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Abstract

Traditional risk-based decision-making processese himitations that often compromise the
management of technological hazards. Moreover etipescesses have been criticized for frequently
being centered on a narrow set of information thgbrovided by a few technical studies, such as
guantitative risk assessments. Arguing that theagament of exposure to hazards and risks (futare) i
as important as the decision about hazardoustfasiljpresent), this research draws on the litezatu
and a Brazilian case study to investigate altevaatto improve regulatory processes for gas and oil
transmission pipelines.

The research is organized into three major compsnéiirstly, it investigates concepts and thinking
outside the literature on risk regulation that pfiportunities to improve risk-based processesh su
as governance and risk governance, environmentad@eial justice, vulnerability, resilience, comple
systems, ethics, and the precautionary principtés Teview is organized as a conceptual framework
that identifies twelve groups of actions to impravek-based approaches: pre-assessment of risks,
concern assessment, communication and educati@etaytionary appraisal, public participation,
integration of governmental actors, risk reductidvrsource, land-use control, specific routinesrifek
management, vulnerability assessment, resilienograms, and follow-up.

Secondly, the identified opportunities to improigkibased approaches are assessed in the context of
the Brazilian environmental licensing process fas gnd oil transmission pipelines. The case stsidy i
explored through interviews and surveys with thityp key stakeholders, aimed at describing and
understanding the situation. Insights from the rineavs are explored through ten themes: the
importance of the Brazilian environmental licenspigcess, limitations and missing aspects in the
process, the economic and development agenda, et for legitimization, technical information,
sense of justice and inclusiveness, the applicati@uantitative risk assessments, the encroachafent
pipelines’ right-of-way, and the follow-up. In tilsecond instance, an evaluation of the performahce o
the Brazilian case study is presented, based dwdwgeialitative indicators drawn from the conceptua
framework of the research. According to the assestsnthe performance of the current process is
deemed poor in ten of these indicators. Thirdijaxe comprehensive framework for the regulation of

risks in Brazil is designed in the research, suiggsnew measures (such as pre-management,
iii



vulnerability assessment, and resilience plan) aeg timing for some of the routines (such as

guantitative risk assessment and risk management).

Finally, it is discussed how the implications oé throposed conceptual framework and findings from
the case study contribute to the theoretical petses on technological risk regulation. The resbar
advocates that (1) regulatory processes for teogital hazards need to effectively incorporate
‘human systems’ into their routines as a way toobee more holistic; (2) decision-making processes
need to strengthen the transition from assessnfaigks to management of exposure; (3) regulators
need to shift focus to the management of expossreopposed to the current facility-centered
management of risks; (4) this transition is faatkid if the regulatory process has an independent
routine for management; and (5) a resilience piamcompassing components from risk management
and land-use planning, articulates the interadbietween people and hazardous facilities, that share
common space, towards better practices to effdgtivenage exposure to risks. Considering these
five points, the research suggests an adaptatidheoRisk Governance Model for the regulation of
hazardous linear installations.
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Chapter 1 — Introduction

"Every chapter on disasters in this book has ewnd#da call for better regulation and re-regulation
since we need both new regulations in the faceeof technologies and threats and the restoration of
past regulations that had disappeared or been wedkgince the 1960s and 1970s. The regulatory
potential for avoiding disasters and reducing teeimsequences is obvious. Standards exist, orghoul
exist, concerning the height and strength of levba#ding standards, and the reliability and siégur

of key parts of our infrastructure, such as the grogrid and the Internet as well as our transportat
system and ports. There may even be some exigigations regarding the quantities of hazardous
materials that are stored that could be strengtheRegulation frequently fails because of political
processes, but we have done better in the pastand do better in the future” (Perrow 2007: 295).

1.1 Introduction

Decisions about technological hazards are basedoprieantly on the outputs of a quantitative risk
assessment (QRA). The advantages of QRAs are wiligtyissed in the literature (e.g., Stern and Freeb
1996; Cox 2002; CSChE 2004; Purple 2005; Smith Q0% their application is enforced in diverse
countries (e.g., McColl et al. 2000; Cahen 2006zZ20i et al. 2006; Kirchhoff and Doberstein 2006).
However, scholars from a variety of disciplinesttigalarly the social sciences, regularly asseat tQRAs
are not equipped with a complete set of tools geimit them to accommodate the full complexity of
decisions involving the economic, social, and esinental considerations related to the installatiod
operation of hazardous facilities, especially ibamr areas (O'Brien 2000; Garvin 2001; Healy 2004l B
2002; Klinke and Renn 2002; Slovic et al. 2002; $&m 2003; Starr 2003; Frewer 2004; Choi et al5200
Martuzzi 2005; Thompson et al. 2005; Allio et al0B; Aven et al. 2007; Cox 2007; Asveld and Roeser
20009).

In the context of QRAS, risk is understood as thcgated outcome of the interaction between adantal
event and a given human population, presenteddrfdim ofrisk rates(Molak 1997; HSE 2006). These
rates express the likelihood of an individual Igsitheir life as a consequence of an abnormal event
associated with the operation of an industriallitgadr other technological system. Decision makayafront

the numbers calculated in the risk analysis witirgstablished standards to evaluate whether arpesteis
safe enough to function in an urban area (Kircgstell999; Kirchhoff and Doberstein 2006; Aven 2007)
Usually, if the numbers shown are below a pre-adtezd threshold, the technological project is codesd
safe and the project (or any of its stages) is @mat. If the numbers are higher than this threshibid

project often undergoes a redesign to bring tHerdtes down to an acceptable level.
1



This approach, commonly identified in the literat@asrisk-based decision- makingocessand applied by
engineers and other technical disciplines, hasiderable limitations when viewed from a social acie
perspective. The social science literature congdiztes these limitations by emphasizing the disibms
betweentechnological systemand human systemsTechnological systems are installations or faedi
(roads, rails, pipelines, industries, power plaets,), whereas the human systems of interest doriik
analysis are the organized people, and their #esyiliving near to or interacting with those teological
systems (building, street, neighborhood, city,)etin risk-based approaches, decisions are madalymai
considering the inputs from the technological systas though the human system was a static or i§igdpl
component in the analysis. However, social scien{iBerrow 1984; Beck 1992; Asveld and Roeser 2009)
remind us that human systems are both dynamic amglex; and that human and technological systems ar
often linked so that they need to be evaluatedhimtegrated way. QRAs describe, with consideralefgil,
the technological systems, scrutinizing the facglitproject to gather information to understand hamd
under what conditions it can fail, what the consgges of this failure would be, and how the surding
area would be affected (CSChE 2004). As descrilye@dwe (2005: 623), a “technical risk study relies
cause and effect relationships that are deternttmedigh the use of general laws relating to theérexeging
and physical science (laws of physics, chemistiggtecity, . . .) and interactions are in that seroften
deterministic (in the sense developed in the sei@fcnature and engineering)”. In contrast, therdtile
attention paid to the human system in conventigisid-based decision-making (TRB 2004; Asveld and
Roeser 2009; Bea et al. 2009). For instance, Peargues that “[o]ne unfortunate implication of gtitative
risk assessment is that the public should be egdlidicbm discussions that affect them” (1984: 314 ¥act,

in many cases QRAs only estimate the populationbaurby indirect means, such as the use of aer@bgh
to count buildings and, then, indexes to translatenumber of buildings to an estimate of the nundjfe

people living in the area.

If one seeks to pursue the safety of human systamsynderstanding of the population in regulatory
processes cannot be narrowed down solely to thsifidation of numbers. This perspective acknowksig
that the quantification of the risks contributeslazision making, but this information should netthe only
input to the regulatory process. As pointed outRmnn (2008: 16), “the interactions between human
activities and consequences are more complex, stiqated and unique than the average probabilites!

in technical risk analyses are able to capture” AQRre important exploratory tools, needed to mlevi
concrete guidance in the definition of the immegliptanning during the regulatory processes. QRAs ai
planners and regulators in their activities, intiwalikely concerns and incompatibilities betweba human
and technological systems. However, advances irsdlo@l sciences have also much to contribute i th
matter, especially in the mid and long term, whefements such as effective public participation,
comprehensive socioeconomic assessment, and exderm@inmunication help in grounding decisions and
facilitating transitions in regulatory processes amnagement. The lack of a holistic view compgdimese
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two hemispheres, social and technological, can teachdesirable outcomes if decision makers outicala
the importance of one system over another.

Even when it is acknowledged that it is importamtaddress both technological and human systems to
analyze risks, in exploring the literature on temlbgical risks from both the technological (enginieg
disciplines) and human (social sciences) perspesxtit is possible to observe that the bridge figkihese
two sides of the same problem is still weak andimglete. On the one hand, the social science titers.
have provided considerable philosophical reflecion the regulation of risks (Beck 1992; Perrow 299
Asveld and Roeser 2009), but with still limited eation on practical applications and implicatioRer
instance, from the human system perspective, P&rrasgument that it is important to “reduce theesif
vulnerable targets” to better cope with disasters lwe considered a conceptual ideal (2007: 1). Mery¢he
control of these targets has several practicalioapbns that are not fully addressed in his arguatéort.
Perrow’s claim for deconcentration of population Hazard-prone areas implies measures that relate to
aspects of local land-use patterns, urban developrtw@erability to risks, etc., which are omittétdm his
argument. Instead, these details are discussetieinbody of literature related to regulatory proesss
(MIACC 1998; Amendola 2002; TRB 2004; Cozzani et24l06). From the technological system perspective,
the engineering disciplines have drawn attentiothto development of ways to better understandgdesi
construct, and operate their technological systéms, manner that also ensures safety (Muhlbau@g;19
Molak 1997; Papadakis 1997; Purple 2005). Howevegardless of any effort from the engineering
disciplines to accommodate the social perspectit@ their considerations, engineers usually dovnmtk
with the possibility of not having their projectaplemented. On the contrary, engineers often belieat for
any technological threat there is always a techrichution (reinforcement of structures, instabatiof air
and water filters, limitation of the inventory ofarardous materials, etc.), and that the technalbgic
development fosters progress and the bettermestoddty. Here again, the discussion of the impbcet and
conditions that technical facilities should medteta place in another body of literature that ofutatpry
processes.

By addressing gaps in the analysis of technologisis from contrasting engineering and social remés
perspectives, the processes for regulation of tdolital risks offer a unique opportunity to artete
understandings of both the technological and husgatems towards the outcome of best practicesdeasl
technological hazards. Regulatory processes canmporate effective instruments to transform theaidsf
safety on a common ground that mutually embracesdmsiderations of the engineering disciplinestaed

social sciences. Regulatory processes can demehdidal rigor from developers at the same timehay t

! Hopkins (1999: 93), for instance, claims that Bets natural accidents theory is “of very limitedlisy relevance”.
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discuss ways to avoid exposur® risks within the local community. Furthermor, comprehensive
regulatory process should also be able to accommadla transformation these two systems may expegie
over time, such as the population growth followthg implementation of the technological systemhar t
development of new sources of risk in a relatistBble shared space. In fact, the management oEarg
to risks (future) is seen as important as the dewsabout the hazardous facilities themselvess@o.
Changes in the boundary conditidrsan make a traditional risk assessment obsoleta few years,
especially in regions with disorganized or unplahneban growth patterns. As argued by Renn (2068: 1
“the institutional structure of managing and colitng risks is prone to organizational failures aeficits
that may increase the actual risk”. Rather tharpiimeassessing the risks by carrying out a new Qfitk
regulation can benefit from discussions that aggbaing in the social sciences to avoid, or at leabetter
understand and manage, changes in the human stis¢roan impact the technological system, and vice-
versa. Risk-based regulations too often focus enctntrol of the technological system and the wiays
interacts with the human system to the detrimemtestpectives in which the human systems are thetag

driving the changes in the risk profiles.

Recent scholarship on risk governance provides nsoraprehensive frameworks for technological risk
regulatory processes (Millstone et al. 2004; Klimteal. 2006; IRGC 2007; Renn 2008). For instaRann
(2008) stresses the need to pursue concern assgssand enforce communication protocols througlioeit
entire decision-making process, measures long atieddn the social sciences. Millstone et al. (3G0gue

that transparent regulatory models are framed bir #ocial and political contexts, where socioecoito
profiles need to inform the scientific choices gngdrisk assessments. These frameworks bring a more
contextual perspective to the decisions as theggrize the importance of the human systems in ¢oesithn
making for technological risks. They also shedtligh the practical challenges to the implementatén
many claims in current philosophical debates onrémilation of technological hazards. And finalilyey
enforce solid technical practices in the estimateraluation, and management of the risks of ardana

facility.

However, both the transparent and the risk govemamodels have some conceptual limitations in thgsw
they address the management of exposure to hazafalclities by human populations in the long teFor
instance, the transparent model is built on a fiseguence of events that starts with risk assedsnadicy,
moves to risk assessment and evaluation, andyfifialshes with risk management (Millstone et &002:

25). As discussed later in this thesis, this segaiariten stresses the role of the technologicaksys over

2 Renn (2008: 69) definexposureas “the contact of the hazardous agent with thgetdindividuals, ecosystems,
buildings, etc.); whilerulnerability describes “the various degrees of the target pegence harm or damage as a result
of exposure”.

% The term is commonly applied in mathematics arfihdd by the Free Dictionary as “the set of comdisi specified
for the behavior of the solution to a set of diietial equations at the boundary of its domain”tHa context of this
research, it refers to the set of conditions ttegicts the current reality of the human and teabgichl system, as well
as their interaction, in a given space.
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the human in the regulatory processes. Since thésmgement is centered on the information abolisyis
QRAs can take a preeminent role in decisions tihat, at times, is not appropriate. The risk govecea
model provides a more holistic approach, with neriglent interface to inform and be informed by hama
systems. The framework builds on the transparerdemnto propose a framework that starts with pre-
assessment of risks, moves to risk and concerrssassats, followed by risk evaluation, and finally
implements risk management measures (Renn 2008: Bgbntually, the risk management of a previous
regulatory process informs the beginning of a sgibset cycle, providing background information fawn
pre-assessment of risks. In the risk governaneeeweork, communication protocols have a coordinatoig
integrating all four steps. However, the risk gmarce model has limitations for addressing risksted to
hazardous facilities and installations. The framdwiategrates many aspects of local social perspes;t
including assessment of vulnerability and exposhu,it is not clear in the model what proceduremitor
and control such variables after the decisionsnaade (North 2008). As discussed later in this mebga
temporal aspects become an issue for this modtsl ibutines are not sufficiently flexible to accomdate
changes in the human or technological systems,geisatinat are very likely to occur in ten, twentythorty
years. A second limitation is the absence of ati@gkmechanism to integrate risk decisions withdbland-
use policies, a recurrent claim in other bodiesadfial sciences literature. The regulation of tee and
occupation of land near hazardous facilities haseta central element in the implementation ofundcand
realistic management of risks and exposure (MIA®G8L Christou et al. 1999; Boholm and Loéfstedt 2004
TRB 2004; Cozzani et al. 2006). Although the mogleggests a more comprehensive approach in the
implementation of risk management, it is still mtgtar how human systems and the land they occupynin

these practices.

1.2 Statement of the research question

A major practical implication of the consideratioiagsed above is the lack of effectiveness in thatrol of
human exposure to hazards from non-continuous fheised, such as nuclear power plants) or linear
technological installations (e.g, transmission f@s). Often regulators taking care of the techgimal
systems are not driven by a true understandingiofam systems when planning their projects anditiesil

on the other hand, frequently local planners doawaunt for the threats posed by technologicalesys
when they plan their cities. Frequently, this lafkinteraction compromises safety. Considering that
bridge linking the agendas from the social scierarebsthe engineering disciplines can be strengthehat
the regulatory processes of technological risks sgmeropriate arenas to pursue this integration, taat
current regulatory frameworks have important litiitas accounting for the management of exposuig, th
research explores a vast literature on risk-relawgpits (such as Webler 1999; Davies 2001; Healy120
Adams and Thompson 2002; Starr 2003; Apostolak428ryson 2004; Wester-Herber and Warg 2004,
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Perrow 2007; Boholm 2008; Ersdal and Aven 2008skdd) 2008; Davidson 2009; Hansson 2009; Roeser
and Asveld 2009) and a case study to investigafortymities to improve risk-based decision-making

processes. To pursue these opportunities, it pespibe following research question:

Research Question: How can riskbased decisic-making processes regulating technologi
installations be improved to better manage ongaisig exposure?

It is important to mention that this research askedges that management of exposure has been wlread
addressed by disciplines in the social sciencgmaially geograpHy(O'Keefe et al. 1976; Burton et al. 1978;
Chambers 1989; Beck 1992; Watts and Bohle 1993;itt&@97; Cutter et al. 2003; Pelling 2003; Cardona
2004; Wisner et al. 2004; Perrow 2007). It als@mgmizes that there is scholarly work that has atidressed
the need to change some of the philosophical agsamspbehind the regulation of hazards and risksr(Rv
1984; Beck 1992; Renn 2008; Asveld and Roeser 2086yever, the focus stressed in this research
guestion is not ways to diminish or control expesper se (as discussed in the literature of vubilisg
panarchy, and resilience); or elaborations on ttwad relationship of the coupled human-technoldgica
system (as discussed in the literature of strategiGronmental assessment, complex systems, aiub)eth
Rather, it addresses how regulatory processespipdy technological risk analysis can be improvedtght

of practices and discussions outside of the spetitfrature on risk assessment and managemens. Thi
implies the assumption of some boundaries duriegdibcussions that reflect the specificity of theearch
question as well, but it does not imply, at anygjrabandoning the relevant contributions thesedther

bodies of literature can bring to this research.

Acknowledging such boundaries stresses the needderstand that exposure to technological riskodsil
and context-dependent, since boundary conditiomsiaique to a given region or group of people,raadly
discussed in the literature (Watts and Bohle 1988yitt 1997; Cutter et al. 2003; Cardona 2004; \Miset
al. 2004; Asveld and Roeser 2009). As pointed outCastree (2003: 182), “[p]lace matters and its
importance is multifaceted”; it “stresses how %ide’ processes impact on the ‘inside’ of placd@sie body
of literature from geography tends to corroboréis, twith its focus on the reality that: (a) physjcsocial,
and environmental conditions vary by location; @odset of regulations and institutions in placgésform
the decisions also varies by location, and afféesoutcome of societal processes. For instanedjrit set
of factors can be seen in urbanization patternieCin developed nations are different from cities
developing countries; cities in North America aiffedent from cities in Europe; and cities in Afaiare
different from cities in South America. Local cotioins vary considerably from place to place. Theosd
group refers to the setup or arrangements in gacegulate risks. There is a large body of litematin the
social sciences that points out that not only dotibundary conditions vary from case to case, lsat the

“ For instance, the scholarship on the managemdtuaxiplain and hazard-prone areas.
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ways that regulators decide and manage risks dem afifferent from jurisdiction to jurisdiction. €h
variability in the approach to the regulation o€hrological risks is expected and reflects theucalf

institutional, and political particularities of dafurisdiction or nation (Amendola 2002).

Finally, as this research acknowledges both theoitapce of contextual particularities in the retjola of
risks as well as some conceptual limitations irs¢heegulatory frameworks, these two planes areeaddd in
this thesis. A simple way to do this is to intetpitee research question as comprising two pares fitht
relating to theory and the second to the implicatiof theoretical models in a given context. Ineotiords,
both theory and practice need to be examined. rEsisarch carries out an analysis of theories, @iscand
thinking in the social sciences, exploring elemdatslesign opportunities for change. Given thaafions
and local regulations differ, contextual implicatsoare also anticipated and tested by way of aileléta
examination of the Brazilian regulation of gas asildtransmission pipelinés Two sets of sub-questions
guide the search for answers in the literaturethadrganization of these ideas into measures tedted in

the Brazilian case.

Sub-Questions

1.1 - What are the theories and thinking that can helpthe
regulation of technological risks?

1.2 — What are the elements of such theories anditiy that help
in the regulation of technological risks?

1.3 — How do these elements help in the regulatfciechnological
risks?

1.4 — How can these elements be organized to tamérito the
improved regulation of technological risks?

2.1 — How does the razilian regulaory framewor}l consider
technological risks?

2.2 — Are the current routines of the Brazilian uégory framework
appropriate to regulate technological risks?

1 - Theory

2 - Brazilian Case

(environmental 2.3 — What are the missing aspects of the Brazitiegulatory
licensing of gas and framework?

oil transmission 2.4 — How can the Brazilian regulatory frameworknbfit from
pipelines) theory to better manage risk exposure?

2.5 — To what extent do the case study resultsoborate and/or
suggest alterations of the theoretical models fa tegulation of
hazardous installations?

Among the many technological systems that couldrafbntext for this research, pipelines are chasento
their particular linear nature and potential hafmansmission pipelines carrying natural gas, silmy other
petroleum by-product are especially susceptiblthéolack of integrated action between relevantrachmd

® Brazil was chosen because its regulatory framewepkesents a typical risk-based approach to regtikks; the need
to improve Brazil’'s framework; and due to previaxperiences of the researcher with the Braziliam&work.
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inefficiency in the regulation of risks. As comparto non-continuous facilities, linear systems,hsas
pipelines, have a much larger interface with husysiems. Regulating the risks of transmission pipslis
often demanding and requires continuous engagesirete a pipeline’s route can be completely unintieabi
at the time of the decision about the project apbe may migrate towards it over time and modify t

identified risk profiles.

1.3 Research goal and objectives

As described above, theory and practice have irapbrbles in the regulation of technological hagaiithis
research explores these two components in ordmttieve the following goal:
Research goalto contribute to the current understanding andgtices that regulatory processes

apply to manage exposure to risk due to technodddpazards.

This goal is supported by seven specific objectthas, combined, will lead to the development dfreader
perspective to understand and decide about suardg he first three objectives relate to thedhey seek
to review, organize, and assess aspects in thatlite on risks and related concepts, as well astipes in
diverse countries, that assist with the researeh. gmllowing that, another set addresses the Bxaztase.
Three objectives seek to understand, assess, andvienBrazilian regulation of technological riskénally,

a last objective compiles the findings and improgata in Brazil to feed back into theory. These cijes

are detailed below:

Objectives — Theory

Objective 1: To review the literature on risk assessment andagement in order to both identify
current practices and trends, and develop an iovgiof possibilities to be considered in futuregsts of
research.
a. What are the models, approaches, and methods a@pplaaidress technological risks?
b. What is risk-based decision making (practicesngftes, and limitations)?
c. What is risk-informed decision making (practicasgrsgths, and limitations)?
Objective 2: To identify elements in the literature and in diaesrcountries that support the need for
changes in risk regulation.
a. What are the current trends and recommendatioaddress technological risks?
b. What are the current practices regarding techno#bgiisks that are applied in diverse
countries?
Objective 3: To design a conceptual framework to improve denisnaking for technological hazards.
a. What are the useful concepts and thinking acrosditiérature from various disciplines that
can support this decision making (i.e., literataore governance, social and environmental

justice, complex systems, resilience, etc.)?
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b. How can these concepts and thinking be organizéa ahnew way of thinking about

regulation of technological systems?

Obijectives — Brazilian Case

Objective 4: To understand and assess the performance of Bazikgulation of gas and oil
transmission pipelines.
a. How does it work, how effective is the regulatioh technological risks, and who is
involved?
b. What are the strengths and limitations?
Objective 5: To test the conceptualization that emerges froneQisje 3 in the Brazilian context.
a. How does the proposed conceptual framework fit Bl P (Brazilian environmental
licensing process)?
Objective 6: To design a more comprehensive decision-makinggssofor Brazil.

b. How can the previous objectives help Brazil battenage risk exposure?

Objectives — Theory

Objective 7: To reflect the Brazilian findings and the proposedceptual framework back to theory.

a. How can the findings and improvements in the Biazitase contribute to theory?

1.4 Research design

This study is designed to integrate concepts, gtedrempirically in a case study, to achieve theabjes
described above. The methodological approach appli¢his research is qualitative. As describedleyzin

and Lincoln (2000:385), “qualitative design is Istili. It looks at the large picture, the whole piet and
begins with a search for understanding of the whaks pointed out by Berg, qualitative researchais
appropriate methodological approach to address “theanings, concepts, definitions, characteristics,
methods, symbols, and descriptions of things” (2008Notwithstanding the broad literature covering
qualitative research (Creswell 1998; Stake 199%bBaand Benaquisto 2002; Creswell 2003; Denzin and
Lincoln 2005; Berg 2008; Yin 2008), two specifiasens support the use of such an approach in trls w

(a) The first one relates to the scale of the mwblinder study. In other words, some information o
data cannot or should not be quantified and theyhstter addressed in a qualitative way (e.g.,
complex processes, such as resource and envircaimertnagement, land-use planning, risk

regulations, and environmental licensing activjties

(b) The second point deals with the limitationsoagsted with the use of quantitative tools in

complex contexts. One supposed advantage of qativeiresearch is that numbers are usually better
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understood than subjective information. Howeveis #ssumption often fails due to the limitations
and uncertainties inherently present in the quaatibn of a real event (e.g., many indexes ar# bui
upon an intricate chain of subjective assumptionsdel-based confidence intervals, and personal

expertise that jeopardize the reliability of sucimiers in the end).

An overview of the research design is presenteffigure 1.1. Each step addresses a specific research
objective (i.e., step 1 relates to objective 1p 2eto objective 2, and so forth). The researchtsstaith a
broad review of the literature on risk assessnm&gluation, and management. This first review omgmthe
disciplines in order to understand the currenustaff the regulation of technological risks. Nestep laims

at the identification of the limitations of risk4ed decision making and QRAs. Another comprehensive
literature review is carried out in the sequenckedries, thinking, and concepts in various fields a
investigated in a search for concepts, measuresaetions that can improve the regulation of tetbgioal
hazards. Risk assessment and management polimesther countries are also benchmarked at thig sta
order to gather practices that can serve the sammoge. Searching back and forth between these two
sources (literature and practice), stepanpiles the identified elements in a rational wiayo a research
methodology. Building upon step 1 and step 2, 8tspuctures those elements into a conceptual framéw

to improve the regulation of technological riskdteh this, a third and last literature review isndacted in
order to approach the case study. Papers, repmmt$,dissertations addressing the Brazilian case are
investigated to describe and evaluate performeBtep 4takes the information gathered in the three preio
steps to compile an initial position on issues. €jinas for a semi-structured interview with keykstaolders

in Brazil are designed based on the conceptualdwark (step 3) and the information about the Biazil
regulatory system. After a detailed analysis of ititerview’s content, step provides assessment of the
conceptual framework in the Brazilian case. Questiare designed to test the relevance of the plintgght

up by this new framework in a short questionnait@s survey is conducted with the same key stakisnsl
that participated in the interviews. Steprialyzes all data gathered and proposes improusrteethe current
Brazilian regulatory framework. Finally, stepagsesses how the improvements observed in thélig&maz

case and the particularities of the conceptual éwmark contribute to theory.

Case study:
The case study applied in the research considtsed components (addressed later in Section hapter

5, Chapter 6, and Chapter 7): (1) a description emiicism of the Brazilian environmental licensing

processes (2) a qualitative evaluation of the processesulaing technological hazards; and (3) a
proposition of a more comprehensive framework tgulae gas and oil transmission pipelines. Firstly,
interviews with key stakeholders, complemented itgrdture review, describe the current routines and

® Throughout this research, the term conceptualdimonk refers to the organization of concepts aimkthg in a
structured way in order to cover gaps in the cumregulatory processes for technological hazards.
" The Brazilian environmental licensing processisiegulatory process addressing technologicas irsBrazil.

10



identify opportunities for improvement. Secondlgsbd on the conceptual framework of the researdh an
specific literature, a qualitative evaluation oé tturrent regulatory process is carried out. Rinatbnsidering
the insights from the two previous components asdraey with the same thirty-two key stakeholddhne,
research proposes a more comprehensive framewbtkddBrazilian environmental licensing processkes o

technological hazards.

Literature Review
(theory):
Literature Complex Systems; Benchmark
Review: Governance; Risk (practices):
Risk ment Step 1 Governance: Ethics: Europe;
Risk evaluation Vulnerability; Social & North Amerlca;
Risk management . Environmental Justice; Australia;
Assessing the Resilience; Panarchy; Hong Kong;
limitations of Land-Use Planning; N Other
risk-based approaches Phronetic Planning;
and quantitative risk assessments Other

Literature

Review:

Brazilian Step 3 L« Step 2

regulation of

technological —

hazards Developing a Identifying

conceptual elements in the
framework literature to improve
risk regulation
. Interviews with

key stakeholders in
Brazil: semi-structured,

Step 4 to assess the Step 5

need to improve
the current ]
Compiling initial framework Analyzing and
position on issues; (discussion about compiling an
developing interview concepts and Intermedlated
questions performance) position; develo-
ping questions
for survey
Survey with
key stakeholders
in Brazil:
»| corroborating points
from the interviews Step 6 Step 7
and ways to =
improve the current Analyzing data and Reflect findings
framework proposing a more in theory
comprehensive framework

for the case study

Figure 1.1 — Research Design.
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1.5 Considerations about ethics

This research follows the formal requirements prege the FORM 101/101A of the “Office of Research
Ethics” of the University of Waterloo. The extrdgtlow summarizes the ethical foundations enforgethé

University of Waterloo:

“Consistent with University of Waterloo's Guidelsy®r Research Involving Human Participants (asemeed
throughout this website), UW’s Statement on Humasdarch, and the Tri-Council Policy Statement: dathi
Conduct for Research Involving Humans , all fac\ltg., with a regular faculty appointment or ae&sh
faculty appointment; see policy 76), staff, undadyrate and graduate students conducting reseatbh wi
humans on or off campus must ensure that theiept®jundergo prior ethics review and clearanceutitrahe
Office of Research Ethics (ORE). This requiremeppli@s to all grant-funded and unfunded research
regardless of whether the procedures used areivwevas non-invasive in nature. It applies to reshar
conducted by undergraduate or graduate studentsedsis or course purposes”.

Source: The Office of Research Ethics, University of Waterloo

1.6 Outline of the dissertation

The dissertation is organized around the objectdfethis researchChapter 2 reviews the literature on
relevant topics for the research. Firstly, therditare on technological risk is reviewed and orgediaround
models, approaches and methods for risk regulatiomed at the description of current practiceswdised in
the literature and applied by diverse countriesirincharacteristics, strengths, and limitations)e Becond
section of this chapter reviews the literature prattices integrating land-use planning with risgulations,
identifying current discussions and trends that gzfiorm the development of new ways to regulate
technological hazards. Finally, the last sectiorflyr addresses two relevant concepts in geography
provide background to the importance of a contdxapproach in this research: place and vulnerghidit

natural hazards.

Chapter 3 presents the methods applied in approaching tbeareh, data collection, data analysis and
validation. The research applies a literature mevénd a case study as the main methods supporteng t
research rationale. A literature review is condddateidentify opportunities to address the resegubstion
and elaborate a conceptual framework. An introduactd the case study is presented, where the presmam
and the context of analysis are introduced, andthedaries and unit of analysis are establisheth Rre
collected using semi-structured interviews, a $tmedl online questionnaire, document review, and
observations from the field made by the researcBata analysis encompasses the identification of
phenomena, description of contexts, understandirigtentions, observation of processes, classificabf
information, and establishment of connections betwedata. Finally, validation is approached applying
information from the field to minimize misinterpagibns, triangulation to ensure multiple perspesijv
12



clarification of the bias from the researcher, degelopment of detailedi¢h and thick descriptions, and the

use of pattern matching.

Chapter 4 explores the literature on social sciences to @ggem conceptual framework. First, it investigates
disciplines outside the quantitative risk literatuhat can inform the regulation of technologicakzdrds:
governance, environmental and social justice, valpibity, resilience, complex systems, ethics, dhe
precautionary principle. In a second moment, tligpter develops a conceptual framework based on the
preliminary investigation. From this framework, twe types of actions are identified to improve tiek-
based decision-making processes of technologicarta.

Chapter 5 discusses the Brazilian case study. It begins ailinief introduction to Brazil and the Brazilian
regulatory processes for technological hazard$ovield by a report on semi-structured interviewshwit
thirty-two key stakeholders. The study focuses olicigs at Brazil's federal level only, which is élarge of
the regulation of the largest projects in the counthe report is organized around ten themes,tiifiksoh
according to the proposed methodology and withaideof software entitled NVIVO: the importance bEt
regulatory process; limitations in the regulatorgqess; influences from the economic and developmen
agenda; the need for legitimization as opposedetmsenvironmental concern; an identification ofawlis
missing in the current approach; technical infoiomtsense of justice and inclusiveness; applicatb
guantitative risk assessments in the regulatorggss; encroachment of the pipeline’s right-of-wagd

follow-up. The main topics identified in the inteews are summarized at the end of the chapter.

Chapter 6 follows up the previous chapter carrying out aaleation of performance of the current Brazilian
regulatory process. The twelve types of actiongyestgd by the conceptual framework are proposed as
gualitative indicators to carry out this assessm&hé purpose of this evaluation is to assess Bsazase
against each of these identified actions for imprognt of risk-based decision-making processes of
technological hazards. The performance evaluatidrased on the inputs from the interviewees angegsr
literature in the area, and the researcher’s obtiens in the field as an insider.

Chapter 7 discusses a more comprehensive regulatory prdoesise Brazilian case, suggesting a redesign
of the current framework that attempts to bring am@nt perspectives from the social sciences amdtlse
planning to the regulation of technological risksBrazil. This suggested design proposes new resijpre-
assessment of risk, vulnerability assessment, asitlence plan) and relocates others (such as madhie
guantitative risk analysis and risk managementnamgo the Installation License cycle). Finallye tthapter

presents the main contributions of the researthadrazilian case study.
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Chapter 8 discusses how the research results and findirfgseilce some theoretical perspectives on the
technological risks regulation of hazardous lineatallations. Firstly, the chapter discusses fiygics: the
importance of the human system in the regulatogcgsses; the importance of a solid transition from
analysis and evaluation to management; the relevahspecific routines for risk management; thedniee
shift focus from management of risks to managerépiposure; and a resilience plan for hazardmesati
installations. Considering these five topics, tksearch proposes an adaptation of the Risk Gowsgnan
model for hazardous linear installations. Secgndifgwing on the case study findings, the chaptesents
inputs for some of the current debates in risk leggun literature.
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Chapter 2 — Literature Review

This chapter is composed by three sections that tairdescribe relevant background information and
potential research gaps. Firstly, Section 2.1 dessrthe main characteristics of current models and
approaches to regulate technological risks andjtiamtitative risk assessment method, which isehbrtical
study commonly enforced by the models and appraathassess hazard consequences and risk levels. As
the control of the use of land is often indicatedaa important component in the regulation of tedbgical
hazards, Section 2.2 identifies current trends gnadtices applied to integrate risk policies wiéimd-use
planning within governmental regulatory procesdegally, Section 2.3 briefly reviews the concepfs o
vulnerability to hazards and place, as they readdhe need for a contextual and comprehensiveoapipr
when addressing technological hazards and theitaggy processes.

2.1 Risk assessment and decision making

The industrialization of nations and the prolifesatof new technologies have contributed to the dénew
types of risks. In particular, risks attributedth® proximity of populations to industrial and edtructure
facilities have caused great damage and considelas$es. Over the years, several major accitibaise
brought concern all over the world about the darlgar hazardous activities could represent to peliyhg
near such installations. The eventd~tisborough United Kingdom 1974 (Hriset et al. 200@evespltaly
1976 (Bertazzi et al. 1989Three Mile Island United State 1979 (Cutter and Barnes 198®)xico City
1984 (Arturson 1987Bhopal India 1984 (Bogard 1989), aihernoby] Ukraine 1986 (Marples 1988) are

examples of the most serious consequences thatesthatological risks can cause.

Often the lessons learned and the knowledge gathieoen major accidents have pushed science and
governments towards increased safety and bettastigga regarding risks. As such, these events are
milestones raising consciousness for the needk® dations to avoid, or at least diminish, the sirdéble
consequences of hazardous installations for peanpiiethe environment. In the 1980s, some measures we
put in place to address technological risks. ThevéSo Directive” in Europe (EEC 1982); the “GuideB

for ldentifying, Analyzing, and Controlling Major dzard Installation in Developing Countries” and the

8 According to the Seveso Directive (1982), a majmrident is “an occurrence such as a major emisfieror
explosion resulting from uncontrolled developmentthe course of an industrial activity, leadingatgerious danger to
man, immediate or delayed, inside or outside ttebéishment, and/or to the environment, and invajvdbne or more
dangerous substances”.
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“Manual of Industrial Hazard Assessment Techniquesin the World Bank (Bank 1985); and the “Risk
Assessment and Risk Management for Accidents Coathedth Industrial Activities” from the Organizati

for Economic Cooperation and Development (1987)raeetions from governments and organizations to
those major accidents (Carpenter 1995). In additimnroborating a trend that risk policies neededé
integrated into decision-making processes, in 182United Nations and diverse commercial banksesig

a statement recommending risk assessments as witedor national and international credit lending
(Carpenter 1995; UNEP retrieved 2008). These agtiand many others that were developed over the pas
twenty years (NRC 1994; IAEA 1995; SEVESO Il 192€; Guen 1999; OECD 2002; IRGC 2008), have
contributed to the development of new ways to irggrisk concerns into governmental decision ngkin
many nations. The following subsection will briefitfroduce some of them.

2.1.1 Models, approaches, and methods to account fo  r technological risks

Amendola (2002:17) argues that the early delibenaton technological risk were structured into etsteps:
“establish the probability and magnitude of thedrds respecting the inherent scientific uncertainiia
technical process), evaluate the benefits and ¢astecial process), and set priorities in suclag that the
greatest social benefits are achieved at the lowaedt. This last step, setting priorities in adgeoff analysis,
is usually a governmental process. The decisioningdk based upon a rather simplistic (though stitbng)
perspective: harms and hazards are balanced dhehyenefits that hazardous activities would btimghe

people and economy, either at the local or natiteal.

Over the years, diverse models, approaches andbdsetb consider technological risks have evolvethfr
this initial view’. At this point, it is important to clarify the meiags of these three concepts in this review.
Models refer to the different ways governments societies account for risks, being closely reldtethe
ways decisions are made. Approaches refer to tienade behind the identification and estimationttod
interactions of technological hazards with peopid the environment; in other words, the methodaialgi
assumptions guiding the trade-off analysis thabasts for hazardous activities. Finally, methods thre
tools used to calculate and evaluate risks. Theytlae instruments depicting the levels of risks e
subjected to by technological hazards. The listlwgdresents common models, approaches, and methods:
« Millstone and colleagues (2004) identify three reent patterns of modelthe ‘technocratic’ model,
the ‘decisionistic’ model, and the ‘transparent’dab Built upon the transparent model, the ‘risk
governance’ model has also gained attention ititdr@ture in recent years.
« The most common_approachdiscussed in the literature are the ‘consequensed, the ‘risk-

based’, the ‘risk-informed’, the ‘hybrid’, the ‘latistic’, and the ‘precaution-based’.

° The research suggests the organization of thatitee around these three topics because theyafiirarchical view
of the field: a regulatory process follows a moddtjch in turn adopts an approach to account &kstiand these risks
are estimated by methods.
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« Several methodare applied to estimate technological risks —gae&fer to Molak (1997), AIECHE
(2000), Cox (2002), and Smith (2005). This studecls attention to the QRAs only since they are
the most common applied method in regulatory preegsincluding the Brazilian case that is

explored in considerable detail in the dissertation

The next two subsections elaborate on the modelsapproaches applied in the regulation of techricébg
hazards. After that, the QRA method is reviewed.

2.1.2 Models to account for technological risks

2.1.2.1 Technocratic model

The ‘technocratic model’ of risk is a centralizedbdel that addresses risks in an often simplistid an
unidirectional way. In this model, risk assessmisrtarried out based on scientific considerati@msence
alone feeds governmental policy and decision-makingesses, and scientists have the ‘ultimate gawer
judge the risks and their tolerability, providingaision makers with choices and directions (Rer®8R0It
assumes that “science operates in complete indepeadof social, political, cultural, and economic
conditions, and that science provides not just@esgary, but a sufficient, basis for policy decisiaking”
(Millstone et al. 2004:16). The outcome of the dimxis is risk communication, which in turn becoroften
the only opportunity civil society has to partidipan the process. Figure 2.1 depicts the techtioaraodel,

as presented by Millstone and colleagues.

Science Palicy- RS
Making Communication

Figure 2.1 — The ‘technocratic model’. Reproducedrdm Millstone et al. (2004:16) and Renn (2008:10).

However, science when dealing with risks is oftemplex, uncertain, and inconclusive (Dubreuil 2001;
Amendola 2002; Dubreudt al.2002; Redmill 2002; De Marchi 2003; Millstoe¢ al. 2004; TRB 2004; van
Asselt and Vos 2006). These limitations constiariebstacle to the use of sound scientific inforomabnly

in decision-making processes. As advocated by tdilks et al. (2004), “risk policy involves making
judgments about the acceptability of risks, andhef uncertainties too, in exchange for some preduone
anticipated benefits. Judgments of that kind, wiagh concerned essentially with trade-offs, areststdod

to be value judgments which no amount of scienfifformation, theories and data could decide” (p.20
Science cannot provide all the answers. Moreovegn ehe answers provided can be oversimplified or

unrealistic — further challenging the efficacy loé ttechnocratic model.
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2.1.2.2 Decisionistic model

The ‘decisionistic model’ is established upon threps: risk assessment, risk evaluation, and risk
management. Compared to the ‘technocratic mode$,model incorporates some other perspectivedtigo
‘risk equation’. It assumes that science is impurtaut that it is not the only mechanism feeding dlecision-
making process. Public participation becomes ingmrand the socioeconomic background of affected
groups plays an important role in the definitio &mplementation of governmental policies and ratjohs
regarding risks. The model also presents a detathaieisk management from the risk assessmentstag
(Renn 2008). While scientific considerations drie calculation of risks, the technical, econonaind
social information now are important factors prawgdthe shape of the risk management. The decisioms
no longer taken based upon the outputs providedgdignce alone. Figure 2.2 depicts the ‘decisianisti

model’, as viewed by Millstone and colleagues.

i Sciertific i Technical, economic, ar
i Considerations i social information

Risk
Management

Risk

Assessment | Evaluation

Risk

»

v

Policy outcome
i and regulations

............................

Figure 2.2 — The ‘decisionistic’ model. Reproducetfom Millstone et al. (2004:16) and Renn (2008:10).

Decisionistic models still frame much of the radaship between government, science, and civil spaie
many countries. The list below presents some cimsntinat apply elements of the ‘decisionistic mbdel
« The Brazilian environmental licensing process (BELBr instance, clearly applies those three steps
to decide about the siting, installation, and openaof new hazardous activities and projects
(IBAMA 2005). Risk is assessed by quantitative rigldies, evaluated according to standards of
acceptability (individual risks), and managed witie knowledge gathered by the information raised

in the two prior steps and other boundary condition

e The British Health and Safety Executive (HSE) atstforces this ‘decisionistic’ approach for
transmission pipelines (Chatfield retrieved 2008:h) the United Kingdom, risks are assessed
applying quantitative methods and evaluated agaiostptability standards (individual and societal
risks). There is an intense focus on the reduatiorisks, using both the “As Low as Reasonably
Practicable - ALARP” and safe “So Far As Is Reakbn®racticable — SFAIRP” principles. These
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principles assure that cost- and time-effective suess will be implemented to diminish risks and
mitigate their consequences. Decision making ndiy dakes into consideration the numbers
presented by the risk evaluation, but also somerathalitative factors that help with the limitatfo
and uncertainties of quantitative approaches, sashthe precautionary principle and good
engineering practices (Ale et al. 2006). Broadddlipyparticipation is granted during the assessment
evaluation, and management of the risks, and neietbby good risk communication strategies. To
some extent, this approach is similar to thoseiegph the Netherlands, Hong Kong, and Australia,
with the main differences mostly related to theetid of acceptability of the risks (Berogei al.
1997; Trbojevic 2004; Ale 2005; Akt al. 2006; Kirchhoff and Doberstein 2006).

Rather than comparing standards and levels of fisks consensual approach, the United States
Pipeline and Hazardous Materials Safety Adminigtre(PHMSA) applies a ‘decisionistic’ approach
that focuses on the enforcement of laws and codé®a the implementation of sound policies and
practices to assure that risks are controlled aitigated (McColl et al. 2000:1-6; e-CFR retrieved
2008). In 2006, the United States issued PUBLIC LAMO-468—DEC. 29, 2006, aimed at
enhancing the reliability and safety of pipelin@angportation. Based on technical guidelines,
pipelines and their systems and components mustdpected on a regular basis to assess safety

standards and assure minimum failure rates (GA®R00

In Canada, theEnvironmental Health Risk Management — A PrimerGanadiansstates that “the
use of risk frameworks by Health Canada, Envirorinégsnada, and other Canadian regulators is
usually cited by foreign observers as represergingasonable middle ground less cumbersome than
the U.S. [United State] EPA’s legalistic risk franmrk, and more consistent than the consensus-
based decision-making processes employed by marpp&an organizations” (McColl et al. 2000:1-
6). The ‘decisionistic’ model applied, relies ore tiprecautionary principle’ and on sound scientific
information and practices (McColl et al. 2000; CEC004).

Although these countries still apply elements @f drecisionistic model’, it is important to mentitrat there

has been a progressive and valuable move in peadievards the transparent model, discussed next.

2.1.2.3 Transparent model

The ‘transparent model’ builds upon the two priavdels. According to Millstonet al. (2004), this model

“differs from both of the antecedent models by asigg that risk assessments are framed in some targor

ways by their social and political contexts. Frdris fperspective, it is misleading to representgyafhaking

19



as divided into a purely scientific up-stream ass®nt phase followed by a down-stream risk manageme
phase” (p. 24). In the ‘transparent model’, socimexnic and political considerations frame the ddfien
choices of the assessments, bringing science ctostire specific social, political, cultural andoeomic
contexts where the risks are being assessed (bfilset al. 2004). Another important differencarfrthe

two previous models rests on the interrelationgt@fiveen assessment and management. According to Ren
(2008:11), in the ‘transparent model’ “the inteddoetween assessment and management has beeedstress
and (...) science, politics, economic actors andesgmtatives of civil society are invited to playoée in

both assessment and management”. This model, tsittolistic framework, seeks inclusivity by pronmafi

participation and mutual learning. Figure 2.3 shdhs ‘transparent model’, as viewed by Millstonal an

colleagues.
i Socioeconomic an Scientific Technical, economic, and soc
i political | Considerations | | considerations :
i consideratior
Risk Risk Risk Risk
Assessment .
Policy Assessment Evaluation Management

; Policy outcome regulations a !
i communication |

Figure 2.3 — The ‘transparent’ model. Reproduced fom Millstone et al. (2004:16) and Renn (2008:10).

The ‘transparent model’ can be seen as a readtidinet new demands that ‘risk’ has been facing aeme
years. According to Amendola (2002:17), “recentapégms call for a participatory procedure, in whibk
different stakeholders are involved early in trek dnalysis process to ‘characterize’ risks, evefiore they
are given a formal assessment”. Science is stispensable in modeling and quantifying risks; heaveit

no longer provides the only directions that needb#otaken. In a ‘transparent model’, non-scientific
information is integrated into the decision-makipgpcess as support to overcome the uncertaintids an
limitations of methods to assess risks (Balzano @heppard 2002; Wilson 2003; Millstore al. 2004).
Local socioeconomic and cultural factors play apantant role in the determination of the approaalses

in the risk assessment, encompassing the multiplergions in which risks are understood and peeckiv
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2.1.2.4 Risk Governance model

Derived from the ‘transparent model’, the risk gmancemodel is a prominent trend in the risk regulation
field that attempts to address some recurrentciiis and discussions in the literature that are no

comprehensively addressed by the ‘transparent madeh as:

(a) the “constant and insistent call for public pagation” in governmental matters (Pellizzoni and
Ungaro 2000; De Marchi 2003:173; Petts 2004; Guuihaet al. 2005; Renn 2006a; Ball and
Boehmer-Christiansen 2007; Palenchar and Heath; Zb@#3ho and Favareto 2008);

(b) the differing governmental attitudes towards diéfgr communities when dealing with risks
(Dubreuil et al. 2002; Basolo et al. 2008);

(c) the methodological limitations assessing and magagsk and the “inadequate consideration of risk
trade-offs” (Dubreuil 2001; Abrahamsson 2002; Duidret al. 2002; Kozineet al. 2002; Kirchhoff
and Doberstein 2006; Klinket al.2006; Fabbri and Contini 2008; IRGC 2008:5); and

(d) the multitude of “actors, rules, conventions, psses and mechanisms” dealing with risks
(Papadakiset al. 1999; Amendola 2002; Millstonet al. 2004; Cutter 2006; van Asselt and Vos
2006; Benret al.2008; Pollarcet al.2008; Renn 2008:9).

According to Renn (2008:9), “risk governance’ itwes the ‘translations’ of the substance and ppiesi of
governance to the context of risk and risk-relatedision-making”. Risk governance seems to beite¢hd
aspirations and particularities of modern societiElse risk governance model emphasizes the need for
constant communication and discussion of risksrgdcany assessment being made. Figure 2.4 ddhiets
framework of the model. In this figure the impoitaale of communication and the introduction of r@-p

assessment of risks are evident.
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Figure 2.4 — Basic elements of the risk governanoeodel. Reproduced from Renn (2008:365)

Definition and purpose of the model:

Renn defines the model:
“Risk governance includes the totality of actors, rules, convensipprocesses, and mechanisms concerned
with how relevant risk information is collected,a#ysed and communicated, and how management degisio
are taken. Encompassing the combined risk-relegtanisions and actions of both governmental andapgiv
actors, risk governance is of particular importamcébut not restricted to) situations where thisra@o single
authority to take a binding risk management denisiout where, instead, the nature of the risk megui
cooperation and coordination between a range ééreifit stakeholders. Risk governance, howeveronbt
includes a multifaceted multi-actor risk procesas, &lso calls for the consideration of contextwatdrs, such
as institutional arrangements (e.g. the regulatong legal framework that determines the relatiqnstoles
and responsibilities of the actors, and coordimativechanisms such as markets, incentives or selbsed

norms) and political culture; including differergngeptions of risk” (Renn 2008: 374).
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According to the International Risk Governance Qulu(Renn and Walker 2008: xxiv-xxv), the Risk
Governance model offers (1) a definition of riskrgmance, which implies collective decision makiraged

on the particularities of “institutional design amole, organizational capacity, stakeholder invoteat,
collaborative decision making and political accalnility on the part of public bodies and corporate
responsibility on the part of private enterprisg®), a comprehensive framework to regulate risksed on
four routines (risk appraisal, risk characterizatiwvaluation, risk management, and risk commuraogti(3)

a differentiation between “a management spheretéatng decision making and implementation) and an
assessment sphere (containing risk appraisal)’afdnterdisciplinary approach, which pushes ingtins
regulating risks to pursue a “broader base of sifierknowledge” and comprehensive social concern
assessments to inform their processes and suppoisiahs; and (5) a more inclusive decision-making
process, “based on the assumption that all statel®have something positive to contribute to tloegss

of risk governance”.

Pre-Assessment:

The White Paper on Risk Governance (IRGC 2006; R8) describes the four steps of the model. The
first step, pre-assessmeframes the problem before any effective assessrteinmyestigate “the different
perspectives on how to conceptualize the issueGQR2006: 26). It comprises four actions: problem
framing; early warning; screening; and determimatib scientific conventions. Problem framing prasdhe
background information that guide the beginninghef regulatory process, recommending that “a syatiem
review of risk-related actions needs to start vath analysis of what major societal actors such as ...
governments, companies, the scientific community e general public select as risks and what tgbes
problems they label as risk problems (rather thgpodunities or innovation potentials, etc.)” (IR@0O06:

24). After framing the risks and relevant issuesjyewarnings are carried out whenever needed, (fag.
tsunamis) and the process starts to monitor anyfesaation of risks in the context being analyzddhe next
component, screening, addresses ways to approacidehtified risks, through the “selection of diffat
routes for risk assessment, concern assessmentrisihdnanagement” (IRGC 2006: 25). Screening
investigates the risk profiles and suggests apatapdirections to perform the forthcoming assesgraad
management routines. Finally, the pre-assessmept develops conventions and procedural rules for
comprehensive evaluation of risks, going as fatcasthe selection rule determining which potentiall
negative effects should be considered in the riskeghance process”; “the selection of valid andabd
methods for measuring perceptions and concerngl’;th@ elaboration of “assumptions about exposure or
definition of target groups” (IRGC 2006: 25).

Risk Appraisal:

“We envision risk appraisal as having two procdages: first, natural and technical scientiststheé skills to

produce the best estimate of the physical harmahidk source may induce (...); secondly, sociatraists
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and economists identify and analyse the issuesiridatiduals or society as a whole link with a eémtrisk”
(IRGC 2006: 34).

In the risk appraisal step, risks to human heafth environment are estimated by natural and teehnic

scientists, while any associated social and econawoincerns and/or implications are assessed bywlsoci

scientists and economists. According to the WhipdP on Risk Governance, risk appraisal comprises t

components: risk assessment and concern assesdfiretly, risk assessment estimates risks, applgng
“probability distribution of the modeled consequesit(IRGC 2006: 26). This estimation is carried byt
three core components: (1) “identification andyaksible, estimation of hazard”; (2) “assessmemixpbsure

and/or vulnerability”; and (3) “estimation of riskpmbining the likelihood and the severity of thaegeted

consequences based on the identified hazardousotbastics and the exposure/vulnerability assessima

this model, exposure “refers to the contact ofiaeardous agent with the target (individuals, estesys,

buildings, etc.)”, while vulnerability “describeted various degrees of the target to experience tarm

damage as a result of the exposure (for exampletime system of target population, vulnerable groups

structural deficiencies in buildings, etc.)” (IRG&D06: 27). Acknowledging that the estimation oksigs

often carried out by probability-based methods, Wikite Report points out to five challenges thakri

regulators and the scientific community needs tiresk to improve risk assessment (IRGC 2006: 28):

“widening the scope of effects for using risk assgant, including chronic diseases (rather than
focusing only on fatal diseases such as canceeant attack); risks to ecosystem stability (rather
than focusing on a single species); and the secyp@aa tertiary risk impacts that are associated
with the primary physical risks”;

“addressing risk at a more aggregated and integjfatel, such as studying synergistic effects of
several toxins or constructing a risk profile osegeographic area that encompasses several risk
causing facilities”;

“studying the variations among different populatipraces, and individuals and getting a more
adequate picture of the ranges of sensibilitiet waspect to environmental pollutants, lifestyle
factors, stress levels, and impacts of noise”;

“integrating risk assessment in a comprehensiventgogy assessment or option appraisal so
that the practical value of its information canddesed into the decision-making process at the
needed time and that its inherent limitations carcompensated through additional methods of
data collection and interpretation”; and

“developing more forgiving technologies that totera large range of human error and provide

sufficient time for initiating counteractions”.

The White Paper on Risk Governance argues thatgigkmental construct. Hence, the second compaient

the risk appraisal, concern assessment, plays parfemt role in the model. The White Paper discusise
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need to consider the many perceptions human pdmugatand individuals may have about a given
technological hazard. The report enumerates fiasses of risk perception, or “semantic risk paglern
(IRGC 2006: 32): (1) perception related to “riskssimg an immediate threat such as nuclear enertprge
dams”; (2) perception related to “risks dealt waiha blow of fate such as natural disasters”; €Beption
related to “risks presenting a challenge to on&/a etrength such as sports activities”; (4) peroceptelated

to “risk as a gamble such as lotteries, stock exgbainsurances”; and (5) perception related tsk&ias an
early indication of insidious danger such as fodditives, ionising radiation, viruses”. According the
White Paper, the regulatory processes have to pyop&ldress concerns arising from any of these
perceptions.

Risk Characterization/Evaluation:

Risk characterization/evaluation, the third stephi@ Risk Governance model, is expected to “draalitie
between ‘intolerable’ and ‘tolerable’ as well aslérable’ and ‘acceptable™ (IRGC 2006: 37). The ih
Paper on Risk Governance differentiates the teahesable and acceptable: tolerable risk refers aotavity

or installation that is “seen as worth pursuing (fte benefit it carries) yet it requires additiba#orts for
risk reduction within reasonable limits”; while amtable risk refers to “risks [that] are so lowttadditional
efforts for risk reduction are not seen as necgssarccording to the White Paper, risk charactetia
“determines the evidence-based component for makiagnecessary judgement on the tolerability and/or
acceptability of a risk” (IRGC 2006: 39), such astimating risks and potential outcome scenarios.
Complementarily, risk evaluation structures theiglen making to “arrive at a judgement on toleridpidnd
acceptability based on balancing pros and consingepotential impacts on quality of life, discusgi
different development options for the economy andiety and weighing the competing arguments and
evidence claims in a balanced manner” (IRGC 200%: 4

Risk Management:

Finally, risk management integrates inputs from phevious steps to elaborate alternatives to moaibal
control identified risks. According to the White iRet on Risk Governance (IRGC 2006: 40), theretlaree
potential outcomes for risk management:

« “Intolerable situation: this means that either tis& source (such as a technology or a chemical)
needs to be abandoned or replaced or, in case® \leris not possible (for example natural
hazards), vulnerabilities need to be reduced apdsexe restricted”;

« “Tolerable situation: this means that the riskscheebe reduced or handled in some other way
within the limits of reasonable resource investradnt.). This can be done by private actors
(such as corporate risk managers) or public agsush as regulatory agencies) or both (public-

private partnerships)”; and
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« “Acceptable situation: this means that the riskssar small — perhaps even regarded as negligible
— that any risk reduction effort is unnecessaryweler, risk sharing via insurance and/or further
risk reduction on a voluntary basis presents option action which can be worthwhile pursuing

even in the case of an acceptable risk”.

The White Paper advises regulators to pursue arsgtic implementation of risk management for thisles
that are tolerable and for those where their tbiéitais disputed. Six steps are suggested forelaboration
of risk management procedures (IRGC 2006: 42-43) ilentification and generation of risk managemen
options; (2) “assessment of risk management optiatis respect to predefined criteria”; (3) “evalioat of
risk management options”; (4) “selection of risk magement options”; (5) “implementation of risk

management options”; and (6) “monitoring of optm@rformance”.

Strengths and criticism:

The Risk Governance model has received considegdtdation in the past few years, being appliedchwit
often positive results in the regulation of someeeatudies (Bonneck 2008; Knight et al. 2008; Kuamnz
McNeely 2008; North 2008; Okada et al. 2008; Rotale2008; Tait 2008). Among the strengths of the
model, Lofstedt and Asselt (2008: 79) point outtthigk governance is a dynamic process “with many
interactive loops and the emphasis on flexibilityapplying the model in order to do justice to piagticular
societal context and contingencies”. Lofstedt arsdel also identify positive aspects in the desifithe
model, such as the relevance of communication potdépthe introduction of the pre-assessment reutithe
ambition to blend knowledge with perceptions ine@m assessment and risk appraisal”; and the isupoet

of “organizational capacity”. According to NorthO@3: 96), the risk governance model integrates many
concepts and ideas related to the regulation k$ listo a single regulatory process; it emphaspgeblem
framing and dialogue among stakeholders; it appdiesonsistent rational for decision making; and it
implements risk management policies in a sequeatidl structured way. Finally, Renn and Walker draw
attention to the fact that the model “provides rmcttire within or around which particular risks miag
investigated, discussed by stakeholders, commutcatnd managed” (2008: 337) and acknowledges the
importance of the context for the regulatory preess

On the other hand, there has been some criticismelis Loftsted and Asselt, North, and Renn andedag

compile some limitations of the model that areedévance to this research:

e There is need for further simplification and tratisln of the model into a simpler language.
Lofstedt and Asselt argue that the Risk Governameelel is still complex and difficult to
comprehend for non-risk policy specialists: “theGIR framework did not adequately withstand

the scholar’s inclination to detail details andlifferentiate differentiations{2008: 81)
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The model needs a more adequate positioning. Thke Kovernance framework attempts to
address diverse types of risk. However, as poiotgdby Lofstedt and Asselt (2008:; 81), its
coverage should be more restricted: “it would h&lpth in terms of practical and academic
value, if the IRGC framework were to be portrayawd alescribed as a ‘risk governance
framework for complex, uncertain and/or ambiguadsissi”;

The model stresses the need for “greater publicstaldeholder involvement in risk management
process” (Lofstedt and Asselt 2008: 81jowever, this involvement does not necessarily
imply better risk policies. According to Lofstedhdh Asselt, public participation is still a
controversial matter as: (1) “deliberation alonesioot guarantee public trust in risk producers,
risk managers and regulators”; (2) “deliberationssially very expensive and time consuming”;
(3) “it is difficult to assure representativene$shmse participating in the deliberative process”;
and (4) “it may be especially problematic to gdevant stakeholders and publics willing to
participate ... in cases of highly contested rig&008: 81-84);

Although the management routines are well develpjiettust still be acknowledged that risk
management is a dynamic and continuous procespoiiged out by North (2008: 97), “[m]ost
risk issues are ongoing, and risk management shsutehgoing”;

The model does not elaborate on specific routimesmiplement its recommendations, or on
likely specificities needed for the regulation dffefent types of risks. As pointed out by North,
the Risk Governance model does not provide a ‘ttisfofor its implementation, “a check list,
or a catalogue of what IRGC considers the ‘apprbsetiof analytical tools and methodology”
(North 2008: 93);

According to North, the model still needs to puraumore ideal balance between advances in the
social sciences versus those in the natural sGeamue engineering. North (2008: 96) argues that
the White Paper on Risk Governance “should do rwmiedicate the importance of the scientific
and engineering literature, the experience of tiensific and engineering community, and to
centers of outstanding practice and scholarship”.

One last criticism addresses the White Paper ok &®ernance. Although the report stresses
the burden and costs associated to the decisitateddo risks, little is discussed or emphasized
about the benefits the hazardous installationsiditing to the local and regional context (Renn
and Jager 2008).

Regardless of the criticisms above, the advancepoged by the risk governance model represent a

milestone to the regulation of technological hagark the risk governance framework is relativedynit is

expected that scholarly works will continue to dist the model and explore its potentialities. Tagearch,

specifically in Chapter 7 and Chapter 8, draws be tnodel's core elements to propose a more

comprehensive way to regulate linear hazardouallagons.
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2.1.3 Approaches to account for technological risks

Hazard, vulnerability, risk, catastrophe, and disagre some of the terms applied to describe elesd the
complex and, many times, delicate interactions wflip infrastructure or industrial facilities andirhan
communities. Although there are diverse views arldclt of consensus on the definition of the coneept
aforementioned, there are also some common pdiatcan be used to group them, in a simplistic ey,
three categories: a causall/triggering element (daxaa boundary condition that leads to fragility
(vulnerability), and the likelihood (risk) or outmtes (catastrophe and disaster) when hazards meet

vulnerability.

These concepts facilitate the understanding ohfiroaches to address ‘risk’ in decision-makingcesses
worldwide. The nuances behind them will guide tHentification, measurement, and evaluation of the

elements that provide the information needed tédgegbout technological risks.

2.1.3.1 Legalistic

‘Legalistic’ approaches tend to focus on the mtiga and control ofhazards by enforcing rigorous
standards that projects, components, systems|latigtas, and operations must meet. It assumestteat
risks can be managed by controlling and avoidirgbssibility that any of such parameters will l¢ad
failure. For instance, the United States has ditwdé of technical standards addressing industictbities.

In order to keep operating, pipelines must go thhoperiodic maintenance programs to assure thét eac
their components and systems is still meeting ésteddl technical standards (GAO 2006; Chatfieldeeéd
2008). If any of the components or systems do redtrthe requirements, they must be replaced. Haweve
this approach has been criticized because it ey te severe catastrophes as it encourages peojie t
near hazard-prone areas since those ‘safety’ sdsdaight induce a ‘false’ perception of securiBh(istou

et al. 1999; TRB 2004).

2.1.3.2 Consequence-based

Consequence-based approaches prioritize the assssand mitigation ofulnerability. if a hazard can lead

to undesirable consequences, these consequencésbenasoided. Usually, the most effective way of
accomplishing this is to detach the hazards from éRkposure. In other words, people should not be
encouraged to live near sources of technologiczdutas, a completely different perspective compéawetie
legalistic approach. Such approaches tend to iategarban land-use planning into hazardous a&dviti
management. For instance, France applies a consmtbased approach to assess safety distancesdrased
the worst-case scenarios (Kirchsteiger 1999). Qperaneed to provide the government with a technica
report stating the range of consequences to theulgiign according to two pre-determined ‘effects
thresholds’ (lethality and irreversible damage tamlan beings). The state, which is in charge of the
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evaluation, reports these ranges to the local camties. The decision making is then based upon stlgno
decisionistic model. There is a negotiation betweammunities and the state in order to establishigafe
distance’ from households to the industrial orasfructural facility. After an agreement between pharties,
the local community, in charge of the land-use pilag, adopts the new regulations. In case of desgent,
the government has the last word (Cahen 2006). Caifigies that this policy has reduced vulnerakilithe
vicinity of hazardous industrial sites; however, nitight not satisfactorily deal with places with pre
established industrial plants. Figure 2.5 depiwtsRrench consequence-based approach, as vieweahey.
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Figure 2.5 — French consequence-based approach fisk. Reproduced from Cahem (2006:296).

2.1.3.3 Risk-based and risk-informed

Risk-based and risk-informed approaches considerritks as the most important component for the

decision-making process. The assessment of risksaisly composed of two elements: frequencies and

consequences. In these approaches, the conseqearagios are relativized by the expectation thesed

scenarios will likely occur. Decision making is eft based upon graphical and numerical information,
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individual and societal risks rates, that are camgdo thresholds of acceptability. If acceptabi¢oterable,
the industrial activities can operate. If not, meas should be put in place and the principle of tAdw As
Reasonably Practicable — ALARP” applied. For insganthe United Kingdom applies a risk-informed
approach to assess technological risks. Individis#l is used in the elaboration of the land-usepilag.
Three risks zones are calculated, the inner zasreg@ponding to the individual risk levels highlean 1x10
fatalities/year), the middle zone (individual riskigher than 1x16), and the outer zone (individual risks
higher than 3x10). According to the United Kingdom’s standards, development is allowed in the inner
zone. The middle and outer zone might include agraknts but the ALARP principle should be applied
(Cozzani et al. 2006). Please refer to Figure Bréaih example of the British approach (appliedhe t
Piombino port in Italy). Risk-based or risk-inforchapproaches have also been applied in Brazil (IBAM
2005), Netherlands, Hong Kong, Australia (Kirchhafid Doberstein 2006), and Canada (McColl et al.
2000).

UK Prasent Situation
Inner Zone
Middle Zona

A4 Outer Zone

Mﬂoads
—__] New davelopmeants
Bz Fiad Plants

o 0.5 1 1.5 Kilomaters

Figure 2.6 — The United Kingdom risk-based approachrepresented by iso-risks curves. Reproduced
from Cozzani et al. (2006:175)

2.1.3.4 Hybrid

In the hybrid approachespnsequenceandrisks are both important. This combination of the consege-

based with the risk-based/informed approaches hagsumed advantage of being more feasible than the

often rigorous consequence-based and less ‘séaedépendent’ than the risk-based/informed appresch

also facilitates the integration of land-use plagninto management. For instance, in Italy the agqgh

consists of the estimation of four consequencenpeérs (‘degrading damage zones’), where the inner
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perimeter represents areas of “high lethality” #mel outer the “reversible damage” zone. Risk isialiged
by the matrix of interactions of these four scemmrdf consequences with four established levels of
frequencies. The safety distances are estimategpaiing these risks with pre-established threshaddises
(Cozzani et al. 2006). Italy also provides a gordnaple of the integration between land-use prastaored

risk management.

2.1.3.5 Precaution-based

The precaution-based approach tends to focus iatteah the outcomestatastrophesand disasters This
approach recognizes the complexity and uncertaiitgrent in risk assessment and enforces meadwags t
can limit the chances of doubts and errors whensthentific evidence is questionable. It is basadthe
assumption that precaution is a sound alternativeetl with risks when uncertainty is a considerdassue
(Morris 2000; Klinke and Renn 2001; Wilson 2003;irkke et al. 2006). The precautionary principle is

addressed again later on in this literature re\{®action 4.1.7).

Summary:
Among the five approaches described above, thebaskd/informed approach is especially relevanhit

research as it is currently applied by the resemrcase study (and diverse other jurisdictions)weleer,
elements of the other four approaches eventualy ebntribute with insights that can be used torinfthe
research, such as: the enforcement of high religbévels as a way to ensure safety, describeth@n
legalistic approach; the focus on the assessmehitnitigation of undesirable consequences to pedyéeto
the operation of technological hazards, as destribehe consequence-based approach; the delibesati
based on both consequence and risk levels, adbtstehe hybrid approach; and the enforcement of

precaution and conservative measures in face @rtaioties, as described in the precaution-basptbaph.

2.1.4 Methods: quantitative risk assessment

Cox describes quantitative risk assessment (QRAgnamstrument “providing a logical framework and a
systematic procedure for organizing and applyingrgific and engineering knowledge to improveioaal’
(consequence-driven) decision making when the cuesees of alternative decisions are uncertain”
(2007:27). A typical QRA consists of several steyigh the purpose of characterizing and investigatin
hazards, the expected physical effects and the itndgnof consequences of extreme events, and the
interaction of these events with the populationrimgaThe technical inputs to a typical QRA can bed#d

into four main sections; three steps involve ‘oigeny’ information (contextual information, failure
frequency estimation, and consequence predictiod) ane final step involves ‘compiling’ all dataski

calculation) (McColl et al. 2000; CSChE 2004). e first step,_‘contextual informatigrthe socioeconomic

and environmental details of the proposed projéethfiological hazard) and its vicinity are gathered
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Populations likely to be affected by the projed &entified and studied/characterized, expectedrs are
recognized, and often a first qualitative risk rasttion is carried out, usually applying a Prelinninelazard
Analysis (PHA) approach (IBAMA 2005).

Simplistically, risk can be calculated by multiplgi the frequencies of occurrence of a given habgrthe
predicted consequences this hazard may cause ntfirnment and population nearby, in a diredtreh
where_risk = frequency * consequen@®écColl et al. 2000). The other steps of a typiQ@RA address the

three terms in this equation. ‘Failure frequendynegtion’ deals with the prediction of the failure rateghod

project. Two approaches are often applied: the afskistorical information, based on background data
gathered by information about accidents in the;@add the use of mechanistic models, which app$igie
and operational parameters to develop models tdigtréailures in technological systems (Kirchsteige
1999). However, both approaches have importantdiions:

» Disparities in the boundary conditions limit theeus ‘historical data analysis’ in systems othemth
those where the analysis was carried out. Fornstathe failure frequency applied in the majority
of the Brazilian transmission pipeline risk assesst® is a number close to “L@ailures/km*year,
obtained from a European network (CETESB 2003; EG0B5; IBAMA 2005; EGIG 2008). In
short, this average number is calculated by digdime total number of failures of this European
network by the total length and time of operatidrihe network. Although this European estimation
is a reliable number from a large network, it does represent accurately the Brazilian reality (for
instance, due to the differences in the pipelinpgsducts transported, surrounding environment,
characteristics of the cities and populations,. é&opther limitation to the use of historical argbyis
that, since it represents an average from the whetleork, it may not precisely represent the failur
rate of a given specific subsystem or single piper instance, a specific region in a densely
populated area or one constantly affected by emosam have a higher failure rate than others, such
as rural areas with a flat landscape. Howeverugeeof an average number for the whole network
does not consider this situation.

* Mechanistic models have important constraints dk Wee estimation and use of parameters in these
models are embedded with uncertainties and assomsptMechanistic approaches have another
important limitation when calculating random evenelated to third-party interference (external
interference). In developed countries, third-pamtgrference usually represents the most significan
source of failures for transmission pipelines, actimg for near fifty percent according to EGIG
(2005), around forty percent according to CONCAVRB(Q6), and twenty-five percent according to
the PHSMA (2006). However, it is clear that suclerdg cannot be appropriately addressed as a
mechanistic process due to their random and intigremman nature.
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The third step addresses the prediction of theemprences (e.g., type of the expected physical etett as
fire or explosion) and vulnerable areas (e.g.rémge for a certain level of radiation or over ptes for each
physical event) in the vicinity of the transmissi@ipelines. Similar to the frequencies estimation,

‘consequence predictibis a complex and difficult task. It aims to predthe magnitude and the extent of

the accidental events, given a set of pre-estauiskssumptions. However, the parameters and models
applied to assess the outcomes of such accidentsalsa bring undesirable levels of uncertainty and
subjectivity that are ultimately added into theutes of the QRA. In addition, often the physicethemical,

and effect models applied by the consulting congmaid carry out the QRAs are truly ‘black boxes a
great number of decision-makers evaluating suattiesu

The last step of a typical QRA is the calculatidrrisk. At this point, the affected population ahdzards
have already been identified and the frequenciab @nsequences estimated. Then, ‘risk calculation

consists of compiling all previous data into a neathtical/graphical fashion. The QRA’s main outparts
usually presented in the form of rates or curvas itidicate the expected number of individuals édatally
injured (Individual Risk) or group of people beifajally injured (Societal Risk) in a given periofltame
(Franks 2000; Cox 2002; Ale 2005; Purple 2005).nTtlecision making is based on evaluating the ifledti
individual and societal risks levels in terms afratards and thresholds based on risk acceptaftilff ESB
2003; Kirchhoff and Doberstein 2006; Chatfield imted 2008). For instance, Figure 2.7 presentdetads

(criterion of acceptability) for Individual Riska Brazil.

Intolerable Risk

1x10*/year

“ ALARP”

1x10°/year

Tolerable Risk

Figure 2.7 — Individual Risk Tolerability for pipelines in Brazil. Adapted from CETESB (2003).
ALARP stands for “As Low as Reasonable Practicable”

2 The estimation of the physical, chemical, anda@fé®mponents of an accidental event are made iputational
software not available to the environmental agencie
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Figure 2.8 shows the application of this interpeta of individual risk for transmission pipelinés the

urban context. Safety distances (no-building zame)estimated from the limits of the pipeline rigifitway

and are enforced for risk higher than 1xfatalities/year.
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Figure 2.8 — Application of the Individual Risk into the decision making for transmission pipelines in

urban context in Brazil. Reproduced from IBAMA (2005).

Box 2.1 — Risk assessments in complex systems

“Risk assessment in complex systems is strongbgdéent on five crucial factors:
the inherent complexity of the system and the emwirent in which it exists and operates;

the models used to represent the system; i.e. thewystem and its environment, and hence its caxiip| are

1.
2.

represented in the first place;

whether the models give equal weight to technicalividual human, organizational, and socio-podti¢e.qg.,
legal) variables in determining the operation amel failure modes of the system; for instance, wdretiertain
variables (e.g., engineering or technical) are easjled or privileged over others, and whether

representation of the system is fundamentally biasdlawed to begin with;

as a direct result of factor 3., the number andikiof terms included in determining the probahildy the

probabilities, of failure of the system, and,;

how the consequences of the failure of the systenalao represented and determined.”

(Bea et al. 2009:1-2

“... no matter how much physical science and telduy are involved in a complex system, no system@vier purely o

solely physical or technicaCertainly no system of which we are aware is lyuseientific or technical in its operatio

or management.” (Bea et al. 2009:2)

the

>
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2.1.4.1 Limitations in quantitative risk assessments

QRAs are widely applied supporting risk-based asklinformed decision-making processes (McColllet a
2000; Trbojevic 2004; Cahen 2006; Cozzani et ad62®&irchhoff and Doberstein 2006). However, thare
many criticisms of the technical aspects of QRA=® (also Box 2.1, Box 2.2, and Box 2.3) in the ditere of

both the engineering disciplines and social sciemice to their:

» inherent subjectivity (Amendola 2002; Redmill 20@2jtter 2003; Murphy and Gardoni 2006; Bea et
al. 2009). For instance, inputs feeding QRA’s atpons and routines are frequently based on the
assumptions and experience of experts carryingheustudy;

e uncertainties (Morgan and Henrion 1990; Amendolalet1992; Abrahamsson 2002; Amendola
2002; Kozine et al. 2002; Levin 2005; Fabbri andntto 2008). For instance, the results from
models to predict failure rates and physical effece embedded with inherent uncertainties;

« ambiguities (Abrahamsson 2002; Kozine et al. 20dke et al. 2006; Fabbri and Contini 2008).
For instance, when different QRAs result in diffareoutcomes for the same installation and
boundary conditions; and

e one-project focus (Assmuth et al. 2010). For instanwhen QRASs calculate risks for a single

installation, even though individuals are exposed group of independent hazardous facilities.

Moreover, not only do the quantitative studies hemportant limitations, but also the criteria judgithe
risks are built upon a great deal of subjectivityg aambiguity. Kirchhoff and Doberstein (2006:221ywee
that “[rlisk evaluation is an important, albeit t¢mversial, stage of risk assessment ... since the
establishment of what constitutes acceptable rifflerd from place to place, and from people to pedp
They continue, “[tlhe subjective value of what @nsidered to be acceptable risk is strongly infheehby
societal norms and expectations about safety”ifisdance, the criteria to accept a pipeline’s rigikBrazil is

ten times more permissive than in other nationgsditey to a scenario where ‘approved’ Brazilian
transmission pipelines would fail in countries suah Australia, United Kingdom, and the Netherlands
(Kirchhoff and Doberstein 2006:231). In fact, @dls shows the inconsistencies of evaluating ris&ksed

only on the results of such a method.

2.1.4.2 Limitations of a QRA from the ‘social science point-of-view’

There are many criticisms coming from the soci@rsmes to the application of QRAS in regulatorygesses

as well. According to Klinke and Renn (2002:1078)e discussion of social criteria into the fornmedk
evaluation process is still in its infancy and reedore refinement”. Risk assessment is an important
component of decision making but it should not be bnly one. Instead, decisions about technological
hazards should be more holistic and comprehensisedommodate diverse factors, rather than beinglyne

a direct outcome of the traditional risk assessmsaveral authors have pointed out the limitatitheg a
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typical QRA has when addressing socio-environmedéthands. The following questions, related to the

applicability of QRAs in decision-making processa® found across the literature of risk, and tyedepict

the dimension of such demands:

1.

10.

Is it possible to achieve fair and comprehensigk gnalysis in a risk-based study (Healy 2001,
Apostolakis 2004)? If so, how? Is cost-benefit (igk-benefit) analysis the best decision-making
approach (Ersdal and Aven 2008; Roeser and Asvei®)2 What is the best balance between
precaution and cost-benefit (Starr 2003)?

When approaching issues of intergenerational jeistiersus risk and uncertainty, is the QRA an
appropriate approach (Davidson 2009)?

How do feelings and information influence the bakarbetween values and reasons (act) versus
preferences and willingness to pay (legitimizatioWhat are the meanings attributed to uncertainties
according to the filters proposed by Adams and Tson (2002): psychology, economics, ideology,
biology, and culture?

What is the role of the public? Do collective demis influence individual risks? Is this fair (the
collective deciding for the individual, who ofters inot represented)? Should decisions be
participatory (de Freitas and Gomez 1996; Webl&d9i®Davies 2001; Bryson 2004; Roeser and
Asveld 2009)?

Is it possible to assess incommensurable risksymgptost-benefit or risk-benefit analysis (Hansson
2009)?

Given the gap that often exists between risk sfietsaand civil society, has the communication of
these risks been appropriate (de Freitas and Gd®@g; Wester-Herber and Warg 2004; Boholm
2008; Lidskog 2008)?

Referring to the design of new technologies angepts, do the moral and ethical guidelines on the
‘regulative frameworks’ represent the perspectiviesll actors? Have the social factors, for inseanc
been taken into consideration (Asveld and Roes@®y0

Referring to the ALARP (As Low as Reasonable Pcatiie), what is low, reasonable, and
practicable? What is safe enough? Is tolerabitityisk uniform across different people? How does
tolerability become acceptability and approval (Adaand Thompson 2002)?

Referring to the ‘FN’ and ‘Iso-risk’ curves (risktes presented by the quantitative risk analydis),
we need to develop new ways to judge technologisk (or is just ameliorating such curves —
raising the bar — enough)?

Considering the point of Adams and Thompson (2002tRat “attempts to reduce the various
consequences of risk-taking to a single common mémator will inevitably exclude legitimate

voices”, which voices are considered legitimate whath are not?
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11. Since risk management is a balancing act, howpsstible to accommodate different stakeholders
in harmonious decision makitig Has the ‘individualist’ group of stakeholders meeore important
than the others? (Adams and Thompson 2002)

Based on the inputs from the research’s case stiebented ilChapter 5 andChapter 6, this research will

offer some contextual answers for these questio@hapter 8.

2.1.4.3 Summary

Often the decisions in regulatory processes fohrtelogical risks coincide with the outputs of a QRA
(McCaoll et al. 2000; Trbojevic 2004; Cahen 2006;zZani et al. 2006). Although QRAs represent a
substantial portion of the decision, it does natassarily address the complete set of situatioassatises
from the interaction between technological hazart communities during the whole life cycle of hapais
installations (Amendola 2002; TRB 2004; IRGC 20Q6x 2007; Hermansson and Hansson 2007; Bea et al.
2009). Yet, there are still a considerable numieatioer issues that QRASs currently do not addressh as

those described above. As pointed out by Amendola

“Risk assessment needs to be contextualized isdbi®-cultural environment, and therefore, the tgyaent
of reliable risk assessment procedures and theatiom of reliable risk assessment procedures aed th
formation of an accountable risk assessment contsnencapable of interacting with the social partsesl

stake-holders — needs to be formed within viabldipyarticipation processes”. (Amendola 2002:28)

QRAs deliver an important function in decision nmakibut they cannot be the decision themselves.r&igu
2.9 illustrates this, indicating that an extensivea in the regulatory processes has not beemtyroevered

by QRAs. As argued by Aven, “... the results geteerdy the risk analysis need to be seen in a lroad
context taking into account that the risk analylpends on assumptions made, the analyst perfortiméng
analysis, etc.” (2007:307). The next sections &f thapter draw on two bodies of literature that oer
insights to understand how urban land-use and pebale been accounted for by regulatory processes.
Section 2.2 explores the influence of urban lanellanning on risk management practices, and \décsay
while Section 2.3 briefly reviews the concepts lafcp and vulnerability to hazards within the difioip of

geography.

1 Adams and Thompson (2002:9-10) identify four gronf stakeholders: individualist (e.g., entrepreseand
developers), hierarchist (e.g., governmental imstins and representatives), egalitarian (e.g., NjGG@nd fatalist (e.g.,
the civil society in general)
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Figure 2.9 — Traditional Decision-Making Process of echnological Risks. The decision making is
‘bigger’ than the QRA.

Box 2.2 — Pipeline failure modes

There are many types of pipeline failures. Foransg, the report (EGIG 2005) presents the moshmmcauses of
incidents in transmission pipeline systems: exteimarference (or third party action); corrosiagnstruction defect

and/or material failure; incorrect operations; grdumovement; other causes and unknown. Theseddaipes can be

[2)

grouped according to the time-dependence in thetease. It is clear that some events are timesttgnt and other,
are time-independent. While internal and extermatasion and material failure can be understootinas-dependen

events, incorrect operations and external intemfegeare events where time does not play a significde.

The literature also presents several methods ton&® pipeline failure rates. They can be classifimsed on
similarities: Historical Data Analysis (UKOPA 200BGIG 2008) and other Stochastic Approaches (Cadeywd. 2006);
Mechanistic Approaches, such as the StructuralaBiity Analysis (SRA) (Zimmerman et al. 1996; Mdlban et al.
2004; Nessin et al. 2004; Cosham et al. 2006);thadrinite Element Analysis (Hassanien and Adedls2Muhlbauer,

et al. 2006); and any combination of these previnodels.

Very often governmental regulatory agencies male afshistorical data analysis to calculate pipétirfailure rates.
Industries and organizations worldwide have gatheipelines’ historical failure data, such as: theropean Gas
Pipeline Incident Data Group (EGIG 2005; EGIG 20@8% United Kingdom Onshore Pipeline Operator'so&gation
(UKOPA 2005); the Health and Safety Executive (PARL.1998); the Conservation of Clean Air and WateEurope
(CONCAWE 2006); and the U. S. Department of Tramsion's Research and Special Programs Administrat
(PHSMA 2006).
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Box 2.3 — The example of the ASSURANCE project

The ASSURANCE project is a report conducted byRimz National Laboratory in Denmark that assesgesrtainty
in quantitative risk assessments (Lauridsen e2@D2). The report discusses possible causes tthiateleen differen

technical teams to estimate discrepant resultstier same chemical facility. A number of importaouices of

uncertainties are identified and their root causese investigated. According to the study, deviaim frequency and

consequence estimation are apparent when compiéuéntpam’s results. For instance, discrepanciglérifrequency

assessments” reached up to four orders of magnitdely due to differing technical interpretatioaf particular

points of evaluation by the different technicalffstauch as the failure causes and data sets cmesidLauridsen et al.

2002). Moreover, several sources of uncertaintthéen“consequence assessment” are also identifiegly &re grouped

into six categories (p. 30):

« “Scenario completeness and correctness”, whicrhsdeith the correct and complete interpretationhef ¢évent,
sequence of events, equipments, methods and &0 fort
e “Uncertainty in the definition of scenarios”, whicélates to the interpretation of the events tsthdied and is
associated to ambiguity;

¢ “Modeling uncertainty, including description of @igal phenomena and the detailed model charadtstis

constants and parameters”;
* “Input assumptions, boundary conditions, and irtegfbetween models”;
« “Simplifications made throughout the analysis”; and
« “Overall level of ‘conservatism’ of the analyst”.

Among the conclusions of the study, the implicasiaf uncertainties in land-use planning in thenitgi of hazardousg
industrial establishments are stressed. The vlhherrea calculated by five technical teams arepesed to each othe
and evaluated against threshold levels. The digpaliserved in the results indicates the impacté tincertainties
might have in urban planning and risk managemeattimes (Table A). For the individual risk curveldf’/year, team
1 estimate a radius of 565 meters while team 3igtedhore than the double, 1310 meters. Similatg, 10%year

individual risk curve reaches 820 meters accortiingam 4, while team 5 calculates a distance 60 Ieters.

TEAM Average Radius (m) for Average Radius (m) for
10%year individual risk curve 10%year individual risk curve
1 565 1325
2 125 925
3 1310 1676
4 545 820
5 530 1150
Average 615 1179.2

Table A — Comparison of predicted risk levels fug same chemical facility calculated by five diffier technical teams

(adapted from Lauridsest al. (2002)).

D
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2.2 The integration of risk management practices wi  th land-use planning

Another important component in the literature mdiato decision making for technological risks isdaise
planning (SEVESO Il 1996; TRB 2004; Kirchsteigef2) As argued by Wildavsky (2004:12), “planning is
the attempt to control the consequences of ounra&tiThe more consequences we control, the moteavwe
succeeded in planning”. In the context of land-unserban areas, planning plays a fundamental roteonly
to regulate the cities’ development or the ‘incireggublic demand to control over land’ (Elliott @&) but

also in the organization of the use of land ardoazhrdous facilities.

A good land-use plan must necessarily encompassmiation regarding risk$n Europe, the anticipation of
the consequences due to the presence of hazamalitsek is a requirement in many nations. The E5@
Directive Il stresses the need to control the usé arganization of land as an inherent part of risk
management practices. Article 12 of the Directivemdnds that the Member States consider the
implementation of safe distances between dangefaasities and urban, natural and infrastructure
developments (SEVESO Il 1996). For instance, Chuisdt al. (1999) review different approaches to the
control of major hazard accidents posed by fixedtaitations using land-use planning. The authoosige a
discussion of different ways to incorporate consitiens about hazards and risks while planningue of
land. They advocate that “establishments able tseanajor accidents under certain circumstancds wit
consequences extending outside their borders sheukkparated from residential and commercial drgas
adequate distances” (p. 153). The authors alsgné® limitations to the implementation of safetyians in

the context of land-use planning due to the “detsirexploit in the best possible way the land, tbitgining

the maximum benefit from its exploitation” (p. 154)

The Directive also stresses the importance of fiskeptimal land-use planning. For instance, Cozea al.
(1999), studying an ltalian industrial facility, rcelate the application of quantitative risk assessts to
land-use planning, demonstrating the feasibilityaof integrated discussion about cities’ growth &isHi
management. According to the authors, the QRAstgaks “proved to be a powerful decision-making too
in order to evaluate the impact on industrial glalternative land-use solutions” (p. 1). Corradtorg this
view, in a later study, Cozzani et al. (2006) sadlifferences of regulations to account for hdzamd risk
information in land-use planning in four Europeamumtries. The French, British, Italian, and Dutch
approaches were applied to determine safe distamices industrial area in Italy. Although “importan
differences are present in the extension of lamd{imitations and in the priorities of hazard reiituc
actions identified by the different methods” (p.L7®e results indicated that quantitative riskeasments
are being used as important tools in the definitibthe use of land in these nations.
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Similarly, Basta et al. (2007) address the usés&fmaps to inform land-use planning in the Unikédgdom

and the Netherlands. The authors argue that “mslps’ are a valuable tool for the visualization and
exchange of risk-information” helping in the plamgiof the use of land. Atkins (2007) also explattes
interaction between land-use planning and QRAsldoge-scale petroleum storage sites in the United
Kingdom. Calculating the results for different dguofations, the authors showed how societal riskes
help in the estimation of safety zones.

The European trend also resoundNrth America, where scholars have drawn attention to the need t

address and incorporate hazard and risk mitigatioand-use planning (Burby 1998; TRB 2004).
Addressing natural hazards, Burby (1998:1-2) argjusis

“[by] planning for and managing land-use to enhasustainability, we can reduce our vulnerability
to disaster, if not eliminate them. Land-use planable local governments to gather and analyze
information about the suitability of land for despiment, so that the limitations of hazard-prone
areas are understood by policy-makers, potentiasitors, and community residents” and “... plans
and land-use management programs enhance prodpectssustainable future — one in which
citizens and their elected officials make inforn@mbices about using hazardous areas in ways that

will not jeopardize the long-term viability of theiommunities.(Burby 1998:1-2)

Burby argues that “once people have exposed theesstb a hazard by locating in an area at risky tiié
assume any hazards that might exist are trivial'5§p Similarly, Godschalk et al. (1998:86) arghatt“the
general public and locally elected officials tendntinimize the importance of discouraging developiie

hazard areas”.

These contestations have pushed authorities irhMarterica to look for ways to address hazards @i r

in urban areas. Burby (1998:18) argues that la®lplanning for hazard mitigation needs to encompas
several actions, such as (a) the disclosure ofrimdtion related to hazards to the public; (b) teagement

of the land accordingly to the “type, assesseduieegy, and potential damage of the hazard”; (c) the
management of land in hazard-prone areas accomlifgpcial, economic, aesthetic, and ecologicatxasd
benefits to individuals as well as the communithjlevtaking into account the rights of private lamthers”;

(d) the enforcement that “all reasonable measuetaien to avoid hazards and potential damagristire
properties at risk”; and (e) the enforcement tladitreasonable measures are taken to alleviathahard and
damage potential resulting from development in tdmas areas”. However, Burby also recognizes inaport
limitations to the implementation of these conjuattactions. The “lack of local political will tmanage
land-use”, the local “deficiency in management cityg and the “regional fragmentation that limits

opportunities for area wide management solutiopsl'®) are some of the obstacles pointed out.
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Another approach is proposed by Berke (1998; 20d6)discusses the importance of managing the city's
growth to reduce natural hazard-related risks enUited States. His approach focuses on the rieduct

risk exposure based on the identification of hagasdareas; the control of the type, location, aemsiy of
development; the removal of existing developmentthe prevention of future developments in hazasdou
areas; the implementation of practices to buildregilience; the direction of new development awaynf
hazardous areas; and the encouragement of pulblicipation and awareness. He also points out ititihs

to the implementation of such an approach: the poiarity of integration of risk management practide
urban planning on public agendas and the reluctarictbcal leaders and communities to implement
programs for risk reductions.

Similarly to Burby and Berk, Olshansky and Kart&298) also advocate that the management of landsuse
a strong instrument to build community resilience azards, if effectively applied by regulators and
embraced by the community. They argue that localegonents hold a “wide variety of techniques to
influence the location, type, intensity, designalify, and timing of development” (p.170) that daglp to
control hazard and risk exposure, such as (p.1710-17

1. Building standardswhich “regulate the details of building constians”;

2. Development regulationthe “traditional site development tools of cutrplanning — the zoning and
subdivision ordinances — which regulate the locatigpe, and intensity of new development”;

3. Critical and public facilities policieswhich allows government to have more control of samitical
and pre-established facilities compared to privatdities (for instance, schools, fire stationt,. g

4. Land and property acquisitiorwhich means “purchasing properties in hazardeeasawith public
funds, and then using these properties in minimallyperable ways”;

5. Taxation and fiscal policies“used to more equitably distribute the public cosfs private
development of hazardous property, specificallyshdt more of the cost burden directly onto the
owners of such properties”; and

6. Information disseminationwhich is “intended to influence public behavioyrarticularly, the
behaviour of real estate consumer”.

Often another approach to cope with risks in tHeanrcontext is the implementation of actions tddoup
community/local resilience. Burby et al. (2000:1@5yue that “land-use planning for hazard mitigai®an
essential ingredient in any recipe for buildingadier resilient communities”. The authors claint ttie
integration of risk mitigation actions into the those planning can help to increase communityieesié.
Stakeholder participation and public support deaisi regarding land-use planning, the promotion of
awareness, the discussion of mitigation and riskagament goals, and the implementation of actions t

prevent/control risk exposure are important stdglair model.
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Similarly, Godschalk et al (1998:116) advocatetfar use of land classification to determine thdidason
and use of the land. Developing a method to presdifé separation distances for natural gas tras&mis
pipelines based on heat flux, Haklar (1997) alsesses the use of land classification and safetgrdies

(setbacks) in the control of risk exposure.

Land-use planning for transmission pipelines:

Oil and gas transmission pipelines are also adeldeissthe literature on land-use planning. The repbthe
Committee for Pipelines and Public Safety drawsraitbn to the need to integrate the planning odl laath
the risk-management practices in the United Stélé®B 2004). This study recognizes that “just as
transmission pipelines pose a risk to their surdings, so does human activity in the vicinity opglines
pose a risk to pipelines” (p. 6). Although the irmtpat role assigned to the control of the facitign
particular carried out by the owner/administratmithe facility), the control of the surroundingé such
installations is also relevant. According to thpa, “land-use decisions can affect the risks eased with
increased human activity in the vicinity of transeidon pipelines”, regulators “have not directechiigant
attention to the manner in which land-use decisioms affect public safety and the environment”, and
“decision makers lack adequate tools and informatio make effective land-use decisions concerning
transmission pipelines” (p.6). The report elabaade this problem to propose a model to account for

pipeline risks considering as a fundamental coeedigulation of the land-use near right-of-ways.

In Canada, the Major Industrial Accidents Council @anada (MIACC) indicates the need for the
enforcement of setbacks to control/diminish riskasure (MIACC 1998) due to transmission pipelines.
According to the report, there is great concernualtioe implementation of a pipeline’s right-of-wiythe
urban context. However, the study recognizes titagrated action between urban development antysafe
difficult due to the potential economic benefiterfr the use of the land, the costs imposed to thelipe’s
operator to assure safety standards, and the faalowledge of local authorities.

Summary:
It emerges from the literature that the integrati@tween land-use policies and risk regulation sd¢ece

pursued as a way to avoid the repetition of caipbic events from the past. Both in North Americal a
Europe, scholarly works and technical reports/tggmls have drawn attention to the need for the
development of effective ways to discuss and adcfourthe urban land-use issue in the regulatoocesses
for technological hazards. This research drawshanttend and in the fact that limited attentiors teeen
directed on how to achieve this integration to offeme practical inputs to the subject, firstly @dding the

case study (Chapter 7) and then regulatory pros¢&€depter 8).
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2.3 Context in Geography: place and vulnerabilityt o hazards

This last section addresses two concepts broadbusg$ed in geography, which complements this review
place and vulnerability to hazards. As this rededas a context-dependent component, the concgacd,

as discussed in human geography, is briefly desdrito help understand the importance of the local
characteristics in regulatory processes. As poiatédy Castree (2003: 182), “we must ... acknowleitige
place matters in a very profound and very worldinse”. Similarly, a brief review of the concept of
vulnerability in the context of natural hazardspiesented as a way to understand how the appro&zhes
account for the dynamics and the implications @& itteraction between human populations and hazards
have evolved in the geography literature. Althougtany of the insights presented in the review on
vulnerability can provide directions to address thsearch question, it is important to mention (i
section does not elaborate on opportunities to avgrrisk-based approaches. This discussion isfdeft

Section 4.1.3, when the research develops its ponakframework.

2.3.1 Place

Place is a central concept in human geography $@eds2004; Gregory et al. 2009). According to Caest
(2003: 167), human geographers attribute threecipdh meanings to the concept of place: fflgce as
location when place is seen as “a point on the earthfaseil; (2)a sense of plagevhen place is perceived
as “the locus of individual and group identity”thie “subjective feelings people have about placesiding
the role of place in their individual and groupntg/”; and (3) place as localewhen place becomes “a
setting and scale for people’s daily action anderamttion”. According to theDictionary of Human

Geographythe current discussions on place are usuallynizgd around three themes (Gregory et al. 2009):

» the association of place with human experiencedinfgs, and emotions; “[t]he idea that place, to be
a place, necessarily has meaning” (Gregory et0#l92539);

« the transformation of places over time, which iefex of the transformations of human and non-
human components; “[tjlemporal change as a conatitfgature of place has long been accepted,
particularly in cultural-historical geographies’r@gory et al. 2009: 540); and

« the new understandings of place in times of glahadilbn, as a reflex of global interconnections and
the modernity; “[tihere seems to be broad agreentattplace does still matter, and that it would be

wrong to see place and globalization as negatimgamother (Gregory et al. 2009: 540).

The Dictionary of Human Geographpoints out that place “is usually distinguished the cultural or
subjective meanings through which it is construaed differentiated, and is understood by most huma
geographers to be in an incessant state of ‘begpin(iGregory et al. 2009: 539). Hence, a broad

understanding of the ‘feelings’ and ‘arrangemeirtsi given ‘location’ and time are fundamental toque a
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comprehensive understanding of a place. As arguéthitree (2003: 182), “places are conceived bkasy

unique rather than singular”.

In the context of this research, this observatign atresses the need for a particularized vievegtlatory
processes, one that comprises the particularififseohuman systems under analysis and the spéesiof
the decision-making processes of their jurisdictioks pointed out by Amendola (2002:28), “[rliskctgon-
making processes are depending on the culturatemdatory context, which makes it difficult to tispose
assessment and consultation procedures into aafiffeocioeconomical context”.

2.3.2 Vulnerability to hazards: a brief review

In the early 1960’s, White, Burton, and Kates drattention to the notion of vulnerability. Despite a
traditional view at that time that natural hazamdsl catastrophes were acts of God, they pointetheuteed

to direct efforts to a more complete understandifignatural hazards and their associated triggering
mechanisms. White (1961) presented insights on teotkeal with floods in flood-prone areas, arguihgtt
national agencies should manage “sensitivity ptirBsirton and Kates (1963) proposed a definition to
natural hazards, “those elements in the physicair@mment, harmful to man and caused by forces
extraneous to him” (p. 413), pointing out to a rtgpe of hazard “created by man ... but transmittedugh
natural processes” (p. 414). Burton and Kates afbmcated that natural hazards are often actsrimhihal
negligence” in urban-industrial societies, sincevits possible to estimate the location in “timeacsy and

size” of some of these hazards prior to any caiphke.

Villagran (2006) cited the United States Reporthi Congress: Disaster Preparedness, from 1972¢ewine
term “vulnerability is recognized as the predisfiosi of people, communities or larger jurisdictipasd of
sectors such as economy, agriculture, and infretsirel to be affected by a natural disaster” (p.. 11)
According to this perspective, the effects of naltunazards on people could be diminished by the

implementation of some proactive actions, sucthagontrol of the urban development in flood-praneas.

O’Keefe et al. (1976) elaborated on two varialtlest, when combined, lead to a disaster: “vulnerabl
human population” and “extreme physical phenomen@tth sides of this combination are of crucial
importance: “without people there is no disastep. 666). The authors advocated that the use of
“precautionary planning”, focused on a “populat®rulnerability”, was a way to deal with the incsem
number of disaster occurrences and number of liess. Since humans could control and modify
vulnerability, it was also a human responsibilibypgut in place measures for better coping with stdble
areas and natural hazards.
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Burton, Kates and White (1978) connected the usanaf resources to the increase of vulnerabilitymidn’s
search for “economic return” leads societies terate higher “social risks”. The expansion of eitend
industrial parks in areas more susceptible to ahtwmzards contributes to the increase of life egmhomic
losses worldwide. However, they also advocated teasonable measures anticipating hazards could
diminish considerably the “material damage, losslifigf, and social dislocations” posed by any given
catastrophe. Vulnerability needs to be controlabn if by the application of the lessons justrdedrfrom a
recent disaster. The prevention of repetition wagoad first step in building up safer communities.
According to them:

« The notion of vulnerability needs to be more complehere is a close relation between vulnerability
and social and economic conditions of nations auble: “to be poor as a nation or a person is to be
particularly vulnerable” (p.12). Intricate relat®m rural-urban migratory movements, concentration
of wealth among countries and people, and induistiévelopment bring more elements in the
assessment of vulnerable areas. In the developimddwthe lack of infrastructure and public
facilities penalize the poor. In the developed @pthe urban expansion frequently conflicts with
hazard-prone areas.

 Human actions need to take a considerable shateeakesponsibility for catastrophic events: “it is
peoplewho transform the environment into resources aazhtds, by using natural features for
economic, social, and aesthetic purposes” (p.20)hough they did not address vulnerability in an
explicit way, Burton, Kates, and White set a senésneasures that communities could apply to
address natural hazards, such as the “control miradaecvents and their effects”, “comprehensive
damage reduction”, “combined multi-hazard managdineand the collective action towards
“adoption of adjustments”.

* Four major modes of coping with natural hazardsewpresented in their work: absorption,
acceptance, reduction, and change. The less ttemumade, absorption, refers to the capacity of a
society to absorb the effects of an external eireit relatively smooth way, remaining unaffected.
When these external events are likely to affectespcthere is also the possibility of accepting th
risks posed by these events. However, if the ragles considerably high, societies still have two
courses of action: the reduction of losses (“leagrio prevent the risks”); and the ultimate chaimge
location or use of the land.

If the foundation to the development of the ‘vuliality discipline’ in the context of hazard managmnt
was already established in the 1980’s, Beck (188@)ght another dimension for risks with Risk Society
(a short review of the book is presented in Apper@jx He argued that societies worldwide were being
exposed to vulnerability from a great number ofrees, from food to nuclear waste: “in advanced muaitie

the social production of wealth is systematicalig@mpanied by the social production of risks” (p).1
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According to Beck the distribution of risks areesftnot fair among social classes, with the loweatat
usually overloaded: “poverty attracts an unfortenabundance of risks” (p. 35). He argued that $pcie

e

became a laboratory, where risks were evaluated™{jas they manifest). The idea of vulnerabilibosld
not be linked to a dimension encompassing hazaitys 8eeking vulnerability and risk mitigation, they
societies and persons interact, organize, and prefp@mselves in vulnerable areas is as crucighas

hazardous event itself.

Chambers (1989) elaborated on the vulnerabilityinafividuals and households, identifying two main
components: internal and external. The internal pamant relates to the lack of structure of indialduor
households to cope with risks; while the exterrmhponent refers to hazards themselves. Chambears als

addressed the links between being poor and beiingrable.

Arguing that “vulnerability is a multilayered anduftidimensional social space defined by the deteehi
political, economic and institutional capabilitieé people in specific places and specific times'ati&/ and
Bohle (1993) claimed that vulnerability should bederstood as a conjunct of factors that necessarily
encompass the dimensions of time and place. Althcaddressing vulnerability to poverty, hunger and
famine only, they advocated that vulnerabilityladtttime was neither supported by a well-definesbti nor

had appropriate tools to pursue a comprehensiwsss®ent. Developing upon the contributions of Crexmb
they expanded the ‘internal-external’ model, intradg three ways of being vulnerable: vulnerability
lack of potentiality (economic capability); vulnéitity by exposure (property relation); and vulnitiay by

lack of capacity (class power).

While identifying that the biophysical and politiegeconomic perspectives are “two contrasting viefva/ho
may be vulnerable to global change” (p. 31), Livem{1994) defended the need for a more compretensiv
approach assessing vulnerability. According to Hbeg social, political, economic, and environmental

information should be the core in the constructiba vulnerability profile.

The ‘Pressure and Release’ model of vulnerabilig itroduced in 1994 (Wisner et al. 2004), stregsdot
causes and the social relations (or dynamic presgghat lead to vulnerability. This model “shove t
pressure from both hazard and unsafe conditioridehds to disaster, and then how changes in vatbiley
can release people from being at risk” (p.35). kémhiaccess to power is identified as examplesaifaauses
in the vulnerability equation. On the other hanagkl of local institutions and investments, and dapi
urbanization process are examples of the dynamissodieties that lead to vulnerability. Wisner ketadso
corroborated the view that vulnerability is closeglated to poverty and disadvantages in genetay T
proposed a model where the social, economic aritigablstatus of people and groups play a moreistal

role to understand and estimate vulnerability, gigin approach where processes account for a grgabfp

47



the vulnerability, instead of the simplistic viewat individuals are solely responsible for their now

vulnerability.

Hewitt (1997) presented a comprehensive analystheftoncept, stressing the need for a broad sanil
cultural view when assessing vulnerability and siske pointed out that “[v]ulnerability is indicedi of
severe societal impairment, most often due to eathr imposed constraints” (p.151). Power, or
powerlessness, is usually the dominant root conlesating to vulnerability. According to him, theiea
need to shift the view of the concept from a stgife-determined viewpoint to a dynamic, actiontessd

one, where vulnerability is seen as ‘a produchefdircumstances’. He also discussed

« the need to develop a set of measures so that coitiesucan better cope with natural and
technological hazards;

« the impacts and implications that human actionsdmuisions have on vulnerability to hazards; and

- the importance that a comprehensive understandintheo socioeconomic profile of the likely

affected population has in the assessment of valtriléy.

Hewitt also identified several broad concerns iaficing vulnerability, mainly grouped as ‘forms’ and
‘conditions’. Exposure to hazardous agents, weakras susceptibility, lack of response capabilities,
defenselessness, disadvantage, and powerlessnessharlayers he names as ‘forms’ building up
vulnerability. On the other hand, gender, sociacgp and economic and social status are some esaropl
what Hewitt called ‘locus of vulnerability’.

Cutter (1996) described three different themesuinerability studies: vulnerability as risk/hazasdgosure;
vulnerability as social response; and vulnerabditplaces. She argued that this differentiatioipaith the
“theoretical and methodological orientations” agearch in the area. Focusing on the vulnerabififylaces,
she developers the ‘Hazards of Place Model of \falpidity’, with “an explicit focus on locality”. Inthis
model, ‘hazard potential’, ‘geographic context'o¢gal fabric’, ‘biophysical vulnerability’, and ‘sal
vulnerability’ are dynamic elements that interacti dead to ‘place vulnerability’. The core of thedel is
based upon the geographic context and the sodiakcfaf a specific place. Biophysical vulnerabiligy a
result of the exposure of a potential hazard iivarggeographic location. Similarly, the socialnedability

is the result of the interaction of hazards with $locial fabric.

Alexander (2000) described vulnerability as a restil vicious circle, where politicians, electagplanners
and developers are the key actors pushing vulrayaicreases. Corruption, excessive influence and
negligence are factors that may trigger this cir€la the other hand, scientific research, the les$éearned
from a previous disaster, and the sensitivity &k rcan help slowing down the vulnerability process.
Alexander also introduced some definitions for ewability: ‘positive vulnerability’ is related tde fact that
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‘losses occur and are sustained’; ‘deprived vuloitg and ‘willful vulnerability’ are related tathe way
research results are (or are not) applied in thiegation and prevention of undesired outcomes;stpre
vulnerability’ deals with the lack of experiencethvhazards in a given place; and ‘primary vulndigband

‘second vulnerability’ are related to resiliencel aoping capacities.

Focusing on the vulnerability of the cities, Pa]lif2003) presented some approaches and thoughtssautd)
how the development of cities, accompanied by urarawl, lead to vulnerability. He advocated that
vulnerability is a threefold concept: ‘physical matability’ relates to the built environment, theulndary
conditions; ‘social vulnerability’ explains how sal; economic, and political systems influence the
vulnerability of people; and, ‘human vulnerabilingsults from the combination of the previous twa & a
process and not a status. Hence, Pelling claimat Haman vulnerability is broken down into three
components: exposure (location relative to hazadl environmental surroundings), resistance (livalih

and health), and resilience (adjustments and patpa).

Cardona (2004) argued that “vulnerability in sogiedups could (...) be understood as the reducedcitgpa
to ‘adapt to’, or adjust to, a determined set ofiemmental circumstances” (p. 1). Vulnerability 9een
mainly as an anthropocentric process. He pointédha, when thinking of vulnerability, the firsugstion
that should come to one’s mind is: “vulnerable toat?” A given group of people can be vulnerable to
specific hazard, but not to another. Cardona alsked vulnerability to the ‘lack of development’ can
identifies three ways in which it could be incredigghysical fragility or exposure, related to tledtion of
human settlements; socioeconomic fragility, thatlslevith social and economic factors; and the latk

resilience, linked to coping with and respondingntpacts.

Cutter et al. (2003) argued that there are thréa marents on vulnerability research: the firsedacuses on
the construction of exposure models, based on c¢traitions that make people or places vulnerable to
extreme natural events’ (p. 242); the second ss$utiie frequent close relations between social tiongi and
vulnerability; and the third attempts to understahd vulnerability of particular places or regiohg
integrating the ‘potential exposure’ to the ‘soaleesilience’. Cutter et al. proposed the Socialnérability
Index (SoVI), considered by them as a step towardsore comprehensive use of the ‘Hazard-of-Place
Model’ (proposed by Cutter (1996)). Cutter et alrried out a factor analysis to identify the impottfactors
that need to be applied for the development oflaerability model for the United States (focusingyoon

the social vulnerability component). Although ading that the SoVI needed more refinements duadk |

of consistence with the results, the authors clditiet the model provides a reasonable outlookhef t
general scenario of vulnerability, helping locakideon-makers in the implementation of measuresnwhe

dealing with hazards.
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According to Birkmann and Wisner (2006), when chiogsmethods to asses vulnerability, some key
questions should clarify the approaches one takeso and what is vulnerable?”; “vulnerable to whHat?
“who wants to know and why?”; “what circumstances aontext shape the daily life of the affected®™?).
Since vulnerability is a concept applied in divedisciplines of research, with meaning often vagyin
considerably, they propose the elaboration of aniien for vulnerability based on a widening splewhere
the inner circle constitutes “a shared minimum amgrent concerning what vulnerability is” (p. 12)dahe
outer one encompasses a broader scope of varjafgeisling the definition with a more global coveeag
The vulnerability spheres are organized in a secpi@f steps: the inner definition is ‘vulnerabilig an
internal risk factor’ (intrinsic vulnerability); #n comes ‘vulnerability as the likelihood of exgade harm’
(human centered); followed by ‘vulnerability as @atistic approach of susceptibility and coping adiyg
followed by ‘vulnerability as a multiple structursusceptibility, coping capacity, exposure, andpéida
capacity’, and finally, ‘multi-dimensional vulnerifity encompassing physical, social, economic,
environmental, and institutional features’.

2.4 Summary

This chapter reviews the main models, approachmektree quantitative risk assessment method apiplitice
regulation of technological hazards, describingirthieain characteristics, providing examples of thei
application, and discussing some of their limitasio The risk governance model, proposed by the
International Risk Governance Council, represengseat step towards the accommodation of many ef th
current debates in the literature on social scierarel risk regulation. However, the model still same
limitations to address hazardous linear instaltetidthat represent a research gap, such as theofack
integration between risk and land-use policiesthardabsence of mechanisms to monitor exposureziards
and risks. Considering these limitations, this ¢aaplso reviews the body of literature that inédgs risk
management practices with land-use planning, sgekinidentify current practices in Europe and North
America that can provide insights to this reseasrtd the literature on vulnerability to hazardsaasay to
identify how geographers and social scientists lzdressed aspects of the relationship betweemdsazad

human populations over the past decades.
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Chapter 3 — Methods

This chapter describes the methods used in theisth&ection 3.1 briefly introduces the research
methodology. Section 3.2 describes the two corearet methods of this study: literature review aase
study. Section 3.3 describes the four methods eghfidir data collection: semi-structured interviessveys,
participant-observation, and documents. SectionpBe4ents the approach for qualitative data arsabysd
research validation.

3.1 Introduction

This research is based on a qualitative approdelaqe see Table 3.1). The literature on qualitattgearch
covers several methods addressing topics suchsasroh design, research inquiry, data collectiata d
analysis, validation, and research reporting (Cedlsd998; Babbie and Benaquisto 2002; Denzin and
Lincoln 2005). This chapter outlines the methoglseced to structure the research described iriddeti4.
Section 3.2 of this chapter elaborates on lifegature reviewand thecase studymethods, the two core
building elements behind this qualitative approdatgether, a literature review and a case studypcise a

rich combination that fits comprehensively the chijes of this study.

The literature review, as research method, sewesptirposes in this dissertation: to gather knogéednd
inform the development of a conceptual frameworkg & support the findings as an important tool for
validation. A literature review is also importamt pursue the research goals related to the ‘thksmef’

(research objectives 1, 2, 3, and 7).

A case study, on the other hand, is used to apbprib&ccontextual implications of this study (‘piaat level’
— objectives 4, 5, and 6). The Brazilian case la®d in detail, following recommendations to aygwh
case studies discussed in the literature (Crest@9B; Stake 1999; Yin 2008). Section 3.3 outlines t
methods applied for data collection: interviewstveys, participant-observation, and documentatitime
interviews are semi-structured, as required bycthreceptual framework. The surveys consist of ‘dbjet
questions and are used to confirm information gathén the interviews, as well as to test the cphed
framework. The last method in data collection is bservations from inside the case. The reseavcaer
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actively involved in Brazil's case as an analystl aoordinator for IBAMA for about five years andshi
experience is used for data collection purposesedds Finally, Section 0 covers the methods useddftta
analysis and validation. A few strategies are userluding interpretive analysis, triangulationdapattern

matching.

Table 3.1 — Summary of the research’s methodology

Research Methods Case study and literature revi

Sem-structured interviews, surveys, partici-observation, an

document analysis

Dey’s (1993)approach: indentifying phenomenon and cont

Qualitative Data Analysis | understanding the intentions and processes, glaggithe information
Methods (coding and grouping themes), interpreting theraed, making

connections

Data Collection Methods

Triangulation, pattern matching, clarification 0%, development ¢
Methods for Validation | detailed descriptions (rich and thick descripticasin the literature on
methods), and field observation.

3.2 Research methods

3.2.1 Literature review

A literature review comprises the identification lfoad and specific information about a topic under
analysis. Hart (1998:13) defines it as

“the selection of available documents (both pulgishand unpublished) on the topic, which contain
information, ideas, data, and evidence written frarparticular standpoint to fulfill certain aims express
certain views on the nature of the topic and hoig tb be investigated, and the effective evaluatbthese

documents in relation to the research being prahb¢dart 1998:13)

Hart (1998:30-31) also discusses steps that helpetbearcher to structure a good literature review given
topic. The first step is to understand the stmgctf the knowledge on the chosen topic, as weth adentify
the key scholars and works on the area. Next, ¢ébearch needs to assess what methodological arad mor
assumptions are needed or have been used in the aftihe topic. These first two steps help redeans
grasp a basic sense of the field and organize aretnstarting point for the reviews. Moving on,ths
researcher explores the literature, it is importarthink about how the individual pieces of théommation
gathered interact with each other. Finally, theaesher assesses how these single pieces andhtbeiction

contribute to the topic.
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The literature review as research method servegptwposes in this dissertation: (1) to identify amdanize
concepts and thinking that may contribute to thprowement of risk regulatory processes (Chapteadq;
(2) to describe and support findings about the iBaszcase (Chapter 5, Chapter 6, and Chapter it
the literature review reconciles current trends knowledge in the academic field with actual prEediin
countries and governmental institutions, explortag particular segments: discussions in the acatemi
community and arrangements in place in diverseagiction to account for technological risks. Selvaraas

of literature that offer critique and resolutionttaditional problems in risk assessment and etialuare
identified. Further, concepts, measures, and atioom outside the traditional risk literature than
broaden the scope of information evaluated in gowental decisions about hazardous facilities atieegad
for evaluation. However, only bodies of literattinat can potentially contribute to this study areiewed, as
the justification for their applicability in the otext of technological risks is stressed. A congalpt
framework is outlined with the objective to idegptdnd organize opportunities to improve the govemial
regulation of technological hazards and risks. i#search framework is developed based on the retevaf
the topics being analyzed, the inputs provided Wfergnt scholars on each topic, and the resedicher

assessment as to how this information helps to enthe research question.

Secondly, in order to contextualize Brazilian picet, an extensive review of the literature cowgiine
governmental regulation processes of large projisctarried out to support the discussions in Gérapt
Chapter 6, and Chapter 7. This review identifies tbutines applied by Brazil's environmental ageadn

the states and at the federal level. Special @tens given to the regulation of hazardous fdeiitby
IBAMA (Brazilian Institute of the Environment andeRewable Natural Resources — Instituto Brasileoo d
Meio Ambiente e dos Recursos Naturais Renovavsis)country’s federal environmental agency. IBAMA's
practices are described alongside inputs brougim fscholars evaluating their strengths and lintteti
Whenever observed, this review also stresses cemsesnd discordance among writers about any issue

related to IBAMA's performance.

3.2.2 Case study

The case study as a method is discussed with & deah of detail in the literature, being descrilzeda
common approach in qualitative research (Cresv@9B1 Stake 1999; Creswell 2003; Denzin and Lincoln
2005; Gerring 2007; Yin 2008). Creswell defineast

“... a qualitative approach in which the investigaéomplores a bounded systemad@sg or multiple bounded
systems (cases) over time, through detailed, inkddpta collection involvingnultiple sources of information
(e.g., observations, interviews, audiovisual matedand documents and reports), and reports admss®iption

and case-based themes”. (Creswell 2007:73)
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As noted by Creswell, case-study research can therea “strategy of inquiry, a methodology, or a
comprehensive research strategy” (2007:73). Adadively flexible method of research, it is expettaat
there will be differences in its use from one reskedo another. Regardless the various approaces to
explore a case, the use of the case-study methedsrte converge to a common element that is the cas
itself. Stake elaborates on this arguing that “[wiild study it analytically or holistically, ergly or by
repeated measures or hermeneutically, organicaltylburally, and by mixed methods — but we concaet

at least for the time being, on the case” (Stake52@43). Hence, when applying case-study methods,
researchers need to carefully choose a case thafuifils a research project’s goal(s). It is iorfant to
have in mind what the case can offer to the stundlyteow the research can best benefit from it.

3.2.2.1 Structuring a case study

Creswell (2007), Yin (2008), and Stake (2005) offeme inputs on ways to structure a research tadg. s
The first important action researchers need toymuis to carefully choose the case(s) so as tdl fthé
research’s goal(s). As pointed out by Yin, caseistiare often used to explain, describe, illustrakplore,
or evaluate (Yin 2008:15). For any of these purpp#ies important to anticipate the contributidmsught

from the case in order to best benefit from thehmet

Next, efforts are directed to framing the studye®vell argues that the focus of a case study shosild
“developing an in-depth description and analysis afase”. To achieve this goal, researchers nestdtdi
assess the significance of the case being stuasedell as its context and boundaries. After théiminary
step, the development of the case moves on to efieittbn of a unit for analysis, such as an evemt,
activity, or a process. Next, there is the collmttand analysis of data. Data collection can besdan
multiple forms, such as interviews, observatiomgl documents. Data analysis strategies includelyaing
data through description of the case and themeaheofcase as well as cross-case themes”. Finalty, t

researcher proceeds to the elaboration of a répsdribing the case and its findings (Creswell ZD®79).

Yin's Case Study Research: Design and Meth@@68) does not provide a particularly differei@w on the
matter. On the contrary, he shares a considerdtbe perspective on how to carry out case-studgares.
He claims that case studies have certain cengalaits that encompass (a) answering a ‘researctianie
(b) the elaboration of theoretical propositionsatitiress the case study; (c) the definition of thigs) of
analysis; the development of the logic linking d&tathe propositions; and (d) the criteria applfed

interpreting and validating findings (summary Yi0o03: 1).

According to Stake, the “major conceptual respdlisds of the qualitative case researcher includg:
bounding the case, conceptualizing the object wilystb) selecting phenomena themes, or issues tfie.
research questions to emphasize); ¢) seeking psttef data to develop issues; d) triangulating key
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observations and bases for interpretation; e) Setealternative interpretations to pursue; anddyeloping

assertions and generations about the case” (S@e 259).

This research’s case study benefits from the recemdiations offered by these three scholars. In the n
sections, the Brazilian case is structured andnizgd around six steps that help in the developroétite
case’s framework: (1) the description of {fleenomenominder analysis; (2) the identification of the ¢ase
context (or natural setting)(3) the delineation of the casef®undaries and unit of analysi¢4) the
identification procedures fatata collection (5) the identification of methods falata analysisand (6) the
definition of strategies for the case studyaidation The choice for this sequence of steps is basettieon
understanding that it leads to a case study’s fvarlethat better fits the purposes of this studg #rat the
framework’s rationale is in agreement with theréitere in the area. The first three steps are ptedédelow,
as an introduction to the Brazilian case. The taste will be addressed in Section 3.3 (Methodsdfita

collection) and Section 0 (

Qualitative data analysis and validation). Howebefpre addressing the case study, some factgesemed

to provide background information on Brazil.

3.2.2.2 Background information on Brazil

Brazil is a large country in South America, famduisits enormous tropical rain forest (the Amazandst)
located on Brazil's north, soccer players, andGhenival parades celebrated in its most famous Rity de
Janeiro. Recently the country has also gained natemal attention for its increasing participation
international politics and economics. Brazil hasrbanaturing as a democracy since 1986, gradually
reshaping the country. The CIAThe World Factboobffers a brief introduction to the country (retegl in
April 2010):

“Following more than three centuries under Portsgueule, Brazil gained its independence in 1822,
maintaining a monarchical system of governmentl uhé abolition of slavery in 1888 and the subsedue
proclamation of a republic by the military in 18&¥azilian coffee exporters politically dominatddetcountry
until populist leader Getulio Vargas rose to powefl930. By far the largest and most populous aguimt
South America, Brazil underwent more than half atasy of populist and military government until 28
when the military regime peacefully ceded powecitdlian rulers. Brazil continues to pursue indiatand
agricultural growth and development of its interiBxploiting vast natural resources and a largeragwol, it

is today South America's leading economic power amdgional leader. Highly unequal income distiitrut

and crime remain pressing problem&IA the World Factbook.

The CIA’sThe World Factbooklso indicates some relevant geographical aspétte country:
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« Brazil borders Argentina (1,261 km), Bolivia (3,423), Colombia (1,644 km), French Guiana (730
km), Guyana (1,606 km), Paraguay (1,365 km), P&rQ96 km), Suriname (593 km), Uruguay
(1,068 km), and Venezuela (2,200 km); the only ¢oes not bordered by Brazil in South America
are Ecuador and Chile. The country also has amsixte coastline along the Atlantic Ocean (7,491
km);

* The climate is mostly tropical, with regions of feenate climate in the south;
* The country is mostly flat, with a highest point994 m (Pico da Neblina);

» Brazil has extensive natural resources, such asixftea gold, iron ore, manganese, nickel,

phosphates, platinum, tin, uranium, petroleum, bgdwer, and timber”;

e Brazil lays in a geographical region with few nafunazards, aside from recurring droughts in the

northeast, floods in the rain season, and occddimsa in the south;

* The country struggles with complex environmentalies, such as the deforestation in the Amazon
Basin that “destroys the habitat and endangerslttude of plant and animal species indigenous to
the area”; a “lucrative illegal wildlife trade”;raand water pollution in Rio de Janeiro, Sao Paaha]
several other large cities; land degradation an@ém@ollution caused by improper mining activities;

wetland degradation; [and] severe oil spills”;

As for the Brazilian population (estimated by IB@10) as 200 million people), it is concentratémhg
the coast, especially in the states of Sdo Padlani#lion people, comparable to the population ofiéntina
according to th&Vorld Factbook Rio de Janeiro (comparable to Chile), Bahia (carable to Ecuador), Rio
Grande do Sul (comparable to Greece), and Parandp@rable to Portugal). Minas Gerais, with popafati
comparable to Australia, is the preeminent statayafinom the coastline. The 2000 Brazilian censualécate
that 53.7% of Brazil's population is considered 1@hi38.5% mulatto (mix of white and black), 6.2%dH,
and 0.9% other (includes Japanese, Arab, Amerihdidmspecified ethnic group accounts for 0.7% @& th
population. The population is in its majority Chias: according to the 2000 census, 73.6% of thmruladion
follows the Roman Catholic Church, 15.4% protestaluictrines, 1.3% is spiritualist, and 0.3%
Bantu/voodoo; while 7.4% follows no religion. Acdarg to the CIA World Factbook, Portuguese is the
official and most widely spoken language; althodghs common languages such as Spanish, German,

Italian, Japanese, English, and a few Amerindiaguages are also spoken by some minority groups.
Finally, the CIA’sThe World Factbooklso offers a good synthesis of the Brazilian econ

“Characterized by large and well-developed agrizali mining, manufacturing, and service sectorszBs
economy outweighs that of all other South Americanntries and Brazil is expanding its presence amlav
markets. Since 2003, Brazil has steadily improveatnmeconomic stability, building up foreign resexve

reducing its debt profile by shifting its debt berdtoward real denominated and domestically hedtfuments,
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adhering to an inflation target, and committingfiszal responsibility. In 2008, Brazil became a egternal
creditor, Brazil's external debt totaled less tharforeign reserve holdings, and two ratings agenhawarded
investment grade status to its debt. After recaadvth in 2007 and 2008, the onset of the globaririal crisis
hit Brazil in September 2008. Brazil's currency dsdstock market - Bovespa - saw large swingsoasidgn
investors pulled resources out of Brazil. Braziperenced two quarters of recession, as global ddnfier
Brazil's commodity-based exports dwindled and exkcredit dried up. However, Brazil was one of tinst
emerging markets to begin a recovery. Consumeirarg$tor confidence revived and GDP growth returieed
positive in the second quarter, 2009. The CenteaikBexpects growth of 5% for 2010.” CIA’s The World
Factbook.

Since a comprehensive description of Brazil isarobbjective of this thesis (Box 3.1 also preseeisvant

quotes and facts about the country), the researgbests some resources for further informatieram

Inside Brazil — Development in a Land of Contraétéiomas 2006)Brazil: Equitable, Competitive,
Sustainable — Contributions for Debafgvorld Bank 2004);BRICs and BeyondSachs 2007)Social

exclusion and mobility in Braz{Gacitia-Marié6 and Woolcock 2008))side Brazil - A New FuturéThe

Guardian 2008); anBrazil Takes Off - A 14-Page Report on Latin Aneésidig Success Sto(fzconomist
20009).

Box 3.1 — Selected facts and quotes about Brazil

+ Brazil is a developing nation, according to the GIorld FactbookCIA 2009) with “large and well-developed
agricultural, mining, manufacturing, and servicetses” (Sachs 2007; The Guardian 2008; Economi§i9R0In
2001, the country was named @pldman Sachsne the BRICs, alongside with Russia, India, ahth& as the
likely leading economies of the future (O’'Neill 200 Brazil’'s estimated nominal GDP of US$ 1.6 iwitl makes
the country the 8economy of the world (World Bank 2008; CIA 2009).

“in some ways, Brazil outclasses the other BRICsliké China, it is a democracy. Unlike India, itshao
insurgents, no ethnic and religious conflicts nosthe neighbours. Unlike Russia, it exports mdrant oil and
arms, and treats foreign investors with respe&icbfiomist 2009: 15)

« The country has experienced a consistent periodcofomic growth in the past fifteen years, motidaby a
“process of implementing a stabilisation programmvgh a view to achieving macroeconomic stabilifachs
2007: 75). However, the continuity of sustainedneenic growth depends on investments in infrastmec{®achs
2007), such as transmission pipelines, which mamggs have direct social and environmental imploadi
Although Brazil has comprehensive environmentaislatjon regulating large projects and hazardousities, the
country is deemed to lack compliance and enforce¢wiethe laws (McAllister 2005).

“In Brazil, the environmental licensing has beea #ubject of intense controversy, involving evea liighest|
authorities of the country. On the one hand, tlageesthose who say the excessive demands and slowhtse
licensing process are responsible for delaying itamb infrastructure works, mainly in the energgarOn the
other hand, there are complaints that the liceasegranted because of economic and political pressand
also to the detriment of relevant environmentaléss (Lima and Magrini 2009: 110).

« Brazil is a federal democracy with strong politioatitutions and free and independent press (Boistc2009),
though, according to thHeconomist struggles with an “obstructive government” ortsty government presence”
“The Brazilian state’s problem is not so much tisabverbearing and incompetent, a common complhirtt

that it is weak where it ought to be strong andragrwhere it should be weak. It can withhold envinental
permits for new hydroelectric dams and ports, pndag them from being built, but it cannot stop ragwage
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from being pumped into the river that runs throulgh country’s largest city, or keep illegal loggérsm
despoiling it forests” (Economist 2009: 14)

Brazil's population is estimated at 200 million péo(IBGE 2010), with 86% living in urban areas A2009) and
7.6% living on an incoming of less than US$ 1 (Ppét)day (The Guardian 2008: 19).
“Economic growth and macroeconomic reforms haveni@antly contributed to the stabilization of th
economy and the alleviation of poverty. Neverthgléisere is an increasing consensus among Brapibhoy

e

makers, scholars, legislators, and civil societgaoizations that growth and successful macroecanomi

policies have not resolved the problems of inetpa@nd social exclusion that generate and sustaseny.
Inequality and social exclusion persist as the nchiallenges facing Brazilian society today” (Gaaidario
and Woolcock 2008: 97).

Brazil is a continent-sized country, with total af 8,514,877 sq km that makes it tHel&rgest in the world (CIA
2009).
“Geographical distances in Brazil are very lardpe tistance between the northern and southernneiis is
about 4200 km and between the eastern and westeamgties is about 4400 km. The country is divideid
five geographical regions, comprising in total 2étes and the federal district. There are more %&0D
municipalities” (Glasson and Salvador 2000: 193).

According to the CIA’sThe World Factbogkthe country produces 2.422 million bbl/day of @8" in the world)
and 12.62 billion cu m of natural gas {3® the world). Consumption levels spin around 21&ition bbl/day of oil

(8" in the world) and 23.65 billion cu m of naturalsg@2" in the world). These numbers do not consider the h

discoveries of offshore oil made in pre-salt lay#vat can boost the country as an exporter in thbad) market
(Economist 2009) and expand the country’'s pipetiagvork. The current pipeline network of the cour(009)
comprises 62 km of condensate/gas; 9,989 km ofalagas; 353 km of liquid petroleum gas; 4,517 knoig and
4,465 km refined products.
“With major new oil finds and the rise of ethantilis sector, more than any other, is fuelling threABian
boom” (The Guardian 2008: 5).
The offshore field is “a massive oil discovery Ihetstate-owned Petréleo Brasileiro (Petrobras)na that
will not only transform the fortunes of the Braaili energy company but also the country’s econorjfe
Guardian 2008: 5).

Figure 3.1 shows the most economic developed apdigied region in the country (southeast Brazs), a

well as the major transmission pipelines serving thgion, operated by TRANSPETRO (a subsidiarthef

Brazilian multinational energy company Petrobras).
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Figure 3.1 — Southeast Brazil and TRANSPETRO's pide network. Reproduced from
TRANSPETRO's website.

3.2.2.3 Framing the Brazilian case

Phenomenon: Risk exposure due to gas and oil transmission ipieglin Brazil.

The population in Brazil is exposed to technolofyitsks due to problems likely associated with larse
planning and regulation of hazardous facilitie®(akso Box 3.2). This affects a considerably largmber of
people in Brazil living in areas very close to ansmission pipeline, as shown in Figure 3.2, Figui8
Figure 3.4, and Figure 3.5, taken by the reseatob®veen 2003 and 2004, and Figure 3.6 (Renn@vetti
April 2010). It is noteworthy that the majority tife households shown in those pictures were bitét the
beginning of the pipeline’s operation. Until 20@4e Brazilian federal law 6,766 (Brasil 1979) ecfu a
mandatory 15-meters setback on each side of amfipgs right-of-way (ROW) intended to protect plop
from pipelines and vice-versa. Since this legal aednwas not being met in nearly all large transimiss
pipelines in Brazil, the federal law 10,932 modifitie 15-meter setback requirement attemptingdolage
the urban expansion around the pipeline’s ROWsdB&004). Nowadays, the new law attributes to the
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environmental agencies the responsibility to erdpit needed, setbacks in urban areas. The estimafi
this safety area is supported by risk curves ptedenn QRASs: if the calculated risk rates are abave
threshold, the setback is enforced; if the risksatre ‘acceptable’, there is no need to implemeyntsetback.

Figure 3.2 — Encroachment around the pipeline Figure 3.4 — Encroachment around the pipeline
right-of-way. right-of-way.

Figure 3.3 — Encroachment around the pipeline Figure 3.5 — Encroachment around the pipeline
right-of-way. right-of-way.
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Source:Petrobras/TRANSPETRO (http://www.braziltexas.org/attachments/contentmanagers/767/Capturing-Pipeline-Opps-in-Brazil.pdf)

Figure 3.6- Encroachment around the pipeline right-of-way. Rdpced from Petrobras/ TRANSPETRO
(Rennd retrieved April 2010)

Context (or natural settings): Brazilian urban patterns and the governmental institutiongutating the

land-use and hazardous facilities.

The phenomenon’s context encompasses two mairrga¢ig the urban patterns and institutions colitrgl
the use of the land in Brazilian cities; and (2 pgeculiarities of gas and oil transmission pigedinin Brazil,
the cities’ growth often does not follow the comnpatterns observed in North American or Europetiesci
(Hardoy and Satterthwaite 1989; Pinto 2003). AldtouBrazil has a considerable number of formal
instruments for land-use planning, such as thetti&eof the Cities” (Brazilian Federal Law 10,25202),
the reality shows that a large part of the urbaminan the country happens in illegality and digamization:
new streets, lots, and residences are built inodismce or noncompliance with the civil and envinental
legislation and the city plan policies and codast{P2003). For instance, consider the Brazilidiesiof Rio

de Janeiro and Brasilia. Rio is the second langettopolitan area in Brazil (IBGE 2006). The citydaits
metropolitan area have a high number of slums aralrbs lacking basic urban infrastructure. Other
common characteristics of these neighborhoodsiacegdnization in the use of land and low socioecaia
indexes of their population (Gay 1994; Szwarcwdl@le2002). On the other hand, Brasilia is thenpéal
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capital city of the Republic. Resembling the shapean airplane, the “pilot plan”, the city’'s coreea
accommodates harmoniously governmental, commeraiad, residential areas (or zones). However, the
increasing demand for dwelling and the rigor ofcity’s master plan have also pushed a considerteof

the population to look for new developments in Bia's suburbs, many of them in illegal areas (8at al.
2004; Paviani 2007).

Notwithstanding the differences in the socioecomoprifiles between Rio and Brasilia, the lack adpar
urban infrastructure can be observed in both mpaiities. At different scales, disorganized urbation
processes in Rio, Brasilia, and in practicallyiaige cities in Brazil, lead to a multitude of usited results,
such as those observed by Pinto (2003):

 The inadequacy of the road systems, making itadiffifor the transit of buses, ambulances,
police vehicles, and garbage trucks;

» The development of neighborhoods susceptible tsi@me and floods;

» The absence of public space for the implementatfdrealth, recreational, and educational urban
equipment;

e The pollution and degradation of water bodies qitiso important to mention that usually in
these developments water supply comes from wedtedal of the city's water system, and sewer
system are nonexistent) ; and

* The illegal connections to the electrical poweltayss, resulting in risk of accidents and fire.

The requlation of transmission pipelines:

Among the types of projects licensed by IBAMA, thegulation of oil and gas transmission pipelines
(OGTP) in Brazil has peculiarities that are theeabjof closer attention in this case study. OGTRs a
important infrastructure systems of industrializealintries. Usually connecting production fieldsgreat
urban centers, they also represent a considerabieesof risks to populations in metropolitan areeBrazil
due to their linear characteristic. An OGTP carvéey extensive and cross many cities with demangds.
Unlike a fixed industrial activity, where the bowamizés between communities and the industry areivela
restricted, an OGTP may interact with a considgrabiher number of individuals and communities.
Although this does not necessarily represent aqodat challenge for risk calculation, the samenmrbe
said for risk management. Managing risks is closelated to boundary conditions, which can vary
significantly from place to place and/or with tinkr instance, Figure 3.7 and Figure 3.9 (take20idil) and
Figure 3.8 and Figure 3.10 (taken in 2007) showngha in the boundary conditions for a pipeline trigf
way in the Brazilian city of Macaé (state of Rio dneiro — near to Cabilnas in Figure 3.1). Witiin
years, an inhabited area is transformed in a ndwarudevelopment — even though the presence of a
pipeline’s right-of-way shown by the yellow line the aerial photos. The orange line in Figure 318 a
Figure 3.10 is a proposed path to avoid this neveld@ment.
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Figure 3.7— City of Macaé, aerial photo takeJZ(scaIe 1:20,000). The eIIow line is the pipelfight-
of-way. Source: PETROBRAS/ENGENHARIA/IETEG/ETEG/EAM Engenharia de Avaliagdo Ambiental.
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Figure .8 — City of Maé, aerial photo takenOﬂ“Q(sae 1:2). Thie yellow line is th Iiiht-
of-way. The orange line is a proposed path to atlwchew urban development. Source:
PETROBRAS/ENGENHARIA/IETEG/ETEG/EAMB - Engenharia Avaliacdo Ambiental.
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Figure 3.9 — City of Macaé, aerial photo takenG02 (scale 1:10,000). The yellow line is the pipelright-
of-way. Source: PETROBRAS/ENGENHARIA/IETEG/ETEG/EAM Engenharia de Avaliagdo Ambiental.
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Figure 3.10 — City of Macaé, aerial photo takeB@07 (scale 1:10,000). The yellow line is the pipel

right-of-way. The orange line is a proposed patavoid the new urban development. Source:

PETROBRAS/ENGENHARIA/IETEG/ETEG/EAMB - Engenharia Avaliacdo Ambiental.
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Boundaries: The case stucis restricted to
1. the analysis of the environmental licensing coneldiett the Brazilian federal level by IBAMA,;
2. gas and oil pressurized transmission pipelines; and

3. pipeline sections in urban area.

The case study is delimited in three aspects.Ifitdte BELP is a complex process and only parit ¢

analyzed. Brazil is a federal republic and each ioipality, state, and the federal government hasown

role in the implementation and performance of matigolicies (CONAMA 1997). This case study focuses

on aspects of the environmental decision-makinggsse at the federal level only, which is carried oy
IBAMA and regulates the largest projects in BraBlecond, pipelines are systems used to transifiertetht
products. Moreover, the pipeline’s project and afien conditions can vary considerably from oneepip
another as well. The case study considers onlglprgssurized pipelines transmitting gas, oil, or ather
petroleum by-product. Please note that by dointhestudy excludes distribution pipelines, sucthadines
supplying residences, business, and industriegllfirsince transmission pipelines are long linggtems,

the case study is also limited to their segmentsidan area, which excludes rural uninhabited areas

Box 3.2 — Cubatéo, Brazil, 25 February 1984

“A major spill of some 700,000 | of gasoline causedatastrophic fire in Cubatéo, in the state af Baulo,
Brazil. The leak occurred in an 18-in. diameterepipe located near the shantytown of Vila Socd, neh
approximately 8,000 people lived. The fire, whielsted almost 10 [hours], started in the early nmgrnbut
the gasoline leak had been perceived by some okHigents at least two [hours] before the fireadmed here
are some reports that residents had begun to talekcstockpile the spilled gasoline in their honidee fire
resulted in the complete destruction of an areB06f000 i, nearly 75% of the shantytown (see Fig. 4). 1
bodies of 67 persons— almost all burned beyondgrition—were recovered from the ruins of their hanj
Among the more than 200 seriously injured, manyewerable to survive the severity of their burns died.
In any event, the number of fatalities commonlyiladted to the fire (508) exceeds the number dlitdds
that results from the sum of the number of bodéesvered (67) and the number of seriously injurecpfe
that died (200), by a considerable margin” (de @alr22000: 492-493).

e
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65



3.3 Methods for data collection

Several methods for data collection are discussditie literature (Babbie and Benaquisto 2002; Cedsw
2003; Denzin and Lincoln 2005; Hay 2005; CresweD2, Berg 2008). Often, scholars group data catiact
methods according to the approach taken — quaktatjuantitative, or mixed. For instance, Creswedjues
that qualitative research usually incorporate somall of four basic types of procedures: obseoratifrom
the field, interviews with people and institutioredevant to the research, analysis of public angforate
documents, and the analysis of audio and visuaemaht(2003:185-88). Other times, the data colfeti
methods are discussed within a specific researdhade For example, Yin argues that the most common
data collection methods for case study researcb@mementation, archival records (such as mapshads,
previous survey data, and personal records) irteryi direct observations from the site, participant
observation (when the research takes part on tidiest case), and through physical or cultural aots
(2008:85).

However, regardless of the different ways that daféection is approached in the literature, itisar that
the selection among these methods depends mosttieoresearch itself, design and purposes. Sinee th
empirical information in this research is used wpport its case study and to test the researchisegual
framework in the Brazilian context, data is gatlderssing four different sources: (1) semi-structured

interviews, (2) surveys, (3) participant-observatiand (4) document analysis.

3.3.1 Interviews

Semi-structured interviews with key stakeholdera & describe IBAMA's environmental licensing ard t
assess its performance in the regulation of rigkgestions for the interviews are based on the relssa
conceptual framework elaborated in Section 4.2 taedparticularities of the BELP. Key stakeholders a
defined as professionals or individuals of thel@wiciety who have experience with the routinediagpy
IBAMA, especially those related to the environmélitansing of gas and oil transmission pipelinEse list
of key stakeholders encompasses representativesifieo governmental institutions (environmental atidker
sectors; federal, state, and local levels), dewstomnd operators of transmission pipelines, ctingul
companies, NGOs and representatives of the ciciesg academia, and public prosecution, for al tota
thirty-two interviewees. The interviews are conaukcin Portuguese and recorded using the softwaypeSk

being translated into English by the researchepefydix B presents the interview questions.

3.3.2 Surveys

A six-question survey is performed with the sanaketholders from the interviews. The surveys questio
serve two purposes. Firstly, they follow up the sidarations from the interviews, clarifying points
considered relevant to the research purpose. Setloeyl test the research’s conceptual frameworthén
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Brazilian context. Questionnaires were posted enltim the websitdimeService(all questions were in
Portuguese)Out of the thirty-two participants, thirty answerthe full questionnaire and two did not reply.

The survey questions are presented in Chapter €hagter 7.

3.3.3 Patrticipant-observation

Participant-observation is at the same time an ftapbinput for data collection and a considerainlerce of
bias. As described by Yin (2008:93-94), “[p]artiaig-observation provides certain unusual oppotiasfor
collecting case study data, but it also involvegomaroblems”. Yin points out that “[p]articipanbservation
is a special mode of observation in which you [aecker] are not merely a passive observer. Instgad,
may assume a variety of roles within a case stitdgtfon and may actually participate in the evergg
studied”. That is an unusual positive opportunity“gain access to events or groups that are otkerwi
inaccessible to scientific investigation”. Howevkejng so close to the object of study also impiiesging
some concerns. Yin draws attention to three impogpaints. Firstly, if the participant was once'isternal’,
it could be difficult for him/her to take the rods an ‘external’ conducting the research. Secdradetis a
risk that professional or personal bonds could tbadesearcher to take a positfmo group or organization
being studied. Third, the researcher could giveenvegight to his/her participation and inputs, coompising
the analysis of other perspectives. Therefors, iinportant that the research acknowledges ancssiels the

likely bias coming from participant-observationpimperly apply the method.

The use of participant-observation in this rese&dhstified since the researcher was involvethin BELP
(which also justifies a Brazilian case study),ially as an environmental specialist evaluating riksks of
hazardous facilities such as the Brazilian gasalntdansportation pipeline network (for four yepasd later
as coordinator of licensing for the Coordination Erfiergy, Nuclear, and Pipelines (for one year). His
experience in the case is then exploited througttemustudy as a complementary source of informafitwe
interviews, surveys, literature review, and othecuinents help to control the bias. Moreover, Saciid.2

(Validation) also addresses this question whealkistabout approaches to validate the researcméjad

3.3.4 Document analysis

Finally, two main types of documents are examin@ddata gathering. The first type includes schyglarl
papers and academic theses describing the rouinthe BELP (e.g., Glasson and Salvador 2000). &hes
documents often pointed out limitations in the tisiag processes (e.g., Glasson and Salvador 20P&; M
2004; Nicolaidis 2005; Kirchhoff and Doberstein 8®ontano and Souza 2008). The second type inslude
technical norms applied to regulate routines ofBEP (e.g., Brasil 1979; CONAMA 1997; ESTATUTO
2002; CETESB 2003; Brasil 2004; IBAMA 2005).
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3.4 Qualitative data analysis and validation

3.4.1 Qualitative data analysis

Dey argues that qualitative data analysis is “ac@se of resolving data in its constituent compa)etat

reveal its characteristics elements and structWithout analysis, we [researchers] would have ty re

entirely on impressions and intuitions about data avhole” (1993:31). Such an analysis not onlksde

describe the data, but also “to interpret, to @rpl understand — perhaps even to predict” itokding to

Dey, “[tlhe core of qualitative analysis lies inette related processes of describing the phenomenon,

classifying it, and seeing how our concepts intenszt” (1993:31). Dey presents six steps for qatiie

data analysis (see also Table 3.2).

Firstly, the research needs to “develop thorough@mprehensive descriptions of the phenomenon
under study”, providing a deep assessment of gcemtons, and interactions being analyzed
(1993:32).

Second, the context where the phenomenon takes iglacrutinized — “[c]lontexts are important as a
means of situating action, and of grasping its witesial and historical import” (1993:33).

Third, the research identifies the intentions bdhine data. Dey points out that “[ijn qualitative
analysis there is a strong emphasis on describimgvbrld as it is perceived by different observers”

(1993:37) so it is important to consider and expldifferent perspectives on the issue.

Fourth, it is important to acknowledge that thergreenon and context under analysis may change,
or have already changed over time. It is also ingobrto identify any possible process(es) leading t

these changes.

Fifth, data need to be classified for better anslyssually by interpretation and explanation.
According to Dey, “ [t]o interpret is to make agtimeaningful to others, not just or even necessaril
within the terms used by the actors themselvesflewt{t]o explain is to account for action, notsfu

or necessarily through reference to the actorghimbns” (1993:41).

Finally, the sixth step puts the different segmemtd pieces of information gathered in the previous

steps, all together again, to develop meaningfoheations to the data.
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Table 3.2 — Steps for qualitative data analysis

Dey's steps for Qualitative Data Analysis (1993):

1 — Identify the Phenomenon
2 — Describe the Context

3 — Understand the Intentions
4 — Observe the Processes

5 — Classify the Information

6 — Make Connections

This research applies Dey's approach to qualitatata analysis for both research methods: litegateview

and case study. For the literature reviphenomenon and conteatte addressed in previous sections of this

Chapter, that is, risk regulations in the conteixth@ engineering disciplines and social scienBedevant
and applicable information from the literature lethe researcher tanderstand the intentiorend trends
across the disciplines covering risk regulationse Teview also carries out an assessment of how suc
regulations have evolved and what areplmcesseslriving the changes. Once the first steps are tetexh

the information is thewlassifiedinto a group of elements that can improve the leggun of technological
risks, such as measures for public participatiahemvironmental justice. Finally, the researat@mmectsall

these elements with the development of the thésisiework.

As for the_case studphenomenon and conteatte also addressed in previous sections of thégpteh that is,
risk exposure to transmission pipelines in the exinbf the Brazilian environmental licensing praces
Insights into theéntentions and process@sthe Brazilian case is gathered by interviewsysys, participant-
observation, and documents. The methodologglassify and makeconnectionsfor each of these data
sources is presented next.

3.4.1.1 Interviews

The semi-structured interviews are analyzed withahl of software NVIVO, which provides a set obl®
including text analysis. Firstly all the interviewse transcribed from the original audio recoréortuguese,
translated into English, and then imported to an\N¥ file. Participants are coded so their identitere
protected. Then, the researcher proceeds to clgredald all the interviews to identify themes frone data.
This is a continuous process that often requiregdearcher to read the same interview transmnitifew
times. Twenty-six themes (or nodes in NVIVO) arenitified, ranging from positive and negative asp@ft
the BELP to possible causes for the pipeline’strigftways encroachment. NVIVO helps the researtber
categorize the interviewees'’ inputs into the themeganizing the information for better understaigdof the
phenomenon, context, and individualized perspestime issues. These themes are then interpretedeby t
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researcher and reported in a manner that des¢hibdarazilian case in regards to the regulatiorisiés from

transmission pipelines.

In a second step, the interviews are also analymedssess the Brazilian case against the research’s
conceptual framework. Building on the first NVIV@ef described above, a new NVIVO file is developed
assess the performance of the BELP using twelvditatide indicators. NVIVO helps the researcher
identifying inputs from the participants that magicate any assessment of value, such as the tistorent

with the number of public hearings or criticismtbé ways the technical studies are presented tgetheral
public. Here again, information from the thirty-twr@nscriptions, and the subsequent organized theane
scrutinized to feed the assessment of the BELRpa&nce of each indicator. A report of the assesssrnis

presented in Chapter 5.

3.4.1.2 Surveys

The surveys also serve to describe and to te®rdlian case against the research’s conceptaaldwork.
Analysis of the surveys is carried out using Miofo€xcel and the software provided by the onlieever
(LimeService). Due to the small sample size andétaively high concordance in the responsesstineeys
are not used to provide any statistical inferefiR&ther, they are used to corroborate informatiomfthe
interviews. Hence, a simple count of the resultmagle for each of the six questions. Results deepreted
and applied by the researcher in the assessmetiieoperformance carried out in Chapter 6 and the
discussion of suggestions to improve the case stu@hapter 7 (the survey questions are also pteden
these chapters). The surveys also opened up amtopipy for participants to provide written commgrgn
the questions and the survey. Those comments preaghed in a manner similar to the one describele

interviews.

3.4.1.3 Participant-observation

Observations of the researcher as an insider iBtheilian case are analyzed based on reflectibostahis
experiences. Occasionally, the researcher exprdssespinions during the description and evaluatdn
performance of the case study as a complemenétpdimts raised by other sources.

3.4.1.4 Documents

Documents are consulted whenever information abospecific topic is required. For instance, terris o
reference provide information about the scope oA@R Brazil, and normative guidelines and lawsvjite

inputs about the framework of the BELP.

3.4.2 Validation

In qualitative research, data often comes in thienfof subjective information. In addition, a resgwar's
interpretation throughout the study also plays rdamental role. Hence, good qualitative researaimig
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possible with consistent validation of the strategfor inquiry and the respective findings (Stalk9%t
Creswell 2007; Yin 2008). Creswell considers “ldation’ in qualitative research to be an attenophssess
the ‘accuracy’ of the findings, as best describgthie researcher and the participants (and) andistirength
of qualitative research in that the account madeutih extensive time spent in the field, the dethihick
description, and the closeness of the researchmartizipants in the study all add to the valuaccuracy of
a study” (2007:207-08).

Creswell also argues that the strategies to validatstudy are a choice of the researcher (2007:207)
However, the choice of these strategies shouldeaatrbitrary, but rather an option that needs tbdsed on
the choice of features that best fit the reseaedigd. Although Creswell acknowledge that thereraamy
approaches to validate qualitative research, heroff review of eight main strategies (2007:207-).
Considering the methodological approach describatiis chapter, thbolded items below are used in this

research (items 1, 2, 5, and 7):

1. The use of the time spent in the field to diminisimisinterpretations and bias introduced by the
researcher or the informants.

2. The use of triangulation, an approach where “reseathers make use of multiple and different
sources, methods, investigators, and theories to @ride corroborating evidence” (p. 208).
According to Stake,[tJriangulation has been generally considered acpss of using multiple
options to clarify meanings, verifying the repedigbof an observation or interpretation. But
acknowledging that no observations or interpretetiare perfectly repeatable, triangulation serves
also to clarify meanings by identifying differentiys the case is being seen” (Denzin and Lincoln
2005:453-54).

3. The submission of the work or findings to a peetiew providing “external check of the research
process” (p. 208).

4. The use of negative case analysis, where the msaconfronts his hypothesis in light of negative
or disconfirming negative elements until all cafies

5. The clarification of researcher bias so the “reademunderstands the researcher’s position and
biases or assumptions that impact the inquiry” (p208).

6. The use of ‘member checking’, where the researabks the participants to review the findings and
interpretations.

7. The development of rich and thick descriptions of dsues, which “allows readers to make
decisions regarding transferability ... because the titer describes in detail the participants or
settings under study” (p.209).

8. The use of an external auditor to examine bothiésearch processes and results.

Besides these eight strategies, Yin (2008) alsoudi&es thepattern matching’, also applied by this
research. In this strategy of validation the resear uses the many pieces of information from #eedeing

analyzed to identify if any are related to someh# research’s theoretical predictions or propmsii A

71



dissonant pattern can indicate problems in the daic interpretation, while coherent and concordant
patterns, brought by different sources, help vélidgthe findings.

3.5 Study limitations

Four aspects associated with the research desaghtnebe addressed as they represent potentightionis
in the development of the study.

1. As this research design utilizes a case studyinmipécations of this work may be restricted to Braz
only, or to countries with similar social systerSfce the empirical part of the study is carrietliou
Brazil, the contextual research findings need tanberpreted back to the theoretical level so these
findings can offer inputs to other jurisdictions.

2. This research is mainly qualitative; and qualitatiesearch often carries an inherent level of thiais
needs to be recognized. Likely bias is addressé theé use of sound methods to design, collect
data, analyze data, and report qualitative studies.

3. The third limitation follows up on the previous. & hesearcher participated actively in the Brazilian
case as a civil servant working in the regulatibteohnological risks, and his likely bias need®¢o
approached in the same way.

4. The last limitation refers to the representativenefsparticipants in the case study. Participamts
the interviews and surveys were selected basedthainfamiliarity with the Brazilian case and the
segment they represent, in order to ensure theyd ceffiectively contribute to the discussion.
Sampling ensured balanced representation from gowamtal institutions, corporations, academia,
non-governmental organizations (NGO), and civilisg¢?, but it is not possible to speak with

certainty about the representativeness of the sagiplp.

3.6 Summary

This chapter addresses the two research methotishpy the research: literature review and casdystit
also discusses the methods used for data collectida analysis, and research validation. An intetidn to
the case study is presented, with a brief intradoadf information about Brazil, followed by the seiption
of the phenomenon under study (risk exposure dgasaand oil transmission pipelines in Brazil) niggural
settings and context, and the boundaries and oniafialysis. The next chapter develops the ressarch
conceptual framework, drawing on the literaturedivierse disciplines to identify opportunities topirave

the regulatory processes of technological hazards.

2 Civil society is described by Foley and Edward89@:38) as “a ‘dense network of civil associatiofis’) to promote
the stability and effectiveness of the democratidtythrough both the effects of association dizens' ‘habits of the
heart’ and the ability of associations to mobiliizens on behalf of public causes”.
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Chapter 4 — Conceptual Framework

This chapter develops the conceptual frameworkHisr research: an organization of concepts anditign
from bodies of the literature outside the risk ngmaent field in a structured way in order to cogaps in

the current regulatory processes for technologieards. Section 4.1 draws on diverse concepts and
thinking in disciplines in the social sciences aigk management related to identifying opportusitte
improve the decision-making processes of technoddgiisks. Section 4.2 integrates these opporesiti
topics into a conceptual framework that aims taiporate the social sciences’ perspectives intelbiésed

decision making.

4.1 Opportunities to improve risk-based approaches

The limitations to the application of QRAs in ribksed decision-making processes, discussed in &€hhpt
and Chapter 2, impel managers, regulators, anddiemtific community to develop new ways to regeilat
technological hazards. The concepts assessed inettiesections are collected from various litesurin
order to identify elements outside the specifiertiture on risk assessment and management thaetmto
design a more comprehensive framework for suchlaémy processes. It is important to stress tHetpagh
many literatures overlap with this research (sushptace-based vulnerability and resilience, natural
accidents, ethics of risks, and coupled human-ahaystems), the focus of this chapter is on demetpa
conceptualization to improve decision-making preesasfor technological risks in order to better $fan
debates and advances in the scientific communitigealaily routines of regulators, planners, rigggalists,
and managers.

The research selected nine topics to contributeeaonceptual framework: governance; environmearl
social justice; vulnerability; resilience; panarckpmplex systems; ethics; phronetic social scieand the
precautionary principle. However, other conceptsewadso analyzed but not considered in this stulges

they do not offer any significant input, either ese they overlap with one (or more) of the nimeaaly
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select concepts or they are not appropriate for dbetext of this research. For instandejaptive
Managementis not considered due to overlap with other corcepid the criticism to its results and
effectiveness in the literature (McLain and Lee @99he concept dDrganizational Learningverlaps with
adaptive management, so it is not considered fisime reasorfEnvironmental Impact Assessmé§atA)
overlaps with risk regulatory procesSed/oreover, a consistent QRA should also provideisien makers
with the technical socioeconomic information neefledheir decisionsAnti-Sciencealthough proposing a
new perspective on the role of the scientific infation, is not considered because it does not geovi
concrete inputs to the specific researBharticipatory Decision-Makingoverlaps with governance, social
justice and ethicsComplexity,natural accidentsandhigh reliability are considered under complex systems
thinking. Place-Based Vulnerabilitgverlaps with vulnerability and resilience.

4.1.1 Governance

Governancesupports new approaches to deal with technologiskd, as discussed by Thompson and Rayner
(1998; 1998), Dubreuil (2001; 2002), Renn and R@ane6c), Klinke et al. (2006), Kristensen et aD@g),

the International Risk Governance Council (IRGC 20@Renn (2008) and others. Public participation,
institutional strengthening, and governmental irséign are some aspects of governance that carouapr
the performance of risk assessment and managemacticps. For instance, public participation brings
legitimization of decisions, and especially helpshie effective implementation of the agreed tedimsussed

in the regulatory processes; management of riskb exposure benefit from the presence of strong
governmental institutions enforcing specific pragsa and the harmonization of the demands for las®-u
and risk management is not possible without angiated action of all relevant governmental reguiato
bodies. On the other hand, the lack of good govemmaractices leads to many undesirable outcomas. O
noteworthy point is the likely increase in vulneli#plevels due to the presence of technologicatdrds in
urban areas. In other words, when addressing riddsd spots’ can appear where overlapping
responsibilities are expected, different actors r@sponsible for different roles in the regulatgnpcess
(present and future), an unequal share of powemgnactors is present, and conflicts of many souaces
expected. In such a complex context, not only dealds threaten people and communities, but the
negligence, inefficiency, and unpreparedness ofgtheernmental actors can be as important as thardhaz
itself.

13 EIA is commonly addressed in the literature ag@ision-making process and/or a technical inputaAgcision-
making process it overlaps with risk regulatoryqasses. As a technical input it overlaps with QRA®oth cases,
EIA is not considered (at least explicitly) in ttievelopment of the conceptual framework as thearebeunderstands
that the chosen nine topics grasp much of the essamd required components for a good EIA process.
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4.1.2 Environmental and social justice

There are many connections between the concemsvifonmental and social justicand the limitations
present in traditional risk-based approaches. Arugfines environmental justice as the “pursuitaifness
in environmental and land-use policies” (2007:vhbldinan links environmental and social justice te th
complexity and uncertainties inherent in QRAs amguhat “many uncertainties of risk analysis tendjitve
polluters the benefit of the doubt and the victwhpollution the burden of proof” (2000:542). BeoBnnects
vulnerability to disadvantaged people when he $hags“some people are more affected than otherthéy
distribution and growth of risks” (1992:23) and {goty attracts an unfortunate abundance of risgs'36).
Three opportunities to improve practices in risknagement embrace the environmental and sociatfusti
cause: ‘risk education’, ‘public participation’, gfsiting fairness’:

« Often individuals and communities have differentspectives on hazards and risks. Goldman
(2000:543) argues that “people with lower incomkess education, and poor mobility are at
tremendous disadvantage” in understanding the ptedaf risk analysis. Risk education is an
opportunity to systematically educate and prepdfected communities (in present and future
perspectives) to better cope with hazards and.ri8kgontinuous and interactive exchange of
knowledge and information between governmentalleggts, developers, and local communities can
also boost public participation, contribute to thaentific versus local knowledge’ balance, anade
to more harmonious decision making.

» As argued by Beck (1992:35), “education and attentss to information open up new possibilities
of dealing with and avoiding risks”. Public pargiation should be pursued and included in ‘risk
management practices’. If communities become muvelved with the discussion of new projects
and activities in their neighborhoods, they wiledeformalized instruments to express their opinions
and concerns. Moreover, it is also important teertbat developers and governments should see
public participation as an effective opportunity foe achievement of the best risk management.

« Finally, fairness when siting hazardous installagiovould be, then, facilitated/instigated by the
combination of ‘risk education’ and ‘public parpeition’ during the regulatory processes. Local
knowledge and awareness can be used to prevemhdliement of people towards hazard-prone
areas. Furthermore, consolidated and qualified ipyidrticipation can diminish considerably the
likelihood that developers will attempt to instglipelines in vulnerable urban areas and that

governments will be willing to open up discussiofisuch projects.

4.1.3 Vulnerability

In the social sciencesulnerability is frequently applied as an important componenthef many ways to
approach hazards and risks. As discussed in thasisthrisk-based approaches applying QRAs have

limitations addressing human systems. A broadercagh for the assessmentwafinerability can aggregate
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a considerable amount of information that complameine calculation of affected areas by techniisM r
analysis (e.g. estimation of the range of physéffdcts) and inform decision making. As pointed but
Renn (2008: 69), “[v]ulnerabilities can increasskrieither by influencing the likelihood of somesator the
severity of the consequences, should it occur,abh”d In geography, vulnerability is currently seas a
multi-layered and holistic concept (Hewitt 1997 efénder 2000; Cutter et al. 2003; Pelling 2003dGaa
2004; Birkmann 2006). In the past twenty years, yr&uholarly works have addressed and contributeia wi
important insights into the vulnerability researstich as, but not confined to:

« the close relationship between socio-disadvantagk valnerability (Chambers 1989; Beck 1992;
Watts and Bohle 1993; Cardona 2004; Wisner etCil4?,

« the role of power in vulnerability (Beck 1992; H&wi997; Alexander 2000; Wisner et al. 2004);

» the need for a broad socio-environmental view wéesessing vulnerability (Liverman 1994; Cutter
1996; Hewitt 1997; Pelling 2003; Birkmann and WisB606; Jones and Andrey 2007);

» the importance of hazard-specific and local ‘spdoets when assessing vulnerability (Cutter et al.
2003; Cardona 2004; Birkmann 2007; Andrey and J&068);

« the contributions of definitions and new forms &k tconcept of vulnerability (Hewitt 1997;
Alexander 2000; Cutter et al. 2003; Pelling 200&rdona 2004; Hogan and Marandola 2005;
Birkmann and Wisner 2006); and

* models attempting to measure and contextualizeevahility, such as the ‘Internal and External’
model proposed by Chambers (1989) and expandedbiaté/atts and Bohle (1993); the ‘Pressure
and Release’ model introduced by Wisner and Blai@604); the ‘Hazard of Place’ model
introduced by Cutter (1996); the ‘Social Vulnerépilndex’ model proposed by Cutter, Boruff, and
Shirley (2003); and the BBC conceptual frameworkkiBann 2006).

This increasing complexity and associated challenigave lead to a more focused understanding and
estimation of the concept, where the source oh#mard and the profile of the likely affected plagtion are

of fundamental importance (Cardona 2004; Birkmam &/isner 2006). Among the many challenges in the
research on vulnerability, it is worth mentionirdge timportance it has in the management of techimabg
risks. When dealing with technological hazardsulagrs usually have a crucial role in risk conti®ither
when the hazard goes to the community or the coritgnaames to the hazards, regulators have the tuty
mediate any conflict that can endanger the intggrfitboth sides. A comprehensive vulnerability asseent
provides a more holistic view of the affected papioh and facilitates the implementation of appiaterrisk
management programs. Moreover, vulnerability assests must be local and hazard-specific so they

become a fundamental component informing the riskagement framework and programs.
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It is important to mention that this research aeiedges the inherent nuances differentiating tigeletion

of natural from technological hazards. Technoldgiazards are human-made (designed, constructed, an
operated by people), different from natural hazdhds have causes originating in events of natdence,
regulators of hazardous facilities have a bettgrodpinity to be more proactive addressing techricibg
hazards than earthquakes and floods, for instdremguse they can actually say no to the instafiaiod
operation of a hazardous facility whereas thisospossible for natural events (Perrow 2007). tilésar that

in both cases there are plenty of opportunitiesdotrol the human systems and mitigate consequences
However, controlling the causes of natural hazasdsonsiderably more complex and difficult than
controlling aspects of a technological system. Qftegulators are only able to develop measureope
with the effects of an earthquake, avoiding urbprawl into hazard-prone areas or developing acttons
increase resilience of the populations. On therdtlaad, a multitude of other actions can be puilate to
address technological risks, from the discussiothefdetails of the project to the operation oftlheardous
installation, which not only address the effectshef hazard but also its causes and triggering amgsims.

4.1.4 Resilience

The concept ofesiliencewas initially applied in physics and ecology, witlightly different interpretations
in these two bodies of literature. In physics,lresce is the ability of a material to absorb eeagd bounce
back to its original/natural arrangement (Manyef886). In the study of ecology, Holling (1973:14¥ides
resilience as “a measure of the persistence oémygsitnd of their ability to absorb change and distoce
and still maintain the same relationships betweapufations or state variables”. Similarly, Gundersad
Holling (2002:28) defines resilience in ecosystams ... the magnitude of disturbance that canbdseroed

before the system changes its structure by chargagariables and processes that control behavior.

From the initial use in ecology and physics, thacept has now spread over different areas, paatigun

the social sciences (Kaplan 2006). Resilience endey some researchers and safety engineers as a
counterpart of vulnerability (Hollnagel et al. 20Q6aplan 2006). While vulnerability depicts weakses,
resilience builds up strengths and skills to cofté visks. In this approach, resilience becomesrgortant
characteristic of a system under threat, a desirabllity to coexist with vulnerability and uncenty
(Buckle et al. 2000; Pelling 2003; Manyena 2006;téth Nations 2008; World Bank 2008). However,
resilience is inherently passive from the threawgoint. It focuses on the consequences rather than
causes. For natural disasters, this may be a rebsorapproach due to the considerable unprediittabfl

such events. However, technological risks are mdatman-made, with narrower boundary conditionss It
expected that regulators and governmental ingiitethave more opportunities and instruments toreefo

guarantees (or even to say no a new project) waeing technological hazards. It is important to tizen
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that the most effective way to cope with such risk®Ilves controlling the sources imposing the sisither

than the affected population or system.

Panarchy:
Panarchyis a term coined by Gunderson and Holling (20Q2dgfining a theory attempting to understand

and organize the “economic, ecological, and instital systems” when addressing, for instance, rahtu
resource management. It models resilience in commpfstems, seeing uncertainty as an important .altor
resilience is the ability or strategy to cope withinerability, and complex systems depict the dyicam
interrelations of any real system involving mukéiphgents and subsystems, panarchy provides, then, a
flexible framework to accommodate this reality.

Panarchy provides several important insights. Rogseroper management is a matter of addressieyelift
expectations in a balanced way. Natural resourodsriagk management are analogs in many aspecth. Bot
are social- and institution-dependent, both areptexy uncertain, and dynamic. Although in the &tere
there is still little overlap between panarchy ttyeand technological risk management, extrapolatéon
possible and can be helpful to the latter, at lemstassure the need to deal with risks in a moagy. For
instance, Grenoble and Saint Martin d'Heres (200B; 2leveloped a model based on the panarchy theory
manage rockfall risks. This model helped the awhor optimize decisions, considering the interatio
between protected forests, human organizationsraoidalls, as well as the ideal balance betweéeréint

managing strategies and their costs over the lemg.t

4.1.5 Complex systems

In the context of technological hazard regulatioomplexity is an important and inherent component o
technical risk studies and decision-making procesBenn (2008) draws attention to this point, affgra
definition for complexity that stresses the diffiguin properly and comprehensively estimating sisknd
how this becomes a challenge for regulators

“Complexity refers to the difficulty of identifying and quafiying causal links between a multitude of potential
causal agents and specific observed effects. Theenaf this difficulty may be traced back to irdetive
effects among these agents (synergism and antagenitong delay periods between cause and effietet-i
individual variation, intervening variables, andhets. Risk assessors have to make judgments aimilgvel
of complexity that they are able to process andighow to treat intervening variables (such astifle, other

environmental factors, psychosomatic impacts, ef@g¢nn 2008: 18).

Complex system thinkingor theory) helps, then, to understand problemsediaced in a unilateral or
restricted perspective. It acknowledges that tlverde parts of systems are, to some extent, imeexted
and interdependent (Perrow 1984; Funtowicz and RaM@94; Castree 2003); and so are interconnecitgd a

interdependent people and hazardous installatioausng) a common space. As pointed out by Funtoesay
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Ravetz (1994:570), “since we are natural as wek@sal beings, the emergent aspects of our sacidl
technical systems will always be, as it were, fpeof an iceberg of which the greater part is oadiy
complex”. Complex system thinking provides insigbts ways to understand these interdependencies and

how they compromise safety.

Complex system thinking also acknowledges thatrieeth studies have limitations to describe realnéselt
serves as background to the need to assess, e&/anat manage risks in a more comprehensive way. A
mentioned before, this research draws on recucrititism that risk-based approaches cannot aloltkeess

all the questions posed by the presence of techiwallosystems in urban areas (Healy 2001; Ball 2002
Klinke and Renn 2002; Starr 2003; Apostolakis 20@drtuzzi 2005; Allio et al. 2006; Cox 2007). Riskes
are helpful at some point of the decision-makingcpss but they do not grasp the complete realithef
environment where such technological facilities@eezed (Renn 2008). As pointed out by Coze (26@3),
technical risk assessments “concerns closed telhingtallations, which are not recursive, notegifte, not
evolving, not sensitive and not opened to theiriremment as self-organized complex systems”. Corple
system thinking underscores that there must be rémmother sources of inputs in the regulation of
technological systems, aiming at to provide a megdistic picture of the scenario under study (Butz
and Ravetz 1994; Helton 1994; Winkler 1996; Beal.€2009).

Normal Accidents Theory:

Perrow’'snormal accidents theomelies on many elements of complex system think#ithough the theory
does not specifically address the common typescoifdants for transmission pipelines (these types ar
usually motivated by single component failure areexal human action (CONCAWE 2006; EGIG 2008)), it
stresses the importance of the interactions betwesmponents and systems in complex and dynamiexbnt
to avoid accidents and catastrophes: ‘it takes flstright combination of circumstances to prodace
catastrophe, just as it takes the right combinatitinevitable errors to produce an accident” (19%&6). He
explains this point arguing that, in some circumesés (tightly coupled systems with high interactive
complexity), the complex nature of systems, assediwith the development and interaction of unetgubc

two or more failures, can initiate accidents aniindtely result in catastrophes (1984; 1999).

“Nothing is perfect, neither designs, equipmengcedures, operators, supplies, or the environnBatause
we know this, we load our complex systems with tyafkevices in the form of buffers, redundancies;udt
breakers, alarms, bells, and whistles. Small fauo on continuously in the system since nottsngerfect,
but the safety devices and the cunning of desigreerd the wit and experience of operating persorotge
with them. Occasionally, however, two or more fagks none of them devastating in themselves iratiul,

come together in unexpected ways and defeat tleéysddvices” (Perrow 1999: 356).

According to Perrow (2004: 10), the normal accidethteory “sensitized us to features of organization

systems that would help us understand both norroeidents and the more prosaic component-failure
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accidents, such as Chernobyl, Bhopal, the Chalterayal several other large disasters since theh& T
theory reminds us that the technological facilites fallible; but it also draws attention to tletfthat the
ways these facilities are regulated often overesdnthe importance and comprehensiveness of theitet

information supporting their decisions and the @ffeeness of the safeguards put in place to conisks.

4.1.6 Ethics

Many scholars advocate that risk-based approacleesnal provide decision-makers with complete
information, especially regarding ethical aspedt®nsson (2003) criticizes the use of numbers and
probabilities when assessing moral values. Accgrdim him, rights, equity, and intentions are some
considerations that also need to be addressedcisiate making. Another insight is given by Tayloo@by
and Zinn (2006) with a discussion on how psycholagy sociology can help in risk management. Aven
presents a synthesis of the limitations to theafisesk acceptance criteria, claiming that
“any tool being used for balancing pros and consildidvave strong limitations and be based on a nurabe
assumption ... [hence] ... we need some marginal regigsvjudgment that opens up for a broader persgecti
reflecting the limitations and assumptions of theld, and all the ethical concerns that need ttaken into
account when making decisions in the face of uag#ies” (Aven 2007:309).
Complementarily, Hermansson and Hansson (2007:4&f)e that traditional quantitative analysis neteds
address ethical aspects, such as voluntarinessemirintent and justice, as well as the consieradf
possible social conflicts. Ersdal and Aven (200@Wwdattention to the fact that traditional apprasto risk,
although having a reasonable basis in ethics, d;meacessarily lead to good or right decisions, fatier
provide relative information to be assessed by di@ti makers. Asveld and Roeser (2009:4) point out
important questions that usually are not answesetidalitional cost and risk-benefit analyses, sashthe
morally legitimate considerations in judging acedyiity of risks” and “the role of the public andchetions”

when deciding about risks.

Phronetic social science:

Phroneticapproaches have been applied in the social scemt@lanning as an alternative to the traditional
approaches based on both ‘episteme’ (epistemolodyepistemic) and ‘techne’ (technology and techhica
According to Flyvbjerg (2004:287), “[p]hronesis assense or a tacit skill for doing the ethicallngiical
rather than a kind of science”. It focuses on “esland, especially, evaluative judgments” (p.29%).an
approach that encompasses local knowledge andsyahisewell as the profile of power in that specific
context, it is closely related to ethics and thekseg of fairness. A methodological guideline fdwgnetic
research also embraces the need to attend tosdatadlpposed to generalizations and simplificatiand to

the inclusion and understanding of a broad grougtakeholders (and their interrelationship) duiptenning
and decision-making processes. Risk assessmennhandgement is context-dependent, as is the phconeti
approach, so phronesis can contribute to the foglship’ between communities and technological tészas
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a sound reference to the harmonization of the aotan of these two different systems in all stagées

technological projects (discussion, implementatapgration, and decommissioning).

4.1.7 The precautionary principle:

In the context of decision making regarding rigkg precautionary principlds often applied “as a paradigm
for response to potential risks to the environnwrealth when scientific data are uncertain” (Balz and
Sheppard 2002:351). Stirling (2007:312) recognibhas the principle “provides a general normativeguo
the effect that policy-making under uncertainty bégmity and ignorance should give the benefit & doubt

to the protection of human health and the enviranimather than to competing organization or ecdnom
interests”. The Rio Declaration on Environment &wlelopment arguments, in its Article 15 (UN 1992),
that “[iln order to protect the environment, theegautionary approach shall be widely applied byeSta
according to their capabilities”. Precaution isoateen as a fundamental component in the ethicishaf
(Hansson 2003; Aven 2007; Hermansson and Hansson;, Eysdal and Aven 2008; Asveld and Roeser
2009; Davidson 2009) and in the discussion of $aui@ environmental justice (Munton 1996; Goldman
2000; Boholm and Lofstedt 2004; Fothergill and P2@84; Arnold 2007).

However, the application of ‘precaution’ in the text of technological risks is controversial (Sandt al.
2002; Peterson 2006). Comparing the precautionangiple against scientific risk analysis, Star0@3:1)
argues that the principle is a “rhetorical statethdrased on “hypothetical speculation” that “prossd
government a public welfare masquerade for an inidlefdeferment of a long-term policy response, or
allows the deferment of disclosure of near-termoast motivated by political pressures”. He alsosstw
“use of the precautionary principle as a politigalefensible umbrella” to governments and decisiakers.
Similarly, Stirling (2007:309) criticizes the apgition of the precautionary principle alleging thhe
principle “is based on unfavorable comparisons witablished ‘sound scientific’ methods in the gnaeace
of risk”. Farrow (2004:727) also points out thetféltat the precautionary principle is “vaguely freaffy
indicating the need for a framework that could léada “quantitative implementation” of the prinapl
Notwithstanding the criticism, the precautionarinpiple can always provide background for ideal sueas
and decisions, offering an opportunity for regulatto benchmark approaches for technological réglenst
a conservative and often idealistic perspective.

4.2 Conceptual framework: integrating the social sc iences into decision making

This section draws on the reviews carried out iis thapter and Chapter 2 to elaborate a conceptual
framework to provide theoretical guidelines to addrthe research questions: how can risk-basesiateci

making processes regulating technological instaliatbe improved to better manage ongoing risk supe?
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These regulatory processes can benefit from thares discussed in the bodies of the literatureeadihg

the regulation of technological hazards and alsocepts and thinking outside this literature to make
decisions more comprehensive. The risk governaramagwork introduced by Renn and the International
Risk Governance Council (IRGC 2006; Renn 2008; Raamh Walker 2008) is used as a template, a starting
point to develop this framework. The conceptuaimieavork aims at to identify opportunities that can
complement Renn’s model, integrating components filgsciplines such as environmental and sociaideist
vulnerability, resilience, panarchy, complex systemthics, phronetic social science, and the ptEcsry
principle into a more comprehensive way to managedn exposure to technological hazards duringifiie |
cycle of a hazardous installation.

4.2.1 Project’s life-cycle

In order to discuss ways to integrate elementshefsocial sciences into the assessment, evaluaiah,
management of technological risks, this sectiost fintroduces some background information about the
phases a project (such as gas and oil transmipgielines) undergo in a typical decisionistic aisi-based
regulatory process (such as the Brazilian casels Bhfundamental in the development of the researc
framework as the concepts described in the follgwsections need to be considered in light of ctirren
settings. The life cycle of a typical hazardouddlation usually encompasses five main steps:udsion,

decision, siting, operation, and decommissioning.

1. The discussionintends to present information (technical, socimeenic, environmental, etc.) to
those interested in the project (decision-makeevyekbpers, civil society, etc.). In risk-based
approaches, information about the risks of hazardustallations is frequently presented in QRAs.

2. Thedecisionconsists of the assessments and deliberationg #myproposed project, the decision
making itself (also referred as thisk evaluatiol. In this step, the calculated risks are compa#wed
standards of acceptability for technological hagard

3. An accepted project might then move to the next, siting. It is expected that there will be risks
during facility siting, such as those affecting éoyees during the installation, but often they aoé
calculated as they have a different and more lonefile.

4. QRAs normally address risks for the next step ottig,operation when effectively the installation
becomes a technological hazard. Risk managementadsced at this step.

5. A project can operate for several years or decadtithe last step, theecommissioningyhen the
installation shuts down.

In this sequence of events, as the project’s timeegioes on, the importance of QRA decreases wiidle R
Management practices take a prominent role. QRAsihainderstanding the risks and the environmeiair n

the hazard. They inform the discussion prior tébdehtions, providing managers, regulators, antviddals
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and groups from civil society with valuable inpbtfore decisions are made. However, with the bégginof

the operation, the management of the just agrepdéed risks comes into play. While risk assessment
depicts the background, Risk Management helps neategge boundary conditions and the risk levelsk Ri

is an outcome of the coexistence of hazards andahupopulations. As such, a good Risk Management
program addresses both the industrial installatimmd human populations, and their transformatiod an
interrelation over time. Figure 4.1 shows the agnate balance between QRA and Risk Management in a
typical case throughout the life cycle of a giveazéwrdous installation. Decommissioning is not cbersd

and the proportions are not expected to be accurate

Risk Management‘

Risk Assessment (QRA)

Figure 4.1 — Risk Assessment and risk managementrdughout the life-cycle in a typical decisionistic

and risk-based regulatory process.

4.2.2 Deciding under complexity

Section 4.1 draws on a series of concepts anditigrtb transform the risk-based decision making iat
more holistic and comprehensive approach, oftenedam the literature as the risk-informed decision
making. Simplistically, the risk-informed approadiffers from the risk-based approach by the ‘weigftat

the calculated risks have on the whole decisionimgakTRB 2004). QRAs are important tools in both
approaches but the decision making in a risk-infmmapproach is not confined to the numbers only.
Complex systems, governance, ethics, social andommental justice, and phroenetic social scieffioe,
instance, can provide some other arrangements emsgqrtives to also support the decisions in réguyla
processes. These concepts help to qualify theudgan’ and to improve the ‘decision’, as they grinset of

social aspects and demands into consideration.

As discussed in this research, the interaction éetwechnological systems and people is complexotad
transforms over time (de Freitas and Gomez 1996pRe2007; Renn 2008). This relationship dependa on

multitude of variables from the industrial instéitbes, the communities, and the interface theyesk@astree
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2003; Gregory et al. 2009: 529). In the proposesnéwork, complex system thinking is the background
motivating governance and ethics. Social and enwiental justice and the phronetic planning actah b
instigators and outcomes of more comprehensivesiecimaking. Figure 4.2 presents an intuitive
arrangement of the interrelationship of these cptsceFacing complexity, good governance practices
consolidate ethical positions, while the pursuingethic demands sound instruments in governance.
Governance and ethics also contribute to fairrtgégsial justice and the phronetic planning are obtevable
without a solid basis in ethics and sound practice®vernance.

Complex
Systems

GOVERNANCE

Social and Environ-

mental Justice & -
Phronetic Social s ETHICS

Science

Figure 4.2 — Decision-making under complexity — adtrnative concepts to improve the risk-based
approach.

The integration of these concepts into the decisiaking process covers some of the QRA’s limitatjcas
shown in Figure 4.3. Rather than being precises ficture intends to illustrate the contributioregé
concepts may provide to decision making as theyrceeme ‘empty’ areas of the decision making that a
currently not addressed by traditional quantitatie& assessments. Governance stresses the nelebéar
public participation, institutional strengthenirapyd governmental integration; ethics and envirortedeand
social justice enforce protocols for communicatand education, seeking fair processes; phronetialso
science lays down principles for the ethically pid development; and the complex systems thinking
serves as background for the decision making, dotarecting the many components involved in the
regulatory process. As these concepts overlap inynagpects, this figure also attempts to repredeat

situation.
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Governance

Figure 4.3 — A more comprehensive decision-makingqcess, new concepts help in decisions about
technological risks.

4.2.3 Managing under complexity, a conceptual frame  work

A QRA addresses some of the issues raised by tkxical risks, especially when time is not a coasir.
However, when time needs to be considered (and bfigardous installations operate for a few dedathes
QRA presents limitations that should be compenshjedther measures. QRAs are fundamental during the
discussion and decision about technological risksvever, with the beginning of operation, the QRx?eg
space to the enforcement of the risk managemegraummo A good risk management program is expected to
consider three of the concepts explored in Secti@nvulnerability, resilience, and panarchy. Vuhislity
works on the understanding of the profile of thenownities living near hazardous installations, \his
crucial for effective management. Resilience anuapehy builds on the vulnerability assessment tppse
practices to diminish the fragility imposed by th&zards. Figure 4.4 presents an intuitive relalietween

these concepts addressing technological risks.

Please note that the conceptual figure does ndwdacthe “precautionary principle”. The principle mot
considered due to the criticism of its applicat{@ection 4.1.7) and the frequently polarized deliateokes
in the literature of risk assessment and manage(Stair 2003; Choi et al. 2005; Allio et al. 20@irling
2007). However, the precautionary principle is added in the group of actions and measures, irteadin
the next section, as it often offers an idealistspective that can be used to push regulatory psese

towards better practices to account for risks.
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Technologicé‘l' j
Risks i

Figure 4.4 — Improving Risk Management, more than a extension of the QRA's results.

Finally, after strengthening the decision makingyppsed in Figure 4.3, the last aspect of this epnal
framework refers to the management of risks inftiigre, when the project starts to operate. Thirigien of
vulnerability, resilience, and panarchy into thianiework facilitates the management of risks dutimg

operation phase. The complete framework is predetiten, in Figure 4.5.

Governance

Complex Systems

Figure 4.5 — Improving decision-making process, newoncepts help cope with technological risks.

In summary, this conceptual framework ideally bsirtg the decision several actions and instruments t
better address the installation of hazardous fasliin the urban context, such as public participa
strengthening and integrated action of governmanditutions; risk education and communicationingi
fairness based on ethical standards; comprehenagilreerability assessment; development of resilient
communities; integration of the local land planntoghe risk management program; and so forthinisao
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offer a broad view on how to ameliorate the perfamge of decision making and risk management,
understanding that they are interrelated. Compmatienand participatory decision making lays down
practices that help the future management of ri§ldecision making is confined to the analysisxafbers,
there is a great chance that the risk managemerttnies associated only with the management of the
industrial installations and its components. Howeiteis important to understand that risk manageie
context- and time-dependent; the context changes tme; and the context is not only the hazardous
installation. Decision making needs to be awarthisf peculiarity, embodying in its framework ottssrcial
instruments so the management is also extendduetpdople and the environment in the vicinitieghef
installations.

4.2.4 Practical inputs from the conceptual framewor  k

Drawing on the reviews conducted in this chaptet #re conceptual framework outlined in Figure 4.5,
twelve themes are proposed to effectively trandlateideas and assumptions from Sections 4.2.24hd
into concrete opportunities to improve risk-basedision-making processes of gas and oil transnmissio
pipelines. They are presented in Table 4.1, asasgalhe conceptual foundation that they rely deréiture or
practices in other countries), examples of thepliaption (either conceptual or practical), and takevance

they have for the routines of the BELP.

Table 4.1 — Actions and measures to improve the dsionistic risk-based approaches for linear

hazardous installations.

. Conceptual
# | Action/Measure X Examples Idea/Purpose
= foundation
Risk Governance 1 - It helps in the elaboration of the scope fa th
Pre-assessment Nanotechnology . L
1 . and Complex QRA and risk management, bringing a more
of risks (Renn, 2006c¢) - .
systems realistic perspective to the process.
. 1 — It accesses concern and perception of risk; 2
Risk Governance, o . .
. . - This information is used then in the elaboratjon
Risk Risk Governance . .
Concern . . of the risk management program, in the
2 Communication, (Renn, 2008; Klinke o . . :
Assessment communication and education of risks, in the
Complex Systems, | et al, 2006) .
. assessment  of vulnerability, and the
and Ethics . . . .
implementation of resilience actions.
. 1 - Communication and education must be fthe
Risk Governance . o N
instrument linking stakeholders, institutions, gnd
(Renn, 2008), The X .
. : affected population; 2 - Communication anhd
Environmental & Ethics of . . o .
. . . . education must be the bridge linking risk
. Social Justice, Technological Risks . .
Communication assessment; risk evaluation; and risk
3 . Governance, (Asveld and Roeser o .
and Education . management; 3 - Communication and education
Complex systems, | 2009), Risk . .
. . is the shortcut to transit from the QRA to the r|sk
and Ethics Management in Post
. management.
Trust Societies
(Lofstedt 2009)
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Conceptual

mw i .
# | Action/Measure foundation Examples Idea/Purpose
1 - The precautionary appraisal indicates an ideal
Precaution-based | situation that will be compared to the realistic
_ Precautionary risk approaches input provided by thg QRA; 2 -1t pre.,-sert_s
Precautionary _ . (Morris, 2000; assessment of the project without the engineefring
4 ) Principle and Risk . . . 1.
Appraisal Governance Klinke and Renn, and budget constraints, as an idealistic
2001; Wilson, 2003;| perspective about the insertion of the project into
Klinke et al., 2006) | the urban land. It serves, ultimately, as the
benchmark for ideal decisions.
Diverse countries,
. such as Canada,
Environmental & . . S
. . France, and the 1 - Public participation is a right in many western
. Social Justice, . . , . S
Public United Kingdom. democracies; 2 - Public participation is needed
5 S Governance, . .
Participation The Ethics of for the best risk management and to manage
Complex Systems, . . N
. Technological Risk | and/or diminish risk exposure;
and Ethics
(Asveld & Roeser,
2009)
1 - Discussion and consensual deliberation
. Governance, . . .
Integration of involving stakeholders from different sectgrs
Complex Systems, . : .
6 | Governmental . during the licensing processes towards [the
Resilience, and . . .
Actors integration of risk management and land-use
Panarchy
plan.
. QRA (HSE, 2006;
. . Vulnerability, . . .
Risk Reduction ) . "y Purple, 2005), 1 - Whenever possible, reduction of risk at the
7 Resilience, and
at Source ORA France (Cahen, source should be enforced.
2006)
1 — It checks existing by-law, land-use plans, and
. regulations, as well as existing pipelines; 2 + It
Phronetic, Complex France (Cahen, . gl.J I W . XIsting pipet
instigates meetings with key stakeholders| to
Land-use Systems, 2006); Italy . . . .
. . discuss the integration of the risk management to
8 | Control around | Resilience, Env & | (Cozzani et al, the cit's master plan- 3 — It neqotiates land-Lse
ROW Social Justice, Risk 2006); the SEVESO| o Y plan, 9 .
L restrictions; 4 — It negotiates setbacks (differjng
Governance I directive (1996) . .
approaches for different class location); 5 — It
ultimately modifies the master plan.
1 - Definition of system and scope; 2| -
Identification of stakeholder needs and
discussion with local people about the risk
Vulnerability, management program; 3 - Public hearing ahout
Specific routine | Resilience, Canada (at least in | the risk management program; 4 - Meeting with
9 | for risk Complex Systems, | part) (MIACC, key stakeholders about the risk management

management

Governance, and
Phronetic Planning

1998)

program; 5 - Approval of the risk managem¢
program by key stakeholders; 6 - Continy
monitoring and evaluation of the rig
management program.

ant
ed
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. Conceptual
# | Action/Mieasure : Examples ldea/Furpose
# | Action/Measure foundation Examples Idea/Purpose
1 - Stakeholders discussion and technical report
Governance,
after selected steps of the approval progess
Complex Systems, . .
10 | Follow-up . (before approval of installation; before approyal
Resilience, and . . .
of operation; and in a regular basis after the
Panarchy o .
beginning of operation)
- . 1 - Socioeconomic vulnerability assessment that
Vulnerability Vulnerability and . I 1c VU . Yy
11 contributes to the risk assessment and
Assessment Complex Systems
management and follow-up;
1 - Development of a program to increase
Resilience, community resilience to the hazard;, 2] -
. Vulnerability, Discussion with key stakeholders and affected
12 | Resilience Plan . .
Complex Systems, population; 3 - Implementation of program [to
and Panarchy increase resilience/diminish exposure of the
population near the ROW
4.3 Summary

This chapter develops the research’s conceptualefraork, drawing on the literature on disciplineattban

offer insights to improve the regulation for teclogical hazards. These disciplines are organized in

conceptual figures: Figure 4.3 presents the orgdioiz of concepts/theories to improve the assessarah

evaluation of risks; Figure 4.4 shows this orgatimzranow to the improvement of management practices
and, finally, Figure 4.5 integrates these two fegirshowing how it is possible to address curregtlatory
gaps of traditional risk-based decision-making psses. Twelve groups of actions/measures are @esign
from Figure 4.5 and are used to assess the penficara the case study and to propose improvemeritsei

regulatory processes of technological risks — dised in Chapter 6, Chapter 7, and Chapter 8. Haweve
firstly, Chapter 5presents the results from theeriiews with key stakeholders about the Brazilian

environmental licensing processes in order to desthe case study.
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Chapter 5 — Case Study: IBAMA's Environmental Licen  sing

This chapter covers Brazil's environmental licegsamd IBAMA'’s current framework. Section 5.1 prossd
background information on IBAMA’s processes relatedlicensing activities. Section 5.2 reports the
findings from interviews for the case study, orgaudi as ten themes that represent the main inpans thie
semi-structured interviews: positive aspects of Bfigt P, the limitations in the BELP, the economiadan
development agenda, the need for legitimizatiorssing aspects in the BELP, technical informati@mss

of justice and inclusiveness, the application ofAQR1 the BELP, encroachment of pipeline’s rightvady,

and issues related to the BELP follow-up activiti€gction 5.3 presents a summary of these interview
themes.

5.1 Approaching the case study: a brief introductio n to IBAMA’'s environmental

licensing process

5.1.1 The Brazilian environmental licensing process

The Brazilian environmental licensing process (BEifPa comprehensive governmental approval process
that applies environmental impact assessment (BElAJ quantitative risk assessment (QRA) to make
decisions about the siting, installation, and openaof industrial and infrastructure projects imaBil
(CONAMA 1986; CONAMA 1997; Glasson and Salvador @Q0BAMA 2005; Nicolaidis 2005; Castro
2006; Kirchhoff et al. 2007; IBAMA 2008; Lima anddgrini 2009). The BELP is especially importanthe t
management of hazardous activities and projectstian areas, often providing the only opportunitythe
public and stakeholders in general to discuss wikernments and developers the integration of these
projects into their communities. As a federativeutdic, municipalities, states, and the federalegoment in
Brazil have their own role in the implementationdgpmerformance of national policies. This case study
focuses on the environmental decision-making pmoeasthe federal level only, which is carried oyt b

IBAMA and regulates the largest projects in Brazihcluding pressurized gas and oil transmissipelpies.

Serving as an introduction to a discussion on tsghts collected from interviews with key infornsin
involved in the environmental licensing processe8iazil, this section contextualizes the case st

provides an initial bridge between the concepthiabtetical review presented in Chapter 3 and theiresal
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findings from the case study. The Commission orb&@l&overnance (1995) defines governance as “time su
of the many ways individuals and institutions, peilaind private, manage their common affairs”. Inisien-
making processes, governance can be understood@stinuous process of accommodating conflicts and
diverse interests in the public arena. However, dhersity of interests and ideologies involved the
processes (Alonso and Costa 2002; Nicolaidis 2Q@f&lho and Favareto 2008), the political and ecanom
influence and power of some groups over otherdl¢L2003; Marinho and Minayo-Gomez 2004; MPF
2004), and the often uneasy relationship betweewergmental institutions and other stakeholders
representing different points (Glasson and Salv&ffi0; Nicolaidis 2005; Souza et al. 2007) make the
implementation of broad governance practices écdifftask in Brazil.

With respect to the BELP, three aspects concergimvernance are worth noting: (1) participation; (2)
institutional strengthening and independency; aBil governmental integration. Public participation

throughout the BELP is limited and in most of tleses confined to a few public hearings conductethby
environmental agency in the early stages of thege® (Glasson and Salvador 2000; Alonso and C082; 2
MPF 2004; Nicolaidis 2005; Assuncao 2006; Souzal.e2007). These public hearings are the only fbrma
opportunity for civil society to manifest concelanrsd expectations about the siting, installatioth @peration

of activities and facilities in their communitieadaregions (CONAMA 1997; Egler 1998; Cappelli 2002)
However, these public hearings take place onlhéndarly stages of the BELP and the tone of theudggon

at this time is relatively conceptual and vaguea@Sbn and Salvador 2000; Filho 2002; Nicolaidis5200
Furthermore, the affected population and civil sbcin general are often not sufficiently organizedr do
they have the ability to understand the implicati@amd impacts that a new project will have in thigis
(Oliveira 2000; Coelho and Favareto 2008). Henedlip participation can be compromised by bias and
inefficiency due to the inability of the particigarto contribute their experiences and expectatiotusthe
discussion. In the end, the hearings are veryliltel become merelypro formaacts; as opposed to a
continuing, interactive, and participative proctsst represents a better opportunity for both inegiment
and civil society to learn and contribute for tlestdecision making possible.

The second element refers to the weakness of theillBn environmental agenciesvhich limits the

performance of the state in the environmental afé#s is observed in two ways. The first relateghe
shortage of economic, human, and structural ressui@lasson and Salvador 2000; MPF 2004; Nicolaidis
2005; Borinelli 2007). The limited number of civilervants to conduct the processes and evaluate the
environmental studies, the scanty financial suppmnperform their tasks, the deficiencies in thegital
installations and logistics, and the lack of sugpland equipment are a reality most of the enviestah
agencies have to face. The second aspect referthetopolitical and institutional weakness of the
environmental agencies (Nicolaidis 2005; Assung@@62 Caribé 2009; Lima and Magrini 2009). Usudtig t

environmental agencies have limited power of pesisuavis-a-vis other sectors and actors of the iBaaz
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government and society, especially those fostdtiegindustrial and economic development of the trgun
In addition, the number of political appointmentglahe constant turnover of ‘crews’ and policiesvant
these agencies from having an identity and antinisthal and technical memory. There are often tiega
implications to the BELP either when the politisapport behind the decisions of the environmergahaies

is limited or when these agencies continuouslygsfieiwith the absence of a sound background toamely

The last element is the usual lack of integratiérth@ governmental actoris the BELP (Glasson and
Salvador 2000; Filho 2002; Nicolaidis 2005; Limalaviagrini 2009). Often, differing governmental lésve
and agencies are in charge of different aspecthénassessment and evaluation of the impacts akg ri

posed by new activities and projects. Lack of iratign, or even recurrent conflicts of interestsd an
priorities, are important aspects that need taakert into account by the BELP to assure not ordgarable
decision making but also effective follow-up andmmagement of these impacts and risks in the future.

5.1.2 IBAMA'’s environmental licensing process

IBAMA works in conjunction with a multitude of stakolders toward fair and consensual decisions
regarding the development of industrial and infiattire-related activities in urban areas. The Beaaz
legislation prescribes that hazardous projects nuwmtergo environmental licensing processes before
operational status is granted. The framework of NB¥s environmental licensing (IEL) is based uponeih
environmental permits (CONAMA 1997; IBAMA 2008):

(1) the Prior License (PL), the first license of frocess, granted after the evaluation and aplpobva
an Environmental Impact Assessment (EIA) and a Qtagime Risk Assessment (QRA);

(2) the Installation License (IL), granted aftee #avaluation and approval of an Environmental Basic
Project (EBP), which allows the siting/construcfinstallation to begin;

(3) the Operation License (OL), granted after thal®ation and approval of all necessary studies,
including the Risk Management Program (RMP) and @omtingency Plan (CP) for hazardous

activities.

This three-license process aims to assure thatctmpad risks are identified and evaluated in dffie stages
of the IBELP. In few words, (1) the impacts andksiare identified, estimated and evaluated asraquésite
for the PL; (2) mitigation and compensatory plapygrams, and actions are proposed for the idedtifi
impacts and risks as a prerequisite for the Iragtat License; and (3) these plans, programs, ations are
implemented as a prerequisite for the Operatioense. Follow-up of all the plans, programs, anibastis
expected throughout the life cycle of the projew at any reissuing of the OL (a typical OL expibesween
four and ten years from the date of issue). Reggrdazardous activities, these steps are interaledsure
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that risks are understood and discussed beforéeaigion is made or operational status is grarithd.main
instruments applied for each one of the three enuilental licenses are presented in Figure 5.1asPlalso
refer to Appendix A, Figure 7.7, and Glasson anld&tor (2000), Goldemberg and Barbosa (2004), e ittl
(2003), Kirchhoff (2006b), Montafio and de SouzaO@Q0 Ministério Publico Federal (2004), Nicolaides
(2005), Egler (1998), dos Reis (2007), and Lima lstagyrini (2009) for more information on the BELPdan
IBAMA's framework for environmental licensing.

Prior Installation Operation
License License License
| N
Terms of Reference | Programs for control Installation/siting |
Technical Studies | and m't'ggtl';; I Analysis of all |
(EIA& QRA) | BEP) _programs | o
Public Hearings Analysis including the
| ysis | RPM and cP |
Analysis | . |
o o Decision about Decision about
Decision about viability l installation I operation I
Time e

Figure 5.1 — Basic routines of the BELP. BEP stander Basic Environmental Project, RPM stands for
Risk Management Program and CP for Contingency Plan

5.2 Themes emerging from case study interviews

This section describes the licensing processes fhenviewpoint of thirty-two participants. The int@ws,
which serve the purpose of providing a comprehensontextualization of aspects and any problems of
typical risk-based decision making, are analyzed @aported according to the methodology descrilmed i
Section 0. Major themes are identified with thephel NVIVO software, and are related to the main points

investigated by the semi-structured interviews §tjoes are presented in Appendix B).

The semi-structured interviews were conducted batwgeptember and October, 2009. In total, thirty-tw
participants were interviewed using tt&kype software. A reasonable degree of familiarity and/o
involvement with the BELP at either the state alei@l level was a prerequisite for participatioartleipants

are grouped into three main categories of stakehn®lda) governmental sector; (b) economic seetwd;(c)
civil society. The first group, governmental sect@®OV), encompasses representatives from the
environmental agencies at the federal and sta&lsleand Brazil's Ministry of Environment. The sedon
group, economic sector (ES), encompasses reprégeatitom petroleum corporations, gas and oil |igs
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operators, and consulting comparifesThe last group, civil society (CS), encompassgsesentatives from
academia, Non-Governmental Organizations (NGOsjefa Public Prosecution (MPF — Ministério Publico
Federal), Federal Policy, and citizens. Interviesvage not identified in this document. Table 5.éspnts

simplified information about participants, with theodes and the segment each belongs to.

Table 5.1 — Group of Stakeholders.

Group of Stakeholders Number of Interviewee Code
Participants
Governmental Sector 11 GOV1 to GOV11
Economic Sector 11 ES1 to ES11
Civil Society 10 CS1 to CS10

The objectives of the interviews are twofold: (b)understand the environmental licensing processes
Brazil, focusing always on IBAMA's processes; ar] o assess IBAMA’s performance related to risk
policies. To pursue these goals, the questionheiiriterviews are divided into four main themegdgke see
Appendix B — Interview Questions). The first theffoeuses on general aspects of the BELP, such as
strengths, limitations, level of public participati disclosure of technical information, and seospistice.

The second theme deals with the application of Qiadine Risk Assessments (QRA) by the BELP: hoig it
carried out; level of comprehensiveness and comeatioph among stakeholders about risk results; and
measures for precaution and prevention. The thieine entails the encroachment of pipelines’ right-o
ways, its causes and actions to avoid it. Thetheshe discusses the activities of control and mamagt in

the BELP, how they are carried out, limitations] apportunities for improvement.

The report of the interviews, presented in the sedtions, follows the data analysis approach destin
Section 0. It is organized around ten themes:rtiitance of the BELP; limitations in the BELP; romic
and development agenda; need for legitimizatioratvidy missing; technical information; sense ofipestind
inclusiveness; application of QRA in the BELP; examrhment of pipeline’s right-of-way; and follow-uphe
organization of the report around these topicsectdl the sequence of questions of the semi-stedtur
interviews. The main insights brought out by intewees are underlined throughout the report foy eas
identification. The researcher also provides soxmmples of his experience at IBAMA to illustrate or

complement the discussions.

¥ 1n the BELP, the consulting companies in chargassiessments are contracted by the proponent pfafezt. In this
research they will be included in the economicaect
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5.2.1 Positives aspects of the BELP

Participants acknowledge the importance of the BE&Everal interviewees indicate that the BELP is a
milestone in the implementation of a socio-envirental agenda in Brazil, although some of them altgoe
that the process is still under development. Asitedi out by CS8, before the BELP there was nothing
GOV11 advocates that the BELP has been contributinthe design of the environmental agenda in the
country. GOV 10 and GOV6 elucidate that

“The environmental licensing has been an imporédernent in structuring the environmental issue. Aldays,
a company cannot get any funding if they do notehdlve green protocol. The issuing of the law of

environmental crimes brought a very big focus oarlsing as part of complianc&0V 10, interview 2009.

“The environmental licensing really brings new ¢imnitions to knowledge in the regulatory procekbs, tisk
analysis, the issues of concern with the socialsighl, and biotic components of the environmehink this
is of profound significance in terms of changing #tructure of the development paradigm in BraglQV6,

interview 2009.

Thus, a first noticeably positive interpretatiortiod BELP, as articulated by participants, is thatings both
the social and environmental perspectiteethe agenda of governmental deliberations (CE®2CS8 2009;
ES1 2009; ES2 2009; ES3 2009; ES4 2009; ES5 20@8/352009; GOV5 2009; GOV7 2009; GOV11
2009). ES4 advocates that, without the BELP, dee’ would have a limited performance in safety and

environmental protection. ES5 understands thaBtEeP forces developers to think about the futureiado
and environmental impacts of their projects andifess, presuming that without the obligation ingeal by

the licensing processes many companies would réfude so. As described by CS2,

“It helps; it assists the management of enterprigegou think of enterprises of medium, large sizevith
monitoring programs. Not only formalizing, but als@intaining the environmental variable as parthef life

of the project. Now, quality is something elseCS32, interview 2009

For some participants, a second positive aspetticoBELP observed is the enforcement of theiladiverse

stages of a project, from the discussion of ideashe control and management of the industrial and
infrastructure installations (CS7 2009; ES5 2000DMW6 2009; GOV7 2009; GOV10 2009). Some
interviewees explain that the routines regulatimg licensing activities are foreseen by legal aoignative
guidelines enshrined in the Brazilian legislatisach as the CONAMA resolutions 001/86 and 237/9¥ an
the Federal Law of Environmental Crimes. CS6 and @faw attention to the fact that article 225 o th

Brazilian constitution supports both the environtaélegislation and the environmental licensing:

5 Two regulatory milestones structured the enviromaidicensing in Brazil, the CONAMA Resolution 0&bm 1986
and the CONAMA Resolution 237 from 1997.
8 Developers are the proponents/owners of a prajegergoing environmental licensing.
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“Art. 225. Everyone has the right to an ecologicaihlanced environment (...), imposing upon the gowvemt
and the collectivity the duty to defend it and gree it for present and future generationBtazilian
Constitution from 1988.

As described by Glasson and Salvador (2000), theudsion of environmental impacts and risks isrtake
during the routines of the BELP. In this contexid dulfilling the constitutional article above, tiRELP
represents and acts on behalf of the state. Amihdsm, it inherently has to accommodate divergeterésts
that reflect the diversity of the nation itself.Ush participants point out that the BELP is expettemediate

and resolve conflictarising from the proposal, discussion, installatiand operation of new technological
and infrastructural projects (CS8 2009; ES3 205 B009; ES8 2009; GOV5 2009; GOV6 2009; GOV11
2009). In fact, as described by representativethefenvironmental agencies, the mediation of octsfli
among stakeholders is a daily routine for staff arahagers at environmental agencies across thdrgoun
since political, economic, and individual interesised to be constantly balanced out while seeking a

‘common welfare’ (local, regional, or national).

As for the routines of environmental licensing, tiggpants point out that the technical stud@s another

important aspect of the BELP. As defended by sonteniiewees, the environmental agencies not only
compel developers to present technical informa#ibout the impacts and risks to support decisior&5(C
2009; ES1 2009; ES4 2009; GOV2 2009; GOV11 2009 they also are expected to watch for the quality
of the information presented (ES3 2009; GOV2 208@ksociated with the need to feed the decisionh wit
accurate and broadly scoped data, a few particgpalad indicate that the information gathered regmts a
great opportunity to accumulate knowledgmut the social and environmental aspects oh#tien (GOV1

2009). Each study presented to environmental agentas the potential to aggregate information & th
‘puzzle’ that may be creating a complete dataseteroplating the country’s diversity in geographida

ecological terms.

Another important aspect of the BELP that was iifiedt by participants relates to the possibility of
anticipating and mitigating/preventirimpacts and risks (CS1 2009; CS2 2009; CS4 20@8 £2009; ES1
2009; ES3 2009; ES8 2009; GOV5 2009; GOV11l 20098 Gargues that the BELP enables the
understanding and discussion of a project befoieiiistalled/sited. ES3, ES8 and GOV1 point oat this

permits the development of actions to mitigate igesttified impacts and risks. As indicated by GOWe
BELP provides the state with an instrument to judgeropriated actions and choices during decision-
making processes. CS5 elaborates on this point:
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“It makes possible that in the end there is a agioh. If this conclusion encourages the develofrgen are
proposing, or if the enterprise is inadequatd, riieds to undergo modifications to suit the emrirent (...) in
my opinion it is perfect, almost mathematical Iogne plus one makes two. | think that is fundamlehCS5,

interview 2009.

The anticipation of risks and impacts combined wille enforcement of technical studies and the
incorporation of the social and environmental pectipe in the governmental agenda are identified by
interviewees as facilitators in the elaboratiorfafow-up (or monitoring)strategies (CS2 2009; CS5 2009;
CS6 2009; ES2 2009; GOV1 2009; GOV5 2009; GOV7 2@0OV11 2009). The three-license system that
constitutes the BELP divides the implementatiom @iroject into three fundamental steps. Ideallyhatend

of each step the environmental agency has the tppiyrto audit the licensing process. Furthermtinese
processes also organize the implementation of a p®ject in such a way that, by the beginning of
operation, the identified risks and impacts areoawoodated into programs of control and management.
GOV11 exemplifies this point claiming that, once tdheveloper is granted a permit, it needs to coatisly
show consistent environmental performance. GOV5eemyr remembering that this environmental

performance is set upon indicators of safety amibsenvironmental quality.

Finally, the BELP is considered by participantsbtoone of the few opportunities (if not the onlyepmas
described by some interviwees) for public input gadicipationin governmental decision-making processes
in Brazil (CS5 2009; GOV5 2009). Although still litad, this channel for participation is consideied
relevant aspect of the licensing activities for gnparticipants (CS1 2009; CS5 2009; CS7 2009; CE®2
ES3 2009; ES5 2009; ES8 2009; GOV3 2009; GOV4 2@@y5 2009; GOV6 2009). ES3 and ES5 point
out that the BELP includes actors of civil socigtythe discussion of the nation’s agenda. GOV4 esghat,

though imperfect, the BELP is a systematic and aeatic process facilitating the exchange of infdiiora
CS8 advocates that even the opposition to a givejegi is made possible through environmental kosm

and other instruments of democratic participation.

Participant-observation: The researcher recalls the importance of the enriental licensing processes for

small communities and sensitive species and enviemts across Brazil. For instance, once a community
affected by a dam relied only on the licensing pescto reform their houses affected by a destabiiz on

the ground caused by the dam; another time a pipgaled to IBAMA to request a company/developer to
reform its streets damaged by heavy trucks tratisgocomponents for a new project; one more exansple
given often by governmental and non-governmentghmizations that often use the licensing processes

protect endangered species, sensitive environmamdstraditional populations.
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5.2.2 Limitations of the BELP

The diverse elaborations on the positive aspectth@fBELP suggest that in theory the environmental
licensing seems to be a solid decision-making pE®celowever, the interviewees also indicate that th
practical and contextual implications permeating tbutines of the licensing processes compromise it
performance (CS5 2009; CS8 2009; ES2 2009; ES3; 2089 2009; ES7 2009; ES11 2009; GOV1 2009;
GOV9 2009; GOV10 2009). The distance to realitye gap between what is proposed and what is \zghie

in the processes, is stated by many intervieweea asrious limitation, with direct implication ifne

technical studies and the pursuing of safety andr@mmental quality. GOV11 argues that there is a
considerable distance between the questions asketiebBELP and the answers given throughout the
licensing processes. This gap arises from what @®BES11 argue to be a lack of practical senshdn t
licensing routines, probably motivated by what Eg&Russes as an aspect of the precautionary pencipe

to the lack of knowledge about the project andaegif installation and the lack of qualificationtbe staff

in the environmental agencies, the terms of refardor the technical studies often require excesaivd
unnecessary information. As pointed out by ES2@@a/1, often the term of references are partly detdc

from the context of a new project due to the gleal of uncertainty involved. ES3 elaborates that

“The environmental agency tends to require progrénsontrol that often are broadly scoped and raoe
necessarily going to generate solid conclusionsmrnssue. In the activity of oil and gas, in whichave
involved a lot lately, that is well known, there nsuch misinformation about what happens in the meari
environment, the impact, and it happens that we ha\structure some projects for environmental robiihat
are too large; and often we know that this activigs no potential to cause such effects, theseosedp
impacts, but we end up having to prove that dodsaypen in fact. This is complicating the process:end up

seeing it as natural, we need to go on that w53, interview 2009.

According to the interviewees, this negative aspédhe BELP is closely related to the lack of reses
(CS1 2009; CS2 2009; CS7 2009; ES2 2009; ES3 2888;2009; GOV1 2009; GOV6 2009; GOV8 2009)
and the technical staff in the environmental agen¢ES1 2009; ES2 2009; ES4 2009; ES8 2009; ES11
2009; GOV1 2009; GOV8 2009). ES3 argues that_tlek taf resourcess a notorious limitation of the
environmental agencies. CS2 stresses that thetgteuof the environmental agencies in Brazil isritie’

and CS1 points out that the environmental agerlaids financial resources to perform their dutie§7C
illuminates the situation by commenting on how #mvironmental agencies do not have an appropriate
library to store the technical studies, or evemia det ready to use. ES2 supports this point drpatitention

to the fact that those agencies lack all sort afimgent, such as computers, cameras, and GPSsalglob
positioning systems). GOV6 makes the same poigtisctly stating that the environmental agenciendb
have the minimum structure necessary to perforiin #odivities.
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The lack of qualification of the technical stafft even the scanty number of personnel carryingtios
licensing activities in the environmental agenci®sanother structural constraint of the BELP thatsw
pointed out in the interviews. ES4 and ES11 potidar the environmental agencies usually do not leave
gualified, experienced, and permanent team of afists; and GOV1 and GOV8 agree alleging that the
number of specialists in such agencies is relatigaiall. CS7 claims that the environmental ageraiegust
now implementing policies for staff qualificatiodowever, participants indicate that there stithigap to be
closed. ES1 advocates that the specialists atrtieoemental agencies need to be better qualif&sill
comments that those specialists often are not pedp@ understand and communicate technical qumsstio
with representatives of the developers and theutting companies. Thus, GOV1 and ES3 hypothesiae th
the lack of qualification and the limited numberspiecialists has a direct implication on the detaaft of
the BELP as it might be compared to current realgcording to them, it is likely that an unquadifi and
inexperienced specialist will request unnecessagxoessive information about a given licensingcpss in
order to feel comfortable to emit a report or recoendation.

According to participants, the lack of resourcesd goalification/number of staff often leads to dreot

limitation, a_lack of professionalisiim the environmental agencies (ES1 2009; ES5 28@®, 2009; ES11

2009; GOV5 2009). ES1 complains that the environtalegencies need to perform with a minimum level o
professionalism, but that this is absent in sorigagons. ES11 illustrates this point with exampldsere
developers need to conduct several meetings withethvironmental agency about the same topic; that
happens because of the excessive rates of turivothex environmental agencies. Interviewees inditiaat it

is a common situation where the environmental agesneeed to make use of a developer’s logistics and

infrastructure to even perform necessary fieldstrip

On the other hand, the quality of the studiethe BELP is also an object of criticism. Intewees indicate

that developers and consulting companies experjgnceome extent, the same lack of qualificatiod an
number of specialists to carry out consistent tehstudies (such as the EIA and the QRA). EShipaiut
that the studies are often standardized, with exidef the ‘copy and paste practices’; accordinigeitshe it

is common to find information about thermal powdarps in a study about gas and oil transmission
pipelines. GOV1 also talks about that type of sdenaescribing a situation where the environmestatly
was discussing the Amazon rainforest in a projemp@sed for Brazil's Atlantic Forest. GOV7 reinfescthe
point, claiming that the programs for control andrmagement of risks and impacts are often too gknera
‘made in series like pizza'.

Participant-observation: The researcher recalls several limitations in thgawoization of IBAMA that

compromised his activities. There is also lackdrhaistrative support in the environmental licegsimits.

For example, environmental specialists often havartange for logistics and book their hotels wtrery go
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for field trips, as IBAMA does not have enough &{aEcretaries or other support personnel) to db frhe
turn-over of environmental specialist is also vieigh, affected by a somewhat consensual lack obrtapce
of the environmental agenda in Brazil. A new sp&tiatarts to work motivated by the environmemalise
and the perspective of doing a good job, but witlethe/she often faces extreme political, econoanicl
moral pressure that undermine the initial impetud lead them to look for other professional oppdties
with better remuneration and work conditions.

5.2.3 The economic and development agenda

Although the supposed theoretical benefits of tHeLIB accommodating the social and environmental
perspectives into the Brazilian governmental agenci@rviewees understand that the reality depicts
different picture. GOV3 and CS6 argue that the mvhental agenda is still seen by many stakeholaers
merely an obstacle to the development of the nati@®2 contextualizes the situations, saying that th
environmental agenda is not a glamorous portfalicthie Brazilian government. On the contrary, it is
commonly seen as an unimportant component in trergmental structure. Thus, some participants claim

that the_lack of interest in the social and enwvinental perspectiveduring the discussion and development

of the nation’s goals and projects is still evid€®®5 illustrates this alleging that frequently thgcussion of
a new project in the BELP becomes a formality osipce before the discussion in the public arema th
project was already discussed and approved in theergmental offices in charge of the economic

development of the country.

In fact, the interviews noticed that the countrglgsuit of economic development is leading to aeseof
other limitations. The first is_political influende the environmental agencies (CS3 2009; CS4 2CG@&1,0
2009; ES2 2009; ES9 2009; ES11 2009; GOV2 2009; 5@009; GOV6 2009; GOV8 2009). As pointed
out by CS4, the BELP often becomes a politicalrimeent to implement the agenda of the economic

development, disregarding many of the technicatetspof the licensing processes. ES2 and CS11 cotnme
that environmental agencies have many politicabagments in their structure, positions assignesedaon
political affiliations and interests. It is commdor there to be discordance between staff (tectnarad
managers (political) regarding the recommendatiba mew project (CS6 2009; CS10 2009); while the
specialists ponder the technical implications, ngangare driven by political reasons.

The economic influencen the BELP plays a role similar to the politidgafluence (CS1 2009; CS4 2009;
CS8 2009; CS10 2009; ES11 2009; GOV6 2009). CSiearthat the need to develop the country leads to

the weakness of the environmental agencies. CSAsdattention to the fact that the economy is always

ahead in the game, outweighing the environment.sThhe decisions of environmental agencies are
compromised by an ostensible watch and interferesfc&conomic perspectives. For instance, a few
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interviewees draw attention to the fact that suligth parts of the technical studies presented hmy t
developers to the environmental agencies are daaug by consulting companies hired by the develope
CS10 argues that this arrangement implies thastidies only show the benefits and the importaridbe
projects. In a related way, CS8 and CS10 ask fepraplete reformulation in the relationship between

consulting companies and developers.

According to several interviewees, one of the fgmestauses for the political and economic influeimcthe
BELP comes from the detachment of the environmdig@ahsing from strategic planningS1 2009; CS2
2009; ES11 2009; GOV8 2009; GOV10 2009). GOV3 cfathmat Brazil misses an environmental presence
inside governmental planning. CS2 brings more Betaiying that the BELP is detached from the giiate

matters related to the nation’s goals. GOV10 hypsittes that the BELP has serious limitations duiésto
inability to predict and accommodate sectorial plag in its routines (electricity, roads, pipelinetwork,
railways, etc.). For instance, talking about risk§1 argues that the BELP focuses on individuajepts

rather than pursuing a global view of a group of ipeojects and existing facilities in a given area.

The interviewees also indicate that the BELP laotegration with other governmental agencies. OgRes
that the notion of environment encompasses a brbatistic dimension; consequently, environmental
licensing deals with diverse themes and demandsglaling this point, assuming that environment
comprises the social, physical, and biotic sphéneracting in geographic space, the discussionthén
BELP need to democratically accommodate the diffeveews on what is best for each sphere. CS2 mgpla
that in a democratic nation there must be multiganized actors representing the nation’s comgbeial
and economic dynamic; and the use of the physitdlbdo-resources. The environmental agencies reeed t
articulate with other governmental actors in orgtedeliver optimized assessment and decision. TGG%
understands that the lack of integration comprosnibe integration of the cumulative and synergiksiand
impacts. Yet, GOV7 observes that often governmeagahcies have an attitude of confrontation anputies
instead of harmonization and representation ofrancon ideal.

Participant-observation: The researcher recalls many examples of the disptional power of the

economic sector compared to the social and envieotah sectors in Brazil. For instance, as reparettie
Brazilian media, Mr. Lula, the Brazilian Presidemce mentioned that the country could not stoabse of
catfishes and toads — an allusion to the envirotmhémpacts that supposedly were slowing down the
licensing process of two large projects in Brazil.
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5.2.4 The need for legitimization

“The way the environmental licensing is done nowads only a means of legitimizing the development.
Since its construction, or even in the licensingcpsses, what is legally prescribed for publicipi@dtion is
very little. | believe that the environmental lisémg in its very core should be rethought, startivith the
hiring of the consulting companies, which should loe hired by the entrepreneur. The entrepreneuld qmay
the licensing agency to conduct the hiring. | retng that from the standpoint of the entrepreneuchrof that
license now is only an obstruction used to amaseurees, because it has, in many cases, littletipahc

meaning."CS8, interview 2009.

The BELP is criticized due to the poor quality afdafew opportunities for public participatig@S1 2009;
CS3 2009; CS5 2009; CS8 2009; CS10 2009; GOV6 2@OY7 2009; GOV9 2009). Interviewees

representing society-at-large often argue thattt@mnels in the BELP for public participation acarsy and
inadequate. CS1 sees societal participation agelimind weak. For instance, CS3 argues that thk civ
society does not have a say in the licensing psog@S5 complements this perspective by pointingtiuatt
in theory, the participation in the BELP is perfeat in practical terms it does not happen; thesiats are
taken in the offices of the environmental agengiesr to any hearing with the public. One more inf
given by CS8, who says that even what is laid dbwihe legislation is insufficient to assure effeetpublic

participation.

However, when GOV9 claims that public participatienoften used to legitimize the projects qnilgis

criticism is deepened. Not only is public partitipa viewed in this way, but the BELP itself iseftseen as

a process applied to legitimize the decisions difgaade by other actors in the government and euimno
sector (CS5 2009; CS7 2009; CS8 2009; CS9 20099 2829; GOV10 2009). For instance, CS5, CS8, and
CS10 argue that the public hearings take placestage where there is little room for significahinges in
the proposed project. ES2 points out that in soimatons the BELP resembles ‘pork-barrel polittgs’
where the discussion and decision spins around dimeeloper, the consulting company, and the
environmental agency only. It is important to menti once more, that the environmental licensing is
considered by participants to be the only oppotyuthiat civil society in Brazil has to manifest @sncerns
about the governmental agenda. GOV6 reflects thimneent, noting that the BELP is probably the only

governmental decision-making process in Brazil tadis for public participation.

Due to the lack of opportunity for public involvemen the Brazilian governmental structure in gaher

interviewees claim that the purpose of the envirental licensing is often misread, with the BELPdraing

17+Acao entre amigos’ - deciding among friends iine® translation from Portuguese.
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an assembly for bargaired diverse compensation (CS2 2009; CS8 20092882, ES8 2009; ES10 2009;
ES11 2009; GOV10 2009). As described by CS2,

“In practice, the environmental licensing is noden a process that helps in taking the best decizbmut a
project; it turned into an instrument of mitigatiohhen, seeking for alternatives, or even the optib not

taking the development forward, very rarely happ&he environmental licensing is less an instrumant
decision making on environmental sustainabilityd anore a tool for mitigating environmental and sbci

impacts."CS2, interview 2009.

In concordance with what CS2 says, CS8 pointstmttih large part licensing appears to be an olestac
‘toll station’ to collect resources from the devmdo. The discussion of the impacts and risks besome
secondary to the discussion of the “crumbs fromntitegation processes”. CS8 summarizes the sitndtio
arguing that in the public hearings “some [peopjegstion technical matters, a great part of thées tio
understand the project, and another chunk is trignigke some advantage [from the project]”. E8iliks
that the BELP is a good process; that there is mgan it. However, ES10 continues that, statingtth
sometimes it has been used to get resources frerdetbeloper, and giving examples where municigaliti
ask for hospitals and recreational centers as cosgben for the implementation of gas and oil traission
pipelines in their lands. ES8 understands thatetidronmental agencies should mediate this sitnatio
order to avoid these ‘distortions’, although redagng that this situation is brought to the BELRedo lack

of opportunities given to civil society to discubgir needs in other forums.

Participant-observation: The researcher recalls many occasions in pubbgifgs carried out to discuss a

new project with the affected/interested public whadividuals and organizations complained that the
environmental licensing was not being fair to theal population; that the local concerns were rehdp
taken into consideration during IBAMA's deliberatg) or that the public perceived IBAMA as a
representative of the economic sector and/or dpeeldefending the new project.

5.2.5 What is missing?

“The environmental licensing lacks qualificatioacks technical and financial resources to impleriesising
the way it has to be done. | think it is still apess very deficient from a technical point-of-vjétnis a process
very vulnerable to economic issues, the economésgure on environmental institutions in gener@lS1,

interview 2009.

“Structurally, the environmental agencies haveidiffies, this is notorious. The time for analysisthese
studies and processes is still very long. The enwirental agencies in the states and the federalirogeneral,

are crowded with processes so we don't have a gpeeel suitable for the analyse&33, interview 2009
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When asked about what is missing in the current BElframework, interviewees have the opportunity to
spontaneously elaborate about the limitations eflitensing processes. For participants from tioaigcivil
society it is not unexpected that they commented at leagout how there is room in the BELP to improve
public participation(CS1 2009; CS6 2009; CS8 2009; CS10 2009; ES3; H®B49 2009). Some of them give

some suggestions. CS1 advocates that the muntgipald local actors need to participate more alstie

the licensing routines. CS10 argues that the nunabepublic hearings needs to be expanded as the
opportunities for participation are insufficient the current arrangement. CS8 advocates that public
participation need to be enforced from the begigiinthe end of the licensing process, and CS6 grsritiat

the public needs information to effectively pagtitie in the BELP. Finally, ES3 suggests that th&BE
needs to have other instances for public consoitaaind legitimization, other than only the curréarmal

hearing format.

Interviewees from both civil society and the goveemtal sector point out the need to develop nokmati
guidelinesfor the BELP (CS2 2009; CS4 2009; CS5 2009; CSW2&S8 2009; ES11 2009; GOV2 2009;
GOV3 2009; GOV4 2009; GOV5 2009; GOV8 2009; GOVI102). Some insights are provided. For
instance, CS2 argues that often the required stphe technical studies is not clear (QRA & EI&S4
and GOV4 advocate the need to think about strategiGronmental assessment in order to facilitage th
performance of the BELP; CS5 argues that thereesi ho improve the ways to identify the impacts asks
and to mitigate those impacts and risks; CS7 compléhat the ‘rules of the game’, regarding the
environmental licensing, are frequently unclearupported by ES8 and GOV2 who say that not only the
environmental legislation is unclear but often essbee, and GOV8 draws attention to the need tolaggu
the public hearings and the routines of the BEldPorider to address these questions, ES11 clainshibha
environmental agencies need to take some timesimus the technical requirements for the studiesesi
some items from the study’s term of reference aghrically unnecessary. Another point is brought by
GOV11 and GOV3, arguing that uniformity is neededthe actions between the many environmental
agencies, pointing out, for instance, differencethe criteria of risk acceptance between the stat®io de
Janeiro and Sdo Paulo. Finally, GOV5 focuses on ttmvBELP lacks a complete management cycle,

encompassing analysis, decision, implementatiomagement, and control.

It is possible to infer from the interviews thaetBELP needs to develop follow-upotocols (CS6 2009;

ES1 2009; ES5 2009; ES11 2009; GOV2 2009; GOV3 2@G0V5 2009; GOV9 2009). The interviews

indicate that the BELP lacks solid practices fantcal and management. CS6 points out that the Bids

not audit the implementation and performance ofgtegrams discussed in early stages of the licgnsin

After the issuing of the Operation License, theiemmental agency fails to follow those program©\@

and ES5 agree arguing that the BELP misses mechamisfollow the operation of the projects. GOV&lsad
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to that claiming that the environmental agenciesdften focus on the analysis and decision absitsrand
impacts but seldom perform the control and managemiesuch risks and impacts. GOV9 emphasizes that
the follow-up is ‘extremely scant’; the environmanagencies direct a great deal of attention topitee
installation stages and, as soon as the projeictstalled, the attention fades away: ‘there is & tiging

coming up’.

Another point identified by interviewees referslaok of resources and infrastructurethe environmental
agencies. CS5, CS7, ES4, and ES11 point out théwely low preparation of the staff at environnmant
agencies, and the need to invest in continuousfigadibn. Furthermore, GOV2, GOV3, and ES4 suggest

that the environmental agencies need more spdsialiee to the high number of processes they have to
analyze.

The lack of _independence, or impartiality, of thensulting companiesrom the developer is another
identified issue of concern in the BELP (CS3 20094 2009; CS5 2009; CS8 2009). CS3 advocateshhat t

government should pay for the technical studiespgmsed to the current arrangement where the desfelo

finances the studies. CS5 agrees, arguing thatdhsulting companies cannot have any economic itie w
the developer. Addressing this issue, CS8 suggeatshe studies should be contracted by an indkpen

actor and CS4 advocates for an independent revigithe technical studies as well.

Two final topics arise at this stage of the intews. The first is the need to integrate the riskcims with
use and organization of the urban lg@$1 2009; ES1 2009; ES11 2009). The secondttsrn& about_pre-
assessment of risks and impa(EsS3 2009). These two topics will be discussedend@eply later in this

document, in Sections 5.2.8, 5.2.9, and 5.2.10&swere object of specific questions during theriiews.

Participant-observation: The researcher recalls that IBAMA lacked orgamizatnd normative guidelines

to help the environmental specialists perform tlagiivities. It was common for there to be a chanofje
agendas with very short notice (for instance, pwsty or scheduling a field trip in a Thursday eidgy
prior to a trip in the following Monday). It wassal common for there to be a lack of detailed giréel for
the elaboration of terms of references and evalnaif environmental and risk studies.

5.2.6 Technical information

The EIA and the QRA are the main technical inpuggperting decision making at the federal level. 8om
participants cite other studies that are also egplthough with less latitude (among others, thugam for
risk management, the program for mitigation androbmf impacts, and the plan for social commun@at
It is noteworthy that some interviewees from theiemmental agencies indicate that QRAs are apptiea
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few types of projects only, such as transmissi@elpies, thermal power plants (conventional andeau,
rails, and mining. In general, interviewees ackraalge the positive influence those studies bringhto
BELP (CS5 2009; CS6 2009; CS8 2009; ES1 2009; B82;22S3 2009; ES4 2009; ES7 2009; ES8 2009;
GOV1 2009; GOV2 2009; GOV3 2009; GOV5 2009; GOVIIDZ GOV11 2009). Ideally those studies
contribute an impartial and scientific perspeciive the decision-making process.

However, interviewees argue that there are a fewems as well. The first relates to the limitedikability

of those studieto all stakeholders involved in the licensing msses (CS2 2009; CS4 2009; CS5 2009; CS6
2009; CS7 2009; CS8 2009; CS10 2009; ES1 2009;2889; ES11 2009; GOV1 2009; GOV2 2009; GOV4
2009; GOV5 2009; GOV8 2009). CS2 explains thatoeding to the law, the studies should be made
available to everyone but their availability is theéescribed as ‘ridiculous’ (very limited). CS10nferces
this, pointing out the need for a transparent pede make those studies available to the geneidicp
CS4, CS5, CS6, and CS7 complain that it is diffi¢al get information from the environmental ageagie
though they all recall the legal rights to the mfiation they have. For instance, CS8 argues theah afi the
discussion of a new project there is only one ar tapies of studies available to the populatioa afedium
city (something around 200 to 300 thousand peopikich makes it difficult for individuals of the plic to
have access to a copy of the technical study. GA3QV2, and GOV8 recognize that the access to
information is still limited in the BELP. HoweveES11 and GOV4 consider that, although not perfett y

this situation has improved in recent years. C&&ybrhis/her experience,

“l search the intricacies of IBAMA’s website andidi some things. | have other ways to achieve it IBu
cannot get everything. It is not transparent; ihé transparent at all. The process is not ongytdthnical

information, it is an exchange of letters, a lothohgs that is in limbo, inaccessibl&€S2, interview 2009.

Moreover, even if the technical studies are madslable, interviewees say that it is usually difficto
comprehend therICS3 2009; CS5 2009; CS7 2009; GOV2 2009; GOV&®2@DV9 2009). CS3 claims
that it is impossible to comprehend QRASs, allegthgt only specialists in the area of the study can

understand them;

“It is impossible. It is only understood by thoshawvork in that area; otherwise they are not urtdetsat all.

That is clear. There are only technical detailthrse studies”CS3, interview 2009.

CS5 agrees saying that the language applied i thtoglies is too technical. CS7 argues that thdiestuneed
to be translated into a clearer language so theyreach the broad audience that comprises theugario
stakeholders affected by a typical licensing precékwever, GOV2 ponders that he/she has not yaeco

across an adequate way to translate the techextahto language that is accessible to the gemperalic but
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still precise, and GOV8 agrees saying that is almessary to prepare the audience to better agtnsilich

information.

Finally, two issues associated with the qualitytrefse studies are indicated by participants. Tise i§ the
low quality of the studies delivered by the consulting comgand the environmental agencies (CS1 2009;
CS3 2009; CS5 2009; CS6 2009; CS8 2009; GOV11 2008 some interviewees, it seems that the
consulting companies have not been able to keeapitlpthe high demand for environmental studies (CS6
2009; ES1 2009; ES6 2009; GOV7 2009). As a possibisequence, CS1 points out the ‘awful quality’ of
some of the studies; and CS8 argues that someiwf #&ne even completely meaningless. The second issu
the impartiality of the information presented. Somirviewees claim that the studies are biasdth an
apparent intent to defend the project and its imglgtation (CS1 2009; CS3 2009; CS4 2009; CS5 2009;
GOV1 2009). CS1 explains that the technical studfeen only explore the benefits of the projectsjtting

or disregarding the negative side of the instaltatand operation of such a facility. CS3 adds t® th
seriousness of this assertion arguing that, duttieglicensing routines, the environmental agenoiely
analyze the information brought by the developenvhich CS5 advocates that the environmental liogns

process needs to be based on impartial studies.

Participant-observation: The researcher recalls that several times theigubmplained that they did not

have access to the technical studies prior to digphbaring. Often these studies are not even sterdi
enough to start the licensing processes and warmeal to the consulting companies for rework. ésthe
risk analysis, the researcher recalls that the QmRse not comprehended by the majority of the

environmental specialists at IBAMA and were badibcussed with the general public.

5.2.7 Sense of justice and inclusivity

As discussed early in this document, the BELP issitiered by interviewees to be one of the fewptfthe
sole, governmental decision-making process opemdblic participation in Brazil. Interviewees id#ietd
that this public input is still limited. It was alsliscussed that this fact occasionally leadseanisuse of the
BELP since individuals and groups tend to use lawain for compensations and favors. The intemses
also pointed out that the technical studies feedivey decision making bring a rationale to the denis
making, but they are often biased, pro developraedt pro project. And, finally, a great deal of emmic
and political influence in the performance of thell® was also identified. Thus, the assessmentrafesef

justicein the licensing processes is a complex task. &§2es that
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“the degree of justice for all the stakeholdersl| wlivays vary according to the context, accordingthe
project, the quality of the public participation §..There are many variables that relate to thectffiey of the

environmental licensing, influencing the justicetloé process as wellCS2, interview 2009

CS8 concurs saying that in Brazil the “environmeklitansing processes are as fair as the Brazilety”.
Thus, they often mirror the inequity of the natitself. CS1 points out that the concept of justeceomplex
and wonders about the purpose of the environméicehsing: to be fair or to be environmentally and
technically appropriate. The interviewees indidht, ideally, the environmental licensing pursthes best
balance between the development and economic ridedsnvironmental needs, and the social needs.

The participants’ responses provide some evidehat &t least ideally, the BELP pursues justice/@and
consensus for its decisions. However, CS2 warrtguktice and consensus are relatively utopiarcesthere
always are conflicts of perceptions. Intervieweessent some inputs about how to achieve more badanc
decision making, though. CS10, CS3, and CS4 retlistinif processes do not accommodate public irtpayt t
cannot be fair. In this direction, CS3 advocatest tihe environmental agencies should pursue aetight
relationship with local population and governmeradministration. However, CS7 draws attention t® th
need to educate the local community so they caticjgsate in the processes in a more effective V&y8
agrees pointing out that unprepared populationsbeamanipulated by the proponents of the projeatnés
suggestions are presented to address this situgbo®v5 advocates that the licensing processes teed
respect and accommodate differences. GOV8 indidhtsthe licensing processes need to have a ibholist

view rather than one only focused on the projetidkcensed.

Participants suggest that, to some extent, theegiraf justice is linked to inclusiveness. WheneasK the
BELP was an inclusive process to stakeholders dtiear the developer, the consulting company, aed th
environmental agencies, interviewees reacted withgerspectives: (1) the BELP is not an inclusik@cpss

at all (CS2 2009; CS3 2009; CS4 2009; CS9 2009:0C8D9; ES2 2009; ES4 2009; GOV7 2009; GOV9
2009); and (2) it is inclusive in theory, thoughtweonsiderable practical limitations (CS1 200952809;
CS6 2009; CS7 2009; CS8 2009; ES1 2009; ES7 2088;2D09; ES11 2009; GOV1 2009; GOV2 2009;
GOV3 2009; GOV4 2009; GOV8 2009; GOV10 2009).

Either way, interviewees provide inputs to imprgegticipation and inclusiveness in the BELP. Fyrstbme

participants claim that the BELP needs to seelefpralization of poweduring its processes. CS1 points out

that there is a considerable discrepancy in powehe stakeholders involved in a given licensinggass.
Usually civil society is on the weaker side of ttein, compromising public participation. GOV2 agguhat
it seems sometimes that some groups are privildgedg the licensing routines. GOV4 supports thigirsg

that the economic sector, for instance represehiedlevelopers and consulting companies, is usually
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stronger. As pointed out earlier by ES2, the emvitental licensing often resembles ‘pork-barrel tpdi. A
few topics brought out in the interviews providergodirections suggested by participants to workthigt

inequity of power:

« The environmental agencies need to improve themrneonicationprotocols (CS1 2009; CS2 2009;
CS3 2009; CS4 2009; CS6 2009; CS7 2009; CS8 2089; ZD09; ES1 2009; ES2 2009; GOV1
2009; GOV7 2009; GOV8 2009). GOV7 and GOVS8 point that the environmental agencies lack

effective communication with all the stakehold€E§1 and CS8 reinforce this point arguing that the

information pertinent to the environmental licemgirither technical or administrative, needs to be
better disclosed. As argued by CS2, mayors, |lagalesentatives, and local stakeholders need to be
informed about the routines and milestones of itenking processes. CS3 and ES2 add that this
communication should not be bureaucratic. GOV1 iglesr other input advocating that the
communication process needs to start as soon dis¢hsing process is started at the environmental
agencies.

* Not only does communication fall short of goodgpies, but also the BELP needs_to create new
channels for public participatiof€S1 2009; CS2 2009; CS3 2009; CS5 2009; CS6 2089;2009;
CS8 2009; CS10 2009; ES1 2009; ES2 2009; ES3 2B88; 2009; GOV1 2009; GOV2 2009;
GOV4 2009; GOVS8 2009). In the BELP’s current arramgnt, public participation takes place only

at the first stage of the licensing process, thinofagmal public hearings to discuss the EIA and, at
the federal level, the QRA. CS8 makes this pointgictly by saying that “before the environmental
permit you [civil society] don’'t have any publicrtiaipation and after the issuing of the permit you
don’'t have instruments to watch if what has beenedmatches what has been decided by the
environmental agency.” CS7 agrees arguing thathasethe right to information about the licensing
processes. CS6 agrees pointing out that all stédketsoneed to actively participate in environmental

decision-making processes.

The claim for access to information finds groundcthie Brazilian legislation. As mentioned earliertliis
document, article 225 of Brazil's Constitution stathat “[e]veryone has the right to an ecologjch#llanced
environment (...), imposing upon the government ddcollectivity the duty to defend it and preseitver
present and future generations”. The constitutiop@vers both the government and the collectivesfertt
and preserve the ‘environment’. However, very oftéerviewees stress that the public, or civil sogihas
been restrained from delivering this constitutiothaty. In the BELP’s current arrangement the govemtal
role outweighs the citizens’. Evidence is foundhe interviews and elsewhere (Abers 2000; Glassuh a
Salvador 2000; Fearnside 2002; MPF 2004; Coelhdrandreto 2008). Corroborating this view, CS1 asgue
that public participation starts only at the fisshge of the BELP (discussion for Prior Licensey # is ‘cut
out right there’; if the project is approved, thr@ronunity has the impression that there is nothiag o be

done. CS6 agrees pointing out that after the Rit@nse the feeling is that everything is alreadgided and
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now the environmental agencies and the developkretide about the remaining details behind ‘ctbse
doors’. CS8 and GOV8 bring the same perspectivingdhat after the public hearings civil societyngast

wait for the deliberations of the environmentalragjes.

It is important to note that the interviews indec#that the lack of participation is not only a direutcome of
the limited number of channels for public partidipa in the BELP. Interviewees also identified addo
prepare civil societyo effectively participate in the environmentaklinsing processes (CS1 2009; CS4 2009;
CS5 2009; CS6 2009; CS8 2009; ES1 2009; ES2 2089;209; ES11 2009; GOV3 2009; GOV5 2009;
GOV6 2009; GOV8 2009). CS1 reasons that it is westhworking on just one side of the problem, is th
case the routines of the BELP, if civil societyelfss not capable of participating. Similarly, C86d CS8

point out that the Brazilian civil society has oftbeen absent, abrogating its constitutional da§11 and
GOV3 elucidate arguing that the educational antucall level of part of the civil society compronssthe
full participation in the processes. GOV6 pondéit it is a governmental duty to provide civil sagiwith
conditions to participate. However, that is no eask as elucidated by GOV3:

“...in a scale of priorities, one will be interestfed this kind of thing [the environmental licens]rig another
occasion. There is this matter of education andifgpation of people, but obviously these peopled¢o meet
their basic needs first [housing, food, employmestt,.] so afterwards they will have time and beeatol

participate in those processe&OV3, interview 2009.

Some final inputs were provided to address pulditigipation and inclusiveness. CS2 advocates $sieeofi
information and communication technologies (ICT) help make information available and promote
participation. CS2 also points out that the pubbnsultation needs to be diffuse rather than pahetod
overly formal, as it currently is. ES2 and GOV9akdhat the BELP needs to follow up the questions
brought from the public hearings. GOV1 understahds there must be a program for social commurtnati
in place, permeating all the BELP’s routines, frtop to bottom. CS3 claims that other governmerttira
can help the environmental agencies by dissemipatformation and stimulating participation. CS5gers
that the timing for participation should be antatigd, encouraging the discussion of the terms fefaece
for the environmental studies with the civil sogietCS6 defends that there is need to encourabakit” in

the civil society, a perception that their partatipn is valuable and necessary.

Participant-observation: The researcher recalls that the environmentahdicg processes were always an

object of criticism since they accommodate manfedint views about a project. There was always some
discontent with the deliberations of the environtakagencies, the project and its location, theebenand
impacts of the new activity, and so forth. Howevhis criticism sometimes needs to be relativizelight of

details that were not disclosed or perceived bynaiblved stakeholders. For instance, once an N&® &
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strong position against a project, supposedly aahtog for the rights and integrity of a native plation.
However, some suggested that the real motivatidhefiscontentment was that the developer dichiret
that NGO to carry out the environmental studiesdedefor the licensing process. Another time a tedm
environmental specialists arranged an informal ihgawith fishermen affected by a dam, to listertheir
complaints and needs, but when the meeting stantedishermen refused to talk to the environmental
specialists and left the meeting right after thgitmeing, even though their city was distant frona8ia and
four environmental specialists travelled there dolyalk to them.

5.2.8 The application of QRA in the BELP

The interviewees were asked about the applicatid@RASs in the environmental licensing. Questionsene
intended to cover points related to the assessraralysis, decision, and management of hazardmjscps,
with emphasis given to gas and oil transmissiorelpips. GOV1 describes the QRA as a technical study
based on statistics and probabilities, which idigsticritical points in a pipeline’s right-of-wayhere special
care during construction is needed. GOV8 says tthatQRA talks about likelihood of failure of a give
technological system, and its implied consequenE&sl adds to this by saying that scenarios of sever
consequence are quantified applying a methodolbgly éncompasses the identification of the sequehce
events leading to an event, the probability thisngwill ever happen, its physical outcomes (fbell fire,
explosion, etc.), and the likely affected area aumding the event. The result is risks rates, thiteane of
the interaction of failures with physical vulned#tpi According to CS1, a QRA essentially dealshnihe
management of ‘accidental scenarios’; the inforamah QRA provides is how a new project can affeet t
safety and integrity of the surrounding area. Basedhe information provided by risk assessmetfhts, t
environmental agencies decide about the instafiiting and operation of the project (CS1 20094CS
2009; CS6 2009; GOV7 2009; GOVS8 2009).

There is evidence in the interviews to attest thatQRAs are a valuable tool helping the BELP toidke
about hazardous projettsHowever, there are also indications that QRAsIrieémprove their performance
in Brazil. One clear perspective expressed by atgrember of interviewees is the inherent compjexdtthe
subject itself. When asked about the comprehenssgenf the results, about one-third to one-halthef
interviewees said they do not understand the sualel their results. It is important to remembext il
interviewees are familiar with the BELP, and, alijiyjamost of them have a deep understanding of the
process. Yet, QRAs are specialized studies, ofeay technical, such that their understanding canerg

difficult. However, this can also indicate limitatis in the application of such a tool.

A possible inference is that the studies are tobrieal,as explicitly pointed out by some participants {CS
2009; CS8 2009; ES1 2009; ES10 2009; ES11 2009;%2Z009). CS1 suggests that because the QRA is so

18 For instance, helping the organization of the nrdaad, the integrity of installations, and safefyhe communities.
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technical the affected communities and local steldgrs are not able to provide any insight abosksri
during the licensing processes. ES2 says thatwhen the consulting companies try to present theltein
the public hearings, the message is still intaregibl the majority of the audience. ES11 also consaying
that it is unwise to present to the general publimbers such as t@nd 1@, the project’s risk rates. CS8

summarizes this situation by saying that thosegmtesions are ‘not elucidative’.

Another criticism of QRASs is that they are too feed on trying to maintain the integrity of the aikttion

and barely address the social system surroundiagfdhility. Usually, QRAs analyze with detail the
technological system or infrastructure gnbnd provide little information about the commuynit the
neighborhoods, as noted by a many of the interdswW€S1 2009; CS4 2009; CS7 2009; ES1 2009; ES4
2009; ES8 2009; ES9 2009; ES10 2009; ES11 2009; 152D09; GOV2 2009; GOV4 2009; GOVS8 2009;
GOV11 2009). GOV4 gives one example saying thdt sasalysis examines the equipment, reliability,

likelihood of failure, direction of wind, but theyardly examine the socioeconomic circumstanceshef t

affected population:

“for us [environmental agency], doing field trighey [the developers] require everything, helmatety boots,
safety vest, need to warn the staff to block the,liand, then, you look to the side [of the rdiBre are kids

playing soccer just next to the railwayGOV4, interview 2009.

However, assuming that technological risk is th&ulteof the interaction of two systems, a techniaialg
system and a human system, when asked to commdmvww®RAS consider the human system the answers
indicate that the current arrangement lacks conabout the human syste(@S1 2009; CS6 2009; CS7
2009; CS8 2009; ES4 2009; ES8 2009; ES9 2009; E2909; GOV1 2009; GOV2 2009; GOV3 2009;
GOV4 2009; GOV7 2009; GOV8 2009; GOV11l 2009). Itpessible to infer a need to improve the
assessment of information about the people thagairey to interact with the hazardous project. B8fues

that QRAs gather information about the cities aochimunities in a “cold way, no one goes there aratkh
out if city X is growing towards the projected pipe right-of-way”. GOV2 elucidates saying that tQRA
are too focused in the project’s installation, wiliktle concern directed to the people’. CS6, ES#d
GOV11 explain that the population is only quandfien terms of how dense the area is and the totaber

of people living nearby.

Addressing this question, some interviewees aldicate a deficit in vulnerability assessmeintshe context
of QRAs (CS1 2009; CS7 2009; GOV1 2009; GOV2 2009k analysis of the interviews shows that the

socioeconomic profile of the communities affectgdte project is context-dependent and can corntribu
the encroachment of pipeline’s right-of-way (thgs dddressed again in the next section of this tepor
Vulnerability in the context of the social sciendesbroader than the estimation of the intensityaof

accidental scenario. CS7 illustrates this, sayliag t
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“it seems like there is just one population and gopulation is equal in any given neighborhooty, ar
region, and the specialist in risk considers omlg type of risk; the specialist does not take aupsideration
cultural issues, how the population will be affeGtine fear of this population, the depreciatiomofiseholds”.
CS7, interview 2009.

CS1 extends this point arguing that the QRA neeaxscdnsider a holistic assessment of the local
vulnerability, the incorporation of socioeconomarctors in the analysis, and the integration ofedéht
hazardous installations into the same analysisrAdl, the population ‘sees’ the cumulative riskst only
the risk of the project being licensed. Explainthgs point, for instance, an individual not onlysigbject to
the risks of a new transmission pipeline sited iighat-of-way with three or four other pipelinesesddy in
operation, but, rather, to the cumulative riskthake pipelines sharing the same path.

Some interviewees also suggest a need to integektepolicies with land-use planningS1 2009; CS6
2009; CS9 2009; ES1 2009; ES6 2009; ES7 2009; B88;  ES10 2009; GOV10 2009; GOV11 2009). CS1
and GOV11 argue that the ideal of a QRA is to gteninputs for land planning; QRA needs to be exgulor

to help the land-use planning. Contrary to thisidsome participants claim that, most times, tiRAQloes
not consider local planning at all. However, ESHinfs out that petroleum companies usually apply a
classification for the use of land in urban arezasé location), based on the decision about thelipe’s
thickness according to the population density m ¢finity, which considers, even if in a limitecayy this

integration between use of the land and risks.

Some participants also criticize the use of QRAddQgitimizing the projecbnly (CS3 2009; CS5 2009; CS6

2009; CS8 2009). They allege that these studiesaréd out only to corroborate the implementatbra
new project. CS3 and CS8 say that the studies ade o be approved by the environmental agencigs. C
argues that the information presented by themaseda and they have the sole intention to ‘sell’giagect.
CS6 stresses this point arguing that the standgpléed to evaluate the risks, and consequentlycappthe
project, are inadequate and somewhat permissive whpared to other countries. ES3 and GOV11 point
out that those criteria not only are inadequate tbay also vary from state to state. They illustriiis
drawing attention to the fact that the federal emvinental agency and the agency of the state ofPaato
apply a different standard when compared to theéremwmental agency of the state of Rio de Janeiro.

However, the risks are the same.

Participant-observation: The researcher recalls that he started working vigk evaluation at IBAMA (in

2003) without any formal training or familiarity thi the topic. Moreover, the terms of reference@&tAs

were also incomplete and superficial at that tiddghough the current version of the term of refeefior

risk analysis of transmission pipelines, develojred2006 with the contribution of the researchers ha

improved considerably the scope of analyses, istib evident the focus on the evaluation of the
113



technological system in detriment to a more comgmslve evaluation of the local population, hazasais]

implications in the use of the land.

5.2.9 Encroachment onto pipelines’ right-of-ways

The third group of questions in the interviews aln@ the identification of factors that can expléie
encroachment onto right-of-ways (ROW) of gas andransmission pipelines in Brazil. The proximitf o
people living to those ROWSs is a reality in alma#itgreat urban centers in the country. Until 200
Brazilian legislation enforced a 15-meter safestalice between the edges of the ROW and any hddseho
or building, in which no edification was allowed lbe constructed (that was referred asrtbe aedificandi
area in the Federal Law 6766/79). However, at tiha¢, a considerably large number of people wend, a
still are, living in those safety zones. Yet, imsosituations the ROW became streets in neighbdehao
some Brazilian suburbs. Thus, the majority of treganpipelines of the Brazilian transmission netivof

gas and oil were in disagreement with this laws@rvas the population living near those ROW). Seplko

accommodate this situation, the Brazilian congnaesdified the law 6766/79, which reads now

“Art. 4°, § 3 — If necessary, a full non-buildable safety zomepiipeline ways will be required as part of their
environmental licensing, considering criteria aratgmeters to ensure public safety and the enviratahe
protection, as disposed by relevant technical statsd. Federal Law 6766/79, modified by the Federal Law
10932/04.

The interviewees were asked if they could thinlcafises that lead people and communities to encrach
such ROWSs. Two causes, somewhat complementaryprasented by participants. The first relates to the
lack of appropriate urban plannimg most Brazilian municipalities (CS1 2009; CSD20CS7 2009; ES4
2009; ES6 2009; ES7 2009; ES8 2009; ES9 2009; R829; ES11 2009; GOV4 2009; GOV8 2009; GOV9
2009), both at the time of the implementation @f ftlipeline and in the later control of its risk§SXCand CS2
argue that very often the main cause is the ladkrie&n planning; they claim that urban expansiooftisn

very chaotic. CS7 and ES10 point out that pipeliamesoften too old, being in operation for someades
sometimes; they explain that when those pipelinesevinstalled there was nobody living there, bt th
disorganized growth brought people close. ES1, B88,ES4 agree saying that the local government was
inefficient at controlling this encroachment. ES®l@ably summarizes this situation when he/she s

the Brazilian state has not grown at the same padhe population. Conjecturing about the futui®6 Bnd
ES7 state that, without a solid policy regulatihg tise and occupation of the land, this problerhkeiép
happening. In terms of solutions, GOV1 goes saafato say that a pipeline’s ROW needs to avoidrurba

areas.

On the other hand, the social component also sdent®ntribute to this situation. According to some
participants, the second input relates to_the valméty of the populatioCS3 2009; CS5 2009; CS9 2009;
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ES1 2009; ES3 2009; GOV2 2009; GOV3 2009; GOV4 2@OV8 2009; GOV10 2009; GOV11 2009).
ES1 ponders that the encroachment (or approximafigreople to the ROWS) relates to the perceptiai t
the population located close to these facilitiels @ taken care of. ES3 supports this saying ttha, to the
poverty in the country, people often get closeananstallation anticipating any sort of benefiS1® points
out that one of these benefits is the opportunitijave a road since the developer needs to frdguante
up and down the ROW. CS9 points out that peoplkliwd in areas where they can find jobs, so tralifs
can represent this opportunity for employment. Clinmgntarily, GOV11 recalls the need for dwellings i
Brazil, while GOV10 ponders that the land in theiwnity of such facilities has less economic valuel a

therefore are more affordable for housing.

The interaction of these two aspects, the lack ahagement of the urban land and the implicatioom fr
local social vulnerability, seems to be the maiaseafor the encroachment. GOV2 points out the itapae
of understanding the socioeconomic factors thah people towards risky areas in order to put ircgla
measures to avoid this problem. GOV11 says thsdins that people are not aware of the risks iofjlimear
transmission pipelines, or any other industrialilityc and GOV4 argues that lack of education oé th

population associated with the lack of urban plagmolicies have contributed to the encroachments.

The role of the environmental agency, the munidypshnd the QRA:

Once the interviewees discussed perceptions abeutauses leading to the encroachment, they wkeel as
to think about the roles of the environmental ages)adhe QRA, and the local municipality in the teat
There is no consensual understanding about theeimfe of the environmental agendieghis issue. Some
participants understand that the agencies do faihé follow-up and control (CS2 2009; CS7 20091ES
2009; ES7 2009; ES9 2009; GOV2 2009; GOV4 2009; 8MR009), while some think that the
environmental agencies are not related to thieiséwall (CS1 2009; ES6 2009; GOV3 2009; GOV10 2009

GOV11 2009). However, there are indications thatghvironmental agencies may have an influenckdn t

encroachments, after all. CS2 advocates that thiecoemental licensing does not overlap other adabe
public administration, making it difficult to cowlr the encroachment. CS7 and ES7 point out that the
environmental agencies have important limitatioagying out following-up activities. ES1 points diiat

the lack of integration between land-use policied |sk policies in the environmental licensingtines may
compromise the safety in the surroundings of hamegdnstallations. GOV2 and GOV4 ponder, then, that
one of the main goals of the environmental licegginocess is to help with the social and envirortalen

zoning.

On the other hand, those that do not see any étédion between encroachment and the BELP arguéhba
problem is mainly restricted to the use and orgation of the urban land, which should be perforrbgd
local administration CS1 argues that the municipality, and only thenigipality, is in charge of the

organization of the urban land. CS6 advocatesttieaadministration of the municipality needs toedetine
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the classification of the land and ensure that ¢kassification is not infringed; an industrial arshould be
reserved for industrial use only, while a residantbone cannot accommodate an industrial instaflateS2
and ES7 comment on the importance of the city’stengdan in this matter. However, it was also p&in
out that few municipalities in Brazil have the teifal and financial apparatus to effectively organand
control the use of land. In fact, ES11 states etigddly that the municipalities usually do not haesources
to perform even the basic activities. As well, sqmagticipants advocate that a new installation regamesent
a political and economic bonus in the local contexbugh the generation of jobs and taxes. Accgrdn
them, the municipalities want the economic beneffte new industrial or technological installatidhgy
also want to stimulate the real estate businesaeSoterviewees point out that restrictions andbrof the
land in this scenario is seen as a burden (bothauiz and political) to the local administration.

However, the analysis indicates that the relatigndtetween environmental agencies and municipalitie
needs to be considered as well. The environmeantiding of a transmission pipeline is conductdideeiat
the federal or state level. On the other hand, lgedgnd, risks, and impacts are local (municiggaliLack of
integration between these two levels of the Brazilian statessed in the environmental licensing, is
indicated by a few participants as a cause foretiroachment as well. CS2 argues that the envinotaine
agency does not see the municipality, and viceaveE$S6 and ES1 argue that the integration of these
levels of the governmental body is needed to coti® encroachment. ES3 stresses this issue, sthang
this lack of integration is the biggest ‘gap’ iretBELP. These interviewees conclude by drawinghtitie
for the need for promoting the articulation of theal government with the environmental agency,irgnat
the development of a solid master plan for the g1 2009; CS2 2009; CS3 2009; CS5 2009; CS7 2009;
ES3 2009; GOV1 2009; GOV2 2009; GOV11 2009). As\fml out by ES3, “the rigor with which the issue

of land-use and occupation in Brazil is discussetbt exactly what should have been happening”.

Participant-observation: The researcher cannot recall a single meeting lnithl regulators in charge of the

urban planning or the city’s master plan, in Biasdr during field trips, to discuss integrated@us to better
manage encroachment of right-of-ways or enhanaysaf affected populations. Moreover, this intéit
was neither predicted by the formal and normativatines of the environmental licensing processes, n
discussed in the public hearings during the timedrged at IBAMA (between 2002 and 2006).

5.2.10 Issues related to BELP follow-up activities

The last group of questions addresses the perfaenainthe BELP in the follow-up (or monitoring) tmes.
This specific aspect of the BELP was commentedyopasticipants throughout the interviews, in a sraed
way. However, it is important to understand in sodetail how participants assess the follow-up @& th
environmental licensing processes; in other wordseothe Operation Licensing is issued, how do the

environmental agencies carry out the managementamulol of the projects (that is commonly refereed
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the post licensing by participants)? Participamtsctibe the post licensing activities as scarcpeifect, and
sometimes absent in the BELP. Analyzing the ingsvs from the civil society sector firstly, CS1 aes that
the BELP’s follow-up is ‘absolutely deficientCS7 and CS5 that it is ‘nearly abserind CS3 that IBAMA
does not perform the post licensing at all. Someses for that are pointed out: CS10 and CS2 extain
the environmental agencies do not have stafSupervise the operation; CS9 adds to this gatfiat
generally activities of control and managementdmpolitical onuswith often negative repercussion to who
performs it. However, CS5 claims that follow-up nsade when the developer needs _to reisthee
environmental permit, typically four to ten yeafteathe current OL was issued.

The economic sector does not have a much diffggenteption about the performance of the follow-up.
ES11 argues that the follow-up is not carried adduse of the limited staff in the environmentarages.
ES6 agrees claiming that the state is not orgaranedit does not have enough people to do thevielip.
ES8 acknowledge the problem but points out thatsthetion has gotten better in recent years exéegpl
by the fact that the environmental agencies nowiald trips to inspect the installation and operatof new
projects.

In the governmental sector, GOV11 brings a diffeqgrspective when he/she says that in the staBof
Paulo the state environmental agency enforces & effective management of technological risks; foa t
other side, the environmental agencies are frefyugrspecting the facilities; and, finally, the peots need
to prove that they are still safe when the time esrfor reissuing the Operation License. Howevethat
federal level GOV10 and GOV8 acknowledge that thiéodv-up is deficient. GOV1 recognizes that the
environmental agencies try to keep up with the deteaf the follow-up but they do not have resoufoes
that; this in turn compromises the managementapiglelines. GOV9 argues that it has spent a grealt of
money during the BELP to identify risks and impamts$ after the Operation License there are no rodni
routines to check whether those risks and impaethappening. GOV2 claims that risk managemetttén
BELP has been ‘relegated to ostracism’.

Criticism and inputs

Recognizing that the BELP falls short of protoctmsenforce follow-up and management, the intervisve
provide some criticism and inputs that can contglio the identification of directions to improveet‘post-
licensing':
a) The lack of an integrated action of the governmemtaors is a serious problem for some
participants. CS1 points out that the environmeatgncies are not the sole actor in charge of the
follow-up. For instance, CS1 understands that titegration between the BELP and the ‘civil

defense” is poor, claiming that the results of the QRAe'dn the BELP; they need to be disclosed

9 The civil defense is an organization that acteeal level — “the system of protective measures emergency relief
activities conducted by civilians in case of hastilttack, sabotage, or natural disaster” fromMeeriam-Webster
Collegiate Dictionary.
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to the civil defense as well. In the same direGtio83 advocates more involvement of local actors in
the control and management of hazardous instatigtiotherwise it becomes too unreal’.

b) Some interviewees indicate the need to improve conication protocols in the processes to help in
the follow-up. For instance, CS2 misses a morect¥fe use of information and communication
technologies (ICT) supporting the BELP routines.

c) Often the participants argue that the managemenhtf@iow-up is biased towards the hazardous
installation. For instance, CS6 claims that théoastcarried out in the current arrangement are not
only limited but also too focused on the controklod integrity of the facility only, ‘as if nothinig
going on around it'.

d) The BELP lacks standards, indicators to assespdtfermance of the follow-up, as pointed out by
ES1.

e) There is need to articulate risk management pecti€ all installations affecting a given populatio
and the use of the land near hazard-prone areagxBmple, ES3 advocates the need to pursue an
integrated follow-up, encompassing not only thejgmbunder licensing but also other facilities and
the local estate real planning.

f) Some participants point out that the environmeitahsing seems to end with the operation license.
As explained by CS5, the environmental agencied teedave it clear that licensing does not finish
with the issuing of this last permit; it needs wdxtended until the decommissioning of the facilit

g) Aiming to improve this scenario, ES8 suggests that environmental agencies should have a

specific team of specialist in charge of and wagkimly with the post-licensing.

Those inputs somewhat reinforce the need to imptiogdicensing routines of the BELP in general, el
regulation of hazardous projects in specific. Itnisteworthy that many interviewees pointed out that
technological risks are not expected before thanbéry of the operation. The BELP needs to consider
vulnerabilities, perceptions, and impacts durirgyttiree-license stage but the risks of a transamigsipeline
are expected only in the operation. However, agrigfl from the interviews, the follow-up seems &b
weak link in the chain of events that constitutes Brazilian environmental licensing.

Participant-observation: The researcher recalls that, as a coordinatarfeironmental licensing at IBAMA

(between 2005 and 2006), he often needed to fremtctivities related to the initial phases of likensing
processes in detriment to the monitoring and coofrprojects in operation due to high number afqasses
and the limited number of environmental specialistgarry out the technical evaluations. For instarat
that time there were several old facilities andalations (prior to the CONAMA 237/97 that regadtthe
environmental licensing in Brazil) operating withoan environmental permit because the team of

environmental specialists did not have time todiedforts to their regularization.
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Question: One frequently observes a great numbeeople living very close to pipeline’s right-ofyga Can you think
of causes for that?

Question: So, to what extent do you think thisissaue related to the environmental licensing pss@

Box 5.1 — Complexity in the environmental licensingf pipelines

“l think there are two things. Firstly, we have sorery old tracks. (...) As you have followed aANBA, we

try to bring developments of new tracks to the doside. So what happens? Let's take an exampdenafw
track. New tracks we try to sit in rural area. Ho®® in some moments, for instance because ofaidstcape
in the region or the question of the distributidngas or oil, we have to change the route to biirg little

closer to the city. Hence, sometimes the track amgiggoing in places that, let's say, has more hu
concentration. We try to get away from it, but stimes we end up bringing it closer. (...) Whappens in
the past? Those tracks that have a high human etraten, they did not have people living nearbpweéver,
a region, for example Sao Paulo, is a region thatdrown very much. So, what happened? We ended

that time, years ago, siting terminals, refineriesa region that was uninhabited at the time,tbatpopulation
growth was high, and that vector of growth pointedhe pipeline. So, a pipeline right-of-way thag ty to
keep mowed, maintaining the characteristics ofvhgetation to control erosion (...). All this, A8d I think
attract people. Hence, the right-of-way is an ativa, triggering the access. Then, it is easydbthjere and
settle next to the pipeline because our right-ofsuaave no fences, nothing (...).”

“No, | see a different problem there. It is a pmhlclosely related to the municipality. Becausedhghas to
have the master plan, it does need to have it eler. For example, in the pipeline right-of-waypse local
licensing requirements, to enforce what the lawss&yp, there is a governmental problem. The enrisal
licensing, of course, issues the licenses basdth@maw that exists. The environmental agency takedaw
and enforces what the law requires. However, tleecenfusion in this point, because the develojpeguotes,
has no management over the government. And | tthielenforcement of the master plan is crucial. Gy
the municipalities are beginning to develop magtkemns, to understand their municipalities. | thittks
aggravates the issue (...) There is a federakdea®gulating public utility, which is correct, igh oversees
what is best for the nation to the detriment of titzen. We have to see what is best for all tbpupation;
some individuals will end up needing to withdrawfavor of the nation. [However] there is a conflachong
the federal, state, and county levels; the undedstgs are not the same. Then, we have anotheg.igur
example, the mayor does not have sufficient fireln@sources to manage the municipality. Then, wjwn
have a project or anything else in the city, theyon@ees that as a way to have some gain. Sometiendees
not see it for the city, but he sees it as a pedsonpolitical gain: “hey, if this company comesré | can gef
jobs for my people and make it easier for my retgd@”. There are others who think differently, tigh: “I'm
going to organize this, there is a good area wttexeroject can be safe, and | can use the moneretde an
environmental conservation area”. Others take adggnof that one item on the environmental licems
process that says “the developer has to presemtafaronsent from the municipality” to use it fan, guotes,
very crazy things. (...) Once, a municipality mdommunity away from the route of a pipeline. Thayor
made a complaint because he wanted it to passainchmmunity. We explained that there were techn
problems for that ... but he was not concerned whth community. He wanted the pipeline to cross

man

n

ica
the

community because he would have a chance to malaiba with us”. Source: Interview 2009.

5.3 Summary of the interviews:

The main insights presented in the interviews aremsarized next. The subsections below collectnpets

generating a list with the essence of the pointsudated by participants.
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5.3.1 Summary of the positive aspects

The analysis of the interviews indicates that tHeLB (1) is a necessary instrument to implement the
environmental agenda in governmental decisions@ziB (2) is important in the enforcement of thevland
normative regulations; (3) helps in the meditataord solution of conflicts about any given dispui#}
enforces and controls the quality of technical igtsido identify impacts and risks; (5) generatesviledge
through these required studies; (6) anticipatesnaitigates impacts and risks; (7) structures thiedisup in

a systematic way; and (8) is open to public inmat participation.

5.3.2 Summary of the negative aspects

The analysis of the interviews shows that the BEidPtheory, has strong ideals but the practical and
contextual implications imposed by Brazil's geodrigpl dimension compromise the performance of the
BELP. The interviewees point out (1) the frequeatadhment of the BELP from reality; (2) the lack of
resources in general, (3) the low qualification armlfficient number of specialists and (4) thegfrent lack
of professionalism in the environmental agenciB}ilfe low quality of the technical studies supipgrthe
analysis and decisions; (6) the governmental lddkterest in the social and environmental agerfdathe
political and (8) economic influences in the BELIB) the lack of integration of the environmentatada
with planning policies and national goals; (10)iciefht public participation and input; and the wfethe
BELP (11) to legitimize decisions already made bgvegnmental actors and (12) to bargain for

compensations.

5.3.3 Summary of the missing points

The interviews indicate that the BELP lacks (1) lmulparticipation to support the decision making) (
normative guidelines to structure the performanicthe BELP; (3) the development of follow-up rown
(4) resources (financial, staff, infrastructuregistic, etc.); (5) impartiality of the consultingmpanies when
carrying out the technical studies; (6) policiesirioorporate the land-use and organization into rible

practices; and (7) a methodology to pre-assess aisé impacts.

5.3.4 Summary of the technical information

Technical studies, especially the EIA and the QRlay a fundamental role in the BELP. Their applmat
needs to be encouraged to assure optimized andtieaecision making. However, some limitationg ar
present in the current arrangement: (1) the stuatiesiot easily available to all stakeholders, @)dven if
they are available, they are not easy to comprebgritie general public; (3) there is a need to ouerthe

quality of these studies; and (4) the impartiadityhe information presented need to be constamtigrced.
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5.3.5 Summary of sense of justice and inclusiveness

The BELP is considered to be one of the few padiciry decision-making processes in Brazil, if tiw
only one. Although fairness in governmental decisidss somewhat utopian, the conception of the BELP
encourages social and environmental justice. Theesef justice in the BELP is influenced by thee@sion
of inclusion in its routines and decisions. Howe\veterviewees suggest that the (1) inequity innecoic
and political power among stakeholders leads tortbed to (2) improve the environmental agencies’
communication skills, (3) create new channels fablig participation, and (4) prepare the civil styifor

the challenge.

5.3.6 Summary of the application of QRAs inthe BEL P
QRAs are applied in the BELP to assess and dedidatdazardous processes. Although (1) QRAs are a

solid method helping the BELP officials to considie risk variable in the decision making, some
participants argue that their performance can herawed. The studies are often (2) too technicabdo
understood and discussed with a general audiemmk gametimes even environmental specialists at the
environmental agencies). There is a (3) preeminégmt¢be assessment of the technological system aver
broad vulnerability assessment. Risk policies (é)reot usually integrated with land-use planningdAthere

is a general perception, especially in the civitisty sector, that those (5) studies are only appto

legitimize the projects.

5.3.7 Summary of the encroachment of pipelines’ rig  ht-of-way

Interviewees acknowledge the encroachment in atgneanber of right-of-ways in Brazil (not only
transmission pipelines, but also railways, roadmdamission power lines, etc.). From the analy§ithe
interviews it is possible to infer two factors thaty indicate the causes of this process: (1) dlok bf
appropriate land-use planning and (2) the localasdcoad vulnerability. It is also possible toenfthat the
(3) environmental agencies, (4) the local admiat&in, (5) and the integration of these two hawtake on

this matter.

5.3.8 Summary of the follow-up

The environmental agencies usually do not havegimpersonnel and resources to perform a good fallpw

of the hazardous facilities. Interviewees desctiiEse routines in the BELP as (1) deficient; (2arhe
absent; and (3) political burden to politicians aladulators. However, they also provide inputshow to
improve it, such as (4) the integration of the BEWRh other governmental actors and (5) the need to

observe that the environmental licensing doesinistf with the OL.
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5.4 Conclusions on the interviews

The BELP is considered by interviewees as a fund#émhdanstrument in the implementation of the
environmental agenda in Brazil. Several positiveeats are pointed out supporting this decision-ngaki
process (Section 5.2.1). In the specific contextisk regulation, the BELP is also important fogukating
the integration of hazardous facilities in urbaeaar since it has a set of technical measures oe fita
estimate risks and enforce safety. However, intsvges also criticized the BELP for a considerabialmer

of reasons (see also Box 5.1). The fundamentaltdtians preventing optimized management of risk

exposure are listed below:

1. Firstly, cumulative risks are not integrated simeejects are licensed individually. However, the
population is exposed to the aggregated risksirstance, if a pipeline is going to share an axgsti
right-of-way, one individual ‘sees’ the risks of pipelines using that route.

2. Second, the BELP does not integrate risk regulatiith the policies for land-use. Risk assessments
should be feeding the city's master plans. Accaydimthe interviews, that is one of the plausible
causes for the encroachment of pipeline’s ROW.

3. Third, the BELP lacks channels for public input dhel communication process is deficient, making
licensing processes barely inclusive.

4. Fourth, the BELP has serious structural and nommdiinitations, compromising its performance.
As pointed out by one of the interviewees, the Bieaz state does not grow at the same pace as the
country’'s demands.

5. Fifth, the BELP lacks solid practices to follow decisions. The BELP privileges the discussion of
new projects over the control of the existing ones.

6. Sixth, there is preponderance to the analysis @friputs brought by the developer and the project,
in detriment to the inputs provided by the civitety and the needs of the affected populations and

communities.

Brazil lacks forums to discuss demands such asdo@try’s budget, the nation’s strategic plannitige
social injustice and misery, the lack of urbanasfructure and basic services, the lack of resstrc¢he
municipalities, and many other issues of local aational importance. Many times, this contextuasgure
is released at the first opportunity available,alistthe BELP. As pointed out by one interviewaethie end

“land title regularization; the lack of policies rfdraditional and indigenous populations, includitige
quilombos [traditional Afro-American populationgyen the lack of an environmental policy in theestaand
municipalities; it all flows into the environment&ensing, making it more complex. That make$BiELP] to

be a repository of all aspects that are missirtgéncountry.”"GOV7, interview 2009
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Then next chapter elaborates on current strengttidimitations assessing the BELP’s performancateel
to the regulation of technological hazards based &ew qualitative indicators drawn from the litere and

the research’s conceptual framework (Chapter 4).
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Chapter 6 — Case Study: Assessing IBAMA's Environm  ental Licensing
Process

This chapter draws on the results from the intevgiand surveys, the literature, participant-obg@maand
the research’s framework to evaluate the performaot the BELP in the regulation of hazardous
installations and facilities. The performance eamtihn is based on the twelve themes identifiedhia t
research’s conceptual framework: pre-assessmeiigksf, concern assessment, precautionary apprégal,
reduction at source, communication, environmental ask education, public participation, environratn
justice, governmental integration, land-use plagnispecific routines for risk management, vulndiigbi
assessment, resilience plan, and follow-up.

6.1 Assessing the performance of the BELP

The objective of this chapter is to assess Bramilative position compared to the proposed oppiies to
improve its risk-based decision making, discussedhe conceptual framework. Complementarily, this
evaluation also serves to assess the significandepeesence of the research propositions in aipahct
situation. The evaluation draws on the twelve thremegested by the conceptual framework (Tabletdat)
are applied as qualitative indicators to evalu®8MA's performance in the licensing of gas and oil
transmission pipelines (Table 6.1). Although thentendicator is often recognized as quantified measure in
the literature on social sciences, the researckrstahds that indicator is also an appropriate terdescribe
how well the BELP performs each of the twelve thepeven if only in a qualitative way. Please aleten
that two themes of the conceptual framework wesessed separately: communication and educatios lead
to communication (3A) and environmental and riskadion (3B); and public participation is expanded
public participation (5A) and environmental justi¢&B). This separation aims to facilitate and bringre
detail to the assessments. It is also importanmhémtion that the survey results will be presentedhis

chapter (and also in Chapter 7) as complementaaiitgtive information — as discussed in Section132}
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high concordance in the responses.

Table 6.1 — Qualitative indicators for performanceevaluation.

1 - Pre-assessment oisks

6 - Governmental integratit

2 - Concern assessm

7 - Risk reduction at sour

3A - Communicatio

8 - Lanc-use planning

the surveys are not used to provide any statisitidafence due to the small sample size and ttagively

3B - Environmental and risk educat 9 - Specific routine for risk managem

4 - Precautionary apprait 10 - Follow-up

5A - Public participatio 11 - Vulnerability assessme

5B - Environmental justic 12 - Resilience pla

As framed in the case study, this research focasgsrocesses carried out by IBAMA at the federatle
IBAMA's performance is assessed in two ways. Thet fbne identifies whether the issue is addressdide

current frame of IBAMA's licensing processes. Twisaers are expected: (1) presen{2) absent Given

that the indicator is present, the second evaloagsesses a qualitative performance of that itatichree
answers are expected: (1) good, where the indicatppropriate; (2) somewhat good, where the atdicis
appropriate in some aspects, but deficient in sthand (3) poor, where the indicator is deficient
inappropriate. All evaluations are based on thautsydrom interviewees, literature in the area, el
observation of the researcher as an insider. Thaltseof the first question of the research suratsp
endorse the assessments at this stage (TableTBe&}ktrategies for validation described in Sec8ah2 are

employed thoroughly to support the results anctliesearch bias.

Table 6.2 — Result of surveys, question #1.

Survey guestion # 11f you have the opportunity to improve routineshia Brazilian environmental licensing
processes, how important would be working on tHeviing actions?

Related theme in the Not Somewhat Very Don't
Ite Total
E— conceptual framework | Important | Important | Important | Know | ——
Risk reduction at source;
a) Improve the quality of the Vulnerability Assessment,
: . o 0 2 28 0 30
environmental studies Resilience Plan, Follow-
up
Public Participation;
b) Expand the opportunities Concern Assessment;
. e e 2 10 17 1 30
for public participation Communication and
Education
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Related theme in the Not Somewhat Very Don't
Ite Total
— conceptual framework | Important | Important | Important | Know | ——
c¢) Develop norms and Integration of
procedures for the governmental actors;
X X : 1 4 25 0 30
environmental licensing Land-use control around
processes ROW;
Public Participation;
d) Increase the transparengyCommunication and
= . 0 7 23 0 30
of the decisions Education; Concern
Assessment
Public Participation;
e) Develop new protocols L
o Communication and
for communication and . 0 7 23 0 30
. ! . Education; Concern
disclosure of information .
Assessment; Follow-up
o Precautionary Appraisal;
.f) Reduce_ the political Public Participation; 3 9 18 0 30
influence in the processes
Follow-up
. . Integration of
g) Improve the.|ntegrat|on governmental actors:
between planning and d | d 0 1 28 1 30
licensing Land-use control aroun
ROW; Resilience Plan
v mprove e NN
environmental education e ’ 3 14 11 2 30
1O0rams Communication and
brog Education
. . . Precautionary Appraisal;
') Optimize the time and Risk Reduction at Source; 3 9 18 0 30
cost of the processes . L
Public Participation
Vulnerability Assessment;
j) Improve the protocols for| Resilience Plan; Specific
: X 0 3 27 0 30
follow-up and management, Routine for Risk
Management; Follow-up
. Precautionary Appraisal;
.k) Reduce_ the economic Public Participation; 2 11 13 4 30
influence in the processes
Follow-up
6.1.1 Pre-assessment of risks

Definition®

According to Renn and Roco (2006c:165), “[p]re-ass@nt builds on the observation that collective

decisions about risks are the outcome of a ‘mos#idteractions between governmental or admirtisea

actors, science communities, corporate actors atmfsafrom civil society at large”. Renn and Walker

(2008:125) continue stressing the “emphasis ordeéwelopment of a proactive approach to managenfent o

potential risks before serious hazards evolve”.

Importance

20 Rather than comprehensive, the definitions preskeint this section attempt to describe how the eptscare

interpreted to carry out the evaluation of the catady.
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Pre-assessment can anticipate situations befose atige, and in doing so, influence local and regio
planning to avoid risks in the future. It involvietentifying potential harm well before it becomeseal
event. As pointed out by Amendola, “[rlecent pagad call for a participatory procedure, in whicke th
different stakeholders are involved early in trek @nalysis process to ‘characterize’ risks, ewefore they
are given a formal assessment.” (2002:17). This, v&gkeholders from diverse institutions have the
opportunity to identify measures that need to beipplace and establish a common plan to avoicbsxpe
to risks early on in the process. Moreover, acegydd Renn and Walker (2008:125), pre-assessmeigksf
is also “seen as basic requirements for stakeholideenter into a productive exchange of views ideds
with risk assessors and risk managers.” Pre-asses&iso benefits the affected population sincg tpen a
channel for clarifications prior the discussionrisks carried by QRAs. On the other side, decisiakers
and risk managers also take advantage of thisrireion to inform a more realistic risk assessment.

Assessment

Several interviewees indicate that pre-assessnienglois not carried out in the BELP. For instanGs1
points out that the pre-assessment of risks islane by the IBAMA. Rather, the discussion aboutrtbks
starts when the developer hands in the QRA to tivranmental agency. However, he/she acknowledges
that an earlier discussion seems to be a goodfidesome installations, though complicated to parspS5
argues that public participation needs to stadaaly as the beginning of discussion of the terimgf@rence
for the studies in the Prior License. CS6 and C8®eate that civil society needs to have a moreecole
in the discussion of risks of pipelines, for instarparticipating in the discussion of its route.7GBaws
attention to the need to incorporate the socialpmment into the scope of QRAs. CS9 stresses, thdahgh
the BELP is missing such a methodology. In theditere, Nicolaidis (2005) and Souza et al. (200g@ua
that the BELP lacks opportunity for public inputtire elaboration of term of references for the sildies.

Conclusion item absent

6.1.2 Concern assessment

Definition

Concern assessment deals with risk perceptionalsooncerns, and the social-impacts imposed orgo th
human system exposed to a hazard (Renn 2008). @oassessment also deals with different perceptions

and perspectives about the same hazard (Renn alkeVZ808).

Importance
Concern assessment is important in the understguadithe communities being exposed to the hazabhdit w

is their knowledge about the project; what arertbgpectations and worries about the proposedifgthow
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do they expect their lives to change with the prigjen this sense it has to be seen as an oppiyrtoriet the
affected population manifest concerns and clarifylits, an open channel informing both the QRA asid r
management. As in the pre-assessment of riskseoorassessment also serves to develop a moreticealis

view of the risks.

Assessment

Concern assessment is foreseen in BELP’s formaldweork, through public hearings to discuss theistud
at the Prior License stage. However, intervieweesdavergent in their views about the effective o$¢his
channel to assess concerns. For instance, GOVdvbsliconcerns are not assessed; the populationohas
idea about the pipeline’s risks. GOV11 adds satfiag the risk communication is nearly absent inBE#.P.
However, ES9 counter argues claiming that sporgic@nsulting companies gather socioeconomic
information about the local population, when thedglist has the opportunity to inform and takeenof
locals’ concerns. Either way, it seems misplacashdern assessment should inform the QRA, not ther ot
way around. In the current arrangement, the pojmas informed about the risks at the time of the
discussion about the QRA (MPF 2004; Nicolaidis 2088uza et al. 2007; Montano and Souza 2008), which
indicate a preponderance of the technological systeer the human system in both the QRA and detisio

making.

Conclusion item presentperformance poor

6.1.3 Communication and Education

6.1.3.1 Communication

Definition

Communication is broad. In this context, the fomuen communication among stakeholders from differe
areas during governmental decision making. Thaudes both the technical and administrative infdioma

about the processes and projects, through fornthirdarmal channels.

Importance
The access to information is a pre-requisite fanaeratic and transparent governmental decisionshén

specific context of risk policies, communicatioralso fundamental in the construction of a soliseasment,

decision, and, especially, management of risks.

Assessment
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Communication is inherent to the BELP. However, tiobenber and quality of the channels are insufficien
(Fowler and De Aguiar 1993; Diegues 1998; Glassmwh Salvador 2000; Oliveira 2000; Alonso and Costa
2002; Cappelli 2002; Little 2003; MPF 2004; Nicaligi 2005; Assunc¢éo 2006; Kirchhoff 2006b; Souzal.et
2007; Lima and Magrini 2009; Loures retrieved J&1®. Interviewees from the civil society group
complained consistently about the lack of oppotiesito make themselves heard and about the limited
information provided by the environmental agenciHss limitation is also acknowledged in the otheo
groups. One recurrent criticism is that commundgais often too formal and made in technical lamgua

That compromises public participation. CS10 exefigglithis perspective

“l search in the meanders of IBAMA’s website amidfisome things. | have other ways to find it. Baahnot
get everything. It is not transparent. And therigiag process is not only the technical informatiois also
the exchange of official letters, a lot of thingmtt is in limbo, inaccessible (...) [moreover,] thember of
public hearings, sometimes | get very upset with igsue. You cannot randomly say it is going teehfour or

five, or one or two public hearingsCS10, interview 2009.

Conclusion item presentperformance poor

6.1.3.2 Environmental and risk education

Definition

Environmental and risk education refers to the arafion of the population to have an active stakéhe
decision making and control of risks. Stakeholdeegd to be familiar with the basics of the licegsin
processes’ routines. They also need to have baswlkdge about the projects, risks, and impactecteg.

To some extent, it is associated with communication

Importance
Education helps in two complementary ways: instigaparticipation in quantity and quality. As arguiey

Beck (1992:35), “education and attentiveness torinftion open up new possibilities of dealing and
avoiding risks”. The BELP has much to benefit frmonstant and more qualified public participation
offering insights on the projects and decisionspenade, but qualified participation very oftencailsiplies
consistent actions towards educating people. Ircdmext of risks, it also contributes to the mamagnt of
the hazardous facilities since it enables the hugyatem to participate proactively in the discussiabout

safety measures.

Assessment
Environmental and social risk education overlapghwitommunication. In fact, education is often
compromised or facilitated by efficient communioatiamong actors. Thus, the information needs to be
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available in diverse channels, with appropriatedjleage, so that the involved actors have the oppibytto
learn about projects, risks, and impacts. Howetber BELP seems inefficient in transferring the kiemnge
from the studies to its stakeholders (Oliveira 200PF 2004; Nicolaidis 2005; Assuncdo 2006). For
instance, ES11 and ES10 argue that, in the speci§ie of risks, the information is too abstract tatinical,

a number, indicating a need for translation oftdwhnical language in benefit of education. CS&tsobut
another limitation alleging that few studies aredmavailable to the general public before the heari
Interviewees often perceive that education is natoee goal in the licensing processes, helpinghia t
construction of the decisions. Rather, it is ofiggt an instrument applied to justify the projeatsl provide
guidelines to protect the facility: “usually youesa veryen passantdiscussion of potential risks and
problems that it will occur and in the end the eowinental education comes to save us all, after il
done” (CS8 2009). An explanation for that is oftel®y Alonso and Costa (2002), when they arguettiat
social sciences are not present in the decisiorimpal environmental matters in Brazil.

Conclusion item presentperformance poor

6.1.4 Precautionary appraisal

Definition

According to Sandin et al. (2002:288), “[t]he bagriessage of the precautionary principle (...) is trat
some occasions, measures against a possible relrauttl be taken even if the available evidence dogs
suffice to treat the existence of that hazard asientific fact”. Another approach is presenteddameron
(1999:243), “[p]recaution accepts that uncertaintipoth outcome and practical response is a pretionaf
action and devises techniques to plan always fmwibrst outcome”.

Importance
Precaution offers a more conservative approach aoedpto preventidh As pointed out by Balzano and

Sheppard, in the context of the decision makin@udigg risks therecautionary principlds applied “as a
paradigm for response to potential risks to theirenment or health when scientific data are unaetta
(2002:351). Hence, precaution works on the realmnckrtainty, of the unknown. It offers a perspezrfro

safety whenever the outcomes of actions are nat.cle

Assessment
If precaution refers to deciding in uncertain caiodis, it is hardly considered by the BELP addmgsisks
(dos Reis 2007). For instance, in the case of né&sson pipelines, the only component likely to sider

precaution is the criteria for acceptability ofkds However, as discussed by Kirchhoff and Dobarste

1 prevention is the outcome of the expected, knovemis.
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(2006), and pointed out by CS4 and CS6 in the vigwis, the Brazilian standards are more permissive
compared to other nations. That weakens this argun@S1 provides another insight pointing out tane
decisions are taken before any analysis is madédtance the elaboration of a QRA, demonstratieguse

of the precautionary appraisal - at least in theGi$8 argues that the BELP provides the civil ggaiéth an
opportunity to know the project before it is inttdl However, even in these cases it is difficnitlistinguish

the boundaries between precaution and preventisi.abd CS1 elucidate this saying that the BELP doges
consider the social perspective and the use of haady times, although decisions are still madewso
cannot say that precaution is enforced.

Conclusion item presentperformance somewhat good

6.1.5 Public participation

6.1.5.1 Public Participation

Definition

Public participation refers to the channels opamgtby the BELP for public input and the consequesat of
them by the general public. In the context of risksencompasses participation during the definitad
guidelines for risk assessment, the discussiomsasgent, and decision about the results, and aheraltion
of programs for risk management.

Importance
Public participation is an important measure fallusiveness and justice (Greenberg 1993; Walkeal.et

1999; Davies 2001; Walker et al. 2001; Acselrad20@mendola 2002; Herculano 2002; Enserink and
Monnikhof 2003; Bryson 2004; Jacobson et al. 2@&ter 2006; Pelling 2007). Participation and désion
of collective issues in a demacratic environmemttigbute to the transparency of the decisionshindontext
of risks, it is also important for effective coritemd management of risks. Risks arise from theraution of
a technological system with a human system. Hehmeunderstand risks people need to be heard.

Furthermore, public participation is a right in tBELP.

Assessment

Similarly to communication and education, thera igeneral discontentment with public participationhe
literature (Diegues 1998; Glasson and Salvador ;200Qeira 2000; Alonso and Costa 2002; Cappeld20
Little 2003; MPF 2004; Nicolaidis 2005; Assuncadd@0 Souza et al. 2007; Loures retrieved Jan 2010).
Public participation usually takes place only a¢ timearings conducted by the environmental agency to

present the results of the technical studies stimgothe first step of the process (PL). Some & th
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interviewees approach the need to develop othenngis for participation in the BELP. CS8 and CS6
describes their perception of public participatiothe BELP

“the licensing agency has months, sometimes yeaandlyze the process. So does the developer. Howtte
social participation is very limited, confined talgic hearings (...) and it is commonplace practmesh as the
developer mobilizing his workers, or the populattbat will temporally benefit from the project witbbs, to

go there and push for the project’s approval. diil being discussed CS8, interview 2009.

“sincerely, it is not encouraging at all. Partidpan a process, if you are out of it, if you am a major actor
in this process... and of course, to participate yust have information... so, if you want to takeoitte end
you have to have a lot of energy, must have Iqgiatfence, you better be sure, | really want toigiadte...”.

CS6, interview 2009.

Some other inputs are also pointed out. Publicigipation is often weakened by political and ecoiom
pressure; it has been used to legitimize rather twasult; it is often compromised by the socioeroic
profile of the participants; and public hearingsenftake places in unfriendly facilities and incenient
times. As well, the results of question 1b showight polarization between segments in this maffeble
6.3). All nine participants from the group civil dety answered that it is very important to expand
opportunities for public participation in the BEL®n the other hand, seven interviewees from the@uo

sector consider the topic either not importantrdy gomewhat important.

Table 6.3 — Question 1b by segment.

*Question b (by segment: If you have the opportunity improve routines in the Brazilie
environmental licensing processes, how importantlvbe to expand the opportunities for
public participation?

Not Somewhat Very Don't
Iltem — Total
e Important | Important | Important Know —
Overall 2 10 17 1 30
Civil Society 0 0 9 0 9
Economic Sector 2 5 3 1 11
Government 0 5 5 0 10

Conclusion item presentperformance poor

6.1.5.2 Environmental justice

Definition

As defined by Bowen et al. (1995:641), “[e]nvironmted justice is the policy rubric within which isssisuch

as environmental equity, environmental discrimioatiand environmental racism are embedded (Torres
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1994; Celobter 1994). From the standpoint of prditihis rubric acknowledges that environmental sieci

making involves the role of power and conflict”.

Importance
Environmental justice has been identified as ongoittant contribution to better control of hazargpesure

(Goldman 2000; Acselrad 2002; Fothergill and Pe@@42 Cutter 2006; Arnold 2007). As pointed out by
Tarlock, the “[e]lnvironmental equity is premisedtbie notion of fairness in the distribution of envimental
hazards, particularly those of a technologicaliofigTarlock cited by Bowen et al. 1995:641). Stndsk
management is a continuous process, the decisi&an tn the light of this concept are likely to fistin the
mid and long run. The point to be made relateggteement, harmonization. If the operation of a hdmas
facility near a community is a consensual deciddetween the community itself and the managers @f th
facility, the coexistence between these two syst&mlikely to be less problematic. Justice in thase

supports management, since once side does notawerphe other.

Assessment

In theory, one of the implicit goals of the BELPtéspromote justice in a broader sense (for ingalucal
impacts can serve to a national goal). However utigerstanding of what is fair is contextual anthptex.
Analyzing the interviews and scholarships in thdtemraone can come across situations where repetses
from civil society complain that they do not haveedfective stake in the process (Oliveira 200@n&io and
Costa 2002; MPF 2004; Nicolaidis 2005; Jacobi afichénda 2006); the environmental agency complains
about the excessive political and economic infleeirt its routines (Little 2003; Assuncdo 2006; @ast
2006; Borinelli 2007); the consulting companies ptain about the lack of criteria from the enviromtz
agencies (Egler 1998; Assuncado 2006; dos Reis 2@0d) the developer complains about the costsef th
environmental licensing. The equalization of alfgpectives and interests involved in a typicaligiag
process is not an easy task. Yet, the BELP coulbdter structured to pursue environmental justices
important to mention that interviewees advocate thgrocess cannot be fair if it is not inclusiveda
participative; if it does not have technical andmative guidelines structuring its routines andisieas; and

if decisions are still based on political and ecoiwfactors.

Conclusion item presentperformance poor

6.1.6 Governmental integration
Definition
Governmental integration refers to the ability bé tenvironmental agencies to communicate with other

governmental actors during the routines and deuisiof the BELP. For instance, it encompasses the
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integration of the different governmental levelgukating the use and occupation of land or sitifig o
hazardous facilities, such as the Brazilian eleityriregulatory agency (ANEEL) and the agencies for

traditional populations and historic places (IPHAdd aboriginal populations (FUNAI).

Importance
Governmental integration is important to establighand pursuing a common goal, a common welfare. It

optimizes decisions, integrates risks and impactd,diminishes costs and time for decisions irB&eP. In
the specific context of risks, transmission pipedirare licensed by the federal and state levealgedBrazilian
government. On the other hand, the municipalities rasponsible for the regulation of the land. Hgnc
integration between such levels in Brazil's regufatprocesses is fundamental for management anoton

of risk exposure.

Assessment

Governmental integration is expected by the forstaicture of the BELP. In theory, other governmenta
stakeholders are consulted during the processesg@t and Salvador 2000; Little 2003; Goldembeny an
Barbosa 2004). As indicated by CS2, “the ‘environthencompasses many issues, so the environmental
decision depends on many governmental actors. Tdw&reso many institutions involved in the licensing
procedures that make it very complex”. However, theegration and harmonious action of those
governmental actors are still not appropriatechim BELP (Egler 1998; Glasson and Salvador 2000; MPF
2004; Nicolaidis 2005; Assuncédo 2006; Borinelli 2p0ima and Magrini 2009). For instance, therelé&ac
evidence of lack of integration between the envirental licensing of hazardous activities and lasée-u
planning. Another instance of the lack of an indékgd action is shown by the absence of regional and
integrated thinking when addressing risks. Instialtes and facilities are licensed individually. CS&nts to

a third way that the lack of an integrated actiam compromise the BELP by saying that currently the
environmental licensing is carried out only witte timformation provided by the developer and coirsyilt
company. The environmental agencies often do nasider information provided to the processes bygioth
stakeholders. ES11 and GOV5 draw attention to atHosource of the lack of an integrated action, the
frequent conflict of interest among the governmieattors due to political and/or economic reaséesleral,
state, and local levels can be representing diffigparty and ideological views. GOV 10 indicate#th fevel
related to the lack of integration between the mmrhental agenda and other governmental agendzsasu
the national and strategic planning. Interviewdss mlentify that the BELP lacks mechanisms to prtaror
make this interaction any better.

Conclusion item presentperformance poor
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6.1.7 Risk reduction at source

Definition

Similarly to the precautionary appraisal, risk retiton at source also deals with hazards in an ipatiary
manner. However, these two indicators have an itapbdifference that reflects the nuances of thecepts
of precaution and prevention. Risk reduction atre@wleals with prevention, with available inforroati
usually applying QRASs to understand a project angpp@se safety measures before it starts operating.

Importance
Risk reduction at source is a core element in throl of risk. For instance, it permits changesttie

pipeline’s route and changes in the project spetifins and materials to make it safer. If a comitgus to
be affected by a hazardous facility, risk reductainsource helps to minimize the likelihood thay an
accidental event will harm people. For instan@mdmission pipelines can be buried deeper in thengk, or
be encapsulated with concrete above the groundeteept cracks. Another example is the use of §lter

prevent risks in air and water contamination.

Assessment

Although precaution is hardly seen in the BELP,vpreion is often applied helping to minimize riskis
source. QRAs scrutinize the facility’s project aften indicate modifications to improve safety (@ihoff et

al. 2007; Yogui 2008; Gardiner et al. 2009). ESfilaixs that the risk assessments, focusing onrihieqs,
permits alterations before its installation begihss still possible to do something. ES10 addhis saying
that “risk analyses are important to us so thahase a vision of what can happen and what we hawsake
arrangements for”; and ES4 complements saying filskt analysis “shows every possible scenario and
procedures the company has to put in place, to make that it [risk] is not happening, and if itppans,
how to minimize the consequences”.

However, risk reduction at source usually worksomty one project. It does not consider other hamasd
installations in the vicinity that also represensaurce of risks. For instance, a household inattea of
influence of a pipeline’s right-of-way is subjectéal the risks of all the pipelines sharing that ROW
regardless if regulators are deciding about onlg pipeline. In such a scenario, it is very likehat the
decisions about risks are going to be disarticdlagspecially if there are multiple governmentatities
licensing each of those pipes. In the case thatguns agency regulates all pipelines, another cigatpbn
comes from the limitations in calculating cumulatiisks. There is still no clear answer in therditare as to

how to estimate risks from multiple sources, or‘tlascade effects’ (Assmuth et al. 2010).

Conclusion item presentperformance somewhat good
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6.1.8 Land-use planning

Definition

This indicator refers to the control of land-usewsrd hazardous facilities. For instance, accortiingozzani
et al. (2006:171) “[tlhe principle behind LUP [lamdban planning] is that incompatible activitieack as
handling of dangerous substances and residengakashould be separated by sufficient distandesser
distances should be proportional to the level s donfronted by the receptors”. The implementatibsuch
measures (or safeguards), if needed, can helpeoméimagement of exposure. This concept is alseaskhl

in Section 2.2.

Importance
As described in the Special Report 281 of the Wnf¢ate Transportation Research Board, “[tlhe pryma

objectives of pipeline-related land-use measurega@reduce the risk of damaging the pipelines désping
human activity away from their immediate vicinitycato minimize the exposure of those living and kirug
near a transmission pipeline in the event of anideat’ (TRB 2004:viii). It is important again to
acknowledge that risks are not the product of jus¢ technological system; it rather comes from the
interaction between hazards and the human systeaplep and communities. Hence, an effective way to
avoid exposure to risk is controlling the proximd§ people and residences. With no people therenare
risks.

Assessment

For many interviewees the lack of land-use politdased on risk standards is a serious limitatiothef
BELP. This is supported by the Brazilian literatorethe matter (de Souza Jr 2000; Assuncao 20G6Rds
2007; Souza et al. 2007; Montano and Souza 20@).illiminates this

“the environmental licensing is disconnected toeotlitensing procedures. It does not make senfiediose a
project if this licensing process is not tied tmaster plan. But in Brazil this does not happerabse the cities
do not have master plans yet. And the cities dohaeot the capacity to do those master plans €itS2,

interview 2009.

In fact, land-use and risk management integrasandonsolidated practice in Europe (Godschalk 4088;
Burby et al. 2000; Christou and Mattarelli 2000hBbn and Lofstedt 2004; Cozzani et al. 2006; HSE&0
The interviews indicate that there is need to prrptactices and even legislation to integrate these
aspects (land-use and risks) into a sole decisiakisrg process in Brazil. ES3 points out that ‘fineness

with which the issue of use and occupation of lsndiscussed in Brazil is not exactly what shoudghen”.
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ES7 agrees saying that “we are very strict in tbenking, and it has to be indeed, we need to appitee
best project possible, but then we forget it uemilaccident happens. Then we will need to workextinrely

since the event has already taken place”.

Conclusion item absent

6.1.9 Specific routine for risk management

Purpose
Traditionally risk management is part of the rids@ssment, the last step in a chain that alsoviesol

assessment, analysis, and decisions (Muhlbauer; 18k 1997; McColl et al. 2000; Cox 2002; TRB
2004). In this arrangement, the discussion of mislhagement takes place relatively close to theoénie
decision-making processes. However, as discussthisimlocument, technological risks due to the afen
of transmission pipelines are expected only withdperation of such a pipeline (there is no invgntd gas
or oil before the pipeline is granted operatioratiss). A specific routine addressing ‘managementining
concomitantly with the routines addressing ‘risksin anticipate the discussion of practices fotebebntrol
of exposure (and stress the importance of the hiaystem). The early insertion of ‘risk manageméanthe

ritual of the BELP can also lead to an improvedbfetup.

Assessment

A specific routine for risk management is not présie Brazil, as it is a new measured proposedhay t
research’s conceptual framework. In the currerdragement of the BELP, the design of risk management
practices is based on and carried out only afeergékults of the QRA. The detachment and anticpaif the
discussion of the risk management program can belpnce out the importance that both systems,
technological and human, have in the regulationsés.

Conclusion item absent

6.1.10 Follow-up

Definition

This indicator refers to the follow-up (or monitag) of plans and programs that have been agreedcht
step of the environmental licensing (Prior Licensestallation License, Operation License). It also

encompasses routines to control and manage thatmpenrisks and impacts, of the facility.

Assessment

137



The report of the interviews (Section 5.2) direettidresses this matter. Interviewees describe BElditow

up as ‘deficient’, ‘nearly absent’, and a ‘politidaurden’. This same criticism is found in thetdture (Eve
et al. 2000; Marinho and Minayo-Gomez 2004; MPF4&0Prado Filho and Souza 2004; Nicolaidis 2005;
Assuncao 2006; Borinelli 2007).

Conclusion item presentperformance poor

6.1.11 Vulnerability assessment

Definition

Watts and Bohle (1993:46) argue that “vulnerabilgya multilayered and multidimensional social spac
defined by the determined political, economic amstiiutional capabilities of people in specific gga and
specific times”. Cutter (1996) talks about threfedent themes in vulnerability assessments: valbiéity as
risk/hazards exposure; vulnerability as social eesp; and vulnerability of places. The concept of

vulnerability is also addressed in Section 2.3 Apdendix D.

Importance
Vulnerability assessment is important to understiied'human system’. Vulnerability in the contefttie

‘hazard and risk sciences’ needs to be a comprafenwmlistic concept (Cardona 2004; Birkmann 2006)
Rather than a static state, vulnerability is a cdempand dynamic process that changes over timeeMar,
vulnerability is not only the estimation of the gioal effects of a typical QRA. It also needs ta@npass
the perspectives on the human system, the sociostorprofile of the population affected by hazarslou
installations. This information is fundamental lire tdevelopment of a realistic risk management jaragr

Assessment

A limited type of vulnerability assessment is freqtly carried out by QRAs in the BELP. This asseg#ns
restricted to the estimation of vulnerable areascaptible to physical and chemical effects (such éire or
an explosion). According to the classification aatuced by Cutter, the current arrangement of theRBBE
considers aspects of the first theme (risk/hazexgssure) only. CS1, CS6 and ES4 elucidate this

“In fact, the study of risk as it is done todaylcc#ating the risks, it goes into the calculatidriralividual and
societal risks. The incorporation of the esseraigects of the surroundings is very limited becaheeonly
thing we do is to count how many people live neaHbyw many will die or how many will not die, thia, in
terms of inclusion [of social information] in thegeess it is very limited. | mean, why don’'t we wawith
vulnerability of the area in those risk studies,alhwould be a more interesting concept to incaapoithese

issues?'CS1, interview 2009.
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“the study quantifies in terms of land-use and oatiop. From what | see, the population only is difizal.
They are the data entry for the curve. You neddchtiw, count the number of inhabitants and thenrdete if

they are exposed to that fatality rat€S4, interview 2009.

“A QRA describes the operation of the project, diggion of the project, a historical analysis oetmost
common types of accidents for that kind of inst@l® it makes the identification of hazards thah mccur
when the installation is in operation. From theoa gelect what is severe, and for these catastroeinarios
you run a quantitative analysis, considering thgusace of occurrences that might lead to that sterthe

chances that it will ever happen, and then you kitewarious types: a fire, a cloud, a fire jet,eaplosion , a
fire ball in case of natural gas, and with the hssof these simulations you run a calculation wathbits to see
the vulnerability, which is the percentage, probighbof death, if someone is always there. The ltethat you

get from this, you have the risk that this projecses to the civil society, then you have the ilila@d to, say,

one in one million that an accident happening tkél® someone.ES4, interview 2009.

The analysis of the interviews indicates that,ha tontext of the BELP, the vulnerability assesgnien
limited when compared to practices described inliteeature (Cutter 1996; Morrow 1999; Wisner et al
2004; Birkmann and Wisner 2006; Birkmann 2007; Axydaind Jones 2008).

Conclusion item presentperformance poor

6.1.12 Resilience plan

Purpose
In social sciences, resilience is important to prepexposed populations to cope with hazards akd ri

(Burby et al. 2000; Pelling 2003; Murphy 2007). Aoding to Adger (2000:347), “[s]ocial resiliencedsn
important component of the circumstances under lwimidividuals and social groups adapt to enviroraen
change (...) Resilience increases the capacity tae omjph stress and is hence a loose antonym for
vulnerability”. The resilience plan helps to artete social vulnerability, industries and infrastural

systems, land-use, and risk management into agrata plan to manage risk exposure.

Assessment

A specific routine for risk management is not présie Brazil, as it is a new measured proposedhay t
research’s conceptual framework. IBAMA'’s currenagiices in place to manage risk exposure are mostly
focused in the integrity of the facility only. Hemahe resilience plan becomes an opportunity langa out

the importance given to both the technologicalesysand the human system in the BELP.

Conclusion item absent
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6.1.13 Summary of BELP’s performance

Table 6.4summarizes BELP’s performancAs described in the introduction of this Chaptwo types of

assessmentare applied, ‘presence’ and ‘quality’. Presenceaciigs if the BELP has measures in plac

perform the indicators”” is usddr yes, and@ for no. In case of yes, quality ranks the indicatothree
different levels: & & & for good(the indicator is appropriate}fg & for somewhat good (the indicat

is appropriate in some aspects, but deficient mers), and ¥ for poor (the indicatr is deficient or

inappropriate Please refer to sectio6.1.1 to 6.1.1@f this document for details about this classifimat

Table 6.4 — Summay of the BELP’s performance (Presence V= present in the BELP; 0 = absent in the

BELP; Quality: S g g good; g e = somewhat good,g = poor).

# Qualitative Performance Indicator Presenci Quality
1 | Preassessment of ris @ -
2 | Concern assessment v &
3A | Communication v &
3B | Environmental and risk educat v &
4 | Precautionary apprais v & &
5A | Public participation v &
5B | Environmental justic v &
6 | Governmental integratic v &
7 | Risk reduction at sour v & &
8 | Lanc-use planning (7)) -
9 | Specific rotine for risk manageme (7)) -
10 | Follow-up v &
11 | Vulnerability assessme v &
12 | Resilience plan (7)) -
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Chapter 7 — Proposing a More Comprehensive Framewor  k for IBAMA's

Regulation of Risks

Having addressed steps 1 through 6 in Figure 1.11(p this chapter addresses the issue of degigninore
comprehensive framework for IBAMA's regulation afchnological risks. Section 7.1 presents a brief
introduction to the design. Section 7.2 discusseg to incorporate the social sciences into theinest of
IBAMA's environmental licensing. Section 7.2 pretethe inputs of the surveys and how they suppart t
redesign. Section 7.4 elaborates on the more rdtarsework for IBAMA, discussing changes in thedPri

License, Installation License, Operation Licensel fllow-up cycles.

7.1 Introduction

Brazilian decision making has not been comprehensinough to regulate technological risks. As oleskin

the literature (Alonso and Costa 2002; Nicolaid@02; Jacobi and Alimonda 2006; Souza et al. 2007),
interviews, and the results of the performance watan, IBAMA'’s regulation of gas and oil transmss
pipelines is mostly based on the inputs providedeginological system. The discussions about iiskke
environmental processes often spin around the ieghdetails of the QRAs and the hazardous faedliti
Little attention is paid to understand the humastesy surrounding the technological system and Huaw t
interaction of human and technological systems ctdferisk rates. For instance, if one considers
encroachments in the Brazilian case, it is appatteatt Brazil's risk-based approach has not beer &bl
avoid the increase of risk exposure simply bec@QRAs are not the decision-making processes theeselv
Moreover, it is very likely that this scenario widlet worse if the current arrangements to licensing

transmission pipelines are not reviewed.

7.2 Inputs from the surveys

The first five questions in the surveys servedujppsrt the redesign of IBAMA's regulation of tecthogical
risks. They seek to assess firstly how importaig ib improve the current approach (questions® &rand
then to evaluate the significance of incorporating human system in the new framework (questions 3,

and 5). Question 2 asks participants about the teeiedprove components of the quantitative risleassment
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and BELP’s risk-based decision making. Accordindght® results all seven items need to be improvesl: t
terms of reference for the quantitative risk stagtbe quantitative risk studies themselves; tlogams for
risk management; the criteria to evaluate accetalof technological risks; the protocols for risk
communication; the integration of land-use prastieéth risk regulation; and the integration of riek
multiple facilities affecting the same populatiohs pointed out above, the survey is not analyzeé in
guantitative way. Rather, it is used to corrobonatermation from the literature and the interviews

Also relating to the current arrangement, the daststion (question 6) asks participants about &t timing

to discuss risks: during the routines of the Ptigense, the Installation License, or the Operatiaense.
According to twenty-two participants, the discussias to feed the decisions of the first permig, Bmior
License. Some of them justified this position ie thterviews alleging that the risk rates are inguatrfor the
evaluation of the socio-environmental suitabilitfy @ project yiabilidade ambientalin Portuguese). For
seven participants the assessment of risks canelaged until the routines for the second permig th
Installation License. One often reason mentionedtifiat is that at the early stages of the BELP the
companies do not have enough information to cantyaaealistic QRA.

Table 7.1 — Result of surveys, question #2.

Survey question # 2:If you have the opportunity to improve routinesatet! to the regulation of risks in the Brazilian
environmental licensing process, how important \@dag to improve the following components?

Theme in the Conceptual Not Somewhat Very Don't
Total
Iltem Framework Important | Important | Important | Know | ——
a) The terms of Vulnerability Assessment;
reference for Resilience Plan; Specific Routine 1 4 23 2 30

quantitative risk studieg for Risk Management; Follow-up

Vulnerability Assessment;
Resilience Plan; Specific Routine 0 5 23 2 30
for Risk Management; Follow-up

b) The quantitative risk
studies

Vulnerability Assessment;
Resilience Plan; Specific Routine

¢) The program for risk for Risk Management; Integration 0 3 25 2 30

management of Governmental Actors; Land-use
Control around the ROWFollow-up
d) The criteria for Vulnerability Assessment;
acceptability of Resilience Plan; Specific Routine 0 3 25 2 30
technological risks for Risk Management; Follow-up

e) The protocols for Public Participation; Comunication

communication of risks| and Education; Follow-up 0 5 23 2 30
f) The integration of Integration of Governmental

risk decisions with Actors; Land-use Control Around 0 5 23 2 30
land-use decisions the ROW; Follow-up

g) The integration of

the risks from many Vulnerability Assessment;

installations affecting | Resilience Plan; Specific Routine 2 4 22 2 30
the same area or group for Risk Management; Follow-up

of people
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Survey guestion #6:Considering the sequence of events in the envirotahkécensing, what is the best timing to
deliver to the environmental agencies the quartiatisk assessment?

22

7

|
Before the Before the Before the Don't know

Prior License Installation Operation
License License

[EY

Figure 7.1 - Result of surveys, question #6.

Questions 3, 4, and 5 serve to corroborate the teegttorporate the human system in the new framlewo
Question 3asks participants to ‘relativize’ the importance risk assessments over risk management
programs. The question readsursuing safety for the populations in the vicistiof gas and oil
transmission pipelines, which do you think is nimgtortant?For twenty-two interviewees both are equally
important; five understand that risk managememase important than risk assessment, while twotkay
risk assessment is more important than risk managen®ne participant did not have an opinion on the
subject._Question #akes the same approach, but now comparing tkeagsessments to the city's master
plan. Twenty-two participants answer that botheaqeally important; four indicate that the city’s ster plan

is more important, while three think that risk asseent is more important. One participant did raatehan
opinion on the subject. Finally, guestion confronts risk assessment to a good assessmetieof
socioeconomic profile of the population affected thg risks of a hazardous facility. The answers are
polarized; fifteen participants say that the riskessment is more important, while fourteen inditiaat both
are equally important. One participant did not hameopinion on the subject. It is important to nmmthat
none said that the socioeconomic assessment isimpogtant than the risk assessment. The socioeaizno
assessments refer to a holistic vulnerability asaest, in the terms discussed in the literatur@attiral
hazards and geography. The question used the sercioeconomic assessment’ to avoid misinterpretatio
with the vulnerable areas calculated by QRAs. H®xewt seems that the term was not clear to the
interviewees. Nonetheless, nearly half of the espindicate that both vulnerability and risks an@adrtant in

the regulation of technological hazards, which etso indicate some resistance to change coming from
stakeholders that are already familiar and appl@iRAs in the licensing routines — though the sumesylts

cannot support this point.
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Survey guestion 3 and 4Pursuing safety for the populations in the vicestiof gas and oil transmission pipelines,
which do you think is most important?

Question #3 Question #4
22 22
5
2 1 3 4 1
Therisk The program Bothare Don't know The risk Thecity's Bothare Don't know
analysis for risk equally analysis master plan equally
study management important study important

Figure 7.2 — Result of surveys, question #3 & 4.

Survey question #5Pursuing safety for the populations in the vicistiof gas and oil transmission pipelines, which
do you think is most important?

15 1A
=9 f )
n 1
v
A good risk analysis study A good assessment of the Both are equally Don't know
socioeconomic profile of important
the population

Figure 7.3 — Result of surveys, question #5.

7.3 Incorporating the ‘social sciences’ in the IEL of technological risks

The research’s conceptual framework proposes messamd actions to transform risk-based into risk-
informed decisions, embodying the regulatory preessof technological risks with concepts and thmgki
from social sciences that bring the human systepiap a much more active role. The practical ingtiens

of this framework are used to redesign the routifethe regulation of technological hazards at IBAM
Firstly, there is a need to stress the importaridbe social perspective in governmental decisi@kings.

As depicted in Figure 7.4, the human system hdmetanother ‘highway’ feeding the decisions. Theentr
Brazilian approach focuses too much in the disomssf the hazardous facilities and undervaluesrtpact
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that changes in the human systems may have ingkemofiles. Hence, decisions need to be inforrogd
both sides of the same problem, the agent andetteptor of technological hazards, the hazardolikitifzs
and the people affected by them.

Current Proposed
Degjc; Degic
ISio ISiop
h Mak’;ng M

-
-
-

Decisions Input

-

Input

/ TechnO|OM/
System /
Human

Technological
System System

Figure 7.4 - Technological and Human Systems inforing the decisions in the BELP.

Acknowledging the stake that human systems haverdeesses implies accommodating their needs and
inputs as well. The BELP applies environmental iotpassessments (EiA to consider socioeconomic
information about the populations affected by a meaject (Egler 1998; Glasson and Salvador 2008d&r
Filho and Souza 2004; Kirchhoff 2006b). Howevewgisiens about risks are not taken based on thétsesfu

the EIA; they are made comparing risk levels adathsesholds of risk acceptability (Kirchhoff and
Doberstein 2006). The redesign of IBAMA'’s framewalies not seek to integrate EIA to QRA. Rather, it
improves and increases the volume of socioeconamficmation in the regulation of technological sk
Perhaps this information, or part of it, is alreadilable in the EIAs so that it can be used. Rélgas, the

redesign must encompass new sources of input Iy gages of the processes.

Management of risk exposure occurs in the long Time current IBAMA's framework concentrates efforts
in the early life of a pipeline’s project, in detént to the complete life-cycle. The assessmenmisk$ is
carried out to support decisions related to thst fiermit, the Prior License. After that much capgen
during the process until the last permit is issukée,Operation License. It takes time for a profemtomes a
real installation. Meanwhile, the boundary conditoand the socioeconomic profile of the affected
population can change. The same is expected thootighe operational life of the transmission pipeli
Without proper management, in perhaps ten yeatditeapicture of the interaction between the hdpas
facility and the human systems is no longer aceutdatthe current IBAMA'’s framework, risk managermen
programs are expected to run after the beginnirtepipeline’s operation. However, by this timésitery
likely that the programs will have become obsotetanrealistic. Moreover, the risk management jicastin
this context are also too focused in the integoiythe installation. As a way to improve follow-{pr

22 EIA and QRA are applied simultaneously in the BEfdHowing the same regulatory framework. In Bta&lA
assesses impacts (socioeconomic, physical, ancoanvental), while QRA accounts for technologicaks. These two
technical studies inform the decision-making precgfshazardous installations.
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monitoring) practices, the redesign of the IBAMAfeamework detaches risk assessment from risk
management. This proposition helps stressing tblet come from both sides, not only from the inaten.

It also emphasizes that regulators have to thirdutapeople and the control of urban developmerth@n
beginning of the discussions about the projectfitSehis discussion cannot be relegated to the ehd

process, when the decisions have already been made.

Finally, it is crucial to have a solid transitioetiveen analysis and decisions about risks to th&alcand
management of exposure to technological hazards.mdst important role of IBAMA in regulating risks
must be to ensure that its decisions do not comigmrnihe safety of the populations when the project
becomes a hazard, when the pipeline starts opgrdtivat must be the focus, deciding to prevensrigsken
they are real. Many interviewees stated that theMBRas been used as a certification process orfigrev
developers seek legitimization of their project@r Rnstance, the application of thresholds for risk
acceptability reinforces their statement. Thosegholds are an important starting point to assésther an
installation is safe to operate. However, they @nés very narrow perspective about the completedsion

of the regulation of technological hazards. Thrédhoeed to be used for the purpose they serve \bkith

is to indicate how close a transmission pipeline ga to an urban development. They are uselesstties
way around, in anticipating how and when the urbamelopment pushes people towards the pipelines.
Hence, the redesign of IBAMA's framework needsttersgthen and better articulate the deliberatidritbe
environmental licensing processes. In this accdtig,important to point out that decisions wibhtrpersist
without good communication and broad participatibrall those stakeholders affected by or involvaethw

the project.

7.3.1 Opportunities for the Brazilian case

Three figures were used to think about the apjtinatf the practical measures of the conceptuahénaork
in IBAMA’s environmental licensing processes. HirsFigure 7.5 presents the “steps for risk assestim
applied by IBAMA and the environmental agency of Brazilian state of S&o Paulo (CETESB). The figure
depicts aspects of the Brazilian decisionistic nhaael the risk-based approach to account for tdolyical
risks, showing the focus on the evaluation of léslels to support the decisions regarding the implatation
of hazardous installations in Brazil: the descoptof the project; identification of hazards; esttion of
physical effects; estimation of frequencies (ofufias); calculation of risks; and evaluation of {®ject
based on contrasting risks rates against accepyatilteria. If the project is approved, risk magement
actions are proposed to ensure the integrity of ittsallation and the safety of affected populagion
(CETESB 2003: 18).
As already pointed out by this thesis, the corthefBELP is constituted by three environmentalifzs: the
Prior License, the Installation License, and theeafion License (see also Section 5.1 and AppeAilix
Figure 7.6 shows the main routines of each licensiycle, as well as proposed measures to improwze th
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BELP. The boxes in yellow represent the main astia@bated to the cycle of the Prior License. Theelsdn

red represent the actions related to the cyclaefristallation License. The boxes in light gregpresent the
actions related to the cycles of the Operation h$eeand the post-licensing (monitoring and contibije
boxes in blue, derived from Table 4.1, represerira@instorm of proposed actions to be studied and

\ 4

incorporated into the BELP.

Description
of the project

v

Identification
of hazards

v

Estimation of
physical effects
and vulnerability

\ 4

No

Actions to reduce
the physical effects

Estimation
of frequencies

Y

Actions to - Estimation
reduce risks of risks

Yes

No

No Yes
Reassessment Risk Management | 4
of the project Program g

) 4
Figure 7.5 — Steps for technological risk assessmen Brazil. Reproduced from CETESB (2003).
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Developer Registration . TR
Manifests of the Project Field for
i Interest on SISLIC Trips EIA and QRA
License
Cycle ; .
Technicat Public Evaluation Issuing
Studies (EIA . of the the
and QRA) Hearings PL
EIA and QRA
Installation Legend
License
Cycle TR = Term of refernce
BEP = Basic Environ-
_______________________________ mental Program
Operation PL = Prior License
License IL = Installation Lic.
Cycle OL = Operation Lic.
______________________________ EIA = Environmental
: Impact Assessment
Post ‘Reissuing QRA = Quantitative
Licensing the Risk Assessment
Cycle RM = Risk Management

Inputs
from the
Conceptual
Framework

Figure 7.6 — Box of measures to improve the BELP.

Finally, Figure 7.7 integrates current routines #mel proposed measures, combining the boxes peskent
Figure 7.6 and the themes of Table 4.1 into a sifigure. The intention of this figure is to progidhe
researcher with a visual opportunity to think abthé best ways to fit the suggestions and discassio
presented in this research into the current sgippiel by IBAMA. The results of this analysis anegented

in the next section, where the research proposeso comprehensive framework for regulation of
technological hazardous installations for IBAMA. i@munication and public participation are apartha t
figure (big yellow box in the left bottom corneas they are expected to be applied through theepsoc
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Figure 7.7 — Improving the BELP
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7.4 Redesigning IBAMA'’s framework for technological risk regulation

The development of a more comprehensive framewarkBfAMA’s regulation of technological risks draves
the literature review and research’s conceptuahéssork (Chapter 4), the description of the Branilizase
(Chapter 5), and the assessment of the BELP's ipeaface and results of the surveys presented irchtapter.

It builds upon the current framework, reorganizitsgorocedures and bringing in a few new measuresake it
more holistic. The major milestones of the currpricess are the elaboration of the terms of referemd
subsequent quantitative risk assessment for tloe Bidense, followed by the development of guidetirior the
risk management program in the Installation Licensed the implementation and follow-up of the risk
management program after the Operation Licensagpleefer to Appendix A — — for more informatidyoat
IBAMA's framework).

The proposed model detaches the assessment offroisk the managementof risks. Traditionally, risk
management is the last step of a sequence thdv@svassessing, evaluating, and then managingatiiéityf's
risks. However, in order to consider the human eystas well, risk management is not linked to the

technological hazard anymore. The new model alsarporates routines to accommodate:

» pre-assessment of riskahich carries out a preliminary (qualitative) azion of risks to define the
installation’s place and conditions.

e land-use planningwhich brings the discussion of the city’s magikem to the core of environmental
licensing;

» vulnerability assessmentsvhich assess the human system nearby;

» resilience planwhich is comprised of the three previous measaneshas as goal to better manage risk
exposure; and

e communication programenforced throughout the process as a way to iategteps and stakeholders.

Figure 7.8 presents a summary of both frameworlisrent and proposed, presenting the main routines t
account for technological risks. The suggested trisdeplored in the next subsections.

Prior Installation Operation
License License License

RMP
Risk Management I I Follow-up
Program (RMP) I

Terms of Reference (TR)

Current Quantitative
Risk Assessment (QRA)

TR for QRA Land Use Plan (LUP) + | Follow-up

Proposed Pre-Risk
SRR uberailk TR for RMP QRA +RMP + Other | 1t pian
ulnerability = Resilience Plan I Modification
Assessment QRA & RMP Guidelines for
Pre-Management master plan >

Time
Figure 7.8 — Current and proposed framework for IBAMA's regulation of technological risks.
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7.4.1 The Prior License cycle

The Prior License’s cycle serves to assess thegtsjsocio-environmental suitability. Informationthis first
step is used to determine whether the projectis @gd impacts compromise the installation of #wlify in a
specific spot (CONAMA 1997). In the case of pipek, it discusses proposed pathways and the irtiphsa
for the environment and communities of a few alékes. This redesign proposes three procedures;dount
for technological risks: (1) pre-assessment ofsrigR) vulnerability assessment; and (3) pre-mamage of

risks.

Pre-assessment of risks:

Survey question #6 asks participants about the thastg to deliver the QRA to the environmental ages.
Replies indicate that some of the intervieweescareerned that a late discussion of quantitativerination
about risks compromises the purpose of the ficginice and the assessment of socio-environmentabgity.
On the other hand, some participants point outithlte early stages of environmental licensingabmpanies
carrying out the risk assessments often do not lmaeemplete set of technical information to elabora
consistent study of risks. The new design propeseitermediate solution for that, contemplatinghbtihe
importance of discussing alternative locationsdmjects and the limitations a full risk assessniaces in the
beginning of the licensing process. This alterrgtpwe-assessment of risksomprises the elements of the
precautionary appraisal and risk reduction at sautaonsists of a qualitative evaluation of tmejgcts’ harms
based on known techniques such as the HAreliminary Hazard Analysis (ILO 1993; Taboasle 2004;
Ericson 2005).

“The preliminary hazard analysis (PHA) technigsi@ isafety analysis tool for identifying hazartgjit associated
causal factors, effects, level of risk, and mitiggtdesign measures when detailed design informatonot
available. The PHA provides a methodology for idfgimtg and collating hazards in the system and [@istiaing
the initial system requirements for design fromliprmary and limited design information. The intesftthe PHA

is to affect the design for safety as early asiptese the development of progran{Ericson 2005:73)

This technique applies a qualitative matrix to reate risks. On one axis of the matrix is the qatilie
information related to the severity of the evemtsd in the other the expected frequency of thesatevThe
point of confluence of the two axes gives the eafiom of the risk. For example, consider a gasstrassion
pipeline operating several meters from a commuwityy a few houses. A crack in the pipeline can léad
severe consequences such as a dense fire. Howaghkran event is very unlikely to happen. Usingadrimlike
the one shown in Figure 7.9, a group of key stakigte come to the conclusion that the severityhisf évent is
critical (index Il1) but, in turn, it is unlikelyhtat the event will ever occur (index C). This assent results in a

qualitative estimation of a medium level of riskdex 2).

2 PHA, or Preliminary Risk Analysis (PRA) is suggebby this research but many other qualitative aiséessments can
also be applied, such as the HAZOP (Hazard andaDpiéy Analysis) and the FMEA (Failure Modes anifieets
Analysis).
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Frequency Risk
1 | Very Low
> 2 | Low
% 3 | Medium
(7]
4 | High
5 | Very High
Severity Frequency
| Negligible A | Extremely remote
B | Remote
I Minimal
C | Unlikely
11l | Critical -
D | Likely
IV | Catastrophic E | Frequent

Figure 7.9 — Assessing risks with the preliminary &zard analysis — four classes of consequences/séyer
and five classes of frequencies. Adapted from Rausa (2005: 24-25).

The preliminary hazard analysis is a techniqueadlyeapplied in the BELP (CETESB 2003; IBAMA 2005)a
component of the QRAs scope. Hence, it does nolyittte need for development of a new study. It eath
detaches and anticipates the results of the PHantearly stage of the discussions leaving the atialu of
guantified risks for later, when the location ategive is already defined. The results of the PHA e used as
first (exploratory) general guidelines indicatingsb alternatives for the facility location. Rislduogtion at the
source, the precautionary appraisal, and the ALARPLow As Reasonably Practicable) approach cam lads
enforced to require changes in the project to hrisigs to a lower level.

Such a qualitative approach saves time and monepglthe licensing processes. It also seems to e m
appropriate to the Prior License cycle, which éneéssence assesses propositions and ideas. Mgrieéaleers not
compromise safety since this first permit does aagthorize any procedure for installation or sitin@n the
contrary, the PHA contributes to the next stepdatiing to stakeholders the hotspots that will rexjdieeper
assessment with forthcoming quantitative analysis.

Vulnerability Assessment:

Vulnerability assessment offers a complementargggion to the pre-assessment of risks describegeab
While a PHA evaluates risks from the technologiggdtem viewpoint (how the facility affects peopld)e
vulnerability assessment seeks to understand hamahisystems are affected by hazards. This infoomas
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very important to contextualize the area, idensipecial needs, and propose actions that fit thityred the

community being studiédl The scope of a vulnerability assessment encorapass

» Background information about the socioeconomic edhdcational profile of the population, as well as
the type and quality of the households.

* The identification of the community’s level of orgaation so managers and decision makers can put
measures in place to involve the community andlIsizkeholders accordingly in the discussions ef th
new project.

» The identification of concerns that these peoplg manifest. Concerns need to be seen as inputedor
QRA and communication protocols in the next stefph@BELP.

e The pursuing of data related to the trends of udmrelopment. It is crucial at this point to idénthe
patterns of expansion, how fast the community awmg, and in which directions the development is
headed.

A great part of the information required for th&sassment is already present in other routindseoBELP. The
EIA (technical study) carries out a comprehensa@aeconomic analysis of the affected populatiat tan be

available for this vulnerability assessment, whiah optimize costs and efforts.

Pre-Management of risks:

A pre-management program integrates the pre-asses@hrisks and the vulnerability assessmenthtakito
consideration the inputs from both technological Anman systems. It merges the two perspectiveapport
of a common goal: the management of risk exposutbé future. The pre-management program restsraet

core elements: the identified hotspots, vulnerghitiformation, and broad communication protocols.

» Firstly, the pre-assessment of risks identifiespghimts of concern, the hotspots. In the case wbra
continuous (point-based) facility the hotspot ssgtanned location; for linear systems they arepthiats
where interaction between human and technologigstems, such as a street or a neighborhood, is

likely to occur.

« Secondly, the pre-management program gathers iatoymfrom the vulnerability analysis for each of
those identified spots. This includes data suchthes current city master plan, if existent; the
identification of local leaderships and key stakdars; the definition of class locatidnsif this
technique is applied at all; and reports on theamrgrowth patterns. The combination of all of this
information gives a good picture about the feaijbdf the project in each hotspot.

24 Often a typical QRA only counts the number of fehads and then infers the population exposed, rtiargs in an
indirect way using census data and/or aerial photos

%5 Class location is often used in the regulatiotrafismission pipelines, indicating population dgnsA class location
unit is defined as an area that extends 220 yards§ mile, on either side of the centerline of any continuous 1-mile length
of natural gas pipeline” (TRB 2004).
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» Since risk and landse planning are related in different instances, communication amdreinvolved
stakeholders; and between stakeholders and thé dffeated population is very important. Lack
good communicatiopracticesjeopardizes the interaction between the-ggsessment of risks and the
vulnerability assessment. Moreover, proper pro®dolr continaly transferring information an

collecting data need to be inherent elers of any program for technological risk managem

A primary objective of the prezanagemerstage is tadentify all spots that represent points of congetrch a:
where the city’s master plan prohibits industriatallations or segments of the facility that arghie path o
urban development. Decision makers will have anodppity to disapprove anyolcation alternative that is
will be unsafe. Complementarily, another objectiseto providean initial and valuable input to land urb
planning and the city’'s master plan. If the progchosen area does not represent a threat, Itemners and

stakeholders will have concrete ininto guiding the development of their municipaliti

Summary:

Figure 7.1Qdepicts the interrelationship between these thirserheasures. Vulnerability assessment refe
the human systenwhile the technological system is representethbypreassessment of risks. The interact
of these two plans, supported by broad communicgiirotocols, leads to a common ideal, the manageoft
technological risks.

Technological System i Human System

Vulnerability
Assessment

Pre-Assessment
of Risks

Figure 7.10 —Interrelating pre -assessment of risks, vulnerability assessment, apte-management.

7.4.2 The Installation License cycle

The Installation License cycle tes overthe procedures after the project’s s-environmental suitability
approval. The current arrangement prescribes thidis cycle the environmental agencies analyzeptbgrams
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proposed to mitigate and control the impacts askisridentified in the previous permit cycle by & and
QRA. Follow-up regarding the regulation of risksceried out through the risk management prograMRR
At the end of the cycle, decision makers define tiwbie the project is suitable under the conditiongsi

proposed. The installation, construction, or sistayts only after the permit is issued.

The new design builds on the suggestions presdatetthe Prior License cycle. It is composed of tmajor
studies, the QRA and the RMP. The only differente¢hie QRA is that now it focuses on the hotstofdy.on
Since the PHA identified the points of concerntfte quantitative analysis, the QRA is directedhatée spots
only. All other routines are the same, including @valuation of the risks and applying criteriatferability of
technological risks. Two benefits come with thiprgach. Firstly, the terms of reference for thesseasments
benefit from the PHA and vulnerability assessmeptits. Secondly, since the project is about to Wik, ithe

technical information feeding the QRAs is more sabial and the results can be more realistic.

As for the RMP, a new approach is proposed th#dvislup the pre-management started earlier in thegss.
The idea is to discuss both the QRA and the RMReasame time. This change is needed because tineldmy
conditions need to be controlled as soon as regslakecide on the installation of the project. Amped out in

this research, technological risks coming from aandous facility are expected only after the begigrof the
operation. However, the management of exposureotamait because it also depends on the human system
Hence, the RMP predicts this and discusses meathateseek to control the impacts in the risk peofioming
from the population nearby. To accomplish thesdsydlae scope of the RMP comprises:

* The proposition of measures and actions to guazathie integrity of the installation. This first saft
information is already present in the current BEd®up. One of the outcomes of a typical QRA is the

identification of routines that need to be put liace to ensure the safety of the installation.

« The proposition of measures and actions to martageigk profile for each hotspot. The vulnerability
assessment plays a fundamental role in the idestifin of routines that need to be established to
manage risk exposure. Communication protocolsisérmanagement need to be presented based on the
background information of the affected populatiowl @heir level of organization. The RMP also needs
to elaborate on the perspectives of local developnigentifying factors driving growth, likely impts
in the risk profile, and actions to prevent futumban development to influence the risk exposure. |
case the municipality has a master plan, it isgpodune time to present its directives as well.

The RMP needs to be presented and discussed with $takeholders and the affected population inlipub
meetings. The management of risk exposure deperititsalty on the development of partnerships and th
involvement of stakeholders, the affected poputatamd decision makers in a continuous and paatiory risk

management process. The transition from analysisesaluation to the management of risks will likélg
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compromised without broad commitment and solid &esong stakeholders, particularly the locally-atkelc

community.

7.4.3 The Operation License cycle

In the current assessment, this last cycle of Bsazgulatory process assesses whether the iatstallis able to
operate. At this point, the proposed programs toaga risks should be ready to run since the teolgical

facilities become a real threat with the beginrifighe operation. The developer also puts in ptagirograms
for risk communication, usually informing the logadpulation of the harms of the installation and #afety
procedures in place.

However, the results from this research case sshdw that very often the environmental agenciebdwiw

their participation in the processes after issuimg last permit, which compromises the follow-apitines after
the beginning of operation. Considering that thei@pon License may be the last permit issued byRBELP

for a period of time up to ten ye&tsthe new design suggests a more complete assesamerevaluation
process in this step. Instead of deciding abowatively simplistic risk management plan, it i9posed that a
Resilience Plan (RP) be developed. The RP comprises

* Ongoing discussions regarding vulnerability, lasgé-gplanning, and risks. The RP is the result of the

integration of these three elements into a metlagyolor managing risk exposure.

» The integration of the RMP results into the land-pknning, suggesting guidelines to modify thg' it

master plan, or a framework for a new plan if thenioipality does not have one.

The goal of the RP is to enforce, once more, agr@pticulation between regulators of the land-ard
regulators of the technological facility, definimgeasures and delegating responsibilities for eachip the
follow-up (or post-licensing as commonly mentionedthe BELP). The RP is also another opportunity to
involve the local stakeholders, emphasizing thednpnent role in the management of exposure sineg tan

be ultimately both agents and receptors of thesrisk

7.4.4 Follow-up

The last step of the new design is the follow-ups lexpected that during the previous stages efdécision-
making processes stakeholders had the opportunitiatify their roles and to articulate a commoprapach to
control the exposure to the risks of the technalagsystem being discussed. Complementarily, tlilahbe the
appropriate time for local regulators to put ingglean updated city’'s master plan, or implement ibribe
municipality does not have one before the implemtgon of the hazardous facility.

%6 The operation license is granted for a period betw4 to 10 years. After that, the permit is cartlly reissued until the
decommissioning of the facility.
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7.5 Conclusions to the Brazilian case

7.5.1 Knowledge about the Brazilian environmental | icensing process

This research provides an in-depth description eniticism of the BELP, carried out through partiiy-
observation and analysis of the literature on thezlian case and interviews with thirty-two repeatives of
governmental institutions, economic sector, and society. Chapter 5 identifies positive, negatiaad missing
aspects of the routines of the BELP, which complm®ther scholarships in Brazil (Glasson and Skva
2000; Alonso and Costa 2002; Little 2003; Goldergleerd Barbosa 2004; MPF 2004; Nicolaidis 2005; @ast
2006; Kirchhoff 2006b; Borinelli 2007; Souza et 2007; Lima and Magrini 2009). As for the regulatiof
hazardous facilities, the research identifies tie that IBAMA plays in the federal level, beingpensible for
the licensing of large projects. The technical Esidupporting this decision making are identifigslwell as the
procedures in place to discuss their results. Kintile research reviews the licensing of gas ahamsmission
pipelines, the application of QRAs in these proessthe encroachment of their right-of-ways, aredrthutines
for following-up after the beginning of operatiooffering new information to the few works in theear
(Kirchhoff and Doberstein 2006; dos Reis 2007; Soeizal. 2007; Montano and Souza 2008).

7.5.2 The performance of the BELP addressing techno  logical risks

Chapter 6 contributes an evaluation of the BELRs &ksessment is based on the literature on ttmliBracase,
interviews and surveys with thirty-two participanéd participant observation. The study identifiest the
BELP is deficient in ten out of the twelve propospdlitative performance indicators: pre-assessmoensks;

concern assessment; communication and environnéskadducation; public participation and enviromiz

justice; governmental integration; land-use plagnispecific routines for risk management; vulndigbi
assessment; resilience plan; and follow-up. In l#st two indicators, the precautionary appraisal ask

reduction at source, the BELP’s performance is icened only regular. It is noteworthy that thisgasch has
not identified similar comprehensive evaluatiorBo@zil's risk regulatory processes in the literatualthough a
few works overlap with some of the points discusseBection 6.1 (de Souza Jr 2000; Kirchhoff andb&wstein
2006; dos Reis 2007; Souza et al. 2007; Montandsanda 2008; Yogui 2008).

Table 7.2 — BELP’s performance in fourteen indicatcs.

Performance # of indicators
Gooc 0
Regula 2
Insufficient or poa 12
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7.5.3 A new framework to address technological risk s in the BELP

Considering the results from the BELP’s assessrandtevaluation of performance, the research prepase
more comprehensive framework to be applied at IBAM#Wned at the improvement of the environmental
licensing routines of hazardous installations i@t Conceptually, the proposed design acknowledfe
human system and its interaction with the techrioldgystem in a common space as fundamental coemp®n

of the licensing routines. Communication must betioniously enforced throughout the entire process.

* In the first licensing cycle (Prior License), thneew technical studies are proposed: pre-assesshent
risks, vulnerability assessment, and pre-manageroémisks. These three preliminary studies are
organized so that the pre-assessment of risksifiésnhotspots that should be considered in detail.
Complimentarily, vulnerability assessments areiedrout for these hotspots to identify, for instnc
socioeconomic profiles and patterns of urbanizatiinally, the pre-management of risks integrates

these two studies and propose preliminary actiongsk management.

* In the second licensing cycle (Installation Licensine process carries out the quantitative risk
assessment and proposes a risk management prognam@RA is simplified to the hotspots identified
in the previous licensing cycle. The risk managemeogram considers not only the discussion ofsgisk
but also the integration of these risks to the mrkand and the role that the local population and

stakeholders have to play in the processes.

* Inthe third licensing cycle (Operation Licenség tesilience plan is carried out. This plan irées the
two systems, technological and human, articulatiegrisk management program and land-use planning
in the same study with the goal of managing expogor technological hazards. This cycle also
elaborates the guideline for modifying the city’aster plan, or the implementation of a new plahéf

city does not already have one.

* Finally, the post-licensing is carried out and freposed guidelines for the city’'s master plan are
implemented. It is expected that the previous siapthe process were used to establish ties and

distribute responsibilities among all pertinenkstzolders for the effective management of exposure.

It is important to mention that this proposed desfbased on the particularities of the Brazikswironmental
licensing processes. It is very likely that otharigdictions, with similar regulatory arrangemertan benefit
from this more comprehensive framework and theudisions carried out on Chapter 5, Chapter 6, arapteh

7. However, this research acknowledges that decisiaking processes are particular to each nation or
jurisdiction, as discussed earlier in this documesinice they are built on a series of local paliGties, such as
governmental institutions, legislation, and soditttoral background. Throughout this dissertatiaripimation
about Brazil is presented as a way to contextuatizecase study. As for the BELP, Appendix A — sprés a
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brief description of Brazil's environmental licengi process, description that can also be complerdelny
some other works in the literature (Fowler and DpuiAr 1993; Diegues 1998; Egler 1998; Eve et ab020
Glasson and Salvador 2000; McAllister 2005; Kirdfil2®06b; Coelho and Favareto 2008; Lima and Magrin
20009).

7.5.4 Limitations of the proposed redesign

The research anticipates three limitations to thplémentation of the proposed design. Although tiass
framework is based on the results and inputs flwencase study, it is still theoretical. The implatagion of a
new framework in Brazil's case may need to acconmatmadjustments, often required when conceptualide
area applied in real-life cases. Second, the petbaseasures and studies need to be further dedelaie the
definition of minimum scope, especially for the mefability assessment and risk management progrhird,
the limitations of the BELP, discussed in the csteely (Chapter 5) and the performance evaluatidrapr 6),

are a serious threat to the implementation ofapjgroach.

However, these limitations also represent an oppdst to strengthen the BELP. The discussion oéa model

to approach risk recycles the current practices amdributes to the incorporation of new perspediin the
regulation of technological risks. The discussiémeoms of reference for the proposed new studéepens the
understanding of Brazil's contextual implicatiorms the management of risk exposure. Finally, aigpetory
and comprehensive decision making, with definedsirated responsibilities among stakeholders, ingzake
BELP as a whole as the regulation of risks and atgpaneed to be more holistic. In this scenario, the
environmental agencies will have the opportunityctmcentrate efforts on their duties and let cataggrs

fulfill their share of responsibility in the proces as well.
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Chapter 8 — Implications for theory and research co  ntributions

The results and findings of this study have implwss for the theoretical assumptions underpinnimg
regulation of technological risks. Section 8.1 elaes the research's perspectives about six tapicthe
literature on technological risks. Section 8.2 pres contributions from the Brazilian case studgdme debates

in the social sciences and trends in the literabareegulation of technological hazards.

8.1 Implications for theory

The findings and results of this research addresgdsearch question in six complementary wayst, Riiey
corroborate the need to pursue more comprehengigration between human and technological systerier

the same regulatory process (EIA best practicesildhbe used as benchmark). Second, they identiy th
importance of pursuing strong transitions in thepstof the regulatory processes as a way to strenghe
routines for management and monitoring. Third, tlegicate that a specific routine for risk managetne
benefits the integration of policies and resolwianddressing the human systems, the technologistaiss, and
land-use planning. Fourth, they suggest that régrylaprocesses should pursue mechanisms to manage
exposure, rather than solely manage the risksifaehby traditional QRAs. Fifth, they support tHevelopment

of a resilience plan, comprised of the integratafrthe risk and exposure perspectives in a samgram
Finally, the research reflects these five pointshim Risk Governance framework, suggesting an adaptof

this model for the regulation of hazardous lin@atallations.
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8.1.1 The need to incorporate ‘human systems’ into the regulatory processes

Claim: Technological risks arise from the interactiontafo systems, one technological and the other human
This research supports the use of the term humatersg as a counterpoint to technological systems in
regulatory processes. The term reinforces discassémd advances in the social sciences that sthesseed to

include the social component into the decision-mgkirocesses.

Dec

-
_,.—-’
—— —

7

Input e
P s Decisions

-
Human
System

Figure 8.1 — Human and technological systems feedjrthe decision making

Technological

Information about and from the affected populati@eds to play a core role in the regulatory praesd
technological hazards. As pointed out by Burtoale{1978: 20), “it ispeoplewho transform the environment
into resources and hazards, by using natural fesifor economic, social, and aesthetic purposdss research
shares this view and supports an integrated appreacregulate hazardous facilities. It understatids
technological risks have two main components: hrielogical system, the hazardous facility or ifatain; and

a human system, the people and their communitiestatl by those hazards. Risks are the outcoméeof t
presence of these two systems in the same spateuivithe hazard (agent) or the human populatieceftor)
there are no risks, as probably first pointed gubiKeefe et al. in 1976.

Hence, the regulatory process needs to be infortmgedboth technological and human systems in a
complementary and continuous way. In this sensks, iilnportant that these processes take advantateso
recommendations from the literature on natural rd&zand vulnerability, broadly discussed in theialoc
sciences and especially geography, that stressnijha@rtance and role of local people and communitiethe
regulation of hazards (White 1961; Burton and Kdi@83; O'Keefe et al. 1976; Burton et al. 1978; i@bhers
1989; Beck 1992; Watts and Bohle 1993; Cutter 1988yitt 1997; Cutter et al. 2003; Pelling 2003; @ara
2004; Wisner et al. 2004; Birkmann and Wisner 200Bagran De Le6n 2006).
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However, often regulatory processes are too bitsedrds the inputs of the technological systempresented
in the case study, economic and political demarst®a@ated with governmental ineffectiveness, latk o
compromise with the social-environmental agendd, the nature of the technical studies, among athases,
can compromise these processes and are likelyntbitiputs from human systems in decision makinge Tse
of a counterpoint, the human system, pushes regaléd expand their scope of analysis and lookifputs
coming from the affected communities as well. Fatance, the design shown in Figure 8.1 propossstlte
human system should be one of the two major sowtéewputs informing the decision making, alongsttie
technological system. In this figure, these twoaflak components converge during the deliberatimisr to
decisions and their integration guides the devetognof actions onwards (e.g., risk management apdseire

programs).

It is worth noting that the importance of a commms$ive understanding of the human populations & th
regulation of hazards is not new in the socialrsmes or literature on risks. For instance, whendyrKates,
and White (1978) discussed measures that commsirgtiald apply to address natural hazards, suclheas t
“control of natural events and their effects”, “comehensive damage reduction”, “combined multi-hdzar
management”, and the collective action towards p#ida of adjustments”, they expressed long ago eor
about the fundamental role that the affected pdjouis have in the matter. Similarly, Hewitt (19%T)esses the
importance of a comprehensive understanding ofdlc@economic profile of the affected people ardbefated
on the need to develop a set of measures basedpacts and implications that the human actionsdaeikions
would have on vulnerability and risks. Another exdenis given by Birkmann and Wisner (2006: 7) winguzd
that, when choosing methods to assess vulnerafality subsequently risks), a few key questionsldhdarify
what directions drive regulatory processes: “whd aat is vulnerable?”; “vulnerable to what?”; “whants

to know and why?”; and “what circumstances andextrgshape the daily life of the affected?”

This research understands that the likely dissiitida between the regulation of technological avadural
hazards can be related to the differences betweedisciplines addressing them. While the litetm natural
hazards is mostly comprised by works of scholapsnfithe social sciences (and especially geographg),
literature on technological hazards is commonlytesd in the engineering disciplines. As sociaéstists have
devoted great attention to communities and plagegineers have pursued the understanding and itgtedr
their technological systems. The analysis of battlids of literature conducted during this researggests that
there is still a gap between them, although reeesrks on risk governance (Thompson and Rayner 1998;
Thompson et al. 1998; De Marchi 2003; Klinke et2806; IRGC 2008; Renn 2008), risk-informed decisio
making (Amendola 2002; TRB 2004; Ersdal and Ave®&Q0 and the literature on EIA (although mostly
focusing on impacts) have addressed the matteniclgifor a better integration between these twesiadf the

same problem.
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Finally, this research advocates that the useefatm ‘human system’ (or any other similar termgontrast to
‘technological system’ can provide a rhetoricalibdsr better equalization of this two importaningaonents,
instigating the engineering disciplines and reguaiprocesses applying quantitative assessmentsirsue a
more holistic evaluation of risks. Regulators aistt specialists would be motivated to expand teeope of
analysis. The term also reinforces the inherentecdunal particularities of risks, which includeskaowledging
that people and their communities (Cutter et aD30Pelling 2003; Cardona 2004), local instituticarsd
regulatory bodies (Amendola 2002), and the circamsts involved in the risk analysis (Aven 2007) are
frequently unique, susceptible to great variatifvos place to place.

8.1.2 The need for better transition between analys is and decisions, to management and

control

Claim: Weakness in the transitions of the regulatory psses compromises the management of risks, and

consequently the management of exposure.

Risk [ [ Weak | N
Calculation Transiicn
Risk Rtsoay Strong Risk [ | Control
Calculation L. Management of Exposure
Transition
Decision
Making

Figure 8.2 — Strong versus weak transition.

As described in this research, decision-making ¢sses of new hazardous facilities may involve sdver
stakeholders in a few regulatory steps — usualfyamized around the calculation, evaluation/decjsemd
management of technological risks. This researclocates that a strong transition between theses step
fundamental to avoid any negative implication ie thanagement of risks and control of exposure enntid
and long term. The intermediary steps, evaluatiod decisions about risks, need to provide solidndsu
between involved stakeholders to properly conrfeetwo steps in the extremities, the calculationsis in on
one side and management of risks/exposure on lilee. Gthe quality and comprehensiveness of the etaitons
reflects in the management of risks and exposutkdrfuture. The regulatory process is the forurwirich to
decide about technological risks but it is also phece and time (moment) to define a strategy tmlire
institutions and stakeholders, which aims to astwemost harmonious relationship between techicabgnd

human systems in a shared space.
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To achieve this purpose, a strong transition néeddentify and delegate/share roles and respditigibiamong
stakeholders during decision making so that safegs not rely on the hands of a few regulatory é®dnly, as
often observed in traditional risk-based approacRegher, it lays responsibilities on the colleetiaffected
population, local regulators and planners, reptasieas from the civil society and academia, depets, and
governmental institutions. In this view, decisiomaking processes should be considered successfil if
coordinates as many different perspectives ondheesproblem as possible, ‘diluting the managenaad’lon

the local social fabric as well. Such an approachrounded by movements in the literature for brpablic
participation (Gablehouse 2005; Murphy 2007; Pgli2007; Boholm 2008) and social justice (Schlosberg
1999a; Asveld and Roeser 2009).

An example of the consequences of a weak transidogiven by the case study. Brazil's environmental
licensing applies a three-permit regulatory prodessrganize the discussions around the projeictis-frame.

In the first step, risk assessments are carriedooestimate the risk profiles. With this infornmatj stakeholders
and decision makers evaluate the overall implicatithhe project brings and decide about the insiaflaf the
facility. In a third step, measures and actionspatein place to manage the risks identified far tperation of
the proposed facility. The research results (Sest®.2.10 and 6.1.10) indicate that transitionspatentially
going to be weak in situations when local staketi@dio not have an effective stake or voice inptfogesses,
responsibilities for the management are not dedebamong all pertinent stakeholders, the local adoci
vulnerability is not accounted for by regulatoradaliscussions about the use and organizationeofatid are

not accommodated in the decision making.

8.1.3 Specific and independent routines for risk ma  nagement

Claim: Considering that technological risks are inhergntissociated with both human and technological
systems, risk management practices cannot be etdittcome of risk assessments only.

T TCRETee B
Time e B
Risk .|  Risk d Risk
Calculation "| Evaluation |; = |Management
Pre Risk
Management Management

F

Figure 8.3 — Independent risk management
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Traditionally, risk management is perceived asléisé step in a sequence that also involves riskutation and
risk evaluation (McColl et al. 2000; CSChE 2004]IsMone et al. 2004; Klinke et al. 2006; Renn 2008)is
approach seems appropriate when applied solelgdionblogical systems. However, with respect to huma
systems, there are negative implications associsitbdthe late implementation of management. Asaaghed

in the research’s case study, managing risks isargile attribution of regulators or risk spectalidn many
cases it also involves the cooperation and actiaiher actors in the implementation of programg eneasures
to ensure the integrity of the hazardous faciliied safety of human populations.

This research advocates that the sooner all pattiseakeholders are involved in the discussion and
understanding of their attributions in the procedse better. If the discussion is delayed, asrasemuence of
the previous estimation and evaluation, time istedand the whole process may be compromised. Regyl
processes need to take advantage of their rouiinpst in place instruments that force the esthbient of a
common and consensual view of the future, one rifiects an integrated management comprising duogh t
agent and receptor of the technological risks.

To address this claim in the Brazilian case, tkisearch recommends a new routine, pre-managenmmeht, a
supports the evaluation and approval of the riskagament at the same stage that risks are beihgaés@
These two actions would help strengthening thesttimms between the steps in decision making (8e@il.2),
and ultimately contribute to the better managemehtexposure. Pre-management routines should start
concomitant with the discussion of the new projdttgathers information such as the locals’ levél o
organization and vulnerability profile, the citiesiaster plans and policies for land-use and org#oiz, and
patterns of urban growth. These inputs are compiézdeby the information provided by the risk anelyis
order to contextualize the needs of the forthcomiisg management. Following up, the risk management
program consolidates the positions raised by teenpanagement and structures a comprehensive @ahdb
the opportunity to be discussed and approved byséimee forum that discusses and approves the risitse
This research understand that this representsategit advance in the regulatory process as itrofém
opportunity for collective deliberations about ses to cope with risks and brings more time heirt

implementation before any risk is real.

8.1.4 Regulatory paradigm: managing risks or exposu re

Claim: The results of this research indicate that a coghpnsive approach to regulate technological risgeds

to pursue mechanisms to manage exposure, rathenttzaaging risks only.
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Figure 8.4 — Management of exposure versus risks

The reviews conducted by this research indicaté is&-driven (based or informed) regulatory prosses
concentrate a great deal of effort towards undedatg and evaluating the implications that hazasdou
installations have for human populations. Decigimakers seek information that gives them an indicathat
the technical aspects of the proposed facility widk compromise the safety of people living, inn&ig or
working nearby. In order to gather such an inputthods for assessing consequences and risks diedatap
estimate levels of security or danger. These pssseare driven in such a manner that in the endategs are

equipped with a series of concrete and rationataidrs to support their decisions.

To be effective, these regulatory processes requiery well defined scope of study. The ratiormhind these
assessments is to accommodate the inherent umtiedadf the estimation of risk by defining assuions and
boundary conditions. For instance, information sashthe project’s specification, failure patterphysical
effects, and likely affected individuals is proedghough models and algorithms that output amesti of
risks within a given confidence level. Any changdhis set of inputs most probably modifies thalffiresults as
well, which stresses the importance of a properamprehensive identification of all variables irghcing the

risk calculation.

However, the reviews of several regulation procesmed methods to account for risks carried outHiy t
research indicate that too often the stipulatechtaties are confined to the hazardous installatooyg, as if
risks potentially arise just from the presence apdration of these facilities in a given contextp#actical
example is given by the Brazilian case study, wiaipplies a decision-making model centered in thienation

and evaluation of risks followed by deliberation®hsure the integrity of the hazardous instaltatio

This research supports the claims made by maniptiises in the social sciences and other fieldsctvisuggest

that the boundaries framing these regulatory psEeseed to be broader, comprehensive and hofistithe

processes also predict how other factors outsiedirttits of the hazardous installations affect tis& profiles

(Amendola 2002; Klinke et al. 2006; Kristensen let2806; Aven 2007; Perrow 2007; Ersdal and Ave@&0

Renn 2008; Asveld and Roeser 2009; Bea et al. 2888muth et al. 2010). Again, falling back on teeegarch’s

case study, it is clear that factors such as ptipanlgrowth and urban development are also abieflieence the
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risk profiles. A safe installation can become risiter a few years or decades due to the increae iexposure
to harm resulting from new urban developments, rldings, and new people living in the range of

conseguence of accidental events.

Hence, the research findings suggest that decisders should pursue more comprehensive altersativthe
regulation of hazardous installation. Rather thaciding on risk levels only, this research supptirég such a
regulatory process should also focus on measuresriwol the mechanisms that lead to any incredgeaple
being exposed to harm. This management of expadsyokes bringing to the center of the analysis a-tway
assessment of the interrelationship between fiesilidnd people, technological systems and humaemsgs
Management of exposure encompasses controllingthetagent and the receptor of risks, and doindpes not
imply disuse of risk informed decisions. On the tcary, management of exposure complements the
management of risks. It is understandable that@olgical risks are inherently associated to thes@nce of a
hazard, a threat. However, it is also clear thahgisks are expected only with exposure, withgresence of

people in the radius of consequence of those hazard

8.1.5 Resilience plan

Claim: a resilience plan in the context of technological dvas is the result of the estimation of risks, the
comprehension of local vulnerability, and the refien of these two in the urban planning. The fesie plan
is a more complete tool than traditional risk maaagent programs.

Human |Land Use and Organization|Technological
System System

Figure 8.5 — Resilience plan for technological hards.

A resilience plan for technological hazards prosideeasures to managing exposure. Resilience is séen in
the literature as a counterpoint to vulnerabilBu¢kle et al. 2000; Pelling 2003; Hollnagel et2006; Kaplan
2006; Manyena 2006; United Nations 2008; World B&08). However, this plan does not necessarily
embrace all the particularities of the conceptheatit borrows the essence of resilience. Undedstgn
weaknesses and anticipating risks, the idea of ayglan is to articulate the interaction betweentthman and

technological system, when they share a commonespagvards better practices to manage exposure to
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technological risks. In practice, a resiliencenpteeeds to comprise three main groups of actidjsnénaging

risks; (2) controlling the use and occupation afdiaand (3) articulating actors in these two prasifronts to

ultimately manage exposure. In this sense, théaesé plan has to inform and be informed by thg¢ <imaster

plan and the installations’ risk management progrditris also important to have communication prote and

solid bounds between stakeholders in place soeibence plan is a continuous process that keppasitln the

changes in the boundaries coming from both systems.

This research advocates that a resilience planotenpally a more complete tool than traditionadkri

management programs:

Firstly, the term risk management is too oftenteslgo the installations, to the technological eyst It
is important to stress that decision makers neductwrporate a broader context into their undeditay
they need to have a holistic view of the problerhe proposed resilience plan may bring this new
perspective, a new balance of forces between lastadls and communities in the routines for

controlling and following-up.

Second, traditional risk management programs aenaftandardized procedures that follow premises
from similar installations and historical data. Tresilience plan should be local since it is contex
dependent (as should be the risk management). Hemeeshes regulators and managers to pursue more

realistic measures and actions to address thefrimkshazardous facilities.

Third, the resilience plan offers a better mecharts integrate land-use planning and risk managemen
practices. Since it brings the discussion of tismaster plan to a more central position, thedlience

plan can contribute with propositions of any reagement that may be required to managing exposure
(such as setbacks, safeguard measures, educatioogtams, etc.). In a following step, these

contributions are used to formulate new guidelfioeshe master plan.

Fourth, the resilience plan focuses on the manageaiexposure rather than the management of risks.
As the plan acknowledges both human and technabsgistems, as well as the interaction of them, it

works at a more comprehensive level that also eiebottk management practices.

Fifth, as a prerequisite for its implementatiore tlesilience plan requires the enforcement of ekten

protocols for communication. Traditional risk maeagent programs often apply a one-way channel
where regulators and managers communicate aspdated to the hazardous facility to other parts.
However, since the resilience plan also comprisggeets other than the technological risk, such as
vulnerability profiles and urban development paisercommunication cannot be narrow. Rather, it

serves to articulate all involved stakeholdersisoukss an ideally consensual plan.

Sixth, the resilience plan divides responsibilitiesharing and delegating attributions to diverse

stakeholders. The resilience plan is based upomeigde of co-responsibility, which respects thature
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of the interaction human-technological systems. difi@al risk management programs often
concentrate actions in the hands of the regulator the managers of the hazardous facilities. The
resilience plan proposes to extend this respoitgilbd other regulatory entities, local stakehofjeand

the affected population as well.

8.1.6 Applying the risk governance model for hazard  ous linear installations

Based on the considerations addressed in Sectitrls 8.1.2, 8.1.3, 8.1.4, and 8.1.5, this reseangjyests an
adaptation of the Risk Governance model (IRGC 268#)n 2008) to the specific context of the regatatf
hazardous linear installations (such as gas anlasismission pipelines). It proposes the adoptiothe same
structure of the model, comprised of four main ireeg that are integrated by extensive communication
protocols. However, the results of this researgysst few adaptations in order to better managexpesure to
linear systems (as pointed out by Renn and Walke®§g: 338), “we recognize that no framework caregiv
justice to the particularities of all applicatiohsFirstly, pre-assessmeiftames the problem with three measures:
(1) qualitative risk assessments identify hotsgdtsg the proposed project's pathway (points inghthway
with likely interaction between human and techna@absystems); then (2) vulnerability assessmeantheay
relevant socioeconomic information for these hdisge.g., level of organization, concerns, educatiand
professional profile); and finally (3) pre-managemédentifies patterns of urban land-use and irstty
information about risks and vulnerabilities for thatspots in a comprehensive overlook of the lovalications

for the proposed project. Second, the compoasséssmer@ncompasses the development of a quantitative risk
assessment and a risk management program to imfecision making. These two technical studies famlg

on hotspots. QRAs provide the risk rates for theigien about the acceptability of the hazardousaltaion,
while the risk management program offers propasgifor the local community to better cope with amghage
exposure to the technological hazard. The next, stbaracterization/evaluatigndiffers from the original
framework in the aspect that regulators will de@tdeut exposure, rather than risks. Since themigkagement
program comprises not only demands and inputs fhamechnological system, but also from the hunyatesn
and the space they share, regulators and locastiders will have the opportunity to debate abmth risks
and ways to cope with these risks. Finally, tbslience planimplements routines to manage risks (often related
to the technological system) and exposure (oftéate@ to the human system), integrating and aetmg the
results and considerations from the QRA with tls rmanagement program, integrating and articulatisig
policies with land-use policies, and sharing andfelegating responsibilities among relevant (andirgnt)

stakeholders.
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Risk governance model applied for linear hazardous installations

ASSESSMENT SPHERE
Generation of knowledge
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Decision on and
implementation of actions
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and vulnerability assessment I
|

|
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Resilience Plan Assessment

- Monitoring exposure
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- Quantitative risk
estimation

Risk Management
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- Vulnerability profile
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$ |
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Figure 8.6 - Adapting the Risk Governance model fothe regulation of hazardous linear installations.
Adapted from Renn (IRGC 2006; Renn 2008).

Although the suggested model is not tested by #search, it benefits from consolidated discussiorthe
literature, insights from a case study, and the flaat the Risk Governance model is still relatyvgéneric to
propose a more specific framework to regulate lties linear systems. The research identifies cainssrthat
prevent such an evaluation at this point. A detiailescription of the scope for the vulnerabilitgessment, pre-
management program, risk management program, ailietmee plan is a comprehensive task that need to

explored prior in both practical and academic sghefs pointed out by Renn and Walker,
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“[tlhe appropriate tools for understanding and diepig solutions for particular risk issues will bietated by the

nature and context of the risk. Excellent guidetsoakd manuals are already available on individleahents of

the framework. But ultimately, experts with speizi@dl training and skills relevant to those elemenils be

needed ... We however do hope that this more compsére framework will contribute to the developmerit

more balanced, more inclusive, and more effectisie governance strategies — ones that avoid tfiallpiof the

past” (Renn and Walker 2008: 337).

8.2 Research contributions to the literature on te

¢ hnological risk regulation

A second group of contributions to the literatusgiesented in this subsection, where researcinfisdnform

some of the current discussions on technologicsit

regulation. Firstly, as described in Section.222,

Limitations of a QRA from the ‘social science peoftview’, there are many concerns in the literatrglated to

the performance of risk-based regulatory proceSsse 8.1 offers some inputs to those questiosedan the

analyses of the case study. Due to the particidaraf Brazil's environmental licensing process tiesults

should be representative of jurisdictions applyiing sa

me set of tools regulating hazardous fasliti mainly

the enforcement of QRASs, followed by centralizedisien making, and risk management focused on the

technological system. However, as risk regulat®romplex and context-dependent, the inputs predant

Table 8.1 should also be viewed with a certain elegf

restriction since they reflect the perforngaatjust one

regulatory process, notwithstanding researche hierotountries and regulatory processes can compteamel

be complemented by these findings. Overall, Brazibk-based approach shows considerable limitaticom

the social sciences point-of-view, as discussethltsyresearch (Chapter 5 and Chapter 6) and t&titre on
the BELP (de Souza Jr 2000; Glasson and Salvada®; 28lonso and Costa 2002; Little 2003; MPF 2004,

Nicolaidis 2005; Kirchhoff 2006b; Souza et al. 2p07

Table 8.1 — Contributions from the research’s casstudy.

Question

Outputs from the research’s case study

Is it possible to achieve fair and comprehen
risk analysis in a risk-based study (Healy 20

(or risk-benefit) analysis the best decisig
making approach (Ersdal and Aven 20

analysis (Starr 2003)?

Apostolakis 2004)? If so, how? Is cost-benefit

Roeser and Asveld 2009)? What is the keps{
balance between precaution and cost-ben

he results from the research’s case study indi
lat risk-based approaches decide based d

;considerably narrow set of information (Sect

D

0

riorities (Section 5.2.3 and 5.2.4), and with p
u@plications for social and environmental just
? ections 5.2.7 and 6.1.5.2).

_..2.2), often driven by economic and politi¢

cate
n a
on
al
Dor
ce

When approaching issues of intergenerati
justice versus risk and uncertainty, is the Q
an appropriate approach (Davidson 2009)?

The Brazilian regulatory processes echnologica
figks have profound limitations in the managemn
Rand control of risks throughout the facility’s Hf
cycle (Sections 5.2.9 and 5.2.10), which compros
safety in the long run.

ent

1

ise
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Question

Outputs from the research’s case study

How do feelings and information influence
the balance between values and reasons
versus preferences and willingness to

(legitimization)? What are the meanin
attributed to uncertainties according to the fit

proposed by Adams and Thompson (200%)

psychology, economics, ideology, biology, 4
culture?

(8H BELP has deficient performance on
PA¥sessment and evaluation of socio-concerns
Ofechnological risks (Section 6.1.2), the use
Bbrecaution (Section 6.1.4), and the assessmef

OIfoad vulnerability (Section 6.1.10 and 5.2.7).
n

the

about
of

it of

What is the role of the public? Do collecti
decisions influence individual risks? Is this f
(the collective deciding for the individual, wh
often is not represented)? Should decisions
participatory (Webler 1999; Davies 200
Bryson 2004; Roeser and Asveld 2009)?

,&Jsually, the public has a limited role in the Bt

hfiegulatory processes (Sections 5.2.7 and 5.2.53t
dimes only being informed of the projects &
greisions. Communication in the processes is
1(Section 6.1.3.1) and often restricted to techn
information (Section 6.1.3.2).

mo
nd
DOOF
ical

Is it possible to assess incommensurable 1
applying cost-benefit or risk-benefit analy:
(Hansson 2009)?

~According to the case study, the assessmer
iI$k8ommensurable risks is compromised by
*IShallow vulnerability analyses carried out by QR
(Section 6.1.10).

the
As

Given the gap that often exists between
specialists and the civil society, has
communication of these risks been appropr
(Wester-Herber and Warg 2004; Boholm 20
Lidskog 2008)?

‘The results of the Brazilian case indicate thatet
isle protocols in place for risk communicati
h|90wever, there are considerable limitations in
a:;Wailability and content of this information thatess

R

(Sections 5.2.6 and 6.1.5).

Dihe existent gap between specialists and civiletp¢

DN.
the

Referring to the design of new technologies
projects, do the moral and ethical guidelines
the ‘regulative frameworks’ represent t
perspectives of all actors? Have the so
factors, for instance, been taken if
consideration (Asveld and Roeser 2009)?

on
hAs discussed in the research’s case study, thern

taew technologies or projects in Brazil (Chapter 7).

cisystem does not play a core role in the definitbn

uma

Referring tcthe ALARP (As Low as Reasonat
Practicable), what is low, reasonable,

practicable? What is safe enough? Is tolerab
to risk uniform across different people? H

q

does tolerability become acceptability ang1-4.1) and uncertainty is a considerably str

approval (Adams and Thompson 2002)?

amlLARP in the research’s case study, since Bra:

There are important limitations to the applicatiafn

ilicyiteria  for acceptability and evaluation
siechnological risks is relatively permissive (Seuwt

factor compromising the results of QRAs (Box
and Box 2.3).

7il's
of

ong
.1

Referring to the ‘FN’ and ‘Iso-risk’ curves, d
we need to develop new ways to jud
technological risks (or is just ameliorating su
curves - raising the bar - enough)?

Based on the results from the case study, thisirels
g@dvocates that the focus of technological
diggulatory processes need to be shifted from
management of risks towards a more compreher
management of exposure (Chapter 7).

sk
the
sive

172



# Question Outputs from the research’s case study

Considering the point of Adams and Thomp
(2002:27) that “attempts to reduce the varipus
consequences of risk-taking to a single common
denominator will inevitably exclude legitimatelhe case study indicates that very often |the

voices”, which voices are considered legitimaf€gulatory processes are applied to legitimizentwe
and which are not? technologies (Section 5.2.4), and/or to serve| to

10

Since risk management is a balancing act, h¢| €conomic and political purposes (Section 5.2.3 [Th
it possible to accommodate differgnarticipation of other ‘voices’ is limited durinde
stakeholders in harmonious decision maki,@@cision-making processes (Sections 5.2.2, 52.5,
11 | (individualist, egalitarians, hierarchists®-1.3, and 6.1.5).
fatalists)? Has the ‘individualist group of
stakeholders been more important than |the
others (Adams and Thompson 2002)?

Secondly, addressing the case study, the rese@chsdes ways to transform risk-based into ris&rinkd
decision making for transmission pipelines (Secttimpter 7), reinforcing the advice from diversbaotars
addressing the matter in the literature (Sectidm. In special, the United State Transportatiesdarch Board

of The National Academies, in its Special Repoit 28Transmission Pipelines and Land-use: A Riskfimed
Approach (TRB 2004), lays down some initial mileste in the elaboration of risk-informed decisiornking.

This research builds on the recommendations froim #pecial Report to propose a more comprehensive
framework for regulation of technological hazardsBrazil. In the suggested design, the inputs fmisk
analysis are complemented by comprehensive infémmaabout the local population and land-use and
organization patterns. Although the results shdddviewed within the contextual particularitiesthé case
study, the core elements of the design (such aprwenanagement, vulnerability assessment, antieres

plan) can be applied in other jurisdictions.

Thirdly, the research designs a group of twelvditpive indicators to assess the performance airelogical
risk regulatory processes (Section 4.2.4 and @rB:assessment of risks; concern assessment; poscay
appraisal; risk reduction at source; environmetad risk education; communication; public partitigpa;
environmental justice; governmental integratiomdiuse planning; specific routine for risk manageine
vulnerability assessment; resilience plan; and¥lup. These qualitative indicators drawn on curteends in
the literature on risk regulation (discussed inti®ac4.1), organized into the research’s concepfnaahework
(Section 4.2), and help assessing limitations alshtifying opportunities to improve practices inciden-
making processes of hazardous facilities in urbamext. This research has not identified in therditure any

other similar structured group of performance iathcs.

Finally, drawing on the works of Kirchsteiger (199®lillstone (2004), and Renn (2008), the reseafférs an
organization of the literature on technological drds regulation into three hierarchical groups (i8ec2.1):
models, approaches, and methods to account fas niskegulatory processes. Four models are idedtif
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technocratic, decisionistic, transparent, and mglkvernance. Five approaches are described - legalis
consequence-based, risk-based and risk-informeutjchyand precaution-based. Among the several ndstho
discussed in the literature, this research addsebsequantitative risk assessments. This organizielps to
understand how decision-making processes for téobioal hazards are structured, the type of infdioma
these processes usually require, and the techstigdies applied to inform their decisions.

174



References

Abers, R. (2000). Inventing Local Democracy: Grasts Politics in BrazjlLynne Rienner Publishers.

Abrahamsson, M. (2002). "Uncertainty in quantitatiisk analysis-characterisation and methods afrirent.”
Department of Fire Safety Engineering, Lund Uniitgrd und, Sweden

Acselrad, H. (2002). "Justica ambiental e constsgitial do risco.” ENCONTRO DA ASSOCIACAO
BRASILEIRA DE ESTUDOS POPULACIONAISS.

Adams, P. J. and P. M. Thompson (2002). Takingatcof societal concerns about risk - Framing the

problem., Health and Safety Executive, HSE.

Adger, W. (2000). "Social and ecological resilierae they related?" Progress in Human Geogr2g(8):
347.

AIECHE (2000)._Guidelines for Chemical Process Qitative Risk AssessmentCenter for Chemical Process
Safety. American Institute of Chemical Engineers.

Ale, B., P. Brighton, et al. (2006). "Risk ManagettSafety Science Monitdr)(special edition).

Alexander, D. (2000). Confronting Catastrophe: N@svspectives on Natural Disastersrra Publishing.

Allio, L., B. Ballantine, et al. (2006). "Enhancitige role of science in the decision-making of EHueopean
Union." Regulatory Toxicology and Pharmacolagil): 4-13.

Alonso, A. and V. Costa (2002). "Por uma sociolatpa conflitos ambientais no Brasil." ALIMONDA, H.
Ecologia politica: natureza, sociedad y utopia.rifiseAires: CLACS0115-135.

Amendola, A. (2002). "Recent paradigms for rislomfed decision making." Safety Scier¥1-4): 17-30.

Amendola, A., S. Contini, et al. (1992). "Uncertas in chemical risk assessment: results of afiaan
benchmark exercise." Journal of Hazardous Mate2i(I3): 347-363.
Andrey, J. and B. Jones (2008). "The dynamic natfismcial disadvantage: implications for hazargasure

and vulnerability in Greater Vancouver." The Canadeographer / Le Géographe cana8#g):
146-168.
Apostolakis, G. (2004). "How useful is quantitatigk assessment?" Risk Analy84(3).

Arnold, C. A. (2007). Fair and healthy land-us@avieonmental justice and planning. Report (American

Planning Association. Planning Advisory Servicad; 549/550Chicago : American Planning

Association, c2007.

Arturson, G. (1987). "The tragedy of San Juanite-+host severe LPG disaster in history." Burns Tingrm
Inj 13(2): 87-102.

Assmuth, T., M. Hildén, et al. (2010). "Integratisk assessment and risk governance as sociogabliti
phenomena: A synthetic view of the challenges.e&# of the Total Environment

Assuncao, F. N. A. (2006). A participacao socialioenciamento ambiental na Bahia: sujeitos e gaati
sociais. Centro de Desenvolvimento Sustent®msilia, Universidade de Brasiloutorado em

Desenvolvimento Sustentavel
Asveld, L. and S. Roeser, Eds. (2009). The Ethidechnological RiskLondon ¢ Sterling, VA, Earthscan

175



Atkins (2007). Review of significance of societkrfor proposed revision to land-use planning regeaments
for large scale petroleum storage sites, Prepayéiikins Consultants Limited for the Health and Sgf
Executive 2007.

Aven, T. (2007). "On the ethical justification fibre use of risk acceptance criteria.” An InternaigJournal
27(2): 303-312.

Aven, T. (2007). "On the ethical justification filre use of risk acceptance criteria.” Risk Analsi®): 303-
312.

Aven, T., J. Vinnem, et al. (2007). "A decisionnfrework for risk management, with application to dfishore
oil and gas industry." Reliability Engineering addgstem Safet®2(4): 433-448.

Babbie, E. and L. Benaquisto (2002). "Fundamermtfdocial research, first Canadian edition." Scesbgh,

Ontario, Canada: Nelson Thomson Learning

Ball, D. (2002). "Environmental risk assessment dhredintrusion of bias." Environment internatio@8(6):
529-544.

Ball, D. and S. Boehmer-Christiansen (2007). "Satieoncerns and risk decisions." Journal of Hazasd
Materials144(1-2): 556-563.

Balzano, Q. and A. R. Sheppard (2002). "The infbeeof the precautionary principle on science-bakssision-
making: questionable applications to risks of ré&giguency fields.” Journal of Risk Reseab¢h): 351-
369.

Bank, W. (1985). Manual of Industrial Hazards Assesnt Techniques. O. o. E. a. S. Affairs. Washimgto

Basolo, V., L. Steinberg, et al. (2008). "The Efteaf Confidence in Government and Information enceived

and Actual Preparedness for Disasters." EnvironraedtBehaviar
0013916508317222v0013916508317221.

Basta, C., J. M. M. Neuvel, et al. (2007). "Riskpsanforming land-use planning processes A survethe
Netherlands and the United Kingdom recent developsieJournal of Hazardous Materidéy1-2):
241-249.

Bea, R., I. Mitroff, et al. (2009). "A New Approath Risk: The Implications of E3." Risk Managemét 30-
43.

Beck, U. (1992). Risk Society: Towards a New MoitgrrSage.

Berg, B. (2008). Qualitative research methodsHerdocial sciences 6th ed, Boston: Allyn and Bacon.

Berke, P. and M. Manta-Conroy (2000). "Are we plagrfor sustainable development? An evaluation®f 3
comprehensive plans.” Journal of the American RitenAssociatior66(1): 21-33.

Berke, P. R. (1998). "Reducing Natural Hazard Rikksugh State Growth Management." Journal of the
American Planning Associatid@#(1).

Bertazzi, P., C. Zocchetti, et al. (1989). "Tennartality Study of the Population Involved in tBeveso
Incident in 1976." American Journal of Epidemiold39(6): 1187-1200.

Birkmann, J. (2006). Measuring vulnerability toural hazards: towards disaster resilient sociekiesv York,

United Nations University.

176



Birkmann, J. (2007). "Risk and vulnerability indioes at different scales: Applicability, usefulnessl policy
implications." Environmental Hazard¢l): 20-31.

Birkmann, J. and B. Wisner (2006). "Measuring themeasurable. The challenge of vulnerability." $eulNo.
5/2006. United Nations University—Institute for BEmnment and Human Security, Bonn

Bogard, W. (1989). The Bhopal Tragedy: Languagejid,cand Politics in the Production of a Hazard

Westview Pr.
Boholm, A. (2008). "The Public Meeting as a Theafr®issent: Risk and Hazard in Land-use and
Environmental Planning." Journal of Risk Resedrifi): 119-140.
Boholm, A. and R. Léfstedt (2004). Facility SitirRisk, Power and Identity in Land-use PlanniBgrthscan.
Bonneck, S. (2008). Acrylamide Risk Governance émn@any._Global risk governance. Concept and Peactic

Using the IRGC FrameworlO. Renn and K. Walker. Dordrecht, Springer.

Borinelli, B. (2007). Desempenho politico-adminggitvo das instituicbes ambientais da decada de 1890
experiencia da Fundacéo do Meio Ambiente de Saai@ri@a - FATMA._Instituto de Filosofia e

Ciéncias Humana£ampinas, Unicamoutorado em Ciéncias Sociais

Bowen, W. M., M. J. Salling, et al. (1995). "Towdtdvironmental Justice: Spatial Equity in Ohio and
Cleveland." Annals of the Association of Americaed@rapher§5(4): 641-663.

Brasil (1979). Lei Federal 6.766. P. d. R. Casal@vasilia.

Brasil (2004). Lei Federal 10.932. P. d. R. Casal Brasilia.

Bryson, J. M. (2004). "What to do when Stakeholdeaster.” Public Management Reviél): 21-53.

Buckle, P., G. Mars, et al. (2000). "New approadbesssessing vulnerability and resilience." AdstraJournal

of Emergency Managemeh$(2): 8-14.
Burby, R. (1998). Cooperating with nature: confiogthatural hazards with land-use planning forauastble

communities Joseph Henry Press.

Burby, R., R. Deyle, et al. (2000). "Creating hazagsilient communities through land-use plannii¢atural
Hazards Review: 99.

Burby, R. J., R. E. Deyle, et al. (2000). "Creatitagard Resilient Communities through Land-Use iitamn"
Natural Hazards Revied2): 99-106.

Burton, I. and R. Kates (1963). "Perception of Malttiazards in Resource Management, The." Natural

Resources Journai 412.

Burton, I., R. W. Kates, et al. (1978). The Envirent As HazardNew York, Oxford University Press.

Cahen, B. (2006). "Implementation of new legiskatimeasures on industrial risks prevention and obimtr
urban areas." Journal of Hazardous Matei@iX3): 293-299.

Caleyo, F., L. Alfonso, et al. (2006). On the Estiion of Failures Rates of Multiple Pipelines Syste 6th.
International Pipeline Conferendgalgary.

Cameron, J. (1999). "The precautionary principledde, Environment, and the Millenniu289-269.

177



Cappelli, S. (2002). "Acesso a justica, a inforntagah participacdo popular em temas ambientaisasilB
Seminério Didlogo Governos-Sociedade Civil, por iresspectiva Regional & Promocédo do Acesso a

Informac&o, Participacdo e Justica em Temas Andigrffantiago do Chile
Cardona, O. (2004). "The Need for Rethinking thecapts of Vulnerability and Risk from a Holistic
Perspective: A Necessary Review and Criticism fifedfive Risk Management." Mapping

Vulnerability: Disasters, Development and People
Caribé, R. (2009). "Subsidios para um sistema fidenmacdo ambiental no Brasil." Ciéncia da Infornw2#1).
Carpenter, R. (1995). "Risk Assessment.”" Impacefsment3; 153-187.
Castree, N. (2003). Place: Connections and Boueslarian Interdependent World. Key Concepts in

GeographyS. L. Holloway, S. P. Rice and G. Valentine. LondSAGE Publications.
Castro, D. I. M. d. (2006). O licenciamento amhki¢ltseus conflitos. Direit@antos, Universidade Catolica de

SantosMestre em Direito.
CETESB (2003). Norma P4.261. Manual de Orientagéia Rlaboracdo de Estudos de Analise de Riscos.
Companhia de Tecnologia de Saneamento Ambienedrefaria do Meio Ambiente - Sdo Paulo.
Chambers, R. (1989). "Vulnerability, Coping andi®o(Editorial Introduction).” IDS Bulletir87(4): 33-40.
Chatfield, S. (retrieved 2008) "Decision-Making Assessment of High Pressure Gas Transmission mégseli
(http://www.hse.gov.uk/gas/supply/gsmrassess/sympuogidf):' HSE - Health & Safety Executive -

United Kingdom

Chai, B., T. Pang, et al. (2005). Can scientists policy makers work together?, Journal of Epiddagp and
Community Health59: 632-637.

Christou, M. D., A. Amendola, et al. (1999). "Thantrol of major accident hazards: The land-userptan
issue." Journal of Hazardous Materiéf1-2): 151-178.

Christou, M. D. and M. Mattarelli (2000). "Land-ugkanning in the vicinity of chemical sites: Riskérmed

decision making at a local community level." JoliofeHazardous Materialg8(1-3): 191-222.

CIA. (2009). "The World Factbook." Retrieved 20f@m https:Mww.cia.gov/library/publications/the-world-
factbook/docs/rankorderguide.html

Coelho, V. S. P. and A. Favareto (2008). "Questigrthe Relationship between Participation and Dmpraknt
A case study of the Vale do Ribeira, Brazil." WdbdvelopmenB6(12): 2937-2952.

Commission on Global Governance (1995). Our Gldlsghborhood. New York, Oxford University Press.

CONAMA (1986). Resolucdo Conama 001. Conselho Netido Meio Ambiente. Brasilia.

CONAMA (1997). Resolucdo Conama 237. Conselho Netido Meio Ambiente. Brasilia.

CONAMA (1997). Resolucdo CONAMA 237, de 19.12. GBDNAMA.

CONCAWE (2006). Performance of European Cross-Ggudil Pipelines - Statistical Summary of Reported
Spillages 2004., Prepared by the CONCAWE Oil PipediManagement Group - Special Task Force on
Oil Pipeline Spillage (OP-STF-1).

Cosham, A., P. Hopkins, et al. (2006). Quantifying Probability of Failure During the Pre-Comissingn

Hudrotest, 6th. International Pipeline Conferer@algary.

178



Cox, A. (2007). "Does Concern-Driven Risk Managetinovide a Viable Alternative to QRA." Risk Anaiys
27(1): 27-43.

Cox, L. A. (2002). Risk Analysis: Foundations, Misdeind MethodsKluwer Academic Publishers.

Coze, J. (2005). "Are organisations too complelsgantegrated in technical risk assessment anémusafety

auditing?" Safety Scienct3(8): 613-638.

Cozzani, V., R. Bandini, et al. (2006). "Applicatiof land-use planning criteria for the controhadjor
accident hazards: A case-study." Journal of Hazerdiéaterialsl36(2): 170-180.

Cozzani, V., L. Foschi, et al. (1999). "The usgaéntitative area risk assessment techniques dhuaa
planning." Seveso 2000-European Conference, Attmengmber 199%11-419.

Cresswell, T. (2004). Place: a short introductBlackwell Pub.

Creswell, J. (1998). Qualitative inquiry and resbatesign: Choosing among five traditipBage Publications,

Inc.
Creswell, J. (2003). Research design: Qualitativantitative, and mixed methods approacege Pubns.

Creswell, J. (2007). Qualitative inquiry and resbatesign: Choosing among five traditipBage Publications,

Inc.
CS1 (2009). Phone Interview 06 October 2009.
CS2 (2009). Phone Interview 09 October 2009.
CS3 (2009). Phone Interview 05 October 2009.
CS4 (2009). Phone Interview 21 September 2009.
CS5 (2009). Phone Interview 14 September 2009.
CS6 (2009). Phone Interview 18 September 2009.
CS7 (2009). Phone Interview 16 September 2009.
CS8 (2009). Phone Interview 19 October 2009.
CS9 (2009). Phone Interview 01 October 2009.
CS10 (2009). Phone Interview 02 October 2009.
CSChE (2004). Risk Assessment — Recommended Ryadtic Municipalities and Industry. Risk Assessment

Recommended Practicegsanadian Society for Chemical Engineering. Ottawa

Cutter, S. (1996). "Vulnerability to environmenlezards." Progress in Human Geograpbi#): 529-539.

Cutter, S. (2006). Hazards, vulnerability and emwinental justicelL ondon: Sterling, VA: Earthscan.

Cutter, S. and K. Barnes (1982). "Evacuation bejraamd Three Mile Island.” Disasté5€): 116-124.

Cutter, S., B. Boruff, et al. (2003). "Social Vutability to Environmental Hazards*." Social Scier@earterly
84(2): 242-261.

Cutter, S. L. (2003). "The Vulnerability of Scienmed the Science of Vulnerability." Annals of thesAciation
of American Geographeg3(1): 1-12.

Davidson, M. D. (2009). Acceptable Risk to Futuren@rations. The Ethics of Technological RiskAsveld
and S. Roeser. London ¢ Sterling, VA, Earthscan

179



Davies, A. (2001). "What Silence Knows—PlanninghlRuParticipation and Environmental Values."
Environmental Valued0O: 77-102.

de Freitas, C. and C. Gomez (1996). Analise desisecnoldgicos na perspectiva das ciéncias soEiairia,
Ciéncias, Saude—Manguinbddrazil, SCIELO.vol. Il 485-504.

De Marchi, B. (2003). "Public participation andkrigovernance.” Science and Public PoB&3): 171-176.

de Souza Jr, A. (2000). "Emergency planning fomhdaus industrial areas: a Brazilian case studigk R
Analysis20(4): 483-494.

Denzin, N. and Y. Lincoln (2000). "Handbook of Qtative Research."

Denzin, N. and Y. Lincoln (2005). The Sage handboiofualitative researgiSage Pubns.

Dey, 1. (1993). Qualitative data analysis: A uséffdly quide for social scientistRoutledge.

Diegues, A. (1998). "Environmental impact assess$mba point of view of artisanal fishermen commigsitin
Brazil." Ocean and Coastal Managem@®(tl-2): 119-133.
dos Reis, H. (2007). Exigencias de analise de dscacidentes, para fins de licenciamento, emlatgias que

manipulam substancias perigosas, e proposicaoatdadem para atendimento. Faculdade de
Engenharia QuimicaCampinas, UnicampJestre em Engenharia Quimica

Dubreuil, G., G. Bengtsson, et al. (2002). "A repdrTRUSTNET on risk governance--lessons learned."
Journal of Risk Researdifl): 83-95.

Dubreuil, G. H. (2001). "Present challenges to gekernance." Journal of Hazardous Mater3&(d -3): 245-
248.

e-CFR. (retrieved 2008). "Eletronic Code of Fed&=gdjulations - Transportation - Subtitle B
(http://www.gpoaccess.goV/).

Economist, T. (2009). Brazil Takes Off - A 14-P&gport on Latin America's Big Success Story. Thenbest
November 14th-20th

EEC (1982). Seveso Directive. 82/501/EHCC. o. t. E. Communities. Luxembourg.

EGIG (2005). 6th. Report of the European Gas Ripdlcident Data Group (1970-2004), European Gas
Pipeline Incident Group.

EGIG (2008). 7th. Report of the European Gas Ripdlcident Data Group (1970-2004), European Gas
Pipeline Incident Group.

Egler, P. (1998). Improving the environmental impssessment process in Brazil, University of Basflia.

Elliott, D. L. (2008)._A Better Way to Zone: Tenifriples to Create More Livable Citiglsland Press.

Enserink, B. and R. A. H. Monnikhof (2003). "Infoation Management for Public Participation in Coiges
Processes: Evaluation of a Dutch Example." JowhBhvironmental Planning and Managené@(3):
315-344.

Ericson, C. (2005). Hazard analysis techniguesystem safetyJohn Wiley and Sons.

Ersdal, G. and T. Aven (2008). "Risk informed dirismaking and its ethical basis." Reliability Eneering
and System Safe§3(2): 197-205.
ES1 (2009). Phone Interview 16 September 2009.

180



ES2 (2009). Phone Interview 30 September 2009.
ES3 (2009). Phone Interview 08 October 2009.
ES4 (2009). Phone Interview 22 September 2009.
ES5 (2009). Phone Interview 28 September 2009.
ES6 (2009). Phone Interview 02 October 2009.
ES7 (2009). Phone Interview 07 October 2009.
ES8 (2009). Phone Interview 21 September 2009.
ES9 (2009). Phone Interview 03 October 2009.
ES10 (2009). Phone Interview 18 September 2009.
ES11 (2009). Phone Interview 28 September 2009.
ESTATUTO, D. (2002). CIDADE: guia para implementagilos municipios e cidades. Brasilia: Camara dos

deputados, coordenacdo de publicachts://www.senado.gov.br/sf/publicacoes/estatuto/

Eve, E., F. Arguelles, et al. (2000). "How well dd&razil's environmental law work in practice? Eomimental
impact assessment and the case of the Itapirahgagosustainable logging plan." Environmental
Managemen26(3): 251-267.

Fabbri, L. and S. Contini (2008). "Benchmarkingtie evaluation of major accident-related risk asvesnt."
Journal of Hazardous Materials

Farrow, S. (2004). "Using risk assessment, bewefit-analysis, and real options to implement agurggnary

principle." Risk Analysi®4(3).
Fearnside, P. M. (2002). "Avanca Brasil: Environtaéand Social Consequences of Brazil's Planned

Infrastructure in Amazonia.” Environmental Manageth®9(6): 735-747.
Filho, S. S. A. (2002). Avaliacdo Ambiental Estgaté - Uma Alternativa de Incorporacéo da Questédo
Ambiental no Processo de Desenvolvimento. Deparitoe EconomiaCampinas, Universidade

Estadual de Campina3outorado.

Flyvbjerg, B. (2004). "Phronetic planning reseattieoretical and methodological reflections." PlagriTheory
& Practice5(3): 283-306.

Foley, M. and B. Edwards (1996). "The paradox wil ciociety.” Journal of Democrady 38-52.

Fothergill, A. and L. A. Peek (2004). "Poverty ddidasters in the United States: A Review of Recent
Sociological Findings." Natural Hazar88(1): 89-110.

Fowler, H. and A. De Aguiar (1993). "Environmeritapact assessment in Brazil." Environmental Impact
Assessment Reviet3(3): 169-176.

Frewer, L. (2004). "The public and effective riskiamunication.” Toxicology letters49(1-3): 391-397.

Funtowicz, S. and J. Ravetz (1994). "Emergent cergystems." Futurey(6): 568-582.

Gablehouse, T. R. (2005). "The role of local comitiemin chemical accident prevention and prepagedri
Journal of Loss Prevention in the Process Indust®él-6): 549-552.

Gacitua-Marid, E. and M. Woolcock (2008). Sociatlesion and mobility in BrazilWorld Bank Publications.

181



GAO (2006). Natural Gas Pipeline Safety - Risk-BaStandards Should Allow Operators to Better Tailor
Reassessments to Pipeline Thredtsp(//www.gao.gov/new.items/d06945.pdf)nited States

Government Accountability Office.

Gardiner, M., R. F. Mendes, et al. (2009). Struadt&Reliability Analysis Applied to Pipeline Risk Alysis._Rio
Pipeline 2009Rio de Janeiro.

Garvin, T. (2001). "Analytical paradigms: The epiablogical distances between scientists, policyarslkand
the public." Risk Analysi21(3): 443-456.

Gay, R. (1994). Popular organization and democira®io de Janeiro: a tale of two faveld®mple Univ Pr.

Gerring, J. (2007). Case study research: princigtgspracticesCambridge Univ Pr.

Glasson, J. and N. N. B. Salvador (2000). "EIA ma8l a procedures—practice gap. A comparativeysiith
reference to the European Union, and especiall{J#e& Environmental Impact Assessment Review
20(2): 191-225.

Godschalk, D., E. Kaiser, et al. (1998). "Integrgthazard mitigation and local land-use planni@pbperating
with Nature: Confronting Natural Hazards with Ladde Planning for Sustainable Communiti@s-
118.

Goldemberg, J. and L. Barbosa (2004). "A legisleg@biental no Brasil e em Sdo Paulo." RevistaZco

Goldman, B. A. (2000). "An Environmental Justicedeigm For Risk Assessment.” Human and Ecological
Risk Assessmer@(4): 541-548.

GOV1 (2009). Phone Interview 15 October 2009.

GOV2 (2009). Phone Interview 15 September 2009.

GOV3 (2009). Phone Interview 21 September 2009.

GOV4 (2009). Phone Interview 23 September 2009.

GOVS5 (2009). Phone Interview 16 September 2009.

GOV6 (2009). Phone Interview 15 September 2009.

GOV7 (2009). Phone Interview 11 September 2009.

GOV8 (2009). Phone Interview 14 September 2009.

GOV9 (2009). Phone Interview 15 September 2009.

GOV10 (2009). Phone Interview 05 October 2009.

GOV11 (2009). Phone Interview 15 October 2009.

Greenberg, M. (1993). "Proving Environmental Inégin Siting Locally Unwanted Land-uses." Riék235.

Gregory, D., R. Johnston, et al. (2009). The dietiy of human geographWiley-Blackwell.

Grenoble, C. and F. Saint Martin d'Heres (2006haiRzhy and sustainable risk prevention by managing

protection forests in mountain aredaylor & Francis Group.

Gunderson, L. and C. Holling (2002). Panarchy: wstd&ding transformations in human and naturaksyst

Island Press.

182



Gurabardhi, Z., J. Gutteling, et al. (2005). "Anpérical analysis of communication flow, strategydan
stakeholders' participation in the risk communimatiterature 1988—2000." Journal of Risk Research
8(6): 499-511.

Haklar, J. S. (1997). Analysis of safe separatistadces from natural gas transmission pipelinesy Bersey

Institute of Technology, Department of Civil andvEonmental Engineering.

Hansson, S. (2003). "Ethical criteria of risk ade@pe." Erkenntni§9(3): 291-309.

Hansson, S. O. (2009). An Agenda for the EthicRisk. The Ethics of Technological Ridk Asveld and S.
Roeser. London « Sterling, VA, Earthscan

Hardoy, J. E. and D. Satterthwaite (1989). Squatiteen: life in the urban third world.ondon, Earthscan Pub.
Ltd.

Hart, C. (1998). Doing a literature review: Relegsihe social science research imaginati®age.

Hassanien, S. S. A. and S. Adeeb (2006). ProbtitiBaised Assessment of Corroded Pipelines: A Coispra
Between Closed Form and Surrogate Limite Statds.ternational Pipeline Conferendealgary.

Hay, 1. (2005). Qualitative research methods in &anmeographySouth Melbourne, Vic.: New York; Oxford

University Press.

Healy, S. (2001). "Risk as social process: thedrnithe age of appealing to the facts’?" JournaHakardous
Materials86(1-3): 39-53.

Helton, J. (1994). "Treatment of uncertainty infpenance assessments for complex systems." Riskygina
14(4): 483-511.

Herculano, S. (2002). "Riscos e desigualdade sarigimatica da Justica Ambiental e sua construQao
Brasil." ENCONTRO DA ASSOCIACAO NACIONAL DE POS-GRAMACAO E PESQUISA EM
AMBIENTE E SOCIEDADE

Hermansson, H. and S. Hansson (2007). "A thregrpaotel tool for ethical risk analysis.” Risk Maeagent
9(3): 129-144.

Hewitt, K. (1997). Regions of risk: a geographiicaitoduction to disasteréondon: Longman.

Hogan, D. and E. Marandola (2005). "Towards arrdfiseiplinary Conceptualisation of Vulnerability."
POPULATION SPACE AND PLACH1(6): 455.

Holling, C. (1973). "Resilience and stability ofodmgical systems." Annual Review of Ecology andt8ystics
4(1): 1-23.

Hollnagel, E., D. Woods, et al. (2006). Resilierogineering: Concepts and precepishgate Publishing, Ltd.

Hopkins, A. (1999). "The limits of normal accideheory." Safety Sciencg?(2): 93-102.

Hriset, S., B. Hjertager, et al. (2000). "Flixbogburevisited—an explosion simulation approach.'rdabliof
Hazardous Materialg7(1-3): 1-9.

HSE (2006). An evaluation of the five steps to askessment, Prepared by the Institute for Employme
Studies for the Health and Safety Executive (HSE).

HSE (2008). PADHI — HSE’s Land-use Planning MetHodg, HSE - Health and Safety Executive.

183



IBAMA (2005). Term of Reference for the Quantit&iRisk Assessment of Transmission Gas Pipelingdd(CDI
and D. o. E. Licensing, Unpublished Document.

IBAMA (2008). Instrucdo Normativa No- 183, DE 17 DBLHO DE 2008, Secéa Brasilia, Diario Oficial da
Uniao.

IBAMA (2008). Instrucdo Normativa, No. 183, de 1& jdlho de 2008

N. Diario Oficial da Unido - Secao 1, sexta-felt8,de julho de 2008, pagina 71.

IBGE (2006). Pesquisa Nacional por Amostra de Dédiogc- 2006. . Socioeconomic Indexes and Indisato

Brazilian Institute of Geography and Statistcs.

IBGE. (2008). "Brazilian Institute of Geography aathtistics.” June 2008, from
http://www.ibge.gov.br/english/

IBGE. (2010). "Brazilian Institute of Geography aathtistics.” March 2010, from
http://www.ibge.gov.br/english/

ILO (1993). Major hazard control: a practical maniméernational Labour Organization.

IRGC (2006). Risk Governance: Towars an Integrafipproach. International Risk Governance Council.
Genebra.

IRGC (2007). An introduction to the IRGC Risk Gavance Framework. International Risk Governance
Council. Genebra.

IRGC (2008). An introduction to the IRGC Risk Gavance Framework. International Risk Governance
Council. Genebra.

Jacobi, P. and H. Alimonda (2006). "Participacadgestdo ambiental no Brasil: os comités de bacias

hidrogréficas eo desafio do fortalecimento de espaciblicos colegiados." Los tormentos de la
materia-aportes para una ecologia politica latirwanana. Buenos Aires: Clacsit9-194.

Jacobson, J., N. W. Hengartner, et al. (2005).quitg measures for evaluations of environmentaigasa case
study of close proximity to highways in NYC." Enwir Plan A37: 21-43.

John Glassona, N. N. B. S. (2000). "EIA in Braaiprocedures—practice gap. A comparative study with
reference to the European Union, and especiall{J#e& Environmental Impact Assessment Review
20.

Jones, B. and J. Andrey (2007). "Vulnerability indenstruction: methodological choices and thdiuance on

identifying vulnerable neighbourhoods." Internatibdournal of Emergency Managemé(g): 269-
295.
Kaplan, H. B. (2006). "Understanding the conceptsflience.” Handbook of Resilience in Childr89-47.
Kirchhoff, D. (2006b). "Capacity building for ElAiBrazil: preliminary considerations and problembe¢

overcome." Journal of Environmental AssessmentRaihd Management (JEAPN[j01): 1-18.

Kirchhoff, D. and B. Doberstein (2006). "Pipelingkrassessment and risk acceptance criteria iBtdite of Sao
Paulo, Brazil." IMPACT ASSESSMENT AND PROJECT APPIBAL 24(3): 221.

184



Kirchhoff, D., M. Montéano, et al. (2007). "Limitaths and drawbacks of using Preliminary Environmnienta
Reports (PERS) as an input to Environmental Licemnsi Sdo Paulo State: A case study on natural gas
pipeline routing." Environmental Impact Assessnigatiew27(4): 301-318.

Kirchsteiger, C. (1999). "On the use of probabgisind deterministic methods in risk analysis."rdaliof Loss
Prevention in the Process IndustrieX5s): 399-419.

Kirchsteiger, C. (2005). "Review of industrial dgfenanagement by international agreements anduitistis."
Journal of Risk Researdé(l): 31-51.

Klinke, A., M. Dreyer, et al. (2006). "Precautiopdrisk Regulation in European Governance." Jourh&lisk
Researci®(4): 373-392.

Klinke, A. and O. Renn (2002). "A New Approach tslREvaluation and Management: Risk-Based,
Precaution-Based, and Discourse-Based Stratediéds International Journ#2(6): 1071-1094.

Knight, A. J., M. R. Worosz, et al. (2008). Liseein Raw Milk Soft Cheese: A Case Study of Risk &oance
in the United States Using the IRGC Framewaork. @lotsk governance. Concept and Practice Using

the IRGC FrameworkO. Renn and K. Walker. Dordrecht, Springer.

Kozine, K. L. I., F. M. A. Amendola, et al. (2008ssessment of Uncertainties in Risk Analysis oéfical
Establishments. Final summary repdrt A. project, Risg National Laboratory, RoskjlEnmark.

Kristensen, V., T. Aven, et al. (2006). "A new gastive on Renn and Klinke's approach to risk eatéda and
management.” Reliability Engineering and Systenet§&f1(4): 421-432.

Kuenzi, C. and J. McNeely (2008). Nature-Based BourGlobal risk governance. Concept and Practsiad)
the IRGC FrameworkO. Renn and K. Walker. Dordrecht, Springer.

Lauridsen, K., I. Kozine, et al. (2002). Assessnadndncertainties in Risk Analysis of Chemical
Establishments. The ASSURANCE projdebskilde, Risg National Laboratory.
Levin, R. (2005). "Uncertainty in risk assessmeottents and modes of communication." Licentiatesiin

Philosophy. Royal Institute of Technology, StockhpBSweden

Lidskog, R. (2008). "Scientised citizens and deratised science. Re-assessing the expert-lay diidernal
of Risk Researcti(1): 69-86.
Lima, L. and A. Magrini (2009). "The Brazilian Audiribunal's role in improving the federal enviroantal

licensing process." Environmental Impact AssessiReniew

Little, P. (2003). Paliticas ambientais no Braaiidlises, instrumentos e experiéncizditora Peirdpolis.

Liverman, D. (1994). "Vulnerability to global engimmental change." Environmental Risks and Haz&26-
342.
Lofstedt, R. (2009). Risk management in post-tegsieties Earthscan/James & James.

Lofstedt, R. and M. v. Asselt (2008). A Framework Risk Governance Revisited. Global risk goverganc

Concept and Practice Using the IRGC Framew@rkRenn and K. Walker. Dordrecht, Springer.

Loures, F. (retrieved Jan 2010). "A implementagddlideito a informacédo ambiental
(http://www.milare.adv.br/artigos/idia.htrtiRevista de Direito Ambiental
Manyena, S. B. (2006). "The concept of resiliereasited.” Disaster80(4): 434-450.

185



Marinho, C. and C. Minayo-Gomez (2004). "Decisdesflitivas na liberacdo dos transgénicos no BraS#o
Paulo em Perspectivis3: 96-102.

Marples, D. (1988). The Social Impact of the Cheyt®isastey New York.

Martuzzi, M. (2005). "Science, policy, and the paiton of human health: A European perspective.”

Bioelectromagneticg6.

McAllister, L. (2005). "Public prosecutors and eravimental protection in Brazil." Environmental lssun
Latin America and the Caribbea?07-229.
McCallum, M., A. Francis, et al. (2004). A Robutpgkoach to Pipeline Integrity Management Using &lire

Assessment Based on Structural Reliability Analysfis. International Pipeline Conferen€zalgary.

McColl, S., J. Hicks, et al. (2000). Environmerti@alth Risk Management - A Primer for Canadian®-IR
NERAM. University of Waterloo

McLain, R. and R. Lee (1996). "Adaptive managempramises and pitfalls,” Environmental Management
20(4): 437-448.

MIACC (1998). Land-use Planning With Respect ToeRies A Guideline for Local Authorities, Developer
and Pipeline Operators. Major Industrial Accideditaincil of Canada.

Millstone, E., P. v. Zwanenberg, et al. (2004).e8ck in Trade Dispute Related to Potential Riskengarative
Case Studies

IPTS Technical Report Series, EUR 21301 ENWolf, D. Ibarreta and P. Sgrup. Seville, Spain

Molak, V. (1997). Fundamentals of risk analysis @skl management.ewis Publishers Boca Raton.

Montano, M. and M. Souza (2008). "A viabilidade @emibal no licenciamento de empreendimentos pergoso
no Estado de S&o Paulo." Engenharia Sanitaria defutiath 435-442.
Morgan, M. G. and M. Henrion (1990). UncertaintyGAiide to Dealing with Uncertainty in QuantitatiRésk

and Policy AnalysisCambridge University Press.
Morrow, B. (1999). "ldentifying and Mapping CommtynVulnerability.” Disaster@3(1): 1-18.
MPF (2004). Deficiéncias em Estudos de Impacto Amitail: Sintese de uma Experiéncia. Brasilia, Escola

Superior do Ministério Publico da Uniao,.
Muhlbauer, W. K. (1992). Pipeline Risk Managemerirndal Gulf Publishing Co, Houston, TX.
Muhlbauer, W. K., D. Johnson, et al. (2006). A N&eneration of Pipeline Risk Algorithms. 6th. Intetional
Pipeline ConferenceCalgary.

Munton, D. (1996). Hazardous Waste Siting and Deat@Choice Georgetown Univ Pr.

Murphy, B. (2007). "Locating social capital in femit community-level emergency management.” Natura
Hazards41(2): 297-315.

Murphy, C. and P. Gardoni (2006). "The Role of 8tcin Engineering Risk Analysis: A Capabilitiessgd
Approach.” Risk Analysi26(4): 1073-1083.

Nessin, M., W. Zhou, et al. (2004). Target Relig&pilevels for Design and Assessment of Onshoraifdatcas
Pipelines, 5th. International Pipeline Conferer€algary.

186



Nicolaidis, D. C. (2005). A Avaliacdo de Impacto Biental: Uma Analise de Eficacia. Departamento de

Economia. Programa de Pés-Graduacdo em EconBmaisilia, Universidade de Brasilidestrado em

Gestdo Econdmica do Meio Ambiente
Nicolaidis, D. C. d. R. (2005). A Avaliacdo De Ingba Ambiental: Uma Analise De Eficacia. Departamei
EconomiaBrasilia, Universidade de Brasildestrado.

North, D. W. (2008). Comments on the IRGC FrameworkRisk Governance. Global risk governance.

Concept and Practice Using the IRGC Framew@rkRenn and K. Walker. Dordrecht, Springer.

North, D. W. (2008). Energy Security for the Balegion._Global risk governance. Concept and Rwtising

the IRGC FrameworkO. Renn and K. Walker. Dordrecht, Springer.

O'Brien, M. (2000). Making better environmental idams: an alternative to risk assessm&he MIT Press.

O'Keefe, P., K. Westgate, et al. (1976). "Taking tlaturalness out of natural disasters." Na26¥5552): 566-
567.

O’Neill, J. (2001). "Building better global econanBRICs." Global economics papés.

Okada, N., H. Tatano, et al. (2008). Nagara Risstu&ry Barrage Conflict. Global risk governancen€apt
and Practice Using the IRGC Framewdtk Renn and K. Walker. Dordrecht, Springer.

Oliveira, E. (2000). Cidadania e educacdo ambieutah proposta de educagdo no processo de gestao
ambiental. Brasilia: IBAMA, 2003. Centro de Desdmirnento Sustentavel da Universidade de

Brasilia Brasilia, UNB.Mestrado.
Olshansky, R. and J. Kartez (1998). "Managing laselto build resilience.” Cooperating with Nature:

Confronting Natural Hazards with Land-Use PlanrfimgSustainable Communitie$67-202.

Palenchar, M. and R. Heath (2007). "Strategicc@kmunication: Adding value to society." Public &&ins
Review33(2): 120-129.
Papadakis, I. S. (1997). Risk assessment and aslagement for natural gas distribution. Systemsreeging

University of Pennsylvanidoctor of Philosophy

PARLOC (1998). Parloc 96: The Update of Loss oft@omnant Data for Offshore Pipelines, Prepared MEA
Ltda. for the Health and Safety Executive (HSEX- U

Paviani, A. (2007). "Geografia urbana do DistritxiEral: evolucéo e tendéncias." Revista Espaco &deafia
10(1): 1-22.

Pelling, M. (2003). The vulnerability of cities: tn@al disasters and social resilienEarthscan/James & James.

Pelling, M. (2007). "Learning from others: the se@nd challenges for participatory disaster rideasment.”
Disasters31(4): 373-385.

Pellizzoni, L. and D. Ungaro (2000). "Technologidak, participation and deliberation. Some resfutten three
Italian case studies.” Journal of Hazardous Md&eTig(1-3): 261-280.

Perrow, C. (1984). "Normal accidents." New York

Perrow, C. (1999). Normal Accidents: Living withdhirisk TechnologiesPrinceton University Press.

Perrow, C. (2004). "A personal note on Normal Aecits." Organization & environmeh¥(1): 9.

187



Perrow, C. (2007). The next catastrophe: reducimgralnerabilities to natural, industrial, and teist disasters

Princeton Univ Pr.

Peterson, M. (2006). "The precautionary principlencoherent.” Risk Analys26(3): 595-601.

Petts, J. (2004). "Barriers to participation anlib@eation in risk decisions: evidence from wastenagement."”
Journal of Risk Researdt(2): 115-133.

PHSMA. (2006). "The US Department of Transportdsidtesearch and Special Programs Administrations."
from http://primis.phmsa.dot.gov/

Pinto, V. C. (2003). Ocupacéo Irregular do Soloditr O Papel da Legislacdo Federal. C. L.-S. Federa

Prado Filho, J. and M. Souza (2004). "O licenciam@mbiental da mineracdo no Quadrilatero Ferrifiero

Minas Gerais: uma andlise da implementacdo de mediel controle ambiental formuladas em
EIAsS/RIMAs." Eng. Sanit. Ambierf(4): 343-349.
Purple (2005). Purple Book - Guidelines for Quatitie Risk AssessmenMinisterie van Verkeer en

Waterstaat - Netherlands.
Rausand, M. (2005). "Preliminary Hazard Analysisdm http://www.ntnu.no/ross/srt/slides/pha.pdf

Redmill, F. (2002). "Risk analysis-a subjectiveqass.” Engineering Management Joud#P): 91-96.

Renn, O. (2006a). "Participatory processes forg@siy environmental policies.” Land-use Poli3(1): 34-43.

Renn, O. (2008). Risk Governance: Coping with Utadety in a Complex WorldLondon, Earthscan
Publications Ltd.

Renn, O. (2008). White Paper on Risk Governancedfd an Integrative Approach. Global risk goverrganc

Concept and Practice Using the IRGC Framew@rkRenn and K. Walker. Dordrecht, Springer.

Renn, O. (2008). White Paper on Risk Governanceafo an Integrative Framework. Global risk goveg®n
0. Renn and K. Walker, Springer, ISBN.

Renn, O. and A. Jager (2008). Synopsis of Crit@@hments on the IRGC Risk Governance Framework.
Global risk governance. Concept and Practice UiadRGC FrameworkO. Renn and K. Walker.

Dordrecht, Springer.

Renn, O. and M. Roco (2006c¢). "Nanotechnology &edeed for risk governance.”" Journal of Nanogartic
Researci8(2): 153-191.

Renn, O. and K. Walker (2008). Global risk goveerspringer, ISBN.

Renn, O. and K. Walker (2008). Lessons LearnedeAARsessment of the IRGC Framework on Risk
Governance. Global risk governance. Concept andiPealsing the IRGC Framewor®. Renn and K.

Walker. Dordrecht, Springer.
Renno, M. (retrieved April 2010). Overview of thipé&line Industry in Brazil - Capturing Pipeline
Opportunities. Rio Pipeline 2009 Conference anddsSitipn Rio de Janeiro.

Roco, M., O. Renn, et al. (2008). NanotechnologkRbovernance. Global risk governance. Concept and

Practice Using the IRGC Framewof®. Renn and K. Walker. Dordrecht, Springer.
Roeser, S. and L. Asveld (2009). The Ethics of Tietdgical Risk: Introduction and Overview. The Ethof
Technological RiskL. Asveld and S. Roeser. London « Sterling, VArtBscan

188



Sachs, G. (2007). BRICs and Beygrdoldman Sachs.

Sandin, P., M. Peterson, et al. (2002). "Five chsuapainst the precautionary principle." Journd&iek
Researctb(4): 287-299.

Schlosberg, D. (1999a). Chapter 7 - Environmenistide and the Prospects for a Critical Pluralism.
Environmental Justice and the New Pluralism: Thalléhge of Difference for Environmentalisidew

York, Oxford University Press.

Serra, M., D. Dowall, et al. (2004). "Urban Landikets and Urban Land Development: An Examination of
Three Brazilian Cities: Brasilia, Curitiba and Reci

SEVESO Il. (1996). "Council Directive 96/82/EC dretcontrol of major-accident hazards
(http://ec.europa.eu/environment/seveso/index.htm).

Slovic, P., M. Finucane, et al. (2002). "Risk aalgsis and risk as feelings: Some thoughts abdet&afreason,
risk, and rationality.” Risk Analysi24(2): 1-12.

Smith, D. J. (2005). Reliability, Maintainabilitye Risk: Practical Methods for EngineeBaitterworth-
Heinemann.

Souza, M., M. Montafio, et al. (2007). A desconfalawlie no licenciamento ambiental do tracado do g#sod
Gas Brasiliano distribuidora no estado de Sao PadibCongresso Brasileiro de Engenharia Saniéria

Ambiental.

Stake, R. (1999). The art of case study rese&ape Publ.

Stake, R. E. (2005). Qualitative Case Studies.Jdme handbook of qualitative reseafdhK. Denzin and Y.
S. Lincoln, Sage Publications.

Starr, C. (2003). "The precautionary principle usrask analysis." Risk Analys#&3(1): 1-3.

Stern, P. and H. Fineberg (1996). Understanding: Ridorming Decisions in a Democratic Socieational
Academy Press.

Stirling, A. (2007). "Risk, precaution and scientevards a more constructive policy debate. Talkiamnt on
the precautionary principle." EMBO Repo&@!): 309.

Szwarcwald, C., C. Andrade, et al. (2002). "Incanegjuality, residential poverty clustering and mtfa
mortality: a study in Rio de Janeiro, Brazil." Sdd@cience & medicinB5(12): 2083-2092.

Taboas, A., A. Moghissi, et al. (2004). The decossioining handboQKASME Press.

Tait, J. (2008). Risk Governance of Genetically Mied Crops — European and American Perspectivieshdb
risk governance. Concept and Practice Using thedR@&meworkO. Renn and K. Walker. Dordrecht,

Springer.

Taylor-Gooby, P. and J. Zinn (2006). "Current diie@ts in risk research: New developments in psyainpland
sociology." Risk Analysi®6(2): 397-411.

The Guardian (2008). Inside Brazil - A New Futu®pecial Report.

Thomas, V. (2006). From inside Brazil: developmiard land of contrastdVorld Bank.

Thompson, K., P. Deisler Jr, et al. (2005). "Inisciplinary vision: The first 25 years of the Sdgiéor Risk
Analysis (SRA), 1980-2005." Risk Analyst§(6): 1333-1386.

189



Thompson, M. and S. Rayner (1998). "Risk and gasea part I: the discourses of climate change."
Government and oppositi@8: 139-166.

Thompson, M., S. Rayner, et al. (1998). "Risk amd&€dnance Part II: Policy in a Complex and Plurally
Perceived World." Government and oppositB(3): 330-354.
TRB (2004). Transmission Pipelines and Land-usRigk-Informed Approach — Special Report 281,

Transportation Research Board of The National Acaes.

Trbojevic, V. (2004). Risk criteria in the EU

UKOPA (2005). 4th. Report of the Ukopa Faulta DasbManagement Group. Ukopa Pipeline Faut Database
Pipeline Product Loss Incidents (1962 - 200 epared by D. Browne and R. Hicks, Advandica, fo
FDMG - UKOPA

UN (1992)._Report on the United Nations Conferemeé&nvironment and DevelopmeRio de Janeiro.

UNEP. (retrieved 2008). "Statement by Banks orBheironment and Sustainable Development

(http://www.unepfi.org/signatories/statements/fi/).
United Nations (2008). Towards National Resilier@end practices of National Platforms for Disafesk
Reduction, International Strategy for Disaster Rition.
Villagran De Leén, J. (2006). "Vulnerability—A Cagmtual and Methodological Review." Source No. 46200
Walker, G., J. Fairburn, et al. (2001). "Ethnictyd risk: the characteristics of populations instesnwards

containing major accident hazards in England antesVaOccasional Papers, Series A: Geographical

Research, Dept. of Geography, Staffordshire UnityerStoke-on-Trent, Staffordshire University

Walker, G., P. Simmons, et al. (1999). "Risk comioaition, public participation and the Seveso ledtive."
Journal of Hazardous Materid§(1-2): 179-190.
Watts, M. and H. Bohle (1993). "The space of vudibdity: the causal structure of hunger and fanfiReogress

in Human Geograph¥7(1).

Webler, T. (1999). "The craft and theory of pulgarticipation: a dialectical process." Journal &fkiRResearch
2(1): 55-71.

Wester-Herber, M. and L. E. Warg (2004). "Did thygy it? Examining the goals of risk communicatidthim
the Seveso Il Directive in a Swedish context." daliof Risk ResearcH(5): 495-506.

White, G. (1961). "Choice of Use in Resource Managyat, The." Natural Resources Jourhia?3.

Wildavsky, A. (2004). If Planning is Everything, Mae it's Nothing. Classic Readings in Urban Plagnrin
Second Edition (reedited in 200APA Planners Press.

Winkler, R. (1996). "Uncertainty in probabilistisk assessment." Reliability engineering & systsafety
54(2-3): 127-132.

Wisner, B., P. Blaikie, et al. (2004). At Risk: Nedl Hazards, People's Vulnerability and Disast&scond
Edition., Routledge.

World Bank (2004). Brazil: Equitable, Competitivistainable — Contributions for Debaféorld Bank.

World Bank (2008). Building Resilience to Naturak@sters: A Framework for Private Sector Engagement

190



World Bank. (2008). "Gross domestic product 200&¢&trieved 2010, from
http://siteresources.worldbank.org/DATASTATISTIC®4urces/GDP.pdf

Yin, R. (2008). Case study research: Design anthedstSage Publications, Inc.

Yogui, R. T. T. (2008). A utilizacdo de dados dasudos de Analise de Risco para a Elaboracdo de$te
Acdo de Emergéncia. Instituto de Pesquisas Teciwal®glo Estado de Sao Paukdio Paulo, IPT.
Mestrado em Tecnologia Ambiental

Zimmerman, T. J., Q. Chen, et al. (1996). TarbédiaR#ity Levels for Pipeline Limit States Desighst.
International Pipeline Conferendgalgary.

191



Appendix A— The BELP

The Brazilian Federal Law 6.938, promulgated in1,9&esents the framework and objectives of theiBaa
National Environmental Policy (BNEP), a structustep towards the consolidation of an environmesgainda
in Brazil. The development of environmental qualtandards, the assessment of environmental impawds
the licensing of pollutant activities were sometiimsients and objectives of this environmental golithis law
also introduced the Brazilian National Environmér8gistem (BNES) and its actors, including the Braai
National Environmental Council (CONAMA: Conselho dianal de Meio Ambiente), the MMA, and the
IBAMA.

Of note is the fact that law 6.938/81 was one effhecursors in the discussion of an environmditthsing
system, indicating that activities potentially héuitrto the environment should undergo a formal sssent of
impacts in order to evaluate the consequences dosthrounding area. This law assigned to CONAMA

responsibility for discussing the framework of thwv system.

CONAMA is the advisory and deliberative branch dfBS, constituted of representatives from different
segments of the society, such as the federal, atatemunicipal governments, industries, trade uiomon-
governmental organization (NGO), and the scientifiommunity. Among CONAMA'’s attributions are the
discussion and elaboration of guidelines, standamts technical regulations concerning environmnigrubcies.

In 1986, CONAMA deliberated and adopted resolut@di/86, a milestone in the implementation of the
Environmental Impact Assessment (EIA) and the BieazEnvironmental Licensing Process. In 1988 dielhg
and ratifying this process, the new Brazilian Cibatbn stated in its Article 225 that “everybodgsthe right to
have an ecologically balanced environment... beirgy Bublic Power and the collectivity responsible for

protecting it and preserving it for the present andre generations”.

Later, in 1997, CONAMA issued resolution 237, dédsng the roles of the governmental actors in the
Environmental Licensing Process (ELP). According ttds resolution, “the localization, construction,
installation, extension, modification, and openatiaf projects and activities that can impact theiremment
depend on an environmental permit, issued by tinepetent environmental agency” (reference in Podsgu
CONAMA Resolution 237 from 1997, Article Second)s An instrument for the implementation of this
guideline, CONAMA resolution 237/97 introduces thencepts of three environmental licenses: the Prior
License (PL), the first license of the process,allgugranted after the approval of an Environmemtapact
Study (EIS) and a Quantitative Risk Study (if regd); the Installation License (IL), usually grashtafter the
approval of an Environmental Basic Project (EBP)d amvhich allows the beginning of the
construction/installation; and the Operation Li@(OL), granted after the approval of all necessaugies and
any other prerequisites imposed by the competeah@g With slight variations from state to stateese

licenses constitute the three central steps obiadlyenvironmental approval process in Brazil.
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CONAMA 237/97 is also a guideline attempting torhanize the competencies in licensing of the thesels
of the executive power in Brazil (Federal, Statd Rtunicipal). It delineates the attributions andgdictions of
these actors and enforces that a project will ¢tenked in one level of competency only, althougtisib assures
that the other actors will be listened to during lisensing process. In practical sense, however td the large
number of existing entities involved in a regulaehsing process, possible conflict of interestghthhappen. In
such case, the Justice, the Public Minftrhe Ministry of the Environment and, in a smaeale, the General
Advocacy of the Union are institutions that usuattgdiate and solve any conflict related to thernigieg's

responsibilities.

According to CONAMA 237/97, the ELP should obeyier&rchical structure, based in an environmentgkich
grade. The Federal Level (national) is responditréhe evaluation and approval of projects that,ifistance,
are going to impact more than one Brazilian stata aeighboring country. To the State Level (reglpmre
designated, for instance, those projects impactimge than one municipality or those delegated kg th
competent Federal agency, IBAMA. Brazil is a Fetleraconstituted by 26 States and a Federal Disech
one of these components of the Federation has\daroemental secretary or an executive agency rugttie
environmental licensing processes at the State. [Ewrelly, small and local impacts should be eatda by the

local authorities (Municipalities).

However, actually, the effective implementationG®DNAMA 237/97 is limited either by the lack of oom
existent structure for the organization of governtakactors. According to Glasson and Nemesio (220G),
“the Brazilian characteristics and contrasts afected in the characteristics of environmentaligges and
practice (...) the problems are large, the proceasegliverse, resources are very limited, and enmiental
impact assessment varies greatly in its nature edfettiveness depending on region, state, or mpality
within which it is being carried out”. In fact, thdisparity among the States of the Federation fisiderable.
States in the southeast and south region have a satid structure and consistent policies compéoethose
belonging to the north and northeast. At the mypaicievel, this scenario is even worse. Only a ¢éthe 5,564
(IBGE 2008) Brazilian municipalities have an impkamted and competent structure to carry out simple

environmental evaluations.

In 1989, the Federal Law 7.735 created IBAMA, thadilian executive agency in charge of the impletaiéon
of the environmental policies in Federal level. BA’s responsibilities at that time spread from tuntrol and
licensing of pollutant activities to the preserwvatiof ecological systems and natural resources.éadewy in
2007 the Chico Mendes Institute of the Conservatibthe Biodiversity (ICMBio) was created, withdriany
from IBAMA part of its original responsibilities. dvever, IBAMA is still the federal agency in chargethe
federal licensing activities, through its Directups of Environmental Licensing (DILIC: Diretoria de

Licenciamento Ambiental).

27 Autonomous magistrates formed of public prosesjteorking both at the federal and state level.
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DILIC is composed of three General-Coordinationstréleum and Gas (CGPEG), Power Electrical Infra-
Structure (CGENE), and Transportation, Mining andil@®rojects (CGTMO). Each General-Coordinatian i
also constituted by two Coordinations of Licensitiga practical sense, these six Coordinationsioénsing
evaluate the largest projects and activities irelBrauch as dams, nuclear power plants, transanigsipelines,
roads, mines, petroleum exploration, and so fddbually, environmental impact and risk assessmargs
evaluated simultaneously in parallel and compleagmntrocesses, by both the Environmental ImpaaiySand
the Quantitative Risk Study (or Qualitative, degagdn the case), respectively. These prelimin&uglies are
the foundation of the licensing process, and ase atitical for the elaboration of subsequent paogg and

studies, such as the Environmental Basic Projattlaa Risk Management Program.

Federal risk policies are mainly interrelated te thnvironmental Licensing Process. The Coordinatioh
Licensing of IBAMA are, thus, the technical groupciharge of risk regulation of large transmissiguefines in

Brazil, as described in the next section.

The Framework of the BELP:

A simplified flowchart of the Brazilian environmettlicensing process of a typical transmission Iigeis
presented in Figure , based on IBAMA'’s normativalglines (IBAMA 2008).

(1) Developer (2) Registration .
Manifests of the Project on Re(fs;)r-err?ciz ((')IIR) (4)81;5322":6" _>@
Interest SISLIC

(5) Public (6) Evaluation of (7) Issuing
Hearings the Studies the LP e

(9) Evaluation

e (8) Term of of (10) Issuing the (:)
Reference the Studies LI
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(11) Sitting (12) Analysis and
Installation evaluation of the (13) Issuing the OL —>®

Construction programs

(14) Follow up (15) Re(l)sF:)sumg the

Figure Al1.1 — Flowchart of the BELP of a typical tansmission pipeline.

These fifteen actions are briefly described, aefs (IBAMA 2008):

Action 1: Developer manifest interest for a new project
* Forinstance, a developer decides to sit a nevgitnagsion pipeline connecting an oil field to a &rg

city in Brazil.

Action 2: Registration of the project at IBAMA (environmelragency)
* The developer registers at IBAMA a protocol of irtten to implement this new project.
« At this point, IBAMA has the opportunity to denyighproject if the developer either does not
provide IBAMA with all the required information odoes not have a good environmental

performance in the past years.

Action 3: Term of Reference
« IBAMA assigns an ‘environmental licensing team’ {Blthat will be in charge of the process.
e This ELT might need a field trip before proceedivith the process.
« IBAMA requires the developer to carry out an enmir@ntal impact study (EIS) and a quantitative
risk study (QRS).
» A term of reference (TR) is issued by the ELT factke study. In this stage, IBAMA consults other

governmental institutions (federal, state, andllémeel). If these institutions have any contrilouti
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to offer, they will be incorporated into the TR. B& or any other institution representing the civil

society are usually not consulted at this step.

Action 4: Studies are presented to IBAMA

Action 5: Public Hearings

The developer carries out the two studies and ptesbem to IBAMA. Alongside with the studies,

it is also presented an environmental impact reffitiR), a shorter and condensed version of the EIS
with accessible language to the general public.

IBAMA compares the studies to the TRs. If the stsdiover the scope of the TR and are accepted,
IBAMA asks the developer to send a copy to all othevernmental stakeholders involved in the
licensing process (local and state environmentaheigs, for instance).

IBAMA also asks the developer to make tB&R available to the affected communities and
municipalities. Communities, NGOs, local governnsemind the citizen will have access to the EIR

only. The EIS and QRS are usually not availabldéogeneral public.

Public hearings are conducted by IBAMA. They shdoédrequested by the civil society, however

IBAMA usually enforces at least one public hearfag each project. In the case of a transmission
pipeline, IBAMA has an informal policy of having East one hearing in each important/large city
crossed by the pipe.

The format of the public hearing is developed itli@e main stages: (1) presentation of the project
by the developer; (2) presentation of the EIR kg dbnsulting company; and (3) discussions of the
project and the technical studies, where the siedliety has the opportunity to ask questions about
the project, impacts, benefits, etc. to the dewalojne consulting company, and IBAMA.

IBAMA mediates the meeting (impartial). The heasngre open to everybody and the inputs

gathered during the public hearing are annexelg@toject’s licensing files.

: Evaluation of the studies

IBAMA evaluates the EIS and the QRS.

IBAMA evaluates the questions and contributionsspréed during the public hearings.
IBAMA consults other institutions about their catesiations of the QRS and EIS.

The ELT might have another field trip for final Edcconsiderations.

The ELT issues a technical report with their coaesition and recommendations.

Action 7: Prior License
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Action 8

If all information presented is enough for conchesidecision making, IBAMA issues the Prior
License (PL).
This license may include other conditions that s&hdne fulfilled by the developer in the sequence
of the project.
All affected municipalities must inform IBAMA thdhey agree with the installation of the project in

their jurisdictions. If any county does not agrathwhis new project, a PL should not be issued.

: Term of Reference

IBAMA issues the TR for the basic environmentalrpl8EP - programs for mitigating impacts
identified by the EIS), the deforestation studyn@cessary), the risk management program (RMP),
and the contingency plan (CP). IBAMA consults othevernmental stakeholders for contributions
for these new TRs.

The developer carries out the studies and pretients to IBAMA.

If the studies cover the scope specified by the[BRMA accepts the study and asks the developer
to make them available to all governmental stak#drslinvolved in the process.

These studies are not available to the generalqubl

: Analysis of the Studies

IBAMA evaluates the studies.

The ELT might have a field trip.

IBAMA evaluates the suggestions and impressionsnfrall other governmental stakeholders
involved in the process.

The ELT issues a technical report with their coesations and recommendations about the studies

and all other requirements from the previous steps.

Action 10: Installation License

If all information presented is enough for conckasidecision making, IBAMA issues the
Installation License (IL).

This license may include other conditions that &hdne fulfilled by the developer in the sequence
of the process.

The developer can start the installation of theliie.

Action 11: Siting/Installing/Constructing

The developer starts the siting/installation/cangton activities.

The developer must implement all the programs prtesein the BEP.
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IBAMA should follow up these activities.
The developer issues reports to IBAMA.

IBAMA evaluates the reports.

Action 12: Pre-operation

The developer finishes the siting/installation/dandtion activities.

IBAMA assess and evaluates all programs and peiguirements.

IBAMA evaluates the RM and the CP.

IBAMA consults other governmental stakeholders algoutributions.

The ELT might have a field trip.

The ELT issues a technical report with their coesations and recommendations about the studies

and all other requirements from the previous steps.

Action 13: Operation License

If all information presented is enough for conchasilecision making, IBAMA issues the Operation

License (OL).

This license may include other conditions that &hdne fulfilled by the developer in the sequence
of the process.

The developer can start the operation of the pipeli

OL is valid from four to ten years. Before the eafiobn of the license, the developer must start a

new process to renew the license.

Actions 14 & 15: Follow up and Renewing (new license)

The developer should provide IBAMA with reports aball the programs (each 4 months, 6
months, year, and so forth).

IBAMA should evaluate these reports and follow up.
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Appendix B — Interview Questions

# Question

Purpose/Justification

Group

General guestions for the

identificatoin of themtewe!

1.1- Please, what is your nan

1.2- What is your occpation’

Identification

1.3- Institution/Organizatior

General Informatio

Questions about the Brazilian environmental licensig process (BELP).

Please consider IBAMA's environmental licensingoesses

2.1- Can you think of three poin

(practices, actions, measures, or
routines) that you consider to be
strengths of the BELP?

Identification of strengths of the BELP. A
this point | want to identify good practice
of the BELP in general.

=3

\

2.2- Can you think of three poin
that you consider to be limitations g
the BELP?

Identification of limitations of the BELF
f At this point | want to identify limitations
of the BELP in general.

2.3 - Can you think of three actions

routines, measures, or practices thTt

are missing in the current framewo
of the BELP?

Identification of spontaneous contributi
to help answering the research question
I((‘how can the BELP be improved to avo
and/or better control risk exposure due t

gas and oil transmission pipelines?")

(@)

General Assessmen

[

2.4 - Do you think the BELP is a

Open question where | expect
interviewee to talk about ‘communicatior
between IBAMA and stakeholders,
instruments to public participation, and
sense of fairness in the BELP.

inclusive process? Why/How?

Prompt: (1) Is it easy to participa
contribute, be heard? Why/How? (2) is
participation equally possible during the
PL, IL, and OL processes?

2.5- Do you think that the technic
information of the projects licensed
by IBAMA is assessable to
stakeholders other than the
developer, the consulting company

and IBAMA? Why/How?

Disclosure of the technical information is
a concern for risk management.

Items: Public
Participation and
Communication and
Education
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Questions about the BELP of technological hazards.

Please consider IBAMA's environmental licensingoesses of a new gas or oil transmission pipeline

This research advocates that
BELP applies a decisionistic risk- | Items: Pre-assessment and
based approach. The understanding of Concern Assessment
the results of QRASs by stakeholders is

3.2 - How the results of the QRA afeiMPortant for risk management

3.1 - Do you understand the results
of QRASs? If yes, can you briefly
explain them to me?

discussed with the affected purposes. ltems: PUb”C. quticipation,
population, local government Prompt: Can you think of three poit Commqnlcatlon and
' related to the risks of transmission Education, and Pre-

(municipality), and other local T . . £ risk
stakeholders during the BELP? pipelines that you think are important ~ assessment of risks

to be communicated?

In the literature the precautione
3.3 - Please consider that a new | principle is often understood as a
pipeline is going to be installed in a counterpart for risk-based approaches
large Brazilian city. Can you talk | and quantitative risk assessment.
about how the QRA considers the | Prompt: (1) Do you think it i

ideal of precaution? important to consider 'precaution’.
Why/How?

Information about the likely affecte
3.4 - Considering the same situationpopulation is important for risk
what kind of information about the | management purposes.
population living near transmission| Prompt: What kind ofnformation
pipelines is considered by QRAs? | about these people do you think need
to be considered by QRAs?

Item: Precautionary
Appraisal

Items: Pre-assessment,
Concern Assessment,
Vulnerability Assessment
and Specific Routine for
RM

3.5- Do you think the licensin
processes are fair to the affect
population? Why?

3.6- Do you know any practice |
other jurisdiction that differs from
what IBAMA currently applies for | Spontaneous contribution of the
risk assessment & management of| interviewee

pipelines? If yes, can you talk about
it'them?

Environmental and Social
Justice

Other practices
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Questions about the integration of risk managementb urban land planning

Please consider the urban centers crossed

byrextstinsmission pipelines

4.1- One frequently observes t LThis research advates that the lack «
encroachment of settlements onto pipelineontrol and inefficient risk management
right-of-ways. Can you think of any caugegractices can lead to encroachment of the
of this encroachment? pipeline ROW
. . This research advocates that the cur
4.2 - To what extent do you think this R , ltem:
encroachment relates to the BELP? BELP has limitations in the control of risk ntearation
exposure. g
4.3- Why do you think these people li Risk perception of
A so close to those pipelines? P P (?c’;\vernmen(tj
. This research advocates that QRAs sh | & Actors an
4.4 - How do you think the QRA can helpy . o0 4 5 'exploratory’ tools. However, theLand-use
to prevent these encroachments? control of such encroachments is broadey ~ control
Why/How? . dth
' than a single QRA. around the
4.5 - Can you talk about the role of the | IS esearch advocates that r ROW
o~ y T management need to be integrated to the
city's master plan in this matter? land urban planning
4.6 - Can you offer any insights about howrompt: (1) for existing pipelines? (2) for
the BELP can address this matter? future pipelines?
Questions about the Follow-up
Please consider the post-licensing of transmigsijpelines
5.1 - Can you talk about the managemer.tplpe“ne_s bgcor_ng ha:ards after the OL.
of the risks after the OL (operation Prompt: Is it 2ff|cu_ant. IS | .
license)? apﬁr;)prla';ed. Is it complete?
V\:]_y How had h ltem:
5.2 - Can you talk about the role of ;;zéez(?naéﬁt r?eevc(l)(t:gtt?: ;[oc?;II and Resilience
5| IBAMA in this matter? incl 9 Plan,
'_Pﬁ USIVE. dvocaies that Vulnerability
5.3 - Can you talk about the role of the m;e:ei?naer(r:]t r?egc(i)(t:c? Eg Io?all and Assessment,
local government in this matter? . 9 and Follow-up
inclusive.
5.4- Can you talk about the role of t This research advates that ris|
affected population in the implementation management need to be local and
of risk management practices? inclusive.

Conclusion
6.1 - Do you have any question that you would tikask me? Open
6.2 - Do you have anything further that you wolike to say? Open

201



Appendix C — Brief Review of Beck’s Risk Society

“Risk Society: Towards a New Modernity” is a classiook written by German sociologist Ulrich Beck.
Originally written in Beck’s mother tongue, this @lish edition was first published in 1992 and hasdme a
strong reference for understanding some aspedtseeatomplex transformation societies worldwide htaeed

in current times. Beck defends three theses ihhik: the appearance and raise of a “risk sociéoytowing
the crescent industrialization and production olve the individualization of societies, which cesnwith the
individual's need to provide his or her own sur¥j\and the “reflexive modernity”, where the intdatéons of
the two first and the new roles of science andtipslhave changed the world. While attempting teecsuch a
broad content, Beck moves with elegancy from oniatpo another. His argumentation is precise am@irgl
although many times it could sound a little rejadit Beck is bright in anticipating and unveilifgetnuances
that differentiate this new risk society from tmaditional class and industrial society. In hiswjendividuals

nowadays have a new connotation, risks have a maandion, and the science has a new challenge.

The book is divided into three parts. In “Living dhe Volcano of Civilization: The Contours of Risk
Civilization”, Beck introduces a new perspective,e;en a new reality of risks. To live in this newa is to
expect, to deal with and to be exposed to multitofdesks. In the second part, “The Individualipatiof Social
Inequity: Life Forms and the Demise of TraditioBeck deals with the actual trend of individualizatiin
societies in contrast to the traditional concepfaaiily, classes and social stratification. Finaltythe third part,
“Reflexive Modernization: on the Generalization®dience and Politics”, Beck discusses the paradbxzied

dual role of science and the new dynamic of paliticthis new conjecture.

Regarding the insights Beck brings to the man-eatefations, indubitably the first core of his wadgk of
considerable relevance. As Beck contextualizesatans and risks that man, industry, technology suiehce
have imposed to the environment and humanity, &sslar has the opportunity of thinking about ways to
overcome this scenario while following the narratiThere is no simple answer encompassing all tkestipns
raised by this critical turning point the world Hasen facing. However, the reflection towards thager man
has incurred the planet is worthwhile the anxidtyaming a sharp reality and perhaps a cloudy agsitdint

future, as posed by Beck.

That said, the other two cores of the book becagss important if one seeks understanding the @igion

among man, science/technology, and nature in mokiferronly. Dealing with the distribution of wealténd
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risks in societies is, to some extent, to deal wlhith way people live, act, and interact with natarel the
environment; is to deal with the inequity and inglify among individuals, countries and hemispheie) face
that, if on the one hand there is an increasindoeafion of natural resources, on the other haedattmount of
resources nature has provided humanity appareatlg hot improved wellness in a homogeneous wayth@n
contrary, as Beck argues, while wealth tends toceotmate in the upper social classes, the lowesseR
concentrate vulnerability and risks. Due to theamt@gnce of this first part of the book, it will lebject of more

attention, as follow.

Living on the Volcano of Civilization: The Contoun$ Risk Civilization:

Some nations have acquired the industrialized agwkldped status; many others are still pursuing thi
accomplishment. Technology and industry are nowesofrthe fundamental pillars that societies araldisthed
upon. Hazards, once confined mainly to the fordesature, now are intrinsic components of new tetbgies,
goods, and services. In the present time, foodahaansiderable share of chemicals; telecommunitationes
with an invisible menace in form of waves; the comersial uranium fuels electric power; the trantgmon
system model and its atmospheric emissions poiserair and perhaps warm the planet. These arefeny
examples of the complexity and the risks of the enondife, as depicted by Beck. Not only nature débees men

anymore. Humankind has been threatening itselfich & scale never seen in history.

Beck shows risks of one’s day-to-day life in a mdlimension, intercalated layers fashion. His tamny times
is crude and pessimistic, but his argumentatiomprehensiveness and lucidity make the discussi®udii a
complex issue a pleasure reading. Societies wodkehare vulnerable to an intangible number of sausw
hazards, in a direct relation with the raise of greduction of wealth: “in advanced modernity tteial
production of wealth is systematically accompanieyg the social production of risks” (p. 19). The
industrialization and development of the world igraat achievement humanity accomplished. Howekrere is

a price for this and the raise of risks in everystiée is a reality.

Beck also discusses two other interesting pointwisfirst part of the book: (1) the close relagbip between
risks and poverty; and (2) the use of societietaberatories to assess risks “live”. AccordingBeck, the
distribution of risks is not exactly fair among sdclasses, being the lower strata usually oveldda “poverty
attracts an unfortunate abundance of risks” (p. Emewhat in the same extension, the raise okvability is
not equal in all social levels. Common factors ttet reduce risks and diminish vulnerability, sashformal
education, access to health care, reasonable ingommousing, and so forth, are not available toeatgpart of
the population in the world. In the second poirgcB argues that society became a laboratory, wieke are

evaluated while people eat, watch TV, browse therhet, use mobile phones, take medicines, andrtfa fThe
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implications of the many technologies in human tiealnd nature are not quite fully understood evgn b

sciences, though the crescent expansion of their us

However, this first part of “Risk Society” has soissues that could be better addressed as welk §sends
great part of the book dealing with the range afaldes involved in the assimilation of the “costd’ the
industrialization and this new model of societyt faw is directed to the analysis of the “benefifi§"there is
any consideration about it). Beck is a visionarplaiing how risks would claim the world’'s attemtiin the
years to come after his book. Indeed, risk managémas been gaining a connotation compatible tatteal
level and forms of vulnerability in the world. Howe, even considering the importance societiesldhgiue to
the threats man faces nowadays, it is also impbttawbserve the contribution of the industriali@aatand
science in this new “risk society”. If risk is sitigtically measured in terms of life expectancyyorihe era of
the “risk society” has boosted the average qualitgd years of life of individuals in many societisghout
precedents in the history. The absence of thigléhaff” analysis is, perhaps, one of the weaknes§&eck’s

work, but nothing that could diminish this impressbook.
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Appendix D — Definitions for Vulnerability
The table below offers a compilation of definitidos vulnerability, reproduced from Cuter (199615832) and

complemented by this research (year 1997 onwards).

Table A4.1 — Definitions of vulnerability. Extractérom (Cutter 1996: 531-532) and complementechisy t

research (year 1997 onwards).

Definition for Vulnerability Source
Vulnerability is the threat (to hazardous matertal)which people are expos
(including chemical agents and the ecological sitnaof the communities an
their level of emergency preparedness). Vulnetghgithe risk context.
Vulnerability is the degree to which a system acteersely to the occurrence ¢
hazardous event. The degree and quality of thersgh\reaction are conditione
by a system’s resilience (a measure of the systeapacity to absorb and recoy
from the event).
Vulnerability is the degree of loss to a given edamor set of elements at ri
resulting from the occurrence of a natural phenamensf a given magnitude.
Vulnerability is the degree to which different das of society are differential
at risk.
Vulnerability is the “capacity to suffer harm arahct adversely Kates (198t
Vulnerability is the hreat or interaction between risk and preparedress.the
degree to which hazardous materials threaten eplart population (risk) and thePijawka and Radwan
capacity of the community to reduce the risk or eadg consequences [0f1985)
hazardous materials release.
Vulnerability is operationally defined as the iflépito take effective measures
insure against losses. When applied to individualBjerability is a consequen
of the impossibility of improbability of effectivenitigation and is a function @
our ability to detect the hazard.
Vulnerability is the potential for los Mitchel (1989
Distinguishes between vulnerability as a biophysozandition and vulnerabilit
as defined by political, social and economic caadi of society.
Vulnerability has three connotations: it refersacconsequence (e.g., famii
rather than a cause (e.g. drought); it implies @weese consequence (e.g. madize
yields are sensitive to drought; households areerable to hunger); and it is|@owning (1991)
relative term that differentiates among socioecdnognoups or regions, rather
than an absolute measure of deprivation.
Vulnerability is the differential capacity of grosi@nd individuals to deal wit
hazards, based on their positions within physiodl gocial worlds.
Risk from a specific hazard varies through time aocbrding to changes in eitt
(or both) physical exposure or human vulnerabi(itye breadth of social andSmith (1992)
economic tolerance available at the same site).
Human vulnerability is a function of the costs dwhefits of inhabiting areas
risk from natural disaster.

dGabor and Griffith
(1980)

ldl'immerman (1981)
er

UNDRO (1982)

Susman et al. (1984

:feBogard (1989)

Liverman (1990)

Dow (1992)

Alexander (1993)
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Vulnerability is the likelihood that an individual group will be exposed to al

adversely affected by a hazard. It is the inteoactf the hazards of place (risiCutter (1993)

and mitigation) with the social profile of commuag.

Vulnerability is defined in terms of exposure, czipa and potentiality

Accordingly, the prescriptive and normative resgottsvulnerability is to reduceWatts and  Bohle

exposure, enhance coping capacity, strengthen eegcgeotential and bolste

damage control (i.e, minimize destructive conseqesnvia private and publ
means.

.
(1993)

By vulnerability we mea the characteristics of a person or group in terhthair
capacity to anticipate, cope with, resist and recdkom the impact of a natur
hazard. It involves a combination of factors thatedmine the degree to whi

someone’s life and livelihood apeait at risk by a discrete and identifiable even

nature or in society.

al
ciBlaikie et al. (1994)

Vulnerability is best defined as an aggregate nmeaséi human welfare thi
integrates environmental, social, economic andtipali exposure to a range
potential harmful perturbations. Vulnerability
multidimensional social space defined by the deiteate, political economic an
institutional capabilities of people in specifi@pks at specific times.

is anultilayered and

Of
Bohle et al. (1994)
d

Vulnerabilty is the differential susceptibility of circumstas contributing t

vulnerability. Biophysical, demographic, economigpcial and technologica
factors such as population ages, economic depepdeacism and age d

infrastructure are some factors which have beemared in association wit
natural hazards.

j Dow and Downing

(1995)

—h

h

Vulnerability can be thought of as the other fatsafety or security. Increas
vulnerability means decreased safety.

Vulnerability is a product of the circumstancest that people and property on
collision course with given dangers, or that makent less able to withstand
cope with disasters.

ddewitt (1997)
or

Vulnerability is the potential for losses or otlaglverse impactit is associated t
the notions of ‘positive, deprived, willful, prigg, primary and secondar
vulnerability.

yAlexander (2000)

Vulnerability denotes exposure to risk and an iliiglio avoid or absorb potenti
harm. It is divided into physical vulnerability, @al vulnerability, and huma
vulnerability.

nPelling (2003)

Vulnerability represents the physical, economiditisal, or social susceptibilit
or predisposition of a community to damage in tlesec a destabilizin
phenomenon of natural or anthropogenic origin.

gCordona (2004)

Conditions determined by physical, social, econcamd environmental factors
processes which increase the susceptibility of mnsonity to the impact o
hazards

United
biNations/International
f Strategy for Disaster
Reduction
(UN/ISDR) — (2004)

Nearly all oncepts of vulnerability view it as an “internatisiof risk”, closely
linked with the discussion of vulnerability as amtrinsic characteristic of
system or element at risk.

51Birkamann (2006)
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