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Environmental Catastrophism

ABSTRACT

Introduction

As the dawn of the 21st century comes into view,it seems that
péople have ﬁérceived the warm sunshine of the new century and
: ha/ve dreamed of new life brought up by high technology. Howev-
er, some people"get neither surprise nor reverie again as they
stand under and glare at the solemn sky,although stars are still

flashing at night as before. They have discovered that there are
' countless bifurcations in the spectrum of new era,which diverges
into future. What will be the fate of human beings? Whether is
the orbit we have taken a sunny highway or a narrow, zigzay
lane?

Dickens once described the chaos in Britain, which was arising

from the first industrial revolution in 19th century;

This is the worst era,
This is the best era.

This is a foolish era,
This is a despair era,
This is a hopeful era.
There is a.nothing ahead,
There is all ahead.



As human beings are about to come to the end of 20th century,
“New Order” historically become the most fashionable pet chase
of politicians. East Europe collapsed violently like the dominoes.
The Soviet Union vanished legendarily. It is clearly showed: to
the world that an era is to end and the other is coming. There is
no doubt that the old order has disappeared and new frame is go-
ing to be established. Although there have been a great number
of critical points in the past such as the origin of universe, the
evolution of earth, the transition of environment,and develop-
ment of civilization, the world must have ‘never been more
changeable and sensitive than today. The catastrophic symptoms
cannot be ignored once more unless man are unable to response
to the environmental changes or he turns back on time vector. In
short,we human beings must not turn blind eye to the facing bl—
furcation and catastrophic tendency. We must not lose the chance

to select the evolutlon route and create a sustainable earth.

Nowadays , we live in an economic-social-environmental compléx
system, which is much more complicated and sensitive than what
was described by Dickens. When the mother earth appeared on
the “Times”,being bound by ropes,and surprisedly becoming the
Man of 1988;when the flood wantonly swept East China in 1990;
when the volcanoes suddenly erupted in Japan and Philippine in
1991 after they had been dormant for about one thousand years ;
when Shoemaker Comet struck on Jupiter in: the summer of
1994; when the sky and the river are dyeing black and gray by
human activities ,do we indeed have no power to deal with those
kinds of catastrophe but to accept-the tragedy?ls it possible to in-
terfere the natural process and select the suitable evolution ap-
proach? Who will be responsible for the future of earth In parti-
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cular, what is the role of environmentalists in saving ecosystem

and establishing the peace and well-developed world?

Man has been the slave,the general, host,and finally the friend
of the nature. The bloody experience and large cost make politi-
cians, scientists, engineers, and businessmen come out of their
own ivory towers and take a seat for the common topic:environ-
ment and development. Global changes have given rise to more
concern about environmental problems such as sea-level rise,
green house effect,ozone depletion,and acid rain. Unfortunately,
most people don’t aware of how risky those problems will imperil
their children. On the contrary,what they are interested in are
the new and fashionable words. It is likely to happen in future
that our children have to buy fresh air by Franc if people don’
really understand the nature of environmental catastrophe and

prepare for it in advance.

A man can’t step into the same stream twice . It is well-known
that the world continues changing. But how does the environ-
mental system evolve? What is the rhythm of evolution? What is
the theme of evolution, gradual chaﬁge or catastrophe? What is
the mechanism of catastrophe? It often happens that either the
small uncertainty or unexpected deviation in the environmental
system may result in collapse of a model which is compiled by
computer language. Similarly,a comprehensive plan may sudden-
ly become useless only due to the slight variance of policy or an
unexpected disaster. How can we copy with those unhappy‘prob-
lems? It is the complexity science that provides us with the possi-
bility to understand the phenomena in far from equilibrium state.
New mathematics methods such as fuzzy mathematics,gray sys-
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tem,and catastrophe theory have been incréasingly used in envi- .
ronmental assessment, prediction, and planning. But, most of
them are applied to extrapolate the results obtained in near equi-
librium condition to far from equilibrium circumstance. In fact,
we are facing the challenge of non-linear phase transition. So the
writers audaciously contributes the preliminary ideas about envi-
ronmental catastrophism to cur readers,because we believe that
man can understand it,interfere it,select the suitable pathway in
chaos,and establish a new order,although catastrophe is unpre-
dictable according to its nature. Chairman Mao once pointgd out
“that not only can we break an old world,but we will establish a
new one. With the effort of all people,the peace,justice,and sus-
tainable earth come into the world. from Da Luan (great disorder)

to Da Zhi(great order)as Chairman Mao once hoped.

Being involved in geology and environmental science,the writers
can trace back to 20 billion years ago when stars were born. It
makes the writers look on the world of today with a critical eye
and in a large dimension of time and space. We notice that there
are a word “catastrophe” which links yesterday and today of
earth when we look at the records of both geological history and
human civilisation. The ideas in this book are germinated in the
research and teaching on environmental science. Firstly, it is
“risk ” that absorbs the writer like an attractor, then
“ uncertainty ” pull the writer into a new area where
“catastrophe” pushes the writer into a deep river. It is many
great scientists, such as Prigogine Haken, Laszlo, and Xu, who
lead the writer to cross the chaotic river by touching the stones
of complexity science. Youngsters are used to being bold and go-

ing to extremes. The book also involves some social aspects of



catastrophe, although it mainly deals with the natural system.
The aim is to make the readers raise their heads ‘from their own
research areas and take a glance at the nearby fields. The readers
are expected to enjoy the catastrophe world mixed by joys and
sorrows and then get some ideas to deal with disasters and catch
the chance provided by catastrophe. People would not resent the
Chinese words more than Zai (disaster) and Huo (misfortune),
but the twin always accompany people in'the whole life. Howev-
er,catastrophe in this book is defined as the nonlinear transition
in the chaotic state and may occur in forms of sudden environ-
mental change or social revolution. It also produces the chance of
successful evolution,though its Chinese meaning is similar to Zai

(disaster) and it usually bring us the disasters.

It is the discussion with the friends and especially the studeﬁts of
Department of Environmental Science,East China Normal Uni-
versity that encourage the writers to try to figure out the catas-
_trophe phenomena from chaotic environment. Thanks are given
to China Environmental Science Press,in particular to editor Mr.
Wu Zhenfeng. Without the unconditional help from friends and
the love of families, the book would not come into the world.
Therefore,the book primarily dedicates to those respectable peo-
ple,and to the coming 21st century.

Part i Catastrophe—theme of environmental
changes

As the 21st century approaches,no one will be against the fact
that the world is accumulatively changing. But the rhythm and
theme of evolution still remain arguable. Newton created a great
paradise where the mechanic equations determine the movement



of everything under heavens. On the other hand, the Newton
model led people to the deterministic circle where time and space
are reversible ,and hence today is designed and decided by yester-
day as Lyell said that the present is the key of the past. Although
the Newton system were impacted by the achievement of thermo-
dynamics and relativism, it still greatly affects on the thinking
mode of people until the complexity science such as irreversible
thermodynamics, dissipative structure, synergistic, and catastro-
phe theory come into the world after 1970’s. They together con-

tribute to achieve the understanding the irreversible phenomena.

From a macroscopic point of view,the state of environment is di-
vided into three types: equilibrium; near equilibrium; far from
equilibrium, Generally,the former two are classified as equilibri-

um state.

Actﬁaliy,the Newton system is grounded on the equilibrium situ-
ation, where the movement is deterministic the process is re-
versible in terms of time and space, the structure is stable and
hence the trend of system is predictable. On the contrast,the sys-
tem is sensitive,irreversible,and unpredictable in far from equi-
librium state, where system keep stable mainly due to the ex-
change of entropy from outside and self-organisation. The envi-
ronment we live in is undoubtedly a far from equilibrium system,
i. e. chaotic system. The change in this kind of system is depen-
dent on the non-linear amplification in critical point rather than
on time and position. Catastrophe may derive from two approach-
es;outside fluctuation is large enough to destroy the structure ;ei-
ther outside or inside small fluctuation firstly leads a system into

a unstable state,and then one of the fluctuation becomes the gi-
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ant fluctuation. Catastrophe is characterised by the destruction of
the original structure and the lose of the function. The overall
process of evolution could be described as a step like model which
is made up of long term gradual change and short term catastro-
phe,and the latter is the theme of evolution. It is believed that
the evolution quantity is usually determined by few sudden and
powerful changes, though the evolution of a system remains in

gradual change in majority of time.

Catastrophe can be caused by the bifurcation of natural change,
social evolution,and technological revolution. The several exam-
ples are given in this Part to show the processes of catastrophe in
vatiety of aspects. It'is emphasised that the fluctuations may have
either an external or an internal origin and catastrophe may be-
come the source of new order. Catastrophe has dual nature; it
does not always stand for disaster,instead, it provides us with
the opportunity to createa new order.

Part ii Catastrophic records in earth history

Before the advent of modern geology, the knowledge of the
earth’s(history was based mainly on the religious stories. The dis-
covery of radigactivity has enlightened. geology in that it makes
the accurate dating of the age of the earth and its evolving events
possible. Geologists suggest that the earth has 4600 million
years’ history,that though much about the earth’s history need to
be unraveled,they can still feel a sound sClear theme in the evolu-

tion history of the earth,that is,catastrophe.

The collision of asteroids and comets with the earth, the inver-
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sion of the earth’s magnetic field,the eruption of volcano,earth-
quakes,etc. ,play an important role in the evolution of life and
the planet. Attempts to explain the extinction of the dinosaurs
have not been lacking,ranging from the collision with the earth
of comets or small planets,high energy radiation caused by the
explosion of supergiant stars, to the intensive fire all over the
world. The final solution,however,need to include the studies of
physiology and heredity of the living,universal events such as the
collision of asteroids or comets with the earth and events such as
volcanism, reverse of geomagnetic field, climate change, etc.
While addressing the dynamic effects of impacts, the flux of
earth-crossing 'asteroids and comets are estimated. A brief de-
scription of the story of the Mediterranean being a desert during
the exciting years of geoscience revolution are given,and we fur-
ther suggest that as huge strata of salt of different geological pe-
riods are distributed in other parts of the world,desertation may
well have its repetitions in earth history. Also addressed in this
part is the distribution of glaciation during Ice Age in the world,
some indirect effects of the glaciation,as well as other glaciation
in the early history of the earth.

Civilization derives sustenance from th geological environment
water ,s0il ,mineral and energy resources,yet the abrupt changes
in the geological environment could also change the history of
civilization. Voleanic activity is generally perceived as a process
that produces a pictur;asque ycone-shaped structure which periodi-
céliy erupts in a violent manner. Hazard of mudflows,lavaflows,
tsunamis are the most important effects of volcanic activity. In
the past 200~300 years,there has been a new,but powerful con-
tributions to changes in the earth’s environment human being.
—_ X — -



Wars, industrialization, exploration of minerals, the burning of
fossil fuels, deforestation, population growth and the expansion
of cities have all damaged our planet. When it is thought that the
great technological skills, as exhibited by landings on the moon
and other types of space conquest, should place mankind on a
special pedestal, man becomes humbled by the losses resulting
from volcanic activity, earthquakes, landslides, floods and hurri-
canes. Measures should be taken that reduce manmade changes in

Earth systems to the barest minimum.
Part iii Development in catastrophe

It is clear that we are facing the challenge of the eavironmental
catastrophe which is more hazardous than ever before. Although
the Horror Prophecy about the end of the world in 1999 is not a
scientific prediction ,man has truly been enveloped in the shadow
of environmental risks. First of all, the risk results from the po-
tential strikes of asteroids and comets. The strike from 6utspace
has been proved possible and its consequence is inevitably terri-
ble. Taking the strike of Shoemaker Comet with Jupiter in 1994
as an example,people will undoubtedly believe that if it happened
on earth,we would be unable to copy with it but to accept risk.
The hazard from outspace makes man to fall in dilemma,because
it will cause unimaginable disaster once asteroids visit the earth,
although the possibility of strike is so low that man used to ne-
gleet it.

Environmental risks have gained much attention,but human re-
sponse to environmental risks remains in a disorganized state to a
great extent. Environmental risk is increasingly threatening hu-
man beings and expanding into all aspects of our life. In particu-
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lar, the environmental deterioration,such as biodiversity damage
and global climate change,is likely to result in catastrophic im-

pacts although it seems not significant in a short time.

What is the landscape of 21st century as a whole? Many well-
known politicians and scientists have put forward their predica-
tion and view. Unfortunately, no matter how optimistic or pes-
simistic they are,environmental risk has not been recognised as a
prior factor to affect on the development of the world in future.
Considering the huge environmental load arising from population
explosion, new technology,nuclear power,and so on. The envi-
ronmental risk will reach its alarm level if we don’t deal with it
effectively.

Environmental risk assessment mainly involves risk identifica- ‘
tion, hazard evaluation,and exposure assessment, providing the
risk management with a effective route. In a comprehensive risk
assessment, the risk quantity is given and compared to acceptable
risk level. So that the government can make decision according to
risk level which is generally divided into several classes depend-
ing-on the hazard degree. Risk analysis has been widely and suc-
éessfully.used in environmental assessment of nuclear power sta-
tion and hazardoys chemicals. Taking the land subsidence and a
petrochemical plant in Shanghai gs the examples,the methodolo-
gy sprocedures,characterization of risk assessment are introduced
in this Part. But risk assessment is limited in developing coun-
tries due to its high expense and lack of data needed. Moreover,
the uncertainty in the risk assessment should be evaluated when

the results are applied to risk management and policy making.
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The mechanism of catastrophe cont.rol is briefly introduced on
the basis of catastrophe theory. Although the catastrophe in a
chaotic environment is accurately -unpredictable, the transition
point. probability of catastrophe could be predicted by using risk
assessment model. It has been proved that man can interfere and
select suitable evolution route in chaos. Mao is thought to be a
great man who is good at catching opportunity to succeed in dis-

order situation.

" Re-evaluating the man-made activities in terms of environmental
concerns y there have been a number of errors in our mind and be-
haviour. Some of them are listed in this book with emphasis on
the risk transfer of hazardous waste and pollutant. Environmen-
tal ethics should be established in modern society and become the

standard of human behaviour.

Sustainable development is the best route to establish a peace,
justice ;and developed earth. To survive and develop in the catas-
trophic environment. it is strongly recommended that environ-
mental risk should be adequately assessed before the projects are
issued on both local and international scales to ensure that any
potential adverse impact will be mitigated to an acceptable level.
The disaster prevention system. in particular, the first aid, pre-
vention exercise,and prevention consciousness of citizens should
be strengthened in developing countries. Engineering-based pre-
vention strategy needs to be improved in developed countries. It
is pointed out that environment conservation should be the core

policy of local development and international relationship.

To sum up,our aim is to leave a better and sustainable earth and
_— Xv p—



no qualm to our generation. We are waiting for one day when we
retire from environmental service,we can proudly tell our chil-
dren that the youth of their grandparents has been devoted to the

protection of a sustainable earth,the greatest cause of man!
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