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ABSTRACT

A key element in hazard and disaster management is awareness of how
-stakeholders perceive risk. The primary goal of this study is to examine flood risk
-perception and its role in decision-making in relation to hazard and disaster management
in the Red River Basin, Manitoba, Canada. The specific study objectives are to: 1) assess
the nature of perceived risk at both the local and organizational levels; 2) determine if
there is any variation between perceived risk among flood area residents and institutional
experts; 3) identify various factors that influence perceptions of risk and decision-making
processes at the local level; and 4) examine the variations in flood area residents’

perceptions of risk and flood-related issues based on their geographical location.

In order to achieve the objectives of the study, the research methods selected were
qualitative in nature. A modified Delphi Process was utilized to solicit subjective,
in_formed judgments from residents and decision makers in the basin. The Deiphi Process
involved two methods: 1) face-to-face interviews, and 2) a two-round mail-out Delphi
survey. A sample (non-representative) of 42 respondents was divided into two separate
groups, Flood Area Residents and Institutional Representatives. Flood Area Residents
were divided into Winnipeg (urban) and South (rural) respondents and Institutional
Representatives were divided into Senior, Local, and Non-Government respondents.

The study findings established that while an element of variation in perceived risk
between flood area residents and institutional experts doeé exist, it is not as significant as
postulated in the literature. Residents’ perceptions were based on subjective factors, but
many exhibited a general awareness of objective risk. Perceptions of institutional experts

responsible for managing risk involved some degree of value judgments and an element
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of subjectivity as well. The gap that did appear to exist between the two groups was
associated with a lack of understanding and communication. The study findings also
indicated that a number of factors have influenced residents’ perceptions of risk. The
most notable factors were the geographical location of Winnipeg and South respondents
and the influence of large-scale structural mitigation measures. Other influencing factors
identified were: past flood experience, uncertainty, and visual presentation of the flood.
The research exemplified that the inclusion of perceptions of risk is pivotal to
decision-making processes. For example, a lack of communication to residents regarding
policy changes to evacuation procedures since 1997 could have considerable implications
for future flood response (i.e. public opposition). Within the City of Winnipeg the
reduction in physical risk and sense of security afforded by the Floodway has attenuated
the perceptions of risk of some respondents and potentially made them more vulnerable
to extreme flood events. The Floodway Expansion project may exacerbate this situation
by increasing the level of physical protection. In addition, past flood experieﬁce
heightened the awareness of some respondents and will serve as the context for future
perceptions; uncertainty amplified risk-related anxiety for some respondents and could
potentially increase stress in future floods; and visual presentation of the flood heightened
~ perceptions of risk for some respondents and in some cases also influenced behaviour.
With an enhanced understanding of risk perception, institutional experts and
decision makers will be better able to establish and implement proactive mitigation and
preparedness strategies that are sustainable and improve resiliency. One of the keys to

this inclusion is a two-way communication process that involves learning on both sides.
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CHAPTER 1

INTRODUCTION

1.1 — The Problem of Flooding in the Red River Basin

The primary goal of this study is to examine flood risk perception and its role in
decision—making in relation to hazard and disaster management in the Red River Basin,
Manit_oba,.Canada. The research will address four specific objectives. The first objective
is to assess the nature of perceived risk at both the local and organizational levels. The
second objective is to determine if there is any variation between perceived risk among
flood area residents and institutional experts. The third objective is to identify various
factors that influence perceptions of risk and decision-making processes at the local level.
The fourth and final objective is to examine the variations in flood area residents’
perceptions of risk and flood-related issues based on their geographical location.

The Red River Basin occupies sizeable parts of North Dakota, northwestern
Minnesota, southern Manitoba, and a small part of northeastern South Dakota (see Figure
| 1). The basin covers approximately 45,000 square miles (116,500 square kilometres) of
land, excluding the Assiniboine River Basin, and drains into Lake Winnipeg in Manitoba
(IJC, 2000b). The main component of the basin is the Red River Valley, “a 17,000-
square mile [44,000 square kilometre] piece of incredibly flat real estate” (Krenz and
Leitch, 1993, p.1). The valley is as a remnant of glacial Lake Agassiz and is the flattest
part of the basin. At its widest point the valley spans 60 miles (95 kilometres) across and
extends for 315 miles (500 kilometres) in length (Krenz and Leitch, 1993). The focal
point of the valley is the Red River, which forms in Wahpeton, North Dakota with the

convergence of the Bois de Sioux and Ottertail Rivers and flows northwards through a
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pattern of meanders until it empties into Lake Winnipeg. The flatness of the basin is
illustrated by the northward slope of the river, which is variable and averages less than
one-half foot per mile. Flows in the river are erratic and highly variable, ranging from

periods of virtually no flow to extremely high flows that create flood conditions.
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Flood conditions are a natural process in the region and have a regular historical
occurrence. “The floodplain has clay soils with low absorptive capacity that can
contribute to flood problems ... [and] the river’s northward flow increases the potential
for ice jams and resultant backwater flooding” (IJC, 2000b, p.9). Historical floods
deposited fine silts throughout the floodplain and helped make the valley “one of the
most productive agricultural areas in the world” (Krenz and Leitch, 1993, p.1). This was
one of the primary factors that attracted human settlement to the banks of the river in the
early 19" century and led to the development of major urban centres, including Winnipeg
(population 670,000), Fargo-Moorhead (population over 100,000), Grand Forks-East
Grand Forks (population 60,000), and Selkirk (population 9,800) (IJC, 2000b). Due to
the location of settlements and the physical characteristics of the valley, both rural and
urban residents are exposed to flood risk whenever river flow exceeds channel capacity.

The seriousness of flood risk in the region became clearly evident in 1950 when
settlements throughout the valley, including major portions of Winnipeg, were inundated
and experienced considerable devastation from flooding. High water levels forced nearly
80,000 residents to evacuate Winnipeg and resulted in more than 9,000 building damage
claims (Bumsted, 1993). “It was estimated that over 2,000 dwelling places in greater
Winrﬁpeg had been flooded over the first-floor level” (Bumsted, 1993, p.85). Moreover,
40,000 residents throughout southern Manitoba were evacuated and approximately 2,500
premises experienced flood damage (Bumsted, 1993). The estimated total cost of the
flood to the province in 1950 was approximately $42 million (Bumsted, 1993).

Due to these exorbitant losses, the provincial and federal governments formed the

" ‘Royal Commission on Flood Cost-Benefit’ in the aftermath of the flood. The purpose of
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the Commission was to recommend flood prevention and mitigation options that would
ensure Winnipeg and southern Manitoba communities would never again experience such
devastation (Haque, 2000). Based on recommendations from the Commission, the
government in power implemented a number of structural mitigqtion measures to control
floodwaters in the valley. Flood control works, completed by the early 1970s, included:
. the Red River Floodway, Portagé Diversion, and Shellmouth Dam and Reservoir, as well
as the primary dike system within the City of Winnipeg and the community ring dike
system around settlements in the valley. These flood control works prevented
widespread devastation from significant flood events in 1974, 1979, and 1996.

However, the spring of 1997 brought a magnitude of flooding that surpassed the
levels associated with the devastating flood of 1950. In fact, in 1997 floodwaters reached
Jevels that had not been experienced since 1852. At its peak the Red River expanded to
cover more than 710 square miles (1,800 square kilometres) and created an inland sea that
was 25 miles (40 kilometres) across at its widest point (see Figure 2) (Haque, 2000; 1JC,
2000b). The province’s flood control works were pushed to their maximum capacities by
the massive spﬁng runoff, The largest of these works, the Red River Floodway, diverted
floodwaters around Winnipeg and prevented any significant damage within the City.
Throughout the rest of southern Manitoba there was widespread devastation from the
floodwaters. Significant damage occurred in the area immediately upstream of the
Fldodway Inlet é.nd many residents lost their homes. Additionally, the village of Ste.
Agathe, situated on higher ground and historically safe from floodwaters, was flooded by
o.verland flow and many individual homes throughout the valley were also inundated and

destroyed as temporary sandbag and earthen dikes were breached.
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Extent of
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Figure 2: The Extent of Overland Flooding During the 1997 Red River Flood
(Source: Weldon Hiebert, University of Winnipeg, 1997)

Thus, while the flood control works and temporary mitigation measures
performed admirably in some areas of the valley, many areas were devastated. The
estimated total cost in the province for the catastrophic damages and resources expended

fighting the 1997 flood was on the order of $500 million and as a result the disaster was
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| labelled the ‘Flood of the Century’ (MWC, 1998). This figure would have been much
higher if the flood had been larger and the Floodway unable to save Winnipeg.
Consequently, at the request of the governments of Canada and the United States, the
International Joint Commission (1IJC) established an International Red River Basin Task
Force to investigate the causes and effects of the 1997 flood and make recommendations
on measures to reduce the impacts of future floods. The Task Force made it clear in their
post-flood report that the basin remains at undue risk from floods larger than 1997. “A
flood equal to the flood of record in 1826 could lead to the evacuation of at least 300,000
people and cause damages of as much as $5.8 billion” (IJC, 2000a, p.41).

As indicated by the Task Force, the occurrence of a flood larger than 1997 is not
mérely a possibility, it is a physical certainty. Analysis of historical records and scientific
evidence has proven the existence of floods larger than 1997 that will recur within a
given time period. The primary uncertainty surrounding these larger floods is precisely
determining the year and the season in which they will recur. Therefore, it is pivotal that
communities in the basin address their vulnerabilities as soon as practically possible. The .
majority of the evacuations and a significant proportion of the damages resulting from an
1826 magnitude flood would stem from inundation of parts of Winnipeg. Flood control
works were pushed to their limits in 1997 and a number of weaknesses in the City’s flood
~ defence system became apparent. In 1997, ring dike communities throughout the basin,
»such as Morris and Emerson, had water reach near to the top of their dikes; these towns
would be extremely vulnerable in the event of an 1826 magnitude flood, as would many

of the individual rural homes that were destroyed in 1997 and rebuilt on floodpads (hills)

or behind dikes equivalent to 1997 flood levels plus two feet of freeboard.
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1.2 — Disaster and Flood Research

A common trend among hazard and disaster management practices during the 20™
century has been the dominance of a scientific or technocratic viewpoint, focused
primarily on the physical processes of disasters. This ‘dominant viewpoint,” as Hewitt
(1983) refers to it, recognizes that the potential threat posed by a hazard requires the
presence of a vulnerable human population to turn a situation into a disaster. The
problem with this view lies in “the sense of causality or direction of explanation ... [that]
runs from the physical environment to its social impacts” (Hewitt, 1983, p.5). According
to Hewitt (1983), the dominant view functions based on the assumption that social factors
are a dependent variable and have no effect on the physical processes of a disaster event.

‘The dominant view served as the basis for the majority of research and policy
development until the pioneering works of Gilbert White began to identify human
dimensions as a fundamental consideration in disaster events. Seminal works by scholars
such as Ian Burton, Robert Kates, Thomas Saarinen, E.L. Quarantelli, Dennis Mileti,
Kenneth Hewitt, and many of their colleagues challenged the technocratic notion and laid
the groundwork for theories that integrated social processes into the explanation of
disasters. The one-dimensional disaster model that focused solely on physical agents was
refuted and it was suggested that disasters are outcomes of an interface where social
human factors and natural physical processes interact.

While academics may have recognized the importance of human dimensions in
disaster studies, many decision makers and practitioners still function under the premise
of a scientific ethos. Hazard and disaster management at the community level has been

somewhat limited and local stakeholders have not been effectively included in the policy
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process. The prevalent style of management has been a top-down or command-and-
control approach where government representatives make the decisions, often without
taking into account the values and perceptions of the local residents.

The emergency phase of the 1997 Red River flood clearly illustrated the
limitations of a command-and-control approach. Emergency management practices that
employed a top-down approach were problematic because they generally overlooked the
social aspects of the flood disaster. While flood control works were effective in reducing
fhe costs associated with the disaster, the narrow focus on engineering solutions reduced
the coping ability and resilience of many local residents whose homes were impacted. As
a result, numerous conflicts and psychosocial impacts developed during the response and
recovery phases of the flood. Researchers such as Morris-Oswald and Simonovic (1997),
Buckland and Rahman (1999), Haque (2000), and Rasid et al. (2000) identified these
issues and impacts — including: resource equity, post-flood recovery, compensation,
information communication, stress, and mandatory evacuation — and determined that they
were not adequately addressed in 1997 and have remained problematic.

Additionally, the International Red River Basin Task Force recognized this
oversight of social aspects by the responsible authorities during the 1997 flood, stating,
“Iﬁany issues have not yet been studied, and more research is needed before the
immediate and long-term social effects of the Red River flood can be fully understood”
(IJC, 2000a, p.68). The lack of knowledge concerning social issues is clearly illustrated
by the fact that in their April 2000 report the Task Force recommendations centred
mostly on structural mitigation measures (greater than seven pages) and very little on

non-structural mitigation measures (only one page) that could contribute to reduced
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vulnerability in future floods. As a result, the IJC, in their November 2000 report,
recommended that, “to improve resiliency in the basin, governments should support
enhanced research into the various social dimensions of the flood, including economic,
psychological, public health and sociological impacts” (IJC, 2000b, p.37).

As such, it is imperative that decision-making authorities in the basin address the
social aspects of flood disasters and work towards long-term risk reduction. “Disaster
marks the interface between an extreme physical phenomenon and a vulnerable human
population. It is of paramount importance to recognise both of these elements. Without
people there is no disaster” (O’ Keefe et al., 1976, p.566). The inclusion of social aspects
in decision-making is essential to increase the resilience of residents and create
sustainable hazard and disaster management practices; human responses and the
characteristics of vulnerable populations play a pivotal role in disasters. This is because
“[t]he severity and form of damages [from a disaster] depend primarily upon the pre-

existing state of society and its environmental relations” (Hewitt, 1997, p.22).

1.3 — The Role of Risk Perception

A crucial step in the inclusion of social aspects is to understand how different
sfakeho’lders perceive risk. “Perception of a hazard is an individual’s understanding of
the character and relevance of a hazard for self and/or community” (Mileti et al., 1975,
p.23). An assessment of risk perception is vital in the discernment of the social state of a
community. “The idea of ‘risk’ conveys a fuller sense of ... [disasters], in that it
embraces exposure to dangers, adverse or undesirable prospects, and the conditions that
contribute to danger” (Hewitt, 1997, p.22). As such, an awareness of risk perception will

provide decision makers with insight into the impetus for individual and community
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response and behaviour during disaster events; thus enhancing hazard and disaster
management. “Those who promote and regulate health and safety need to understand the
ways in which people think about and respond to risk” (Slovic, 1987, p.280).

Mileti (1980) defines risk perception as the “cognition or belief in the seriousness
of the threat of an environmental extreme, as well as the subjective probability of
experiencing a damaging environmental extreme” (p.336). The cognitions, beliefs, and
subjective probabilities that determine how an individual perceives a stimulus, such as a
disaster, are influenced by a number of factors. As such, the concept of risk perception is
quite broad; “risk events interact with psychological, social, and cultural processes in
ways that can heighten or attenuate public perceptions of risk and related risk behavior”
(Kasperson et al., 1988, p.178/79).

Existing literature asserts that a gap exists between experts’ estimation of risk
(based on objective or quantitative probabilistic assessments) and those of the public
(based on qualitative assessments that involve a diversity of factors beyond fatality rates)
(Cutter, 1993). Two of the primary factors contributing to this divergence are the
persistence of a technocratic dominant view and the influence of psychological,

“sociological, and anthropological principles on individual decision-making. “When
iaypeople are asked to evaluate risks, they seldom have statistical evidence on hand. In
most cases they must rely on inferences based on what they remember hearing or
bbserving about the risk in question” (Slovic et al., 1979, p.15).

Douglas and Wildavsky (1982) reasoned that sociocultural processes were
working to govern the selection of risks (why some are emphasized and others ignored).

According to Short (1984), individual responses to hazards are strongly mediated by the
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social fabric at risk, i.e. social influences transmitted by friends, family, co-workers, and
respected public officials often provide after the fact rationale for hazard behaviour
(Slovic, 1987; Cutter, 1993). In sum, Cutter (1993) clarified that “the cultural selection
of risk was not linked to objective risk measurements or the physical reality of risk.
Rather the selection of risk reflected moral, political, economic, and power positions that
were all value-laden and culturally constructed” (p.22).

When laypeople evaluate danger they seldom use statistical evidence, rather they
rely on inferences based on what they hear or observe about the situation. By utilizing
general inferential rules in situations wrought with uncertainty, laypeople make decisioné
" in a boundly rational manner. “Knowledge of the workings of bounded rationality forms
a basis for understanding constraints on decision-making and suggests methods for
helping the decision maker improve as an adapting system” (Slovic et al., 1974, p.200).
Laypeople use these rules, termed heuristics, to reduce difficult mental tasks into simpler,
more manageable tasks. The fourb primary rules identified in the literature are the
availability heuristic, representativeness heuristic, anchoring and adjustment heuristic,
and affect heuristic. The problem herein is that these heuristics are subject to large and
persistent biases when they are used to make sense out of an uncertain world. “People
respond to the hazards they perceive. If their perceptions are faulty, efforts at public and

environmental protection are likely to be misdirected” (Slovic et al., 1979, p.14).

1.4 — Research Purpose and Objectives

This study was part of a larger research project titled “Flood Research Partnership
(FRP): Promoting Stakeholders’ Participation in Sustainable Floodplain Management in

the Red River Basin.” The project was funded by the Social Sciences and Humanities
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Research Council of Canada (SSHRC) under the Community-University Research
Alliance (CURA) program and involved partners from five universities (Manitoba,
Brandon, Lakehead, Western Ontario, and Simon Fraser), three rural communities (Rural
Municipalities of Morris and Ritchot, Town of Emerson), and a government organization

(formerly Water Resources Branch, Manitoba Conservation). The project was

" interdisciplinary in nature and involved four areas of investigation: 1) risk perception and

risk communication; 2) individual and community value systems; 3) public involvement
in floodplain management decision-making; and 4) integration of risk perception and
social value systems in an operational multi-criteria decision-making framework.

I was a graduate student member of a five-person research team that investigated
the risk perception and risk communication topic area (referred to as the risk management
module). Within the risk management module decisions were made in collaboration as a
team but individual researchers were responsible for a particular theme. My
responsibility was concentrated on the ri_sk perception theme and I conducted background
research and provided input for this part of the module. Specific tasks included:
_ establishing the research design and study area, delineating and ascertaining the
resporident sample, designing the research instruments, collecting and analyzing the
primary data. While I contributed to the overall process as a team member, the module
‘was designed so that each individual researcher’s objectives, data, and analytical findings

did not overlap and could be easily delineated within the module.

The primary goal of this study is to examine flood risk perception and its role.in

decision-making in relation to hazard and disaster management in the Red River Basin.

Research of this nature is required because flood disasters are part of life for residents
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living along the Red River and the level of risk remains high; a flood equivalent to or
larger than 1997 could realistically happen in any year (IJC, 2000a). A key intention of
this study is to involve local residents who have experienced flood events and to gain an
understanding of their views and perceptions. “In the places where disaster has occurred,
our enquiries can be informed by the experience and concerns of survivors, those who
have been ‘at the sharp end’ of these dangers” (Hewitt, 1997, p.21).

To ensure that community resiliency and sustainability are upheld, decision
makers and responsible authorities need to have an awareness of the potential
imblications that their decisions may have prior to implementation. “No single expert has
a prerogative on knowing what kind of development, or response to hazard, is “right.”
Local people, laymen, individuals may have knowledge unavailable to the “expert”: they
will certainly have different frames of reference” (Whyte, 1986, p.241). An informed
decision maker, aware of diverse viewpoints and perceptions on an issue, will be apt to
make better judgments in hazard and disaster management decision-making. The specific
objectives of the research are to:

1) Assess the nature of perceived risk at both the local and organizational levels.

2) Determine if there is any variation between perceived risk among flood area
residents and institutional experts.

3) Identify various factors that influence perceptions of risk and decision-making
processes at the local level.

' 4) Examine the variations in flood area residents’ perceptions of risk and flood-
related issues based on their geographical location.

1.5 — Research Design and Methods

To achieve the objectives of this study it was necessary to conduct a thorough
review of the pertinent literature. Topic areas reviewed included the nature of objective

flood risk and human geography in the Red River Basin, environmental hazards and
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| subjective risk perception, and the Delphi technique. The research design is qualitative in
nature and based on a framework developed during the Workshop on the Application of
the Delphi Technique to Sustainable Floodplain Management, held on August 28-29,
2002 at the Natural Resources Institute, University of Manitoba.

This study involves 42 respondents divided into two separate groups: Flood Area
Residents and Institutional Representatives. A modified Delphi Process is utilized to
solicit subjective, informed judgments from local residents and institutional experts in the
basin. The Delphi Process involves two methods: 1) face-to-face interviews, and 2) a
two-round mail-out Delphi survey. Multiple methods are utilized for the purposes of
triangulation, as per advice from Bardecki (2002) and directions from existing literature
(Van Dijk, 1990; Mitchell, 2002). Data were analyzed in three stages as part of
roundtable meetings with the risk management module research team. Chapter 3

provides greater detail with regard to the research design and methods used in this study.

1.6 — The Nature of Flood Risk (Objective) in the Red River Basin

'1.6.1 — Historical Settlement and Establishment of Colony

The first permanent settlers to plough the fertile soils of the Red River Valley
were of Scottish descent and arrived in 1812 to occupy river lots. The immigrants settled
at the ‘Selkirk Colony’ site, near what is now Winnipeg, and by the spring of 1826 were
introduced to the first major flooding on the Red River (since their arrival) that forced
them to abandon their river dwellings and move to higher ground to seeck protection
(Krenz and Leitch, 1993). The cultural landscape along the Red and Assiniboine rivers,
pre-1870, was based on a land survey system that divided the land into long narrow farm

lots fronting on the rivers (Kaye, 1996). This settlement pattern produced a continuous
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line of riverfront farmsteads that resembled a long suburban village (Kaye, 1996). “One
characteristic of the straggling village was that the various community services and
facilities were usually not concentrated in one location but were scattered at different
places on the long lines of settlement” (Kaye, 1996, p.87).

A transportation corridor developed between the Selkirk Settlement and what is
now St. Paul, Minnesota; accordingly a number of permanent settlements emerged as
links in the transportation network. The original corridor consisted of Red River cart
trails that had branches on both sides of the Red River and was of central importance in
terms of stimulating settlement in the upper basin. Steamboats replaced the cart trails and
carried a variety of trade goods on the Red River for 53 years (Krenz and Leitch, 1993).

While the cart and steamboat played important roles in settlement, it was the
arrival of the railroad that enhanced settlement of the basin. The railway provided
integral contributions to increased settlement as the trade link between the lower Red
River Valley and St. Paul, but also because the railways had land to sell and promoted the
valley extensively (Krenz and Leitch, 1993). “For the most part, settlers remained bound
to the lifeline of timber or the railway” (Lehr, 1996, p.95). With an increasing volume of
trade being conducted along the corridor the village of Winnipeg, with ‘the Forks’ as the
central place, emerged as the dominant urban centre (Kaye, 1996).

After 1870, the long-lot survey system was abandoned for a township system,
similar to that employed in the United States, which had square surveyed sections with
road allowances (Richtik, 1996). “The net effect of the surveying system was to disperse
settlement and produce a checkerboard pattern in agricultural areas; the ubiquity of roads

permitted houses to be anywhere” (Richtik, 1996, p.103). Immigration from diverse
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cultural interests also contributed to the dispersed pattern of settlement and resulted in the
creation of villages throughout the province (Lehr, 1996). During this time of increased
settlement, agriculture was one of Manitoba’s most important industries and was integral
to the provincial economy and the growth of the province (Haque, 1997).

The early 20™ century brought a decline in the amount of arable land available
and consequently immigrants moved in large numbers to Winnipeg (Haque, 1996). This
trend continued throughout the 20" century as Winnipeg expanded to include greater than
50% of the total provincial population (Haque, 1996). “With increased diversification of
the non-agricultural economy on the one hand, and the uncertainty of the farm economy
on the other, many peoplé ... left their traditional place of rural residence and moved
into, or close to, the major city” (Haque, 1996, p.113). Despite economic diversification
‘and a decrease in the number of farms, agriculture has remained an important industry in
Manitoba and continues to be a significant part of the provincial economy.

This particular trend of urbanization concentrated a significant proportion of
Manitoba’s population within a single urban centre (Winnipeg) and also in the smaller
urban centres throughout the southern portion of the province. Another recent trend has
been the emergence of bedroom communities. While there has been a continued decline
in population in rural areas, the rural municipélities in areas close to Winnipeg have
experienced an increase in population (Haque, 1997). This urban-rural fringe has been a
region where rural residents have moved to be nearer to the urban centre and urban
residents have moved to escape the urban centre. Infrastructure and urban amenities have
been provided in rural settings that are perceived as more enjoyable, less costly, and

* within commuting distance of the larger urban centre.
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Associated with these population concentrations are stark differences in the type
and extent of flood risk for residents in the basin that depend on location. For instance, in
Winnipeg — the economic backbone of the province with vast amounts of expensive
infrastructure — the risk is collectively shared among a large number of people. On a
smaller scale, residents living in the cities, towns, and villages in the basin also share the
risk as a collective. In contrast, there are individual rural homes interspersed throughout

the basin where homeowners independently face the risk.

1.6.2 — The Significance of Historical Flood Data
One of the most important research areas contributing to the knowledge base on
flooding is the analysis of historical ﬂooding. Rannie has combined existing research
based on proxy data (i.e. tree-rings, the incidence of forest fires, diatom-based salinity
records, river or lake ice conditions, etc.) with his own work based on archival records.
Using observations recorded in the Manitoba and Hudson’s Bay Company Archives,
Rannie (1999a) compiled a database of archival materials that made specific reference to
river conditions, especially those that detailed unusually high or low water levels and the
accompanying weather conditions that produced them. Specifically Rannie (1999b):
a) compiled a complete list of flood occurrences from 1793 to 1870;
b) categorized annual runoff conditions in the watershed; and
c) surveyed the 19" [century] climate of the watershed as it relates to the hydrologic
environment (p.4).
Rannie (1999b) suggested that climate in the 19" century was quite different ﬁoﬁ
modern climate in many respects, primarily because it marked the end of the Little Ice
Age, a cooler and wetter climatic period. The different climatic regimen would have

subjected the basin to different predominant circulation patterns and climatic norms

compared to those experienced currently (Rannie, 1999a). The Red River is particularly
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sensitive to changes in climate due to its location on the periphery of a bioclimatic region
where even small changes can result in major boundary shifts (Rannie, 1999a). “The
basin lies aside the transition from humid forested regions in the east to subhumid and
semiarid conditions to the west, receiving runoff from both” (Rannie, 1999a, p.1).

There are many documented cases of changing climatic conditions and
subsequent ramifications during flood events. One important change relates to freezeup
and breakup dates of ice on the Red River. Rannie (1999b) noted that average freezeup
dates in the 19™ century occurred 12 days earlier than in the 20" century and overall the
fall season was about 2.5° C colder in the former. Rannie (1999b) also noted that average
breakup dates in the 19" century were 10 days later than in the 20" century and overall
~ the spring season was about 2.5° C colder in the former (see Table 1). In concurrence
with data pertaining to precipitation and runoff, these observations indicate the important
role climate change has played in river hydraulics (i.e. reduced periods of ice cover).

Table 1: Average Breakup Dates, Red River at Winnipeg, 1821-1980

Average Latest Date Average Latest Date
1821-1840 April 18 May 8 1901-1920  April 11 April 25
1841-1860  April 20 May 6 1921-1940  April 6 April 20
1861-1880  April 26 May 3 1941-1960  April 11 April 23
1881-1900  April 22 May 2 1961-1980  April 15 April 26

Source: Adapted from Rannie, 1999b, p.12.

According to Rannie (1999a), the basin is especially sensitive to small variations
in precipitation, evapotranspiration, and/or land surface conditions because the runoff
ratio for the basin is quite low. Any increase in precipitation could have significant
~ implications for flooding due to the associated increase in average runoff levels. The

hydrological consequences of changes to the land cover by drainage networks (built since
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the turn of the century) are complex and poorly understood, but do play a role in flooding
on the Red River (Rannie, 1999a).

The artificial drainage systems served a twofold purpose: to increase the area of

arable land and to remove surface water more rapidly in the spring, both of which

would increase the runoff ratio in comparison with the natural landscape. In
addition, because the gradients toward the river are greater than the downstream
gradient of the Red River itself, it is likely that water is delivered to the main river

more quickly than it can be removed (Rannie, 1999a, p.22).

Rannie (1999a) concluded that conditions in the 19™ century were characteristic
of a ‘wetter’ hydroclimatic period, with higher average runoff and more frequent flooding
than in the 20™ century. It is imperative to note that “the implied flood frequency in the
19" [century] is somewhat greater than that of the 20™ [century] but comparable to that
from 1948 to the present” (Rannie, 1999b, p.1). The first half of the 20" century was
relatively dry and markedly different from the flood conditions that prevailed in the 19%
century. The second half of the 20™ century has reflected flood conditions quite similar
to those experienced in the 1ot century with significant flood events in 1950, 1966, 1979,
1996, and 1997; suggesting a trend in the latter half of the 20" century that is reflective of
the trend present throughout most of the 19" century.

In addition to the three large historical events most frequently cited — 1826, 1852,
and 1861 — Rannie’s contributions led to the understanding of major flood events that
took place in 1811, 1825, and 1850. Much of the literature also makes reference to a
massive flood in 1776 that was greater in magnitude than 1826, the largest flood on
record. Based on insufficient scientific data, a precise objective magnitude for the 1776

flood has not been determined, thus excluding it from probabilistic calculations; if a value

is ever determined this flood may significantly affect return period calculations.
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The “use of historic data assures that estimates fit community experience and
improves the frequency determinations” (USWRC, 1982, p.5). Improved frequency
determinations provide researchers with the ability to make more accurate calculations of
return periods for floods of given magnitudes. For instance, in 1962 the flood protection
works for Winnipeg (Red River Floodway, Portage Diversion, Shellmouth Dam) were
intended to provide protection for the city up to a design flood of 169,000 cfs (KGS
Group Main Report, 2001). Based on the hydrological data available in 1962, the design
flood was calculated to have a return period of 1 in 160 years (KGS Group Main Report,
2001). “The current design flood return period, based on today’s knowledge of the
hydrology of the Red River, is approximately 1 in 90 years” (KGS Group Main Report,
2001, p.8). A refinement in the calculations resulted in a decrease in the return period of
the design flood, essentially indicating that floods of this magnitude can be expected to
occur more frequently than previously thought. “Historic flows are important in
~ estimating the flood threat” (Hardin, 1999, p.7) because they help increase the accuracy
for the design flood calculation (in this case decreasing the return period) by increasing
the size of the data set. The calculations for design floods need to be as accurate as
possible because this value is the standard that flood protection works are based on.

Additionally, while it is possible to model streamflow based purely on climatic
drivers, it is not likely to be accurate if no hydrometric data are available for the purposes
of calibration and validation; therefore, recorded (historical) flood data plays an integral
role in the development of meaningful -runoff and flood forecasting methodologies
(Warkentin, 2002). The Hydrologic Forecast Centre of Manitoba Water Stewardship

uses recorded streamflow data, through the use of event models, as a means to develop
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relationships between the causal parameters of a flood and the runoff or peak flows that
occur (Warkentin, 2002). Recorded flows and river levels are very important for the
calibration of the flood routing models used in Manitoba and for real-time forecasting as
they indicate the state of various watersheds and thus enable shorter term forecasting of
streamflows (Warkentin, 2002). The following section details Manitoba’s flood
forecasting methodologies; it is pivotal to keep in mind that an essential component in the

accuracy of flood forecasting is the presence and accuracy of recorded historical data.

1.6.3 — Flood Forecasting Procedures in Manitoba
The element of risk for a springtime flood in any given year depends on certain
preceding conditions. Rannie (1999a) identified five typical causal factors associated

with the formation of large spring floods:

i) an abnormally wet late summer and fall period which saturates the ground prior to

freezeup;
ii) severe cold and freezeup prior to the first significant snowfall to permit frost to

penetrate deeply;

ili) a cold winter with heavy snow over the entire watershed and minimal thawing,
producing a heavy standing snowpack at the end of winter;

iv) a late spring, which slows the release of snowpack water, followed by a rapid
transition from sub-freezing to melting temperatures; and

v) above normal late-winter precipitation near the breakup period or during the melt
period. This may occur as a heavy late winter snowfall or significant rainfall
during the period of flood formation.

Another important element associated with these causal factors is timing. Causal factors
play an important role in forecasting because when they occur collectively near their
maximum values, the probability for a major flood is quite high (Warkentin, 1999).

Flood forecasting is an important tool aiding in the reduction of the danger that
residents face. Accurate forecasts provide residents with knowledge regarding the

volume of discharge and the level of water, along with the timing and duration of stay.
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This knowledge is beneficial in helping residents make important decisions such as
whether or not they need to move personal belongings out of their homes or prepare for
evacuation. Forecasting also provides residents with a guideline for dike construction
through the provision of tangible values indicating how high their dikes need to be for
adequate protection, thus affecting the risk they face. For instance, if a resident were to
construct a dike to an elevation based on an underestimated forecast, their level of danger
is increased if water levels are higher and a dike is overtopped while they are on site.

The methodologies erhployed in Manitoba for springtime flood forecasting
involve three aspects: runoff forecasting, streamflow forecasting, and river stage
forecasting. Forecasting for spring runoff volume involves “an index type of model to
predict the runoff volume and peak discharge for the Red River at Emerson” (Warkentin,
1997, p.6). Specifically, the model is an Antecedent Precipitation Index (API) that is
lJumped both spatially and temporally and follows parameters associated with the
aforementioned causal factors (Warkentin, 2002). Those parameters are:
soil moisture at freeze-up;
water content of the snowpack;
melt rate;
effective spring rain;

observed spring runoff volume; and
timing (Warkentin, 1999; Warkentin, 2002).

SN S

According to Warkentin (1997), the index model for forecasting relies on

 statistical relationships for the U.S. part of the Red River watershed and considers the
entire area as one basin for computational purposes.

Relationships of runoff versus the causal parameters are derived from analysis of

all the spring runoff events for the period of record. These relationships are

depicted either in graphical form or as formulas derived from statistical analysis
of product-power type functions (Warkentin, 2002, p.1).
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The API is based on the weighted monthly precipitation between May and
October and is used to represent the autumn soil moisture content at freeze-up
(Warkentin, 1997). “This may be modified somewhat based on other estimates of soil
moisture at freeze-up obtained from airborne gamma surveys and/or modeled soil
moisture” (Warkentin, 2002, p.1). There are various procedures used to determine the
water content of the snowpack: cumulative precipitation, airborne gamma techniques,
satellite microwave maps of snowcover, and conventional snow surveys. Cumulative
winter precipitation includes the effective spring precipitation, a degree-day type of melt
index for melt rates, and the winter temperature index, used to approximate sublimation
losses and soil temperatures (Warkentin, 1997). The runoff volumes from past events for
the watershed are estimated based on daily flow data obtained from the Water Survey of
Canada (Warkentin, 2002).

Preparation of runoff outlooks involves inputs for future weather conditions as

well as for existing basin conditions. Estimates of additional precipitation and

melt rates for various probabilities are obtained from duration curves based on the
past 40 years of data. Runoff is predicted by applying real time basin parameters
together with selected future conditions to graphical or statistical relationships.

For flood outlooks, forecasts are usually prepared for three future weather

conditions, namely for the lower decal, median and upper decal conditions. For

operational forecasts (when runoff is underway) normal future weather is usually
assumed unless otherwise noted. When preparing the forecasts, some adjustments
are made for factors not accounted for by the above parameters, such as soil frost
and large-scale changes in drainage or land use. These are done on a qualitative

basis based on available research (Warkentin, 2002, p.2).

According to Warkentin (2002), streamflow forecasting methodologies involve
taking predicted runoff volumes and converting them into hydrographs (using unit
hydrographs) that indicate the daily flows at specific points in the watershed. Using data

from past events provides the basis for the preparation of unit hydrographs for slow,

moderate, and fast melts. Warkentin also noted that this method is quite successful for
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lumped watershed inputs, i.e. a well defined melt period, but becomes problematic for
non-uniform inputs, i.e. a melt interrupted by a cold spell. When non-uniform inputs
occur the forecast becomes reliant upon good judgment relating to the indicators
mentioned earlier, i.e. streamflow reports and snowcover reports (Warkentin, 2002).
“Streamflow forecasting for large rivers requires channel routing to account for
the effects of channel and overbank storage, time of travel, and timing of runoff from
various portions of the watershed” (Warkentin, 2002, p.2). Along the Red River, flood
routing was originally performed for areas between Emerson and Winnipeg and after
1997 was extended south to Halstad, Minnesota. The Muskingum routing procedure is
used for both outlooks and operational forecasts and originally involved taking the daily-
predicted flows at Emerson and routing them together with the daily-predicted flows for
thirteen tributaries in the Manitoba portion of the basin, including the Assiniboine River
(Warkentin, 1997). After 1997 this process remained the same, aside from an expansion
into the U.S. portion of the basin to allow for greater accuracy of the forecasts. By using
‘real-time data on soil moisture, snow water content, precipitation amounts, and other
measured variables, the runoff volume and timing for each tributary can be calculated and
predictions of stage and discharge for given locations along the river can be made.
The U.S. National Weather Servi;:e (NWS) introduced a new probabilistic flood
- forecasting procedure for the U.S. part of the basin in 2001. This new strategy is
beneficial for the Canadian part of the basin as the NWS provides predicted peak flows
and stages for all percentiles from 1 to 99 (Warkentin, 2002). These predictions provide
an adequate representation of flows coming from the U.S. and coordinate well with

Manitoba Water Stewardship’s 10, 50, and 90 percentile forecasts (Warkentin, 2002).
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River stage forecasting involves taking the routed peak flows (obtained using the
Muskingum procedure) and converting them into stage values with the use of rating
tables or river-slope relationships (Warkentin, 2002). River stage forecasting provides
the predicted height of the water surface for specific locations along the river and
provides communities with an understandable numeric figure. The flood of 1997 was so
expansive that overland flooding extended onto the floodplain up to a maximum width of
25 miles (40 kilometres) in Manitoba; this revealed a limitation in the forecasting
methodologies. One drawback to the Muskingum procedure, noted by Warkentin (1997),
is the inability to make predictions of floodwater levels on the floodplain at a distance
from the river channel. Based on this limitation and the conditions in 1997, forecasters
were unable to provide local residents living in homes built away from the primary
channel with predictions of peak river stages. Overall, in 1997 the forecasts released by
the Water Resources Branch were quite accurate for certain areas of the basin.

[Figure 3] provides a summary of the forecasting results for selected locations

along the Red River. The various bars illustrate the difference between the

median forecast and the actual water levels at the selected locations for each of
the forecast dates. For operational forecasts, the median forecast has been taken
as the midpoint of the forecast range. Negative values on the graph represent an
under prediction of the actual water level while positive values indicate that the
water level was forecasted to rise higher than it actually did. As can be seen, the
forecast errors generally decrease in magnitude for the later forecast periods, as
expected. Also, the magnitude of the forecast error is larger for the more
northerly locations with the maximum forecast error occurring immediately

upstream of the [Red River Floodway] inlet (MWC, 1998, p.76).

The key to success is a forecaster with experience, who can make sound
judgments and accurate predictions. Fortunately for Manitoba the Hydrologic Forecast

Centre (formerly known as the Manitoba River Forecast Centre), in the Water Branch of

Manitoba Water Stewardship, can adequately fill this demanding and crucial role.
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Figure 3: Forecast Error for 1997 Red River Water Levels (Source: Adapted from MWC, 1998, p.76)

After 1997, the IJC conducted intense studies on how to best prepare the basin for
future flood events. One of the developments related to this research was the
implementation of Mike-11, a dynamic flood routing procedure that is calibrated from
Grand Forks to Selkirk (Warkentin, 2002). The Mike-11 routing procedure provides
forecasters with the ability to calculate water levels away from the immediate river
channel and should close the gap that existed in 1997. According to Warkentin (2002),
while the new routing system appears to have excellent potential it has yet to be tested
operationally, therefore the Muskingum procedure will still be used during the next flood
és a failsafe to ensure the routed discharges from Mike-11 are accurate.

The three forecasting methodologies are utilized jointly in the preparation of flood
outlooks, issued monthly from January through March each year. Once spring runoff
begins in the basin the forecasts become dependent upon predictions from the NWS for

the Red River at Pembina, North Dakota (Warkentin, 1997). The U.S. forecast is integral

Flood Risk Perception in the Red River Basin, Manitoba: Implications for Hazard and Disaster Management



27

because 80 percent of the total runoff for the Red River originates in the U.S. part of the
basin. Flood condition sheets are released in aécordance with the commencement of
spring runoff and are released daily along with forecast reports during flood conditions.
The forecasts released by the Water Branch consist of various components that explain
the different elements of a prediction; such as a synopsis of the conditions and the percent
chance that flooding will occur in the given year. In addition to the new routing
procedure, the Water Branch has also introduced a decision-support system based on a
Geographical Information Systems platform that was not available in 1997. The system
is intended to “provide residents of the valley and flood fighters easy access via [the]
internet to predicted water levels, property levels, and calculations of how many sandbags

will be required to protect their properties” (Warkentin, 2002, p.3).

1.6.4 — The Valley at Risk

The IJC Task Force report of April 2000 stated that a flood of the magnitude of
1997 will happen again and it could be as large as or larger than the flood of 1826. For
comparison, in 1997 “the peak calculated natural flow at the Forks was 163,000 cfs [and]
the flow during the 1826 flood is estimated to have been 225,000 cfs” (IJC, 2000a, p.17).
Based on current hydrologic knowledge, a flood equivalent to the magnitude experienced
in 1826 would overwhelm the reliable capacity of Winnipeg’s flood control works (see
Table 2) and as mentioned earlier, result in the evacuation of at least 300,000 residents
and cause up to $5.8 billion in damages (IJC, 2000a). “The current reliable capacity of
the Winnipeg flood protection works has a 37 percent probability of being exceeded at
least once in the next 50 years” (IJC, 2000a, p.45). This is in reference to a 1 in 100 year

event that has a one percent probability of occurring each year.
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“The term recurrence interval (also called the return period)...is the time which,
on average, elapses between two events which equal or exceed a particular level”
(Wilson, 1982, p.182). The recurrence interval of a given flood can be determined
through frequency analysis. Frequency analysis uses “the methods of statistics to extend
the available data and hence predict the likely frequency of occurrence of natural events”
(Wilson, 1982, p.180). When “given adequate records, statistical methods will show that
floods of certain magnitudes may, on average, be expected annually, every ten years,
every 100 years and so on” (Wilson, 1982, p.180). The Water Branch uses a widely
accepted procedure for frequency analysis that is based on the parameters delineated in
U.S. Water Resources Council Bulletin 17B. The log-Pearson Type III distribution,
fitted by moments, is a three-parameter distribution including the mean, standard
deviation, and co-efficient of skew (a measure of the curvature of the frequency curve)
that produces excellent results for the Water Branch (Hardin, 1999).

Table 2: Capacities of Winnipeg’s Flood Protection Systems

Component Design capacity 1997 Reliable capacity
Shellmouth Reservoir 7,000 cfs 4,000 cfs 7,000 cfs

Portage Diversion 25,000 cfs 11,900 cfs 25,000 cfs
Red River Floodway 60,000 cfs 67,100 cfs 73,000 cfs
River Channel 77,000 cfs 80,000 cfs 71,000 cfs
Totals 169,000 cfs 163,000 cfs Up to 176,000 cfs

Source: Adapted from IJC, 2000a, p.44.

“The accuracy of estimation of the value of the (say) 100 yr flood depends on
how long the record is and, for flood flows, one is fortunate to have records longer than
30 years” (Wilson, 1982, p.181). As discussed previously, a longer historical record
produces a more accurate estimated return period, thus illustrating the importance of
historical research. “Frequency analysis can be of great value in the interpretation and

assessment of events such as flood flows and the risks of their occurrence in specific time
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periods” (Wilson, 1982, p.181). A flood of a given magnitude does have the probability

of occurrence in any particular time period under consideration (Wilson, 1982).

The IJC identified 57 ways in which Winnipeg would be vulnerable to inundation

if a flood larger than 1997 were to occur. These were reduced into eight categories:

L.

Overall Flood Protection System. These vulnerabilities include limitations on
the overall capacity of the flood control system, inadequate detailed emergency
preparedness and response plans, floodplain development that limits flexibility
and may affect public safety, and flood monitoring concerns.

Red River Floodway Inlet Structure. If the embankments near the inlet
structure erode or fail, floodwaters could bypass the inlet. The control system
could fail in ways that would make it impossible to control gates — for example,
fire in the inlet structure. Other issues include damage from ice, debris, or
sabotage, and the need for clarity and understanding of the operating rules.

Red River Floodway Channel. Bridge failures could restrict the Floodway
capacity. The embankments could fail. A failure of the Seine River Syphon
could breach the West Embankment of the Floodway and allow an uncontrolled
flow of up to 15,000 cfs (425 cms) to enter the city from the Seine River. Many
services, such as water and electricity, are vulnerable under certain circumstances
as they cross the Floodway channel, but that risk appears low.

West Floodway Embankment. If any portion of the first three miles (4.8 km) of
the West Embankment (between the Floodway itself and the city) is breached, an
uncontrolled flow of water would enter the south or east side of Winnipeg.

West Dike. Failure of the West Dike (the long dike extending from the Floodway
Inlet Structure toward the town of Brunkild) through wind action, overtopping, or
other causes would lead to uncontrolled flows into south Winnipeg by way of the
La Salle River.

Flood Protection Infrastructure within Winnipeg. The city itself is subject to a
number of internal vulnerabilities. These relate to the primary and secondary
diking systems and to the flood-pumping stations and floodgate chambers. When
river levels are high, floodwater can enter the city through the storm water or
sanitary sewer system. There is no guarantee that the many temporary measures
taken during the 1997 flood would be as successful again, even for a flood of the
same magnitude.

Portage Diversion. The major threat is that the break-up of ice jams upstream of
the diversion reservoir could cause a surge of ice and water and damage the
system. Failure of the system for any reason could reduce the flow diverted to
Lake Manitoba and hence increase flows toward Winnipeg.

Shellmouth Dam. The gates could fail, or the dam could breach or fail from
erosion. While a Shellmouth dam failure would have severe consequences
immediately downstream, the effect on flood protection levels in Winnipeg would
be relatively minor (IJC, 2000a, p.42/43).
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Based on these significant vulnerabilities and the associated risks they represent,
an engineering firm, the KGS Group, was given a contract by the provincial government
to study the feasibility of flood protection options for Winnipeg. “The design flood used
as the standard for flood protection works for Winnipeg should be the highest that can be
economically justified or, at a minimum, the flood of record, the 1826 flood” (1JC, 2000a,
p.46). To meet this requirement, the project determined to be most feasible is an
expansion of the Floodway that would provide protection up to a 1 in 700 year flood,
well above 1826 levels that are approximately equivalent to a 1 in 300 year flood.

Location is an essential element for risk assessment in the valley as some areas
are more vulnerable to flooding and consequently, have a higher level of risk than other
locations. For instance, “river ice can cause property damage, erode stream banks,
disrupt transportation and hydropower operations, and make flood forecasting difficult”
(1JC, 2000a, p.33). Ice jams are a significant threat for residents in the communities
downstream of the Floodway outlet. In 1996, a large ice jam caused flooding in portions
of Selkirk and in the region downstream to Breezy Point where many individual homes
exist. These problems arise due to the fact that, as indicated earlier, the Red River is
northward flowing river and a significant proportion of the basin will thaw and produce
runoff before the mouth of the river has had a chance to unfreeze and break up. Often

_large volumes of water arrive in the north region carrying blocks of ice that dam up and
create a reservoir that poses a significant danger to the region upstream of the blockage.

Individual homeowners throughout the valley face a different level of flood risk
than residents living within the confines of the Floodway or community ring dikes.

Individual homes in the valley are hidden behind earthen dikes or elevated on large hills

Flood Risk Perception in the Red River Basin, Manitoba: Implications for Hazard and Disaster Management



31

(floodpads) as a means to protect them in the event of flooding. Community ring dikes
provide small towns and villages with the ability to bear the risk mutually rather than
having each household bear the risk individually. Whereas, individual homeowners on
the rural areas are not part of a collective group and must solely bear the risk they face.

Residents living in the area immediately upstream of the Floodway suffered
increased flooding during the 1997 flood due to an operating rule that was implemented
to provide increased protection for Winnipeg. In emergency conditions the Floodway
Operating Rules allow for the raising of upstream water levels above the state of nature to
protect Winnipeg. “The Floodway could operate reliably beyond its 60,000 cfs design
capacity to handle 73,000 cfs. Consequently, water levels upstream of the Floodway inlet
would rise above natural levels” (IJC, 2000a, p.43). Associated with this increase in
water levels is an increase in risk for upstream residents, specifically increased chances of
dike failure if they were not constructed with consideration for additional water.

Another element of risk present in the valley pertains to the communities that are
protected by ring dikes. Communities such as Emerson and Morris have ring dikes that
held back floodwaters in 1997 and have since been raised to an elevation of 1997 flood
levels plus two feet of freeboard. A primary concern for these communities is the
possibility of dike failure due to overtopping, seepage, or improper closure at road and
rail entrances through the dike. Evacuation reduces the danger to human life in the event
of dike failure, but the threat to property remains significant within the confines of the
dike. Other communities, such as Ste. Agathe, did not have a permanent ring dike in
1997 and were severely damaged by floodwaters. Provisions have since been made and

projects undertaken to construct ring dikes for the remaining at-risk communities.
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CHAPTER 2

CONCEPTUAL CONSIDERATIONS: A REVIEW

2.1 — Risk Perception: The Nature of Perceived Risk

2.1.1 — Introduction

“The perception of risk is multidimensional, with a particular hazard meaning
different things to different people (depending for example on their underlying value
systems) and different things in different contexts” (Royal Society, 1992, p.89). As such,
contributions to understanding in the field of risk perception have come from researchers
of various disciplines including: geography, psychology, sociology, and anthropology.
.According to a report on risk by the Royal Society in 1992, the principal challenge facing
researchers in these disciplines has been finding a means to integrate their various
-streams of work together to formulate a clear repr_esentation of risk perception and the
role of contrasting theories.

The interdisciplinary nature of risk perception research progressed in the 1960s
and 1970s with independent work by geographers and psychologists concerning the
physical consequences of hazards, cognitive psychology, and the study of human
decision-making behaviour (Royal Society, 1992). Subsequently, by the early to mid-
1980s those involved with the social sciences expressed concern that the nature of
anthropological, sociological, and political science relevance to risk-related issues was
misrepresented and misunderstood (Short, 1987). Previous research in cross-cultural
analyses had identified social mechanisms as a determinant of individual risk perceptions
(Cutter, 1993) but these analyses did not receive wider acceptance. An increased focus

on risk perception research by sociologists and anthropologists led to acknowledgment of
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social, cultural, and political processes as integral factors in the formulation of individual

attitudes towards risks and their acceptance (Royal Society, 1992).

2.1.2 — Risk Measurement at the Individual Level: Research in Psychology and Geography

Early psychological research by Slovic et al. (1974) utilized pre-existing theories

of bounded rationality, put forth by Simon (1956) and Kates (1962), to explain how
laypeople make decisions and adjustments in the context of natural hazards. The theory
of bounded rationality maintains that laypersons do not think probabilistically and that
“they attempt to avoid the necessity of directly facing uncertainty (Slovic et al., 1974). In
effect, when making decisions in the face of uncertainty laypeople are constrained by
cognitive limitations that lead them to create simple decision models, rather than
following a rational decision-making process. People have a desire for certainty and as
such, whenever possible, “attempt to reduce the anxiety generated in the face of
uncertainty by denying that uncertainty, thus making the risk seem either so small that it

can safely be ignored or so large that it clearly should be avoided” (Slovic, 1986, p.405).

Based on the characteristics of bounded rationality, other psychological theories,

and findings from empirical studies, researchers were able to identify an existing gap
between experts’ estimation of risk and those of the public (Cutter, 1993). Objective risk,
utilized by experts, can be defined as “the probability of a future event calculated from
statistical data provided by past events” (Burton and Pushchak, 1984, p.469). An expert
divides risk into three separate components to calculate risk estimates in a rational
manner — i) an estimate of probability, ii) a time period to which the probability applies,
and iii) the consequences measured in deaths, injuries, or damage (Burton and Pushchak,

1984). A standard definition of risk was developed in accordance with the expert’s
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objective calculation; risk is “the product of hazard (the physical agent and its impact)
and vulnerability (the susceptibility to damage or injury)” (Alexander, 1997, p.291).

The problem for community level decision makers (i.e. laypeople or the public)
lies in the fact that this definition is conceptually based on the dominant view. The
expert’s notion of risk does not account for the social dimensions of hazards and is a
contributing factor to the existence of the aforementioned gap. Laypersons view risk -
' more subjectively, as indicated by the theory of bounded rationality. “Perceived risk is
an assessment of the probability of an event and its consequences arrived at subjectively
by individuals” (Burton and Pushchak, 1984, p.469). Perceptions are influenced by a
number of different psychological, sociological, and cultural factors and depend on the
specific hazard event under consideration. “No matter how good our science may be, it
will not resolve the major difficulty we face; that is, the great discrepancy between
scientific and public perception” (Burton and Pushchak, 1984, p.469). To provide
sustainable hazard and disaster management, decision makers must be aware of how the
public perceives risk and the factors that influence these perceptions.

“Efficient adjustment to natural hazards demands an understanding of the
probabilistic character of natural events and an ability to think in probabilistic terms”
(Slovic et al., 1974, p.191). Yet, problems exist because when people make judgments
regarding uncertain events they may not follow the principles of statistical theory on
probability. Rather than applying the accepted rules for estimating probabilities, people
tend to replace the laws of chance with intuitive heuristics (Slovic et al., 1974). These
heuristics, or mental strategies, are general rules that people use to reduce the difficult

task of estimating probability and frequency into more simple judgments to aid decision-
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making (Slovic et al., 1974; Carlson et al., 2000). In some instances heuristics may be
suitable, but in others they may lead to large and persistent biases that have serious
implications for decision-making (Slovic et al., 1976). Often times, subjective
probability estimates are distorted by these systematic biases, which can be difficult to
eliminate (Tversky and Kahneman, 1973). There are four heuristics that have been

defined in the literature and their features are discussed in the subsequent sections.

2.1.2.1 — The Availability Heuristic

The availability heuristic is one general rule that individuals use to reduce the
difficulty of discerning probability estimates that influence their decision-making. The
availability heuristic involves an individual judging the probability of an event based on
“the ease with which relative instances are imagined or by the number of such instances
that are readily retrieved from memory” (Slovic et al., 1974, p.194). Frequent events and
likely occurrences are much easier to recall or imagine than are infrequent events and
more unlikely occurrences (Slovic et al., 1974). Thus, the features of an event that an
individual is able to think of most easily are deemed more important and the individual
will perceive the recurrence of that event to be more frequent (Carlson et al., 2000).

Additionally, the “memory of salient natural events seems to begin with an
extreme event, which effectively blots out recall of earlier events and acts as a fixed point
against which to calibrate later points” (Slovic et al., 1974, p.194). This concept is
readily apparent in the Red River Basin; although major flooding occurred in 1950, 1979,
and 1996, it was an extreme event in 1997 that has since been the reference point for

policy changes and research studies (e.g. MWC, 1998; Haque, 2000; 1JC, 2000b).
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Subtle factors such as recency and emotional saliency are independent of the
actual frequency of an event, but are related to the availability heuristic and play a role in
influencing perceptions (Slovic et al., 1974). “The availability hypothesis implies that
any factor that makes a hazard highly memorable or imaginable — such as a recent
disaster or film or lecture — could considerably increase the perceived risk of that hazard”
(Slovic et al., 1974, p.195). For instance, a phenomenon called priming occurs when
recent exposure to a particular type of event makes it easier to think of other examples
relating to that event (Carlson et al., 2000). The emotional saliency of an event can
influence the importance of the event in the decision-making process; a dramatic personal
encounter is much more available and memorable than a set of statistics and as such,
tends to have a disproportionate effect on people’s behaviour (Carlson et al., 2000);

Contrary to the suppositions of some policy makers, even intelligent individuals
may not have accurate perceptions about the frequency of the hazard events to which they
are exposed (Slovic et al.,, 1976). Problems exist because systematic biases and
distortions' in judgment can result from the use of mental availability factors as cues for
individual estimations of probability and frequency (Slovic et al., 1974). “Factors that
increase the availability of instances should correspondingly increase the perceived
frequency and subjective probability of the events under consideration” (Slovic et al.,
1974, p.194); direct experience with an event or indirect exposure to an event via the
media can significantly influence judgments (Slovic et al., 1976).

A practical example of potential bias can be seen in regards to the perception of
flooding described by Kates (1962): floodplain inhabitants generally perceive a risk from

flooding only to the extent or magnitude that they have previously experienced, thus
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leaving themselves vulnerable in the event of larger floods. Based on such observations,
Kates (1962) concluded that individuals have an inability to conceptualize floods that
they have never experienced. The memorability of past events plays an important role in
the determination of how individuals will perceive and react to future events; “the biasing
effects of memorability and imaginability may pose a barrier to open, objective

discussions of risk” (Slovic et al., 1979, p.15).

2.1.2.2 — The Anchoring and Adjustment Heuristic

Another general rule that individuals employ to reduce the difficulty of making
probability estimates is the anchoring and adjustment heuristic. This heuristic involves
individuals utilizing a natural starting point for their first estimation of a judgment (the
anchor) and then making further judgments by adjusting this position based on
supplementary information (Slovic et al., 1974). “Typically, the adjustment is a crude
and imprecise one which fails to do justice to the importance of additional information”
(Slovic et al., 1974, p.195). As such, subsequent perceptions tend to remain anchored to
the original perception and it is unlikely further information will adjust perceptions
significantly (Burton and Pushchak, 1984). These biases can have serious implications
for decision-making; i.e. “an individual’s intuitive estimates of the size of a flood that
would be exceeded only one time in one hundred will be conservative (i.e., too close to
his estimate of the “most-likely” flood magnitude), and he thus would allow too small a

margin of safety in his protective adjustments” (Slovic et al., 1974, p.196).

2.1.2.3 — The Representativeness Heuristic

The representativeness heuristic is a general rule for decision-making that is based

on an individual’s ability to classify information into a category in which it appears to be
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most familiar (Carlson et al., 2000). “Lay persons establish the probability of an event by
assuming it is representative of another better known event” (Burton and Pushchak, 1984,
p.470). The experiences of life provide individuals with the knowledge that some
characteristics are associated and go together; when one of these characteristics is
observed, individuals assume that others are also present (Carlson et al., 2000). For
instance, when meeting someone for the first time one typically notices characteristics
such as clothing and hairstyle. Then, based on personal experience, one generally makes
an intuitive assumption about the other characteristics of the person (that may not be
readily apparent) and attempts to match the observable characteristics of that person to
the different stereotypes in one’s mind (Carlson et al., 2000). The majority of the time
this strategy is effective in producing accurate predictions, but sometimes it can be

misleading and serve as a source of cognitive distortion (Carlson et al., 2000).

2.1.2.4 — The Affect Heuristic

Affect is “an orienting mechanism that directs fundamental psychological
processes such as attention, memory, and information processing” (Slovic, 1997, p.292).
Affective reactions are often an individual’s first response to a stimulus, occurring before
more extensive perception and cognitive characteristics guide information processing and
judgment (Slovic, 1997). For example, an individual does not simply see ‘a house’;
rather, they see a ‘nice house’ or an ‘ugly house’ (Slovic, 1997). “Affect may be viewed
as a feeling state that people experience, such as happiness or sadness ... [and] may also
be viewed as a quality (e.g. goodness or badness) associated with a stimulus” (Finucane
et al., 2000, p.2). Slovic (1997) asserted that affect and worldviews are functionally

similar and serve as orienting dispositions that aid individuals in navigating more
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efficiently through a complex and uncertain world. For instance, laypersons’ perceptions
of risk, acceptance of risk, and trust in risk management institutions are generally
determined by knowledge and experience. Worldviews (see section 2.1.3.1) and affect
exist as the overarching phenomena (see figure 4) that influence the knowledge and
experience determinants utilized by laypeople (Slovic, 1997).

The affect heuristic is an essential component in many forms of judgment and
decision-making; people mark images with positive and negative affective feelings and
then consult this ‘affective pool’ to guide their judgment and decision-making (Finucane
et al., 2000). “Just as imaginability, memorability, and similarity serve as cues for
probability judgments, affect may serve as a cue for many important judgments”
(Finucane et al., 2000, p.3). Finucane et al. (2000) suggest that the affect heuristic is
utilized by individuals when required judgments are complex or mental resources are
constrained — the affect heuristic is an easier, more efficient mental short-cut in
comparison to cognitive processes that retrieve examples from memory.

An example illustrating the importance of affect in decision-making can be
derived from risk-benefit analysis. “Although risk and benefit may be positively
correlated in the environment, numerous studies have shown them to be negatively
related in people’s minds” (Finucane et al., 2000, p.3). People perceive an inverse
relationship between risk and benefit, where the greater the risk, the lower the benefit and
the lower the risk, the greater the benefit. Based on research conducted by Alhakami and
Slovic (1994), it was suggested that the reason people create these inverse relationships in
théir mind is because they refer to an affective feeling when judging risks or benefits for

hazards. Alhakami and Slovic (1994) concluded that when people liked an activity they
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judged it to have low risk and high benefit, and conversely when they disliked an activity
they judged it to have high risk and low benefit (Finucane et al., 2000).

Further research by Finucane et al. (2000) determined that “reliance on the affect
heuristic seems to be exposed more clearly when. people’s opportunity for analytic
deliberation is reduced and an efficient mode of judgment is needed” (p.8). Thus, in
circumstances where time is a constraint and cognitive processing is difficult, individual
decision makers will rely on affective processes to make quick judgments. The affect
heuristic is a motivator of individual behaviour and is effective for illustrating another

bias that influences people when they are making decisions (Finucane et al., 2000).

Knowledge

Perceptions of Risk
Acceptance of Risk
Trust

Experience

Figure 4: Model of Worldviews and Affect as Orienting Dispositions
(Source: Adapted from Slovic, 1997, p.295)

2.1.2.5 — Further Biases and Aspects of Heuristics
As mentioned earlier, experts and laypeople have divergent perceptions when it
comes to judging the risks associated with hazards. One of the contributing factors in this

divergence is laypersons reliance on heuristics that are fallible. The general rules that
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~ individuals utilize to reduce the uncertainty of decision-making have inherent biases that

are commonly apparent. For instance:
[o]nce formed, initial impressions tend to structure the way that subsequent
evidence is interpreted. New evidence appears reliable and informative if it is
consistent with one’s initial belief; contrary evidence is dismissed as unreliable,
erroneous, or unrepresentative. Thus, depending upon one’s predispositions,
intense effort to reduce a hazard may be interpreted to mean either that the risks
are great or that the technologists are responsive to the public’s concerns.
Likewise, opponents of a technology may view minor mishaps as near

catastrophes and dismiss the contrary opinions of experts as biased by vested
interests (Slovic et al., 1979, p.37).

Another apparent perceptual bias is that people tend to be typically overconfident
about the judgments they make based on heuristics; people do not realize the limits to
their knowledge and that much additional information is required to sufficiently
understand risk (Slovic et al., 1979). “People think that they can estimate ... values with
much greater precision than is actually the case” (Slovic et al., 1979, p.17). The result is
that there can be a great deal of error and bias in the judgments that people make. This
limitation of heuristics and subjective judgments can make it difficult for experts who
discover new information and try to inform laypeople about alternative perspectives.

[The] rarity of catastrophic events makes it extremely difficult to resolve

disagreements by recourse to empirical evidence. Demonstrating the

improbability of catastrophic [events] requires massive amounts of data. In the
absence of definitive evidence, weaker data tend to be interpreted in a manner
consistent with the individual’s prior beliefs. As a result, the “perception gap”
between ... experts and the ... public is likely to persist, leaving frustration,

distrust, conflict, and costly hazard management as its legacy (Slovic et al., 1980,

p-208).

As described previously, frequency estimates are a key determinant in the
perception of risk by laypeople. Additionally, laypeople also take into account certain

qualitative characteristics when judging risks associated with particular activities. Some

of these characteristics include whether or not the risk is: involuntary in nature, unknown,
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uncontrollable, unfamiliar, potentially catastrophic, dreaded, or severe in consequence
(Slovic et al., 1979). Further research by Slovic (1986) also identified equity and threat
to future generations as accompaniments to this list.

These characteristics play a role in determining the signal values that influence
the public’s perception of risks. The signal potential or informativeness of a specific
event is related to the characteristics of the event and the hazard it exhibits; much of the
~ seriousness and higher-order impacts lof an event are determined by what it signifies or
indicates (Kasperson et al., 1988). “An accident that takes many lives may have little or
no impact on perceived risk if it occurs as part of a familiar, well-understood and self-
limiting process” (Slovic et al., 1980, p.209). In contrast, if a smaller accident were to
occur in an unfamiliar and poorly understood process, perceived risk may be greatly
enhanced and it may trigger strong corrective actions due to an increase in the judged
probability of future accidents (Slovic et al., 1980).

A pertinent example would be the vast impacts that resulted from the accident at
Three Mile Island. While the accident caused no immediate fatalities, its signal value
‘increased the perceived risk of nuclear reactors on a global scale (Slovic et al., 1980).
Hazards representing risks that are judged to be uncertain, dreaded, or catastrophic also
tend to be judged most in need of strict government regulation (Slovic et al., 1987). For
instance, a technological accident can serve as a signal that a company is not properly
managing risks. This signal event can trigger a strong societal reaction, such as public
opposition or litigation, which can inflict costs on the company (Slovic et al., 1987).

“Public awareness of risks is heavily influenced by media coverage” (Short, 1984,

p.720/21). The mass media often serves as the primary source of information about risk
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for laypeople and as such, has the ability to exert a powerful influence on public
perceptions (Slovic, 1986). Accordingly, a fundamental consideration for risk analysts is
the accuracy of the information presented in the media. “Content analysis of media
reporting for specific hazards ... and the domain of hazards in general ... has documented
a great deal of misinformation and distortion” (Slovic, 1986, p.410). Slovic (1986)
determined that journalists often report incorrect or misleading interpretations of
scientific fact that misinform the public and result in an overreaction to certain risks.

In addition to the accuracy of information reported, the mass media tend to
influence risk perceptions and attitudes through the coverage of news topics. The
frequencies of events that receive heavy media coverage are generally overestimated and
the frequencies of events that receive little or no coverage are generally underestimated
(Slovic et al., 1976). Hazard incidents that represent the ‘un-ness’ described by Hewitt
(1983) _tend to get most of the media coverage because they are perceived as unknown,
unfamiliar, dreaded, and potentially catastrophic. The mass media focus on the negative
qualitative characteristics that influence perceptions. As such, since these events receive
more media coverage than familiar inconsequential incidents, they stand a greater chance
of influencing perceptions because they will be more easily retrieved from memory
(Slovic, 1986) — i.e. the availability heuristic. People tend to overestimate the frequency
of dramatic and sensational events that involve deaths (which receive extensive media
coverage) and underestimate unspectacular common events that involve single victims or
non-fatalities (which receive minimal media coverage) (Slovic et al., 1979; Short, 1984).

Consequently, the evident fallacies that influence public perceptions of risk have

produced considerable reaction from experts (Slovic, 1987). Experts have deemed the
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public as irrational and foolhardy because their perceptions are flawed and their decision-
making process subject to misguided judgments; when in fact, “experts themselves are
not immune to biases of judgement” (Royal Society, 1992, p.107). Slovic et al. (1979)
determined that experts can be as susceptible to overconfidence as laypeople and
identified four ways in which experts may overlook or misjudge the pathways to disaster:

i) failure to consider the ways in which human errors can affect technological

systems;

ii) overconfidence in current scientific knowledge;

iii) insensitivity to how a technological system functions as a whole; and

iv) failure to anticipate human response to safety measures (p.17).

As such, from an experts’ perspective the public cannot be viewed as irrational
because they rely on qualitative inferential rules to aid decision-making during
uncertainty. Laypeople use these rules to reduce difficult mental tasks into simpler, more
manageable tasks; precisely the process that experts follow when science falls short and
they are forced to rely on personal judgment. As the role of judgment increases in expert
decision-making, the results tend to become gradually more subjéctive (Fischhoff et al.,
1983). “The psychometric tradition has undoubtedly generated an impressive body of
empirical data on individual risk perceptions. The evidence shows that human

judgements of hazards and their benefits involve multiple qualitative dimensions related

in quite subtle and complex ways” (Royal Society, 1992, p.107).

2.1.3 — The Societal and Cultural Context: Research in Sociology and Anthropology

In their seminal work Risk and Culture, Douglas and Wildavsky (1982)
questioned the resolve of utilizing a scientific ethos to analyze why certain risks are
perceived differently than others. The authors put forth that cultural theory has an

important role to play in the determination of risk perception. The authors argued that
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risks are socially selected as each culture and each set of shared values and supporting
social institutions are biased toward highlighting certain risks and downplaying others
(Douglas and Wildavsky, 1982). In addition to challenging the scientific ethos, the
hypotheses of Douglas and Wildavsky reaffirmed the belief that an analysis of risk
perception needed to go beyond the suppositions of the psychometric approach.

Similarly, in his 1984 Presidential Address on behalf of the American
Sociological Association, J.F. Short Jr. decried the failure of risk analysts to include
sociological concerns in their research. Short (1984) claimed that risk analysis had been
too narrowly focused on scientific processes that do not address the things that people
value. As such, Short (1984) proposed that a social transformation of risk analysis
needed to take place through an examination of the social fabric at risk. The social fabric
ranges “from interpersonal processes and networks to social institutions and structures,
from primary groups and symbolic interaction to social movements and large-scale
organizations and systems” (Short, 1984, p.711).

Consequently, a number of sociological and anthropological researchers who
supported these notions became involved and a transformation occurred as broader social
concerns were incorporated into risk perception research. The incorporation of broader
social concerns increased the understanding of risk perception and risk behaviour by
- detailing the importance of social, cultural, and institutional processes.

The perceiver of risk is rarely an isolated individual, but a ‘social being’ who
necessarily lives and works, plays and rests, within networks of informal and
formal relationships with others. Such relationships are manifest in a wide range
of both small- and large-scale social and institutional arrangements within and
across societies. These arrangements set constraints and obligations upon
people’s behaviour, provide broad frameworks for the shaping of their attitudes

and beliefs, and are also closely tied to questions both of morality and of what is
to be valued and what is not (Douglas, 1985; Royal Society, 1992, p.111).
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Any suitable analysis of risk perception and behaviour must involve elements from the

psychological approach, as well as from the sociological and anthropological approaches.
It is an assumption in much of sociology and anthropology that one of the things
that people value most (and which shapes their perceptions and behaviour) will be
the set of social arrangements or institutions that they personally strongly identify
with or participate in. In the context of risk perception therefore, the hazards that
are likely to be of particular concern are those that pose threats to locally valued
social and institutional arrangements, or to other elements that are central to a
particular way of life (Royal Society, 1992, p.112).

Thus, as Short (1984) suggested, balanced risk analyses need to address the social and

cultural context of hazards and risks, the determination of what is at risk, the perception

of risk, and the acceptability of risk.

2.1.3.1 — Cultural Theory

Anthropologist Mary Douglas and her colleagues pioneered the ‘grid-group’
cultural theory that challenged the standard psychological approach to risk perception
(Royal Society, 1992). The central tenet of the cultural theory approach “is that human
attitudes towards risk perception are not homogeneous but vary systematically according
to cultural biases” (Royal Society, 1992, p.112). Until the cultural theorist approach was
introduced, much of the focus in psychological studies had been on individual notions of
perception. Douglas (1982) hypothesized that another dimension of risk perception to
consider was the social context in which an individual functions.

The reason for focusing upon the social context ... is that each pattern of rewards

and punishments moulds the individual’s behaviour. He will fail to make any

sense of his surroundings unless he can find some principles to guide him to

behave in the sanctioned ways and be used for judging others and justifying

himself to others. This is a social-accounting approach to culture; it selects out of

the total cultural field those beliefs and values which are derivable as
justifications for action (Douglas, 1982, p.190).
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One of the key factors in the determination of an individuals’ social context is
recognition of the social group(s) to which he or she belongs. Social relations in different
cultural groups will influence an individual’s attitudes and beliefs according to the
cultural bias of the specific group. Cultural bias is referred to as the values and beliefs
commonly shared by a group and influences the risks that the group chooses to identify in
ways that cannot be justified by individual psychology or by the scientific analysis of
objective risks (Royal Society, 1992). Different groups will have dissimilar standpoints
on risk issues and will support different values and beliefs; as such, membership in
different groups produces a diverse array of worldviews. Groups “differ in the degree of
group cohesiveness (the extent to which someone finds identity in a social group), and
the degree of grid (the extent to which someone accepts and respects a formal system of
hierarchy and procedural rules)” (Rohrmann and Renn, 2000, p.34).

Due to the dynamics of social group involvement' and the subsequent relationship
between group and grid, researchers were able to identify four major groups in modern
society that relate to risk analysis. The four common groups or patterns of social
relations are: hierarchy, egalitarianism, individualism, and fatalism (Douglas and
Wildavsky, 1982; Dake, 1991; Royal Society, 1992; Slovic, 1997). A fifth group is
referenced in many literary sources but its precise designation tends to vary:
technological enthusiasm (Slovic, 1997), autonomous individuals (Royal Society, 1992;
Rohrmann and Renn, 2000), or hermit (Dake, 1991; Rohrmann and Renn, 2000).

“An individual’s cultural bias is linked with the extent to which he or she is
incorporated into bounded groups (‘group’) and with the extent to which the interactions

of social life are conducted according to rules rather than negotiated ad hoc (‘grid’)”
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(Royal Society, 1992, p.112). As such, each group has specific characteristics that

provide insight into how its members will orient their worldviews. For instance, some of

the pertinent characteristics for each group are:

a)

b)

d)

Hierarchists — Prefer to have their societies structured with commands flowing
down from authorities and obedience flowing up the hierarchy, e.g. decisions
regarding health risks should be left to the experts (Slovic, 1997). Are willing to

‘accept high levels of risk as long as decisions are made by experts or in other

socially accepted ways (Royal Society, 1992).

Egalitarians — Prefer to have a world in which power and wealth are more evenly
dispersed, e.g. if people were treated as equals, there would be fewer problems
(Slovic, 1997). Like to emphasize the risks of technological development and
economic growth so as to support their own way of life and attribute blame to
those in other groups holding different cultural biases (Royal Society, 1992).
Individualists — Prefer to do their own thing, unrestricted by government or any
other kinds of limitations, e.g. in a just system, people with greater ability should
be able to earn more (Slovic, 1997). View risk and opportunity as interrelated
factors, going hand-in-hand (Royal Society, 1992).

Fatalists — Are inclined to feel that what happens in life is inevitable and cannot
be changed by an individual’s actions, e.g. an individual will feel as thought they
have very little control over risks to their health (Slovic, 1997). Tend to not
knowingly take risks and tolerate what is in store for them (Royal Society, 1992).

The ensuing worldviews held by members of these groups “implies that people

select certain risks for attention to defend their preferred lifestyles and as a forensic

resource to place blame on other groups. [Wihat societies choose to call risky is largely

determined by social and cultural factors, not nature” (Royal Society, 1992, p.112).

According to Slovic (1997), a number of researchers have utilized survey techniques to

measure worldviews and have found them to be correlated with public perceptions of

risk. “Worldviews are general social, cultural, and political attitudes that appear to have

an influence over people’s judgments about complex issues” (Slovic, 1997, p.291).

Rohrmann and Renn (2000) provided a similar description of cultural theory with

an updated classification of groups. The authors identified five groups within the group-

| grid scheme that are similar to those applied by previous scholars (see Figure 5). The
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authors also noted that the five groups are broad classifications into which smaller social
groups and organizations are categorized. The entrepreneurial group (similar to
individualism) is characterized by a low degree of hierarchy and low degree of cohesion.
Individuals belonging to this group perceive risk taking as an opportunity to succeed in a
competitive market and to pursue their personal goals (Rohrmann and Renn, 2000). The
egalitarian group (same as previous) emphasizes cooperation and equality as opposed to
competition and freedom and is characterized by low hierarchy with a strong sense of
group cohesiveness and solidarity. When faced with risk this group tends to focus on
long-term effects of human activities and is more likely to abandon an activity than take

chances, even if they perceive the activity to be beneficial (Rohrmann and Renn, 2000).

RISK TAKING IN THE CONTEXT OF CULTURAL CATEGORIES

Atomized Individuals Bureaucrats

Life is a lottery. Risks are out of Risks are acceptable as long as
control; safety is a matter of luck. institutions have routines to control them

The Hermit

Risks are acceptable as long as they do
not involve coercion of others.

Entrepreneur Egalitarian

Risks offer opportunities and should be Risks should be avoided unless they are
accepted in exchange for benefits. inevitable to protect the public good.

Figure 5: Group Types in Cultural Theory (Source: Adapted from Rohrmann and Renn, 2000, p.35)

The bureaucratic group (similar to hierarchy) relies on rules and procedures to
cope with uncertainty and group relations are both hierarchical and cohesive. Members
-of this group do not worry about risks as long as capable institutions provide management

and coping strategies for all members. Atomized or stratified individuals (similar to
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fatalists) support hierarchy in principle, but do not identify with the hierarchy to which
they belong. These individuals only place trust in themselves, are often perplexed by risk
issues, and are likely to take high personal risks on their own merit, but oppose any risk
that they feel is imposed upon them (Rohrmann and Renn, 2000). The final group,
autonomous individuals or hermits, are self-centred and tend to be short-term risk
evaluators. Members of this group could be viewed as potential mediators in risk
conflicts, given that they build multiple alliances with the other four groups and support
hierarchy only when they feel that authority has been gained due to superior performance
or knowledge (Rohrmann and Renn, 2000).

Despite contributions to risk perception research, the group-grid approach and
cultural theory have some drawbacks. “Although the theory is potentially powerful, there
remains a basic problem in unambiguously classifying existing social units in terms of
the grid and group dimensions [and] that the basic four or five cultural types may
oversimplify more complex shades of social difference” (Royal Society, 1992, p.113).
Rohrmann and Renn (2000) lamented that utilizing only five cultural patterns is too
narrow and presumptuous because some behaviours will be compatible with more than
one group classification. The authors also discredited the theory on the basis that
_researchers have not provided sufficient empirical evidence to support its validity.

In spite of the shortcomings, the cultural-theorist approach clearly identified some
very important features of the social fabric at risk, contributed to an enhanced
comprehension of risk perception and tolerance, and raised several critical issues for
future research (Royal Society, 1992); “the emphasis on values and worldviews ... can be

seen as the major accomplishment of this theory” (Rohrmann and Renn, 2000, p.36).
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2.1.4 — The Social Amplification of Risk

The social amplification of risk (a metaphor loosely based on communications
theory) is a conceptual framework developed by Kasperson et al. (1988) and intended to
link the psychological, sociological, and cultural approaches to risk perception (Royal
Society, 1992). The framework utilizes the notion that risk and hazard events “interact
with psychological, social, institutional, and cultural processes in ways that can heighten
or attenuate individual and social perceptions of risk and shape risk behavior. Behavioral
patterns, in turn, generate secondary social or economic consequences that extend far
beyond direct harms to human health or the environment” (Rohrmann and Renn, 2000,
p-38). Kasperson et al. (1988) indicated that a primary purpose of the framework was to
establish a comprehensive theory that could explain why low levels of risk or minor risk
events (determined by technical experts) sometimes produce significant public reactions
that result in considerable social and economic impacts and sometimes even increased
physiéal risks. Conversely, the framework also set out to explain why the public
“downplays the importance of certain risks that are verified by experts to be quite serious.

The social amplification framework suggests that “most of our knowledge, and
this includes our knowledge of hazards and danger, is second-hand; that is, we come to
know about the world through various communications that we receive in the form of
signs, signals, or images” (Royal Society, 1992, p.114). As such, the amplification
process begins with the occurrence of a hazard event or recognition of a risk that
produces a signal value (see section 2.1.2.5) to which both individuals and groups are

receivers. Both parties identify specific characteristics or aspects of the event and
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interpret them in accordance with their perceptions and mental schemata; signal values
will vary amongst different people or social groups (Royal Society, 1992).

Interpretations are formulated into messages and subsequently communicated to
other individuals and groups who then collect and respond to the risk information. These
individuals and groups act as amplification stations through their subsequent behavioural
responses and communications. Original interpretations are subject to predictable
transformations as they pass through various social amplification stations; i.e. scientist
groups, mass media, government agencies, politicians, community activist groups, and so
- forth. There is an intensification or attenuation of certain risk aspects by each station that

is predictable in accordance with its social characteristics; these expected transformations
serve as the rationale for differences in signal value reception (Royal Society, 1992;
Rohrmann and Renn, 2000). “Amplification differs among individuals in their roles as
private citizens and in their roles as employees or members of social groups and public
institutions” (Rohrmann and Renn, 2000, p.38).

The social amplification framework also provides an explanation for the fact that
the behavioural and communicative responses can cause a spreading of the impact, or
rippling of secondary consequences, that may go well beyond the initial impact of the
event and those directly affected. Individuals and social groups may also perceive the
"S-econdary consequences, resulting in further amplification to third-order consequences
that may spread or ripple to other parties or locations (Royal Society, 1992; Rohrmann
and Renn, 2000). “Each order of impact will not only disseminate social and political
impacts but may also trigger (in risk amplification) or hinder (in risk attenuation) positive

changes for risk reduction” (Rohrmann and Renn, 2000, p.38) (see figure 6).
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Figure 6: A Simplified Representation of the Social Amplification of Risk and its Potential Impacts
(Source: Adapted from Royal Society, 1992, p.115)

The Royal Society (1992) concluded that the original social amplification
framework by Kasperson et al. (1988) was too narrow in scope because it only relied on a
one-way communication process. Renn (1991) later acknowledged the pivotal role that
feedback, from the receiver to the source, plays in the communication process and
recommended that it be addressed in the social amplification framework.

The social amplification framework provides an integrative concept. The

distinction between individual and social amplification stations corresponds with

the two traditions in risk perception: the individual processing of information and
the social responses to risk based on experience of (dis)trust, social values, and
cultural affiliations. It provides a more holistic picture of the risk perception
process and takes into account psychological, sociological, and cultural aspects
(Rohrmann and Renn, 2000, p.40).

2.1.5 — Risk Communication

The Royal Society (1992) summarized the work of numerous literary sources and

identified four partially overlapping conceptual approaches to risk communication. The
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first and most simple approach defines risk communication based on an engineering type
framework. The top-down or command-and-control approach acts as a one-way
transmission of a risk or hazards message from an expert to a targeted non-expert
audience. As noted earlier, there are many drawbacks and criticisms of this approach, “in
particular on the grounds that by assuming an altruistic communicator it implicitly
devalues the perspectives and knowledge of the risk bearers, as well as glossing over the
political aspects to many of the risk conflicts in society” (Royal Society, 1992, p.120).

The second approach involves a two-way interactive exchange of information
between individuals, groups, and institutions that goes beyond dealing only with the
specific risk problem to address any pertinent concerns, opinions, and reactions. This
approach is more effective because it allows for learning on all sides of a risk debate or
conflict situation (Royal Society, 1992). The third approach builds on the two-way
information exchange and learning approach by including the broader cultural and
institutional contexts that determine the characteristics of specific risk issues. The benefit
of this approach is that it puts the onus on the risk communicator to fully understand the
context within which risks and communications occur. The final approach involves risk
communication being viewed as an element of the wider political processes in democratic
society. “Communication is seen as an essential prerequisite to the enabling and
empowerment of the risk-bearing groups in society in ways that allow them to participate
more effectively in decision making about risks” (Royal Society, 1992, p.121).

There are a number of other hindrances to effective risk communication. “Doing
an adequate job of communicating means finding comprehensible ways of presenting

complex technical material that is clouded by uncertainty, and is inherently difficult to
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understand” (Slovic, 1986, p.403). According to Slovic (1986), communicators must be
aware of the characteristics of public attitudes and perceptions towards risk because:
a) people’s perceptions of risk are often erroneous due to factors such as the
memorability of past events and the imaginability of future events;
b) risk information may alarm and aggravate the public;
¢) strong beliefs are often difficult to change; and
d) naive views are easily influenced by presentation format and as such, slight
changes in the way that risks are articulated can have a major impact on people’s
perceptions and decisions.
Making an effort to comprehend the way in which the public perceives and responds to
risk will aid the development of effective risk communication methods (Gough, 1998).
Another difficulty inherent to risk communication is that risk and emergency
management representatives “have often tried to communicate with the public under the
assumption that they and the public share a common conceptual and cultural heritage in
the domain of risk. That assumption is false and has led to failures of communication
and rancorous conflicts” (Slovic, 1986, p.407/08). Slovic (1986) exemplifies this point
with an analogy: a stranger does not visit a foreign country for the first time and expect to
communicate effectively without having any prior knowledge of the country’s language
or culture. Thus to communicate effectively, emergency managers must have an
awareness and understanding of the cultural context in which they are making decisions.
A critical consideration for risk communicators is the notion of framing effects or
how questions and issues regarding risk are administered. “The content of any message
must be sensitive to the receiver’s frame of reference for the problem ... there are many
publics within any society each with possibly different worldviews and frameworks for

approaching risk problems” (Royal Society, 1992, p.121). Risk communications must be

sensitive to the intended audience or they may be ignored, misinterpreted, or criticized.
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[Laypeople] appear to use only the information that is explicitly displayed in the
formulation of the problem. Information that has to be inferred ... or created by
some mental transformation tends to be ignored. The tendency for considerations
that are out of sight to be out of mind ... imposes a serious burden on those
entrusted with [the] presentation of risk information (Slovic et al., 1982a, p.24).

Therefore, risk communicators must ensure that risk messages are clear and explicitly
state all of the intended points. Receivers are unlikely to infer or ‘read between the lines’
of an ambiguous message and as such, valuable information may not be considered.

Doing an adequate job means finding cogent -ways of presenting complex,
technical material that is clouded by uncertainty and subject to distortion by the
listener’s preconceptions — or misconceptions — about the hazard and its
consequences. Moreover ... people are often at the mercy of the way in which
problems are formulated. Those responsible for determining the content and
format of information programs thus have considerable ability to manipulate
perceptions (Slovic et al., 1982a, p.35).

2.1.5.1 — Trust and Confidence in Institutions
The “most powerful factor for predicting risk perceptions is trust in institutions or
ideology, which is largely about which institutions can be trusted” (Wildavsky and Dake,
1990, p.56). As such, public confidence and trust in the institutions and authorities
responsible for risk management play a pivotal role in perceptions of risk and subsequent
.behavioural responses. This point is summarized by Rohrmann and Renn (2000):
Among the most influential social factors in shaping risk perception and
responses social networks and reference group judgments are particularly
influential since most information about risk is not learned through personal
experience but through “second-hand” learning. With the advent of ever more
complex technologies and the progression of scientific methods ... personal
experience of risk has been more and more replaced by information about risks
and individual control over risk by institutional risk management. As a
consequence, people rely more than ever on the credibility and sincerity of those
from whom they receive information about risk. Thus, trust in institutional
performance has been a major key for risk responses (p.31).

Accordingly, the Royal Society (1992) recognized that the issue of trust in

institutions responsible for risk management is one of the fundamental links between risk
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perception and risk communication. The adage ‘trust is hard to gain, but easy to lose’ has
finite importance as the level of trust placed in a risk communicator by a receiver is
crucial to the communicator’s credibility; if the receiver does not trust the message
source then they are less likely to trust the message and its content (Royal Society, 1992).

“Trust may be lost following a serious incident or actual disaster, if the
responsible authorities and institutions are not felt to be learning from, and responding to
the event in as open and public a way as is possible” (Royal Society, 1992, p.122/3). The
1997 flood in the Red River Basin illustrated such a case, where emergency management
conducted in a top-down manner resulted in a loss of institutional trust as elements of
misunderstanding and discontent arose due to misinformation and poor communication
(Haque, 2000). When decision makers choose to ignore strong public opinions, resultant
decisions can cause feelings of hostility, mistrust, and alienation (Fischhoff et al., 1983).
With a loss in trust or credibility the likelihood for difficulties in future communication
efforts is significantly increased; “the more individuals believe that risks are not properly
handled (in addition to being perceived as serious threats) the higher the likelihood that
people will be politically active” (Rohrmann and Renn, 2000, p.32).

A potential solution to avoid trust eroding communication practices is to move
away from the top-down communication approach. “Early, on-going, open and honest
interaction is a prerequisite to effective, as well as ethical risk communications” (Royal
Society, 1992, p.123). Utilizing a risk communication approach that is more in line with
the latter three conceptual approaches described the Royal Society (see prior discussion
in section 2.1.5) is more likely to build and retain trust and consequently, be more

sustainable in the event of a disaster. Effective communication needs to be a two-way
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process that establishes common ground and trust in relationships between all interested
parties because without the establishment of trust, it is unlikely that amicable policy
solutions can be achieved (Gough, 1998).

[T]here is wisdom as well as error in public attitudes and perceptions. Lay people
sometimes lack certain information about hazards. However, their basic
conceptualization of risk is much richer than that of the experts and reflects
legitimate concerns that are typically omitted from expert risk assessments. As a
result, risk communication and risk management efforts are destined to fail unless
they are structured as a two-way process. Each side, expert and public, has
something valid to contribute. FEach side must respect the insights and
intelligence of the other (Slovic, 1987, p.285).

2.2 — Summary

This chapter established the nature of perceived risk at the individual level
(pioneered by research in psychology and geography) and the associated societal or
| cultural context (pioneered by research in sociology and anthropology). As noted by
Cutter (1993) the cultural selection of threat is not linked to objective risk measurements
or the physical reality of risk, rather the selection of threat reflects positions that are all
value-laden and culturally constructed. As such, there is a noticeable divergence between
experts’ and laypersons’ perceptions of risk. One of the contributing factors in the
deviation is the existence of a management structure focused primarily on technical
solutions to hazard related problems — the dominant view. “The lesson to be learned is
that technological solutions are likely to be inadequate without knowledge of how they
affect the decision-making of individuals at risk” (Slovic et al., 1976, p.166).

Part of the solution to effectiv_e hazard and disaster management is awareness of
the dynamics of risk perception. When laypeople evaluate risk they seldom use statistical
evidence, rather they rely on inferences based on what they hear or observe about the

threat. The general inferential rules people use in uncertain situations are referred to as
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judgmental rules or heuristics. Laypeople use these rules to reduce difficult mental tasks
into simpler, more manageable tasks. The four main heuristics identified in the literature
are: the availability heuristic, representativeness heuristic, anchoring and adjustment
heuristic, and affect heuristic. The problem herein is that these heuristics are subject to
notable biases when they are used to make sense out of uncertain situations.

Researchers postulated that studies in risk perception needed to extend beyond the
psychometric approach and account for the social fabric at risk. It was determined that
social, cultural, and institutional processes are integral to the appreciation of risk
perception and related behaviour. Cultural theorists proposed that individuals in society
fall into different groups (hierarchists, egalitarians, individualists, and fatalists) with each
having their own cultural bias, or sets of values and beliefs, as well as variant wqudviews
that influence individual perceptions. The social amplification of risk was developed as a
conceptual framework intended to merge psychological, sociological, and cultural
~ perspectives on perception. This framework suggested that certain aspects of risk are
intensified or attenuated as they pass through processes of interpretation and response.

Risk perception and risk communication are inherently linked as the manner in
which risk is communicated can have profound influences on subsequent risk-related
decision-making and behaviour; effective communication involves a two-way process
between individuals and authorities. A fundamental component of risk communication is
trust and confidence in institutions. If the receiver does not trust and have confidence in

the communicator, the effectiveness of the message will be significantly reduced.
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CHAPTER 3
RESEARCH DESIGN AND METHODS

3.1 — The Delphi Technique: A Review

3.1.1 — Introduction

“Delphi may be characterized as a method for structuring a group communication
process so that the process is effective in allowing a group of individuals, as a whole, to
deal with a complex problem” (Linstone and Turoff, 1975, p.3). The conventional
Delphi was originally utilized in military studies by the RAND Corporation as a
forecasting tool intended to elicit subjective judgments from a group of experts and to
achieve consensus on desired issﬁes. As the technique progressed into popular use in the
private and public sectors variations developed. For example, the Policy Delphi uses all
relevant stakeholders, not just experts, and strives to elicit divergent views or dissensus.

The Delphi technique is a qualitative tool and its integral purpose is to eliminate
confrontation and other problems associated with committee-based group d¢cision—
making prdcesses. The Delphi technique is useful “when accurate information is
unavailable or expensive to obtain, or evaluation models require subjective inputs to the
point where they have become the dominating parameters” (Linstone and Turoff, 1975, -
p.10). There are three distinguishing features of Delphi: i) anonymity, ii) iteration, and
1ii) controlled feedback. These features are vital to the importance of the Delphi

technique as a strategy for idea generation.

3.1.2 — History and Evolution
The evolution of the Delphi technique has spanned several decades and based on

a framework developed by Rieger (1986) can be described as a progression through five
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eras: secrecy, novelty, popularity, scrutiny, and continuity and refinement. The origins
and earliest workings of the Delphi technique can be traced back to the late 1940s and
early 1950s in research conducted by Olaf Helmer, Norman Dalkey, and their colleagues
at the RAND Corporation (Rieger, 1986). The RAND Corporation was developed as a
project for research and development under the auspices of the United States Air Force
and the Delphi concept resulted as a spin-off of its defence research (Linstone and Turoff,
1975). The era of secrecy ran from these initial stages of development into the early
1960s, when the technique was primarily used as a military application for the projection
of potential outcomes from future nuclear warfare (Rieger, 1986). The technique was
used as a systematic means for combining expert judgments in “determining the optimal
number of targets and A-bombs which would reduce the United States’ munitions output
to a certain level” (Needham and de Loe, 1990, p.135).

The era of novelty began in the mid-1960s after the U.S. military declassified the
technique and corporate planners in the U.S. recognized its benefits for forecasting in
industrial and human service organizations (Rieger, 1986). Usage in the U.S. led to
applications of the technique in Western Europe and the novelty of Delphi spread further
into Eastern Europe and parts of Asia by the late 1960s (Rieger, 1986).

The spread of Delphi usage across continents led to the era of popularity that
started in the late 1960s and lasted well into the mid-1970s (Needham and de Loe, 1990).
~ In fact, Linstone and Turoff (1975) noted that in the period prior to 1970, 134 articles,
papers, and materials utilizing the Delphi technique had been prodﬁced and between 1970

and 1974 another 355 were published as Delphi popularity peaked.
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The era of scrutiny began with the 1974 release of Harold Sackman’s report
entitled ‘Delphi Assessment: Expert Opinion, Forecasting, and Group Process’ (Rieger,
1986). The report was intended to be a critical analysis of the Delphi technique for the
RAND Corporation and condemned the scientific respectability of the technique based on
numerous sloppy executions (Sackman, 1974). This report was met with harsh criticism
from Delphi proponents; advocates of the technique perceived the report to be an attack
on the Delphi, rather than a critical analysis of its performance. As such, nearly an entire
issue of the journal Technological Forecasting and Social Change was devoted to articles
that defended Delphi and discredited the Sackman report (Rieger, 1986). Coates (1975),
Goldschmidt (1975), Linstone and Turoff (1975), and Scheele (1975) countered the
criticisms, citing that many Delphi studies had been poorly executed and the technique
was often misused; as such, it was not the technique itself that should be criticized, rather
it was the users and their specific application of the technique that should be.

After the controversy during the era of scrutiny subsided, the era of continuity and
refinement transcended during the 1980s; between 1980 and 1984 another 130 items were
published on the Delphi technique and 441 Delphi related doctoral dissertations were
completed (Rieger, 1986). The Delphi technique moved into a period where it was
accepted as a legitimate methodology and effort was spent refining specific aspects of the
technique rather than defending its validity (Needham and de Loe, 1990). Advancement
of the technique occurred with the completion of studies in areas such as group stability,
the accuracy .of predictions, the effect of iteration on the accuracy of long-range

predictions, and the response behaviour of individuals (Needham and de Loe, 1990).
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One element in the evolution of the Delphi that Rieger’s framework did not
address was the development of variations in the technique. One of Delphi’s strengths as
a methodological tool is that it allows users to modify the technique so that it will best
serve their purposes. Turoff (1970) introduced the Policy Delphi as an alternative to the
conventional Delphi for the solicitation of opinions on problems related to policy issues.

Alternatives to the conventional Delphi are considered in section 3.1.7.

3.1.3 — The Design of a Delphi Process

As noted earlier, the Delphi technique is a method that is intended to structure the
group communication process for the purposes of problem resolution. As such, a Delphi
study can be classified as an Idea Generating Strategy (IGS); an IGS is designed for issue
and problem identification or for the genesis of new information about specific problems

and issues (Needham and de Loe, 1990). There are two IGS process types (see Figure 7).

Non-Group Processes | A public opinion poll with neither iteration nor feedback
An individual thinking alone

A discrete perception and attitude survey

A referendum

Group Processes Brainstorming Nominal Group Delphi
Sessions and . Techniques
Workshops

! ! !
— =

High Interaction Continuum Low

Figure 7: The Two IGS Process Types (Source: Adapted from Needham and de Loe, 1990, p.135)
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Non-group processes are classified as discrete and can be represented by
individual thinking or an expert group survey; the key characteristic of this type of
process is a lack of iteration and feedback during the implementation phase (Needham
and de Loe, 1990). Alternatively, group processes involve thinking and interaction, the
degree of which varies depending upon the type of group process employed (Needham
and de Loe, 1990). For instance, as indicated by the interaction continuum in Figure 7, a
brainstorming session has a high level of interaction as group members come face-to-face
for idea generation and re-evaluative discussion; whereas a Delphi has a low level of
interaction as group members generate ideas on their own and make revisions based on
feedback distributed in written form (Needham and de Loe, 1990).

Rather than bringing individuals together, the Delphi process commonly relies on
the utilization of written responses from group members for the purposes of aggregating a
number of individual judgments to be used in the facilitation of decision-making
(Delbecq et al., 1975)._ It is vital to note that the Delphi technique is not a decision-
making tool; rather it is a tool that can be used to aid decision-making. Written responses
are generated through a series of questionnaires administered through the mail, thus
allowing respondents to remain anonymous. An initial questionnaire is distributed
requesting that individuals respond to a broad question statement. Subsequent
questionnaires build upon responses to the preceding questionnaires and are continued
-until consensus has been reached among the respondents or until sufficient information
exchange has occurred (Delbecq at al, 1975). Delbecq et al. (1975) explicitly stated that
there are three critical conditions necessary for the successful completion of a Delphi:

i. adequate time — the minimal amount of time required is about 45 days;
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