
 

Originally, I had intended to focus only on High Impact weather and climate events using 

Superstorm ‘93 in North America as the example. It provides some interesting insights into societal 

responses to what in essence was a near perfect forecast 5 days in advance of potentially adverse 

impacts. I decided to look more generally at what appears to be an emerging category of of extreme 

events called “superstorms”. Each superstorm case requires a look at climate variability, climate 

change and extreme events and societal impacts and responses. Each extreme event, whether super or 

not, provides a teachable moment, an opportunity to investigate many of the cascading impacts of the 

event. 

I have added to the original Superstorm ’93 case study other superstorm examples of high-impact 

weather: the deadly supercyclone in Orissa, India in 1999), supertyphoon Maemi in East Asia in 

2003, and a super dust storm originating in northern China in 2002. The reason behind looking at 

such notable mega-events is to draw attention to the superstorm phenomenon that seems to have 

emerged in the 1990s. The 2004 and 2005 tropical storm seasons raised the possibility of a season of 

superstorms and not just a single major event in a season. 

I also identify a high impact climate anomaly, the El Niño 1997-98. Finally, It is important to 

highlight the need for and importance to societies of early warning systems. 

As scientists work on determining whether these weather and climate related events really belong in 

a “super” category based on quantitatively determined indicators, social scientists are looking at how 

such super (sometimes record-setting) events impact societies and what can be done to lessen if not 

avoid their adverse impacts. 
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Aspects of Climate

• Climate variability

• Climate fluctuations

• Climate change 

• New global climate state

• Extreme events

• Seasonality

The word ‘climate’ does not have the same meaning to all people. Even researchers do not 

necessarily use the same definitions. One definition is that climate is weather averaged over a 

period of time (3 weeks or more). However, the climate statistics of a location requires much 

more information than just its average (statistical mean) condition. It includes other statistical 

characteristics such as median,  mode (i.e., most frequent occurrences) and extremes. 

When I refer to climate, I am referring to a set of aspects of climate. This includes seasonal  

to interannual variability, climate fluctuations on the decadal scale, climate change, extreme 

events, and seasonality. Seasonality is purposely separated out from variability because most 

people, in rural and urban areas, live according to the expected characteristics and flow of the 

seasons. Anything, such as a drought or a flood that disrupts that natural flow of the seasons, 

has the tendency to disrupt human activities, including livelihoods and ecological processes.  

Reference to a new global climate state is meant to contrast with what we have come to know 

and accept as our normal (e.g, expected) regional and local climate regimes. Climate change to 

some elements of the public suggests that such changes are of short term duration and can 

easily be handled, as they have been in the past few decades. This is not what scientists refer to 

as climate change. Scientists need to remind the public of that the change they refer to is 

profound. 



 

 

Climate Change Impacts on the United States, USGCRP, 2000

Understanding the 
physical Climate 
System

Understanding its 
components

Society is NOW a component !

The Global Climate System

The global climate system graphic used here was designed for a national US report in 2000. It is 

attractive and contained clouds, oceans, land surfaces, the sun and so forth. Those were chosen 

by physical scientists to show what they see as the climate system and the interactions of the 

components. It is attractive, colorful … and incomplete! 

 

Today, human impacts on land cover (29 percent of the earth’s surface) and chemical inputs into 

the atmosphere as the result of human activities (industrial and agricultural processes primarily) 

have changed the chemistry of the atmosphere for the foreseeable future. The point is that human 

activities are now an integral part of the physical climate system. They can influence and have 

influenced the properties of the air around us. They are contributors to global warming. A 

thousand years ago, one could not make that claim. Today, however,  as a result of industrial 

processes and tropical deforestation we have become like the sea ice, the clouds, even the sun. 

We know we can change the climate of a city and of a region. Now, we are doing it at the global 

level. The physical science community must accept this as a fact, as they design schematic 

diagrams showing the climate system as it really is, including societies, thereby making it a 

complete system.  



 

 

Explaining Climate Science

� Understand the 
climate system

� Understand its 
components

� Society is a 
component
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The scientific community as well as the world of politics likes to tell the people that the issues 

they are concerned about are very ‘complex’. Nevertheless, there is an urgent need for the public, 

including those chosen to represent it in government agencies, to understand the interactions 

among aspects or the climate system broadly defined. The public is not expected to know how to 

model the system. However, there are ways to describe its aspects and interactions at an 

understandable, basic level. Scientists need to realize this when they talk to the public about the 

scientific underpinning the global warming problem. 



  

High impact events 
are a worldwide problem

� Every part of globe can be 
affected

� Frequency, 
location, impacts and 
timing vary

Impacts in same place at 
different times can change 

� Impacts have a cascade 
effect

It is not difficult to show on  a map of the globe all of the weather and climate events that 

occurred in any given season or calendar year. The WMO publishes such graphic portrayals each 

year, noting the droughts, floods, fires, severe storms, etc. Now with climate change (also known 

as global warming) on the horizon, there will be no place on the planet that one can hide from 

changes in the climate regimes and its impacts, local to global, as we have come to know them in 

our time. 

 

The severity of the impacts of a given event will vary from event to event and from year to year; 

even for the same event of the same intensity in the same place but in a different year. The reason 

is that societies are constantly changing as well. As a result of those changes, the levels of 

vulnerability and of resilience at given points in time will likely vary. 

 

Once a high impact event has been forecast, a cascade of early warnings for the wide range of 

foreseeable potential downstream impacts begins, each at a different time. The time lags vary, 

because some cascading impacts have longer lead times before the effect of the event reaches 

them. For example, a forecast of a strong El Nino will, depending on the country, set off concern 

about flooding rivers (stream flow forecast). This in turn would set off forecasts on impacts of 

flooding on the agricultural sector. The health sector will also become aware that it has to prepare 

for casualties and eventually for vector-borne and waterborne diseases. In time, the governments 

might seek international assistance as the impacts of the El Nino become clearer. 



 

 

Superstorms, 
a new extreme? 

� Superstorm 1993 (North America)

� Hurricane Mitch 1998 (Central America)

� SuperTyphoon Maemi 2003 (Korea)

� Super Dust Storm 2002 (China)

� Super-cyclone Sidr 2007 (Bangladesh)

� SuperTyphoon Wipha 2007 (China)

� “El Nino of the Century” 1997-98 (Global)

Since the early 1990s, the use of the adjective “super” has been on the increase. Some of that 

usage is the result of media writers and broadcasters drawing attention to a major 

hydrometeorological episode. But some of these episodes have characteristics that allow them to 

be labeled as ‘super’ because of the outlying extremes of some of their parameters.   

 

The scientific community has the responsibility to assure that events labeled as super are truly 

beyond what might reasonable be  expected. This is especially important today, because 

scientists have increasingly come to believe the there will be an increase in extreme climate, 

water and weather events with a continued warming of the global atmosphere.  



 

 

No definition of “Superstorms”

� Storm could be SUPER, 

because of …

� the level of death and destruction

� the impact on the economy

� perceived as opposed to actual severity

� an exaggerated forecast

� media hype

As an example, today there are five categories for hurricanes, the fifth one being for 

winds over a certain speed in miles/hour. However, it may be that as the storms’ 

intensities increase and wind speeds increase, there will be a need to added a category 6 

and a category 7 to the designation of hurricane severity. The last level, hurricane 5, today 

refers to hurricane winds of more than 125 miles per hour. 

 

 



 

 

Something new to worry about? 

� A season of 
“Superstorms”

� The 2005 tropical storm 
season

� The 2004 tropical storm 
season

� In the Atlantic

� 4 hurricanes in 
Florida 

� In the Pacific

� 10 typhoons in 
Japan 

Given that we have recently witnessed a set of tropical storms making landfall in the western 

Atlantic and in the western Pacific in the same season, it is now easy to see how superstorm 

activities might appear in clusters in a given season, appearing to be locked on a path that brings 

them to the same location for each event, as was the case in summer 2004. 

 

Another aspect of a season of superstorms is the realization that each of the storms in succession 

does not have to be of a storm of great magnitude in order to do damage. Severe storms that have 

major impacts following closely on each other, not allowing for societies to fully recover before 

being hit a second time, can create damage similar to that caused by a single blockbuster 

superstorm. 

 



 

 

Foreseeability

� Consider the 
concept of 
foreseeability

� A qualitative 
version of 
probability

� Borrowed 
from legal 
profession

"FORESEEABLE RISK, i.e., risks whose consequences a 

 person of ordinary prudence would reasonably expect might occur…  

 

In tort law… a party's actions may be deemed negligent only where the injurious consequences 

of those actions were foreseeable."  

 

For example, "established by proof that the actor or person of reasonable intelligence and 

prudence, should reasonably have anticipated danger to others created by his or her negligent 

act.“ 

 

"Foreseeability encompasses not only that which the defendant foresaw, but that which the 

defendant ought to have foreseen." 

 

(Gifis, 1991) 

 



 

    

Foreseeability of superstorms

The headlines in this slide were taken from the Internet. Each one is the headline for an 

article that explicitly refers to “super” storms of the past, the present, as well as expected 

ones in the future. 



 

 

Re-thinking high impact 
weather and climate

� More high impacts 
with a warmer 
atmosphere?

� Can successive 
storms close in time 
have the same 
damage as a single 
superstorm?

� Is it possible to have 
a season of 
“superstorms”?

 



 

 

Characteristics of Superstorm ‘93

Superstorm 93 was named as such by the Weather Channel. At one point in time it 

encompassed 26 states in the USA, part of Northern  Mexico, and northeastern Canada. 

In the US state of Florida it was called the “No-Name” storm. Florida is accustomed  to 

hurricanes that are named and come from the Atlantic or the Gulf of Mexico. This 

particular storm developed over the eastern half of North America and extended from 

Canada to Cuba. Cubans recognized this storm as an extraordinary out-of-season 

surprising extra-tropical event. Its development was considered to have been successfully 

forecast 5 days in advance. Other forecasts related to it were not as good in Florida and in 

North Carolina, as the heart of the superstorm moved into these areas. 

 



 
 

SuperCyclone Orissa 1999 (India)

To construct a detailed timeline of the meteorological and societal impacts of SC-99 

and of the forecast issued and disseminated. 

 

• To find out the accuracy of the forecast.  

• To collect information regarding the decisions being made during the cyclonic 

period.  

• To collect information on the frequency, severity and timing of storms similar to 

SC-99 in the historical record.  

• To examine how types of forecast of such events could realistically be improved 

at different lead times.  

• Using SC-99 as a case scenario examine how issuing more detailed forecast 

might have affected  human behavior, changing the societal impact of the 

storm.  

• Compare actions during SC-99 with actions during more recent storms.  

• Use the result to analyze whether there is a lead- time beyond which forecast of 

such storms would no longer be useful to different groups.  

• To make SC-99 as a case study which can be of value to 3 disparate research 

communities, including both physical and social science. 



 

 

Orissa cyclone devastation ‘99

These are photos taken during and after the SuperCyclone Orissa in 1999. Orissa is 

admittedly one of the poorest and therefore most vulnerable states in India. Cyclones 

moving up the Bay of Bengal put the east coast of India as well as the much of 

Bangladesh at risk to their devastating tidal surges and winds.  

 

In this event an estimated 20,000 people died in Orissa. 



 

 

Super Typhoon Maemi 

September 3-13, 2003

This super typhoon has been included in part because of its uniqueness (the worst 

typhoon to hit Korea since 1904), in part because the high impact weather meeting is held 

in Korea, and in part because of its devastation to life and property. It is a recent super 

event (September 13-16, 2003 as far as Korea is concerned). It also provides an East 

Asian example alongside a South Asian (super cyclone 99 Orrisa, India) and a Central 

American example (Hurricane Mitch, Honduras). 



 

 

Super Typhoon Maemi

This graphic depicts the path taken by the Super Typhoon Maemi. Although I focus here 

only on Korea, the superstorm caused death and destruction all along its path though 

other countries as well. 

South Korea's worst-ever typhoon: $1.4 billion in damage, battered Busan (main 

port) and industrial southeastern coast; 117 dead or missing.  

 

Economists predicted significant drop in Korea’s economic growth forecasts; 

some expected a 33% shrinkage.  

 

Criticism rises about the lack of disaster response and preparedness by 

government. 

 



 

Weblines for Super-Typhoon Maemi

The media in Korea covered the impacts of the typhoon for many months after the event.  

They reported on the damages done to the country in terms of its damage to life and 

property. They also, however, focused on the political fallout for the government, as all 

parties questioned the official responses to the forecasts and to the impacts.  

 

The biggest concern seemed  to be the adverse impacts on the economy. For example, 

the cranes that loaded the ships with containers at Busan, Korea’s second largest city, 

were destroyed. It was suggested that this would have a major impact in the following 

year on the shipping industry as new cranes would have to be built. 

 



 

 

Maemi destruction 2003

Images of the destruction in the wake of Super typhoon Maemi, mid-September 2003. 



  

Typhoon Man-Yi  (July 13, 2007)

 

TOKYO, July 13, 2007 (From AFP) - A powerful typhoon hit Japan's southern Okinawa island 

Friday, cutting power to nearly 100,000 homes and grounding hundreds of flights. Man-Yi, the 

fourth typhoon of the season, lashed the subtropical island, whipping up waves of 12 metres off 

the Okinawa coasts and turning over trucks in roads. Seven people have been injured in Okinawa 

from the typhoon since the storm approached Thursday, although none of them were in serious 

condition, according to police and the crisis management office. Men trying to clear the damage 

clung to trees to withstand the violent wind and rain, which was so forceful it uprooted trees and 

knocked over large fences, television footage showed. The storm cut off electricity supply to 

99,400 households in the Okinawa archipelago. "The winds are so strong. Our staff are on 

standby at branch offices, waiting for the winds to calm down," a spokeswoman at Okinawa 

Electric Power said. The injured people included a 48-year-old man who fell six metres when he 

was fixing a television antenna on his roof, officials said. Heavy rain was also reported in parts 

of the Japanese mainland, with 79 millimetres drenching the city of Hyuga on the southern island 

of Kyushu in one hour alone, raising fears of landslides. Man-yi, described as "extremely strong" 

by the meteorological agency, is packing wind gusts of up to 252 kilometres an hour. The storm 

remained over the island 50 kilometres north of the Okinawan capital of Naha at midday and was 

moving north at 20 kilometres an hour.   



 

 

Super Sandstorm 2002
(in Northern China)

This has been referred to as a super sandstorm originating in northern China. It provides 

yet another example of how aspects of atmospheric processes (strong winds, in addition 

to droughts, floods and poor land use referred to as desertification) can affect the 

chemical and other constituents of the atmosphere. It is clearly a climate-related event 

that has resulted from the intersection of climate and land use processes. 



 

 

Beijing, Forbidden City

Liaoning Peninsular before and after sandstorm

Beijing commuters

These photos are presented to show the degree of severity of the 2002 dust storm’s 

impacts at ground level. It had an adverse effect on human health. 

 

This particular sandstorm was captured by satellite images and covered a relatively large 

area as it moved from the Chinese mainland across Japan and Korea out over the Pacific 

toward North America. The dust was intense as it passed over Korea and Japan, but as 

U.S. atmospheric scientists predicted, it was greatly diminished by the time it crossed the 

cloudy Pacific.  

 

It captured media interest because of its magnitude and also because it could be viewed in 

real time as it developed and drifted eastward. It was a newsworthy weather related 

episode of interest to the media and in turn to the public and to policy makers along the 

dust storm's route. 

 



 

 

High Impact Climate:
1997-98 El Niño of the 20th 

Century

El Niño is a High Impact Climate episode that catalyzes the onset 

of High Impact Weather events

The El Niño of 1997-98 was called the El Niño of the Century. The estimated damage 

globally ranged from $32 billion US (NOAA) to $96 billion US (Munich Re).  

 

The warming of the sea surface was rather rapid in February and March 1997 and it was 

not forecast by any of the 19 models at the time. After re-initializing various parameters, 

the forecasts improved. However, the El Niño collapsed much more rapidly than expected 

in May 1998 and the rapidity was not forecast. 

 

The fact that this El Niño was such a major warming in the tropical Pacific surprised 

scientists because they had already declared the 1982-83 event as “the El Niño of the 

Century”,  thinking that such events were rare occurrences.  

 



 

 

Ocean temperature profile, 

equatorial Pacific during 

the 1997-98 El Niño of the 

century

This graphic represents what El Niño really is. Most of us talk about sea surface 

temperatures but what is most important is the depth and volume  of the warm body of 

sea water under the surface. The TOGA TAO array of fixed buoys captures the 

temperature profile at depth across much of the  the equatorial Pacific. 



 

 

Impacts That Generally Accompany 

El Niño Events

Elsewhere I have argued that El Niño is a spawner of climate, water and weather-related 

hazards around the globe. Not all locations are affected by El Niño but there are some 

locations that are expected to feel the impacts of an event whether it proves to be a weak 

or an extraordinarily warm event (e.g., Peru, Ecuador, Australia, Philippines, Indonesia, 

Ethiopia, Mozambique).  

 

•El Niño represents a climate signal which means there is some degree of 

predictability 

•It is the earliest warning of foreseeable climate-related anomalies and 

impacts that a government can get  

•Monitoring El Niño’s evolution has greatly improved (TAO Array & Argo 

floats) 

•Again: El Niño is known as a hazard-spawner in some locations around the 

globe 

•It provides some lead time to act in some places/countries 

 



 

 

El Niño-related fires & haze
1997-98

The Indonesian fires that took place during the 1997-98 El Niño drew the attention of the 

international community and especially the United Nations. The haze from the fires 

affected air quality in the region, prompting many governments to complain to the 

Indonesian authorities. Health problems resulting from the air pollution were a major 

concern. There were two ship collisions and a plane crash that were attributed to poor 

visibility as a result of the widespread fires. It was estimated that about 9 million hectares 

were burned. 

 

The Indonesian government was quick to blame El Niño for the fires, as fire frequency 

does increase due to El Niño-related drought in the region. However, closer scrutiny 

exposed the fact that many of the fires were set in order to convert protected tropical 

rainforest reserves into the cultivation of plantation crops such as oil palm. Eventually, 29 

companies were fined and several of them were owned or in partnership with high 

ranking government officials. 



 

 

Concerns About Climate Change

� Some Changes Can Be Expected
� Others Cannot Be Anticipated

� Types of surprises:Types of surprises:Types of surprises:Types of surprises:

� Expectable, unexpectable
� Timing
� Location

� SurprisesSurprisesSurprisesSurprises

� Climate
� “Superstorms”

� Climate-related
� Droughts, floods, fires, 
infectious disease outbreaks, 
e.g., “events of the century”

� Antarctic ice disintegration
� Widespread food shortages

Scientists suggest that, under the influence of global warming of the atmosphere, there 

will be an increase in the intensity, frequency and magnitude as well as the location of 

extreme climate- and weather-related events. However, regional and local changes in 

climate are not yet known with confidence. How then is a society or its leaders to respond 

to warnings about the potential dire consequences of global warming? 

 

The three type of response to global warming that researchers have focused on are as 

follows: adaptation, mitigation and prevention. In the early 1980s prevention was a 

popular proposed response to climate change by calling for limits on the emission of 

greenhouse gases into the atmosphere. When it was seen how intractable it might be to 

prevent global warming, attention shifted to adaptation. Adaptation was confused with 

mitigation in the sense that the former refers to reactive adaptation – let it happen and 

adjust to the change – and the latter referring to pro-active adaptation --- anticipate 

change and take evasive actions. Today, suggested responses to climate change are mostly 

in the adaptation category but where adaptation now means both re-active and pro-active. 

  



 

 

Extremes will change
in a WARMER climate

Extremes such as 
typhoons, floods, 
droughts, fires, 
heat waves and 
disease outbreaks

Summer 
2003

53,000 
dead

Some changes at the local and regional levels can be anticipated. Each locale has its own 

set of hazards with which it has had to contend. They can assume that they will still have 

to contend with them though the timing of occurrence and intensity might change. Even 

the location within the country of impact could change. Some of these changes may 

already have occurred in a region's history. That is why it is useful if not imperative to 

look back into history for likely climate- and weather-related impacts. 

 

It is important to note that the industrialized parts of the globe are vulnerable to climate 

variability and change and to extreme events, as are the developing countries. The ‘rich’ 

countries may have the resources to rebuild more easily than the poor countries but the 

risk ones will still suffer from deaths and destruction. 



 

 

Demographic Changes affect severity 
of climate impacts

•People move into marginal areas: poorer soils, unstable slopes, variable rainfall, shorter 

growing season. 

 

•People move into low-lying coastal areas that are subject to tropical storms, tidal surges 

and sea level rise. 

 

•These photos show how people have moved into “harm’s way” by building close to risky 

locations: coastal flooding and inuncation from sea level rise, mudslides due to living on 

steep unstable hills and mountainsides, overusing the land surface with too many livestock 

(sheep and cows). 

 



 

 

EWSs more important than some 
governments might realize

This graphic is designed to show the author’s view of the role of early warning systems in 

societies, developed and developing. Most governments do not realize the importance of the role 

of early warning systems in keeping a society stable and safe for external or internal influences 

that can ultimately destabilize it. 

 

The goal of governments is to flatten the apex in the inverted pyramid in order to build in a bit 

more stability to a social, political, economic system that is in unstable equilibrium. 



 

 

Highlights about 
early warning systems

EWS are more important than most governments realize

� People disagree about each word in EWS 

� (early, warning, system)

� Early warnings are politically sensitive

� One EWS does not fit all users’ needs

� EW is a risky as well as a thankless job

� “Success has many fathers. Failure is an orphan”

� People recall failed warnings more than successful ones

 



 

  

Highlights about High Impact 
Events & Superstorms

� “Superstorms” is an emerging category of 
high impact events.

� Decision makers need to realize the value to 
society of early warnings of high-impact 
hydro-meteorological events.

� Share experiences of coping with high impact 
events across political borders, cultures and 
continents.



 

 

In history classes, teachers tell students such things as the 19
th

 century was the British century; it 

controlled the high seas. The 18
th

 century was the French  century because of its cultural 

influence; the 15
th

 century was Portugal's. the 20
th

 century could be called the American century, 

or the Soviet century. Some now suggest that the 21
st
 century is China’s century.  

 

I do not think this century will belong to any country. Instead, it will belong to climate. There 

will be more extremes, changes and catastrophes related to climate --- droughts, floods, fires, 

disease outbreaks. There will still be wars and other events that capture the public’s attention but 

a recurrent theme will be climate, weather and water and their links to societal needs in the 

future. 

 

That is why I am convinced that the 21
st
 century WILL BE the climate century. 


