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(1) Introduction

Disasters happen when extreme events overwhelm our ability to cope, and we need to seek assistance from
beyond our own community. Occasionally ‘Great’ disasters occur, when the support needed for
reconstruction becomes truly national or intemational. There is nothing new about natural disasters;

humankind has been subject to them since antiquity. History and myths are fraught with tales of how
nature overwhelms people and societies.

In some societies, such as Canada and the U.S., people have historically tended to view themselves as being
well-protected from natural disasters. After all, there are building codes, dams and levees, insurance, and
government compensation, which are all designed to buffer society from the harsher acts of nature. In
recent years, however, the number and cost of natural disasters have each increased enormously, to the
point where some assumptions regarding protection are being
challenged (for example, Figures 1 show Canadian federal

disaster financial assistance and costs from the Insurance Bureau Nature, with equal mind,
of Canada; Figure 2 shows the number of US catastrophes Sees all her sons at play,
exceeding $100 million (Changnon et al., 1997)). Worldwide the Sees man control the wind,
insurance industry had never experienced a loss greater than $1 The wind sweep man away.
billion prior to 1988. From 1988 to 1996 there were 15, with Matthew Arnold

Hurricane Andrew costing them over $135 billion.

Nature can always provide an event more extreme than that for which society has prepared. Ironically, at
the time of writing this paper, the strongest El Nifio on record is being blamed for numerous disasters,
including an ice storm that may well turn out to be Canada’s worst natural disaster to date. Global change
(such as population growth and migration, climate change, and urbanization) is altering the characteristics
of natural disasters, making them more frequent, more severe, and more systemic. Some of our current
adaptations are probably not really protecting society against natural disasters, but are simply postponing
them (Mileti e al., 1998). In Latin American countries such as Mexico, even though adequate construction
codes are available, and the nature of disasters is well-understood by scientists and engineers, natural
disasters interact with society in such a way that people tend to be at greater risk of injury or death. This
situation results from a mix of cultural and financial factors such as less evolved urban planning; fewer

resources; a more rapid and chaotic growth; greater poverty; and a relative scarcity of urban services,
mfrastructure, and financial capacity.

The magnitude of natural disasters depends greatly on social factors. Examining this interaction, in part,

can be accomplished by reviewing past situations, current experiences, and speculating on future trends. In
order to achieve this goal, this chapter examines:

sthe origins of natural disasters;

sthe types of natural disasters;

+how human activity mitigates disasters;

*how human activity contributes towards natural disasters, particularly the influence of myths; and
*how a sustainability paradigm might be used to reduce the impacts of disasters.

(2) What is a Natural Disaster?

Offering a precise definition of a disaster is difficult, if not impossible. The term means different things to
different people and depends upon the size of community considered. A disaster to a small town is not one
to the nation, and one person’s disaster may be another person’s inconvenjence or opportunity. At some
point, though, when nature has ravaged residential and work areas, and when many people have been
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injured and killed, all perceptions merge. The same human conditions that lead to small disasters
contribute to large ones, and so for the purposes of this paper, fine distinctions are not important.

A natural disaster has its origins both in nature and in society. This concept is illustrated by the most
deadly recorded tomado outbreak in Florida’s history to date, which occurred February 22-23, 1998. As
the toradoes ripped through well-built suburbs, relatively few deaths occurred; however, when the
tornadoes, with similar intensity, moved through communities with mobile homes and recreational vehicles,
a large number of deaths occurred as these dwellings were annihilated and the remnants scattered. At least
37 out of the 42 deaths occurred in these fragile communities.

The difference in fatalities results from the reality that the mobile homes (an ironic term, considering what
happens to these homes during tornadoes) are more vulnerable than traditional houses; this difference also
accounts for the myth that tomadoes are attracted to mobile homes. The issue of vulnerability to natural
hazards lies at the heart of society’s natural disaster experience. Society is vulnerable when poverty or a
lack of access to resources restricts people’s ability to live in safe locations or safe buildings, or to buy
insurance (if it is available); when the risks of
rare extreme events are not incorporated into

cost-benefit analyses; when adaptive behaviours That once an eagle, stricken with a dart,

are based on poor assumptions; or when people Said when he saw the fashion of the shaft,
do not pay sufficient attention to the laws of With our own feathers, not by others® hands
nature and choose to live in harm’s way. Are we now smitten.

Ultimately, society is vulnerable when an extreme Aeschylus, 550 B.C.

event exceeds the design criteria of technological

protections (as one eventually must). Though

nature provides the hazardous environment.
society designs its own disasters through its adaptive decisions,

A conceptual model showing how disasters occur is shown in Figure 3 (modified from Blaike et al., 1994),
This figure can be interpreted as the cyclic interaction between our hazardous environment and our
adaptive decisions. In the top box (risk) a disaster is shown to occur when a certain hazard (or pressure)
coincides with a state of vulnerability—the response is the disaster. The occurrence of a disaster tends to
create a burst of overlapping human activities (the bottom box), beginning with the response and recovery,
but also including longer term endeavours such as mitigation and preparedness. These activities feed back
into the risk box, and can reduce our vulnerability if they are done well, increase it if done badly, or can
potentially modify the hazard itself, Subsequent disasters are affected by outcomes resulting from previous
ones, in an ongoing cycle of adaptation.

Sometimes difficult to distinguish natural disasters from technological ones. When Hurricane Andrew
destroyed Dade County, Florida and the poor enforcement of building codes was largely at fault, was the
disaster caused by nature or society? A disaster is generally considered to be a natural disaster when the
extreme event triggering the disaster is rooted in nature (e.g. heavy rains causing flooding) and not in
humanity (e.g. a chemical explosion resulting from human error or mechanical failure}.

3) Types of Natural Hazards and Disasters

North Americans are subject to many kinds of natural hazards. Generally speaking, they are divided into
two major categories [other natural hazards which are not being discussed in this paper are astronomical
{e.g. collision of celestial bodies with the Earth, geomagnetic storms, and solar flares); and biological (e.g.
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disease, wild animals, and pestilence)]:

* hydrometeorological (dealing with the atmosphere and water: drought, fire, floods, fog, hurricanes,
icebergs, severe storms (e.g. rain, wind, hail, snow, freezing rain, Lightning), storm surges, temperature
extremes (heat and cold waves), tornadoes); and

* geological (dealing with the earth: avalanches, earthquakes (and associated hazards such as tsunamis),
glacial surges, landslides/rockslides, poison gas, tsunamis, volcanoes (and associated hazards such as

tsunamis, lahars (mudflows), fumaroles (gas emissions), and jékulhlaups (glacial floods sometimes caused
by volcanic activity).).

Natural hazards and the disasters associated with them have widely disparate origins and characteristics.
They can be classified by their magnitude, intensity, frequency, duration, extent, speed of onset, and
predictability (Burton ef al, 1993), and are generally more feared when they strike rapidly without
warning, are unpredictable, have massive impacts, or are poorly understood. Some rapid-onset events such
as carthquakes occur without clear wamning. With others, such as volcanoes, flash floods, and tornadoes,
some warning is often, but not always, possible. For others, like hurricanes, there are long waming lead
times. Some disasters are extremely localized, such as tornadoes or landslides. Others, like hurricanes,
sweep across large regions. Drought is an example of a slow-onset disaster, usually combined with a heat
wave, which accumulates its impact over several months or years, and tends to be widespread. Though
slow to awaken, it can have devastating effects.

Different regions are subject to different hazards, though this spatial variation does not respect political
boundaries. For example, parts of the West Coast are at risk from severe earthquakes, unlike many other
parts of the continent. Coastal regions are often exposed to storm surges, or hurricanes, unlike inland
areas. Canada has not had a major volcanic
eruption this century, although there have

been several large ones in Mexico and the In Hertford, Hereford, and Hampshire,

U.S. In order to understand the geographical | Hurricanes hardly happen.

distribution of risk, it is necessary to “The Rain in Spain” from My Fair Lady by Alan
consider the ‘hazardousness of a place’ (the Jay Lerner

exposure resulting from all hazards).
Unfortunately, most hazard information
tends to be hazard-specific, and so it is a challenge to accomplish this task. Figure 4 shows the spatial
distribution of tornado risk in North America (EPC, 1998). Note the large variances in risk between
different parts of the continent. Figure 5 shows seismic risk (EPC, 1998), which has a very different
distribution. High risk areas along fault lines include portions of the West Coast, the Saint Lawrence River
Valley, and parts of Mexico. A comparison of these maps reveals some large cities to be at significant risk
(e.g. San Francisco, Los Angeles, Oklahoma City, México City, Montréal, and Vancouver) although no
city is at risk from both earthquakes and tornadoes. Table 1 shows the risk zones in Mexico due to different
types of phenomena (Mansilla, 1993).

(A) Historical Natural Disasters: Overview
The costs of disasters we have experienced, both real and percetved, drive the cycle of response, mitigation,
and preparedness which mitigate or create our vuinerability. However, the humar and economic Impact of
a disaster is notoriously difficult to assess, especially with respect to indirect costs. The statistics presented
in this report represent the best estimates available, but must be regarded as ‘soft” data.
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We make guilty of our disasters the sun, the moon,

A selection of severe natural disasters which have
and the stars

affected Canada, the U.S., and Mexico are listed
in Tables 2, 3 and 4 respectively. The economic
impact figures represent actual dollar costs at the
time of the event and are NOT adjusted for
inflation, unless otherwise noted. Similarly,
comparing casualty figures amongst different disaster events is suspect since no adjustment has been made
for changing populations. The economic toll of floods and droughts in Mexico between 1973 and 1994 are
shown in Table 5. Of course, natural disasters occur worldwide as well as in North America. In
comparison to other parts of the world, disasters in Canada and the U.S. tend to be expensive but with little
loss of life, whereas in Mexico, high-fatality disasters are not unusual. In order to provide context to the
North American disaster experience, some noteworthy natural disasters from other parts of the world are
listed in Table 6.

Edmund in King Lear (Act I Scene ii), William
Shakespeare

According to data collected for the Unifed Nations® Intermational Decade for Natural Disaster Reduction
(IDNDR) program, natural disasters kill approximately 1 million people per decade around the world, with
recent costs easily surpassing US$100 billion per decade (FEMA, 1997). The cost of natural disasters has
been increasing extremely rapidly. The total economic losses worldwide due to natural disasters in the
1980's were approximately US$120 billion (FEMA, 1997), but this total was surpassed on January 17,
1995 when the Hyogo-Ken Nanbu Earthquake struck Kobe, Japan causing approximately US$125 billion
in damage (Kuribayashi ef af., 1996) and creating the most expensive natural disaster in recent history.
Recent years have delivered, on average, about one disaster per month with losses in excess of US$1
billion, Not all disasters may be contributing to these trends. For example, the number of hurricanes
varies significantly from year to year, and decades of frequent hurricanes have been interrupted by decades
of lesser activity. A study by Pielke Jr. and Landsea (1997) suggests that the long-term damage caused by
these storms in the U.S. has not changed over time, when adjusted for inflation and changes in population
and wealth.

Comparison of Tables 2 through 6 indicates that currently (with the possible exception of Japan), the U'S.
sustains the largest economic losses, but relatively few casualties due to natural disasters. When natural
hazards of all levels of seventy are included, the costs to the U.S. alone are about US$1 billion per week
(FEMA, 1997). Of course, the social impacts of these losses on the U.S. are much less than they would be
in other countries with less wealth.

A full comparison of the losses and trends from natural disasters with those from non-natural disasters is
beyond the scope of this paper, but the Red Cross’ World Disasters Report contains some data worthy of a
brief examination. The report provides casualty totals for all disaster events (natural and otherwise) from
1967-1991. During this time period, 7,766 disaster events caused injuries to 2.96 billion people and killed
7.31 million people. Natural disasters (predominantly droughts (48% of all injured people) and floods
(36% of all injured people)) accounted for 94% of all injured people, but only 48% of the deaths. The top
5 disasters contributing to deaths were civil strife (41%), droughts (18%), cyclones (12%), earthquakes
(9%), and famine (8%). For comparison purposes, Table 7 lists some non-natural disasters. Estimates of
economic losses are rarely provided (except for power outages which usually cause few casualties).

During El Nifios, which occur every 2 to 7 years, changes in winds over tropical oceans result in a warming
of the eastern and central Pacific Ocean. During the alternate phase (La Nina), temperatures are cooler
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than normal. E1 Nifio episodes result in large changes of the world’s atmospheric circulation patterns, with
the result that many regions experience rare temperature, precipitation and storm patterns. Though the
impacts of El Nifio tend to be greatest in tropical regions, they are certainly noteworthy in North America,
especially during winter. The 1997-98 El Nifio is a major factor in the record global warmth of 1997 and
has been blamed for the Feb. tornadoes in Florida (though one researcher found that El Nifio events reduce
summer tornadic activity in the Great Plains ("Tornado Alley") and Florida, while La Nina events increase
tornadic activity in the Ohio and Tennessee river valleys (Bove, 1997)), heavy rain and mudslides in
California, the Ice Storm in eastern Canada, and flooding in many parts of North America. El Nifios also
tend to reduce Atlantic hurricane activity but increase the number of tropical storms in the eastern Paciftc.
This pattemn is reversed during a La Nina.

(B) Natura! Disasters Case Studies

(i) Canada and the U.S.: The Red River Flood of 1997 (summarized from IIC, 1997, Pindera,

1997; University of Manitoba, 1997) :
This flood is an ideal example of how mitigation and preparedness can reduce vuinerability, and thereby the
impact of a disaster (see the bottom box of Human Activity in Figure 3, which feeds into vulnerability
reduction, reduces risk and thereby the disaster impacts). The Red River Valley in southern Manpitoba was
once the site of Lake Agassiz, up until 7,500-9,000 years ago. Under the right conditions, such as occurred
in the spring of 1997, massive flooding can occur. In fact, there is a long history of recorded floods in that
region dating back to 1776. The flooding appears to be cyclic. Flooding was common in the 19™ century
(including both spring and summer floods), diminished during the first half of the 20" century, and then
increased in frequency again beginning with the 1950 flood. Though the 1997 event has been called “The
Flood of the Century’, it is not the largest recorded. Other floods, such as those in 1950 and 1979, were
comparable, and the 1776, 1826, and 1852 floods were worse. In Canada during the 1997 flood, 1945 km®
(750 sq. miles) of land and 2500 homes were flooded, and 28,000 people were evacuated; about 8,000
military personnel were utilized to fight the flood.

The Red River is a major northward flowing river with a shallow slope, and like many other North
American rivers, is subject to ice jamming in the spring as a result. The scene was set for a major flood
well before the spring, with 300% of normal snowfall in the U.S. and 200% in Manitoba on top of ground
saturated from a wet autumn.

In the U.S., flooding occurred in North Dakota and Minnesota at many communities, including
Breckenridge, Ada, East Grand Forks, and Grand Forks. In some locations, the recurrence interval of the
flow was between 200 and 500 years. The amount of damage was exacerbated by several factors: the
inability of existing hydraulic models to cope with the large volumes of overland flow, underestimates of
flood levels by the National Weather Service in some locations, data loss from gauges, and the belief that
existing protections would be adequate (although 95% of people knew that flood insurance was available,
only 20% purchased it).

Canada had the advantage of more advance warning and a better understanding of the magnitude of the risk
after seeing the disaster in Grand Forks, and so Canadians planned for a worst-case scenario. Other
advantages to Canada were no data loss from gauges and a smaller flood, in the sense that the recurrence
interval of the flood was shorter than in the U.S., not exceeding 125 years (bigger floods have longer
recurrence intervals). Major damage to Winnipeg was averted by a herculean effort by Manitobans and the
military, and because of important mitigative measures begun after the 1950 flood - for example the
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floodway, which diverts 3690 m%/s (130,000 ft*/s) of water around Winnipeg. The floodway has been an
even better investment than originally envisaged; its benefit-cost ratio ws originally estimated as 2.73, but
more recent estimates put it at over 4. Since its completion in 1968, it has been used 18 times. If the
floodway had not been built, the flood in Winnipeg would have been about 1-1.3 m over the 1950 level and
the disaster would have been immeasurably worse.

Fighting the flood on both sides of the border involved an immense effort, and the impacts were massive.
At least 103,000 people were evacuated-75,000 in the U.S. and 28,000 in Canada. In Canada, very few
deaths were attributed to the flooding. Damages in Minnesota will likely exceed US$830 million, far more
than in Canada where the estimates are approximately CAN$300 million of damage. In the U.S., flood
plain protection is based on the 100-year event. In Manitoba it is based on the flood of record,
unfortunately, due to lack of enforcement, only 63% of new homes in the designated flood areas comply
with that regulation. Though the costs of this flood were large, they could have been much worse. Efforts
devoted to mitigation clearly paid off in both the U.S. and Canada, though much can still be done, as
outlined in the International Joint Commission Report ‘Red River Flooding, Short-Term Measures’ (IIC,
1997).

(ii) Canada and the U.S.: The Drought of 1988
Though droughts are not considered to be severe natural disasters in the North American context, this
drought demonstrates that they can be amongst the most expensive and lethal of natural disasters. In the
U.S., an estimated 5,000-10,000 people died (due to heat-related stress) and costs are put at US$40 billion
in 1988 dollars (NOAA, 1997) with US$13 billion of agricultural production losses in 1988 dollars
(Wheaton and Arthur, 1992). In Canada, losses were estimated to be CAN$4 billion in export losses
(Phillips, 1990) and CAN$1.8 billion in 1981 dollars in direct production losses (Wheaton and Arthur,
1992). Although agricultural output declined by 4.6% in 1988, subsequent price increases resulted in an
18% increase in cash farm receipts over 1988. The drought maiunly affected Canada from southern Alberta
across to southern Ontario and the U.S. in the mid-West and central states. The area affected was more
widespread than the area affected during the droughts of 1936 and 1937, and the summer of 1988 was one
of the hottest and driest this century. The drought exacerbated the frequency and severity of other natural
hazards such as dust storms, soil erosion by wind, and forest fires.

(iii) The U.S.: The Northridge Earthquake of 1994
(Compiled and summarized from Amold (1995), Coch (1993), Klebs and Sylves (1996), Levi and
Salvadori (1995), National Geographic (1997), and Tierney (1995))
The Northridge earthquake was caused by a previously unknown thrust fault, described as “hidden”™ or
“blind” because it cannot be seen from the surface. Thrust faults tend to cause intense vertical shaking,
rather than the lateral motion assumed for the design of most structures up until the 1980's. The vertical
motion caused much of the earthquake’s damage, and demonstrated the need for innovative solutions to
deal with both types of motion. This earthquake also revealed that a moderate earthquake in an urban area
can have severe social consequences, both in taxing emergency response and disaster relief operations and
in causing staggering economic damage. This event, and a subsequent one in Kobe, Japan, has
substantially increased awareness of the degree to which unsafe conditions exist in earthquake-prone cities,
how much there still is to learn about the spatial distribution and physical nature of natural hazards (top
right box in Figure 3), and how important mitigation is in order to reduce the potential for disaster.

At 4:31 AM. on Monday, January 17, 1994—the Martin Luther King Jr. holiday-a “moderate” Moment
Magnitude 6.7 earthquake struck Southern California. The event was named the “Northridge Earthquake”,
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after the suburb 34 km (21 miles) from downtown L.A. which was directly over the fault line and which
sustained the most damage. The tremors lasted between twenty and thirty seconds and mainly affected
areas with a low to moderately high population density. Sixty-one people died, 1,600 people were
hospitalized, and 10,177 people were treated for injuries by hospitals and released.

Economic damage from the quake is generally estimated to be approximately US$20 billion in 1994
dollars, putting the Northridge earthquake among the most expensive natural disasters in North America.
The most vulnerable buildings appeared to be wood-frame two- to four-storey multi-family dwellings along
with strip, mini-, and large-scale commercial malls. Eleven thousand residences were destroyed, 1,300
other structures were deemed irreparable, and 250 gas lines ruptured causing numerous explosions and
fires. Nine highway overpasses collapsed, although bridge columns which had been retrofitted following
the 1971 San Fernando earthquake performed well. There was one hospital in the area which remained
fully operational. About 556,000 applications were made for disaster assistance..

(iv) Mexico: Hurricane Pauline in 1997 (after Meli, 1998):
Though Hurricane Pauline had lost most of its strength by the time it reached Acapulco, it still produced
over 350 mm of precipitation in 4 hours. This intense rainfall produced flash floods and debris flows in
high elevation gullies; the debris flows included rocks of up to 2 m diameter. Unfortunately, some of the
poorest settlement has expanded into these high elevation guilies. Seventy-five people died as a result of
the debris flow. Sand deposition in lower regions led to further flooding.

Because no recent flood had included such severe debris flows, no planning had been made for such an
event. The deaths and damage resulted from a combination of physical hazards combined with the
expansion of poor settlements into vulrerable areas. The government of Mexico has responded bya
combination of relocation and the planning of protective structures, in order to avert fitture similar
disasters.

(v) Mexico: Hurricane Gilbert in 1988
Like Hurricane Andrew in Florida, Hurricane Gilbert illustrated how vulnerability is enhanced by poor or
poorly enforced building codes, or faulty construction practices (top left box in Figure 3). These unsafe
conditions are to a large extent the result of social forces such as the lack of government support to
building code development and enforcement, and poor public education regarding extreme events and how
to mitigate them,

Winds above 300 km/hr, waves more than 5 m high, a tide more than 2 m high, and a 350 mm rainfall over
24 hours affected between 100,000 and 200,000 people and killed more than 250, with a cost of
approximately US$766 million (1988 dollars) from September 14-15, 1988. About 80% of these
casualties occurred while people tryied to cross Monterrey’s river Santa Catarina at some flooded fords.
This tragedy was a typical and yet dramatic consequence of the lack of a culture that emphasizes
emergency preparation and response (notably hurricanes) among the population and among low-level
authorities, who are the main decision-makers in these circumstances. It was aggravated by the fact that
hurricanes in Monterrey are unusual, and despite wamnings people did not respond appropriately to the risk.
The storm wreaked havoc on the fishing industry and leisure infrastructure of both Quintana Roo and
Yucatan states, impairing economic activities. Agricultural production, as well as forested areas, were
devastated. In the state of Campeche, oil extraction (1.7 million barrels per day) and fishing activities were
brought to a halt. Most deaths (200) occurred in Nuevo Leon and Tamaulipas. Roads, telephone and
electricity grids, and water supply systems were all impacted.
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Winds caused severe damage to urban zones, billboards, industrial premises, electricity pylons,
telecommunication poles, and lamp posts. In rural areas, it ravaged vegetation along the coastal strip. A
number of roofs and masonry walls were destroyed, because of deficiencies in structural design,
construction processes, and material quality. In the northeastern part of the country, many steel and
galvanized sheet silos were damaged.

The coast of Yucatan suffered the greatest damage. Many sea-front buildings were so damaged that they
had to be demolished. Others were weakened by undermining of their foundations. Fishing and pleasure
boats were carried inland, killing their crew in some cases. Sea level rises up to 5 m flooded many hotels.
The masonry breakwater of Yucatan’s most important port (Puerto Progreso) was destroyed. Vehicles
were thrown, walls knocked down, streets eroded, roads cut off, and road surfaces degraded. It is estimated
that 10% of flamingos and 50% of turtles died.

Widespread damage was caused all along the coast of the state of Tamaulipas, notably in the village of
Lauro Villar, where 95% of fishermen’s houses were ravaged. Here again, the hurricare had a heavy toll
on road surfaces, silos, piers and other structures. As well, it caused erosion and deposits in the seashore,
settlements, object removal, and breakwater undermining,

Gilbert’s total rainfall in Mexico amounted to 90 billion m®. Damage by the ensuing runoff was greatest in
northeast Mexico, where usually dry rivers across the states of Coahuila, Nuevo Ledn, and Tamaulipas
were suddenly flooded. In Monterrey, 200 people died as they tried to cross the Santa Catarina River at
road fords (some of them were peasants fleeing their villages, thinking that they would be safer in the city).
As the riverbeds and the banks of many rivers were flooded (notably Santa Catarina and Rio Grande),
houses, warehouses, pipes, road surfaces, sports and leisure facilities, crops, and electricity poles were
destroyed.

Most of the damages should not be attributed to the unusual strength of the storm itself, but rather to the
fact that strong hurricanes are not taken into account in the design, construction, and operation of human
works and activities. Due to a lack of local expertise, most states of Mexico have copied the building
regulations of the Federal District (Mexico City), which does not take into account hurricane-force winds.

(C) Natural Disasters That Might Have Been
Historical disasters provide a great deal of insight into society’s vulnerability. They can also, at times,
induce complacency, if it is commonly believed that they represent the worst that could happen. By
considering what might have been, under slightly different circumstances, a valuable insight regarding
potential catastrophes can be gamed This insight can impel socisty towards greater mitigation than might
otherwise be initiated.

There have been various studies on the potential impact of future disasters. For example:

® A single, high-magnitude earthquake in Varcouver or lower Québec (hitting Ottawa and/or Montreal)
could cost from CAN$14 billion to CAN$32 billion (Canadian National Report - IDNDR, 1994)

® A storm similar to Hurricane Andrew striking Miami would have expected losses of US$48 billion to
US$80 billion (Changnon et al., 1997).

® A recurrence of the December 16, 1811 New Madrid, Missouri Earthquake with a Richter Magnitude of
8.6 could cause damages of US$138 billion (Friedman, 1992).

® A major eruption without warning of the Popocatépet] volcano near Mexico City could cause one of the
worst volcano disasters in history.

Page 12



o]

The three scenarios below paint a picture of what could happen during extreme events in different
situations. Three events are chosen, one for each country; the Canadian and Mexican scenarios illustrate
society’s vulnerability whereas the American scenario illustrates how society’s vulnerability could be
reduced.

(i) Scenario #1: A tornado in Barrie, Ontario, Canada
The May 31, 1985 tornado which struck Barrie, Ontario killing 8 people in the city and 4 others around
southern Ontario could have had much more serious consequences. A power outage resulted in many
people being at home who would have otherwise been in the tornado’s path in industrial buildings or in
vehicles; the tomado hit after school hours so that portable classrooms were empty; and a severe weather
warning had been broadcast to the public which might have assisted preparation by individuals.

This scenario examines a worst-case event from a “risk-to-life” perspective by assuming that a tornado of
similar magnitude to the 1985 tornado strikes on a June Friday at 3:00 p.m. with no prior wamning or power
outage. As well, the tornado’s track is shifted north so that it passes over 70-75 portable school
classrooms, 1000 to 1500 homes, a shopping mall, a major highway, and a senior citizens home. The
tornado event is assumed to last approximately 5 minutes over a track length of 5 k. Barrie residents
would likely notice the tornado only as it approached, leaving very little time for emergency preparations.

Exact quantification of casualties and damage is not feasible, but examining the damage from 1985 permits
some inferences regarding potential impacts. Assuming an average class size of 20 students in each of 75
portable classrooms would put 1500 students at significant risk, and if half of the portables in the tomado’s
track become airborne as occurred in 1985, then 750 students would be at high risk, with possible hundreds
of fatalities. In 1985, 1/3 of the homes in the tornado’s path were left completely uninhabitable and there
was roughly one fatality per 50 damaged homes; similar statistics in this scenario would result in 6 to 10
deaths in houses. Friday afiernoon traffic in the summer tends to be quite heavy, so vehicle damage would
be significant on the highway and congestion and wreckage would hamper rescue efforts. The shopping
mall and senior citizens home would also be expected to suffer severe damage and significant casualties.

This hypothetical scenario, in which all conditions align to create a major disaster, would yield one of the
worst known tornadoes in history. The Tri-State Tornado(es) of March 18, 1925 in the American mid-west
which killed 689 people (Felknor, 1992) is the only tornado known in North America to have produced the
potential number of casualties suggested here (by comparison, tornadoes in Bangladesh have been reported
to have killed up to 1,100 people from one event and injured tens of thousands (National Geographic,
1997)).

(ii) Scenario #2: San Francisco Earthquake (modified from Mileti ef al., 1998)
In 1906 an 8.25 magnitude earthquake on the San Andreas fault devastated San Francisco. Subsequent
fires destroyed 3/5 of the city, with between 500 and 3,000 deaths and 100,000 people left homeless. There
is a 2% chance that this quake could occur again between 1990 and 2020, but a 67% chance that a major
earthquake could occur before 2020 along one of the faults in the Bay Area.

This scenario speculates on what might happen to the city in the event of another 8.25 earthquake if
sustamability had been adopted as the paramount concern for community development since that time. The
assumption is that governments at the national, state, and municipal levels collaborate with industry,
business, the general population, and special interest groups to develop a San Francisco in which resilience
to disasters becomes an integrated component of a sustainable city.
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If sustainability were both a process and a goal to the people of San Francisco, then familiar urban
problems such as crime, poverty, pollution, transportation congestion, economic inequities, and increasing
energy demand would be tackled holistically, yet with focussed and specific ideas. When examined from a
disaster prevention perspective, solutions would be evaluated on how much the population’s vulnerability

to a major earthquake is reduced.

For example, increasing the presence of parks (green spaces) would provide recreational facilities for the
community, but, following an earthquake, would serve as firebreaks and as temporary campsites close to
people’s homes during aftershocks. If the parks were located in particularly vulnerable locations near the
fault lines (as they are sometimes located in flood zones), then the potential for damage would be greatly
reduced. Vulnerability conld also be reduced by retrofitting older buildings, where feasible.

During the 1994 Northridge earthquake, over 3 million residents were without electricity for over 24 hours,
as a result of damage to a centralized energy supply system. Decentralizing the energy supply system,
shifting towards renewable energy sources, and using energy demand minimization techniques would
provide long-term economic and environmental benefits, yet would reduce the potential for widespread

power outages following an earthquake.

The challenges to San Francisco in carrying out such tasks would be immense and would cause much
debate. Achieving this vision would require continual consultation with all stakeholders, detailed
exchanges of knowledge and information, and carefully managed legislation and tax incentives. If
implemented, San Francisco would become much more environmentally, economically, and socially
sustainable. When the big earthquake does hit, casualties, economic losses, and recovery time would be
much less in this scenario than would occur otherwise. Sustainability creates disaster resilience.

(iii)

Scenario #3a: Mexico City Earthquake
On September 19, 1985 at 7:19 a.m. an earthquake of M~=8.1 with an epicentre 352 km (220 miles) from

Mexico City caused the greatest damage recorded in the city's history. According to official data from the
Prosecutor's office (Agencia del Ministerio Publico), the casualties were 4,541 dead (though unofficially
more than 10,000 died), 4,096 rescued alive, and 15,936 treated in hospitals and clinics. Furthermore,
about 100,000 families suffered damage to their homes. The consequences, however, could have been
much more severe, and many more casualties could occur during an earthquake of similar magnitude in the

future.

In 1985, damages to buildings and infrastructure were mainly to housing (65%) and more than 37,300
persons were rendered homeless. The number of buildings affected was approximately 12,700, with the
highest percentage of damaged structures (56%) being located in the Cuauhtémoc Delegation (downtown
Mexico City is located within this Delegation). The number of structures completely destroyed was 412

and 30% of hospital capacity was lost.

At the time of the event, the number of residents in the metropolitan area of Mexico City was over 20
million, yet only 3.2% of them were directly affected (Quarantelli, 1989). Thus, a future earthquake with
an epicentre slightly closer to Mexico City could produce much more damage (in terms of both htmnan
casualties and infrastructure) than occurred in 1985. The time of day of the next earthquake could also
augment casualties. In 1985, the economically active population in the Federal District area was around
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8.5 million people and the student population was 2.6 million. Because the earthquake struck early in the
morming, a large proportion of these people were in transit to their school or work, i.e. they were in the
strests or on public transportation. Most of the deaths were caused by building collapse, hence if the next
seismic event were to occur during the day (for example, at 11:00 2.m. when most people are at work or at
school) the human losses would far eclipse those from 1985.

It is not certain whether or not it is possible to accurately extrapolate the results of an earthquake today
from the results of the 1985 earthquake. For example, the demographics are changing so quickly, due to
immigration to the Federal District, that it is impossible to continuously update the population data. As
well, after the 1985 earthquake, many though not all buildings were retrofitted, but there is no information
on exact numbers. Post 1985 buildings were built taking into account the new Mexican Building Code.

Scenario #3b: Popacatepeti Volcanic Eruption
Mexico has experienced two volcano disasters this century, one of which in 1982 killed about 5,000 people.
The potential exists, however, for a far worse scenario. There are several localities in Morelos, Puebla and
Mexico states within the hazardous zone of the Popocatepetl volcano in which approximately 1,200,000
people live. Two important cities, Mexico City and Puebla are near the volcano; as a result, the slope areas
of the volcano have increasingly become areas of human settlement. The Popocatepet] hazardous zone is
divided in three zones; high risk (Zone 1), medium risk (Zone 2) and low risk (Zone 3). About 698,937
people live in the high and medium risk zones. The worst death tolls in history from volcanoes were
Tambora in 1815 (92,000 dead - 82,000 from famine), Krakatoa in 1883 ( 36,500 dead from tsunamis) and
Mount Pelée in 1902 (28,000 dead). A major explosion of the Popocatepet] volcano without warning
could potentially result in a death toll as or more severe than these.

4) How Human Activity Mitigates Natural Disasters:

Throughout history, humanity has atiempted to prevent natural disasters. Mitigation is driven by social
forces in order to create safer conditions and reduce vulnerability, or to reduce hazard severity or
probability. Current efforts in this regard are carried out in government, in universities, in industry, by
volunteer agencies, and by individuals. Examples of organizations are the Federal Emergency Management
Agency (FEMA), Emergency Preparedness Canada (EPC), Environment Canada, Centro Nacional de
Prevencion de Desastres (CENAPRED), National Disaster Prevention Centre (Mexico), National System
of Civil Defence (Mexico), the United Nations” International Decade for Natural Disaster Reduction
(IDNDR), Canadian Standards Association (CSA), Building Code Committees, the Natural Hazard and
Research Center (NHRC at the University of Colorado), the Institute for Home Safety (U.S.), the Institute
for Catastrophic Loss Reduction (Canada), the Red Cross, Médecins sans Frontiéres (Doctors Without
Borders), and Registered Engineers for Disaster Relief (RedR).

In general, society reduces the impact of disasters through three basic strategies:

(A) modifying the hazards;

(B) sharing the risk; and

(C) reducing the valnerability of society (people and their built environment).
These three strategies are applied through the somewhat overlapping activities of response and recovery,
mitigation, and preparedness (Figure 3). Hazard mitigation is defined as “sustained action taken to reduce
or eliminate long-term risk to people and property from hazards and their effects” (FEMA, c¢. 1997).
Successful mitigation requires a broad range of approaches, and should include federal, provincial/state
and local governments, the insurance industry, and public educators, along with many other stakeholders.
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(A) Modifying the Hazards
Altering nature is not an easy (and sometimes not a wise) endeavour. The best known and most prominent
examples are discussed below.

Rainfall Enhancement

The purpose of rainfail enhancement is to mitigate drought. Research studies designed to evaluate rainfall
enhancement have not been encouraging (Cotton and Pielke, 1995). Cloud seeding experiments of
supercooled clouds have not confirmed that increased rainfall at the surface results from the seeding
process, possibly because the changes are swamped by large ratural variability, because the theory is at
fault, or because the sample size of the experiments was not large enough. Experiments with warm clouds
in tropical and semi-tropical regions have also been inconclusive, though “there appears to be a real
opportunity to enhance rainfall through hygroscopic seeding in some clouds™ (Cotton and Pielke, 1995).
Several cloud seeding operations have been carried out in Mexico during periods of drought, but the results
were inconclusive. In 1997, a program was undertaken by the National Water Commission (CNA), the
Mexican Water Technology Institute (IMTA), the University of Colorado, and the Coahuila state
govemnment, aimed at mitigating the effects of droughts in the north of the country. This project, with a
budget of nearly US$1 million for this year, is now in the research stage.

Hail Suppression (adapted from Etkin and Myers, 1999)

There have been a number of operational hail suppression programs around the world, including ones in
Bulgaria, China, France, Germany, Greece, Russia, Slovenia, South Africa, Spain, the U.S. (North
Dakota, Kansas), and Canada (Alberta) (WMO, 1995). The results of some of these programs were not
encouraging (¢.g. a 5-year US$25 million National Center for Atmospheric Research project showed no
positive results in hail suppression (Haas, 1974) as a consequence of clond seeding), while others
(particularly in Russia and North Dakota) claimed success, though the World Meteorological Organization
(WMO) evaluation suggested that these claims must be viewed with caution since they are based upon crop
and hail data that can be difficult to interpret (WMO, 1995).

Weather modification is not used widely. Support for cloud seeding in the U.S. peaked in the 1970's and
has been waning ever since, partly due to a lack of a coordinated constituency, a lack of strong leadership
at the federal government level, and the failure of interested parties to push for a strong rational policy
during an era of opportunity in the 1970's (Lambright and Changnon, 1989), but also because no rigorous
scientific research program has demonstrated that it is effective, in spite of 50 years of research.

Nevertheless, there are some active operational cloud seeding programs in North America today. The
insurance industry spends about CAN$1.5 million per year seeding clouds in Alberta, and may extend their
operations into other provinces in the fisture. This program has no research or validation components, and
its perceived success is based on unproven hypotheses. North Dakota also has an active cloud seeding
program. Some analysis done by the North Dakota Atmospheric Resource Board suggest that the program
has been very effective in reducing hail damage to crops.

Hail events in Mexico are not as severe as in Canada and the U.S., but can still cause damage to
agriculture and in urban zones. Some hail suppression in Mexico was initiated in 1982 in the sates of
Coahuila and Durango, but was abandoned due to financial constraints. Some hail suppression actions are
currently being carried out in apple-growing areas of the state of Chihuahua.

Modification of Tropical Cyciones
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Experiments to modify tropical cyclones by seeding began in 1947, with an active field program in the late
1960's and 1970's. Experiments in the STORMFURY program ended in the late 1970's when results were
not encouraging (Cotton and Pielke, 1995). Federal expenditures on weather modification in the U.S.
began in the early 1960's, peaked in the mid-1970's, and currently are about 10% of the highest value
{Cotton and Pielke, 1995).

Earthquake Mitigation

Most methods of controlling earthquakes which have been suggested were discovered accidentally. An
underground nuclear bomb test in Nevada in 1968 induced an earthquake of Richter magnitude 6.3 and
aftershocks up to Richter magnitude 5.0, which led to suggestions of inducing more frequent, smaller
earthquakes with underground explosions in order to prevent one large shock (Waltham, 1978)-although
structures can fail due to fatigue from numerous, small shocks. Similarly, in Arizona in 1935, the artificial
reservoir Lake Mead on the Colorado River was found to induce earthquakes through the weight of the
water on fault lines (Smith, 1996, Waltham, 1978). Carefully filling reservoirs could be used for inducing
small shocks, or if a large earthquake were felt to be imminent, then a reservoir could be drained to try and
reduce the earthquake’s magnitude. Reservoirs also increase the groundwater pressure which would reduce
friction along a fracture thereby inducing small earthquakes and eschewing a large one. Such “lubrication”
of a fault can be achieved by manipulating the groundwater levels in any fashion, including the injection of
water into deep boreholes. In the 1960's, using injection to induce earthquakes was discovered accidentally
near Denver and the United States Geological Survey (USGS) conducted reasonably successful
experiments in Colorado (Bolt, 1993). The fear of inadvertently causing a major earthquake is a powerful
restraint on using such techniques; the Koyna Reservoir near Bombay, India was filled in 1967 and caused
an earthquake which killed 177 people (Waltham, 1978).

Volcanic Hazard Mitigation

Volcanic eruptions are generally very difficult to stop or control, but the ground motion of ejected material
can often be controlled. Lahars (mudfiows) and water from jokulhlaups (flash floods from a glacier,
sometimes caused by a volcanic eruption melting ice) can be directed by hydrological engineering
techniques, including dams and floodways. Lava flows can also be diverted with barriers. Barriers can be
built, but can also be created by blowing up solidified lava walls thereby blocking the lava with debris. As
well, an advancing lava flow can be doused with water, cooling it and forcing the lava to spread sideways.
Even if such techniques do not divert the lava flow, they usually slow it down, providing more time for
evacuation and for natural cooling of the lava. Barriers were both built and created with explosives during
a 1983 eruption of Mount Etna in Sicily, successfully protecting tourist areas from damage (Coch, 1995).
On the island of Heimaey in Iceland in 1973, seawater was pumped onto a lava flow, possibly preventing
the blockage of the town of Vestmannaeyjar’s harbour (National Geographic, 1997).

(B) Sharing the Risk
Society shares the risk of disasters (top box of Figure 3) through the use of insurance programs or through
government disaster assistance programs. Volunteer agencies and NGOs play important roles tool, largely
through the donation and distribution of money, goods and services. Though these actions do not
necessarily reduce the overall impact of the disaster, it makes the individual impacts manageable and
creates a more stable and resilient society.

(i) Insurance
For those who purchase it, insurance provides protection from disasters by spreading their economic impact
among a large group of policy holders. Insurance is based upon three principles: that a relatively large
population is exposed to a risk; that a relatively small proportion of the exposed population is likely to
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incur a loss at any particular time; and that losses occur randomly. The Canadian property and casualty
insurance industry currently provides a standard property insurance policy that provides coverage against
perils such as fire, theft, strong winds, tornadoes, hurricanes, hail, and freezing rain. Coverage for
additional perils such as torrential rain, sewer back-up, landslides, and damage caused by the weight of
snow are also generally available as endorsements, or additions, to the standard property policy. Damage
caused by the flooding of lakes, rivers, and streams, as well as waves, tides, and tsunamis are examples of
Jocalized risks which violate basic underwriting criteria, and thus, cannot be covered by standard insurance
policies. Some insurance policies are based in the public sector (such as flood damage insurance in the
U.S. or crop insurance in some provinces in Canada), while others are based in the private sector. In
Canada, residential flood insurance is not available, though sewer backup is covered:; however, commercial
flood insurance can be purchased. An all-risk holders property and casualty policy covers all other natural
hazards except for earthquakes.

In recent years, the number and cost of claims in Canada have been increasing. From 1983-1989, there
were 9 catastrophic events totalling CAN$425 million in payouts. From 1990-1997 there were 41 events,
totalling CAN$2.15 billion (Ross, 1997). Data from the Insurance Bureau of Canada summarizing
payouts resulting from natural hazards are summarized in Tables 82 and b. Provincial crop insurance
payments are often very large, with damage mainly due to hail and drought. Saskatchewan sustains the
largest losses, which at times exceed CAN$500 million annually. The January 1998 Ice Storm alone may
reach insured costs of $1.5 billion, over three times as large as the previous worst event! The Canadian
insurance industry considers it to be a worst-case weather scenario.

For the U.S., data on estimated insured catastrophe losses (natural and non-natural catastrophes) are
published by the Insurance Information Institute. Tables 9 and 10 summarize this information. The
immense impact which a single catastrophe can have on one year’s insured losses is illustrated by
Hurricane Opal (1989), Hurricane Andrew (1992), and the Northridge earthquake (1994).

In Mexico, Chapter 6 of the decree establishing the bases of the National System of Civil Defence (from
1986) suggests devising a financial fund and an insurance system, but no clear altematives are presented in

this respect. In agriculture, only a relatively small portion of annual crops is insured. Agricultural

insurance is managed by the public sector, while flood, earthquake, volcanic eruption, lightning, and fire
damage are covered by the private sector (about 22 companies). The market for disaster insurance policies
is essentially restricted to businesses and public buildings. Mexican society has not fully realized the
benefits of insurance at either a personal level or a national level; a well-developed insurance culture is
lacking. Tables 11 and 12 show the payouts for the 1985 earthquake and for Hurricane Pauline in 1997
respectively. For the former event, insurance payouts covered 10% of the total damage of about US$4
billion.

Insurance payouts worldwide due to natural disasters have increased exponentially during the past few
decades (Figure 6). According to analyses from the industry, the losses partly result from more frequent
and more severe natural disasters (Kovacs, 1997). Prior to 1988, there had never been a single event
topping US$1 billion for the insurance industry, but between 1988 and 1996, there were fifteen such events
worldwide (“Insurance Issues™, 1996).

Recent innovative strategies include the use of capital markets to supplement catastrophe reinsurance

capacity. Though the probable maximum loss of a major hurricane hitting a large city (US$80-100 billion)
could destabilize the global insurance industry, it represents less than the daily variability of the U.S.
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capital markets (White and Etkin, 1998). Catastrophe bonds or disaster derivatives tap into that market,
and pay slightly more than similar corporate bonds; however, the investor can lose their entire principal
should disaster strike. A potential market in the tens of billions of dollars can provide a solution to
problems related to limited reinsurance capacity.

(ii) Disaster Financial Assistance
Disaster Financial Assistance (DFA) is provided by federal, state/provincial/territorial, and occasionatly
municipal governments. In Canada, the federal government provides disaster assistance when costs exceed
CAN$1 multiplied by the provincial population. They pay for one-half of costs between CAN$1 and
CANSS3 per capita, three-quarters between CANS3 and CANS$S per capita, and 90% of the remainder.
Crop insurance payouts in Canada cost approximately CAN$328 million per year. Half of the costs of the
premiums are borne by provincial and federal levels of government, while the provinces of Alberta and
Saskatchewan absorb the bulk of the payouts. Federal payments administered by EPC were dominated by
flood disasters up until 1997. Weather-related disaster payouts averaged CAN$82 million per decade
(though the two-year period of 1995-96 totalled over CAN$135 million) but these values do not include 19
events still being negotiated, as well as major hailstorms in 1996, the Saguenay Flood of 1996, the Red
River Flood of 1997, and the Ice Storm of January 1998 in eastern Canada, which together will make the
previous total appear fairly small. The 1996 Saguenay Flood, the 1997 Red River Flood, and the January
1998 Ice Storm will likely result in payments of several hundred million dollars, CAN$150 million, and
several hundred million dollars respectively. EPC maintains a database on Canadian disasters, the numbers
of which are shown i Figure 7. Note that the number of disasters appears to be increasing relative to
population. This trend may be due to the increased wealth of society, better reporting of disasters, a
tendency to develop vulnerable regions, more frequent events, or any combination of the above.

In the U.S., the availability of public disaster relief is limited unless a presidential disaster declaration is
made (Congressional Research Service, 1992). In this case, the type of relief provided might include
low-interest loans, small grants, temporary housing, and 75% of the costs of damage to public facilities. In
cases of the latter, state and/or local government are required to pay the remaining 25%. Table 13 lists
some examples of natural disasters with high economic impacts for FEMA and the Small Business
Administration. There are significant differences from the list in Table 10, indicating that the risk from
natural disasters is not always “shared” equally. For more common but less catastrophic events which do
not warrant a presidential disaster declaration, people must rely on insurance payments or funds from
NGOs such as the Red Cross and other voluntary relief groups to recoup their losses.

Tn Mexico, a trusteeship was created in 1975 to care for the victims of disasters, with donations from a
broad range of sectors. The executor is the Treasury Ministry and the manager is the Central Bank.
Unlike the U.S., in Mexico there are no regulations concerning the provision of financial resources for civil
defence purposes. They are managed in a centralized way by the Federal Government, under the
assumption that disasters are a matter for the federation, deterring a more coordinated management by
states and municipalities (Delgadillo, 1996). As previously mentioned, in the basic documents concerning
civil defence (the decree of 1986 and the National Program of 1991), there are no explicit indications on
responsibility for financing. Although Chapter 6 of the first document suggests establishing a financial
fund and an insurance systern, it does not present any clear method of implementing the suggestion. In the
second document, this issue is mentioned neither in the five strategic lines nor in the eleven lines of action

(Delgadillo, 1996).

(C) Reducing the Vulnerability of Society
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A variety of activities encompassed in the broad overlapping categories shown in the bottom box of Figure
3 feed into vulrerability reduction. For example, appropriate forecasts and warning are required for both
short-term preparedness and response; the most important aspect of mitigation likely relates to our built
environment; and information and education is critical to developing community preparedness.

(i) Forecast and Warning (adapted from Etkin and Myers, 1999)
Lives can be saved and injuries reduced if reliable forecasts are available, if appropriate warnings are
issued, and if people and organizations take suitable actions upon receipt of those Warnings.

For example, the scientific capability for predicting weather and weather patterns has improved greatly in
the 20th century. The advent of technologies such as Doppler radar have advanced meteorologists’ abilities
to anticipate and predict severe weather. Nonetheless, the lead time in warnings for some hazards such as
severe thunderstorms tend to be much shorter (typically a few minutes) than it is for larger storms (e.g.
hurricanes). This difficulty requires that warning systems be carefully designed and implemented.

Warning systems involve complex processes. Providing effective warnings for severe natural hazards to
people requires a chain of events, beginning with the technology and personnel to observe and predict the
events and ending with risk communication and human response. These components of wamning systems
are interdependent, making the system only as good as its weakest link. Good warnings not only include
information about the potentially severe event, its location, and the time frame involved, but also give
people information on appropriate actions to take in response to the warning, Mileti and Sorensen (1990)
classified some hazards into wamning typologies and noted that different approaches to waming are needed
for different hazards. Thunderstorms fall into the typologies that call for highly automatic decision-making
and quick waming using all available means of communication. Conversely, slow-onset hazards allow time
for more considered response.

(ii) The Built Environment
Society’s built environment plays a crucial role in the reduction or augmentation of vulnerability.
Decisions about how and where to build structures are fundamental to determining resilience to natural
disasters. A range of tools, including building codes, comprehensive land use planning, community facility
planning, growth management, and capital improvement planning are available to governments so that
when natural hazards do strike, damage to the built environment can be limited (Burby ez al., 1991). For
example, requirements for lightning rods on structures can result in current being transferred safely to the
ground when lightning strikes. Similarly, land use plans that guide development away from hazardous
areas (e.g. areas prone to floods) allow communities to make decisions to avoid firture damage, although
people often live in high-risk areas because they do not know or do not care about the potential risks or
because they have no choice but to do so because of poverty or other societal factors. California yields two
good examples: in San Francisco’s Marina District, residences built on reclaimed land prone to
liquefaction succumbed during the 1989 Loma Prista earthquake, and homes built near cliffs proved
disastrous during several El Nifio-induced landslides in the first few months of 1998. An example of a tool
used to reduce society’s vulnerability is comprehensive stormwater management programs which enable a
community to prepare for heavy rains by providing storage areas for the excess flow of water.

Building codes, which determine how to build structures (especially their resistance to extremes of natural
activity such as wind, snow, and ground shaking) play a very significant role in determining how resistant
communities are to natural hazards. The American Constitution bars the federal government from enacting
building codes, so they are the responsibility of local authorities—states, counties, and cities (Levy and
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Salvadori, 1995). In Canada, the Constitution Act places the responsibility for regulating buildings on
provincial and territorial governments, but provincialfterritorial building codes and muricipal by-laws are
often based on the National Building Code of Canada which is “a code of minimum regulations for public
health, fire safety and structural sufficiency with respect to the public interest” (NRCC, 1995). Both
countries use building codes primarily to protect life, with protection of property as a secondary function;
punishment for noncompliance is not explicitly mentioned in building codes, but is left to the law.

In Mexico, articles in the Constitution pertaining to urban development and housing are regulated by means
of the Federal Law on Urban Development. This document establishes that every municipality must have a
building code, although it allows a collection of municipalities to issue a regional or state building code. In
most cases, these codes are just simple adaptations, or copies of the Mexico City Building Code. Other
government agencies have issued codes and manuals applicable to structures other than buildings. The
most prominent examples are those from the Ministry of Communications and Transportation and the
Federal Commission of Electricity, aimed at the design and construction of highway infrastructure and
power supply facilities, respectively. The main objective of Mexican regulations goverming structures isto
safeguard the population, and they give a minimum safety requirement for construction.

Historically, adaptation tended to be implemented reactively; i.e. society waited for a problem to arise, such
as casualties and damage due to a natural disaster, and then created or changed codes and practices to
prevent a recurrence. For example, Jamaica, Japan, and Los Angeles promulgated their first building codes
for seismic protection after extensive damage from earthquakes in 1907, 1923, and 1933 respectively (Levy
and Salvadori, 1995). Partly in response to two devastating tornadoes in Canada in the 1980's (in southern
Ontario in 1985 and in Edmonton in 1987), the National Building Code of Canada started to examine the
prevention of damage from tornadoes. Many of today’s building codes and zoning regulations, in contrast,
are proactive in that they use statistical techniques to predict rare events, although disasters such as
Hurricane Andrew in 1992 and the Northridge Earthquake in 1994 can still create the impetus for code

medification.

Mexico has had similar experiences. The first Mexico City Building Code that contained recommendations
for seismic design was published in 1942 and explicitly identified the need to modify the procedures upon
receiving results from additional studies. As well, the impossibility of designing and building structures
that provide complete protection against earthquakes was recognized, and a greater degree of safety was
mandated for the most important structures. A 1957 earthquake off the coast of the state of Guerrero
eventually led to new regulations in 1966. In 1976 the Code was revised once more, though not as a result
of a disaster. This Code was used for several years and then revised again in 1984; however, the 1985
earthquake prompted another revision and in July 1987 a new revision of the Mexican City Building Code

was published.

A considerable percentage of buildings constructed in Mexico are non-engineered, especially one or two
storey dwellings, typically constructed with masonry load-bearing walls, located in rural areas or in
informally developed housing layouts. The latter are generally located on. soils and in areas not appropriate
for safe buildings, such as on hills with steep slopes prone to slope failures, or in old river beds prone to
flooding during heavy rains. For such cases, building codes are of no help. Simple technical guidelines are
therefore necessary to advise the owner and workers on achieving a satisfactory performance level for such
aspects as the most appropriate construction techniques, structural layout, material quality, and detailing.
Although some of these guides bave been developed, their use is limited. Damage in recent earthquakes has
shown large differences in dwelling performance, mainly attributed to poor layout, lack of proper detailing,
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and substandard material and construction quality. Efforts to influence non-engineering construction
through a wider dissemination of guidelines, videos, and photographs have the potential to greatly reduce
vulnerability. Retrofitting programs for existing, vulnerable dwellings (typically adobe houses) are
essential,

Proactive approaches to structural design that reduces vulnerability to natural disasters can be limited due
to a lack of understanding of physical processes. Most structural damage during the 1994 Northridge
earthquake occurred because a previously unknown fault caused vertical shaking, and buildings had not
been designed to withstand vertical shaking (Levy and Salvadori, 1995). Kobe’s structures suffered
severely during the 1995 earthquake because the region was not thought to be vulnerable to earthquakes, so
building codes were created to protect structures from damage during typhoons; this design approach
actually exacerbated the damage from the earthquake (Smith, 1996). As discussed, since 1942, Mexico
City has twice altered its seismic design regulations after earthquakes caused unexpected shaking and
revealed basic design flaws. Ignorance, however, can often be overcome by appropriate research, which is
inexpensive compared to the damage wrought by disasters. Society then determines the appropriateness of
incorporating research recommendations into building codes.

Proper enforcement is also required to ensure that building codes are effective in reducing vulnerability to
natural hazards. In 1992, Dade County, Florida had one of the toughest building codes inthe U.S,, but
much of the damage caused by Hurricane Andrew occurred because buildings were not designed in
accordance with the code and because poor enforcement practices failed to uncover the problems (Coch,
1995). In eastern Canada, deaths and injuries have occurred during tornadoes because some buildings did
not meet building code standards (Allen, 1992). To some extent, this problem undoubtedly exists due to
the competitive bidding process, which tends to minimize quality.

Improved building codes and enforcement, however, apply to structures built after the enactment of the new
code. Structures already built will still be susceptible to the problems which changes have addressed, hence
retrofitting is an option to overcome outdated or poorly enforced codes. Cost and inconvenience are
generally reasons for avoiding retrofitting. Essential structures such as schools and hospitals are often
given priority, with residential dwellings rarely retrofitted. For example, after Hurricane Andrew destroyed
97% of the mobile homes in Dade County, Florida in 1992, the standards for the resistance of
manufactured housing to winds were raised. When a tornado storm hit Central Florida on February 22-23,
1998, approximately 90% of mobile homes in Florida had been sold before the new wind-resistance rules
were enacted and approximately three-quarters of the 42 deaths during these tornadoes occurred in

unretrofitted dwellings.

Levy and Salvadori (1995) describe another example: on March 10, 1933 an earthquake in Long Beach,
California severely damaged all schools in the area, including several collapses. Because the earthquake
struck at 5:54 p.m., the schools were empty and a large death toll was avoided. This near-catastrophe
prompted strict standards for new schools with respect to earthquake resistance. When the 1971 San
Fernando earthquake hit, all 500 schools constructed in accordance with the new building codes survived
without structural damage while 10% of the remaining old schools were damaged so severely that they had
to be demolished. The 1971 earthquake, though, collapsed several bridges. By 1994, fewer than 20% of
California’s bridges had been retrofitted based on the 1971 experience, yet the retrofitted bridges fared very
well during the Northridge earthquake while unretrofitted structures sustained major damage.

Conceras are also raised with respect to historical buildings, because retrofitting may damage structures or
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items of historical value, may reduce the building’s authenticity as an example of historical architecture, or
may be completely unable to render the building safe. Pearce (1994) states that people in buildings
preserved for historical reasons have higher vulnerability to atmospheric hazards than people in modern

buildings.

(ifi) Disaster Preparedness
Disaster preparedness involves building an emergency management capability in advance of an event in
order to facilitate an effective response. Developing a vulnerability analysis that identifies the hazards of a
particular place is critical to disaster preparedoess. Preparedness also includes the necessary plannmng for
emergency response. There are six basic functions that are carried out during response activities: hazard
detection and warning; evacuation of threatened populations; sheltering of and caring for victims; provision
of emergency medical care, food and shelter; conduct of search and rescue operations; and provision of
security and protection for property (Drabek and Hoetmer, 1991). Other specific functions (dependent on
the event) also may be called for in the response phase.

There is an extensive literature on natural disasters, including scholarly dissertations, textbooks, public
information, and educational material. Federal agencies such as the Federal Emergency Management
Agency (FEMA), Emergency Prepareduess Canada (EPC), and Sistema Nacional de Proteccion Civil
(SINAPROC) develop and distribute a large amount of material, ranging from short brochures to technical
manuals. The World Wide Web (WWW) is rapidly becoming a remarkably good resource, and many
agencies maintain sites with vast amounts of information. Table 14 lists of a number of usefal WWW
pages relevant to natural disasters in North America.

The United Nations designated the 1990's as the International Decade for Natural Disaster Reduction
(IDNDR): “The objective of the decade is to reduce through concerted international action, especially
in developing countries, the loss of life, property damage, and social and economic disruption caused by
natural disasters, such as earthquakes, wind storms, tsunamis, floods, landslides, volcanic eruptions,
wildfires, grasshopper and locust infestations, drought and desertification and other calamities of
natural origins.” Ironically, the economic costs of natural disasters has exploded during this decade,
illustrating the ever increasing importance of natural disaster reduction. Canada, the U.S., and Mexico
each have national committees whose purpose is to fulfill the IDNDR’s objective.

In Canada and the U.S., deaths from natural disasters are very few compared to other causes such as
diseases and car accidents, and have generally been declining during this century. Costs, however, seem to
be rising. The cause of this increase can be atiributed in part to migration of populations to vulnerable
regions, particularly in the U.S. (e.g. along coastlines). There is some evidence as well, that mitigation
strategies have not been as effective as anticipated. For example, along the Chaundiére river in Québec,
many buildings have been erected in the 0-20 year flood zone despite a restriction on building, and
increases in flood damage in the future are likely. The Mississippi floods of 1993 in the U.S. showed how
a series of dams, dykes, and levees built over many decades can exacerbate a disaster. Development near
hazardous areas in Mexico sets the stage for disasters in the future, of greater magnrtude than have
occurred in the past.

Governments have instituted a variety of programs to mitigate disasters. More research is needed on their
effectiveness, so that future policy makers can learn and benefit from the good judgments or errors of the
past. The potential benefits of such research are substantial. For example, in one study of flooding of
similar magnitudes in Michigan and Ontario, it was found that non-agricultural damages in Michigan were
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around US$200 million, while in Ontario they were under CAN$500,000 (a factor of approximately 500
less), even though Ontario had higher flood yields (Brown ef al., 1997). The reason provided for the
difference was the more stringent flood damage reduction (FDR) program in Ontario.

(D) Enacting Mitigation: The Influence of Federal Governments

(i) Canada
Canada has not yet developed either a national, comprehensive formal policy statement or an integrated
delivery structure at any governmental level for mitigation of natural hazards, though many federal
departments and provincial ministries have their own programs to reduce the impacts of natural hazards.
The reason is that Canada has, until recently, been relatively disaster-free, compared to other places.

(ii) The U.S.
FEMA in the U.S. has developed a National Mitigation Strategy which is posted at
http:/fwww. fema.gov/home/mit/ntmstrat.htm. The strategy was designed in consultation with many
stakeholders in the U.S., including other federal agencies; governments at the national, state, and local
levels; academics; the private sector; and individual citizens. It is based on the premise that “current
dollars spent on mitigation will save a significantly greater amount of future dollars by loss reduction” and
sets two objectives:
By the year 2010:
(i) to substantially increase public awareness of natural hazard risk so that the public
demands safer communities in which to live and work; and
{2) to significantly reduce the risk of loss of life, injuries, economic costs, and destruction of
natural and cultural resources that result from natural hazards.
These objectives will be achieved through initiatives contained in the five major elements of the strategy:
(1) identifying hazards and assessing the risks associated with those hazards; (2) encouraging applied
research in technology used for response to hazard risk and transferring that technology to governments, the
private sector, and citizens; (3) creating broad-based public awareness and understanding of natural hazard
risks along with mitigation training programs; (4) providing incentives and resources to encourage
mitigation activities; and (5) providing national leadership for, and coordination amongst, stakeholders.

The strategy incorporates continual evaluation both of how well the objectives are being achieved and of
the amount of success in mitigation. The basis for establishing priorities in using resources is also
provided. The Mitigation Action Plan (MAP) within the strategy encourages every stakeholder to accept
responsibility for identifying and mitigating natural hazards which threaten them and their communities.
As well, since 1994, 15% of federal disaster assistance has been dedicated to mitigation activities. FEMA
(c. 1997) describes cost-benefit and cost-effectiveness analyses for 16 case studies which illustrate the
substantial cost savings (and beneficial social impacts) which can result from appropriate mitigation
measures, particularly for earthquakes, floods, and hurricanes.

(iii) Mexico
Before the 1970's, there was neither planning nor preparedness with respect to natural disasters in Mexico.
Instead, the approach was to implement post-disaster actions, which rarely reduced the country's
vulnerability to ensuing catastrophes (Delgadillo, 1996). In 1978, the National Program for Urban
Emergencies was created within the National Plan of Urban Development, which envisioned studying the
risk and vulnerability of human populations at state and municipality levels, as well as zoning and
regulating land-use (Mansilla, 1993). This attempt, however, was not carried out as planned.
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The 1985 earthquake in Mexico City was a breakthrough in the study and structure of disaster
management. Both the National System of Civil Defence and the National Centre for Disaster Prevention
were created as a consequence of this earthquake and its devastating effects.

The 1995-2000 Civil Defence Program was presented by the Federal Executive in 1995 after being
prepared by the Ministry of the Interior (coordinator of the National System of Civil Defence, SINAPROC)
on the basis of a preliminary proposal prepared by the Civil Defence Advisory and Participatory
Commission. This program responds to the guidelines and the objectives of the 1995-2000 National
Development Plan, especially with regards to promoting a new federalism (redistributing tasks,
responsibilities, capacities, and financing between the three government levels), strengthening states and
municipalities, supporting decentralization and regional development, and encouraging social participation.

The program’s objective is “consolidating the operating structures and mechanisms of the National System
of Civil Defence at the federal, state and municipality levels, by increasing the participation of social and
private sectors, so that, with the joint effort of all administration entities and the population itself] the loss
of human lives and goods as a result of natural and human disasters is substantially reduced”. In order to
meet this objective, a strategy was presented that involves strengthening the operation of state-level and
municipal-level civil protection units and the internal units of the federal government with the cooperation
of educational institutions and the federal government units, as well as the participation of private and
social organizations. One of the most important goals is “reviewing the possibility of gradually
establishing a fund and an insurance system for providing economic protection to the population that is
subject to disasters™.

These recent efforts to make Mexicans more aware of disasters and to define a planning authority aimed at
damage prevention and mitigation have not had the expected outcome (Delgadillo, 1996). The damages
caused by Hurricane Pauline in October 1997 in the states of Guerrero and Oaxaca illustrate the
weaknesses of the Program, integrated solutions for disaster prevention are still needed. Mexico has
problems in natura] disaster mitigation due to its economic situation, its demographic growth, and its
people's education, customs, and beliefs, among other factors. Notably, because of poverty, there is at
present a high growth of irregular settlements in high-risk, ecologically-degraded zones with no urban
services. Here, attempts at positive action must overcome the lack of planning and the fact that the priority
for many people is short-term survival rather than thinking about risks from natural bazards. Setting up
appropriate disaster handling and civil defence policies is a hard task without integrated solutions that take
mto account technical aspects (such as the design and construction of safe buildings) along with social and
individual behaviour. This holistic approach would be the only way to reduce the loss of human lives.
Achieving this stage will be the decisive step towards creating a “culture of disaster” in Mexican society.

Despite the aforementioned obstacles, Mexico has taken some positive steps for reducing the risk of
damage and casualties in foreseeable disasters. For example:

» The Popocatépetl volcano has been monitored and studied, and a contingency plan has been set up for the
zones subject to damage in case of an eruption; and

* In view of the damage caused by Hurricane Pauline, CENAPRED and the National Water Commission,
along with the government of Japan, are launching an integrated project for building protective structures in
Acapulco's ravines, for warning the population in case of substantial runoff, for forecasting the effects of
hurricanes, and for analyzing social behaviour.

Both projects show that important steps towards disaster prevention and mitigation are being taken in
Mexico.
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(5) How Human Activity Contributes Towards Natural Disasters:

As mentioned in section 4, humanity invests enormous resources in order to reduce society’s vulnerability
to natural disasters. Section 3 illustrated that in North America these efforts have been successful in saving
lives and preventing injuries—though perhaps not so in Mexico—yet the efforts at reducing the economic
impacts of natural hazards in ali three countries have not been entirely effective. In some situations, the
magnitude of a natural disaster is largely a result of society’s own making. Unfortunately, because of
competing social or policy interests, lack of knowledge or resources, short-term thinking, or false beliefs,
the human activities highlighted in the bottom box of Figure 3 can result in greater rather than reduced
vulnerability. Generally, society has protected itself from smaller and more frequent events while often
accumulating negative credit for larger and rarer events, i.e. society is creating the potential for increased
catastrophic losses in the future.

How has this situation arisen? Disasters occur not only because nature has created an extreme event, but
also because society has allowed itself to be vulnerable. Providing absolute protection against all possible
firture events is virtually impossible, and it is certainly not cost-effective to try, however, by implementing,
as Gilbert White would say, “wise use” (i.¢. ensuring that the cumulative costs paid do not exceed the
benefits gained) an excessive price for damage by natural disasters can be avoided.

Canada, the U.S., and Mexico, have all suffered from short-term environmental thinking which permits
unsustainable environmental projects and activities that exacerbate the effects of natural disasters on
humanity. For example, widespread deforestation removes a watershed’s ability to soak up rainfall, thus
causing floods far downstream during heavy rains. Engineering waterways to make them more navigable
often creates deeper and straighter channels which allow flash floods to move faster and in greater volumes.
Additionally, if projected sea level rises due to climate change occur, storms and flooding along coastal
areas will become much worse.

False beliefs (myths about, and poor perceptions of, nature’s activities) often contribute to, or are
responsible for, social characteristics impacting the effects of natural disasters. For example, in the past,
many people believed that severe thunderstorms had a divine origin while others attributed them to evil
Satanic spirits. When severe storms did threaten early Americans and Europeans, one of their responses
was to go to church, where it was believed God might protect them. Unfortunately, munitions were
commonly stored in churches and because of their height, churches were more likely to be struck by
lightning than many surrounding places. The belief in divine protection from storms surely resulted in
many unnecessary deaths.

Perceptions can increase vilnerability in subtle ways, as illustrated in Figure 8. More extreme events have
larger retum periods (i.e. they occur more rarely), which is illustrated by increasing values along the X-
axis. The impact of these events increases with return period, that is society is more vulnerable to rarer
events of greater magnitude. The dotted line (#1) depicts a situation where society has not mitigated the
hazard, and 1s exposed to it at all levels of magnitude. Therefore the vulnerability of society and the
resulting impact of the event increases with the magnitude of the event. Where mitigation has occurred
(for example, dams or levees built to protect society against the 100-year flood, illustrated by the dashed
line #2), vulnerability remains relatively low up to that return period; however, if increased development
has occurred in, for example, flood-prone areas, then vulnerability may well have increased for events with
return periods longer than 100 years, hence the large increase afier the 100-year event. The areas of ‘A’
and 'B' in the figure represent the changes in vulnerability between the natural system and the protected
system. Hopefully the area of A is greater than that of B, or the overall vulnerability of society has
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increased. Unfortunately, the area of B often grows quite large for several reasons, most notably: (1)
society is often not very good at incorporating high risk, low probability events into cost-benefit analyses;
(2) when people perceive that their risks have been reduced as a result of technology, they will tend to act in
riskier ways if voluntary actions are available to them (Wilde, 1994). Since people tend to develop a false
sense of security, they will tend to develop high risk areas.

(A) The Myths Which Influence Society’s Reaction to Natural Disasters Today: Case Studies in
Mexico
In Mexico, for thousands of years, natural phenomena have been explained by means of myths and coped
with by means of religious ceremonies, In ancient Mexico, a close relationship existed between natural
disasters and religious beliefs. Most pre-Hispanic indigenous groups of Mexico (such as the Mayans, the
Lacandons, the Mixtecs, the Zapotecs, the Nahuas, the Tarascos, the Totonacs, and the Otomis) considered
natural hazards to be the behaviour of one or more gods. Many of these beliefs persist today in some
regions.

The arrival of Spanish conquistadores led to a synthesis between indigenous beliefs and catholic religion.
Many ancient gods were then substituted by saints, Jesus Christ, Virgin Mary, or other Catholic symbols.
Thus, for thunderstorms, many people would invoke Saint Isidro (equivalent to the Zapotees® god Cocijo)
or Saint John the Baptist {(equivalent to the Totonacs' god Old Thunder), and for earthquakes, processions
would be made for Saint Joseph.

Peasant culture and religion survive up to the present day in parts of Mexican society. This situation is the
case for the volcanoes Popocatépet! (also called San Gregorio, The Old Man, San Juan, or Nicolés
Antonio) and nearby Iztaccihmatl (also called Rosita, Manuelita, or Mother Mountain): they are considered
by the inhabitants of their slopes as sacred mountains and as people (the former is male and the latter
female). These volcanoes were sacred before the conquest. Tldloc, a god of rain and the patron of
peasants, was believed to inhabit the fonmer, and his wife Chalchiuhtlicue, the latter. Sacrifices and
ceremonies were made to honour them. Nowadays, they are paid tribute, so that they provide adequate rain
and good crops. There is in every community a granicero or tiempero (“weatherman™) in charge of
organizing these ceremonies. They are in charge of making spells to prevent storm damage and to frighten
away threatening or hailstorm clouds and in addition, they must satisfy the volcances’ needs, to keep the
mountains contented. They are highly respected and have a high position in the community's hierarchy, for
they were actually elected “from up there™: they were given as a gift by the volcanoes by means of a
lightning stroke (Glockner, 1996).

During the Popocatépetl ash eruption of December 1994, several interesting phenomena occurred in
peasant communities: when government officials exhorted the population to evacuate the villages, many
people stayed to guard and care for their animals and homes. The local grariceros stayed as well, for
Gregorio had not given them any waming. A few days afterwards, some of them had dreams where they
were told by the volcano that there was no need to leave the villages. The belief by local inhabitants of
whether or not an eruption will occur is based on faith, and a number of explanations based on myths were
cited for the eruption. Some said that the volcano had appeared as a human being; others said that he was
angry because the mountain had been drilled by the Japanese; and others said that he had complained about
burns to his feet, which were associated with the burning of pastureland and the ensuing forest fires
{(Glockner, 1996).

Since the 1994 eruption the "granizero” has been involved with Civil Defence of his municipality and with
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geologist and geophysical experts. Though people continue making religious ceremonies in Popocatepetl’s
honour, they are also more aware of the hazard in which they live.

The case of Popocatépet] volcano is one example of the link between natural phenomena and social beliefs
in Mexico. Studying how these old myths still have an influence on indigenous commumities is very
important, so that ways are found to teach them how to respond in appropriate ways, without sacrificing
their ancient culture. Steps in this direction are examining to what extent the social response to natural
disasters is based on the accumulation of experiences, and understanding the ways in which the traditional
beliefs influence the collective explanation of natural disasters.

(B) Myths/Perceptions Which Influence Society’s Reaction to Natural Disasters Today: General
Discussion
Canadians, Americans, and Mexicans continue to be influenced by various forms and degrees of myths in
their reaction to natural disasters. The behaviour of victims during disasters, for example, suffers from
many myths. Fischer III (1994) describes a prevalent “disaster mythology™
The disaster mythology includes a belief in looting, price gouging, panic flight,
contagious spread of deviant selfish behaviour, the necessity of martial law,
psychological dependency and disaster shock. Shelters are seen as overused and
evacuations are seen as likely to contribute to panic flight. It is also assumed that the
death, injury and damage estimates [mainly from the media) are essentially accurate.
The research literature has established that these beliefs are largely myth, thus they are
collectively characterized as the disaster mythology... Well designed disaster plans
attempt to counter the public’s belief in the mythology and respond fo the actual
behavioural response their community will encounter during a disaster.

People affected by disasters habitually have erroneous views about the specific disaster event in which they
are involved. The accompanying

box lists some popular

misconceptions about tornadoes. Myths about tornadoes (Grazulis, 1996)
Tsunarnis are also subject to myths. ®Tornadocs always follow rivers.

Clague (1997) explains that a eTornadoes are always preceded by hail.

tsunami is not a single, very large ® Cars can be carried over tall buildings.
wave that breaks onto the shore, as eMobile homes attract tornadoes.
commonly believed, but consists of oOpening w&gdcws will save a roof or a hqme from destruction.
a series of waves separated by o A tornado will suck water from a swimming pool. -

. #The southwest corner of a basement is the safest location.
several minutes or more than an ® A tornado can be outrun by driving a car (it can work

hour. These waves are not occasionally, but it is very risky).
breakers, but are usually turbulent,

onrushing surges with the largest

one generally being the second or

third wave. The term “tidal wave™ is a misnomer, as tsunamis are caused by earthquakes, landslides, or
volcanic eruptions under the sea rather than by a tidal phenomenon.

Entertainment media can perpetuate myths or ferment poor behavious, as iflustrated by forest fires in the
U.S. Nash (1985) contends that Walt Disney’s film Bambi, released in 1942, “did more to shape American
attitudes toward fire in wilderness ecosystems than all the scientific papers ever published on the subject”
and helped birth Smokey Bear, “one of the most potent advertising symbols in American history” for
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publicizing the currently rejected perception that fire is bad for ecosystems. Williams (1995) lambastes the
doctrine of fire suppression, and although he identifies the roots of the American aversion to forest fires as
being in the 19th century, he suggests that one of the main culprits influencing attitudes has been Smokey
Bear who “along with the flames...was extinguishing ecosystems”.

Such mistaken perceptions are very powerfial in influencing behaviour and reactions to natural disasters.
Risk perception is affected by a large number of complex factors, some of which tend to increase
perception of risk and some of which tend to decrease perception of risk. The following factors (modified
from Smith (1996)) are thought to increase risk perception:

eInvoluntary hazard (¢.g. tornadoes, as compared to a voluntary hazard such as driving a car).
eImmediate impact (e.g. Lightning, as compared to a delayed impact such as that which occurs from
drought).

®Direct impact (e.g. earthquakes, as compared to indirect impacts such as those from drought).

®Dread (e.g. cancer as compared to a slippery wet road).

®Many fatalities per event.

®Deaths clustered in space and/or time.

e Identifiable victims (victims from a tornado event, as compared to statistical victims, such as those from
cigarette smoking).

® Processes not well understood.

¢ Uncontrollable hazard (e.g. volcanoes, as compared to something more controllable, such as seasonal
river flooding).

o Unfamiliar or rare hazard (¢.g. tsunamis, as compared to a more common hazard such as rain storms).

e Much media attention (e.g. deaths from tornadoes, compared to deaths from a hazard which does not get
much coverage, such as lightning).

Generally, the public is willing to accept voluntary risks (e.g. driving a car) that are about 1,000 times the
magnitude (Raphael, 1986) of involuntary ones (e.g. getting hit by lightning). Natural disasters usually fall
into the involuntary category, although there is a certain degree of choice in where one lives. Geographical
location and history certainly affect the response to and impacts of some of these factors. For example,
although few people die from floods and earthquakes in Canada or the U.S., the toll is greater in Mexico
and hundreds of thousands—and sometimes even millions—have died in areas such as Bangladesh and China.
Similarly, many Mexicans and Americans should feel more concem about volcanoes than most Canadians.

Very rare, high-consequence events—such as the January 1998 Ice Storm in eastern Canada, Hurricane
Andrew in 1992, Hurricane Gilbert in 1988, and the 1925 Tri-State Tornado-are often ignored during
personal risk analyses (unless a similar event has been directly experienced), assuming that people actually
do such risk analyses (after Wilde, 1994). There is always the possibility of a rarer, more high-
consequence event than has occurred previously or than is remembered, leading to errors in extrapolating
potential impacts during a risk analysis.

Experts and the manner in which they communicate risk analyses and warnings have interesting impacts
upon people’s responses. People tend to reinterpret warnings in non-threatening ways if expert information
is perceived as being vague or uncertain (Raphael, 1986), suggesting that severe weather watches may not
lead to the type of vigilance hoped for by weather services, since weather watches are less certain compared
to weather warnings. People have adverse reactions to announcements containing uncertainty or
probabilistic notions, and often assume that an expert’s or scientist’s prediction 1s 100% accurate. As John
Ewert from the United States Geological Survey (USGS) stated, “People don’t want probabilities, they
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want black and white, yes/no” (WGBH, 1992). If the expert or scientist happens to be wrong once, then
criticism and disbelief are aimed at future predictions.

The continual jokes and criticisms of weather forecasters attest to such attitudes. Another noteworthy case
study occurred in California in 1982 when volcanologists predicted that a volcano in the tourist resort of
Mammoth Lakes, California would likely erupt. Tourists stayed away and property values fell, but the
volcano failed to erupt and the scientists received death threats from angry residents (WGBH, 1992).
People often assume that experts and scientists do or should completely understand nature’s behaviour and
can provide all the answers. There is often a misplaced faith in the extent of society’s knowledge and
capabilities when it comes to natural disasters.

Misplaced faith and expectations are also commonly placed on technology. Where people feel protected
because of their belief in technology (e.g. dams, “earthquake-proof” structures), they will tend to act in
increasingly riskier ways if voluntary actions are available to them, until their perceived level of risk rises
to what they feel is an unacceptable level (Wilde, 1994). Their “perceived level” may actually grossly
underestimate their actual risk level due to a misplaced faith in technology to protect them. This tendency
accounts for a great deal of increased development in flood plains: “...the extent of (flood) loss has not
infrequently been increased through a false assessment of the risk circumstances or in the pursuit of profit”
(Munich Re, 1997).

One problem with placing too much faith in technology is that nature wilt always provide an event greater
than the specified design criteria, at some point in the future. A levee may protect a community from a
100-year return period flood, but nature will certainly exceed that event at some time. The “some time”
could be tomorrow. Another problem with technology is that it sometimes fails-after all, it is desiguned by
human beings. Mistakes can be made in design, materials, or construction. A built structure is not an
absolute protector. The cumulative effect of society’s decisions over the long-term can be increased, rather
than decreased, vulnerability.

(6) Global Change and Sustainability

Natural disasters have evolved and continue to evolve. They have become more global and systemic due to
the interconnectedness of society. Because society relies on technology and is very interconnected, in many
ways today’s society is more vulnerable than previous generations. In industrialized nations, deaths due to
natural disasters have decreased whereas the socioeconomic impacts have increased; in lesser industrialized
nations, both deaths and socioeconomic impacts continue to be significant. In recent decades, the number
and cost of disasters has increased dramatically, far more than can be accounted for simply by changes in
population and wealth,

Natural disasters, however, enable society to identify the mistakes that have created its vulnerability, and
therefore, potentially, to rectify them. When severe damage occurs due to a natural disaster, the event can
become a turning point in the development of disaster prevention and management policies.

What is the relationship between natural disasters and sustainability? When society or a population is so
vulnerable that the frequency and severity of natural disasters threatens its ability to recover, or the cost is
exorbitant, then sustainability is threatened. History has provided important lessons. Great disasters can
dramatically alter a society, disasters have been increasing in recent decades, and many disasters have
occurred because of society’s own actions. Though nature sets the stage, society moulds its own
vulnerability and therefore is a key player in manufacturing natural disasters.
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In one sense, coping with natural disasters is like a game: the Natural Disasters Game. Once the rules are
known, a potentially winning strategy can be devised. The chances of good or bad events occurring are
usually fairly well-known, and tradeoffs can be calculated with some level of comfort.

But what if after playing the Natural Disasters Game for some time, it tumed out that the rules were about
to change? Additionally, what if exactly when and where the rules were going to change, and precisely
what the new rules would be, were not well known? Even worse, the new set of rules would not be
constant, but would evolve over time, and not planning for them could result in ‘losing’ the game. These
effects on the Natural Disaster Game arise from global change. Fortunately, society is not just a passive
player, but plays a major role in creating the game’s rules.

Global change is a multi-faceted issue, that incorporates issues such as urbanization; increases in and
migration of populations; more frequent and severe extreme weather events due to climate change; and
changes in wealth and land-use. Change is easy to perceive as being slow, but in fact, the human
population has increased from a fairly steady few hundred million over thousands of years, to more than 5
billion over the past 150 years, with huge impacts on society, culture, the land, the oceans, the atmosphere,
and ecosystems. Global change is not something that will happen in the future; it has been happening for
generations.

One important facet of global change relates to the climate. How do climate and sustainability relate to
each other? The spatial scales of climate range from local to global, as do those of sustaimability. Asa
result, local hazards need to be well-understood in order to foster sustainable development. Traditionally,
the temporal scales of climate have been very long-term, but these scales are being reevaluated downward
to decadal time-frames. The temporal scale of sustainable development is on the order of a generation or
more. Whereas historically there has been an assumed mismatch in temporal scales, these scales appear to
be merging. As these temporal scales merge, a new set of assumptions is required in terms of how climate
and sustainability relate to each other; i.e. rapid climate change must be considered as a potentially
important factor in sustainable hazards mitigation.

Greenhouse gases (gases such as water vapour and carbon dioxide that absorb radiation emitted from the
earth that would otherwise escape to space) in the atmosphere warm the surface of the earth by 33°C and
are one of the most important parts of the climate system. Humanity, as a result of industrial emissions
and alteration of the earth’s surface (e.g. cutting down forests), is rapidly increasing the concentration of
these gases in the atmosphere. Currently, the atmospheric concentration of carbon dioxide far exceeds any
value in the past 200,000 years, and is expected to double before the end of the next century. The
atmospheric concentrations of other greenhouse gases such as methane are also increasing rapidly. Climate
models predict that changes in the atmospheric concentration of greenhouse gases resulting from human
activities will soon alter the earth’s climate. More frequent extreme events—particularly heat waves, severe
thunderstorms, floods, and droughts—and a rising sea level seem likely to be a part of this new climate, with
important consequences for society. Even relatively small changes in averages can result in much more
frequent extremes (White and Etkin, 1998). With reference to Figure 8, more frequent extremes will
increase the area of ‘B’ and decrease the area of ‘A’, thereby making the world less sustainable. This issue
can also be understood with reference to Figure 3, except that in the Human Activity box, global change
would substitute the response/mitigation/preparedness cycle. The effect of global change, unlike
mitigation, is to increase vulnerability.

A great deal of uncertainty, though, is associated with climate change, with respect to magnitudes, rates,
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and regional characteristics. This uncertainty has important implications in terms of adaptation strategies.
Sustainability relates to designing a system where the current and future losses incurred from natural
hazards do not exceed the value gained through use. Thus, the issue of having an adapted society (i.e.
mitigation has rendered the costs of current hazards affordable) as compared to having an adaptable society
(society can easily accommodate itself to changing risks in the future) becomes critical within the context of
climate change.

Since natural disaster conditions in the firture are expected to be different in unclear but significant (and
probably more severe) ways, a sustainable society needs to place greater emphasis on being flexible and
adaptable. The larger or the more uncertain the change, the more important adaptability becomes.
Understanding how well society is adapted is important, and resilience to the negative impacts resulting
from climate change can be tested by evaluating vulnerability to disasters currently experienced. By
increasing resilience to the disasters we experience now, adaptability to more frequent disasters in the
future is improved and a more sustainable society is developed.

Mileti ef al. (1998), in a new research assessment of natural hazards, offers a vision of sustainable
commumities and disaster reduction. This vision of sustainable hazard mitigation incorporates the five
principles of environmental quality, quality of life, disaster resiliency, economic vitality, and intra- and
inter-generational equity. Much progress has been made in North America towards vulnerability reduction,
“but our national path [U.S.] is leading us toward natural and related technological catastrophes...larger
than any we have ever experienced...Our past actions to deal with risk have done more to postpone losses
into the future than to eliminate them” (Mileti ef al., 1998). Albert Einstein once said “We can't solve
problems by using the same kind of thinking we used when we created them"; solving problems related to
natural disasters requires different thinking and an interdisciplinary approach involving such disparate
fields as the physical sciences (e.g. meteorology, geology, forestry), the social sciences (e.g. psychology,
political science, economics), and engineering. Moving towards substantial disaster-resistant communities
requires holistic problem-solving, cooperative and integrated approaches, and long-term thinking.

)] Summary and Concluding Statement

Disasters ruin lives and kill people. North Americans have a long history of disasters, and through a
continuous cycle of response and recovery, mitigation and preparedness we have endeavoured to reduce our
risk and therefore the disasters that we experience. Recent experience, however, suggests that disasters are
becoming more frequent and expensive than they were in the past (it seems that, at times, our efforts to
mitigate disasters ultimately lead to greater ones!) in spite of our advanced technology - and one must
wonder how this can be? Our understanding of disasters now reflects to a much greater degree the
importance of the social factors that lead to the unsafe conditions. Natural events are the triggers that
create disasters, but they are just as much a function of society as nature.

Global change, both in the natural and human spheres, seem likely to exacerbate disasters in the future, and
it behoves us to think carefully about how we create vulnerability by our adaptive decisions. We live in a
hazardous world, and some disasters are inevitable. Either a fatalistic or a narrow technocratic world-view
destines us to a path of ever worsening disasters. A course of sustainable hazards mitigation, more
effective than what we have done before, lies before us. We just need to step upon the broader road of
environmental and social sustainability.
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Figures 1

Amount $

£ 1000
80O
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400
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Costs (millions

0
83 85 87 89 91 93 95 97

Ice Storm, possible

cost between
$1.0-1.4 billion [~

Year

Weather Related Insurance Costs from Major Multiple Payouts

(19958).

$800,000,000

$700,000,000

$600,000,000 J------s-vvvvevvessesnennns

Source: Insurance Bureau of Canada

0. of accounts not settled in the following years:
T986(1);-1988(3); 1990(2); 1991 (1), 1992(1 % 19933y~
1994(1), 1995(7). Dala for 1996 onward is

HEGRpIeTe:

$500,000,000

$400,000,000

$300,000,000

$200,000,000

$100,000,000

$0
7071 7273 74175 T6IIT 7679 80/81 62/83 B4/B5 BG/AT 88/89 90/91 92193 94/35

Year

EPC Payouts from 1970 to 1998, adjusted to 1995/96 $. Preliminary estimates
for the 1997 Red River flood and the Quebec Saguenay and Ice Sterm
disasters are included.

Source: Emergency Preparedness Canada (EPC)
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Disaster Adaptation Cycle

Risk
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=* Root Causes :E[:zszl;eﬁty
=* Social Forces -4 Probability
=¥ Unsafe Conditions
AN )4

Preparedness

—»  Response &

s Recovery
(‘\ Mitigation ﬂ

Figure 3: A disaster typically triggers a cycle of human response of response and recovery,
mitigation and preparedness. This response can alter our vulnerability and thereby influence

future disasters.
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Greai Natural Catastirophes 1960 - 1996.

US$ biifion Economic and insured losses with trends
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Figure 6:

The losses from great natural catastrophes since 1960. (Munich Re, 1997)



Weather Related Disasters
in Canada

. Population (millions)

Figure 7:

Comparison of the number of weather related disasters (from EPC) in Canada with population at
the beginning of the decade since 1900. Note that since the 1950's, the relative number of
disasters has increased. The 1990's disaster data point only includes 1991-mid 1997 and has
been comrected by dividing by 0.65
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Figure 8:

lllustration of the Effect of Mitigation on Vulnerability



AES
Este Sol, su nombre 4 movimiento, éste es
nuestro Sol, en el que vivimos ahora.

Y aqui estd su sefial, cdmo cay6 en el fuego
el Sol, en el fogén divino, alld en
Teotihuacén.

Igualmente fue éste el Sol de nuestro
principe, en Tula, o sea de Quetzalcdatl.

El quinto Sol, 4 movimiento su signo,

se llama Sol de movimiento porque se mueve,
sigue su camino.

Y como andan diciendo los viejos, en €l habra
movimiento de tierra, habrd hambre y con esto

Pereceremaos,

Leyenda de Ios Soles



Cada minuto

Cada hora

Cada dia

En algin lugar

Fuerzas de la naturaleza

Se movilizan

Gestan fenémenos meteorologicos
Como son

Los huracanes y ciclones.

Cada minuto

Cada hora

Cada dia

Cada individuo

Cada Pais

Lucha por tener

Mas y mejores patrimonios
Que, se ven afectados por
Los huracanes y ciclones.

Sequia

Lluvia

Inundaciones

Pérdidas irreparables
Afectan nuestra economia.

En este proceso

El Prof. Luna Bauza

Vigila silencioso

Dia y noche

Los horizontes

Desde Veracruz

En el mismo Puerto

Miisica, ruido, café y alegria
Del jacarandoso Veracruz.

Ahi mismo

Existe

Callado

Un espiritu de sacrificio
Siempre pendiente

Que vigila

Dia y noche

Los horizontes

Para prevenirnos
Avisarnos

A defendernos

De las inclemencias del tiempo.



La ignorancia

El temor

Las lamentaciones
No ayudan

A mejorar
Nuestras vidas.

Estudiar

Trabajar

Interpretar los fendmenos
Prevenir y actuar

Es igual

Como eri nuestra vida cotidiana.

¢ Es de vigilancia permanente nuestra vida?

Prefacio escrito por el Ing. Luis Kasuga
QOsaka, Director del Instituto Nacional
de Pesca para la publicacion:
“Huracanes en el océano Pacifico y en
el océano Atldntico”

producida por la Comisién de Estudios
del Territorio Nacional (CETENAL)



Dicen que la tierra tenfa fiebre y que tembld

Shakespeare, Macbeth, 11.3

El Monte de los Olivos se hendird por medio del Oriente a Occidente
haciendose un enorme valle: la mitad del monte se retirara al norte y
la otra mitad al sur.

Zacarias 14:4

¢ Que mano poderosa con fuerza desconocida
puede hacer estos temblores repetidos?

¢O hacer gemir los vapores aprisionados?

¢ O agitar las playas con tridentes fabulosos?
jAh, no! la pisada de los pies impios,
soporta la consciente tierra impaciente;

y estremeciéndose con el peso culpable,
prepara una tumba comiin para su mala raza.

Andnimo

... después del huracéan, un temblor de tierra, pero no estaba Yahveh en el temblor!
Después del temblor, fuego pero no estaba Yahveh en el fuego.
Después del fuego, el susurro de una brisa suave.

Primer libro de los Reyes, 19:12

Popocatépetl, cumbre paterna, que se rompa

tu frente, en el fracaso de una explosidn sin fin,

y la ciudad destruye, y el arbol, y la pompa

de nuestro valle, espiéndido como un vasto jardin.

Que el sol en los caminos del cielo, se corrompa
sobre la tumba hollada de Hidalgo, el Paladin,

y hurgue el chacal inmundo con su sinietra trompa
la tierra, brava madre del gran Cuauhtemotzin.

Que se vuelquen los mares, que estalle una de aquellas
catastrofes que avientan los montes de revés:
que abra los cielos una tempestad de centellas.

Que cave hondos abismos la tierra a nuestros pies,
para no ver las “barras con las turbias estrellas”
flotar sobre el antiguo palacio de Cortés!

Fragmento del poema
“La Bestia de Oro” de
Rafael Lopez
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