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AL ENVIRONMENT AND SUSTAINABLE
DEVELOPMENT
As is new widely recognized.' economic gowth is

far from coextensive with sustzinable development.
Much of the economic growth in the recent past is
ciearlv not sustainable, primarily because of environ-
mental degradation. This situation aiters the develop-
ment cutlook prefoundly. It may well rum cut that
past economic advancement hzs been achieved ar a
cost o furure capacity to supply still more zdvance-
ment—and even at the more serious cost of an acrue
decline in humean welfare. Indeed. it seems that much
econemic progress hes been achieved through techno-
legical inmovations th 10 heve been o
more than temporary “fixes”, merelv deferring the day
when the accumulaied though conceaied cosis will
have to be paid in full.

Consider the case of Green Revolution agriculnure,
which made it pessible for growth in grzin production
to keep ahead of growth in human numbers through-
out the period 1950-1984. There appear 1o have been
certain covert costs, notably in the form of overload-
ing of creplands leading to seil eresion, depletion of
natural numients and salinization in the case of irrigat-
ed areas—these being costs that derived in part from
the imperative to produce ever more food for ever
more peopte. Although unnoticed or disregarded for
decades, these cosis are currently levving a price in
terms of cropland productivity.  Soil ercsion leads 10
an znnual Joss in grzin output that is roughly esti-
meied at  miilion tons; salinization and waterlogging
of trigaied lands, 1 million tons; and a combination
of less of soil organic maner (through buming of
livestock manure and crop residues for fuel), shon-

ning of shifting-cultivaior cyveie and soil compaction,
2 .'mihon tons. In zddition to this problem, there e
various nvpes of damage to the crops themselves: zair
poilution worth 1 million itons of grain output forgone
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*Based in paru and with much updanng, on a paper preparsd
for the United Navons Population Fund in [990 and published in
Foruianon. Resources and the Ermvironment. The Critical Cralleng-
es (New York, 19¢}).
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output torgene ezch »ear; flooding, acid rzin and
increased uitraviolet rzdiation, ancther | million tons.
Tke total Fom all thess forms of environmental degra-
dation is 14 miilion ions (Brown, and 1900).

This otal is i0 be compared with gains from

creased investments in irmigation. ferulizer and other
agronomic input worth 29 million tons per annum.
Thus, environme are currenily cavsing the
from :echnology-based
s a loss that can &l the
12l 28 million tons
JUSt to cater the
(let alore the demands of
“Whiie the net gain in grain cuiput is
cent per annum, popuiation
cent woridwide and 2.1 per cent in
iries (Brown and others, 1990).
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B. CrTl LINKAGES

There are several linkages at work berween envi-
renment and population. Four principal components
can be identified: P, population itself; /, environmen-
tal impact; 4, per capita consumption (determined by
income and lifestyle); and 7, environmentally harmful
technology that supphes 4. The three faciors P, 4
and T interact in mui 1k,l)\.ame feshion, i.e., they com-
nound one other’s impacis. Thus, whatever the
cf 4 and T, the role of P is bound to be significant
even when a population and also its growth rate, are
relatively small. For anv npe of technology, for any
given level of consumption or waste and for any given
level of poverty or inequality, the more people there
zre. the greater is the overall impact on the environ-
ment.  Therefore, the processes involved can be
rewue*’ed in the form of 2 basic eguation, / = PAT

hriich and lich, 19%0).

This basic eguation demonstrates why developing
counwies, with large popuiations but limited econom-
ic advancement, can generale a vast lmpact on the

nvironment if only beczuse the P muliiplier on the 4
and T factors is so large. Likewise the eguation
makes clear that develeped countn'es also generate
population impacts in so far as the 4 and T multipliers
for each person are cxccptlonally arge (Ehrlich and
Ehrlich. 1690).
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To illustrate how the eguation interaciions work,
suppose that. by dint of exceptional erfort, humankind
managed toreduce the average per capiia CORSLMpLion
of environmental resources. (4 in the equation. bv 3
per cent; and 10 improve its technologies. 7, so that
they czused & per cent jess environmental injurv. on
average. This would reduce the total impact, /. ef
Rumanity by roughly 10 per cent. But unless glebel
population growth, P. were restrzined at the same
time, it would bring the tetal impact back 1o the
previous leve! within less than six vears (Ehrlich and
Ehriich, 19901

C. CARRYING CAPACITY
This point brings the discussions 1o the concept of

carmving capaciny—a critical and controversial issue.
Centain observers (ofien ecologisig) tend 1o assert not

only that it is 2 kKev conswmaint to pepulation growih
but that It cen readily become an zbsolute factor.

Other observers (ofien economists) tend to assert that
it is such a flexible affair, subject to endless expan-
sion through technology and policy interventions, that
it sogn cezses 10 have much operaticnal vaiue.

Carrving capacity can be defined as the number of
people that the earth ¢an support without irreversibly
reducing its capacity 1o support populations in the
furure (Ehriich and others, 1989). Ailthough thisis a
global-level definition. it also applies at the national
level albeit with many qualifications as concems
intemational reiationships of rade, investment etc. In
fact, it is a highly complex affair, reflecting food and
energy supplies, ecosvstem services, human capital
neople’s lifestvies. cultural constraints, social institu-
tions, polizic?l struchures and, abeve all, public poli-
cies, among many other factors, all of which interact
with one another. Particularly important are two
points: carrving capacity is ultimately determined by
the component that vields the lowest carrying capaci-
tv: and human comununities must lean to live off the
"interest” of environmen:al resources rather than off
their "principle” (Ehrlich and others, 1689).

There is evidence that human numbers with thelr
consumption of resources, plus the technolegies
depioved 0 supply that consumption, aiready ofien
exceed carming capacity. In many parts of the worid.
tne three principal and essential stocks of renewable
resources, forests, grasslands and fisheries, are being
utilized faster than their rate of naturzl replenishment
(Brown and others, 1990).

Consider food production 2gzin. this time 28 a
basic i1ssue of the werid's carmying capacitv. Accord-
ing 10 the World Hunger Project (Chen and others,
1990), the planetary ecosvsiem could—with current
agrotechnologies, vegetarian diets worldwide, equal
distribution of food suppiies and ail agricultural lands
given over 1o food production (ie., no coffee, coton,
rabber etc. —support 5.5 billion people (the sarly 1992
global pepulation is already 5.4 billion). If they
derived 135 per cent of their cezlories fTom animal
products, as do many people in South America, the
total would decline 10 3.7 biilion. If they obtzined 235
per cent of their calories from animal protein. as is the
case with most peopie in Western Europe and Norh-
ern America, the werld could support oniy 2.8 biilion
pecple.

Trve. these calculations reflect no more than
modem food production technologies. Certain observ-
ers (Simen, 1990) protest ihat such an analvsis undzr-
estimztes the scope for iechnological expenise 10
continue expanding the earth’s camying capacity. Cne
can reasonably hope. so the argument goes, that many
advances in agrotechnologies will continue to become
zvailable. But consider the populationfood record
over the past four decades. From 1930 to 1984, and
thanks largely to remarkable advances in Green
Revolution agriculture, there was a 2.6-Told increzse
in world grain ourput. That achievement, representing
an average increase of almost 3 per cent per annum,
raised per capita production by more than one third.
From 1985 to 1989, however, there was almost no
increase, even though the period saw farmers invest-
ing billions of dollars to increase output {fertilizer use
zlone expanded by 14 per cent), supporied by the
incentive of rising grain prices and by the restoration
10 production of idled cropland in the United Siates.
Crop vields "plateaued"; it appeared that plant breed-
ers and agronomists had exhausted the scope for
technological innovation. So the 1989 harvest was
hardly any higher than that of 1684, Meantime there
were an exma 420 million people to feed. While
world population increased by aimost 8.5 per cent,
grain output per capita declined by nearly 7 per cent
(Brown and others, 1990).

D. ENVIRONMENTAL DISCONTINUITIES
One sees, then, that growth in human numbers. in

conjunction with growth in human consumpticn and
growth in environmentzlly 2dverse technolegy (the /



eguaticn), can build Lp a situzaticn that evenru-
gensrates an “overshoot” outcome. In tum, thi
outcome can precipitate 2 downturn in the capacity ¢

environmental resources to sustain humal communi-
ties &t their former ievel, which amounis 1o a
rr'acrolevel change. Designated by ecologists as a

jump effect” of envircnmental discentinuity, or @
Lnresno:d effect of ireversible Injury, it occurs when
ecosvstems have zbsorbed stresses over iong periods
without much ourward sign of damage and then
eventuaily reach a disruption level at which the
cumulative conseguences Of siTess appear 1 Criticel
proportiens. One can well anticipate thzt as human
cormimunities continve to e Dapd in numbers, they wiil
exer increasing pressures on ecosysiems and namurel
resoufce stocks, whereupon environmental discontinu-
ities will surely become more common.

An example has arisen in the Philippines, whers
the egricuitural froniier ciosed in the lowlands during
the 1970s. As a result, muitiredes of lenzless peopie
began 1o migrate into the uplands, leading 0 a buiid-
up of human numbers at a rate far greater than that of
nziional populiation grewth. The uplands contain the
mein remaining siocks of forests in the Philippines.
and they fearure much sloping land. The result has
been a marked increase in deforestation and a rapid
spread of soil erosion (Cruz, Zosa-Feranil and Goce,
1088; Mvers 1988). In other words, there has oc-
curred a "breakpoint” in parterns of human settlement
and environmental degradation. As long as the
lowlands were jess than fully occupied, it made limie
difference to the uplands whether there was a lot or a
lile of low!and space. It was only when scarcely any
space remained that the siruation altered radically.
What had appeared to be acceptable became criti-
cal—and the profound shift occurred in 2 very short
space of time.

Similarlv, in Costa Rica, agricultural expansion
reached both oceans and both frontiers during the
1980s. For the first time in 400 years of their histery,
Costa Ricans (currently increasing in numbers at 2.5
per cent per annum) have no ready access 1o new
land. Their predominantly egrarian society is having
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iand scarcinv (Augelli. 1984).

This problem of agricultural land shortages s
becoming widespread in many if not most developing
countries, where land provides the livelihood for an
average of almost 60 per cent of the populations and
where the great bulk of the most fertile and accessible
jand has zlready been tzken. During the 1970s. areble

areas were expanding &t roughly 0.5
annum. But during the 1980s the rate dropped to half
that level, and pnimarily because of population
growth, the amount of per capita arzble land deciined
by 1.9 per cent per annum {Sadik, 1990). Moreover,
as far back as 1975 scme 23 millicn square kilometres
of 'ands already supportad 1.2 billien people, vet only

563 million of them could be sustainably fed with the
low-technology farming methods cenerallv practised.
Most of these lands were in semi-arid or montane

zones. unusually susceptjbl 1o coil erosion and
depletion of water gvsiems among other forms cf
environmental decline; and the pc!.L. ation overlcading
served 10 aggravale ihe pace of land degracation
(Higgins and others, 1982).

Consider. too, an instance where a potentiatly
renewable resource suooenl} becomes overwhelmed
by rapid population growsh.  Mest people in the
developing world derive their energy fTom fuelwood.
As long as the number of wood colleciors does 1o
exceed the capaciry of the wee stock to replenish itself
through regrowth, the local communiry can expleit the
resource indefinitelv. "‘:ev may keep on increasing in

numbers for decades, indead c-‘.‘u“es. and all is well.
prowued they do not surpass a critical level of exploi-
tation. But what if the aumber of collectors continues
10 grow until they exceed the self-renewing capacity
of the trees, perhaps exceeding it by only a small
amournt? Quite suddenly, 2 point is reached where the
Tes stock begins to decline. Season by sezson the
seif-renewing capacity becomes ever more depleted:
the exploitation load remzins the same and so Lhe
resource keeps on dwindling more and more, meaning
in tumn there is an ever-increasing overloading of the
resource. The vicious circie is set up, and it proceeds
to tighten when once the level of expleitation becomes
non-linear. Note, in particular, that this scenario
applies even if the number of collectors stops grow-
ing. The damage is done. But if the number of
collectors continues to expand through population
growth, the double degree of overloading (derived
from an ever-dwindling stock exploited by ever more
collectors) becomes compounded. There ensues a
pesitive feedback procsss that leads to fuslwood
scarciry and then all 100 quickly the stock is depieted
to zero. It is a process that occurs all the more
rapidly as the stock is progressively depleted.

The essence of the situation is that the pace of
critical change can be repid indeed. As soon zs 2
factor of absolute scale comes into play, the seif-
sustaining eguilibrium becomes disrupted. A siruation
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that seemed as if 11 could persist into the indefinite
furure suddeniy moves on to an 2ltogether different
status. [t is as if two lines on a graph appreach each
other with seeming indifference to each other; then
when they cross, the siteation is radically transformed.

This non-linear relationship berween resource
exploitzticn and population growth is found with
respect to many other natural resource stocks, notably
fisheries,”  soil cover, water supplies and
pollution-absorbing services of the ammosphere.
Whereas resource exploitation may have been growing
gradually for a long period without any great ham,
the switch in scaie of expleitation induced through a
phase of population growth can readily result in a
slight initial exceeding of the sustainable vield,
whereupon the debacle of resource depletion is
precipitated with surprising repidity.

Environmental discontinuities of this tvpe can be
expecied 10 become more fequent and 0 have zll
manner of adverse repercussions for sustainable
development, for two reasons. The first iies with the
continuing upsurge in population numbers and their
growing demands upon resource stocks. The second
lies with the backlog of concezled costs resulting from
past exgloitation, which, as has been seen, will ofien
levy an expanded price when "technological fixes" no
lenger suffice to maintain an erstwhile popula-
tion'environment equilibrium. The rest of this paper
presents a few illusgative examples that point up the
nature and scope of the likely discontinuities ahead.

E. POPULATION IMPACTS: ILLUSTRATIVE EXAMPLES
Agricultural land degradation

As indicated above, threc and a half decades of
increasing food ourput have recently given way to
several vears of "plateauing” in crop vields. Much of
the problem lies with the degradation of agncultural
lands after decades of overloading of the natural
resource base underpinning agriculture, due in major
measure to popularion pressures. As much as 70,000
square kilomerss of farm land are abandoned each
vear 2s a result of such degradarion, while another
200,000 square kilomemes lose virtuaily ail their
agricuirural productivity (Chisholm and Dumsday,
1987; Toiba, 1985).

A chief form of land degradation is soil erosion
(see Anderson and Thampapillai, 1990).* Unchecked
soil erosion could well cause a decline of from 19 0
29 per cent in food production from rain fed croplands
during the period 1985.2010 (Sfeir-Yeunis, 1984)

The problem is due to several {actors apart {Tom
population growth, notably poverty: impoverished
peasants cannot aiiord ihe conservetion measures
needed to protect scil cover. But popufation growih
serves 10 induce farmers (o overuse and even exhaust
the soil.  Thus, it often hazppens that agriculrural
yields are expanded to meet the demands of popula-
ticn growth in the shon ierm. while at 2 cost 10 seil
cover and fertility that eventually leads to a decline in
cropland productivity.

Thus, population growth playvs a substantizl pant in
land degradation. In principle, it would be possible,
hrough improved zgriculrerel policies. agrotech-
nclogies zand the like. to safeguard the food resource
base and 10 make it still more productive. But the
experience of the 1980s, when population growth
became zn ever more prominent facior, shows that
zgricultural lands have been deteriorating in much of
Southen Asta sub-Szhezran Africa and the Andean
countries, among others, manyv areas of which have
registered declines in per capita food production
(Brown and others, 1990). Not onlv are there manv
more mouths to feed. Agronomic sirategies assume
stzbility in the emvironmental state of the resource
base—an assumption that is no longer true in many
agricultural lands. In fact, there are all oo few
instances where new technologies for soil conserva-
tion and crop management have kept pace with the
demands of surging human numbers.

Moreover, to czter for increased food needs in the
future, most of which arises from population growth,
one should theoretically plan for a 50 per cent in-
crease in cultivated lands in developing countries by
2025 (Ehriich, 1990; Paulino, 1986). Yet, the princi-
pal food territories, grain lands, have not increased in
extent since 1981, following a 24 per cent expansion
since 1950 (on the grounds that there is littie suitable
land left to mobilize for arable agriculture). Rather,
they have been contracting as the amount newly
opened has not kept pace with the amount r2ken out
of production because of land degradation. Indesd,
the world average of per capita cropland has been
declining at a rate that if continued will leave orly
kalf 2s much in 2000 as in 1950 (Brown, 1989).

Overzll. znd as hes been shown above. iand degre-
dation of various tvpes is estimated to be causing an
annual ioss of 12 million tons of grain ourput {Erown
and others, 1990). This loss transiates into almost
haif of all gains in grain output each year. In tum, it
has meant rising grain prices as reserve grazin siocks
hzve failen to linle more than "pipeline supplies™
berwesn 1686 and 1089 rice prices rose by 38 per
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cent and wheat prices by 48 per cent (Brown and
others, 1990). Not only have the 1980s seen littie
\'nans'o'\ of croplends, but there appears 1o be even
ess scope for intensification of food preduction
thron.gh the main mode of expanding imigation. Th\.s
the environmental constraint of fand degradation,
al M”'y *vor‘l 2 millien tons of grain per annum.
ould ¢ pecome il the more constraining.

In s‘z rt. it is becoming apparent that environment

and populaticn debacle has been building up for
decades in the agricultural sector. covert and largelv
disregarded until the past few years. Worse, it looks
as if it has the makings of a discontinuity crisis during
ihe 199Cs,  Suppose that the raie of grain ourput
increase continues the pattern since 1985 of falling
behind population growth; and that technoiogical
responses, plus related responses such as increased
investment in agriculture, kKeep on proving incapable
{as they have for much of the 1980s) of supplving the

responses that boosted grain output for all of three and
a half decades from 1930 onwa:ds——md at the same
grain reserves remain inadequate to cope with a crisis.
Whatever the current problems of land degradation
(they appear set o grow worse if only because of the
cumulative impacts of farmers’ long-term overloading
of their croplands), they will be grossly aggravated, to
put it at its best, by the compounding impact of
population growth with an additional 900 millicn
peopie in the developing world during the 1990s. So
the decade zhead could well see a combination of
mounting grain deficits, surging grain prices and
spreading hunger among ever-larger numbers of
people (Brown and others, 1990).

Moreover, the meta-problem will hit hardest at
those least capable of withstanding i, the 1 billion
people that endure absolute poverty. It is precisely
these peopie that generally have the highest fertulity
rates. Tnus. this dimension of the agnicuiturzl lands
probiem will continue to be compounded by the pre-
dominant and meost persistent factor of all, population
growth. With much land degradation deriving frem
excessive human pressures, the most productive way
10 reverse the situation surely lies with a reduction in
»opulation growth. as early and as rapidly as possible.
Otherwise, the prospect is that if current growth rates
continue, the cverburdened lands of Afrca for
example, will need to support an extra 223 million
people and those in India, an extra 190 million people
by the vear 2000,

Tropical deforestaticn

According to a recent estimate (Myers, 1989a).
trepical moist forests lost 142.200 square kilometres
of their expanse during 1989. This loss amounted to
1.8 per cent of remaining forests covering slightly less
than 8 million square kilometres. In 1979,

rests jost 75,000 square xilometres of their expanse.
so the 1989 total represenis a 90 per cent increase in
the deforestation rate—<eforesiation here being taken

a
tnese

o mean outright destruction of all wee cover. zs
disiinct from degradation of forest ecosysiems. which

nene the less leaves scme rees standing.

How much tropical deforestation can be atmbuted
to population growth? For an expioratory and iilu-
minaling assessment (Harrison, 1§90), consider the
ole of expansion of the cropiand base on the part of
smail-scale farmers—already accounting for well over
haif of all deforestation. During the period {%7!-
1985, cropland expansion in the entire developing
werld (i.e., non-forest counmies as well) amounted 10
an average of 0.51 per cent per annum, while popula-

tion growth amounted 0 an average of 2.2 per cent
per annum and food consumption per person increased
by an average of 0.58 per cent per annum. At the
same time, technological innovations improved harvest
vields to the extent that the area of cropland needed
per person actually declined by an average of 2.27 per
cent per annum, In addition, there was further en-
croachment on tropical forests 2s a result of road
building, growth of urban communities and the like,
an amount that can be estimated at 588,000 square
kilometwes during the period, whick works out t¢ an
average of 0.056 hectare per person of the population
increase.  Using these various analyses, one can
roughly calculate that cropland encroachment on
tropical forests, the main form of cropland expansion,
totalled zbout 1.2 million square kilometres during the
period, amounting 1o more than 90 per cent of zail
deforestation; and of this expansion, population
growth was responsible for 79 per cent, the other X1
per cent is arributable 1o an increase in food
consumption per person.  Certainly, this 1s a
rough-and-ready mede of calculation, but it serves 1o
throw light on the scope and scale of the contribution
of population growth to tropical deforestation.

Even more important, there is vast scope for future
population growth to generaie still larger thr ongs of
migrant cultivators who will further increase the d



forestation rate {Myers, 1992). By the vear 2030,

about 80 per cent of the projecied world population of

over § bililon people
tropical forest countries.
nto 6.4 biilion people.
ictzl in the world

another disconiinuity,

zre expecied to be living in
This proportion translates
of many more than the cument
Thus, cne should antcipate
this time in the form of an
acceleration in the rete of deforestalion. meaning that.
in line with the fuelwood model (given above) of
progressively rapid depletion of a resource stock,
iropical forests are likely 0 decline much mere
guickly than would be expected ffom a simpie linear

extrapolation of recent trends. Moreover, the demise
of wopical forests wiil not oniv lead to n
switch in the timber siarus of countries corcer—ed
ramelv, fom herdwood-exporting 1o hardwood-
importing countries, with zll that impiies for their
trade revenues, tut it will also ir'.:act adversely upon
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other sectors, such zs watersheds, biediversiny and
climate
Glotel warming
The first two illustrative examples largely

concerned problems in the developing world. Now an
instance of global scope is the topic. As has been
clearly shown by recent IPCC reports (see IPCC,
1990),%. the build-up of greenhouse gases in the ammo-
sphere appears set to bring on a phenomenen of
clobal warming. Worldwide emissions of carbon
dioxide, the gas that causes half the greenhouse efTect.
were estimated 10 have risen from 2.4 billion tons in
1950 10 6.8 billion tons in 1985, for an average
increase of 3.1 per cent per annum {Harrison, 1990).
(Although these figures are acrually outdated, since
they tazke inadeguate account of carbon dicxide
releases from tropical deforestation, they are retained
for purposes of the present calculation.) During the
same period. world population grew by an average of
1.9 per cent per annum. The rest of the increase, 1.2
DEr Cent per persom per annum on average, ostensibly
derived from higher per capita consumption of goods
that involve production of carbon dioxide, plus
changes in technology. According to this reckoning,
nopulation growth was responsible for almest two
thirds of the increase in carbon dioxide emissions.
An analvsis along these lines is useful 25 an
exploratory assessment of the role of population
growth. But a number of other factors pertain. What
if economic grewth panerns had worked out different-
Iv. with zlternative levels of demand for fossil fuel
energy—espetizlly in so far as a greater proportion of
the recuced growih would presumably have izken

60

place in indusmialized counmies? What if the growth
in energy demand and the technology deployed to
meet it had worked out in a2 manner that meant
creater per capita consumption because of shifis in,
for example, pricing parterns and tends? A host of
these "what if" questions could be raised about the
analysis, showing that it is far from being so clear-cut
as might appear at first glance. Moreover, it says
nothing about those sectors of the world population
that have been comtribuiing more than cthers. A
diszggregated analysis would present a more reveziing
picTure.

These qualifications notwithsianding. the analysis
is specially helpful when one conszders the

outlook (Harisen, 1990; see alto Hoidren, 1990). i

carbon dioxide emissions in developing countries -
continue to grow at the rate of the past 40 vears, they
will more than doubie from the ‘.98:' per capita level
of 9.8 won 10 1.7 tons by 2025, by which ume the
nopulations of those countries also are prejecied 0
neve zimost doubled, rising from 3.7 billion in 1985
10 7.1 billien. This population increase would hence
produce almost an additional 3.8 billion tons of
carbon dioxide, a totzl 1o be compared with the
cument worldwide totz] of 6.9 billion tons. Of course,
this reckoning implies a linear progression of paremns
and wends in consumption eic., whereas economic
processes zlone are subject 1o 2l manner of non-linear
changes. All the same, the analvsis serves 1o point
ut the exceptional potential for global warming
inherent in the twin population factors of current largs
populations and their repid rate of increase.

The point about furure population growih s
exemplified in the case of India. With a current per
capita income of only $330 per annum, that is, about
one sixtieth of that of the United States, India current-
ly has an elecmicity capacity of only 55,000
megawans, about twice that of New York State.

Although the country possesses meagre coal reserves,
it is expleiting them so fast that it currently ranks as
the fourth coal bumer in the worid. In 1650, its coal
use was only 13 million tons; by 1989, it had soared
to 161 miilion tens {while production of crude oil,
znother fossil fuel, rose from 0.3 million ton to 30.4
million tons; and total power generation increased
from S billion kilowan hours to 217 =illion. The
Covernment plans a number of energy-based initie-
tives for development; for instance, io suppily elec-
ricity to half the houses in the counwy. This goal
2lone will require the production of an additional
80.000 megawants of power, compared with the

current iotal capacity of £5.000 megawars. It is
articipared that this measure, together with other



develepment rians, will shonly induce a doubling of
carbon emissions in [ndia (Dave, 1988; Oppennheimer
and Bovle, 15%0).
Within this context, a paramount factor lies with
population, both its size and its growth rate. The
1492 population of India, 887 millien, is growing at
I 1 per cent per annum and is projected 1o reach 1,045
Tiiiien by the year 20600 and 1,373 miilion bv 2020.
Even with the low per capita income in India (the 4
fzctor of the [ = PAT equation) and the less than
advanced lechnological capacity (the T factor), the
huage population (the P factor) maxes for a dispro-
sortionately large potential cormibution to global
warming. Suppese, however, that India managed 10
reduce s fertibty rate to replacement level (almost
kaif the current number of children per completed
fam:ly) within the next three or four decades, Sup-
pose, too, that during this same period it did no more
than double iis per capita use of commercial energy
{roughly matching that of China currently), using coal
for the purpose. This increase. given the multipher
Tiect of the huge current population and its rate of
rowih, would resuit in carbon dioxide emissions at
an annual per capita rate of one ton by 2024 or rough-
tv the world average in 1990. Because of the popula-
tion factor, this level would still be enough to more
than cancel out the be:cfits of a putatively extreme
step elsewhere. viz. the termination forthwith of all
cozl-burning on the part of the United States without
replacing it with any other carbor-containing fuel
{Ehrlich and Ehrlich, 1990). The case of India zlone
presents abundant potential for a climate discontinuity
in the making.

Note, moreover. that the developing countries
overall currently produce about 30 per cent of world-
wide emissions of carbon dioxide, while possessing 77
per cent of the world population. = Medium-level
pcpula'ion proiections to the vear 2025 indicate that

developing countries could then be accounting for 64
per cent of all emissions (which then would be much
larger in 1wotal), while possessing 84 per cent of the
world population (United States of America, 1990).
But if the global population total in 2025 were held to
the Jow projection of 6.3 billion instead of the medi-
umn projection of 7.1 billion, and supposing there was
no reduction in per capita carbon dioxide emissions.
toial emissions wouid be reduced by 1.3 biilion tons
(Harrison, 1990).
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So much for three examples of environmental
discontinuities ahead. A few further instances are
briefly noted below:

(a) Humans currently engage in so much exploi-
tation of plant growth that they are co-opting 40 per
cent of all net primary productivity on land each year,
leaving 60 per cent for the millions of other species
{Vitousek and others. 1986). The guestion is what
will happen when human numbers deouble, as is
projected during the next few decades? [tis clear that
the remainder of the world's biotas can hardiy be lefl
to make out with only 20 per cent of net primary
productivity per annum. Grossly reduced biotes
would become ecologicaily unstable at best; there
could well ermerge an entire ceries of biotic disconti-
nuities:

(#) Humen consumprion of water hes doubled at
least twice since the beginning of the twenticth
century, and demand could well doutle 2gein dunng
the next two decades, largeiv through population
growth (Falkenmark, Lundgvist and Widsirand, 1990).
This outlook will surely engender all manner of
discontinuities for agriculture (especially imgation
agriculture, which is the single largest consumer of
water and which currently produces one third of the
food), as well as for industry and domestic household
needs;

(c) Certain of the resource shortages are likely to
interact with each other so as to produce a mutually
amplifving impact. That is to say, the compounded
product would be far greater than the sum of separate
impacts; the result would not be additive but multi-
plicative. This outcome could be particularly delete-
rious in that a sypergized interaction can be an order
of magnitude more powerful than otherwise. Consid-
er, for example, a potential synergism in the agricul-
tural sphere with respect 1o genetic depletion and the
greenhouse effect.  The higher temperatures and
reduced soil moisture expected in a greenhouse-
zffected world will not be appropriate for most crops,
in that they are finely tuned 1o cuwTent climatic
regimes. Hence, the need to expand the generic sup-
port for crops will place a premium on germ plasm
variability 1o build up drought resistance among other
environmental adaptations. Yet, the gene reservoirs
for crop plants are being more rapidly depleted than

_ever, leaving a critically reduced genetic resource

base. Many other such synergisms are probable as de-



growth. working in conjunction with a

number of other consaints, such as faulty methods of
econemic evaluation, inzcproprate technelogies and

nadeguzte overall :E‘-e‘.opmem policies, has resuited
n proncunced and pervasive cverexploitation of the
tan_fral resource -mderp!mmgs of economies in the
To some (limited) extent, the
problem has bea he‘.d at bay through various ischno-
og: the covert cosis cannot be deferved
ne { cmitical envirenmental
ircreasingly apparent.
imits to growth" scenario, the world is
"growzh of limis" sitvation,
upshot 1s likely 1o be the emergence of
Ziverse ewmvironmentzl  discontinuities, whereby an
tensibly self-sustaining e..‘u ilibrium is suddenly and
rzdicaily transformed into “overshoot" starus.  Al-
though the prospect is amended by a good deal of
uncertainty—shere are only meagre insights into the
resilience of ecosysiem workings—prudence dictales a
rzsponse characterized by systemaric caution, notebly
in accord with the public policy guideline proposed
through the precautionary principle. This principle,
while little articulated thus far in operational terms,
must be grounded in a thorough understanding of the
scientific constrainis in guestion, as of the human
weifars risks enwailed through an adverse outcome.

NOTES

See WCED (1987), Pearce (1988), Daly and Cobb {1589),
Barmier (19903} and Costanza (1991).

*See 2isp Mahar (19851, Dafy and Cobb (1989), Pimentel and
Pimeniel (1589): and Myers, Entlich and Ehrich (1962).
'For 2 cogent analysis, see Kevinz (1990).

‘See aiso Boardman, Dearing and Foster (1990); and Pimentel

1RS).

‘Ses also Schneider (158
and Bovie (1990)

9}, Leggex (1990), and Oppenheimer
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