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Exploring the Spatial Relationships between
Environmental Equity and Urban Quality of Life

Byong-Woon JUN'*

ABSTRACT

Although ordinary least squares (OLS) regression analysis can be used to examine
the spatial relationships between environmental equity and urban quality of life, this
global method may mask the local variations in the relationships between them. These
geographical variations can not be captured without using local methods. In this context,
this paper explores the spatially varying relationships between environmental equity and
urban quality of life across the Atlanta metropolitan area by geographically weighted
regression (GWR), a local method. Environmental equity and urban quality of life were
quantified with an integrated approach of GIS and remote sensing. Results show that
generally, there is a negatively significant relationship between them over the Atlanta
metropolitan area. The results also suggest that the relationships between
environmental equity and urban quality of life vary significantly over space and the
GWR (local) model is a significant improvement on the OLS (global) model for the
Atlanta metropolitan area.
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INTRODUCTION

Environmental justice is the principle
that all
proportionate

people should bear a

share of environmental
costs such as pollution and health risk
equal access to
environmental amenities (Harner et al,
2002). A

environmental justice analysis concerns

and rejoice  at

fundamental question in
environmental equity that investigates if
the spatial distribution of environmental
risks and amenities is equitable among
diverse racial and socioeconomic groups.
In the U.S.A,
policies have tried to

environmental justice
create
environmental equity within the society
since early 1990. Research concerns for
environmental equity have been mainly
focused on human health effects from
environmental hazards. Recently, attention
has also been given to multiple
dimensions of impacts from environmental
hazards such as environmental, social,
and economic impacts,
health risk (Liu, 2001).

Research focus for urban environmental

in addition to

equity has been largely confined to
potential exposure to toxic sites, but the
research focus has recently expanded to
certain other environmentally sensitive
issues such as a zone of urban blight,
transportation

open space, parks,

L AT e, oS A el

WHOR feHe o WAL ATk 1,

A ggs) welsta, 4ed OLS md nrk
[e]

systems, and urban sprawl (Liu, 2001;
2002). Liu (2001)
suggested that it is necessary to

Harner, et al,

incorporate major environment risks and
amenities for urban environmental equity
Further,  Holifield  (2001)
pointed out the need to broaden the

analysis.

usual conception of environment in order
to open new possibilities in environmental
equity research. Therefore, it is apparent
that the final goal of urban environmental
equity analysis needs to be extended to
(QOL) of
people in the community. Although QOL

evaluate the quality of life

has not been expressed adequately so
related to the
well—being of people (Jun, 2008).

far, it is general

Investigating the relationships between
environmental equity and QOL in urban
regions is important for two reasons.
First, it i1s required to examine the role
in the spatial
variation of QOL. Second, this can help

of environmental risks

urban planners and decision-makers to be
aware of any problem areas in the
allocation of wurban services. It is
particularly true in areas where there is
concern about building sustainable growth
However, little

management plans.

attention is given to this topic in the

urban environmental equity and QOL
research community.
Ordinary least squares (OLS)

regression analysis can be employed to
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disentangle the interrelationships between
and QOL. OLS
regression models of spatial data may

environmental equity
show spatial non-stationarity referring to
the fact that the relationships among
independent and dependent variables are
different across space (Fotheringham et
al, 1996). This global method may mask
the local variations in the relationships
These
variations can not be captured without

between  them. geographical
using local methods. In this regard, this
research explores the spatially varying
relationships between environmental
equity and QOL Atlanta
metropolitan area using geographically
(GWR), a local

method. After a brief introduction, an

across the

weighted regression
overview of GWR is described. Data and
methods are then presented and followed
by the introducing of the results with a
discussion of them. The Ilast section
concluding

contains summary and

remarks.

GWR AND SPATIAL
NON-STATIONARITY

GWR 1s an exploratory spatial data
analysis (ESDA) technique that can be
used to investigate the nature of spatial
non-stationarity in OLS regression models
of spatial data. GWR builds on a global
regression model expressed as:

Yi=0,+ zakxik T ¢
k (D

GWR extends this global regression
model by allowing the local estimation of

model parameters at each observation s
location (Fotheringham et al, 2002). The
equation may thus be revised as follows:

Vi = ao(ui’vi)+zak(ui’vi)xik t+é; o)
2
k

where (u;, v) indicates the coordinates of
the location of observation i Specifically,
GWR is
neighboring observations on the basis of

calibrated by weighting all

a distance decay function away from
observation 7. GWR then generates a set
of local regression results including local
parameter estimates, the values of rtest
on the local parameter estimates, the
local R? values, and the local residuals
for each regression point. Finally, the
local model parameters can be mapped
using geographic information system
(GIS) software so that local variations in
the regression results can be detected.
Therefore, GWR provides a useful tool to
explore the spatially varying relationships
between environmental equity and QOL.

years, GWR has been

increasingly applied in various fields such

In recent

as ecology, land wuse studies, social

studies, and environmental studies to
spatially varying

relationships. Longley and Tobon (2004)

explore the

spatial dependence and

heterogeneity in the

explored
determinants of
deprivation in Bristol, U.K. Mennis and
Jordan (2005) revealed the relationships
among race, class, employment, urban
concentration, and land use with air toxic
release density in New Jersey, USA.
Clement et al (2009) identified drivers
of forest transition in a province of
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Northern Vietnam between 1993 and
2000. Ogneva-Himmelberger et al (2009)
explored

regional variations in the

relationship between socio-economic
variables and green vegetation land cover
across the state of Massachusetts, USA.
Harris et al (2010) quantified spatial
relationships

between freshwater

acidification  critical load data and
contextual catchment data across Great
Britain and calibrated robust GWR unlike
(2010)

demonstrated how GWR statistics can be

many previous studies. Lloyd

used to explore the degree to which
single socioeconomic and demographic
variables and relations between such
variables differ at different scales and at
different geographic locations in Northern
Ireland. Scull (2010)

relationship between climate and soil

investigated the

character across the contiguous United
States. Gao and Liu (2011) detected
location-dependent and scale-dependent
relationships between urban landscape

fragmentation and related factors in
Shenzhen City, Guangdong Province,
China. Tu (2011) found significant

relationships between land use and water
quality across watersheds in eastern
Massachusetts, USA. However, there is
no research that assesses the application
of GWR for exploring the spatially varying
environmental

relationships between

equity and QOL at any scale of analysis.

DATA AND METHODS

Atlanta
metropolitan area in the Southeastern
U.S. as a case study area (FIGURE 1).
This study area comprises 10 metro

This research chose the

There have been some
and QOL
issues in the study area such as urban

counties.
controversial environmental
heat island effect detected, degenerated
air quality, water-quality issues related to
urban development, and paradoxical urban
landscape based on racial segregation
(Sjoquist, 2000). In this study area,
there thus existed a need to explore the
spatially varying relationships between
environmental equity and QOL.

The QOL in the Atlanta metropolitan
area, 2000 was quantified in terms of
demographic, economic, educational,
housing, environmental, and hazardrelated
factors by the integrated approach of GIS
and remote sensing developed in the
2006b). Four

variables (such as

study  (Jun,
socioeconomic

previous

population density, per capita Income,
percent college graduates, and median
home value) derived from census data in
2000 are <zonal data whereas three
environmental variables (such as land use
and cover, normalized difference

(NDVI), and surface
temperatures) extracted from Landsat
TM 5 data in 2000 and a hazardrelated

variable

vegetation index

(such as cumulative potential

relative  exposure to toxic release
inventory (TRI) facilities extracted from
the TRI database in 2000) are per-pixel
data. The

related

environmental and hazard-
spatially

aggregated into census block groups to

variables were

integrate two different areal units of data
analysis. A
(PCA)
approach was then used to transform

and to perform further

principal components analysis

environmental, hazardrelated, and

socioeconomic variables into a resultant
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FIGURE 1. Location of study area

QOL score for each census block group.

To determine the environmental equity,
an environmental equity model was
developed in this research by identifying
the spatial clustering of hot spots in
environmental equity as illustrated in
FIGURE 2. This model provides us with
the spatial variations in environmental
equity within a defined urban region. By
combining a risk surface and a population
surface, the environmental equity model
was performed. The risk surface was
generated using the equation proposed by
Cutter et al (2001). In specific, the
cumulative proximal exposure (CPE) to
population in each census unit from
distance to TRI facilities was calculated
weighted by the

potential risk score (RPRS) for a given

and then relative

TRI facility to utilize the magnitude and
the relative toxicity of release from TRI
facilities. The
percentages of minority and people below
poverty level was constructed using the

population surface for

methodology in the previous study Jun,
2006a). The weighted linear combination
method in GIS
employed to integrate two surfaces and

environment was

then to create an environmental inequity
surface in the Atlanta metropolitan area,
2000. The environmental inequity scores
were spatially aggregated into census
block groups for further analysis.

The resultant QOL score map was
visually and statistically compared with
the environmental inequity score map for
2000 in order to investigate the spatially
varying relationships between them. For
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FIGURE 2. An approach to modeling environmental equity in a GIS context

statistical investigation, OLS regression

and GWR were performed for a pair of
maps, respectively. OLS regression is

called a global method because this

global predictive

model. However, GWR 1is called a local

method produces a

method since this method expresses the

spatial variation in model
estimates. Following the OLS regression,
GWR and

implemented to

parameter
choropleth mapping were

explore spatial non-
stationarity.

The GWR 2.2 software package for
GWR analysis was used in this study. In
calibrating a GWR model, the geographical
weighting scheme needs to be specified.
To do so, the specification of a kernel
bandwidth is required
2002). In this

an adaptive kernel

shape and a
(Fotheringham et al,
study, was chosen
because this kind of kernel permits use
of a variable bandwidth. If the distance
between the regression point and the

data point is greater than the bandwidth,

the weight of the data point is zero.
Otherwise, the weight of the data point is
calculated using a bisquare function. In
this study,
determined by using all the data entered
and then selecting the bandwidth that
minimizes the Akaike Information
(AIC). The Golden
search technique was applied to minimize
the  AIC. Monte  Carlo

significance test was used to determine

the optimal bandwidth was

Criterion Section

Finally, a

whether any of the local parameter
estimates are significantly nonstationary
so that we can consider whether the
local model offers an improvement over

the global model.

RESULTS AND DISCUSSION

The spatial relationships between
environmental equity and QOL were
explored by wvisual and  statistical

analyses. In order to investigate the

spatial relationships between them, the
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QOL score map was visually compared
with the environmental inequity score
map for 2000. The visual comparison
FIGURE 3 and FIGURE 4
revealed that the overall spatial pattern

between

was inversed in the Atlanta metropolitan
area. In other words, the areas (around
the southern central city of Atlanta, Tri-
cities, Norcross, Marietta/Smyrna, Conyer,
and midtown) with higher environmental
Inequity scores appeared around those
(around downtown Atlanta, Smyrna, and
Hartsfield-Jackson airport)
with lower QOL scores while the places

international

(around the northern parts of Fulton
County along Georgia 400, the northern
Atlanta,
lower

central city of and many

suburbs) with environmental
inequity scores occurred around those

(around Sandy Spring, Roswell,

Alpharetta, and the northern parts of
Fulton County along Georgia 400) with
higher QOL scores.

The reverse spatial relationships
between environmental equity and QOL
were statistically verified. This was
achieved by performing OLS regression
and GWR analysis of the environmental
Inequity score map against the QOL
score map In the Atlanta metropolitan
results from the OLS
indicate that the

coefficient

area. The
regression analysis
correlation between  the
environmental inequity score map and the
QOL score map was -0.39 or a
coefficient of determination of 15
percent. However, the results from the
GWR analysis show that the correlation
coefficient between them was -0.87 or a

coefficient of determination of 75

30 Kilem atars.

QOL Scores
0,995 -1,
1.501 -

||
[ :
B 1871-2.
=
 —)

2066 - 2.

2218-2, "0 o 10 0 30 Kilomarers
=2 s

FIGURE 3. Environmental inequity
surface, 2000

FIGURE 4. Urban QOL scores, 2000



230 Exploring the Spatial Relationships between Environmental Equity and Urban Qudlity of Life
B S e e e e
b ANOVL #
B i o ol ol ol ol i il i
Zource il IF M3 F
OLS Residuals 4976.3 2.00
GWE Improvement AR 182 .44 19,3064
GWE Residuals 1454, 1 1378.56 1.0545 18.3034
FIGURE 5. ANOVA results
percent. This indicates that there were showed that the spatial relationships

globally not significant relationships
between environmental equity and QOL in
the study area, but there were locally
some significant relationships between
them. The result from the ANOVA test
as shown in FIGURE 5 suggests the fact
that the GWR (ocal)

significant improvement on the

model is a
OLS
(global) model in explaining the spatial
relationships between them in the Atlanta
metropolitan area. The statistical results
thus
inequity

confirmed that the environmental
significantly
QOL
scores in the Atlanta metropolitan area in
2000.

The

Scores are

negatively correlated with the

visual and statistical analyses

between environmental equity and QOL
vary significantly over space. The Montel
Carlo  significance test for  spatial
variability of local parameters as shown
in FIGURE 6 that
OLS conceals

local

demonstrates
conventional regression
important variations in  the
environmental
this

significant

relationships between
equity and QOL.
non-stationarity  is

In other words,
spatial
within the Atlanta metropolitan area.
GWR, with choropleth
mapping,
non-stationarity in the spatial relationships

in combination
divulges the nature of spatial

between environmental equity and QOL in
the Atlanta metropolitan area. FIGUREs 7

and 8 show #values for intercept and

bl i o el e ol e i el i e e il e e il e i i i ol e il i e i el i e e i

k3

*

* Test for spatial wvariasbility of paraweters *

k3

*

bl ol ol ol ol ol el i ol ol ol ol ol ol e ol ol ol ol ol il i ol ol ol ol ol ol

Tests based on the Monte Carlo significance test
procedure due to Hope [1965,JR3E,30(3),532-598]

Farameter F-walue
Intercept O.o00o0o
Q0L 0.0o00ao0

FIGURE 6. Results of Monte Carlo test for spatial
non-stationarity
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QOL GWR
environmental equity and QOL. Note that
intercept and QOL
positively and negatively
values (p<0.05) in light orange and dark

from  the model of

maps of the show
significant ¢

orange, respectively. The medium orange
indicates areas that are not significant.
The
over a large area covering the northern

intercept is negatively significant
parts of Fulton County along Georgia
400, downtown Atlanta, the southwestern
suburbs, and the southeastern suburbs.
This
reduced the

indicates that these areas have

environmental  inequity
scores even after the variation in QOL
The QOL is

positively significant around the northern

has been accounted for.

parts of Fulton County along Georgia 400
and some portions of the southwestern
and southeastern suburbs. This suggests
that higher environmental inequity scores
are related to higher QOL scores. In
contrast, significant negative relationships

are found in some portions of the
southern central city of Atlanta. This
indicates  that higher environmental

inequity scores are associated with lower
QOL scores. FIGURE 9 shows local R
GWR  model of
equity and QOL. The
ability of QOL to explain the spatial

values for  the

environmental

variations In the environmental inequity

scores also changes across the study
2

area because the local R® values show

t Values for Intercept

[ Positively significant at p<0.05
[] Not significant at p=0.05

[ Negatively significant at p<0.05| 1 ] 10 20

30 Kiometers

FIGURE 7. tvalues for intercept from the
GWR model of environmental equity and
QOL

t Values for QOL

[ Positively significant at p<0.05
[] Not significant at p=0.05

[ Negatively significant at p<0.05 10 o 10 20

FIGURE 8. tvalues for QOL from the
GWR model of environmental equity and
QOL
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Local R Squares

[]0.014-0.374
[ ]0.374-0.535
[ 0.535-0.672
I 0.672-0.798
I 0.798 - 0.958

0 10 Pl 30 Kilometers

FIGURE 9. Local R? values for the GWR
model of environmental equity and QOL

considerable differences. High values are
mainly observed around the northern
parts of Fulton County along Georgia
400, where QOL can explain 80~96% of
the variances in the environmental
inequity scores, while low values are
distributed around the southern central
city of Atlanta, where it only captures 1-
37% of the

variations in significance and local R? for

variances. The spatial
the relationships between environmental
equity and QOL confirm that significant
spatial non-stationarity exists in the
relationships between them in the Atlanta
metropolitan area. Thus, GWR is a more
appropriate method than traditional OLS
regression analysis in the study area.

This research  brings up some

theoretical and methodological issues to
be taken into consideration. First, this
study has implications for environmental
equity urban QOL
assessment. It is clearly noted that at

analysis and

least in the study area, urban QOL
assessment can complement environmental
equity analysis because environmental
equity can be predicted by QOL with the
help of GWR and the QOL assessment

can provide a more comprehensive
perspective  for  investigating  urban
environmental equity issues. Second,

there is a methodological issue related to
calibrating robust GWR models. The GWR
model developed in this study employed
all the data entered (e.g. 1563). All the
data may be filtered to screen out
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outlying observations so that a more
robust GWR model can be calibrated
(Harris et al, 2010). Third, this research
is still subjected to the modifiable areal
unit problem (MAUP). In this study, the
data aggregation unit is census block
group. If the spatial unit changes to
census tract, the analytical results of
GWR may be different. In
research, this topic

future
needs to be
Fourth, it is
develop a
approach for improving mapping of the
results of GWR (Mennis, 2006). The
cartographic approach used in this study

thoroughly  explored.

necessary to standard

may ineffectively depict the spatial
distribution of the sign, magnitude, and
significance of the influence of each
independent variable on the dependent
variable. Thus, a new approach 1is
required to facilitate exploring spatial

non—stationarity.

CONCLUSION

The spatially varying relationships
between environmental equity and QOL
were Investigated by statistical analyses
such as OLS regression and GWR. It was
found that

negatively significant relationship between

generally, there was a

environmental equity and QOL across the
Atlanta metropolitan area. However, the
statistical results indicated that the spatial
relationships between environmental
equity and QOL wvary significantly over
space. The results also suggested that
the GWR (local) model is a significant
improvement on the OLS (global) model
in explaining the spatial relationships

between environmental equity and QOL in

the Atlanta metropolitan area. Further
research in other cities is required to
investigate the nature of spatial non-
stationarity in the spatial relationships
between environmental equity and QOL.
This research demonstrates that the
integrated approaches of GIS and remote
sensing, in combination with GWR, can
provide a useful tool for policy makers,
regional and local agencies, and
researchers to unveil urban structure and
to test urban theories.
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