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Convergence theory postulates that development follows
‘the logic’ of measurable technological innovations,
such that all societies, no matter how dissimilar ini-
tially, converge in structure, process, and attitude as
they adopt ‘superior’ (Western) techniques. Employ-
ing a systems theory perspective, I provide evidence of
convergence in natural systems (ecosystems, species,
and organisms), social systems (cultures and languages),
and technical systems (infrastructures and patterns of
human settlement) as a direct result of human agency.
However, following from Ashby’s law of requisite
variety, rather than producing beneficial effects, these
convergences are having severely deleterious, even
species-threatening results. Originating in Western
countries, these convergences are continuing. The
paper concludes that diversity, not convergence, is a
major Key to our continuing evolution on Earth.

Introduction

IN 1960, Clark Kerr' and his colleagues produced one of
the classic statements on convergence theory in which
they set out ‘the logic or imperatives of industrialization’,
i.e. those uniformities (universals) that appear in social
structures and social processes regardless of where in
the world or in what cultural context industrialization is
introduced. An offshoot of modernization theory, conver-
gence theory postulates that change occurs through the
introduction of ‘superior’ technological methods, which
upon worldwide diffusion and adoption causes hitherto
diverse cultures and people to respond similarly. Over
time, given the common stimulus of industrialization,
there occurs a convergence in patterns of social organiza-
tion and individual values and behavior.

Convergence theory contains within it the implicit
assumptions that development is unilinear and technologi-
cally determined. To the extent development takes place,
it will follow the (technologically) ‘superior’ path taken
by the West. In the words of Ketr et al. (p. 223):

Industrialization came into a most varied world; a world with
many cultures, at many stages of development from the primi-
tiveness of quasi-animal life to high levels of civilization. It
was a world marked by great diversity; in terms of the con-
trast between the least and the most civilized societies; a
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world more diverse than at any other time during the history
of mankind on this planet. In the midst of this disparity of
systems there intruded a new and vastly superior technique of
production; a technique which by its very nature was bound
to spur imitation, since the modern was always superior. This
technique knew no geographical limits; recognized no elites
or ideologies. Once unleashed on the world, the new tech-
nique kept spreading and kept advancing.

Although convergence theory has received only mixed
empirical supportz, it advances in no uncertain terms that
what is ‘modern’ is ‘vastly superior’, and that, therefore,
the Western (American) model of development should be
emulated by all humankind®. In this paper I will dem-
onstrate two incontrovertible points: (1) there is strong
evidence of convergence in several areas of human acti-
vity; and (2) rather than producing beneficial, ‘vastly
superior’, development effects, convergence in these acti-
vities is having severely deleterious, even species-
threatening results. Based on systems theory in general
and Ashby’s law of requisite variety* in particular, I will
document how the systematic removal of variety by
humans in natural, social, and technical systems leads not
only to convergence (i.e. ‘severe constraint’), but could in
addition pose serious consequences for humankind. As a
result, this paper also has implications for contingency
and crisis management in public policy’.

Theoretical framework

A system is a set of interrelated elements which interacts
dynamically with its environment. For any given system,
an environment is the set of all elements outside the sys-
tem whose attributes affect the system, and also whose
attributes are changed by the behaviour of the system®.
What is considered to be a system as distinct from its
environment depends upon the level of analysis and the
problem at hand.

Ashby’s law of requisite variety states that ‘the variety
within a system must be at least as great as the environ-
mental variety against which it is attempting to regulate
itself”’. In other words, variety within a system, organiza-
tion, or society is essential for its survival and ongoing
evolution. Based on the principle that if elements within a
system are different rather than similar, the system itself
will be more resilient to external threat or attack, Ashby’s
law applies equally to all systems — natural and human
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made (i.e. social, and technical). For example, ‘a classic
example [of convergence in a natural system] is the dan-
ger of monoculture with genetically similar or identical
plants: a single disease or parasite invasion can be suffi-
cient to destroy all crops. If there is variety, on the other
hand, there will always be some crops that survive the
invasion’®. Similarly, with regard to social systems, Buck-
ley’ states:

A requisite of sociocultural systems is the development and
maintenance of a significant level of non-pathological devi-
ance manifest as a pool of alternate ideas and behaviours with
respect to the traditional, institutionalized ideologies and role
behaviours. Rigidification of a given institutional structure
must eventually lead to disruption or dissolution of the soci-
ety by way of internal upheaval or ineffectiveness against ex-
ternal challenge.

The same principles apply also to technical systems.

These three systems parallel Jacques Ellul’s’ concep-
tion of the milieus or environments in which human
beings exist. According to Ellul, the relationship of people
(i.e. organic [natural] and social systems) to their milieu
(environment) is crucial for their survival. A milieu pro-
vides the means for existence, ‘but at the same time, the
milieu is what puts one in danger. Hence, a milieu both
makes living possible and also forces change, obliges us
to transform who we are because of problems arising from
the milieu itself” (p. 60, ital in original). Here, Ellul intro-
duces the notion of human evolution.

He states that historically humankind has moved suc-
cessively from living predominantly in a natural environ-
ment during the hunting and gathering era, to a largely
social environment as a result of the agricultural revolu-
tion, and finally to a technological environment (produced
by the industrial revolution) which is best manifested by a
megalopolis with its complex infrastructure. In a natural
environment, nature provides sustenance, but also major
perils. In a social environment (e.g. agricultural commu-
nity or village), nature is mediated by the prevailing sys-
tem of social organization which among other things is
responsible for the division of labor, distribution of re-
sources, and protection of the community. Major prob-
lems in a social environment involve the allocation of
authority and external threat.

In a technological environment, which is nested in a
social environment, which in turn is based in nature, the
basis for human survival is technological (e.g. the sup-
porting metropolitan infrastructure and the modern urban
residence), as are major threats to existence, an example
being the 1995 nerve gas attack on Tokyo’s subways
which killed 12 people and injured more than 5000 (ref.
10). However, natural disaster and social upheaval still
pose threats and, in fact, the technological environment
can and does compound them. Concerning natural adver-
sity, witness the 1995 earthquake in the city of Kobe:
5000 dead, 26,797 injured, 300,000 homeless, 103,521
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buildings destroyed, and more than $100 billion in damage'".
And regarding social conflict, consider the atomic bombs
detonated over Hiroshima and Nagasaki in August, 1945:
270,000 men, women, and children killed as a direct
result'>"”. Consequently, as a result of living in a techno-
logical environment, we (i.e. single and multiple natural
and social systems) can employ technological means to
accomplish natural, social, and technical objectives, but
this same environment also represents our most severe
threat, whether by itself, or in interaction with the other
two milieus.

Thus, from a systems theory perspective, we have a
dynamic and complex set of loosely coupled as well as
formally organized human social systems existing in a
natural environment which is mediated by a social envir-
onment (society) which itself is overlaid by a technologi-
cal environment. In this paper, I will provide examples of
convergence in natural, social, and technical systems as a
result of human activity in these overlapping environ-
ments. In addition, in terms of Ashby’s law of requisite
variety, I will attempt to assess the potential effects and
possible future consequences of these convergences. First,
however, it is necessary to specify precisely what is meant
by convergence so that it may be recognized empirically.

Convergence may be defined as more similarity (i.e.
less variety) among elements in a system on one or more
attributes or variables at Time 2 than Time 1. According
to Inkeles', ‘more than one pattern of change over
time . . . can lead to a point of convergence’, although he
does not specify all the possibilities, which are:

¢ all (or some) elements move from different positions or
values to some common (or less diverse) point(s) or
value(s);

¢ a higher growth rate occurs among similar elements
within a system than among dissimilar elements;

e dissimilar (and independent) elements combine into
similar constellations of interdependent elements;

e dissimilar elements exit the system, leaving relatively
similar elements;

¢ some combination of the above.

Another important point that Inkeles makes with regard
to convergence, especially as it applies to Ashby’s law of
requisite variety, is that critical thresholds of change may
be more significant than absolute differences among ele-
ments, thus suggesting qualitative as well as quantitative
assessment. Obviously, the best conditions under which to
determine whether or not convergence is occurring would
be to have comparable time series data over a sufficient
historical period. However, this is not always possible,
and so consequently, where necessary, I will use esti-
mates, extrapolations, and qualitative indicators of change.

In order to provide definitive demonstration of conver-
gence in natural, social, and technical systems as a result
of human agency, and the debilitating effects this is
having on our survival chances as a species, a far more
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comprehensive analysis of these systems would be
required than is offered here. However, in many cases,
there are just not sufficient and demonstrably clear data
spanning the range of human activity over time to be able
to make these claims. Rather, this paper presents illustra-
tive and, hopefully, compelling cases to suggest that we
are presently at a critical juncture in terms of our continu-
ing evolution. If we wait until we have clear and un-
equivocal data, it may be too late to act. What is required
is open and challenging debate by those knowledgeable in
these areas of human activity in order that we may esta-
blish viable, precautionary courses of action now. This
paper forms part of that debate.

Convergences in natural systems

Approximately twenty years ago, the concept of biologi-
cal diversity or ‘biodiversity’ (i.e. ‘the total variability of
life on Earth’) was coined largely in an attempt to focus
research on the extent to which human beings are contri-
buting toward environmental degradation, and whether
some of the evident trends are reversible". It was also at
this time that the concept of sustainable development
originatedlé. Following the 1992 UN Conference on Envir-
onment and Development and the signing of the Convention
on Biological Diversity (CBD) in 1993 by 120 countries,
the United Nations Environment Programme commis-
sioned a Global Biodiversity Assessment'’. According to
the CBD'™:

‘Biological diversity’ means the variability among living orga-
nisms from all sources, including, inter alia, terrestrial,
marine and other aquatic ecosystems and the ecological com-
plexes of which they are a part; this includes diversity within
species, between species, and of ecosystems.

Consequently, analysis of biodiversity is taking place on
three broad levels: (1) organisms, (2) species, and (3) eco-
systems. As a result of human interaction with biological
systems on each of these levels, scientists are attempting
to chart the quality and quantity of biodiversity over time,
realizing full well that attempts to maintain biodiversity
on one level may have little effect, or even counter
effects, at other levels®.

Moreover, at this stage of scientific development,
knowledge is fragmentary and measurement is problem-
atic. For example, it has been estimated by various means
that the 1.75 million species identified to date represent
only about 13 per cent of the total number of species on
Earth. To complicate matters even further, in some cases
the same species have been identified independently and
given different names, while other species have been rele-
gated to sub-species status, and some sub-species have
been raised to full-species designation®’. However, it is
possible to provide some broad conclusions.

At the most general level of the biodiversity of ecosys-
tems or natural habitats, the UN Global Biodiversity
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Assessment”' notes that humans have had a most profound
effect on the total biosphere — ‘mobilizing an estimated
40% of its terrestrial biological production to their own
ends’. The Assessment identifies both direct and indirect
sources of human intervention in ecosystems”'.

Direct human intervention

exploitation of wild living resources

expansion of agriculture, forestry, and aquaculture
habitat loss and fragmentation

indirect negative effects of species introduced by
humans

pollution of soil, water, and atmosphere

¢ global climate change.

Indirect human intervention

human social organization

growth of human population

natural resource consumption patterns

global trade

economic systems and policies that fail to value the
environment and its resources

® inequity in the ownership, management, and flow of
benefits from both the use and conservation of biologi-
cal resources.

Although knowledge is incomplete, the scale exceed-
ingly complex, and measurement imprecise, the Assess-
ment concludes that ‘biotic impoverishment is an almost
inevitable consequence of the ways in which the human
species has used and misused the environment in the
course of its rise to dominance’ (p. 733). For example,
with respect to global warming, the Worldwatch Insti-
tute” provides the following recent report:

The Earth’s ice cover is melting in more places and at
higher rates than at any time since record keeping
began. . . . Scientists suspect that the enhanced melting is
among the first observable signs of human-induced global
warming, caused by the unprecedented release of carbon di-
oxide and other greenhouse gases over the past cen-
tury. . .. Loss of the ice would not only affect the global
climate, but would also raise sea levels and spark regional
flooding, damaging property and endangering lives. Large-
scale melting would also threaten key water supplies as well
as alter the habitats of many of the world’s plant and animal
species.

As to whether a critical threshold has been crossed is a
matter of conjecture. However, without a doubt, Homo
sapiens have exerted tremendous impact on the biosphere,
resulting in massive loss of biodiversity.

At the species level, given the fact that so many species
(mainly insects, fungi, and microorganisms) are yet to be
identified, and many are not easy to monitor™, it is diffi-
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cult to estimate precisely the impact of humans on species
diversity. However, once again, due to the sheer magni-
tude of human intervention in the natural environment,
conclusions can be drawn.

According to the Global Biodiversity Assessment™,
‘loss of natural habitats is the key ultimate cause of the
present high rate of [known] extinctions’. Changes in
habitat quality and habitat fragmentation, although not as
serious as habitat destruction, are also listed as causes of
species extinction. Other factors include changes in the
biotic environment (e.g. introduction of alien species,
human-enhanced spread of disease and parasites, and
genetic manipulation), and persecution and exploitation of
populations. Because of interaction effects between spe-
cies and the ecosystems within which they live, the causes
just cited are also factors in the loss of biodiversity at the
habitat level. Although it is acknowledged that extinction
of certain species is a naturally occurring phenomenon,
the range and rate of extinction has certainly intensified as
a result of human interference. According to Edward O.
Wilson®, ‘species are vanishing 100 times faster than
before the arrival of Homo sapiens’.

Knowledge of diversity at the organism level, or genetic
diversity, is least understood, although ‘it is sometimes
argued that all other aspects of biodiversity are a conse-
quence of genetic diversity’*®. However, the general con-
clusion, especially with respect to domesticated plants,
animals, and microbes, is that genetic diversity ‘is
increasingly being subjected to genetic erosion’*®. For
example, according to a report by the Worldwatch Insti-
tute”’, farmers in China are now growing fewer than ten
per cent of the wheat varieties they did in 1949, and in
Mexico, only twenty per cent of the corn varieties culti-
vated in the 1930s are now being harvested. Largely due
to practices adopted by modern agribusiness, which
favours mass-produced, pest-resistant, high-yield, uniform
crops and stock, genetically designed species are deve-
loped and grown, thus excluding other varieties of the
same species’. Again, biodiversity at the organism level
is being lost largely as a result of human agency.

Why is biodiversity important? Aside from being
important for the particular systems under siege and for
providing needed resources (e.g. food, water, shelter,
medicine) for human survival, there is a more comprehen-
sive set of reasons relating directly to Ashby’s law of
requisite variety:

The sheer diversity of life is of inestimable value. It provides
a foundation for the continued existence of a healthy planet
and our own well-being. Many biologists now believe that
ecosystems rich in diversity gain greater resilience and are
therefore able to recover more readily from stresses such as
drought or human-induced degradation. When ecosystems are
diverse, there is a range of pathways for primary production
and ecological processes such as nutrient cycling, so that if
one is damaged or destroyed, an alternative pathway may be
used and the ecosystem can continue functioning at its nor-
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mal level. If biological diversity is greatly diminished, the
functioning of ecosystems is put at risk>”.

To summarize, let us examine loss of biodiversity in
relation to convergence theory, using the particular case
of carbon dioxide emissions at two points in time. In
1980, 13,640.7 million metric tons of carbon dioxide were
emitted into the world’s atmosphere™. Of these emissions,
high income industrialized countries (then representing
25% of the world’s population’') were responsible for
63.9%, the per capita rate being 12.3 metric tons. In low
and middle income developing countries, per capita CO,
emissions were 1.5 metric tons. By 1996, global CO,
emissions had increased by 66.1% to 22,653.9 million
metric tons. However, the high income countries’ share
(representing 15% of the world’s population) had dropped
to 47.4% and their per capita rate remained constant at
12.3. In contrast, not only did a greater proportion of CO,
emissions originate in developing countries in 1996, their
per capita emission rate also increased by 66.7% to 2.5
metric tons’’. Thus, we have an illustration of conver-
gence with the developing countries ‘catching up’ to the
high income countries in terms of their CO, emissions.

Not only is this an instance of convergence, it is good
indication of which regions in the world have traditionally
been responsible for the global loss of biodiversity on all
levels of analysis. According to the UN Development
Programme”:

Globally, the 20% of world’s people in the highest-income
countries account for 86% of total private consumption
expenditures — the poorest 20% a minuscule 1.3%. More spe-
cifically, the richest fifth:

e Consume 45% of all meat and fish, the poorest fifth 5%.

e Consume 58% of total energy, the poorest fifth less
than 4%.

* Have 74% of all telephone lines, the poorest fifth 1.5%.
Consume 84% of all paper, the poorest fifth 1.1%.

® Own 87% of the world’s vehicle fleet, the poorest fifth
less than 1%.

Considering the processes by which these resources are
acquired, the actual absolute levels of consumption, and,
in many cases, the environmental consequences flowing
from consumption, it is evident that the industrially deve-
loped nations have exerted the greatest stress on the world
in terms of biodiversity. And given the trend toward con-
vergence, even greater pressure may be expected in the
immediate future. Clearly, convergence of this kind can-
not be sustained for long.

Convergences in social systems™

Recent research attention has focused on globalization
and the effects of information and communications tech-
nology (ICT) on cultural diversity. One emerging glo-

bal scenario, variously labeled ‘cultural imperialism’*.
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‘McWorld”™, “cargo cult’®, ‘global monoculture and

‘McDonaldization’®®, is that all cultures are becoming
increasingly homogenized as a result of Western, pre-
dominantly American, influences. Although this scenario
was posited much earlier in the form of modernization
theory””, it has gained renewed credence due to the capa-
bility of modern information and communication techno-
logical systems to superimpose Western transnational
corporate consumer culture (including values) on most
endemic cultures of the world. Throughout all major, and
not so major, urban centers on Earth, one is confronted
with the superstructure of McDonald’s, Coke, Nike,
Levi’s, Calvin Klein, Marlboro, Revlon, Barbie, Disney,
711, Hilton, Hollywood, and the Hard Rock Café. This
sociocultural superstructure is supported by a complex tech-
nical infrastructure (e.g. MTV, CNN, AOL-Time Warner,
Rupert Murdoch, the Internet, and Visa/MasterCard).

With regard to this infrastructure, it is important to
note that not only does it provide purely technical sup-
port, it also comprises a significant aspect of the global
cultural superstructure itself. For example, concerning the
media, Parenti*’ states that ‘the media may not always be
able to tell us what to think, but they are strikingly suc-
cessful in telling us what to think about’. In other words,
given that these media are themselves Western-based,
they construct a social-cultural world from a predomi-
nantly Western perspective.

The same is true of the Internet. Analysis of the Inter-
net, the worldwide network of personal computers
connected to host computers, indicates that it is over-
whelmingly American-based, English-speaking, and Western-
focused. In January 2000, approximately 73% of the
estimated 72.4 million Internet host computers were in
the United States, 80% in English-speaking nations, and
more than 90% of the Internet operated out of Western
countries™.

Unlike earlier technologies, information and communi-
cation technology is essentially cultural. Even though
computer software commands computers in binary code,
the software originates in words, the effective currency of
culture. According to Einstein*: ‘The mental develop-
ment of the individual and his way of forming concepts
depend to a high degree upon language. This makes us
realize to what extent the same language means the same
mentality’. And Gilder” further adds that we are now
reaching the stage where ‘the distinction between hard-
ware and software will all but vanish’.

Although earlier technologies incorporated aspects of
culture in their designs in the form of standards and regu-
lations, these were more limited in scope. But information
and communication technology, by its very nature, is cul-
tural. ‘The notion that information and communication
are, in fact, culturally neutral is the greatest myth of our
time.”** Consequently, given that ‘about 80 per cent of the
world market in packaged software is produced by Ameri-
can firms’?’, i.e. one monocultural linguistic system, and
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that ‘hardware designs increasingly embody software
concepts’™, cultural convergence on a massive scale
could well be the result. Moreover, Keniston’ notes
that even when software is ‘localized’ (i.e. the ‘highly
technical process by which computer programs written in
one language by members of one culture are translated
into another language for use by members of another
culture’), there remains ‘embedded cultural content’ in
that a particular cultural mind set initially created this
software:

My general point is simple and surely obvious to anyone who
has worked with computers. It is that software localization,
while it is importantly a matter of technology transfer and
economics, is also a practice with decisive cultural and politi-
cal parameters. The content of localized software is deter-
mined not only by the language chosen for localization, but
by deep, underlying, usually implicit and unacknowledged
(because thought to be ‘natural’) assumptions inherent in the
software itself. Software carries with it a view of the world,
of people, of reality, of time, and of the capabilities of users,
which may or may not be compatible with any given cultural
and social context®”*.

Bill Gates*’, CEO of Microsoft, by far the largest soft-
ware manufacturer in the world"’, predicts that ‘the infor-
mation highway is going to break down barriers and may
promote a world culture, or at least a sharing of cultural
activities and values’. Given Gates’ recent venture, he
may well be right. In 1990, in a bid to position himself for
the next phase of the ICT revolution, Gates and telecom-
munication pioneer, Craig McCaw, formed Teledesic
Corporation which is raising $9 billion to ring the planet
with a virtually seamless distributed network of 288
broadband, low-Earth-orbit satellites to provide world-
wide Internet access™. According to its own promotional
material:

e Teledesic is an ambitious, visionary company with the
potential to transform the way people live and work all
over the world.

¢ On Day One of service [scheduled for 2004], Teledesic
will enable broadband connectivity for businesses,
schools and individuals everywhere on the planet. The
Teledesic Network will accelerate the spread of
knowledge throughout the world and facilitate imp-
rovements in education, health care and other crucial
global issues™ (Emphasis added).

The italicized portions of this text highlight the tremen-
dous impact Teledesic will have, and also emphasize the
point made earlier by Keniston’': (1) Whose ‘knowledge’
will be spread? (2) Who defines what constitute ‘imp-
rovements’? (3) Who decides what represent ‘other cru-
cial global issues’? Given the operational feasibility of
Teledesic’s ‘Internet-in-the-Sky’, this heavenly infrastruc-
ture could increase Western cultural and economic domi-
nance on a scale never before even imagined. Unless
Teledesic becomes a truly interactive, multicultural,
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multilinguistic project”, it could in one nanosecond of
human history subvert what has taken millennia to create.
Similar to the loss of biodiversity in natural systems,
cultural diversity within and among countries (social sys-
tems) is threatened as a result of globalization and the
introduction of global information and communication
systems. As a final illustration of this phenomenon, let us
examine one important facet of cultural diversity —
language. According to Leuprecht’, linguistic diversity
probably reached its apex about 15,000 years ago, when
‘a world population five hundred times less than it is to-
day is supposed to have spoken some 10,000 languages’.
Since this time, as a result of the ravages of colonization,
nationalism, and now, globalization, it is estimated that
there are a total of 6,703 living languages in existence’'.
However, within this century alone, linguists predict that
half of these languages will become extinct’>. The rea-
sons? Media magnate Rupert Murdoch™ provides one:

Indian leaders have long been desperately worried about dis-
unity in their vast, teeming, multilingual country. There has
been an effort ever since independence to promote Hindi as
the lingua franca, what in India is called the ‘link language’.
But the effort has failed for a number of reasons.

Until now. With the coming of the electronic mass media,
Hindi is finally spreading because everyone wants to watch
the best television programming. And I suspect we will see
this story repeated throughout the developing world, not least
in China with Mandarin. In which case, it will be not only
prosperity that we will catch in our networks, but also order —
and ultimately, peace.

Although certainly self-serving and somewhat simplistic,
Murdoch is squarely addressing the issue of globalization
and the loss of linguistic and cultural diversity. As well as
the electronic mass media, international trade and foreign
direct investment, global consumerism and pop culture,
tourism, and the Internet are putting pressure on endan-
gered languages™.

Peter Miihlhausler™, similar to many linguists, notes a
parallel in the twin losses of linguistic and biological
diversity, and suggests that if we can maintain our rich
language heritage, we may also be able to preserve our
cumulative historical insights into how we can adapt more
sustainably to our biosphere. Here, he directly invokes
Ashby’s law of requisite variety as a means for continuing
human evolution:

The fact that linguistic and cultural diversity is now under
threat is much more than a loss to human beings alone. Dif-
ferent cultures have evolved different ways of living with,
and in, this world. It is in the learning from the different ways
in which this can be done, and the different ways that this is
encoded in the world’s languages, that the sustained well
being of the human species may depend.

Although the loss of linguistic and cultural diversity is
occurring among social systems, it is exacerbated by tech-
nical systems (i.e. ICT). And considering that most of
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these technical systems were developed in and are used by
industrially developed countries™, once again it is these
countries that are exerting greatest pressure on the world
in terms of cultural diversity. To the extent that Western
cultural convergence continues on this trajectory, ex-
pelrts34’57 have predicted grim backlash scenarios of what
may happen should the overwhelming majority of the
world’s population become culturally and economically
dispossessed. Obviously, these scenarios would neither be
in the interests of the West nor of humanity at large.

Convergences in technical systems

As Ellul’ observed, we are currently living in a techno-
logical environment which, although enabling of human
enterprise, also poses danger. As instances of convergence
in technical systems, I will examine the increasing elec-
tronic interdependence (i.e. convergence) of urban, na-
tional, and global infrastructures, and the concentration
and location of human settlement. Let me begin with a
recent series of events.

On 4 May 2000, the so called ‘love bug’ virus, a self-
propagating computer worm, infected government, busi-
ness, and personal computers around the globe™. Spread-
ing like lightning via Microsoft Outlook e-mail systems
and attacking all Windows-based computers, the virus
destroyed HTML and script files by overwriting them
with its own code and inserted itself into all e-mail
addresses, thus ready to repeat its devastation on all those
listed”. Activated when unsuspecting e-mailers opened
a ‘LOVE-LETTER-FOR-YOU.TXT’ file, or 22 known
variants (including ‘Virus ALERT!!!’ warnings)®’, the
love bug wreaked havoc in government ministries and
major corporations, immobilizing most communication
and information systems it infiltrated, costing billions of
dollars in damage and lost productivity.

That the devastation was so widespread was due in
large part to the fact that Microsoft operating systems
dominate information and communications technology.
According to a recent US District Court decision, Micro-
soft exercises monopoly power over the software indus-
try®' in that it has 95 per cent market share of all PC
operating systems sold*’. Because of the pervasiveness of
Microsoft products throughout all electronic information
and communications systems, and because most of these
systems are interlinked through their common tie to the
Internet, and because most of the work in industrially
developed nations now involves computers, the potential
to bring about maximal damage and disruption is astro-
nomical. As of April 2000, there were 203 known viruses
currently reported as being ‘in the wild’®.

It is ironic that the main vehicle for the transmission of
these viruses is the Internet in that its forerunner was
designed specifically to withstand a nuclear military
attack. Conceived in 1969 by the US Department of
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Defense’s Advanced Research Projects Agency,
ARPANET was a ‘centerless’ network of computers
at major universities and research centers®. There was no
hub or apex as in conventional hierarchical structures, and
consequently, no strategic site to attack; if one computer
was struck, the others could still function independently.
However, as we are now learning, there are other methods
of ‘attack’.

The notion of interdependence or a networked system
means that previously independent systems (e.g. compu-
ters or government departments) are reconstituted or con-
verge into one overarching interlinked system. Although
there are obvious advantages to this in terms of efficiency,
effectiveness, cost, speed, and access, there are also seri-
ous threats, both internally and externally, in terms of
massively disrupting chain reactions. In recognition of
these threats, the United States government has estab-
lished a Commission on Critical Infrastructure Protec-
tion®, developed ‘A Technical Primer on Risks and
Reliability’®, formulated policy dealing directly with the
potential and actual threat to its electronically linked
national infrastructure, and created a National Infrastruc-
ture Protection Center®. Obviously, the extent of these
measures reflects both the perceived and actual vulnera-
bility of the interlinked American physical and electronic
infrastructure to both natural and human intervention. The
following is one example:

In 1994, more than 150 intrusions were made to the Air
Force’s Rome Laboratory by two hackers using specialized
software that allowed their intrusions to masquerade as legi-
timate transactions. The attackers were able to seize control
of Rome’s support systems for several days, establish links to
foreign Internet sites, copy and download critical data, and
successfully attack systems at other government facilities, de-
fense contractors, and private sector organizations. The Air
Force, which did not even recognize the attack for at least
three days, estimated the cost to the government at over
$500,000, not including the value of the information that was

stolen®.

Not only are national systems in developed countries
increasingly interlinked electronically, so also are global
systems. For example, the ‘love bug’ virus was launched
over the worldwide Internet, and the 1987 ‘Black Mon-
day’ global stock market crash, in which stock prices
plummeted more sharply and more deeply than in the
benchmark crash of 1929, happened largely as a result of
computer-generated program trading and electronically
linked stock exchanges®’.

Convergence of technical systems on this order of
magnitude occurs almost exclusively in those areas of the
world controlled by developed countries, but the conse-
quences of either natural or human (intentional or not)
incursions into these systems could produce more wide-
reaching results, including even the possible demise of
humankind. Through their technological ingenuity, those
in the developed countries have created complex technical
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systems which virtually insulate humans from the natural
environment, but at the same time they have also intro-
duced higher levels of uncertainty than perhaps we can
accommodate.

Related to the increasing interdependence of infrastruc-
tural sectors is the growing global urbanization rate. In
1900, one-tenth of the world’s population lived in
cities; by 2006, it is expected that half will live in urban
areas®, and by 2025, nearly two-thirds will be urban-
ized®. Here also is a trend toward convergence: not only
is a greater proportion of the global population urbanized,
but the growth rate in low and middle income countries is
much higher than it is in high income countries, such that
at some time during this century the urbanization rates for
all major world regions will become similar®. This means
that more people will increasingly have to rely on urban
infrastructures for their survival. Moreover, the growing
concentration of human population itself puts greater
numbers of people at risk to potential dangers in their
natural, social, and technical environments.

For example, it is estimated that ‘more than half the
world’s population live [mainly in cities] within 60 km of
the shoreline, and this could rise to three-quarters by the
year 2020° (ref. 70). This places fragile coastal environ-
ments in jeopardy, and more importantly, carbon dioxide-
induced global warming, in combination with other
undermining human activities (e.g. deforestation, dams,
increased water extraction, and deviation of rivers), could
result in a sea-level rise of 95 cm by the year 2100 (ref.
71). Should this ‘worst scenario’ occur, the Food and
Agricultural Organization of the United Nations’' has
outlined in some detail the devastation to human life and
property, as well as to coastal ecosystems, that would
ensue.

Another danger in the concentration of human settle-
ment is location in relation to seismic faults, and hence
the possibility of catastrophic earthquakes. According to
the US Geological Survey (USGS)?, ‘The deadliest year
in [the 20th] century was 1976 when at least 255,000
people, and perhaps more than 600,000, were killed after
one quake rocked Tianjin (formerly Tangshan), China’,
the fourteenth largest city in the world (10.4 million in
1994). For 1999, the USGS™ reports that quake-related
casualties were more than double the annual long-term
average (10,000) due largely to ‘dense urban populations
coupled with weak building structures along the epicen-
ters’. One example of dense urban populations located
along seismic faults is California and the 800 mile-long
San Andreas fault network’*. The most populous state in
the Union and home to three of America’s largest metro-
politan areas, California experienced 19 earthquakes of at
least 5.8 summary magnitude on the Richter scale in the
1990s and 23 in the previous decade”™. In San Francisco,
which underwent the ‘Great Earthquake’ in 1906 (8.25
magnitude)”, the ‘Bay Area Rapid Transit System (BART)
bored a tunnel right through the fault zone’’®, and an MIT

CURRENT SCIENCE, VOL. 79, NO. 5, 10 SEPTEMBER 2000



SPECIAL SECTION: SCIENTOMETRICS

computer simulation study’’ estimated that a 7.75 magni-
tude earthquake in southern California ‘would shake the
Los Angeles basin far more severely than expected’.
Although precautions in the form of rigorous building
codes have been taken, the USGS™* predicts a major
earthquake of at least the same magnitude simulated in the
MIT study on the southern San Andreas fault (i.e. in the
Los Angeles area) ‘within the next few decades’. Clearly,
human-made technical systems are not impervious to the
effects of their natural environment.

To summarize, I have noted two related trends: (1) the
interlocking of already very complex technical systems
(i.e. infrastructures), and (2) the concentration of human
populations into ever larger technical systems (cities), in
many cases not situated in favourable natural environ-
ments. Although historically these strategies have pro-
duced economies of scale, the present magnitude and
interconnectedness of these systems are such that dangers
(intended or not) in natural, social, and technical envi-
ronments could pose irretrievable risks to these huge,
interlinked systems. One recent example of this type of
danger was the Cold War in which two world super-
powers, each with the capacity to annihilate the human
species several time over, were squared off against each
other in a long and deadly game of brinkmanship. And
certainly another example is the colossal damage inflicted
on the natural environment by human beings in the name
of constructing and maintaining these technical systems.
Is it necessary to suffer through a species-threatening
calamity before rethinking these systems?

Conclusions

In this paper, I have provided evidence of convergence in
natural systems (i.e. loss of biodiversity among ecosys-
tems, species, and organisms), social systems (i.e. loss of
cultural and linguistic diversity), and technical systems
(i.e. interdependence of infrastructures and concentration
of human settlement). In each case, the main thrust toward
convergence was initiated by those living in industrially
developed countries, and these convergent tendencies are
continuing.

According to Ashby’s law of requisite variety, all sys-
tems must have sufficient variety to withstand the vagaries
of environmental variety. The trends toward convergence
that T have identified, both their main and, especially,
their interaction effects, place future generations at severe
risk. Contrary to what convergence theorists maintain,
there is no one ‘vastly superior’ system which should be
emulated by all. In fact, at no time in the history of
humankind have we been more in peril than at present
with our monolithic indifference toward the natural envir-
onment in which we live, and our impossible ambition to
set in place sociotechnical systems which can insulate us
from its effects. Rather, as all of these cases illustrate,
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diversity, not convergence, is a major key to our continu-
ing evolution on planet Earth.

What are the paths to this goal? In recent history, most
of our answers have been technologically driven by Western-
dominated thought and practice: ‘Can we design a “better”
way?’ However, before we can even begin to come up
with technological solutions to this answer, we must first
have a clear idea of what is ‘important’. What is impor-
tant? I do not think many people would disagree that the
continuing existence of Homo sapiens, including grand-
children and their grandchildren, is an important goal, but
how do we achieve it?

One of the most valuable sociological contributions to
our general understanding of how social processes work is
William F. Ogburn’s theory of cultural lag’®. Ogburn con-
ceived this theory by observing the uneven pace of devel-
opment within society and the corresponding unequal
rates of change that produce maladjustment and strain.
Through a variety of systematic empirical investigations,
he developed the thesis that changes in material culture,
i.e. ‘the applications of scientific discovery and the mate-
rial products of technology’”, occur at faster rate than do
changes in the nonmaterial, adaptive culture (e.g. values,
norms, patterns of social organization), thereby causing
maladjustment in the nonmaterial culture, or cultural lag.
An important conclusion that Ogburn drew from his work
on cultural lag is that with ever-increasing technological
accumulation and change, our major adjustment as a cul-
ture is to the technological environment we have created
rather than to the natural environment and biological
limitations that previously served as our major con-
straints.

Each of the instances of convergence I have described
has been technologically driven, or certainly technologi-
cally ‘enhanced’, such that we are now living in systems
and environments that have been fundamentally changed
by the applications of science and technology. In
Ogburn’s terms, we are in a profound state of cultural lag.
Our values, norms, and patterns of social organization are
attuned to an earlier era. Quite simply, we must first re-
examine our values in relation to our changed technologi-
cal circumstances, and then, based upon our revised value
structure, implement norms and patterns of social organi-
zation more aligned with our continuing, sustainable evo-
lution in a world we have so radically modified. All
important in this necessary ‘values revolution’ is a re-
newed appreciation of systemic and environmental diver-
sity as one of the crucial means by which this evolution
may take place.
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