anderton, Anderson, Oakes & Fraser (1994) found that treatment, 
storage and disposal of hazardous wastes are more likely to be found in census tracts especially 
dominated by Hispanics. Sheppard, Leitner, McMaster & Tan (1999) conducted a study of Toxic Release 
Inventory (TRI) sites in Minneapolis using GIS. They found a strong association between poverty among 
whites and overall population and a TRI location compared to minorities in poverty and TRI location.  
Maantay (2002) did a comparative study of 13 GIS studies in the environmental injustice area.  These 
studies used a spatial coincidence method (i.e., location of a TRI site inside a geographic area such as 
census block, block group or tract) and/or proximity analysis method (i.e., creating a buffer around a TRI 
site and identifying the characteristics of the population that live inside the buffer).  While Maantay 
concludes that while the majority of the research came up with disproportionate environmental burden 
on people of color or living in poverty, there is an underestimation of the burden due to scarcity of 
comprehensive data and/or research methodology used.   Downey & Hawkins (2008) used the 2000 
census tract level data and found among other results that increases in income in the neighborhood 
resulted in decrease in hazard levels especially in black neighborhoods. 

Bernalillo County is the largest among the 33 counties in New Mexico.  About 82% of the county’s 
population resides in Albuquerque, which as per the 2010 census had a population of 545,582.  Per the 
2007-2011 American Community Survey five year average, the person poverty rate in New Mexico has 
been 19% and in Bernalillo County 16.6%.  This motivated the authors to study the geographical 
distribution of poverty across the county. We wanted to test the association among poverty, household 
value, prevalence of diseases, level of education and locations of TRI sites and stationary polluting 
sources to establish environmental inequities, if any, in the greater Albuquerque area, located in 
Bernalillo County, New Mexico.    Then, using a composite of different variables, a Risk Index is 
constructed that takes into account health, education, poverty and crime variables.  This Risk Index, 
when displayed geographically, shows the spatial disparities. 

 

2. Methods: 

2.1 Data sources 

Data on permitted pollution from stationary sources was obtained from a public information request 
from the City of Albuquerque‘s Air Quality Division.  The point shapefile had locations of permitted 
sources along with tons per year of permitted nitrogen oxides, sulfur oxides, hazardous air pollutants, 
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volatile organics, particulate matter both under 10 micrometers and under 2.5 micrometers.  There 
were a few EPA Superfunds location in New Mexico, available at EPA’s website, 
https://www.epa.gov/superfund/search-superfund-sites-where-you-live.  These sites were established 
by the EPA to clean up uncontrolled hazard waste sites.  The Superfund site locations within Bernalillo 
County were identified and mapped.   Similarly, Toxic Release Inventory data for the city were obtained 
from U.S. Environmental Protection Agency’s map site 
http://iaspub.epa.gov/triexplorer/tri_factsheet.factsheet?pDataSet=TRIQ1&pyear=2011&pstate=NM&p
city=albuquerque .  Mortality rate from diseases were obtained from New Mexico Department of 
Health, Bureau of Vital Statistics, 
http://ibis.health.state.nm.us/query/selection/mortASAA/MortSelection.html  

The data is available based on five year averages and across “small area” geographies which are typically 
larger than census tracts but smaller than the size of a county.  For example, Bernalillo County has 33 
such geographies that exclude the local air force base.  

Median household income and poverty rates were obtained from American Community Survey.  Median 
home price and population data are from U.S. Census Bureau (2010).  Crime data is available from the 
City of Albuquerque website. 

Bernalillo County 2011-2012 parcels data were obtained by request from the Mid Region Council of 
Governments (MRCOG).  City bus route and facilities location shapefiles were obtained from the City of 
Albuquerque’s GIS website http://www.cabq.gov/gis/download.html  

 

2.1.1. Analysis   

This paper focuses on geospatial methods for the analyses. Of the two most commonly used methods in 
GIS proximity measures, namely, spatial coincidence and buffering, the former method was used here 
for the analysis.  Spatial coincidence method has the implicit assumption that any pollution hazards are 
confined to known geographical boundaries such as census tracts, zip codes, etc.   One then looks for 
the presence of hazards within the geography not really taking into account the number of polluting 
sources within the boundary.  To proceed with the analysis, Toxic Release Inventory (TRI) Sites locations 
were obtained from the US EPA and mapped. It was then overlaid with a shapefile that has the census 
tracts containing information on median household income, poverty, median home price and crime rate.   
In ArcMap, using Selection by Location feature, all the census tracts that contain one or more TRI sites 
were identified.  Statistical analysis of the 2010 median home price, median household income (2005-
2009 ACS average) and crime rate (2004-2006) were conducted both using the tracts that contained the 
TRI locations and the ones that did not.  A summary is provided in Table 1 below.  t-tests of significance 
were conducted for each characteristic and the mean characteristic in TRI tracts was compared against 
the mean characteristic of non-TRI tracts and the observed statistical significance noted under the 
Comments column in Table 1.  The tests of significance were done using conventional paper and pencil 
methods and t-tables (Box, Hunter & Hunter, 1978). 
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Table 1. Comparison of median home price, household income and crime rate. 

Characteristic  TRI tracts Non-TRI tracts Comments 
Median Home 
Price 2010 

Average $148,605 $200,425** 
 

**Difference is 
statistically 
significant 
(p<0.05) 

 Std deviation $52,665 $86,000  
 n 18 122  
Median Household 
Income (2005-09) 

Average $42,434 $53,369** 
 

** Difference is 
statistically 
significant 
(p<0.05) 

 Std deviation $13,955 $23,769  
 n 19 121  
Crime Rate+ (2004-
06) per 1000 
people 

Average 91.0 48.2*** 
 

*** Difference is 
statistically 
significant 
(p<0.000) 

 Std deviation 79.6 38.4  
 n 18 120  
Poverty Rate 
(2005-09) 

Average 18.2% 14.4%* *p=0.16 for the 
difference 

 Std deviation 8.9% 10.8%  
 n 19 121  
+Includes homicide, rape, robbery, aggravated assault, burglary, motor vehicle theft, larceny and arson; 
n represents the number of census tracts involved 

From Table 1, it is clear that on the average we find lower household incomes, lower home prices, 
higher crime rates and higher poverty in those geographies where TRI sites are located compared to 
ones where they are not.  A map of TRI locations and the tracts that surround them highlighted in 
turquoise is shown in Figure 1.  The 2010 median home price by census tract is symbolized with red 
color showing some of the lowest home prices and the green values corresponding to the highest home 
prices. 
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Figure 1 Location of Toxic Release Inventory sites (red diamond shaped points).  The census tracts that 
contain them are highlighted in turquoise.  

 

Is there a differential mortality rate for each type of disease by geography?  To answer this question, we 
look at the age-adjusted mortality rates in Bernalillo County from various diseases and assess if there is 
a preponderance of high mortality rates by geography and by disease in some locations.  The leading 
causes of death in New Mexico are due to (1) heart disease, (2) cancer, (3) unintentional injury, (4) 
COPD, (5) stroke and (6) diabetes, in that order.   Along with this a composite mortality rate data for 24 
disease categories that include heart disease, cancer, respiratory disease and stroke is also available 
across geographies.  The geography is defined here by New Mexico Department of Health’s “small 
areas” which are 33 in number for the Bernalillo County excluding the Kirtland Air Force Base region.  
The Kirtland Air Force Base Region is excluded from the analysis since (i) it is not representative of the 
characteristics of the surrounding general population and (ii) three different geographically distinct 
military regions including Kirtland were combined into one “small area” geography. Considering that 
there are 153 census tracts in Bernalillo County based on the 2010 Census, clearly the number of “small 
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areas” is much less in number, however, the delineation provides stable mortality rates over a five year 
period.  

The results are shown in the maps in Figure 2-8 below.  The mortality rates are based on the 2005-2009 
period and are per 100,000 people living in each “small area.” 

 

Figure 2.  Age adjusted mortality rate per 100,000 persons due to heart disease (2005-09) 
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Figure 3.  .  Age adjusted mortality rate per 100,000 persons due to cancer (2005-09) 

 

 



8 | P a g e  
 

 

 

Figure 4.  .  Age adjusted mortality rate per 100,000 persons due to unintentional injuries (2005-09).  The 
unintentional injuries include a variety of accidents involving motor vehicle, fire, poison, environmental, 
etc. 
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Figure 5.  .  Age adjusted mortality rate per 100,000 persons due to COPD- chronic obstructive 
pulmonary disease (2005-09) 
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Figure 6.  .  Age adjusted mortality rate per 100,000 persons due to stroke (2005-09) 
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Figure 7.  Age adjusted mortality rate per 100,000 persons due to diabetes (2005-09) 
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Figure 8.  .  Age adjusted mortality rate per 100,000 persons due to 24 categories of chronic diseases 
(2005-09) 

It is seen from the maps that for heart disease, cancer, unintentional injuries, COPD, stroke, diabetes 
and the 24 categories of chronic diseases, the corridor around Interstate 25 has moderate to high age-
adjusted mortality rates from these diseases.   The area around Interstate 25 especially to the south and 
west is known as the South Valley and is seen to be a hot spot for mortalities from chronic diseases, 
stroke, diabetes, cancer and heart disease. 

Using a similar methodology to identification of TRI locations that are bounded by census tracts with 
demographic variables (see Table I and Figure 1 above), using a Select by Location procedure the 
NMDOH “small areas” for disease mortality that contain one or more TRI sites were identified. 

Table 2 shows a comparison between TRI and non-TRI “small areas” with respect to mortality rates from 
diseases and life expectancy for the 33 “small areas” in Bernalillo County excluding the Air Force Base. 
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Table 2. Mortality rates (2005-2009) and life expectancy in NMDOH “small areas” 

Characteristic  TRI Small Area Non-TRI Small 
Area 

Comments 

Cancer Mortality 
rate (per 100,000) 

Average 171.0 148.9** **difference 
statistically 
significant p<0.05 

 Std dev 34.4 21.1  
 n 12 21  
Life Expectancy 
(years) 

Average 77.0 79.1** **difference 
statistically 
significant p<0.05 

 Std dev 2.3 2.8  
 n 12 21  
Heart Disease 
Mortality rate (per 
100,000) 

Average 172.4 162.1  

 Std dev 22.9 39.7  
 n 12 21  
COPD Mortality 
rate (per 100,000) 

Average 46.8 45.2  

 Std dev 8.7 11.6  
 n 12 21  
Diabetes Mortality 
rate (per 100,000) 

Average 29.9 25.7  

 Std dev 12.7 12.7  
 n 12 21  
Stroke Mortality 
rate (per 100,000) 

Average 37.1 36.7  

 Std dev 9.5 8.0  
 n 12 21  
Unintentional 
Injury Mortality 
rate (per 100,000) 

Average 69.9 59.7  

 Std dev 18.9 21.4  
 n 12 21  
 

From Table 2, it is seen that the cancer mortality in TRI small areas is statistically significantly higher 
than that in non-TRI small areas. The life expectancy in the TRI areas is also significantly lower than the 
non-TRI areas.  The difference in mortality rates for the other diseases was statistically insignificant in 
TRI versus non-TRI small areas. 

It is also instructive to look at permitted stationary pollution sources since pollutants in general including 
oxides of nitrogen and sulfur as well as particulate matter are known to increase or cause health 
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problems.  One can locate them on a map, however from a display and analysis standpoint it is desirable 
to convert point locations into a location density showing how closely polluting sources are located to 
one another and thus create “hot spots.”   This would also provide an indication of the concentration of 
these polluting sources in a given area.  The permitted stationary source pollution information was 
obtained from the City of Albuquerque’s Air Quality Division following a public records request.   The 
stationary sources of pollution include electric generating plants, gasoline service/fleet stations,  
aggregate processing plants, manufacturing plants, crematories, boilers, research and development 
sites,  abrasive blasting plants, asphalt production sites, cement , concrete production and distribution 
facilities, chemical manufacturing locations, coating and spraying facilities, laundry and dry cleaning 
operations, landfill,  paint and body locations, petroleum products processing, wood manufacturing and 
process engines. The density calculations are based on Kernel Density in ArcMap. This methodology fits 
a smoothly tapered surface to the location points and creates a raster data set whose values represent 
in this cases number of polluting sources per unit area.  The density layer was then overlaid, for example 
with some of the mortality rate maps (see Figures 9 and 10).  Figure 9 shows pollution location density 
map and cancer mortality rate and Figure 10 shows life expectancy and pollution source density.  While 
each permitted polluting stationary source may be allowed to emit different quantities of oxides of 
sulfur, carbon and nitrogen, volatile organic compounds, and particulate matter (under 2.5 micrometers 
and under 10 micrometers in size), for this analysis and for the sake of simplicity we considered the 
proximity of each polluting source to its neighbor without consideration as to what type of pollutants 
they generate. 
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Figure 9 Pollution density by location overlaid with cancer mortality rates. 
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Figure 10 Pollution density by location overlaid with life expectancy. 

 

It is clear from an examination of these maps (Figure 9 and 10) that along the central corridor of 
Intestate Highway 25 are found areas of moderate to high mortality for many of the diseases 
considered.  They are also locations of high pollution source density.  These areas are also characterized 
by lower life expectancy. Many of the TRI sites are located along this corridor and the areas in general 
are characterized by lower income, higher poverty, lower median home price and higher crime rate. 

 

In addition to examination of locations that emit pollutants on a regular basis as we did above, it is also 
instructive to look at sites that may no longer be manufacturing chemicals, however have had issues 
with toxic wastes. An EPA (Environmental Protection Agency) Superfund site is where toxic wastes have 
been dumped and the EPA has designated them to be cleaned up. Within the greater metropolitan 
region of Albuquerque the following are the Superfund sites set up by the EPA: (1) Burlington Northern 
& Santa Fe Railroad (BNSF) (formerly known as Atchison, Topeka & Santa Fe - AT&SF) Site in the South 
Valley (2) General Electric Aviation site also located in the South Valley, (3) the Fruit Avenue plume, 
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along Fruit Avenue near downtown and (4) Rinchem Co., Inc.  located on North Edith Boulevard (no 
future remedial activities planned for this site).    Sites 1 and 2 are shown in Figure 11 along with an 
overlay of life expectancy map layer.  

 

Figure 11 Overlay of EPA Superfund sites and life expectancy 

Earlier we identified the Interstate 25 corridor as having high mortality rates from various diseases, 
lower in income and home price, higher in crime rates and poverty and higher in pollution location 
density and presence/location of TRI sites.  Now we see that the downtown and South Valley region, 
which are part of the corridor defined above is also the location of EPA Superfund sites. 

 

Thus far we have considered some of the risk factors for poor health such as pollution and toxic wastes 
dumping as well as mortality rates and life expectancy as a function of geography.  However, there are 
various other factors that can aggravate or ameliorate the health risk associated with living in an area.  
We look at some of the other aspects that affect the quality of life.  Access to public transportation and 
ease of use can enhance the quality of life to some extent especially for those that are poor, for example 
through using public transportation to go to work or visit health care and other facilities. In order to look 
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at access to city bus routes, a shapefile was downloaded from the City of Albuquerque website.  Another 
shapefile containing parcels in Bernalillo County is available from Middle Rio Grande Council of 
Governments (MRCOG).  Parcels that were designated as residential (includes single family and 
multifamily homes as well as mobile homes) were selected and the parcel centroids computed using 
ArcMap.   Next a calculation was performed to compute the distance of each parcel centroid from the 
nearest bus route.  The frequency of the bus was not considered during this computation.  The file 
containing parcel centroids and distance to bus route were spatially joined to New Mexico Department 
of Health’s (NMDOH) “Small Area” geographies mentioned earlier.  Then, a dissolve operation was 
performed so that the 33 NMDOH polygons in Bernalillo County each had an average distance from the 
centroid of residential parcel to the nearest bus route.  Figure 12 shows a map depicting the distribution 
of these average distances to bus routes. 

 

Figure 12 Map depicting average distance from centroid of residential property parcels to the nearest 
city bus route. 
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While the majority of the central portions of the city are well served by the city transit system, areas of 
the I-25 corridor in the north and south regions require a person to walk on the average a third of a mile 
or longer.  The actual distance from the residence to the bus stop may be considerably higher since we 
are only using the average distance within the geographical area.  Regions to the far east and far west of 
the county are well outside the city limits and therefore are not served by city transit resulting in much 
longer average walking distances to the bus route. 

 

Another indicator of quality of life is proximity to public facilities such as community centers, cultural 
centers, fire stations, libraries, police stations, public swimming pools, senior centers, sporting arenas, 
and solid waste disposal centers.  Easy access to such facilities can very well promote health and well-
being of the residents, especially if they are not well-to-do economically. Using a method similar to the 
calculations of average distance to the bus route, average distance to a public facility (whatever that 
might be) was computed and mapped by small area geography as shown in Figure 13. 

 

Figure 13 Map depicting average distance from centroid of residential property parcels to the nearest 
public facility. 
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Observations from Figure 13 are similar to the ones that were derived from Figure 12. 

One could also look at the educational attainment of persons in the 33 NMDOH areas in Bernalillo 
County excluding the Air Force Base.   Proportion of persons with high school education or higher is 
mapped across the region in Figure 14.  Clearly, the highest proportion of people with less than high 
school education reside in the southern portions of the city including  the South Valley and near the 
International District (regions near the New Mexico State Fairgrounds).   Also, there are locations in the 
North Valley and west of I-25 that have moderately high proportion of people with less than high school 
education.  The data is obtained from 2006-2010 ACS.  It is thus ironic that in some of the regions with 
high mortality from certain diseases the educational attainment is also lower. 

  

 

Figure 14 Proportion of persons with less than high school education 

It is well known that the median home price in an area is more or less directly proportional to the school 
performance in the local area.   Thus, we wanted to include the high school graduation rate as another 
measure of the quality of life.  The 2011 high school graduation rates for the Albuquerque Public School 
District are shown in Figure 15. 
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Figure 15 High school graduation rates (2011) 

 

It is seen from Figure 15 that much of the south including the South Valley has low graduation rates.   

Earlier we alluded to crime rate and compared the rates in TRI tracts to others.  Next we look at 2011 
violent crimes in Albuquerque since violent crime is a major detractor to safety and well-being.  Using 
FBI’s definition and the City of Albuquerque’s website, crime data pertaining to assault (aggravated), 
burglary, homicide, robbery, and theft (including auto-theft) were downloaded into an Excel file and 
geocoded.  The point locations of all crimes were intersected with residential land use polygons and 
were aggregated to the NMDOH “Small Area” geographies.  Figure 16 shows a map of the number of 
violent crimes in 2011. 
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Figure 16 Location of 2011 violent crimes in residential areas 

 

From Figure 16, it is seen that pockets of high and moderate violent crimes are located throughout the 
city and the South Valley does not have a disproportionately higher crime density.  Clearly, it is an 
ameliorating factor to the quality of life in that area.  

Using many of the variables discussed thus far, it is possible to covert each attribute into a raster layer, 
classify the raster and create a composite raster that is an indication a risk index.  In other words, higher 
the quality of life, lower the risk index.   The following layers were considered: 

1. High school graduation rate   
2. Pollution density by source  location   
3. Teenage pregnancy rate (not shown in a map in this paper and represents a proxy for poverty 

rate) 
4. Average distance from residential parcel centroid to nearest bus route 
5. Average distance from residential parcel centroid to nearest public facility 
6. Percentage of persons with less than high school education 
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7. Violent crimes prevalence 
8. Chronic Disease mortality rate. 

Clearly additional layers could be chosen, however, it has been the primary author’s prior experience 
that the overall model becomes less sensitive if more than 10 factors are added.  What factors ought to 
go in a model to predict the risk index may be debatable; however, the authors believe that they have 
considered a cross-section of meaningful variables from health, access, education, crime and poverty. 

Each of these eight layers was converted to a raster layer (if not already a raster).  Then the values were 
reclassified on a scale of 1 through 5 as follows for each layer (1=Highest Risk; 5=Lowest Risk):  

1. High school graduation rate: 5=Low, 1=High 
2. Pollution Density; 1=Low, 5=High 
3. Teen Pregnancy: 1=Low, 5=High 
4. Distance to bus route: 1=closest,5=farthest 
5. Distance to public facility: 1=closest, 5=farthest 
6. Percent people with less than HS education: 1=Low, 5=High 
7. Violent crimes 1=least crimes, 5=most crimes 
8. Chronic disease mortality; 1=least mortality rate, 5=highest mortality rate. 

In the foregoing, the scale was reverse ordered in some cases so that “1” represents goodness (or low 
risk) consistently. Equal weightage was given to all layers except the distance layers (bus access and 
facility access) which were given half the weightage each compared to the other six layers.  This was to 
account for the fact that outside the city limits bus and public facilities are unavailable just because 
those areas are outside the city. A raster calculator was used to sum the values of each layer with the 
weights, and then convert the composite into a scale of 0-100 with 100 representing the highest risk and 
0 representing the lowest.   Figure 17 shows the Risk Index map for the Albuquerque area.  In the map, 
lower the index, higher the well-being.  
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Figure 17 Risk index computed using raster calculator 

 

From Figure 17 it is clear that not all areas have the same risk index or quality of life; those residing in 
the South Valley and in the International District have some of the highest risk indices considering the 
attributes used.  We have seen disproportionate number of environmental concerns including location 
of Superfund sites and toxic material sources in some of these areas. 

 

3. Discussion and Conclusions: 

Prior studies defined risk indices for various medical conditions.  For example Janssen, Katzmarzyk, & 
Ross (2004) predicted obesity-related comorbidity by using the waist circumference in addition to the 
body mass index (BMI).   Others have developed risk factors for various other diseases including cancer.  
The goal of this study however was different in the sense that rather than investigating causative 
factors, it looked at the end effect in total across a small regional geography and tied in with 
socioeconomic variables.    
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In this methods paper, we used spatial coincidence to identify census tracts in the Albuquerque, 
Bernalillo County area that have one or more Toxic Release Inventory locations.  We found that 
consistent with many of the previous studies, the TRI census tracts are associated with high crime rate, 
low median household price, high poverty and high crime rate.  We found that cancer mortality rate and 
life expectancy in the TRI enumeration units are significantly higher and there is a preponderance of 
stationary polluting sources in those locations.  The South Valley is also the location of two EPA 
Superfund sites.   We have come up with a model to map a Risk Index which is composed of health, 
crime, access, pollution and poverty-related variables.   We found that the South Valley and locations 
near the New Mexico State Fairgrounds including the International District have higher risk indices 
compared to other areas of the city.  These areas should be the target of focus for health and education 
outreach as well as economic planning and development. Analyses of the type conducted in this paper 
help shed light on social and environmental equity or lack thereof in the greater Albuquerque area 
giving vital information to lawmakers to formulate policies that would improve education, decrease 
poverty and promote environmental equity. 

 

Software 

GIS geoprocessing including Kernel density calculation, centroid and distance calculations, rater 
conversion, raster calculations and map production including background base maps were accomplished 
using ESRI’s ARCGIS 10 software.  The authors are grateful for the reference maps supplied with the site 
software license with redistribution rights granted by the vendors that include ESRI. 
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