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Preface

A classroom debate at the Wharton School turned out to be a preface to this book.
The professor, an economist, handed out an internal memo prepared by Lawrence
Summers, then chief economist of the World Bank. He wrote:

Just between you and me, shouldn’t the World Bank be encouraging more migration
of the dirty industries to the LDCS [less developed countries]? I can think of three
reasons:

The measurement of the costs of health-impairing pollution depends on the fore-
gone earnings from increased morbidity and mortality. From this point of view a
given amount of health-impairing pollution should be done in the country with
the lowest cost, which will be the country with the lowest wages. I think the
economic logic behind dumping a load of toxic waste in the lowest-wage country
is impeccable and we should face up to that.

The costs of pollution are likely to be non-linear as the initial increments of
pollution probably have very low cost. I've always thought that under-populated
countries in Africa are vastly under-polluted; their [air pollution] is probably vastly
inefficiently low compared to Los Angeles or Mexico City. Only the lamentable
facts that so much pollution is generated by non-tradable industries (transport,
electrical generation) and that the unit transport costs of solid waste are so high
prevent world-welfare-enhancing trade in air pollution and waste.

The demand for a clean environment for aesthetic and health reasons is likely to
have very high income elasticity. The concern over an agent that causes a one-in-
a-million change in the odds of prostate cancer is obvnously goldg tﬂe much
higher in a country where people survive to get prOstdte*cancer thaf ina coumry
where under-5 mortality is 200 per thousand. Also, much of the concern over”
industrial atmospheric discharge is about visibility-impairing pamculales These
discharges may have very little direct health impact. Clearly, trade m~goods that
embody aesthetic pollution concerns could be welfare- enhzincmg lle produ(.-
tion is mobile the consumption of pretty air is non-tradable.

J

The problems with the arguments against all of these proposals for more pollu-
tion in LDCS (intrinsic rights to certain goods, moral reasons, social concerns, lack
of adequate markets, etc.) could be turned around and used more or less effectively
against every Bank proposal for liberalization.

The professor started the debate by defending these arguments, and we were to
come up with counter arguments. Initially, there were some voices against these
arguments. A few minutes later, I found myself the lonely voice. Finally, I heard
some agreements with the professor. This school produces leaders of national and
international business management. The memo and debate have troubled me since.

Years later, on the morning of May 12, 1999, I read David Harvey’s Justice,
Nature & the Geography of Difference, Chapter 13 of which began with a description



of the Summers episode. During the same morning, coincidentally, it was reported
that Robert Rubin was resigning his post as Treasury secretary, after more than 6
years as a member of the Clinton Administration. During the afternoon, the president
named Rubin’s deputy secretary, Lawrence Summers, as his replacement. The source
speculated that Summers might face some opposition from Republicans on Capitol
Hill as he was viewed as more liberal than the market-oriented Rubin.

Years later, I still find myself puzzled and concerned about the debate. While
writing this book, I am thinking about the small debate in the context of a large
debate on environmental justice. I am thinking about the perspective that I would
like to offer to my readers. Is this only an economic issue? No. Is this a social
issue? Is this a moral issue? Is this a political issue? Is this a scientific issue? It is
all of them. This is what I would like to present to you: How to analyze environ-
mental justice issues using a multi-perspective, a multi-disciplinary and inter-
disciplinary approach.

This book is a comprehensive and analytical treatment of theories and methods
for analyzing and assessing environmental justice and equity issues. I strived to keep
this book well-balanced, carefully and critically examining both sides of the debate
and contributing to the debate with first-hand analysis. A lot of attention is focused
on the debate on various methodological issues of environmental justice research.

This book provides readers with a holistic framework for conducting rigorous
equity analysis, and particularly demonstrates how cutting-edge technologies and
methods such as the Internet, Geographic Information Systems, and modeling tools
can contribute to better equity analysis and policy evaluations. It covers a wide range
of policy areas such as air pollution, solid waste management facilities, hazardous
waste management facilities, toxic release facilities, Superfund sites, land use, and
transportation and a wide variety of geographic scales. It is a reference resource for
professionals, undergraduate and graduate students, academics, activists, and any
other individuals who are interested in environmental justice issues.



Author

Feng Liu has been working and conducting
research in the environmental and planning areas
since the early 1980s. His work has embraced a
wide spectrum of environmental and planning
issues such as air and water pollution, environ-
mental impact assessment, GIS, environmental
modeling, land use and transportation modeling,
environmental justice and equity, transportation
planning, land use planning, and smart growth.
His recent papers have appeared in Environmen-
tal Science & Technology, Environmental Man-
agement, and Journal of the Air & Waste Man-
agement Association.

Dr. Liu has worked in a variety of organiza-
tions, including academic research institutions,
environmental organizations, regional planning agencies, and state government.
He currently works at the Maryland Department of Planning, the lead agency in
the implementation of Maryland’s nationally renowned Smart Growth policies and
programs. Before joining MDP, he worked for the Baltimore Metropolitan Council,
Environmental Defense, University of Pennsylvania, and Beijing Normal Univer-
sity. He received a B.S. from Zhongshan University, an M.S. from Beijing Normal
University, and an M.A. and a Ph.D. in city and regional planning from the
University of Pennsylvania.




Credits

We gratefully acknowledge receipt of permission to use material from the works
cited below.

CHAPTER 2

Reprinted by permission of Springer-Verlag GmbH & Co.KG. Liu, F. 1997.
Dynamics and Causation of Environmental Equity, Locally Unwanted Land Uses,
and Neighborhood Changes. Environmental Management 21(5):643—-656. Copyright
1997 Springer-Verlag GmbH & Co.KG.

Reprinted by permission of the Air & Waste Management Association. Liu, F.
1996. Urban Ozone Plumes and Population Distribution by Income and Race: a
Case Study of New York and Philadelphia. Journal of the Air & Waste Management
Association 46(3):207-215.

Reprinted by permission of the Journal of the American Planning Association,
Vol. 50, No. 4, Figure 1 on page 461, 1984.

Reprinted by permission of The Yale Law Journal Company and Fred. B. Roth-
man & Company from The Yale Law Journal, Vol. 103, pages 1383-1422.

CHAPTER 3

Reprinted by permission of the Journal of Planning Education and Research,
Vol. 6(2):86-92 1987.

CHAPTER 9

Reprinted by permission of the Journal of the American Planning Association,
Vol. 60, No. 1, Figure 2 on page 22, 1994.

Reprinted by permission of the Journal of the American Planning Association,
Vol. 60, No. 1, Table 1 on page 23 1994.

CHapTErR 10

Reprinted with permission from Environ. Sci. Technol. 1998, 3, 32-39. Copyright
1998 American Chemical Society.

Reprinted by permission of the Air & Waste Management Association. Liu, F.
1996. Urban Ozone Plumes and Population Distribution by Income and Race: a
Case Study of New York and Philadelphia. Journal of the Air & Waste Management
Association 46(3):207-215.



CHAPTER 12

Reprinted by permission of Springer-Verlag GmbH & Co.KG. Liu, F. 1997.
Dynamics and Causation of Environmental Equity, Locally Unwanted Land Uses,
and Neighborhood Changes. Environmental Management 21(5):643-656. Copyright
1997 Springer-Verlag GmbH & Co.KG.



Acknowledgments

Needless to say, this book would be impossible without people around me, physically
or virtually, over the years. I wrote this in memory of my mother, Jianhua Liu, the
greatest mother, grandmother, and teacher in the world.

I would like to thank those who spent their time reviewing portions of the
manuscript. Professor Robert B. Wenger at the University of Wisconsin at Green
Bay provided invaluable insights and advice for the original book proposal and made
detailed editing and comments on Chapters 1 to 3. Mark Goldstein, a demographer
and my colleague at the Maryland Department of Planning, carefully examined and
commented extensively on Chapters 5 and 6. Dr. Collin Wu, Associate Professor of
Statistics and Mathematical Sciences at the Johns Hopkins University, carefully
scrutinized Chapter 7, provided invaluable comments, and made Chapter 7 more
rigorous. Stephanie Fleck, a GIS specialist and my colleague at the Maryland
Department of Planning, carefully reviewed and commented on Chapter 8 on GIS.
Dr. Jian Zhang of Caliper Corporation made useful suggestions on urban modeling
(Chapter 9) from a developer and practitioner perspective. Stephen K. Rapley of the
Federal Highway Administration provided useful comments about Chapter 13 on
transportation equity.

I would like to thank all those who have helped me in one way or another during
my research over the years. In particular, I am very grateful to Professors Stephen
H. Putman, Tom Reiner, and Roger K. Raufer of the University of Pennsylvania,
and Professor Charles N. Hass of Drexel University. Professor Putman provided me
with a lot of encouragement and support during my three and a half years of study
at Penn. For this research, he provided not only data and models but also very
insightful advice and comments. Professor Reiner was always there when I needed
his help. Professor Raufer introduced me to the field of environmental equity or
justice. He made very constructive comments on the risk perception perspective.
Professor Haas helped me better understand what I was doing in this research. |
would also like to thank Professors Arie P. Schinnar and Aileen Rothbard for
providing me with a policy-modeling research environment at the Wharton School
and the medical school. I thank my colleagues there.

This book draws upon my work published in Environmental Science & Tech-
nology, Environmental Management, and Journal of the Air and Waste Management
Association. 1 would like to thank the editors and editorial staff of these journals
and the reviewers. Several people commented on the initial drafts of these chapters
or helped me with data collection. Dr. Benjamin Davy, then visiting Harvard Uni-
versity, provided constructive notations on my work on urban ozone plume and
population distribution. Mr. Jing Zhang, then at the Department of Statistics at Penn,
commented on my statistical methods for dynamics analysis. Mr. John R. Kennedy
of EPA Region IX provided air quality data for the Los Angeles case study. Ms.



Kathleen Brown and her colleagues at EPA Region III helped me with ozone data
for the Houston area. Mr. Bryan Lambeth of the Texas Natural Resource Conser-
vation Commission provided monitoring station information in the Houston area. |
thank all of them.

This book grows out of my long interest in the distributional issue of environ-
mental pollution and the use of modeling in scientific inquiry. I am indebted to
Professor Y. Tang of Zhongshan University, and to Professors (deceased) Peitong
Liu and Huadong Wang of Beijing Normal University, who inspired my interests in
environmental research.

I would like to thank the team at CRC/Lewis Publishers who worked on this
project. Robert Hauserman, then publisher, brought this book to life. Arline Massey,
acquisitions editor, oversaw the book’s publication. Mimi Williams and Randi
Gonzalez provided timely and patient editorial support.

My daughter, Ivy, reminds me of my family role every day. She always says
“baba” or “daddy” when she passes by my study room. Every time, I cannot resist
her call, not because she is “spoiled,” I just know that she is eager to help me out
and speed the whole thing up when she sits on my lap and types wildly on my
keyboard. She does not know that she and her mother, Vivien, have already helped
me understand a lot of things much better. For example, I learned, first hand, that
susceptibility varies with the life-cycle (infant, toddler, pregnant woman, senior) and
with race/ethnicity. Indeed, there is no average person, and each person should be
treated as an individual. Each individual should be treated with compassion, even
though rationality might be compromised.

Feng Liu
Baltimore, MD



Dedication

In Memory of My Mother Jianhua Liu



Contents

Chapter 1 Environmental Justice, Equity, and Policies

1.1
1.2
1.3
1.4
15

The Environmental Justice MOVEMENL .........ccveeiiveieeiirireiivineesesinsesesssaesssnsessses |
Environmental JUStCe POLICIES ......coouuiieeeiieieeieee e e eeeae e e e e e saaaeaas 5
Environmental Justice ANalySiS......cocuvecieiiierinieriiiniecsie e eseee s e 10
‘Ilig Debate«on "EeitiA0IGE wesvsssscmmn musfivseniiirmmase Mo 11
OVEIVIEW, (OF ThIS "BOOK :orsemsossvasuassmsissssantiden fisansasesusssaiaaovasssnimsyay fandsesaviins 14

Chapter 2 Theories and Hypotheses

2.1

2.2

S}
(%

2

Theories of Justice and BQUIty .........ccocoiiiiiiiiiiiiciciiiccceccicceeceins 19
211 URAAT ARSI yonss sssmasnonsussn s snss snsibonisnssnssipaspasnvmsrasous ursasvnsssseiiasasis 20
2.1.2 Contractarianism and Egalitarianism ..........cc.cooceereeenuisnvenssesnsasansaes 22
2.1.3  LibertarianiSm........cccoeiriueiieiiiniieiireiseeieseee e sne e s nees 23
2.1.4  WhiCh TREOTY? ...eeeeeiiereeeeeeeeeertee ettt et ae e neesrae s snaessaaens 24
Economic Theory and Location Theory ..........ccocivciiiniiniiiiiiniiiiccice, 26
2.2.1 Externality and Public GOOUS.wmwiiimivsmnmsmosasovssimioaes 27
2.2.2 Welfare BECOROMIIGS vwucuisnivssvsssussiiasssssnsussvssssasvonsssoniosassassessisss svasvissessss 28
2.2.3 Residential Location TREOTY ......cc.eeviiiiiieiiiiiiieiiiecieerieeae e 30
2.2.4 Industrial Location TReOTY .......ccccccvieriiriiciiicriierieieniceieereeeeeeeeeaeres 33
PheorEE Of RISK it msmmsmnvas coseommvisvssasing iiasuss s s aamsssies vonaksas shiibaooxesss 34
2.3:1 Psychometric THEOIY iciisissuisnsrsmsimerssvsssmisssvasmsevmirssssess 35
2.3.2  Expected Utility TheOoTy ......coeeciiicoiiiiiiiiieieeeceecnenesseeeeieesaenens 36
2.3.3  Cultural Theory.....cccocueiiveiiriieiiriecsiiecitenenicicteesresenccesreseeseseessnensesseess 36
2.3.4  Sociological Theory .......cccieiiiiiiaiincniie e 37
Theories of Neighborhood CRange ... wmismsascmssmssissesmmsvasissnsansigsavass 37
2.4.1 Classical Invasion—Succession Model..........ccccooviiiiiiiiiiiciinnennenn 38
2.4.2 Neighborhood Life-Cycle Model ........ccccoviniiiiininiicicicrnen 39
243  Push—Pull Model......c.cccorieiriiiiiiiiiiiiiie et 40
2.4.4 Institutional Theory of Neighborhood Change...........ccccoviuviieiunnnnee 41
SUIMMATY sccsisumiomuvisisas sonismnsoss i s ssmaasssnssis s s s ioss oI TTdIsaT e as soasTesswoavsatos 43

Chapter 3 Methodology and Analytical Framework for Environmental

3.1

3.2
3.3

Justice and Equity Analysis

Inquiry and Environmental Justice Analysis.......c.coceiumiciiineiciinnisineinenenns 45
3.1.1 Positivism and Participatory Research.........c.cccoocniniinivienninnnininnene 45
3.1.2  Scientific REaSONING ......couiiuiiiiiriricrieeicecerie et 47
B3 VBIAILY......iceceiiseismeisiiisionsnmmesmnoditi sduseian st sasasssissssnemensssonniibestaisninsass 47
3ulid:  CAUSAILY ... chvis it sissseimssasissersesesssssssmsstonsserbosh 51
Methodological Issues in Environmental Justice Research...........ccccovenne 52

Integrated Analytical FrameWOIK ...cssssisemissmmvisssassomssmmavssvsssmnsassiassasnssassss 55



Chapter 4 Measuring Environmental and Human Impacts

4.1
4.2

43

Environmental and Human Impacts: Concepts and Processes.............c........ 61
Modeling and Simulating Environmental Risks ... 65
4.2.1 Modeling EXpPOSUIe:::ssmsmsmussssnsasssmmssimssisasiosssssisss sasasaieiaissssissie 66
4.2.1.1 Emission Models .......c.ccooivuiiiiiiiiiiieiiiiiicsee e 67
4.2.1.2 Dispersion Models .........cccerviimiiiiiiiciiniiiisiiieciic s 69
4.2.1.3 Time-Activity Patterns and Exposure Models..................... 71
4.2.2 Modeling Dose-ReSPONSE...........ccocciiiiiiiiisimimiiniimiimenismmiemesi. 72
Measuring and Modeling Economic Impacts ..........cccccevviniiininiinicnicnnene 75
4.3.1 ‘Contingent Valuation Method. .o ssssmsmmamsssssssminsmnssrsssoviysasssassssss 75
4.3.2 Hedonic Price Method.....cu.omisissssiamsansmssivnemsamssmmvsssismve 76
Measuring Environmental and Human Impacts for Environmental
JUSHICE ATIALVBIS . cuvuwssnssseassvmmiissvsiesss suussssss sns soos s vrss s sss s sas s smaan s nsansis sassRasesassnss 81
Critique and Response of a Risk-Based Approach to Equity Analysis ........ 86
SUIMIMATY ©eevie ettt ee e e e sees e saae e aaesase e aeenneeeens 90

Chapter 5 Quantifying and Projecting Population Distribution

5.1
5.2

5.5

CRIMSUS 1.ttt et err e eae e se et sets e b e eascebe e bt ems e eb s e ebesaeess e sneesaese e e s eenassas 93
Population Measurements: Who Is Disadvantaged?............ccccovvvivviiiinnnan. 95
5:2:0 [Race aAnd BIBRICIY nsswssmnivnionssssaissmmunsinnmss s cissinmiviiy aasinsssesivis 96
5.2.2 INCOME ..eeiiiieiniieeiee ettt ettt e s e e et ese e e naee e esbeeesseenaneneneans 99
5.2.3 Highly Susceptible or Exposed Subpopulations..........c.cccccccveeennne 104
T D - e P T 105
5.2.5  HOUSINEZ ottt ettt e 107
5.2.6  EdUCAON .ottt r e 108
Population, DiStii BTN ;. yessssssssssmasnssmsmmases s wssssansanesssssosssssosiasnsesismsmsyes 108
Population Projection and FOTeCast..........c.cecueoiriiiriininiiniine e 110
SAT Methods ...cocviiiiiiiiiiiiiiiii e 111
542 Choosing the: Right Method .. messssssovmassssssassasspmsaisssseassssppmnsssss 113
00001 T ey 116

Chapter 6 Defining Units of Analysis

6.1
6.2

6.4
6.5

The Debate on Choice of Unit of Analysis .....ccccoevviniiriiemniienineanennennennn. 117
Census Geography: Concepts, Criteria, and Hierarchy ..........ccccccoeenne. 120
6.2.1 Basic Hierarchy: Standard Geographic Units.........ccocecvevviiiininnnnnne. 120
6.2.2 Non-Standard GeographiC Units ...........cccvvvvevininerniiniensiessesniemnessnns 126
Census Geography as a Unit of Equity Analysis: Consistency,

Comparability, and Availability .........ccccccoveviiiniiiiiiiiiiicece e 128
6.3.1 Hierarchical Relationship and Geographic Boundary ..................... 128
6.3.2 Boundary Comparability over Time.........c..cocenieruinineninsesienisseenees 129
6.3.3 Data Availability and Comparability over Time ............cccocrvernnee. 131
Census Geography as a Unit of Equity Analysis: Which One?.................. 133
Alternative Units of ANalysis ....ccccoueviiiiniiininciiniiiiiceciscecse e 139

6.5.1 Based on the Boundary of Environmental Impacts..........ccccceevenee. 140



6.6

6.5.2 Based on the Boundary of Sociological Neighborhood.................. 141

6.5.3 Based on the Boundary of Economic Impacts .........c.ccocevviviiinnnn 142
6.5.4 Based on the Administrative/Political Boundary

Or: JodiClal OPIIIONS : .o sssmsemnsssisssivmnirasnsssisssmmassassus oavassssvasssnsnsoes 143
BUDIMALY .c.osuissiisvivsavsssnonsansonsmssrssssssistssetaasessssssis svarssssssiass ssassssisssassnsossonsnsss 144

Chapter 7 Analyzing Data with Statistical Methods

F8 |
7.2
73
7.4
7.5
7.6

DESCEIPUVE STAHSLICE . .ccierseticnscomcinsavvesrsssisssronistissesssnsorsasssssisosaissuissvssarennars 145
Inferential [SEAtSHR e o8 Moot bl arrsessasumssraioiy ko psmeess 149
Correlation and ReSréssion «:sisssusssssssmmsssmessswisosimssssmimsnsavassosisem 152
Probability and Discrete Choice Models ..........ccooiuiiiciiniiiniciiiiiciiiiines 156
Spatiall StAtIStIES v, e s veriostuvessassoissis sursonsonssssassssissontsssassassasavmessssrainsssssssssssssasse 157
Applications of Statistical Methods in Environmental

JUSHICE SIS cvmsesesiiisinmmssssmimsenmssmnsassssisssisassns evsovssmonssssssins shesassnsnasesnses 158

Chapter 8 Integrating, Analyzing, and Mapping Data with GIS

8.1

8.2

8.3

8.4
8.5
8.6

Spatial Measures and CONCEPLS.....c..ccucevirieciciiiiiiiiieneine e snensanens 164
Bilil 'Spattal Data e isamsmssmemnnsssnsmiimisssnsssosissnssnspsishusmsaiinsssasansssivas 164
8.1.2. Spatial Data SHUCIULE wixmssssssssivississssssssissmissemesssasmssvssussisassassavsssass 164
BL3:  IDISEANCE cisiavioreesomnsinn s seasessionion sods e maassassans sasmmss asm e wramm s s M 82 165
B4 Cettiond ...z STt us o sne o T 0 T IR goio gomeomed S35 BT ThiRe o 165
Spatial INterpolation .........c.ocoiiiiiiiiiii e 165
8:2.1 Point TteTRO A ON s vanumsssssumsaraniisinmvinsaismssconuns v ilosiivessans sssessnons 166
8§22 Areal Interpolation....wsmsmesmsmmiressissssniorsssassissivsscssssassavsssvimasoss 167
GIS-Based Units of Analysis for Equity Analysis.........cccccocvinencnencnnnne. 168
8.3.1 Adjacency ANAlysis .......ccccoereririrenesinieie et 168
B13.2. Butiel ATATYRES o s essssommmedol T aapmis s ssosins ST ey 168
Overlay and Suitability Analysis.. :swmsassmismososssmisosimsmsisssasermis 172
GIS-Based Operationalization of Equity Criteria..........cccecoveerieieernunnns 174
Integrating GIS and Urban and Environmental Models............ccccevuieennnn. 175

Chapter 9 Modeling Urban Systems

9.1
9.2

9.3

Gravity Models, Spatial Interaction, and Entropy Maximization ............... 178
Deterministic Utility, Random Utility, and Discrete Choice..........ccccounue. 181
9.2.1 Deterministic Utility and OptimizZation............ccceevuevueeceerueeriereennnes 182
9.2.2 Random Utility Theory and Discrete ChoOICe ........cccoeveieirercrerinnne. 183
Policy Evaluation MEaSOIes ....cvissessssesmsssasmssssaisssissmismmissmissssaivissss 184
Operational Models . cuiasnmammamnsmmmivinmsmms o s 186
Integrating Urban and Environmental Models for Environmental

JUSHCE ANALYSIS..c.oiiiiiieiiieie ettt e 191

Chapter 10 Equity Analysis of Air Pollution
10 AT QAR s oimami s R 195



10.2 Relationship between Air Quality and Population Distribution:

Theories, Methods, and Evidence..........cuuncisammapsismssssssissis 199
0.2.1 THEOTIES  ..cuuvioviasunmsnsensanmsessorsonsassasossosassessassussassssssasssssassssssasesssosnssnsass 199
10.2.1.1 Residential Location Theory

and Spatial Interaction.........cccocueeeiiiiiiinieiicciese e 199

10.2.1.2 Risk Perception and Human Response
to At ONADIEY .. ccossasmsssmnsismimnmnmasmrsssisssmsrarsrasmainss 200
10.2.1.3 Theories of Neighborhood Changes.............ccccecevcriniunnneee 201
10:2.2 Methods iiiwsiissasminimimmarsmisisrsssissasssmossssomsimsissssmssmivmamsissss 202
10.2.3 EVIAENCE......ooiiiiniiiiiiiiiicieiicicicieie e seeie s s sae s s esaans 203

10.3 Spatial Interaction Modeling Approach to Testing

Environmental INEQUILY ......couoiiiiiiiiiiiiiiicicie et 205
10.3.1 Problem Definition ........c.ccooiiiiiioiimiiiiciciinie e ceeseesereeseeecenens 205
10:2:2 HypOthBEIE . ovamsmumessn o cossasbiiiBam sy s facrmads 205
10.3.3 Methods: Spatial Interaction Modeling Using DRAM.................... 205
10.3.4 Index Construction and Data Preparation ............ccccecevvviiivinicnnnne 207
10.3.5 Model ESHMALION ......ocueeuiomiriiniiiiiiiiiieieeeieieiesisiceiessessesseeseseesnens 210
10316 RESULLS ...ttt 213
10:3.6:1 L OSARPTELES ..virsomsassmstions st B Srsssmsamomanssssmssassmaings 213
10.3:6.2 HOUSHOM ::osivssessasssssnsassisssssssssioyssossasess savss susiseassasssvasasoassarsies 215
10.3.7 Discussions and ‘CONCIUSIONS, vssususivssonimemssmsasssssisassssasassonssssssssarsas 217
10.4 Equity Analysis of National Ambient Air Quality Standards...........ccccceen 219
10.4.1 Problem Definition .......cccooceoeoiereniiiioieinininesecnenereiecseenesnessees 219
10.4.2 MEOAS ...ttt 220
10:4.3 Results and! IISCUSSION w.xormnmsservinssmimamsssosm s sivssars i 221
10.4.3.1 Nonattainment Areas as a Whole...........cccccccniiniiciinnncn 221
10.4.3.2 Spatial Distribution and Regional Differences ................. 223
10.4.3.3 City vs. Non-City Nonattainment Areas ..........c.cccceeeenene 230
10.4.3.4 Major FINAINES ....cocovvimiiviiiiiiiiiienciciieieciesieeese e 233
10.4.3.5 Implications for Environmental Policy ..........ccocccininnnne. 234

Chapter 11 Environmental Justice Analysis of Hazardous Waste Facilities,
Superfund Sites, and Toxic Release Facilities

11.1 Equity Analysis of Hazardous Waste Facilities ............ccocoevvininiiniiniiicnine 237
11.1.1 Hazardous WASES .......c.oeirieiiereieiieieieeeieecteesasvesseevesasessessensens 237
11.1.2 Equity Analysis of Hazardous Waste Facilities ..........ccccccccciieennee 238

11.1.2.1 Cross-Sectional National Studies ...........cccorereiimieruiienuennn 239
11:1.2.2 Regional STIAIES ...cosisiwssvsssssssmsaisismssssmssmapessssssssnsmassiions 247
11:1.3 Methodological ISSUES :i.vsaumsismsmimsmssasnusississssrsvsssivssmsssassnses 248

11.2 Equity Analysis of CERCLIS and Superfund Sites.........ccccceiciinenicnnanee 250
11.2.1 CERCLIS and Superfund Sites ..........ccccoiiiiiiiieiiniricieeceecieeens 250
11.2.2 Hypotheses and Empirical Evidence..........ccccceeviiiiiiiiienninieenne. 252
11.2.3 Methodological ISSUES ........c.cooiiiiiiiiiiiiiiiiccee e 257

11.3' Equity Analysis 6f Toxic Release FaCilifies .. c..owwsceussomsmsonsssssnssssesssssnss 258
11.3.1 Toxic: Releasts INVENLOTY . xumussestessessasasssisasssssonssnssssisvsasssesasssnsssonsons 258

11.3.2 National Studies and EVIAENCe.........c.oovvvviiieiiiieiiiieesiceseeseneseceneane 261



11.3.3 Regional Studies and Methodological Improvements ..................... 264
11.3.4 Methodological ISSUES .......cceeceereririiiiiiciiiciciiciccie e 266
1420 S UTREEEY sucomin BT avasoinssrvstsvzssask s e et fos Al BIELLE & o casrues evsemen o kS 268

Chapter 12 Dynamics Analysis of Locally Unwanted Land Uses

12.1 Methodological Issues in Dynamics Analysis .......ccccccvviviivenincinncncnnens 270
12.2 Framework for Dynamics ANalysiS.......ccccocverierecrineiumreinnsvensessesssssenessssessens 273
12.3 Revisiting the Houston Case: Hypothesis Testing........cccccoceeeviiuciuiivcnncniens 276
12351 D88 sevvsmsiswanmaosssovssssssassssssveassssssisss susssiasss suammescs i sai s saasss s ipsasvenssins 276
12852 TESIS - sy nm e o s e AT ST A AT TR PPV E SR 277
1233 RS0l o s s st S s s ae e SR S SRR T 535 SRS 278
12.4 Discussion of Alternative Hypotheses...........ccccoccevienniiiiiinnicienciciinenns 279
1241 Invasion-Succession Hypothesis. ..o smmmsmnsasmsssssansssacsonsa 279
1242 Life~Cycle Hypothesis «.q.wmssississsiomsissssssssssivssmessmmmississmssssasin 280
12.4.3 Push Forces: Other Environmental RisSKS ........cccccoccoiiniiicincnnn 282
1255 ORI CTUSTNS it 5 222 ST iy o s mcnn e SeEE Sl o oy SRR nemp ammms o oahaorans 282

Chapter 13 Equity Analysis of Transportation Systems, Projects, Plans,
and Policies

13.1 Environmental Impacts of Transportation SyStems .........ccceveeererrrerrecnne 287
13.2 Incorporating Equity Analysis in the Transportation
PlANTING, PEOBESS s scc50ussssssusmonessasnssses s isssvsssts s s s oms vessess s s oo Erassisiess 288
13.3 Transportation System Performance Measures............ccccccciiveiicnieniniininnns 291
13.4 Equity Analysis of Mobility and Accessibility ...........cccocoviiiiiinininiiinnnne 292
13.4.1 Concepts and Methods ..........cccooiviiiiiiniiiiciiiiiiii s 292
13.4.2 Using Accessibility for Equity Analysis .........cccocceveiinennnnnirenveseencns 297
13.4.3 Empirical Evidence about Mobility DiSparity .........ccccceerverinienuenne 300
13.4.4 Accessibility Disparity and Spatial Mismatch............cccooiviiiinnnns 302
13.5 Measuring Distributional Impacts on Property Values..........cccoceceiiinnine 304
13.6 Measuring Environmental IMpPacts....c..ssesusssisscsssasomsionssncnarpssssassnsansasssons 307
13.7 Equity Analysis of Transportation POLICIES........cccoevuiveriniiisniiniciiiiiniens 308
13.8 Environmental Justice of Transportation in Court..........c.cocceeviieiiiniiniiciacns 311

Chapter 14 Trends and Conclusions

14.1 Internet-Based and Community-Based Tools .........ccccceviviiniicniiniiniiiiincens 315
14.1.1 EPA’S ENVITONTACES.....ccvviiieiiiiieeiie et e e eaaaa e e 315
14.1.2 LandView™ TI1L...........ccooreeiumecirernieecreeseeesreeessesecaessassesaesssnsenssenanns 317
14.1.3 Environmental Defense’s Scorecard (http://www.scorecard.org/)...318

14.2 Trends and CONCIUSIONS ......ccueieiieiiiriieiieciieeiseeeieeeesecissesiseesaesessesnsesarsessnns 319

BRCEOICINCES 5 5. w1 05w as covisviss s wiss¥Ts s E T RasS 303530 308 v a8 Svmsrvat ses s s oV nn s S peaias 323



’I Environmental Justice,
Equity, and Policies

1.1 THE ENVIRONMENTAL JUSTICE MOVEMENT

Aurora Castillo was a soft-spoken woman in her early sixties. A resident of East
Los Angeles, she led the efforts during the late 1980s to defeat California’s plan
to locate the state’s first hazardous-waste incinerator near her predominantly His-
panic neighborhood (Russell 1989). Not far away in south-central Los Angeles,
Sheila Cannon, a single parent and part-time nurse, spent several hours a day
mobilizing her community in an attempt to scrap the city’s siting proposal for a
garbage incinerator in the predominantly African-American neighborhood. It is
people like Aurora Castillo and Sheila Cannon who have defined the concept of
environmental justice.

The environmental justice movement is “a national and international movement
of all peoples of color to fight the destruction and taking of our lands and commu-
nities” (Lee 1992). It represents a diverse, multi-racial, multi-national, and multi-
issue coalition and calls for equal protection of all people from environmental harms,
regardless of their race, ethnicity, origin, and socioeconomic status. “As with other
social movements (i.e., antiwar, civil rights, women’s rights, etc.), the environmental
justice movement emerged as a response to industry and government practices,
policies, and conditions that many people judged to be unjust, unfair, and illegal™
(Bullard 1996:493). It has emerged from grassroots activism and organizations and
penetrated national and international arenas. It is this grassroots environmental
justice movement starting from the early 1980s that pushes the environmental justice
and equity issue into the national and international environmental policy agenda. It
is this grassroots environmental justice movement that has made a difference in the
environmental thinking and policy making in the U.S. and will continue do so
worldwide well into the 21st century.

The environmental justice movement originated in the struggles of people of
color against toxic waste dumps and waste facility sitings in their communities. A
milestone event occurred in a rural, low-income, predominantly black community
in Warren County, North Carolina, in 1982. At that time, the State of North Carolina
had decided to site a polychlorinated biphenyl (PCB) disposal landfill facility in
Warren County. This siting decision sparked strong opposition from local commu-
nities. Local residents, grassroots organizations, regional and national civil rights
groups, and politicians joined together to protest the decision. The protest to block
the PCB-laden trucks resulted in the arrest of more than 500 people, including Walter
E. Fauntroy, then Congressman from the District of Columbia; Dr. Benajamin F.
Chavis Jr., then Executive Director of the United Church of Christ (UCC) Commis-
sion for Racial Justice (UCC 1987).



