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POPULATION AND CLIMATE CHANGE

According to one school of thought (e.g., Myers 1993), population growth in less

industrialized countries is the main cause of global environmental stresg;
according to another (e.g., Rahman et al. 1993), the major factor is thehigh level
of personal consumption iri the North, A hybrid view (e.g., Ehrlich & Ehrlich &
1990) is that, given the tremendous difference in annual per capita levels of nat-
ural resource utilization, population growth in more industrialized countries,
although slow, bears as much responsibility as rapid population growth in the
South. This latter view has been marginalized in the debate, although there ia
noreason to dosoa priori; atleast the accounting that backs it up issound. Thus,

the population—consumption debate has remained essentially bipolar.

The most vehement authors in the climate policy debate (e.g., Agarwal &
Narain 1991) speak openly of “blame”; others use the more neutral terms
“cause,” ”responsibility,” or “share.” Even thus watered down, however, the
population—consumption debate is still about the equity of proposed mitigation
policies in view of the skewed distribution of resources and responsibility for
past accumulation of atmospheric carbon dioxide., What synthesis of the posi-
tions has occurred has consisted merely of putting all three (especially the firgt

two) views together and calling for sacrifices—forgoing both desired consump-
tion and fertility—all around (e.g., Harrison 1992).

The population—consumption debate came to dominate public discussions
of climate change and of global environmental stress more broadly despite the
existence of at least two well-developed alternative framings of the issue. Com-
moner (1971, 1991) continues to blame neither population nor mass consump-
tion, but rather the promotion by entrenched interests of large-scale, central-
ized, energy- and capital-intensive, highly polluting industrial technologies, as

‘well as the encouragement via advertising of consumption habits (such as the
throwaway culture) that depend on them. Orthodox neoclassical economists, for
their part, have stood aloof from the population—consumption debate, for at
least three reasons. First, they trust markets can defuse and mediate pressures
on the environment whatever their origins; the issue, according to this inter-
. pretation, is the removal of impediments to markets, not reducing the scale of
“human population or its level of consumption. (Hence, Ch. 4 distinguishes this
diagnosis as a distinctive voice in climate change discourse, focused on pricing
“and property rights.) Second, the population—consumption debate explicitly or
implicitly makesa disﬁncﬁon-—émpty from thepoint of view of utility theory—
between luxurious or wasteful consumption and virtuous or necessary’ con-
sumption (Ekins 1991, Durning 1992). This distinction is found to be insupport-
able (see Ch. 3). Third, participants in the debate commit the elementary mis-
take (from the standpoint of utility theory) of making interpersonal utility
comparisons. We cannot know (rigorously) whether the coupleina more indus-
trialized country who forgo a desired second car are giving up more or less
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fility than a couple in a less industrialized count-.ry who forgo a descalr(;d :n;t::

Inthe international political arena, the populahcfn—consun'lphon e 5(1: Ie1 "

peome the focus of the broader debate about equity and fairness (se;;nvﬁ.o n‘.

ar example, whenever Northern delegates at the UN Conferenc'(-(zi ono ulaﬁ_oh
ent and Development (UNCED). in Rio raised the issue of rapid pop

growth in less industrialized countries, Southern delegates countered with the

sue of overconsumption (Rowlands 1992). As a result, poI?u_lation issu‘esAwe:e
ratered down: Principle 8 of the nonbinding Rio Declara.xtlon calls on statetsi, ;)l
uce and eliminate unsustainable patterns of production aljld. consuxlnph or
d to promote to appropriate demographic policies, llaut this is purely ;
tory. When delegates from less industrialized countries propose.d evendbe
od\es..t step of monitoring consumption patterns, industrialized nations, led by
it ' isi etoed the idea.
s United States, not surprisingly v: . -
. By focusing attention on responsibility for causing global climate cl'lange, tht:
ppulation—consumption debate diverts attention from th;e1 n}or; u;xp}c:artatenis
i ith cli Obscured almost enfirely in the de
pue of coping with climate change. : ooate s
sneof themost consistent findings to emerge from climate ch'ar;%e ressla:ﬁons :ﬂ
the populations most adversely affected will be poor, marginal pop o in
less industrialized countries who depend on gcologlca]l.y fragﬂ(:h renewdS e
natural resources. Only by focusing on means of adaptation can the nee
i ions be addressed.
hese seriously affected populations o -
th The first section of this chapter discusses the demographic §1tuatlcfn (ai.nd t:;;;-
look, commenting on the decline in fertility now unde:'vwﬂily in less g; t aulfﬁauy
’ ies lati nties: ulation will grow sul
zed couniries and the relative certainties: pop . . _
Leyond its current size, its distribution will continue to tilt toward less indus-
i i it wi i to age. .
rialized countries, and it will continue o
t The second section assesses studies of the role of populatmr? in the glzl;:l
change debate and critically reviews the common mc;cizl us;d-u: th:l d}:;zgsmg_
i 'his polarized debate adds little value to a
Hion—consumption debate. This po bat . ‘ i
the questions related to climate change and diverts attention from impor "
> i 1 tems.
f vulnerable populations and fragile ecosyst .
lBm'}fe(:hirdsec’cioin extends the neoclassical economicinodel of population and
the environment to incorporate poverty, insecurity, the low statufs tzf womiz?;
and the fragility of marginal environmental zones where many of Cf wor o
soor live. To use language introduced by Gunnar ‘Myrdal in hls ha;;s:c §
lAmerica.n dilemma (1944), this results in a vicious cu'glg model in w S(E)C.l
eties find themselves captured in a high-fertility low-income trap. Becz;t:;e :1t is
comprehensive and it addresses a range of concerns withina broi:ly g ho 0};
neoclassical framework, this vicious circle model has becor'ne e _ommaennt
model for research on, and policy advice regarding, population—environm:
interactions in less industrialized countries.
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The fourth and fifth sections assess the social science research related to two
population-specific phenomena that might be associated with climate change,
specifically climate warming: health impacts, and effects on land and water,
leading to migration and conflict. Higher temperatures would lead to a direct
but the public health implications of this
would be relatively small. Changes in climate conditions might also change the
such as malarial mosquitoes, and alter host-
and severity of

increase in heat-related mortality,

distribution of disease vectors,
parasite relationships, with implications for the distribution

vector-borme diseases. Moreover, changes in the variability of weather con-

ditions might lead to greater frequency of extreme climatic events, especially

droughtsand floods, and might make fragile renewable resource systems more
prone to breakdown. The result mightbe an increase in the number of distress
migrants or, as they have come to be known in the popular hterature, environ-
mental refugees. One school of thought holds that tensions over impaired
natural resource systems might escalate into wars over natural resources.

The conclusion grapples with the question of why, in aworld where virtuous

ends outstrip scarce public-means, pelicymakers should concern themselves
withslowing population growth. The answer, often held to be so obvious in the
public debate, is found in this chapter to be highly contingent on contexts and
conditions, and ultimately on values. Current wisdom, embodied in the delib-
erations and Statement of the 1994 yn International Conference on Population
and Development (1CPD), is deeply informed by vicious circle arguments. The
new basis for international population -policy is widening the choice sét of
women, children, and the poor, based on an umeasy coalition between advo-
cates for women and the poor and the neoclassical economic orthodoxy.

A constructive criticism of the vicious circle argument shows that some
themes are lacking. First, equity concerns have been framed in strictly neo-
classical economic terms; this cannot help but weaken the coalition that must

' implement policies. Second, global ecological fragility and risk are.not
addressed; in short, the view that human population growth is a bad thing in
and of itself, is missing. The chapter concludes witha plea that plural norms and
values, which have been more or less missing or suppressed in the population
debate, be recognized and allowed to form the basis of a constructive dialogue.

Population situation and outlook

This section summarizes the current demographic sitiation and describes the
global demographic transition which is Tnow entering its late stage. Human
population growth results not from a mechanistic biological growth process
but from human choices and, ultimately, human values. The key uncertainty,
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arch der-
n part reflecting disagreements among rese. ers on the I‘.lal'Ll."['E ;)f th; 31:8 ter -
ying model, is the speed of the fertility decline now occurring in less

alized countries. :

Demographic trends and outlook: a global summary

World population at present is approximately 6 billion. In_?jOSO, icso.r:;:lgf;o
epulation projections made by researchers at -the Intemahc-mal H te thr
pplied Systems Analysis (LASA; Lutz 1996}, it is extrem'ely likely to ;:ve mﬂ Ct:
fange 7.1-13.3 billion, and in 2100 3.9-22.7 billion. T.hese high/lowban bsrfs: te i
: nly extreme sets of mortality and fertility assumptmfls and shotlll'd r}ot e thm sr
preted as probabilistic confidence intervals. By applying probe%bﬂlstlc.me 01 5,
fhe 1AsA researchers estimate that in 2050, the 95 percent conﬁdence‘mterv.al ;ls
11-12.0, billion and in 2100 itis 5.7-17.3 billion. This level o.f uncertainty mig a'lc
- be considered high by traditional scientific standards, but in the area of glob
gnvironmental change, the population outlook is one of the more robust factors

to be considered.

Demographic takeoff and transition 7 . ‘ ]
The tfcr)rrfjnant feature of the global sociceconomic landscape is the demo

graphic contrast between the well-off populaﬁo.ns of Eur?pe, Nort}lch A;:nf:;i
and Japan and the poor populations of Asia, Af-:nca, thz.e Mlddlg Eas1 ax; -
America. According to UN Population Division f_-st]mates (Table 2. ),114;
population of the industrialized countries is small in absolute numbers (
million in 1990) and expanding very slowly over ti]l:le- (0:40 percent per lyealr
growth between 1990 and 1995). That of the less industrialized, mostly agnc;t; 1—
tural, and commodity-producing countries is large in absolute numbers (4 a
million in 1990) and expanding at a rapid rate (1.88 per.cent per year). Th? t(l:)
fertility rate (TFR) in more industrialized countries is estimated to be 1 70, 1;1 esds
industrialized countries 3.48; life expectancy at birth for b{)th sexes combine
Iz 74.4 in the first group of nations and 62.3 in the second.

1. Unless otherwise noted, “fertility rate” r;fers to the :ic;t:ll t{::th:il\tg ;:;Sig:ﬁ;ﬁgﬁi :.; ﬁ\;
average number of births per woman on the assump oo 16 0 45 of the sge.specifc
reproductive years. Mathematically, thls is the integral from e
ili irths to women aged x divided by number of women age - ved ir
:fae;h\]rlez ;:;i.s L(?f:?;pectancy at bigrih is the number of years that would be h:;ie?i by i :\tilpiu-
thetical person who was born and passed throu.gl:l life, .sub]ect tothe age-stp mﬁ; mortality
rates observed ina given year; mathemaﬁcally,‘ itis the integral f_rzl{l:n t}fel-:; Roand ]j_f?-";
specific survival rates (one minus the age-spn.ac_:tﬂc death ratf:). Bo e rand e
ancy aresyntheticindices reflectingage-specificeventratesina given yezréﬁ - Zohg,‘
the actual number of births per woman or average age at deathina sp
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Demographic trends in the word since 1950.

Table 2.1

Life expectancy (both sexes)
[950-55 1970-75 1990-95

16,4

Total papulation (miliions)

[950

Total fertility rate

Growth rate

I950-55 [970-75 1990-95

457
277
6.13

6.64

1950-55 1970-75 1990-95

990

1970

340
L70
348
580

488
236
596
6.67

44
623

é44

579
712
54.6

409

66.5

£.57
040

196
081

1.78
120
205
223

5285
1143
414|

633

3697

1003

2655
364

809

1711

520

‘More industrialized
Less industriaiized

Africa
Asia

Word

1.88
281

237
255

224

4560 530

563
708

378
41.3
66.1

5.06 3.03
244 1.58
498 3409

586
256
5.87

227 164
0.60 0.15 %g
244 1.84 514 6.1 68.5

1,90
0.9¢
2,68

2148 3186
65 72
283 440

1403
549
165

Latin America & Caribbean
MNorth. America

Qceania

Europe

20t 206
. 251

347
384

745 76.1

65.0
60.8.

1.05
1.54

L10

209

|.80
221

226 278

166

321

728

66.6

19 26

13

Source; UN {1994).
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The term less industrialized country is so often taken as almost synonymous
fith the word “poverty” that a qualification is in order. Poverty in less indus-

alized countries isa bounded phenomenon. The proportion of the population
{ these countries living in poverty is estimated by the World Bank to have
fmained at about 30 percent between 1985 and 1990, with significant declines
East and Southeast Asia being offset by increases in Latin America, the Mid-
{e East, North Africa, and sub-Saharan Africa. The greatest incidence of pov-
rty is in sub-Saharan Africa. Images of urban slums notwithstanding, roughly
0 percent of the world’s poor live in rural areas and roughly 50 percent live in
.gnvironmentally fragile rural areas. However, the urban share of the impover-
Ished population is expanding. Just as the extent of poverty is overblown in the
_popular imagination, symmetrically, the size of the middle cldss is under-
- #ppreciated. The World Resources Institute (1994) estimates that the top income
ags in India, containing 1.5 percent of the population, is as large as the pop-

plation of Belgium.

Demographic takeoff . The second haif of the twentieth century is a unique epi-
gode in the history of world population. Never before has the population mul-
tiplied at such a speed, and almost assuredly, in view of ecological constraints
and human values, it will never do so.again. Before world population took off
In the eighteenth century, fluctuations in birth and death rates almost canceled
each other out and on average resulted in slow population growth. It took all
of human history, until 1800, for population to reach one billion (roughly equal
to today’s population of Europe and North America combined). It took 130
years, until 1930, to add the second billion. It took only 60 years, until 1960, to
add the third billion. The fourth billion was added between 1960 and 1975 and
the five billion mark was passed in 1987. At present rates of increase, the sixth
billion should be added in 1997.

Simple extrapolation of the current world population growth rate gives rise
to spectacular increases in human numbers: growing at the estimated global
growth rate of 1.57 percent per year, compounded annually, population would
more than double in 50 years, fhen more than double again in the next 50, reach-
Ing almost 30 billion by the year 2100. In fact, if birth and death rates remained
frozen at current levels, world population could rise to the neighborhood of 700
billion by the end of the next century, because the high fertility, less industri-
alized countries would be accumulating a steadily growing weight.
But, to put it simply, since no one would choose to live in such a world, i
one will live in it; the human population, in contrast to all other species, has th
potential to control its own reproductionand is increasingly doing so. Althou,
annual absolute increments to population continue to rise, the annual gro :
rate of world population has declined from its peak of 2.1 percent per yea bl
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the late 1960s and will decline further, The often-heard comment that the human
population is exploding isin error; what is surprising isnothow fastitis growmg,
but how decisively that growth is decelerating.

Demographic transition Writing at the end of the twenty-first century, histori-
ans will almost certainly consider the last decades of the twentieth century as
those during which the world, considered as a whole, entered the terminal
stages of the demographic transition which began in more industrialized coun-
tries the late eighteenth century and spread to less industrialized countries in
the last haif of the twentieth (Davis 1954, 1991, Coale 1973, Notestein 1975). The
theory of the demographic transition predicts that, as living standards rise, first
mortality rates decline and then, somewhat later, fertility rates decline. Perhaps
- we should qualify the term theory, because demographic transition theory is
really just a generalization of events in what are now the more industrialized
countries, where mortality rates declined comparatively gradually, beginning
- in the late 1700s, and then more rapidly in the late 1800s and where, after a lag
of 75 to 100 years, fertility rates declined as well. We might also wish to use the
* plural, demographic transitions, because the long-term historical record shows
that different societies experienced transition in different ways and from recent
history that the various regions of the world are following distinctive paths
(Tabah 1989). Nonetheless, the broad result was, and is, a gradual transition
from a small, slowly growing population with high mortality and high fertility
to alarge, slowly growing population with low mortality and low fertility rates.
During the transition itself, population growth accelerates because the decline
in mortality precedes the decline in fertility.
‘Thebroad outlines of demographic transition in less industrialized countries
canbeseenin Table2.1. Between 1950-55 and 1970-75, life expectancy increased
from 40.9 to 54.6 years for both sexes combined, while fertility remained almost
‘unchanged at a TFR of about 6. As a result, the population growth rate acceler-
ated fromn 2.05 percent per year in the first five-year interval to 2.37 percent per
year in the second. Between 1970-75 and 1990-95, however, the TFR fell by over
40 percent, to approxdmately 3.5. As a result, despite continued improvements
in mortality conditions (]jff_: expectancy increased to 62.3), the growth rate of
population in less industrialized countries declined to 1.88 percent per year.
. Underlying this average were, of course, very different regional patterns; for
example, in Latin America the rate of population growth declined throughout
the period, while in Africa it accelerated throughout the period.
- Such regional differences remind us that blind extrapolation on the ba515 of
cross-sectional data is risky. Thatis, it isnot necessarily sage to assume that, just
because the TFR is inversely correlated with level of income in cross-section,

individual less industrialized countries will inevitably experience fertility
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decline as their economies grow. Nonetheless, trends have overwhelmingly
tonfirmed the relevance of demographic transition theory, formulated on the
basis of historical experience in more industrialized countries, to less industri-
alized countries. With the exception of pockets where religious or cultural
beliefs are strongly pro-natalist, fertility decline is well advanced in all regions
except sub-Saharan Africa and, even in that region, early signs of fertility
decline can be perceived. In Southeast Asia and many countries in Latin Amer-
fca, fertility rates are on a par with those in more industrialized countries only
several decades ago, and in extreme cases such as Taiwan and Korea, fertility
I at subreplacement levels.? Thus, the assertion made at the beginning of the
previous paragraph: taken as a whole, more and less industrialized countries
together, the world is entering the later stages of the demographlc transition
that began in the eighteenth century. -

The greatest difference between the demographlc transmon processes in the
more and less industrialized countries has been the speed of mortality decline.
Life expectancy in Europe rose gradually from about 35 in 1800 to about 50 in
1900, 66.5 at the end of the Second World War and 74.4 in 1995. In less indus~
irialized countries, by contrast, life expectancy shot up from 40.9 at the end of
the Second World War to 62.3 in 1995; that is, the increase that took more indus-
trlalized countries about oneand a half centuries to achieve came to pass in half
& century. As a result of the speed of the mortality decline, populations in less
industrialized countries are growing much more rapidly today than did the
populations of the present more industrialized countries at the comparable
stage of their own demographic transition. The effect is compounded because,
whereas mortality decline in more industrialized countries was relatively uni-
form over the age spectrum, mortality decline in less industrialized countries
was heavily concentrated in infancy and early childhood. This has a pro-
nounced multiplier effect on population growth, as females who would have
died in childhood survive to bear children of their own. An important impli-
cation of this is that population growth in less indusltria]ized countries is not
only rapid, it is very rapid-—three times the rate of growth in the present more
industrialized countries during the comparable stage of their demographic-
transition.

2. Replacement-level ferhhty is the TFR which, if mamfamed overthe long term, would result
in an equilibrium in which each generation precisely replaced itself. Because of population
momentum, discussed below, an instantaneous fransition to replacerhent-level fertility
would not immediately arrest growth in a population which has been expanding. The
replacement-level TFR depends on the sex ratio at birth (which varies slightly from popu-
lation to population) and the toll taken by mortality between infancy and the end of the
reproductive lifespan. In countries that have undergone the 'initial mortality dechne stage
of the demographic transition, the replacement-level TFR is roughly 2.1.
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Age structure, momentum, and near-ferm profections

Trends in population growth far into the future are already, to a large extent,
embedded in the current population. Population growth is charactetized bya
momentum that arises from the persistence of a population’s age structure;
thus, even if age-specific fertility rates decline rapidly, the youthful age struc-
ture of a high fertility population ensures that it will continue to grow, albeit at
- a diminishing rate, for many years, as progressively larger cohorts of young
women enter their reproductive years. Age structure is highly persistent, in
turn, because Homo sapiens is what ecologists call a K-species, as opposed to an
r-species: its evolutionary strategy revolves around physical robustness and
behavioral complexity, that is, resistance to random shocks, not speed of repro-
. duction following a random shock (MacArthur & Wilson 1967). One of the

characteristics of K-species is a relatively long periodicity of generations; in the
* case of human beings, 25 to 35 years.

Differences in population age structure are iflustrated in Figure 2.1, which
compares two extreme cases-—the young, rapidly growing population of Africa
and the old, practically stagnant population of western Europe. Africa has more
than twice as many children under the age of 5 than adults aged 20-25, four
times more than those aged 4045, and ten times more than elderly aged 65-70.
In western Europe, the pattern is completely different and does not even
resemblea pyramid. Because of very low fertility in recent decades, the pyramid

-becomes narrower at the base.

The narrowing of population pyramids at the base (from low fertility) and
fattening at the top (from the aging of baby-boom cohorts and medical advances
extend longevity) describes the phenomenon of population aging. As anyone
who has followed political discussions regarding the uncertain fufure of social

+ security systems can attest, population aging is an enormously important social
phenomenon. Aging will continue in more industrialized countries and has
already started in less industrialized countries, reflecting declines in fertility
rates since the Second World War. Just as the speed of mortality improvements
accentuated the implications of demographic transition for population growth
rates, the speed of fertility decline in less industrialized countries will accen-
tuate the aging phenomenon. In other words, not only will populations agein
- less industrialized countries, but they will age much more rapidly than did
populations in more industrialized countries. _ ‘

Just as engineers can predict the path of a braking vehicle with a relatively
- narrow margin of error because of inertia, demographers can project popula-
tion several decades into the future with a fair degree of confidence. This does
not arise from any methodological sophistication or particularly impressive
insight; itis mostly because of the momentum of population; that iis, the fact that
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(a) Sub-Saharan Africa
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Figure 2.1 Differences in population age structure between a hlghly |ndustr1ahzed reglpn
and a less industrialized region. .

“alarge part of the population which wiltbe alive 25 years from now tias already

been born. Most, although not all, of the remainder will comprlse thie offspring,
of females who have already been born (ie., we can estimate the number of
potential mothers rather closely) and whose reproducuve behavior is unIJ.kely
to différ drastically from that observed today
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Cumulated errors and long-term projections

- Long-term projections, on the other hand, are another matter entirely. Because
of the nature of the compounding process, small errors in the early ‘years of a
projection translate into massive inaccuracies in the outer years. Therefore,
extremely long-run population forecasts are really little more than reasoned
speculations. The wide high /low band and confidence interval cited above for

. the year 2100 arises mostly from uncertainty regarding fertility, not mortality.
That the outlook is much more sensitive to variations in fertility than mortality
is explained by the fact that, since high mortality in infancy and childhood has
been substantially reduced in all regions and pracﬁcally eliminated in some,
variations in mortality rates do not make much difference in the numbers of
women who survive to bear children. The striking fact is that, because of the
nature of compounding, seemingly minuscule variations in the path of fertility
over the next few decades will exert a disproportionate influence on the size of
the population a hundred years from now.

The HASA population projection

In this section, we take a detailed look at the assumptions and results of the
population outlook whose global results were summarized above. Most cita-
tions to the research literature are suppressed because these are available in the
original publication (Lutz 1996).

The cohort component method :

In the cohort-component approach, an initial-year population by age and sex
is survived forward according to assumed age-specific mortality, fertility, and
migration rates. The size of the youngest age group is determined by age-
specific fertility rates applied to the female popuilation in reproductive age
groups. Hence, the projected size and age structureof a population at any point
in time depend exclusively on the size and age structure of the population in
theinitial year and on age-specific fertility, mortality and migration ratesduring
the projection period. These four inputs—an initial year population and three
sets of assumptions—are the inputs to any cohort-component population
projection. '

Most population projections are done by choosing assumptions which will
result in a sensible range of forecasts; after the fact, the projections are labeled
middle-, high- and low-growth variants. Usually the differences between base-
line and alternative assumptions are fairly ad hoc. For example, until 1992, the
UN Population Division’s low-variant population projection assumed faster
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: fertility decline in less industrialized countries, but did not alter the assumed
- path of mortality rates. One school of thought held that faster fertility-decline

would be most likely to occur under conditions of accelerated development, in

“which case mortality would also be likely to decline more rapidly, tending to

offset the deceleration of population growth arising on the fertility side. The
problem is that differencesof opinionregarding the causal models that underlie
the components of demographic dynamics are too great to permit a systematic
gcenario approach. Thus, despite frequent misperceptions to the contrary, the
high and low variants of most population projections cannot be interpreted as
probabilistic confidence intervals; they simply represent alternative paths.
The nAsA population projection approach took the scenario approach one
step further by asking an international panel of experts to make high/low
variant assumptions for each of the three required sets of parameters for each
of thirteen regions (see Tables 2.2 and 2.3 for mortality and fertility assump-
Hons). The experts were instructed to construct assumptions in such a way that

Table 2.2 Alternative assumptions for life expectancy at birth in 13 world regions.

1995 . 2600 2000-35 2000-85
L C H L C H L C H
Male :
North Africa 62.7 630 638 647 646 711 777 616 749 852

Sub-Saharan Afr. 506 496 5.1 52.6 43F 544 656 43.1 581 73
China and cpa 664 - 669 671 674 702 720 739 702 758 8l4

Pacific Asia 631 63.1 641 651 63.1 706 781 631 744 856
Pacific OEcD . 16l 766 771 776 799 836 874 - 799 874 949
Central Asia © 65.1 656 66.1 666 689 7.6 764 689 764 839
Middle East 65.6 659 667 676 675 740 806 675 778 8aI
South Asia 9.7 597 605 612 597 653 710 597 &%1 785
Eastern Europe 673 678 683 o688 7I.b 748 786 7.1 786  86.
European Fsu 611 611 621 63l 6.1 686 76l 6l.l 724 836

Westemn Europe - 72| 726 . 731 736 759 796 834 759 834 909
Latin America 66.3 668 673 678 701 738 776 00 776 85
Morth America 723 728 733 738 764 798 836 76t 836 9l

Fernale :

North Africa 653 656 664 673 672 737 803 672 787 903
Sub-Saharan Afr. 539 529 544 559 464 57.7 689 464 627 789
China and CPA 70.1 706 LI 716 739 776 8l4 739 826 94

Pacific Asia 674 674 684 694 674 749 824 674 799 924
Pacific GECD -~ 822 827 832 837 860 897 935 860 947 1035
Central Asia 725 730 735 740 763 80O 838 763 850 938
Middle East 68.0 683 690 700 699 764 830 699 814 930°
South Asia 597 . 597 607 617 597 672 747 597 722 . 847

Eastemn Europe 750 . 755 760 765 788 815 863 788 875 963

European rFsu 728 . 733 738 743 766 803 841 766 8537 94l°
Westem Europe 786 794 796 B0 824 86| 839 824 9Ll 999.
Latin America 715 720 725 730 753 790 828 753 840 928,

North America 79.1 796 BO.L 806 829 B66 904 829 916771004 -

Source: Lutz {1996).
L=1low, C=central H = high, _
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Table 2.3  Alternative assumptions for total fertility rates in 13 world regions.

1995 2000 2000-35 2000-85
L C H L C H L < H
Male
North Africa © 435 392 403 435 200 300 400 154 204 254
Sub-Saharan Africa 618 556 587 e&l8 200 300 400 144 194 244
China and cPA 200 160 200 240 150 225 300 .37 187 237
-Pacific Asia 288 230 265 300 170 235 300 12% 179 229
Pacific OECD 1.53 .22 "1.53 1.84 130 . L70 210 i24 174 224
Cenitral Asia 335 268 334 400 200 300 400 145 195 245
Middle East 547 492 520 547 200 300 400 |45 135 245
South Asia - 377 339 358 377 .70 235 300 120 170 220
Eastern Europe 1.66 133 166 200 130 170 210 t39 189 1239
. European Fsu {.50 £20 150 1.80 E30 170 210 .55 205 255
Westem Europe |.67 .34 167 200 - 130 170 210 132 189 239
Latin America 3.10 248 279 310 .70 235 300 160 210 260

North America 1.97 158 1394 230 140 185 230 159 209 2:59

Source: Lutz (F996).
- Notes: L = low, C = central, H = high. CPA = Centtrally Planned Asia, FsU = Former Soviet Unibn.

their high /low variants represented a subjective 90 percent confidenceinterval,
Aninth, central variant, set of assumptions was constructed by averaging high/
low variant assumptions for mortality, fertility and migration. This implies
eight alternative sets of forecast assumptions (high, low, and central) for fertil-
ity, mortality and migration. ThellAsA approach, while still ad hoc, is somewhat
more systematic, and it brings out explicitly the subjective probability distri-
butions of experts in fertility, mortality and migration.

Experts’ high/low assumptions were made for each five-year pefiod out to _

2030-35; these were then extrapolated to 2080-85. In the case of fertility, the end-
points chosen for 2080-85 were assumed to lie in the range 1.7-2.1, depending
on the population density of the region. This procedure is ad hoc, but no more
so than the common alternative, which is to assume that fertility falls (or rises,
as thecasemay be) to replacementlevel and then remains fixed there. In the high
mortality scenario, life expectancy was assumed to reach a maximum in 2030-
35 and stay there; in the low mortality scenario, life expectancy continued to
improve between 2030~35 and 2080-85. In the extremely long run, between
208085 and 2100, all rates are assumed to remain constant.
Tables 2.4, 2.5 and 2.6 present three sets of projection results. The scenario
labeled Central (Table 2.4) combines central assumptions for fertility, mortality,
-and migration. The scenario labeled High (Table 2.5) combines high fertility
rates with low mortality rates; migration rate assumptions are left at their cen-
tral level. The scenario labeled Low (Table 2.6) combines low fertility rates with
high mortality rates, again keeping migration at its central level, Thus, the two
alternative scenarios give high/low growth bands. As discussed above, they
have no probabilistic interpretation, but merely bound experts”assessments of
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Table 2.4 Central scenario {central fertility, central mortality, central migration).

Population by region (millions)

1995 2050 2100
More industrialized regions
North America 297 406 467
Western Eurgpe 47 469 413.
Eastern Europe 122 109 77
European Fsu 238 187 135
Pacific OECD 147 o148 o125
Total 1251 1319 1217
Less industrialized regions :
Latin America 477 206 1056
Central Asia 54 138 195
Middle East 151 517 738
North Africa 162 439 607 .
Sub-Saharan Africa 558 1601 1759 -
China and cPa 1362 © 1837 v 1796
South Asia 1240 2340 2202
Pacific Asia 447 776 783
Total 4451 8554 10353
World total

5702 9873 10228

For definition of regions, see Lutz (1996).

Table 2.5 High scenario (high fertility, high mortality, high migration).

Population by region (milliohs)

1995 2050 2100

More industriglized regions

Narth America 297 505 812
Western Europe 447 582 736
Eastern Europe 122 : 140 160
European Fsu 238 Lo 246 . 289 .
Pacific GECD 147 181 217
Total 1251 1654 2214
Less industrialized regions . .

Latin America 477 |16% 209
Cenitral Asia 54 197 435
Middle East 151 . 685 1491
Nerth Africa 162 593 - 1288 .
Sub-Saharan Africa 558 2390 - 4770
China and cpPa 1362 2503 4055,
‘South Asia 1240 3056 - 4701 -
Pacific Asia 447 1043+ . - .le88 . -
Total 4451 |1642 20524
World total

S 1396 2738

Notes CPA = Centrally Planned Asia, FsU = Former Soviet Union,

For definition of regions, see Lutz {1996).
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Table 2.6 Low scenario (low fertility, low mortality, low migration).

Papulation by regioﬁ {millions)

1995 2050 2100
More industrialized regions :
North America 297 321 251
Western Europe 447 371 209
Eastern Europe (22 84 30
European rsu : 238 139 51
Pacific oECD - 147 18 65
Total 1251 1033 606
Less industrialized regiors
Latin Arnerica 477 687 454
Central Asia . 54 92 70
Middle East 151 375 299
North Africa 162 3H 237
Sub-Saharan Alrica 558 1001 479
China and cPa 1362 . 131 610
South Asia 1240 1743 872
Pacific Asia ' 447 350 . 289
Total 4451 6070 333t
World total 5702 7103 3937

Notes: CPA = Centrafly Planned Asa, FsU = Former Soviet Union,
For definition of regions, see Lutz (1996). .

- possible demographic futures. Although the high and low scenarios bound
probable futures, they also contain an inconsistency. If mortality is at its high
assumption level, it is far more likely that fertility will also be at its high level;
this scenario might be called slow demographic transition. Conversely, a rapid
demographic transition scenario would combine low mortality with low fer-
tility. These less extreme scenarios (from the standpoint of population growth)
are given in Tables 2.7 and 2.8. .

The rapid and slow demographic transition scenarios are more relevant for
population policy than the more extreme high and low scenarios. This is
becausepolicies designed to accelerate fertility declinearealso, toa large extent,
poticies that lead to mortality improvements. Policies to encourage population
stabilization must, in this sense, cope with an internal contradiction that the
faster fertility declines, the faster mortality declines as well. This also irivests
population policy with a more intense aging ratchet than is evident in the
extreme low-growth (low fertility /high mortality) scenario. Although fertility
reductions give rise to aging over the long term, reductions in mortality rateg

 giverise to an aging effectin the immediate term as well, because older persons

now alive survive longer.
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Table 2.7 Slow demographic transition scenario

central migration).

Population by region (millions)

f995 2050 2100
More industrialized regions .
North America 257 463 - 697
Westemn Europe 447 525 616
Eastern Europe C122 125 128
European Fsu 238 209 217
Pacific OeCo 147 164 183
Total F251 1486 184
Less industrialized regions .
Latin America ' 477 1080 1700
Central Asia 54 184 361
Middle Fast 151 610 ‘ 1088
Naorth Africa 162 519 912
Sub-Saharan Africa 558 1654 1827
China and cpa 1362 2321 3331
South Asia 1240 2558 2872
Pacific Asia 447 884 1136
Total 451 9810 13227
World total 5702 11296 f5068

Notes: cPA = Centrally Planned Asia, FsU = Former Soviet Union,

For definition of regions, see Lutz (1996},

Table 2.8  Rapid démographic transition scenario {low fertility, low mortality; central

migration).

Population by région (miflions})

) 1995 2050 2100
More industrilized regions
North America - 297 - © 360 318
Western Europe 447 424 278
Eastem Europe 22 97 45
European Fsu 238 171 79
Pacific OECD 147 135 87
Total 1251 1187 807
Less industriglized regions
tatin America 477 756 612
Cerrtral Asia 54 104 93
Middle East 15! - 426 - 453
North Aftica 162 362 357
Sub-Saharan Africa 558 1437 1305
China and cpPa 1362 1449 862
South Asia 1240 . 2098 ) 1528
Pacific Asia 447 673 492 _
Total 4451 7302 CB702 T
Word total 5702 8489 6509

Notes: CPa = Centrally Planned Asia, /U = Former Soviet Union,

For definition of regions, see Lutz (1996).
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Forecast assumptions
- Lutz (1996) contains chapters devoted to fertility, mortality and migration in
lessindustrialized and moreindustrialized countries, as well as methodological

chapters and special focus chapters on AIDS (discussed below and inBox2.1)and -

the world food situation. In the following paragraphs, forecast assumptions are
summarized in a few brief sentences.

Fertility Because the overwhelming evidence favors further fertility decline in
less industrialized countries, even high fertility variants in these regions gen-
erally call for fertility to be lower than itis today. One exception is China, where
the high variant assumes that the one-child policy is relaxed to allow fertility
more in line with desired fertility levels. The second exceptionis Latin America,
where there is some evidence that fertility decline in some countries has stalled
ata TFR of around 3.0, and desired fertility might rise again. High-variant fer-
tility scenarios for other regions assume that the continuing fertility transition
is retarded or stalled. That this can easily happen is illustrated by the important
case of India, where fertility decline was arrested in the early 1980s at a TFR of
about 4.0. Low-variant assumptions imply that fertility decline in less indus-
- trialized countries, as in more industrialized countries, does not stop at a TFR
of 2.1 but continues to decline, carrying countries into the range of subreplace-
ment fertility. The central assumptions that result from averaging high and low
- variantsareslightly above replacement-level fertility inmost less industrialized
regions and substantially above it in sub-Saharan Africa.

In more industrialized countries, fertility rates rose through the mid-1960s, |

then declined to subreplacement levels in the 1970s. Southern European coun-
tries such as Spain and Italy lagged behind northern European countries such
as Germany and Sweden in experiencing fertility decline, but the decline, when
it came, was steeper. Fertility has recently turned up again in northern Europe,
spectacularly so in Sweden, where provision of excellent daycare and other
pro-natalist policies have encouraged childbearing. On the other hand, it is not
clear that high fertility will persist. Similarly, it seems unlikely that the extra-
~ ordinarily depressed fertility levels that have prevailed in eastern Europe and
* the former Soviet Union during the crisis of economic transition represent a
long-term state of affairs.

Population forecasts have traditionally assumed that low fertility, more
industrialized countries approach replacement-level fertility from below, just
as less industrialized countries approach it from above. On the other hand,
Westoff (1996a) has pointed out that thereis no empirical basis for this assump-
tion, and some observers {e.g., Bumpass 1990) see no end in sight to individu-
ation and the low fertility that, practically by definition, it implies. Room for
further decline exists, since, even in very low fertility societies, surveys reveal
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that a high proportion of pregnancies are unplanned. In view of the potential
for further fertility decline, the low fertility variant assumption for the TFR was
getat 1.4in North America and 1.3 in all other more industrialized regions. The
high fertility assumptions are 2.3 in North America and eastern Europe and 2.1
in western Europe and Japan and Australia.

Mortality Mortality decline in Europe, North’America, and Japan came about
over the course of two centuries as a result of reduced variability in the food
supply, better housing, improved sanitation and, finally, medical progress.
Mortality decline in less industrialized countries, by contrast, can be compared
to one tremendous downward ratchet, made possible by the application of
Western medical and public health technology to infectious, parasitic, and diar-
theal diseases, since the Second World War. Apart from the acquired immun-
odeficiency syndrome (AIDS) epidemic (Box 2.1), there is every reason to expect
the gap between life expectancy in more industrialized and less industrialized
countries to narrow further.

The low mortality variant for Africa assumes that AIDS is brought quickly
under control, in which case life expectancy is projected to increase at a rate of
three years per decade. Under the most pessimistic AIDS conditions, life expect-
ancy in Africa might fall by three years per decade. Thus, the central mortality
assumption for Africa is no change in life expectancy. In South Asia and Pacific
Asia, the high mortality varianf assumes no increase in life expectancy because
of AIDS mortality. The low mortality variant assumes that AIDS can be brought
Jergely under control and mortality from other causes will continue to improve * .
quickly. : h

Analysis of trends in age--and cause-specific mortality rates in more indus-
trialized countries do not indicate an imminent leveling-off of improvements,
go life expectancy is expected to continue rising in developed regions. Studies
on occupational mortality differentials in Nordic populations, which are
ethnically rather homogeneous, reveal substantial mortality differentials by so-
cloeconomi¢ status. This indicates that changes in lifestyle behaviors such
as smoking and alcohol consumption may give rise to further reductions in
mortality rates. The decline in male life expectancy, which was experienced
since the 1970s by mosteastern European populations and the population of the
then Soviet Union, was caused in significarit part by factors associated with the’ _
economic crisis and may be expected to reverse as these countries recover. . -

Controversy surrounds the question of whether there are biological limits to
longevity and, if so, whether humans -are anywhere, near these limits. The
traditional view sees aging as a process intrinsic to all cells of the human organ-
{sm. Under this view, recent and future mortality improvements are interpreted
as elimination of premature deaths and massing of mortality risk near the
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Box 2.1 AIDS and Africa

sometimes heard that AIDS is "salving Africa's population problem.” This is
nsense. By subjectirg members of the most economically active and productive
awasting and premature death, AIDS s imposing an economic and social toll on Affica
&[5 far in excess of any conceivable costs of rapid population growth (Ainsworth & Over

9. _

" "¥et, aithough the sheer numbers of deaths, and hence the magnitude ofthe AICs epidemic
fervahuman and social scale, is immense, the effects of AIDS o population growth rates is now
- known to be modest, even in Africa. Bongaarts (1996) estimates that by 2000, the AIDS death
{ rate in sub-Saharan Africa.will approximately equal the Hiv seroprevalence rate (the number
of casesbased on diagnosis ofblood sera), implying that seroprevalence will plateau. In the worst
case, this results in an increase of the crude death rate by 10.7 deaths per 1000 members of
the population; in the best case, 1.7 deaths per 1000 members of the population. Regarding
(even modest) sociaf response, a simulation analysis by Cuddington et al. {1994) finds that. in
atypicat African population, a rise in'condom usage from zero to 10 percent cuts steady-state
AIDS prevalence by over one-third, from 31 to 19 percent of the population.

In its 1992 round of poputation projections, the UN Population Division incorporated AlDS
mortality into its national population projections for 15 of the most seriously affected African
countries, with a combined population of 42 million in 1950, In these 15 countries, the UN esti-
mates that AIDS mortality will reduce the average annual-growth rate between 990 and 2025
by 0.5 to 0.8 percentage points {(roughly speaking, from 3 to 2 percent peryear). Inno case was
the doubling time of a population, estimated to be on the order of 20-25 years without AIDS,
found to be increased by rmore than two or three years by the effect of the epidemic.

How can it be that so devastating ar epideric can have only a limited effect on the pop-
ulation as a whole? The answer lies in the nature of AIDS mortzlity and the fact that the fertility
rate in Africa remains very high, A woman infected with the Hv virus at 20 may not die of AIDS
untit 27, by which time she may have had five babies, onlytwo orthree of whom are seropositive;
In other affected areas ofthe developing world, such as Thailand and India, much less is known
. about the possible effect of AIDS; however, it seems implausible that the impact on population
growth would be relatively more serious than in sub-S_ahamn Africa, with irs_atutely elevated

5

rate of seroprevalence.

biological litit of longevity. One study based on this view calculated a maxi-
mum lifespan of 115 years, withan average age at death of about 90 years. How-
" ever, even this remarkable extension would imply a marked slowdown in the
rate of gains in life expectancy which populations of mdst more industrialized
countries have enjoyed in recent decades. '

The alternative, and less orthiodox, view, sees aging as a multidimensional
process of interaction in which partial loss of one function in one organ can be
compensated for by others, and only total loss of an organ system would result
in death. Given improved living conditions and, possibly, direct intervention
into the process of cell replication and aging, dramatically higher life expect-
ancy could be attained. Small populations followed for short periods of time
have been observed to have life expectancies well in excess of 90 years. Further
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gupporting evidence can be found by studying changes in very old age mox-
fﬂﬂty over time. Swedish data since 1900 show that mortality ratesat 85, 90, and
85 have declined at an accelerating rate. S

The traditional and orthodox views of old-age mortality conveniently
bracket low mortality and high mortality assumptions for more industrialized
gountries. The high mortality assaumption is that life expectancy for both men
#nd women increases ata rate of one year per decade—that s, at a substantially
slowerrate than in the past. The low mortality variant assumes that life expect-
fncy increases at a rate of three years per decade. The central mortality assump-
tlon is thus an increase of two years per decade in life expectancy. A special set
of assumptions was made for eastern Europe to reflect the broader range of
uncertainty and the recent deterioration in mortality conditions. If conditions
éontinue to be unfavorable, life expectancy is assumed to increase by only half
8 year per decade; on the other hand, if conditions improve and, especially, if
lifestyles change for the better, it will increase by four years per decade. Under
the latter set of conditions, the gap between eastern Europe and more indus-
trialized countries, which has broadened recently, will close again.

International migration The future of international migration is particularly
difficult to assess, forseveral reasons. First, reliable dataare scarce and historical
frends are very volatile. International migration tends to proceed in spurts, not
88 a continuous flow. Second, international migration depends closely on the
prevailing economic, social, and political state of the world. Third, international
migrationis contingent on policy decisions in receiving regions. Low migration
assumptions for all regions were set simply at zero, meaning that the number
of in-migrants equals the number of out-migrants. Highmigration assumptions :
get the number of net in-migrants per year at 2 million in North America,
1 million in'Eurcpe, and 350000 in Japan, Australia and New Zealand. These
migrants were distributed among sending regions using cutrently observed
patterns of flows. In this section, only the central migration variant is discussed.

Results o ‘
if every region in the world followed the central fertility, central mortality and
central migration scenarios—which are assumed to be the most likely ones as
seen today-—world population would increase from 5.7 billion in 1995 t0 9.9 bil-
lion in 2050 and to 10.3 billion in 2100. Population would increase by another
4billion before stabilizing around mid-century. The most extreme case of rapid
population growth results from combining high fertility and low mortality
assumptions in each region. In this bounding case, world populaﬁor} would
double before mid-century and reach 22.7 billion by 2100. At the other extreme,
i every region followed the path dictated by low fertility and high mortality
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assumptions, world population would peak before mid-century (in about 2030;
this cannot be inferred from the data presented in the table) and commence a
steady decline. By 2100, it would have returned to its level in the early 1970s,

- a little short of 4 billion.

The extremes are not only unlikely by construction (experts were asked to
make bounding assumptions) but somewhat lacking in meaning. For example,
if fertility remains high in less industrialized countries, itis likely to be because
ecohomic and social progress have been slow, in which case it ismore likely that
mortality would be high, not low. Similarly, if rapid change results in low fer-
tility, it is more likely that mortality would be low, not high. These alternative
scenarios, rather than corresponding to rapid population growth and slow pop-
ulation growth, as above, would correspond to something that might be called
slow demogtaphic transition and rapid demographic transition. In the first
case, world population would rise to 15.1 billion inless industrialized countries
by 2100; in the second case, it would rise to 8.5 billion in 2050 before declining
slowly to retwn to approximately its current level, 6.5 billion, in 2100.

Probabilistic extension

Butall of these scenarios merely represent ad hoc combinations of assumptions;
they have no probabilistic interpretation. The application of probabilistic
methods to population projection is not conceptually simple {Lutz et al. 1996).
The confidence intervals reported above result from fitting normal probability
distributions to- the high, medium,' and low assumptions and combining
assumptions randomly in a Monte Carlo simulation. These simulations also
considered the possibility that fertility and mortality trends may be correlated
within regions (e.g., high fertility in sub-Saharan Africais morelikely to go hand
in hand with high mortality than with low mortality} and that regional trends
may be either independent of each other (e.g., fertility in sub-Saharan Africa
uncorrelated with fertility in Latin America) or correlated. As reported in the
first paragraph of this section, the 95 percent confidence interval in 2050 is 8.1-
12.0 billion and 5.7-17.3 billion in' 2100. For regional results, the reader is

_referred to Lutz (1996).

It is often heard that world population will double in years to come. Yet
world population doubles in only about one-third of the cases examined in the
Monte Carlo simulation. This is the strongest evidence to date that at least the
more extreme rhetoric in the international population debate is incorrect. To
repeat, what is surprising is not how rapidly the human populationis growing;
it is rather how decisively that growth is decelerating. '
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Three certainties :
However, three certainties emerge from the range of scenarios and from the
Monte Carlo simmulation: :

* World population will increase substantially from its current level. Even
in the lowest growth extreme scenario, population increases by close to
2 billion before starting to decline.

* The distribution of world population will continue to shift toward less
industrialized countries. Even assuming rapid fertility decline and littte
improvement in mortality, less industrialized countries still account for
a rising share of world population. !

* The world population will continue to age. In the central scenario, the
share of the world population aged over 60 is expected torise from 9.5 per-
centin 1995t019.6 percentin 2050 and 26.8 percentin 2100. Buteven under
the high fertility / high mortality (slow demographic transition) scenario,
theshare of the elderly rises to 14.7 percentin 2050 and 17.8 percent in 2100.

Sensitivity

Regarding thelevel of world population, fertility assumptions have a far greater
impact on the outlook than do mortality assumptions. Holding fertility and
international migration assumptions at their central values and allowing only
mortality assumptions to vary, the forecast range for 2100 is between a popu-
lation of 8.1 billion in the high mortality case and 12. 7hbillion in thelow mortality
case, Holdmg international migration and, this time, mortality assumptions at
central values and allowing only fertility to vary, the range of variation is
between 5.1 billion in the low fertility scenario and 19.0 billion in the high
fertility scenario.

From the standpoint of long-run population aging, fertility assumptions also
have the greater impact. Under central fertility and migration assumptions, the
high mortality scenario implies 24.0 percent of the population aged over 60 in
the year 2100, and the low mortality scenario implies 30.8 percent. Under central
mortality and migration assumptions, the high fertility scenario implies 19.9
percent over 60 and the low fertility scenario implies 37.2 percent. Somewhat
conirary to population wisdom, mortality and fertility trends are more impor-
tant from the standpoint of population aging than are migration assumptons.
Western Europeisa good example. Holding mortality and fertility assumptions
at central levels and allowing only migration assumptions to vary, the forecast
range for the proportion of the population aged over 60isonly from 34.1 pe;cer&
in the lJow migration case to 36.5 percent in the high migration case.
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Fertility decline in less industrialized nations

The rapid increase in the size of world population has always attracted the most
attention, although population aging is arguably as important. And it is'the far-
reaching consequences of current fertility decisions for future population size
thatunderlie the urgency permeating discussions, such as those at the 1994 1CPD
in Cairo, of population policy in general, and family planning policy in partic-
ular. The regional focus onless industrialized countries stems from two causes:
fertility levels in more industrialized countries are already at, and in many cases
below, the replacement level and are unlikely to go much lower; second, less
industrialized countries account for the largest share of world population. In
terms of the size of global population, the most important uncertainties relate
to the future path -of fertility in less industrialized countries.

The literature on fertility in less industrialized countries is so vast—citations
would be superfluous, since entire journals are practically devoted to the sub-
ject—-that even an adequate summary is beyond the scope of this subsection.
Much of the literature revolves around empirical data made available by three
major data collection and analysis projects: the European Fertility Project, the
World Fertility Survey (WFs), and its successor, the Demographic and Health
Surveys (DHS). The first studied the European demographic transition; the latter
two concentrate on less industrialized countries. In the paragraphs that follow,
we concentrate on the question of what causes fertility decline. Insights into
what sorts of programs and policies will accelerate fertility decline follow fairly
closely from the answer., Whether fertility decline ought to be accelerated in the
first place is a much thornier question.

Proximate determinants of fertility
Theidea that parents in traditional settings aim at maximum family size is unin-
formed. Tn all' but a handful of observed human populations, fertility is much
lower than its theoretical maximum, which is on the order of 15 births per
woman. The adeption of modern methods of contraception has, in some degree,
simply involved the substitution of néw methods for traditional ones. In some
cases, ithas occurred at the same time as the erosion of practices and mores, such
as late marriage, prolonged breastfeeding (which lengthens the sterile period
following a birth) and periods of postpartum sexual abstinence, which formerly
depressed fertility (Tabah 1989). ' '

The proximate determinants of fertility are age at marriage, prevalence
and effectiveness of contraception, prevalence of induced abortion, and dura-
tion of postpartum inability to conceive, especially because of breastfeeding

(Bongaarts & Potter 1983). Fertility decline must come through changes inone |

or more of the four proximate determinants. In fact, the adoption of contra-
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ception has been far and away the major source of fertility decline. Adoption
of contraception has, in turn, been modeled as a diffusion process consisting of
stages of awareness, information, evaluation, trial, and adoption.

Coale (1973) put the conditions required for fertility decline in a nutshell:
fertility must be regarded as beirig within the realm of conscious choice, there
must be advantages to lower fertility, and the means of fertility reduction must
be available. More succinctly, couples must be willing, ready, and able. We do
not devote attention to the first, important as it is (van de Walle 1992), because
information technology has reduced the totally fatalistic attitude toward
fertility to pockets, especially in sub-Saharan Africa.

This suggests three avenues from high to low fertility (Murphy 1993):

* rising availability of family planning technology and services, including

maternal and child health programs, which reduce infant mortality

¢ changes in socioeconomic variables, mostly neoclassical economic costs

and benefits arising from variables such as child labor, female participa-
tion in the labor force, and support in old age

* attitudinal and cultural changes, such as declines in the prestige value of

children and improvernents in the status of women.

In the first case, advantages to having fewer children were always present,
butthe means of fertility control were unavailable; in the second and third cases,
the means were available all along, but advantages to having fewer children
emerge. In economic language, the first case corresponds to one in which
demand for fertility limitation is already present and what triggers fertility
decline is an increase in the supply of family planning; in the last two cases, an
sdequate supply of the information and technology necessary to reduce fertility
exlsts; what triggers fertility decline is a reduction in demand for children.

The proximate cause of fertility decline is not in dispute: in the less indus-
trlalized world it has occurred as more married women have adopted contra-
ception (Weinberger 1994). The statistical association between various indices
of family planning program effort and the prevalence of contraceptive practice
ls unquestioned at the national level. The problem is the fundamental chicken-
and-egg ambiguity over causation: does family planning through national
programs lead to lower fertility via increased adoption of contraception, or do
parents’ declining fertility desires, translated into demand for contraception, in-
duce the supply response of a national family planning program (Box 2.2)? The
difference between the positions was well captured by the rallying cries of del-
egates from more—and less—industrialized countries to the 1974 Population
Conference in Bucharest: “Contraception is the best contraceptive,” on the one
hand, and “Development is the best contraceptive,” on the other. A new posi-
ton that emerged forcefully at the 1994 ICPD in Cairo, might be expressed as
“Security and improved status of women are the best contraceptives.”
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Box 2.2 Fertility decline in Bangladesh.

The debate over sources of fertility decline has concentrated on Bangladesh, where the rate
of contraceptive use grew from 3 percentin 1971 to 40 percent in 199 and the TFR felf 'from
7to S between | 975 and |988. Clefand et al. {1 994) argue that there was no conspicuous eco-
nomic development or change in the standard of living for most of Bangladesh's households.
Insuch conditions, they suggest, the explanation for reductions lies in supply side factors, includ-
ing national commitrent to defiver family planning services, as well as in nonspecific socioeco-
nomic and cuttural changes which can be subsumed under ideational change. In rejecting
explanations primarily based on economic variables, they note that reproductive behawor has
changed among all major social groups. .

Kabeer {1994) argues against this view, seeing in fertility decline a neoclassical response to
long-term erosion of the returns to family size brought about by growing popufation pressure
against the resource base. Although both weafthy and poor individuals reduced fertility rates,
their motivations differed. In wealthier households, investments in education and the quality of
chitdren offered a more diversified pool of assets, contracts, and opportunities. For poor and
landiess households the initizlly larpe dependency ratio, combined with an erosion of familial
ties and intergenerational obfigations, provided an incentive to reduce expenditures by having
fewer children. Despite high risks of mortality caused by natural catastrophes, insecurity of prop-
erty rights, and the persistence of economic dependency of women on men in Bangladesh,
women from the poorest households showed the greatest willingness to use contraception,
often without their husbands' permission (Kabeer 1985).

In the Matlab Family Planning Health Services District of Bangladesh, cortraceptive preva-
lence is high relative to otherareas of the country despite, the fact thatincome, status of women,
and other typical explanatory variables are no higher, Cleland (1993) and Degraaf (19%1)
attribute this to aggressive provision of family planning services in the district. Thomas (1993)
argues that the massive provision of public health assistarice amourted to a reduction in inse-
curity and poverty. Robinson (1986) echoes Kabeer’s view above by arguing that the expla-
riation fies in the massive long-term decline in per capita income in the district. Finally, Pritchett
(1994} pointed out that the that the level of expenditure per capita on famll)?{ planning in the
district was so high that fertility decline was virtually unavmdab!e.that is, thatthe example cannot
be generalized.

The difficulties of generalization are highlighted by persistert disagreements among
researchers, even wnth|n one intensively studied country.

There has been a natural, but uﬁfortu’nate, tendency to treat these positions
_as straw men to be knocked down. All research suggests that fertility decline
is complex, regionally differentiated, and context dependent. Generalizations
arerisky even within regions, let alone worldwide. Every truism has atleast one
counterexample. For example, fertility decline has sometimes occurred in the
context of vigorous national family planning programs (e.g., Thailand) but it
'has also occurred in countries that have almost no national family planning
policy at all (e.g., Brazil). Whereas economic growth has generally been a pre-
requisite for fertility decline, cross-sectional plots reveal outliers such as Sri
Lanka and Mauritius, where fertility levels have long been much lower than
would be predicted on the basis of per capita income alone. Finally, although
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fertility decline has sometimes occurred in the context of improving women’sg
status (e.g., Kerala State in India), there are counterexamples (e.g., Indonesia)
that experienced spectacular fertility decline with virtually no change in male/
fernale inequality.

There is a clear synergism among the various factors; national family
planning programs, combined with material and socioeconomic development,
combined with improvements in the standard of living of the poor and empow-
erment of women, result in ferh.hty decline.

The role of national famz’ly planning programs

From comparing fertility trends in broadly similar countries, such as Mexico
and Colombia, and Pakistan and Bangladesh, Cleland (1996) has concluded
that government attitudes toward family planning were a crucial variable.
However, experience over several decades has shown that family planning
programs have an impact only when desired fertility has already declined
because of socioeconomic development and that they work best when
integrated into other government policies in areas such as health, education and
tural development (Concepcion 1996). The mere supply of contraceptive tech-
nology, backed up by government propaganda, is no guarantee of change;
indeed, in Burope, marital fertility began to decline decades before modern con-
traceptive methods were available. Even in cases where fertility decline has
occurred despite any evident change in economic variables or cultural values,
scholars have argued that decline in infant mortality had triggered latent
demand for lower fertility (Cleland & Wilson 1987, Cleland 1993). Asa general
proposition, national family planning programs are at best a necessary, but
never a sufficient, condition for fertility decline. On the other hand, assuming
that the socioeconomic preconditions for lower fertility are present, well-
designed family planning programs can greatly enhance couples’ ability to
meet fertility goals and thus accelerate fertility decline.

Neoclassical economic costs and benqctts
A reduction in the desired number of children can be descnbed either in terms
of shifting economic costs and benefits.of fertility or evolving group norms and
values; a third view stresses thebarrier posed by poverty, insecurity and the low,
status of women in traditional patriarchal society. The economic benefits from
children are of two types: old-age security and eurrentincome flows, which can
arise from labor, from earnings turned over to parents, orfrom remittances sent
by children who have left the household (Clay & Van der Haar 1993). Economic
¢osts relate mostly to the costs of education and the opportunity costs of time
expended in childbearing and childcare.

Fertility can be viewed as the outcome of a utility-maximizing decision made
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‘by parents in response to economic costs and benefits (Becker 1981, Becker &
Barro 1988, Becker et al. 1991). Parents” well-being is considered to be a function
of child quantity, child quality, and the level of consumption of a third, com-
posite, good. The price of child quantity involves fixed costs, such as time
expended in childbearing, and the price of child quality involves costs related
to educationand other investments in human capital. The availability of natural
. resources and environmental assets can be dealt with by adding these to the
utility function, on the assumption that parents make a three-way tradeoff
between number of children, material consumption, and state of the environ-
ment. Altruism can be added to the model by including weli-being of the chil-
dren as an additional argument in parents’ utility function (Nerlove etal. 1987).
Fertility decline, according to the neoclassical model, results from a combi-
- nation of increasing costs of child quantity (e.g., an increase in the formal-sector
- labor force participation rate of women, which raises the opportunity costs of
" time expended in childcare), and declining costs of child quality (e.g., increasing
availability of opportunities for education). All else being equal, gains inincome
- per capita associated with economic development would lead to increases in
fertility, just as these gains lead to increases in the consumption:of material
goods. All else is not equal, however, as development is also accompanied by
shifts in the relative prices of child quantity and quality. To these price-shifts
must be added direct reductions in the economic rate of return on children as
assets: modernization reduces the importance of child labor, and the opening
" of avenues for financial saving, and public social security schemes, reduce the
value of children as pension and insurance assets. Shifts in relative prices and
declines in the asset value of children combine to cause households to shift their
- consumption baskets away from child quantity in favor of child quality, as well
as material goods. '

However, empirical evidence for the neoclassical model is thin (Murphy
1992). Apart from various indices related to female education, measures of
socioeconomic status as collected in survey data fail to disclose any significant
associations with the number of children desired (Westoff 1996b). Multivariate
cross-sectional analysis with national level data, as well as analysis of time-
series data within countries, show only an ambiguous relationship between per
capita income and fertility. This does not necessarily invalidate the model,

_because the shifts in relative prices that accompany rising per capita income are
complex and hard to measure. Most evidence, however, shows that social and
nonmaterial aspects of development play a larger role in fertility dee]me than
simple increases in per capita gross domestic product (GDF).
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Group norms and values .
Although the neoclassical economic view is exphcntly individualistic, a more
sociological view encompasses group norms and values (see Box 2.3 for one
model). From this perspective, high fertility in less industrialized countries can
be regarded as a temporary, but stubborn, deviation from a pre-transition
demnographic regime in which high fertility was balanced out by high mortality
(Cleland 1993). Although the biological imperative for high fertility has disap-
peared, the group norms and values derived from ithave persisted. Worse yet,
these high ferfility norms have persisted while traditional practices that limited
fertility have disappeared under the onslaught of modernization.

Norms and values can be purely ideational or have a strong material basis
{Thomas 1993); in the latter case, they can blend with neoclassical economic

Box 2.3 Fertility and cultural values.

Simons (1986) related reproductive behavior in Europe to cultural values as measured by a '
questionnaire; he argues that, while economic considerations are important determinants of
fertility, these are mediated and, ultimately, validated by cultural values. Simens situates coun-
tries in the quadrants formed by two axes: one runs from absolutism (absclute acceptance of
norms dictated by the moral hierarchy) to relativism; the other from social collectivism ¢high
value placed on the collective expectations of the community) to individualism. Loosely speak-
ing, absolutism emphasizes prescribed norms, whereas relativism downplays them; individual-
ism prizes standing out from the crowd, but collectivism prizes fitting in. Simons finds that
countries with high fertility tend to combine moral absolutism and social coflectivism; those with
low fertility tend to combine moral relativism with social individualism.
Simons’ model is essentially the same 45 that which emerges from cuttural theory (Thomp-
son et al. 1990), especially the closely associated grid-group typology introduced by Douglas
- {1978). Group refers to the individualist/collectivist dimension and grid to the persomal/
positional authority dimension. The combination of positional authority with coliectivism estab-
lishes a hierarchical perspective in which persons are bound to socially imposed rules by strong
group pressure, whereas the combination of personal authority with collectivism defines an
egalitarian perspective in which individuals define their own norms but are under strong group
pressure not to differertiate themselves from other group members. Individualism combined |
with personal authority gives rise to an individualistic perspective; individualism combined with
positional authority defines a fatalistic perspective is which social norms are perceived to be
absolute but their attainment is a matter of chance, not individual actions in response to group
pressure, Interestingly, the gradient of high to low fertflity lies not atong the axis of group, as is
conventionally assumed, but along the axis of grid. This suggests that fertility dectine can perhaps
be interpreted, not in terms of growing individualism at the expense of community idertity and
belongingness, but in terms of growing ethical relativism at the expense of meral hierarchies.
Van Asselt et al. (I995)' have elaborated a comprehensive modet of population policy in
which views ofnature, views of human nature, and attitudes toward desired number of children,
contraception and abortion are classified accordlngto the fourperspectwes of grid-group anal-
ysis. Global fertility outcomes, in this approach, are the aggregation of fertility outcomes in
households falling into the four quadrants, each of whom set and meet fertility goals differently.
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costs and benefits. Caldwell & Caldwell (1987) stressed material normsin argu-
ing that, in traditional societies, a lifelong net flow of material resources from
children to parents was maintained by rigorous adherence to the dictates of
intramural and community hierarchies. Lesthaeghe (1983; see also Lesthaeghe
& Meekers 1986) stresses nonmaterial norms, especially those related to indi~
~ viduation—the erosion of values that privilege the established order and the
community over values that place the individual first. Ideational shift may be
accelerated by government propaganda programs, education of girls, and so
on,but the effectiveness of such programs will depend heavily on the prevailing
cultural and normative context.

A vicious circle model: poverty, insecurity, and low stafus of women

The logic above implies that, in the normal course of events, development
would give rise to changes in costs and benefits of children and to ideational
evolution; these would combine to reduce demand for children. So long as
adequate family planning infrastructure were available—a big “if”, according
to members of the international public health community—fertility decline
would be more or less automatic. Why, then, does high fertility persist among
many populations that appear to have access to the means- of contraception?
Orne interpretation is that high fertility is a rational response to insecurity,
poverty, and the low status of women (Thomas 1993); this is.the starting point
for the vicious circle model, which will concern us often throughout the remain-
der of this chapter.

The link between women’s status and ferfility finds support in the fact that
the strongest correlate (far stronger than income, occupation, labor force
participation, and the like) of fertility has long been known to be female
education (Cochrane 1979, Cleland & Wilson 1987, Cleland & Rodriguez 1988).
Even when controlling for socioeconomic status, the independent effect of
education tends to exceed that of any other sociceconomic factor (UN 1993).
Although part of the effect of schooling is to raise age at marriage, the strongest
link between female educational attainment and lower fertility is the greater
likelibood that married women who were schooled as girls will use contra-
ception. There are increasing returns (in terms of lowered fertility) as years of
schooling rise, but women who havehad even a few years of primary schooling
are observed to be more likely to practice contraception. Education raises
women’s status within the household, enabling them to follow their own, usu-
ally lower, desired family size rather than that of their husbands; it also tends
to shift values in favor of smaller family size by raising the probability that
women willwork outside the home. Parents’ decisions to endow girls witheven
amodicum of education, as opposed to none at all, reflects a fundamental shift
in the fairness with which women are treated. It sets in motion an irreversible
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shift in women’s perceptions, ideals, and aspirations (Cleland & Wilson 1987),

The causal nature of the links between high fertility and low status of women
has been studied most intensively by Lloyd {1994) and many collaborators. In
addition to diluting household resources available to all children, high fertility
has three effects that fall disproportionately on girls:

* an opportunity effect, that is, high fertility may lead parents to deny girls

access to available public resources (such as schooling)

* an equity effect, that is, high fertility may make more unequal the distri-

bution of available resources among household members

* an infergenerational effect, that is, high fertility may impede attitudinal

change.

These and similar equity problems dominated the discussions of the 1994
ICPD in Cairo. The list of rationales for intervening to accelerate fertility decline
Isnotalong one. One suchraticnaleis that the preferences that underlie existing
fertility preferences are unjust and iniquitous: This view, couched in neoclas-
gical language which refers to broadening the choice set of women, prevailed
I Cairo.

Conclusion

Thissection hasidentified three certainties in the world population cutlook: fur-
ther population growth, further tilt toward less industrialized countries in the
wortld distribution of population, and further population aging. These follow
from a sophisticated probabilistic population projection exercise that embodied
the sectoral expertise of an international panel of researchers. It has identified
one key uncertainty: the nature, and hence the speed, of fertility decline in less
Industrialized countries. The most recent discussions have stressed equity
aBpects of fertility, arguing that high fertility is a component of a vicious circle
whose other components are poverty, insecurity, and subordination of women.

Populatzon in the global chmate change debate

Much of the discussion about the link between population and’ global climate
change has taken the form of a populatlon—consumpﬂon debate over the con-
tribution to greenhouse gas emissions (and global envlronmental stress more
generally). This section reviews the population—consumption debate and con- |
cludes that it polarizes discussions while adding rather little value. The impact
= population x affluence x technology {(I=PAT) model, which informs and in
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large part drives the debate, is seriously flawed. A-more hopeful trend has been
the emergence of an extended version of the vicious circle model described
above into global change discussions. This has the effect of focusing attention,
not on responsibility for global climate change, which may be in significant

degree unavoidable, but on possibilities for strengthening the response capa- -

bilities of the populations most likely to be adversely affected.

‘The I=PAT model and the population—consumption debate

The population—consumption debate is indissolubly linked to the i=PAT model.
“So entrenched is I=PAT,” wrote one feminist critic (Hynes 1993: 3;, “that critics
and advocates alike debate from within it; like a mental boxing ring, it locks in
those who take it on.” -

Demographic impact identities and I=PAT

" J=PAT is a multiplicative demiographic impact identity of the sort often used to
characterize the effect of population on the environment. This model was
introduced by Ehrlich & Holdren (1971):

Kt) = PO AOXT(E)

where : ‘
I = natural resources utilized or pollution generated (impact)
P = population
A = GDP per capita (affluence)
. T = natural resources used or pollution produced per unit output (tech-
nology)
_ t=time, .

- Invits 0r1gmal form, the equatlon was I = PxF, where F was an unspecified
function that measured per ¢apita impact on the environment. F was conceived
of as a complex function of the level of per capita consumption, the composition
of the consumption basket, production technology and the level of population
itself. For Ehrlich & Holdren (1971: 112), this complexity took the form of non-
linear “disproportionate” impact of population on the environment. However,
in order to operationalize the concept of environmental impact per capita, they
abandoned the complex and unspecified function F in favor of asimple measure
of material well-being or affluence, namely, income per capita. This resulted in
the now-familiar =paT identity.

_ Using prime notation to denote a.nnual growth rates, the I=PAT 1dentlty may
be expressed in the following growth-rate approximation:

I'sP+A+T

b

120

POPULATION IN THE GLOBAL CLIMATE CHANGE DEBATE

This simple linear expression lends itself to decomposition exercises in
which global impact is divided into portions attributable to population growth,
per capita income growth, and technical change. Such simple I=PAT decompo-
sitions have played a major role in the policy debate over global warming and
environmental change more generally. Among authors who have presented
allocations of responsibility based on I=PAT decompositions are Harrison
(1992), Holdren (1991) and Bongaarts (1992). For example, the introduction of
the 1=PAT identity in 1971 set off a bitter dispute, carried on in the pages of the
Bulletin of the Atomic Scientists, between Ehrlich & Holdren, who blamed envi-
ronmental deterioration on rising population, and Commoner, who blamed the
Introduction of more polluting technologies (see Marden & Hodgson 1975).

An I=PAT decomposition of sources of growth in world energy consumption

The following paragraphs present an example of the sort of decomposition exer-
¢lse that has become prominent in climate discussions. Although energy con-
sumption is by no means the only link between population, economic activity,
and climate change, it is arguably the most important. Tables 2.9-2.11 present
the results of using the I=PAT model to decompose growth in global energy
demand between 1970 and 1990 into demographic and economic components
and to perform some simple simulations for 1990-2030.

Table 2.9 shows basic data on population, GDP, and energy utilization. The
regions used are consistent those in Table 2.1. The key dynamics of the i=PAT
framework are as follows:

* Population growth is concentrated in the less industrialized countries
{2.2 percent per year over the period 1970-90, as opposed to 0.7 percent
per year in more industrialized countries) where per capita energy con-
sumption is low. On the other hand, equity considerations require that
economic growth be concentrated in the same region where energy
consumption per unit of GDP is high.

* Energy consumption is growing more rapidly than GDP in less industri-
alized countries; thus, the energy:GDP ratio rose from 0.466 to 0.611
between 1970 and 1990. It is growing more slowly than GDP in more indus-
frialized countries. This isbecause energy demand is elastic with respect
to GDP when economies are rapidly shifting away from agriculture and
toward industry, but inelastic with respect to GDP when economies are
moving away from industry toward services; in addition, within some
sectors, less industrialized countries are substituting energy-intensive
production methods for labor-intensive ones. Thus, change in the T(8)
term in the I=PATidentity represents the combination of structural change

_ in the form of changing sectoral shares in total economic activity, and
technical change in the form of new production methods within sectors,
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fablei2i9  Population, afiuence and technology: ¢. 1970 and 1990,

. 1970 1990
Less industrialized countries , - /
" population (milions) . 2695 4
‘ ..Average annual change (%) 22 "
GDP® per capita (1990 USE) 498. 900
_ Average annual change (9} 30
Energy consumption (mkoe®) 625240 2277550
Awverage annual change (36) 6.7 .
Per capita (koe?) 22 . 550
Average annual change (%} ‘ 44 .
Energy' GDP (koe/$) 0.466 T 06l
Average annual change (%) .4 -
More industrialized countries
Population {milfons) ' 1003 1143
Average annual change (%) . 0.7
_' GDP per capita (1990 us$) 10095 ' ISOOd
Average annual change (%6} 20
Energy consumption (mkoe) 3797358 5715000
Average annual change (%) 21 . 4
Per capita (kog) 3786 5000
Average annual change (%) 14 )
Energy: GDP (koe/$) 0.375 0333
- Average annual change (%) 0.6

Source: Population, see Table 2.1

(R)GDF figures are based on market exchange rates {MERs) and thus exaggerate the
income gap between less and more industrialized courmries and, as a result, the energy-
efficiency gap as well. Siddigi (1994} discusses the possibly serious bias which may result
‘from using MER instead of purchasing power-parity (PPF) GDP estlmates in energy ana]ys:-_;
(b) Million kilograms of ail equivalent.

{© KJIograms of oll equivalent

Per capita GOP c. 1990 and growth rate of per capita GDP 1970-90 estimated by authors
from United Nations Secretariat {1994).

Per capita energy consumption < 1990 and growth rate of total energy consumption
197090 estimated by authors from United Nations Secretariat (1994).

Table 2.10 presents growth in energy demand in each of the two regions
~decomposed conventionally into growth in populaﬁoh, growth in income per
capita, and change in the energy:GDP ratio. In both less and more industrialized
¢ountries, the growth rate of population was one-third as rapid as the growth
rate of total energy consumption; following conventional logic, then, popula-
tion growth accounted for one-thu-d of the increase in énergy consumption,
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holding all other factors constant. Growth in income per capita combined with
structural economic change and shifts in production methods—in other words,
economic change, broadly considered—accounted for the remaining two-
thirds. Table 2.11 applies the growth rates in Table 2.9 to initial levels, so that
the coniribution to the absolute increase in world energy consumption can be
judged. Between 1970 and 1990, world energy consumption grew by 178497
million kilograms oil equivalent (mkoe) per year, of which 82615mkoe (46.3
percent) represented increase in less industrialized countries and 95882 (53.7
percent) represented the increase in more industrialized countries.

Asacrudeway of estimating sensitivities, we cancalculate the effect of freez-
ing different variables at their initial year levels. Calculations employing the
data in Tables 2.10 and 2.11 indicate that, if there had been zero population
growth in more industrialized countries during the period in question, all other
rates of growth remaining unchanged, the level of world energy consumption
in 1990 would have been 8.8 percent lower than its actual observed value. If
there had been zero population growth in less industrialized countries, the
reduction would have been a roughly equivalent 9.9 percent, because per capita
energy consumption is lower in less industrialized countries. If the level of per
capita outputin more industrialized countrieshad remained frozenat itsinitial-
year level, but the energy:GDP ratio had continued to decline at 0.6 percent per
year, world energy consumption in 1990 would have been 23.4 percent lower
than the baseline observed level. If zero economic growth in more industrial-
ized countries also meant no technical and structural economic change in the
region, the reduction would be limited to 17.4 percent.’ We do not consider the
case of zero economic growth in less industrialized countries.

Table 2.10 Sources of growth of energy consumptlon <. 1970-90 (average annual change,
%).

Growth rate Attributable
of energy Attributableto  to growth of  Attributableto
consumption growth of income change in
(% per year) populaticn per person technology
Less industrialized countries 67 22 (32.8%) 3.0 (44.7%) 1.5 (224%)

More industrialized countries 2.4 0.7 (33.3%) 20 (95.2%) 0.6 (-28.6%)
Source: Calculations based on data in Table 2.9. '

3. Bartiaux & van Ypersele (1993) prese:nta similar simulation over the permd 1950-90 for car-
bon dioxide emissions, with more pronounced resulis partly because of the longer time
period. Freezmg more industrialized countries’ popula'aon af their 1950 level growth
reduces 1990 emissions by 22.9 percent vis-a-vis its 1990 obsetved level; freezing less indus-
trialized countries”population effects an 18.2 percent reduction; freezing the carbon diox-
ide emissions per capita of more mdustnahzed countries effects a 30.5 percent reduction.

123




FOPULATION AND CLIMATE CHANGE

Table2.11  Sources of growth of energy consumption, ¢, 197090 (average annual absolute
change; million kg oil equivalent).

Incomeand changein ;
Population technology ‘ Total

Less industrizlized regions 27127 (152%) 55488 (31.1%) . B2615 (46.3%)
More industrialized regions 31961 (17.9%) 63921 (35.8%) 95882 (53.7%)
Total 59088 (33.1%)

115409 (66.9%) 178497 (100.0%)

Source: Caleulations based on data in Tables 29and 2.10.

These back-of-the-envelope calculations give rise to two conclusions. First,
if the numbers which emerge from the I=PAT model itself are to be believed,
the population—consumption data offer few guidelines for policies to reduce
emissions, at least in the near term. The assumptions made above are extreme
(population momentum makes it impossible to stop demograpluc increase
inits tracks, and the chances are remote that policymakers in more indus-
trialized countries would choose to limit economic growth substantially, let
-+ alonerenounce italtogether). Yeteven under these extreme assumptions, global
energy consumption would still have grown substantially over thetwenty-year
period.

Second, if the discussion is tobe couched in terms of blame, then blame must
be shared all around. Both less and more industrialized countries have expe-
rienced rapid energy consu.mptlon growth, and both population growth and
economic growth combined with changes in economic structure and technol-
ogy have contributed to rising energy use. Even within the simplistic 1=PAT
framework itself, there is no single “climate bomb” (Rahman et al. 1993).

Carbon dioxide emissions _
The results above are for energy consumption, but some studies have looked
directly at emissions of carbon dioxide. Among the various greenhouse gases,
human links to carbon dioxide emissions are the most important in terms of
global warming potential. While criticizing the conventional decomposition
methodology employed above, MacKellar et al. (1996) assigned 41 percent of
- world growth in carbon-equivalent greenhouse gas emissions from industrial
sources over the period 1965-90 to population growth. Working from the Us
Environmental Protection Agency’s “No Response” scenario (Lashof & Tirpak
1990), Bongaarts (1992) assigned 50 percent of growth in global carbon dioxide
emissions from fossil fuels between 1985 and 2025 to population growth. Over
the entire simulation period (1985-2100), population accounted for 35 percent
of growth in carbon dioxide emissions. Raskin (1995) used a modified decom-
position procedure to analyze emissions of carbon dioxide only, and assigns to
population growth a share of 32 percent for the period 1950-90 and 75 percent
over the period 1990-2050 in the IPCC 1592a scenario. -
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Results vary depending on the definition of impact, on the time petiod being

lsrud & Torrey 1992) that have looked at mitigation strategles have fou.nd
\at future growth in energy consumption and carbon dioxide emissions is not
a1y sensitive to reasonable alternative demographic assumptions. The reasons
fere sumrnarized by Birdsall (1992: 13-15):

First, differences in projections of population growth on a global scale are
- notthat great. . .. Second, the potential for affecting future population size
" is greatest in those countries of the world where per capita emissions are
currently lowest. . .. Third, itis likely that for given per capita income. . .
asmaller population will produce sormewhat higher per capita emissions,
- due to substitution of energy for labor.

The first point is especially important. Shares assigned in I=PAT decompo-
tions implicitly compare a baseline population growth scenario with one of

sero growth (as in the illustrative energy example above). The policy-relevant

eomparison is, rather, one of projected baseline population growth to a reason-
able alternative scenario. Population momentum alone is enough to ensure that
the differences between the two are modest.

_ Butreductions in population growth are only one way of meeting targets and
may not be the preferred way. This is illustrated in Table 2.12, which combines
three alternative IIASA population projections with three IPCC per capita green-
house gas emissions scenarios (from commercial energy consumption only, in
carbon-equivalent terms) to arrive at total emissions levels.* Looking only at the
year 2100, holding per capita emissions at IPCC central scenario levels and allow-
ing only the population scenario to vary, the range of global carbon dioxide
emissions projections is from 12.4 gigatonnes of carbon in the rapid demo-
graphic transition (low mortality / low fertility) case to 28.5 gigatonnes in the
slow demographic transition (high fertility / high mortality) case. Now holding
population at levels implied by central fertility / central mortality assumptions,
and allowing only the per capita emissions scenario tovary, the projectionrange
is from 7.1 to34.4 gigatonnes. Clearly, future emissions are much mgre sensitive
to a reasonable range of variation in emissions per capita associated with eco-
nomic growth, structural change and technical progress than to a reasonable .
range of variation in fertility and mortality rates. Reducing per capita emissions

4. Since the IPCC population assumptions differ from those the ITasA projection, the levels in
Table2.4do notcorrespond toIPCC fotal emissions pro;ectlons Thereis nothing comparable
about the magnitude of the differences in assumptions in the lasa population projections
and those in the IPCC high/low enuss1ons scenarios. The example is meant only to be
illustrative. . ;
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e
El

~Talle 2,12 Projected GHG emissions from commercial enqr.gy (GIC).

i Low (5929 Central (5923) High (592¢)

aindgraphic projections 2020 2050 2100 2020 2050 2100 2020 2050 2100
"Low mortdlity/ow fertifity )
More developed 45 35 1.7 537 54 46 68 77 75
Less developed 32 40 32 43 66 78 56 95 144
Totai 78 75 4.9 100 120 124 124. 172 219
Central mortality/central fertility .
More developed 47 38 26 39 60 69 7 85 13
Less developed 34 47 5 45 77 124 58 12 232
Total 8.1 86 77 105 138 (94 129 197 344
High mortality high fertility :
More developed 49 43 39 a1 68 05 73 96 171
Less developed 35 54 74 47 89 180 &l 128 335
Total 84 97 3 108 157 285 134 - 225 506

from central to low levels can reduce total emissions in the year 2100 by about
60 percent; slowing the rate of population growth from that of the central masa
scenario to that implied by the rapid demographic transition scenario can
reduce emissions by only 36 percent.

A critical look at I=PAT

The discussion above suggests that there is less to the population—consumption
debate than meets the eye. Flawed models often give rise to such unproductive
debates, and in this section we critically review the shortcomings of I=PAT. Some:
of the shortcomings we find are technical and may be amenable to solutions
such as more careful specification of the model, resolution of mathematical
issues, and availability of finer-grained data. Others are essentially irremedia-
‘ble and point the way toward a better model. ‘ : '

Mathematical ambiguities
Some conceptually simple but intractable mathematical problems arise in f=PAT
‘decompositions. Among these are the following: ‘ S
* The commonly employed growth-rate expression of the I=PAT identity is
only a mathematical approximation, and over long periods of time (or
evenover relatively short periods of time if average annual rates of change
are very rapid), it can give rise to misleading results. To givea single-year
example, if X and Y each grow by 10 percent, then their product XY ETOWS,
notby 20 percent, butby 21 percent. Cumulated year after year over time-
" frames on the order of a century, such errors become significanht.
* When a global 7=PAT identity is expressed as the weighted average of
regional I=PAT identities, care must be exercised in choice of weights: for
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example, fixed weights reflecting initial-year shares will give rise to mig-
leading results in long-term scenarios.

A related problem (Lutz et al. 1993) is that when the decomposition
method is applied over long periods of time, and when the regions
employed are characterized by different rates of population growth, the
breakdown between population and economic factors at the global level
(the column sums at the foot of Table 2.11) is highly sensitive to the
number of regions employed. In other words, an analysis of more indus-
trialized versus less industrialized countries would givea different result
from an analysis of more industrialized countries versus low-, middle-
and upper-income less industrialized countries. Bartiaux & van Ypersele
(1993) pointed out that several works that are influential in the public
debate, among them Ehlich & Ehrlich (1990}, UN Population Fund (1991),
and Gore (1992} make similar elementary mistakes that arise from aggre-
gating heterogeneous regions.

Interpretation of decomposition results is difficult when terms on the
right-hand side have different signs; that is, when changes in one variable
are canceling out changes in another. The most common manifestation of
this is when, as in the case of more industrialized countries in Table 2.10,
the energy:GDPratiois declining while the other two terms are rising. How
can change in a term on the right-hand side account for a negative pro-
portion of change in a term on the left-hand side; or account for more than
100 percent of change in a term on the left-hand side (which is possible if
oneof the terms on the right-hand side is negative)? The mathematics may
be correct, but the meaning is ambiguous. When the terms canceling on
the right-hand side are large relative to the term on the left-hand side;
minor changes in rates of growth on the right-hand side can make for
major changes in proportional allocations of responsibility (Box 2.4), |

Box 24 Ambiguities arising from oppeosite signs

An example: in state of the world A, population grows at | percent per year, per capita GDP .
growsat 2 percent peryearandthe ratio ofimpactto GDP declines at 2 percent peryear, making
forarate of growth ofimpact of | percent peryear. According to conventional logic, population
growthaccounts for |00 percent of rising impact, economic growth for 200 percent, and chang-
ing technology for —200 percent. Iri state of the world 8, impact per unit GDP declinies by 1.5
percent per year, all else remaining equal, so that impact on the left-hand side grows at 1.5
percent per year. Popufation growth, again according fo convertional logic, now accounts for
66.7 percent of rising impact, economic growth for 133 pérceh{, and changing technology for
—100percent Aminor change inavariable on thé]e‘&-Hal‘l;d sidehas completely changed resutts.

1
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Ecological threshold and scale effects
The proportional rate of increase in environmental impacts is not of greatest
concern, but their absolute magnitudes are: tormes of carbon residing in the
atmosphere, tonnes of topsoil washed away, tonnes of biomass lost’ﬂ:mough
~ deforestation, and so on (Keyfitz 1992). By this logic, any discussion in terms of
dimensionless growth rates is irrelevant. f=pAT expressions in terms of growth
_ Tates can easily be translated back into absolute magnitudes, as in Table 2.11,
but this is not always done in practice. If ecological discontinuities exist, non-
linearities and threshold effects, then the log-linear I=PAT identity will under-
estimate scale effects,

Ecological complexity and feedbacks : :

The operational definition of impact as total utilization of natural resources or
total emission of pollution (as opposed to Ehrlich & Holdren’s original complex
F) is straightforward when the natural resource is a nonrenewable one or the
pollutant is one for which the environment has no assimilative cépacify. How-
ever, this sirategy amounts to carving up overall environmental impact, which
istoocomplex toexpressina tractable identity, intoa series of linearly separable
- impacts: utilization of fossil fuels, utilization of copper, emissions of carbon
dioxide, emissions of chlorofluorocarbons, and so on. A disadvantage of this
divide-and-conquer strate gy is that the effect of each individual impact on over-
all environmental sustainability may not be linearly separable from the effect
of other impacts; that is, there may be complex interactions that make the whole
greater than the sum of the parts. '

Ambiguities regarding the demographic unit of account _

I=PAT assumes that the individual, not the household or the community, is the
relevant unit of demographic account (Box 2.5). Yet, to take energy consump-
tionasan example, substantial economies of scale are possible at the household

level ® Thus, all else (household income and the composition of the household
consumption basket) being equal, a given percentage decline in household size

5. Por references to studies in both more and less industrialized countries and a summary of
- findings, see MacKellar et al. (1996). To get an idea of the significance of such effects, us
energy data from the end of the 1980s indicate that, not controlling for income, housaholds
consisting of two persons consume 58.1 Ppercent more vehicle fuel and 37.6 percent more
residential energy than households consisting of one person. Households consisting of
three persons consume 30.4 percent more fuel and 15.1 percent more residential encrgy
than households consisting of two persons, and economies of scale continue to grow as
household size increases energy consumption. Based on a survey of studies, the authors
conclude that energy consumption tied to the hearth and not the number of membeis of
the household may account for up to 50percent of residential energy consumption (includ-
ing household transportation) in both more and less industrialized countries.
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- will be accompanied by a less-than-proportional dec]jng inaverage housc.ehola
energy consumption. For a constant population, total energy consuml?t101}+
average household consumption times number of households—will Tise,
; Therefore, under conditions of declining household size, the share of environ-
" mental impact attributed to demographic factors will be higher i.f. tht? c!emo—
: graphic unit of accbu.nt is the household than it will if it is the lndlwdua.l.
Households versus individuals is not the only problem of demographlg
accounting; for example, calculations that take into account rapid urbanization
'in less industrialized countries, and differences in urban and rural energy con-
: sumption, give rise to dramatically different results than those that combine
urban and rural populations (MacKellar et al. 1996).

Ambiguities regarding the economic unit of account

Fundamental accounting questions also arise about whether impacts should be
considered in terms of impact per unit of GDF, gross output, domestic absorp-
tion, or some other unit. Impact per unit of GDP does not include production of
intermediate goods. Impact per unit of gross output includes exported goods,
the impact of whose production should reasonably be imputed'to s‘omeone
else’s domestic absorption. Impact per unit of domestic absorption -mcludes
imports (weighted averages of impacts per unit of production in trading pa-rt—
ners). Empirical difficulties aside, even the conceptual issues are not easily

‘resolved.

Interrelationships befween variables ' . ' |
The difficulties enumerated above are troublesome but are, in varying degree,

amenable either to future research or to due diligence in the presentation a.nd
iﬁterpretation of results. But the greatest weakness of the I=PAT approach, whlch
is irremediable, is its lack of social science content. Shaw (1993: 190) put it this
way:

How much attention should be devoted to apportioning blame to popu- .
lation versus other factors? Rigorous measurement of population in?pactg
requires an appropriate explanatory framework, controls for vafla}Filtfs
other than population, testable hypotheses concemjng ‘p?pulatmn .S
direct and indirect effects, suitable data, a good understanding of multi-
variate analysis, and the inevif;aible tound of deb'a_lte over ﬂie‘_iaccura'gy of
the findings. Some people are impatient with all this,

Thomas {1992) argues that authors who cite I=PAT results as justification for
favored policy interventions (e.g., UN Population Fund 1991) seem unaware
that I=pAT calculations arise from an accounting framework which is empty of
causal or behavioral content. :
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Box 2.5 Population or households?

Between [ 950and 1990, average householdsize in industrialized countries underwent adecfine
which, in proportional terms, can fairly be termed massive, from 3.6 to 2.7, This dedine was
attributable more or less equally to changes in population age structure {mostly aging) and
reductions in age-specific household headship rates. The latter reflect the weakening of the
extended family, young persons moving away from home earlierand declining age-specific nup-
tiality rates, with consequent increase in mean age at marriage. In less ind‘us’trialr'zed countries,
by contrast, average household size remained practically unchanged between 1950 and 1990,
declining only from 5.0 ta 4.8; in fact, if China is exduded from the total, average household
size increased somewhat. Analysis indicates that, athough age-specific household headship
rates will presumably rise with modernization, changes in popufation age structure are likely to
dominate changes in average household size, In the case of both regions, population aging will
favor smaller household size. Perversely, the fertility decline that directly reduces environmental
impact gives rise to smaller average household size through its effect on tHe-‘age distribution,
thus weakening the effect.

Astudy (MacKellaretal. | 995) which replicatedthe =PATdecompositionpresented in Table
2101in household terms (i.e,, an I=HAT decomposition), assigned 58.3 percent of world energy
dernand growth in 1970-%0 to demographic change, in the form of rising population combined
with declining average household size, rather than 33.1 percent as in Table 2.10. Further
research by the same team (MacKellar et al, 1996) found that the differences between house-
hold-based and population-based greenhouse-related ernissions projections were significart,
Because of population aging, with consequent decline in average househoid size, household-
based estimates of total ermissions were higher than papulation-based estimates. The scenarios
also underscored the complications, in the form of ¢hanging age-structure of the population,
which must be faced in translating different demographic scenarios into emissions estimates,
Fertility decline reduces absolute population size, but the consequent rapid population aging
tends to raise the number of households. For example, in the early years (untif around 2020)
the IASA rapid demographic transition (low fertility/low mortality} scenario actually results in
more households than the slow demographic transitions {high fertility/ high mortality) scenario.
Although fertility decline has no impact on the number of households for some 20 years, lower
mortality at older ages results in an immediate increment to the number of households, in the
form of aged persons living alone. Only in the longer term does the slower overall population
growth in the rapid demographic transition scenario result in fewer households,

The lack of social science input may be expressed as a long list of ceteris

paribus assumptions. Among these are the following:

* Pdoes not determine P’ Population does not grow blindly as density aﬁd
the resulting environmental impacts rise. Fertility, mortality and migra-

tion are all fundamentally density dependent. . -

POPULATION IN THE GLOBAL CLIMATE CHANGE DEBATE

A does not determine P The relationship between fertlity, mortality a‘m?

per capita income js far from well understood (see above); indeed, the

relationships may be so dependent on conditioning variables as to be well

nigh incomprehensible. But the least likely theory is that there is no rela.—

tionship at all; and it is this theory that informs I=PAT.

P does niot determine T Economic structure and technology are, in large
degree, responses to population pressure. For example, rapid population
growth and the ensuing elevation of the population-to-land ratio may
have the effect of concentrating output into the agricultural sector
(Gilland 1986). On the other hand, neoclassical substitution mechanisms
of the sort that underlie the Boserup (1965, 1981) model of agricultural
intensification and technical change might lead to substitution of labor
for scarce natural resources.

T does not determine A It seems a commonplace that the more efficiently
materials can be transformed into economic product and the less noxious
residuals are generated during the process, the higher will be the level of
income. Indeed, the core result of theneoclassical economic growth model
is that, m equilibrium, the rate of per capita economic growth will be given
by the rate of technical progress, where the latter is defined as the rate of
increase in economic output, the level of all inputs remaining the same.

AdoesnotdetermineT Ithasbeenabundantly documented thateconomic

‘structure varies predictably with level of development (Chenery &

Syrquin 1975, Maddison 1989, Pandit & Cassetti 1989). Partly as a result,
envirormental impact per unit GDP either declines monotonically with

. level of development or first rises, then falls, that is, follows an inverted

U-shaped path (World Bank 1992). This path reflects not only changesin
economicstructure but also the fact that rising income stimulates demand
for environmental quality. The combination of changing economic struc-
ture and rising demand for environmental quality defines an environmen-
tal transition (Ruttan 1971, Antle & Heidebrink 1995) in which economic
growth is associated with environmental deterioration whena coun_try is
poor but environmental improvement after a critical point in national .
economic development has been reached (Box 2.6). Carbon d.iolxidé is,on

first consideration, an apparent exception to the environmental transition
model—international cross-sectional evidence indicates that emissions
per capita rise monotonically with income over the entire:range. When

* Pdoesnot determine A Since research has failed to uncover a strong rela-

tionship between the rate of population growth and the rate of economic

- growth, this may not be an unreasonable assumptionin therelativelynear

term. Over the long term, however, this assumption denies the possibility

of the learning-by-doing and increasing returns to scale which are at the
very heart of modern economic growth theory.

emissions are considered per unit GDP, however; the-canonica_l inverted
U-path reasserts itself. ' o ' v :
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Box 2.6 The environmental transition and its critics.

The empirical literature on the environmental transition is growing rapidly, as is criticismi of the
model, The principal background paper for this aspect of the 1992 World Bank World devel-
opment report was Shafik & Bandyopadhyay (1992), who examined access to safe water, access
to sanitation, urban atmospheric concentrations of particulate matter, urban atmospheric con-
centrations of sulfur dioxide, municipal waste per capita and carbon dioxide emissions per cap-
ita. In intemational cross-section, the first two declined monotonically with level of income; the
second two followed an inverted U-curve peaking at a few hundred dollars in the first case and

relating to deforestation, as did Panayotou (1993) and Cropper & Griffiths (1994), and avail-
ability of national parks; the peak occurred at $1200-2000. Grossman & Krueger (1995) found
inverted U-curves forawide range ofwaterand air pollutants and estimated tuming points rang-
ing from $2700 (dissolved oxygen content of rivers: this atroughratherthan a peak)to §1 1 600
(cadmium). According Lo their estimation results, by the time per capitaincomé reaches $8000,
levels of virtually alf pollutants fall with further economic growth. All prices are in 1985 Sum-
mers-Heston purchasing-power parity terms; for reference, GDP percapita in the early 1990s
was roughly $1000 in India, $5000 in Mexico and $10000 in Spain. .

Preston (1994) points out the importance of the interaction effect between per capita GDP
and carbon dioxide emissions per unit GDP. He took advarttage of the I=PAT model’s log-
linearity to express variance (across regions of the world} in the growth rate of carbon
dioxide emissions as the sum of variances in the growth rates of GDP per capita, emissions
per unit GDP and population; plus two times the sum of the pairwise covariances, He cori-
cluded, first, that varfance in the rate of population growth was a negligible player (Birdsall
1992 makes the same observation); second, that even when the two covariances involving
population were included in the calculation, variance in population growth rates could not
be made to account for more than one-quarter of variance in emissions growth rates; and,
third, the linear decomposition of variance is dominated by the huge negative covariance
between the rate of per capita economic growth and the rate of growth of emissions per
capita. Replication of the Preston decomposition using data at national level (MacKellar
etal. |996) has not only confirmed the basic thrust of these results, but suggests tentatively

that the importance, not only of the A~T covariance, but of all pairwise interaction effects,
has increased over time, ‘

Arrow et al. (I 995) have, however, expressed strong concem lest the environmental tran-
sition mode! be invoked as a panacea. It is relevant, they argue, only in the absence of ecological
feedbacks and when local sodial and economic institutions can be counted on to respond to
environmental damage. To some extent, Arrow et al. set up a straw man: although the policy
document most heavily informed by the environmental transition model, the 1992 Waorld Bank
World developrment report, paid little effect 1o ecological instabilities, it in no way claimed
that economic growth was a substitute for efficient and equitable institutions, Artle &
Heidebrink (1995) are similarly cautious; Panayatou (1993) proposes that the environ-
menital transition curve may shift up or down depending on the institutions in place. On
- the other hand, Arrow et al. evoked a strong comment from Ayres (1995) in which he
expressed oppaosition to any further economic growth (including growth due to income-
raising efficiency gains) which involves materials consumption or energy use.

at just over $1000 in the second case. Antle & Heidebrink (1995) found an inverted U-curve
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Costs and benefits . _ .
Another aspect of the lack of social science content is that I=PAT contains no

teference to the costs and benefits of various policies, which can be_ estimated
only with economic prices that depend in parton values and tasiies.fFor Exg—-
ple, analyses based on I=PAT have generally folind that ?he pote:nt_lal or abatir g
efissions by policies to slow population growth inless md}lsmzi.hzed gountnz:;
{8 modest. Birdsall (1992), on the other hand, offers a solid rationale for s.u'
gtrategies despite the small magnitude of direct eHe?=m: the .cost of fertlha’iy
veduction attained by means of providing family planning services and fem- e
education is extraordinarily low. When this is taken into acco1?'mt, population
?olicies in the less industrialized world compare favorably, in terms. of the
benefit—cost ratio, with carbon taxation policies. Wexder (1996) has estimated,
on the basis of standard economic models of climate change (such a:e, Nortilf
haus’s DICE), large external economies to avertingbirths,inwhcl?n case Birdsall’s
logic would be further strengthened. We wrote above that, within the I=1;AZ
framework, possibilities for mitigation of climate change appear I.nodest, alu
when weighted by costs and benefits, the numbersmay tella very dl.fferen‘t tale.
This failure to take account of human preferences places the I=PAT model.m the
same league with another framework which has of'ten been 'mvoked ]g. thﬂi
global environmental change debate—human carrying capacity of the Ear
7). ‘
(Bo';(hze rzeoclassical economic tradeoff between utility f'_ro-m cl.\ildbeanng, from
the consumption of goods, and from environmental quality, is absefﬁ from the
I=PAT framework. Much argument based on the I=PAT model and.vutually the
entire population—consumption debate are‘basecl. on _the convem?nt assgrﬁs-
tion that people would really be happier if they either comu.med. ess (m 3;
in more industrialized countries) or had fewer babies (espe_aa]ly in the case o
less industrialized countries). One or both of thgse propositions may be true; a
priori we do not know (see Ch. 4).

Conclusion

In this section we have analyzed a. central tool u:*sed in the populatlog-
consumption debate, the I=PAT framework. This‘tool is not 01?ly Vv"eakenedaky
conceptual and methodological problems, but it is flawed by its faﬂufe to t. e
the social science perspective into account. A broadef and .more- flexible ;1ew
of populationand the environment is necessary toavoid pohc‘y mistakesw. t?s:;
costs are potentially large. Although /=PAT and the population—consumptio

debate remind us that environmental impact arises from more than om? f.actor,
they do not provide a sound basis for policy discussions, let alone decisions.
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Box 2.7 Human carrying capacity

Like the 1I=PATmodel, the concept ofthe human carrying capacity of the planethas played: large
role in climate change discourse, The carrying capacity of an ecosystem is the largest popﬂlation
that can be supported without reducing the supportive capacity of the ecosystern, that is,
supported in perpetuity. Carrying capacity is one of the simplest and most important models
in ecology and the model has been extensively applied to laboratory and field populations.
Estimating the human carrying capacity of the Earth under various assumptions about natural
resource consumption and efficiency in production is a perennial activity. Cohen (1995) has
published an encyclopedic review of estimates made since the seventeenth century, With a few
exceptions, these cluster in the range of 4to 16 billion—by coincidence (but no more), a range
very closeto therange of population projections discussed earlier. Yet social scientists, especially
but not only economists, have taken little interest in applyingthe carrying capacity concept to
human beings. Hardin (1991) observes that the Us National Research Council (Us NRC 1986)
reportonpopulation and development contains no referenceto carrying capacity. This, he com-
plains, is like an accounting textbook leaving out assets and liabilities, However, neoclassical
economists are far from alone in criticizing the relevance of carrying capacity. Keyfitz (1990:
21) refers to it as “congenial to natural scientists and an irtation to social scientists.”” One
obvious reason is that culture, institutions, accumulation and 50 on allow human beings
to change the technical coefficiertts that must be assumed to calculate carrying capacity.
Cohen (1995) argued, ronetheless, that a useful indicator might be a set of surfaces that
define human carrying capacity—maximum supportable population as a funiction of effi-
ciency in natural resource production and.level of consumnption per capita.
Butindicator of what? Human carrying capacity, like 1=5PAT, takes no account ofthe welfare
implications of a given set of assumptions (MacKellar 1996). For example, what are the
opportunity costs implicit in best practice estimates where it is assumed that demand for
the natural resource is squeezed to the bare minimum and factors of production are
poured into the natural resource sector? These opportunity costs are a function of prices
and thus reflect individual preferences and values as medfated  through market mecha-
nisms. To know the refevant prices, we would need to solve an economic general ecjui-
librium model of a level of sophistication unlikely to be attained anytime soon, if ever.
" Onereplyfromanecological perspective wolild be that the assumptions embgdded in car-
rying-capacity calculations cari be made to reflect aspects of wise stewardship that cannot be
eft to the price system; that is, cannot be left up to individuals to work out in the marketplace,
A good example is to be found in the Daily et al, (1994} estimate that the optimal wonld pop-
ulation is 1.5-2 bilfion persons; among the factors considered are that the population should
be large enough to support urban centers, which provide a critical mass for the arts, yet small..
enough to allow indigenous cultures breathing space to live in isolation, However, this example
in itself shows how carrying capacity s contingent on cuttural norms and values: it is based on
a parficular way of seeing human beings, their needs and wants, as well as a given viewhuman
beings’ ability or inability to mediate impacts on the environment through institutions,
To argue the irrefevance of human carrying capacity (save perhaps at the local level for
populations living on the edge of subsistence} is by no means the same thing as to argue the
Jrrelevance of ecology.

134

POPULATION AND THE ENVIRONMENT

Moving deeper into the analysis, we can see tl.lat th_e poptzlat];on—flz:siﬁp:
tion debate stands in the way of a more constructive dJSCl.'lsswn_ .ecaJc o, ge
gests that unidimensional policies hold the key to respo'nd.mg to chma ;f Imge d
The reductionist nature of the debate comes asno sur_pnse becauseitis gh red
by a reductionist model. A much more constructive school of resear

- focused on extending the vicious circle model of high fertility, introduced

above, to encompass the environment. In this way, a.ttel.ltion is focuseEl:nll tltlz
vulnerable populations in less industrialized countries who are rflost e y_th
be adversely affected by global climate change, and onhow societies cope w1

environmental stress.

Population and the environment

. This section looks at the neoclassical economic model of population and the

environment, and then extends it to encompass poverty, and environ.n:ﬂe;ltlal
fragility, and high fertility. No model exists in a vacuum and t]:'IE res gf
vicious circle model is informed by a characteristically neoclassical view o

nature, of human nature, and fairness.

A neoclassical framework

The elements 6f a flexible model of population and the mvnonmmzvzr:ne?;)
merated by Duncan (1959, 1961) in the POET model: the human plop ?T) ne E
gocioeconomic organization (O), the environment (E),and techxlw ogy t .SOCi a);
human ecologists (e.g., Ogburn 1922) treated the natural env:_.ronn;en t,ed <o
organization and technology as exogenous; the human populationa aII:as o
there was an end to the matter. Over time, however, tl.1e tt'and-enczd e
increasingly to view population as active. Today, populationis view

not only upon the environment, but also on technology (Boserup 1965, 1981)

and social structure and organizations (McNicoll '1‘?90;'19'93). This 1;: l}oweovel]l::
an inherently challenging research area, and li.ttle is known abcyctll‘ta]:l c;w z isto
e e papuiaton epaates and mpedes intations of ol
t how population fac) .  Institutic .
Enar;;ﬁ:ug?r?; but nof]jilite_d tothe market, as tk'ufy seek to med.latllt:u Zr;\:;
ronmental stress. How does population affect the abﬂ;ty of human ins e
to react to the stress that population inevitabIX places on the environm P .&le
A framework for considering two-way links betwe@ population any e
environment is shown in Figure 2.2. In the box at the top le.ft are varial
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describing the state of the population: its size, density, age and sex structure,
and spatial distribution. These state variables reflact the operation of the under-
lying demographic processes of fertility,

mortality, and migration. I the box
atthe lowerright are variables describing the state of the environment: ambjent

concentrations of pollutants, biodiversity, soil fertility, and the like. These are

caused by processes such as agricultural practices and industrial production.
Figure 2.2 shows proximate determinants, that is, factors that directly deter-

mine processes and through which other factors must work. The simplest exam-

pleis fertility. The level of contraception is a proximate determinant of fertility,

The level of socioeconomic development, which operates through contracep-

tion (as well as marriage rates and other proximate determinants), is an impor-
tant influence on fertility, butitis nota Proximate determinant. The same fogic
is applied in Figure 2.2 o environmental Pprocesses. A proximate determinant
of deforestation is the clearing of new agricultural land; the rate of population
- growth and availability of alternative economic activities are more fundamen-
tal causes which work through this (and other) proximate determinants,
Impacts upon proximate determinants are of two kinds: direct impacts, con-
veyed by the arrows at the top and the bottom of the diagram; and indirect
impacts, which are mediated through what we have labelled the COST com.-
Plex—cultural, organizational, socioeconomic, and technological factors.
Cultural values play an implicit role in models that seek to relate environ-
mental impacts to population because many of the key concepts—such as envi-
ronmental quality, security, population density—lie in the eye of the beholder.
Perceptions arenotstatic; they canshiftover time. Whereas the natural scientific
point of view privileges technological factors and often views technical co-
efficients as being fixed or rigid, the social scientific point of view privileges
cultural, organizational, and socioeconiomic processes which can either shift
technical coefficients or promote adaptive attitudinal change when they cannot
be changed. In economicanalysis, themain mechanism of change is substitution
in response to price signals.

The neoclassical economic model of population,
natural resources, and the environment

“Analysts and researchers use and extend basic economics tools to study the
relationships among population, consumption, and environmental effects.

- Underlying these tools are certain assumptionsabouthuman behaviors, natural
.resources and their use for human consuﬁlpﬁon, what is fair and equitable, and
how markets mediate all these relationships. ;

This section provides an intro-
- duction to how economic analysis is applied to issues of people and nature.

\
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Figure 2.2 A cﬁnceptual framework for the study of population and environment.




POPULATION AND CLIMATE CHANGE.

Basic concepts

Economic analysis sees peopleas consumers who make consumption decisions’

based on their judgments of costs and benefits; judgments about the environ-

ment are made on this basis as well as decisions to purchase natural resources
and man-made goods. Similarly, fairness, equity, and sustainability are inter-
preted through a cost-benefit lens. A well-functioning market, in which con-
sumers have individually maximized utility and producers have individually
maximized profits, givesrise toan economically efficient outcome, That s, since
resources havebeenallocated over competing usesin such a way as to maximize
total benefits minus total costs. '
According to neoclassical economic theory, tradeoffs between population
and quality of the environment may be understood in terms of the marginal
economic costs and benefits (Kneese 1989, Cropper & Qates 1992). The survival
of nature itself is not in question and nature s valued only to the extent that it
is a source of utility to individuals. For example, if individuals derive more util-
ity from highly developed national parks than from the existence of unspoilt
wilderness areas, then it follows that existing wilderness should be developed
for recreational purposes. At the limit of the neoclassical position lies Simon's
(1981) critique of The limits to growih Meadows et al. 1972) and Global 2000 (CEQ
1980), and more recent work by Beckerman (1995). The term exemnptionalism has
beenused (Dunlap 1983} to describe the view, implicitin the neoclassical model,
that Homo sapiens is either exempt from ecological limits or, at least, is nowhere
near having reached them.

. Neoclassical economics has a distinctly unromantic view of human nature,
focusing on how the individual gets ahead in material terms. At the heart of the
neoclassical view is Adam Smith’s celebrated invisible hand: individual self-

. interests giverise toarobust (in the sense of stable when disturbed) and efficient
(in the sense of maximizing total output minus total inputs) equilibrium. The
social system is permeated by the operation of an efficient marketplacein which
price signals of scarcity are transmitted and appropriate responses are elicited,
Some of this occurs within the economic sphere per se; for example, as copper
becomes scarce and its price rises relative to other materials, producers turn to

. alternatives in manufacturing, investors allocate funds to exploring for and

~ developing new copper sources (thereby profiting from the rising price), recy-
cling becomes attractive, consumiers substitute away from goods containing a
great deal of copper, and so on. Other responses may be social and organiza-
tHional in nature; for example, as income rises, demand for environmental
quality rises and voters inisist on policies and programs to achieve it. Shifting
prices induce technical progress by alerting the research and development
~ community to profitable avenues of technology development.
Sustainability is defined in terms of intergenerational transfers: fertility and
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natural-resource consumption decisions in the present pe_riod. are szsézu:tari
ff the natural environment bequeathed to the next generatlon.ls 'not : r1col "
value to that inherited by the present generation. A less restnctw.e, : ence iet >
gco-friendly definition by Solow (1991) is that the value of' the;-1 entire (]:_.aﬁp;n :
gtock (natural, human, and man made) should not diminish in v uc:: ove ‘ indi:
The key phrase is “in value,” which opens the door to -the expresstlion zfenVi_
vidual preferences via the marketplace. An mtergenerahona.l a]lc;ca conrdi-n -
fanmental assets may be ethically abominable and yet sustainable ;;co I3
the strict neoclassical definition of the term (Dasgupta & Heal 19‘ ). .
¢ Theneoclassical definition of sustainability opens Fhe doorfor dlSt;(::n - egc .
the systematic devaluation of future costs and benefits by ? factor Dir:*oum-
preference for consumption now, as opposed to consu.mpnon later. Dis ount-
Ing is often assailed by critics of neoclassical econ?nucs, but man;lr p?d lems
become analytically intractable without discouni_:mg. Fo.r eXE.TI["lp e;mm o
&iscounting, the value of the stream of future dlsbe'ne:fltvs ;_ms'Ilr‘Lg rom th);
environmental damage (however slight} in the preser.lt is infinite. fh raéﬁce
debate over discounting isbest limited to therate of discount, not to the p
et al. 1990).
it-seS]fu(II:: ?:::dassical ecz)nomists would argue that the djscqunt' rate emp:lciyeii
to analyze the costs and benefits of public inw'estment prc.)]ects‘ oatigtr ;hat
-aceordance with the principle of consumer sovereignty, to be 1dent;f tOWith
of consumers. Qutside the ranks of these hardliners, however, d.lSCa(l) or it
the extension of consumer sovereignty to time preference has w_ayswme
acute (Robinsen 1990). The very founders of modern welfare ec;:;onzzss:c o
universally accepting time preference as a fact of h@an nature,. \;e ity
it as “impatient and greedy” (Marshall) and “a polite (:.‘.XPI'ESSlOng f01' itI:ﬁons
and the conquest of reason by passign" {Harrod; see I‘{obmson 19 oar Sc atlons
and many more quotes). Others have referred tc,)’ tu.ne preferefl;\; e
teristic of “children,” “laborers,” and “savages. ‘ Pigou (1920: 29) sp
“irrational discounting”™: : | .
It is the clear duty of Government, which is the trustee for unilf:\om g?::
erations as well as for its present citizens, to wajcch over and, if nee °! 0}
by legislative e.nactmént, to defend, the -exl"lau_shble natural resourc
the country from rash and reckless spoliation.

Thisisalucid statement of the stewardship éthic prevalent among ?colo%dl_z::
Although the discount rate can be deriveq analytically .ﬁ'o?l ei;)r;jc;r-:l:;; Ixflgf i 3
these attempts have failed to displace the mf)re_qu‘aihtatw‘e‘ e Pl
discount rate as an expression of society’s subjective va.lues. %ts con:er;é °
well-being of future generations. If housgholds’ values lead the.mauol: e
the welfare of the next generation heavily, then the economically” op
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consumption path will bear heavily on resources and the environment in the
present. .

Th.e neoclassical model uses economic market concepts to describe the-fialation-
ship between humans and their environment. Natural resources, in this model
are goods subject to market transactions and scarcity. Scarcity s'i’gnals in t'urn'
will Prompt various market responses, including technical i:nproveme;ts P :
ulat.10n plays a role, obviously, in what responses to scarcity are chosen; 1:10:)50
obviously, population growth may cause or contribute to market f;jluxes
although the research on this question does not provide clear answers This:
section briefly explores each of these issues. ' .

Scarcity signals

Nf.itural resource supply and demand are mediated through markets, with
prices providing the scarcity signals that elicit substitution, exploratio;n and
conservation behaviors. Partly because the share of primary goods (especiail
food) within the consumption basket falls as consumer income rises tkI:e shaIZ
of natural resources in economic output as a whole declines. Econon;ic owth
does not place pressure on the resource base because it generates a nsug"1r sur-
plus (in the form of output and income outside the primary sector) whici can
be used to promote sustainability. That the surplus will be thus deployed is
gua_ranteed by the fact that, as per capita income rises, so does demand for
environmental quality.

Tllle c.omerstone of neoclassical natural resource and environmental eco-
nomics is that all natural resource prices include a scarcity rent which grows
e-xponenﬁally at the financial rate of interest (if not, why would the owni:' not
liquidate the resource stock and invest in bonds?). This reduces demand in the
present period so as to conserve supplies for the futirre. Thehigher the discount
rate, the lower the present price relative to the price in the future; hence, the
more aggressively the resource is consumed, : : ’ ’

The t?mphésis on prices reflects a fundamental assumpti(;n of neoclassical
economics: scarcity isa relative concept, reflecting the ease with which one good
_ can be substituted for another in productioniand, ultimately, in consumers’ util-
ity functions (Box 2.8). If scarcity is absolute—at least one good exists that has
no substitute and the constraint is near enoughto bé relevant—thenneoclassical
economists would be the first to admit that their paradigm is inappropriate
' 'Ihe‘key effect of population in the neoclassical model, absent market fajlm:e
is ?o drive up scarcity rent and raise the price of natural resources relative t;) thc;
price of labor, thus shifting the distribution of income against resource con-
sumers in favor of resource owners. In poor countries; redistribution of income
from wages to profits may be (and probably is) distributionally vicious, but
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Box 2.8 [Ecological economics: an alternative

IR ERT 1

Fcological economics, which has emerged over the past quarter certtury based on the writings .
of econamic mavericks such as Nicholas Georgescu-Roegen, Mancur Glson and Kenneth

Boulding, combines elements of economics, ecology, and a deep concem with distributional

issues. The theory tefls a story of increasing scarcity with the threat of collapse. When the scale

of total human activity—number of persons times per capita output or impact—was tiny
pelative to the size of the ecosystem, economic growth passed for progress and, based on the
{ fact that each generation was better off than the last, appeared to offer a panacea for social ills.
Now, the signs are muttiplying that ecological limits have been exceeded (Goodland 1992).
Total throughput of the naturaf system must be stabilized, or even better, reduced.

~ Because further growth is impossible, the theory holds, economic progress and, indeed,
political security, can be achieved only by enhancing equity. Since equity is an explicitly normative
concept, ecological economics is a self-professed postnormal science (Duchin §994, Funtowicz
1 & Ravetz 1994), driven by environmental values and combining advocacy with analysis. The
§ advocacy element places ecological economics on the periphery of the economics discipline
along with radical political economy.

Scale {and hence aggregate population size} is virtually irmetevanit in neoclassical economics;
it is absolutely cruciat in ecological economics. The disagreement may be ascribed to funda-
mentally different pre-analytic visions of scarcity. Scarcity in neoclassical economics is relative—
scarcity of good A relative to good B—which drives allocative decisions (e.g., allocation ofinvest-
ment resources between sectors Aand B), which in tum balance out refative scarcities. Although
the allocative focus implicitly recognizes that each individual human activity has an optimum
seale (allocation of productive resources to agriculiure versus industry, for example), there is
no such thing as an overalf optimum scale of human activity, By extension, there is no such thing
as an optimum size for the human population.

The pre-analytic vision of scarcity in ecological economics is not refative, but generalized
(eig. Daly 1977),driven by growing scarcity of energy. Under conditions of relative scarcity,
the potential to substitute abundant materials for scarce ones is practically infinite (Goeller &
Weinberg 1976, Goeller & Zucker 1984). Under conditions of generalized scarcity, the price |
of virtually all goods would rise refative to the price of labor. Forced to allocate an ever-larger
share of productive resources to eking food and materials from ever more costly sources (and
cleaning up pollution), society wouldfind itself caught in avicious dircle. Rapid population growth

obviously worsens generalized scarcity, so ecological economists, in contrast to neoclassical
economists, are deeply concermed by current population trends.

there is nothing economically inefficient aboutit. Governments are, in theevent,
free to tax winners and compensate losers if they so wish.

Technical progress
Population growth will also, by putting pressure on the natural resource base,
give rise to technological innovation and progress which will permit that
tesource base to be used more intensively and more efficiently (Boserup 1965,
1981). According to Boserup’s classic study, population pressure was respon-
sible for the spread of the institutions that facilitated agricultural intensification
and technological change in Europe. As population grew, more land was

141




POPULATION AND CLIMATE CHANGE

biotight under cultivation and fallow periods decreased. Ultimately, fallow

ﬁeﬂads were abandoned altogether in favor of continuous cultivation. New

miethods were developed to replace the soil’s capacity to regenerate naturally.
These consisted, first, of increased Iabor input, followed by organic fertilizer
and animal traction; followed by artificial fertilizer and mechanical power.
Intensive agriculture both required and facilitated the development of infra-
structure for marketing, transportation, and storage. Thus, population growth
led first to agricultural extensification, then to intensification, resulting at first
inreduced soil productivity, to which farmers responded by introducing tech-
nical change.

According to one line of thought, population growth is the single most
important factor driving technical progress (Simon 1981). Atleastat thenational
level, population can also give rise to economies of scale (efficiencies as the level
of production rises) and agglomeration economies (efficiencies that are gained
when more than one firm is able to locate in the same place because of the size
of the market).

Market failures

The question at the core of the neoclassical economic view of population,
natural resources, and the environment is whether population factors give rise
to market failures or worsen the effects of already existing ones. The most
important of these market failures revolve around the impact of population on,
externalities, public goods, and the tragedy of the commeons:

* Externalities are costs or benefits that arise from production or con-
‘sumption decisions, but which are not borne by the decisionmaker. For
example, ereded soil {(and the chemicals it contains) inflicts damages

- downstream which are external to the farmer. The farmer will fail to take
these damages into account when making profit-maximizing decisions;
thus,: the level of erosion, although' economically optimal from the
farmer’s point of view; will be too high from the point of view of society
as a whole. :

* Public goods, such as existence of species and a stable global climate, are
goods for which indivisibilities in consumption exist; that is, the amount

-consumed by person A does not diminish the amount consumed by per-
son B, The definition of a public good is inherently cuttural; for example,
although police protection is regarded as public in mere industrialized
countries, private neighborhood militias are widespread in less industri-
alized countries. In other cases, most importantly climate and the quality
of the atmosphere, technical factors make the good indisputably public.
This gives rise to the free-rider problem: people with relatively low

'demand for public goods attempt to free-ride at the expense of people
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withhigher demand. Thus, themarketplace (and the election prc')cess) will
lead to the production of a socially suboptimal supply of pubhc. goods.

e The tragedy of the commons has been a powerful metal?hor since the
publication of Hardin’s (1972) much-cited article of that title. Although
the tragedy of the commons is often associated with common-property
natural resources, it is important to note that many resources (e.g.,
communal grazing lands in semi-arid regions), while held in common, are
utilized only according to strictly enforced rules. Failure to control access,

_not common ownership, is the key. In fact, merely being-a common-
property resource is neither necessary nor sufficient for i:.he tragedy of Fhe
COMIMOnS: rhany tropical forest areas that are experiencing c%eforestaufm
are, in theory, owned by the government, but the owner fails to restrict

.- access. . o

. In all three cases, research has concluded that the role of population is com-~

plex and/ or heavily conditional on other factors: .

. » In the area of externalities, neoclassical economists frequently invoke the
Coase theorem, according to which under suitable conditions (universal-
ity of property rights, absence of transactions costs, absefme of.wealth
effects, and symmetric information), the pursuit of economic se.].f_-mterest

_ will give rise to bargaining and negotiation processes that will tend to

. eliminate externalities. Population might enter the Coase negotiation
process in several ways. By giving rise to specialization and frag¥nenta-

. tion of interests, population might raise transaction costs. If social and

. political institutions are better equipped to deal with mtoderate change
thanrapid change, then the Coase negotiation process might wo.rk better |
under conditions of slower demographic increase. If demographic factors
lead to the emergence of an impoverished, disenfranchised subpopu-
Jlation, then asymmetries of information would probably .be worsened.
However, imagining all of these problems arising on the national and sub-
national scale is easier than seeing them at the international level. On the
international scale, rapid population growth may accelerate the Coase
process by raising the stakes for all parties concerned. o

- » Population size and rate of growth do notalter the funfiamentaJl_y pubhc
nature of goods such as the global climate, which arises from .mdlws.T-
bilities and the impossibility of limiting consumption. In other wordst if
supply of the public good is fixed, and if populaﬁor.l grows, per capxt_a
consumption of the good remains as it was; its scarcity or ab'undaptce is

" unaffected. On the other hand, when supply of a public good is not flxec_l;

for example, if the global climate can be stabilized by means of an ambi-
tious investment program, then it is cheaper on a per ca_plta ba?ls tovpr(-)-
ducé the public good in a large than in a small population. This point is
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closely associated with economies of scale in supplying infrastructure, a ;
theme developed by Simon (1981) and elsewhere. The same theme i

important to installation of emissions-reducing equipment, provision of

agricultural extension services, research and development, dnd other |

~ areas relevant to global climate change.

of the commons by increasing the number of hands grabbing for a slice

of the pie. Population pressures do not, however, give rise to common

“property open-access problems where there were none before; on the

. contrary, they encourage privatization of formerly common-property
Tesources and the evolution of rules limiting access to resources still held

in common (Hayami & Ruttan 1991 for an example from the Philippines),

This process may be distributionally troublesome, as elites may be able

to lay exclusive claim to renewable natural resources that were formerly

oopen to the poor (Jodha 1989 for the case of India) or provided an eco-
nomic occupation of last resort (Stevenson 1989 for the case of wood fuel
gathering in rural Haiti). Some writers (e.g., McNicoll 1984, 1990) have
suggested that tenure systems are less likely to evolve toward sustain-
ability under conditions of rapid population growth. The point is specu-
lative, but plausible, and has become a standard feature in the literature.

The Us National Research Council (US NRC 1986) came close to saying the

same thing when it stressed that slower demographic growth would give
policymakers more breathing room in which to make poliﬁéa]ly difficult
allocational decisions. Lee (1990b) has also identified a second tragedy of

the commons (really an externality) as follows. Say a common property
resource is optimally managed, meaning access is controlled and a user

fee is charged. An additional birth raises the value of the resource and
“hence the user fee. The resource is stll optimally managed, but now all
couples—notjust parents of the newborn—are paying the higher user fee.

On its face, an externality argument suggests that public programs to en-
courage lower fertility are a sound investment for climate-change mitigation
(Box 2.9). On the other hand, the problems of estimating costs and benefits in
climate change are notorious, a range of policies such as emission permits can
+ alsobe used to correct the externality, and the greenhouse-related e'ﬁﬁssions ex-
tferna]ity is only one of the market failures in which population plays a (some-

times positive) role.

h Insummary, the neoclassical model suggests that, if rarkets and other social
institutions work well, then a world of more rapid population growth will be
onein which natural resources and environmental assets are more highly priced
relative to other goods and services. If global climate change makes $ome nat-
ural resources, such as agricultural resources, scarcer and, what amounts to the
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Population size and, by extension, rate of growth exacerbate the fragedy :

|, population growth in less industrialized countries may have hastened the onset of nego-
| tiations.

Box 2.9 Population and greenhouse-related emissions
from a neoclassical economic point of view

Application of neoclassicat madel tothe problem of population and greenhouse-related emis-
sions would give rise ta the following analysis. Leaving aside implications for the atmosphere,
gconomists agree that no common-property or public-good problem affects the consumption
of fossil fizels; in no other area are property rights more extensively elaborated or minutely
assigned, The idea that the finiteness of fossil fuel supplies is a rationale for slower population
growth has practically disappeared from the literature; in part because of the obvious fact that,
on the assumption that the resource endowiment is ultimately exhausted, total utilization is
invariant to the rate of population growth (Dasgupta & Heal 1979). Whether a path in which
many persons consume the resource now and few later (rapid population growth} is preferable
to one in which few consume now but rmany later (slow population growth} is a question of
the discount rate. ‘

The heart of the matter lies, rather, in the public-good aspect of the global atmosphere, in
the external costimposed on other countries by within-country fossil-fuel combustion andland-
use changes and in the external benefit of within-counitry emissions control and the elimination
of subsidies on the combustion of coal. From the discussion here, it seems unlikely that pop-
ulation plays 2 major direct role in worsening or alleviating the market failures that give rise to
the accumulation of greenhouse-related gases in the atmosphere. However, by adding urgency
to resolution of the problem and strengthening the bargaining position of less industriatized
¢countries {“Share with us your wealth or we will share with you our poverty ..."), rapid

Wexder (1996; see also Appendix 4.5 of MacKellar et al. 1996) evaluates the external costs
an average newbom will place on society through its projected emissions of greenhouse-related
gases. A serious global warming scenario under which the marginal damage from carbon emis-
sions was valued-at $180 per tonne, evaluated at a 2 percenit discourt, rate yields a $20000
per birth cost inthe more industrialized courtries and a $13000 per birth cost inthe less indus-
trialized countries. A more optimistic scenario, assuming marginal damage costs of only $10 per
tonne, evaluated at a 5 percent discount rate, yields a $620 per birth cost in the more indus-
trialized countries and a $80 per birth cost in the less industrialized countries. Tothe external
cost inthe form of greenhouse gas emissions {and any other environmental externalities) must
be added external costs, which arise from dilution of the available supply of public goods (such
as schools). On the other hand, the birth gives rise to extemal benefits mediated through tax
revenues, payments into the public pension system, and so on. Balancing out external costs and
benefits is difficult and highly dependent on assumptions made, including the noneconomic
external benefits of children. On its face, however, the externality argument makes a case for

alleviating climate change through averting births.

same thing, raises the costs of burning fossil fuels, then these effects will be
magnified under conditions of rapid demographic increase. Such effects ¢an
have distressing distributional consequences, but under the assumptiontiof
well-functioning markets, economic efficiency in the sense of allocating gooeds
and services 5o as to maximize the present value of total costs minus totalben®
efits will be unaffected. Dealing with the distributional consequences: of-mpre
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rapid population growth (and, for that matter, of climate change) is the task of
political and social institutions and, ultimately, rests upon human values. It is’
impossible to say, on welfare-theoretic grounds, that one population scenario

-is preferable to another.

On the other hand, if markets do not work well, or if institutional arrange-
ments impede response and the development of coping strategies, then rapid
population growth is likely to exacerbate the effects of market failure. Under

such conditions, and setting aside for the moment the strict standard imposed
by welfare theory, slower population growth will be preferable to more rapid
population growth. Moreover, the possibility must be considered that rapid
population growth at the macro level and high fertility at the micro level may
themselves impede the smooth functioning of markets and other institutions.

Population and renewable resources

Since the seminal USNRC (1986) study, researchers have placed special emphasis
on links between population and renewable resources. The debate over popu-
lation and agricultural resources mirrors the broader debate. The two polar
- positions are those of Thomas Malthus and Ester Boserup. Malthus proposed
that a geometrically growing population tends to outrun an arithmetically
growing food supply. Over the long run, population and 'agriaﬂf;ural resources
remain in a state of equilibrium mediated by the available technology of food
production and the prevailing living standard. The agricultural resource base
is assumed to be fixed, and no allowance is made for technological change.
Boserup (1965,1981), on the other hand, argued that increasing population pres-
sureitself induces technological change, leading to amore intensive use ofland.
A refinement on the Boserup model is Hayami & Ruttan’s (1971;-1987, Ruttan
& Hayami 1991) induced innovation maodel, accordiﬁg to which constraints
- imposed by an inelastic supply of labor are offset by advances in mechanical
technologies, whereas constraints imposed by an inelastic supply of land are
. offset by biological technology. The examples of the first situation are typical
of industrialized countries; examples of the second typeare found in many less
industrialized countries in general,

Boserup argued that opportunities for land extensification (i.e., rural torural
migration) are exhausted before intensification commences. Only when no
more land is available do further increases in population density lead to sub-
stitution of more labor-intensive farming practices and modernization (suchas
mechanization and application. of fertilizers and pesticides). The empirical
evidence, however, is that land intensification does not necessarily wait for an
exhaustion of land extensification opportunities. Pingali & Binswanger (1987)
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frgue that medium- and large-scale government-induced infrastructural in-
vestments, which facilitate land intensification at the farm level, become essen-
tlal long before all potentially cultivable land is brought under the plow. They
gdistinguish between farmer-based innovations and science- and technology-
based innovations. The farmer-based innovations include changes in land use,
and investments, development of organic fertilizeruse, and the evolution of the
tool systems. Science- and technology-based innovations include development
of agricultural industry, science-based induced technological change, and de-
velopment of agricultural research institutions. The authors argue that farmer-
based innovations can only support slowly growing populations. In order to
accommodate rapid population growth, science- and technology-based inno-
yations are necessary as well.

- Complicating the picture is the fact that the distribution of benefits from tech-
nical change is affected by policy interventions, such as export taxes and food
gonsumer subsidies, of the sort almost universally applied inboth highly indus-
{rialized (Alston et al. 1988) and less industrialized (Anania & McCalla 1995)
* gountries. Some of these policy interventions are effectively endogenous; for
- example, rapid urbanization combined with failure of the agricultural sector to
develop may lead almost inevitably to some form of consumer subsidy. Thus,
there is a perhaps crucial, and unstudied, link between population growth and
the impact of technical change. i population growth were to encourage policies
that reduce the benefits of technical progress to those who must implement it,
this would pose a serious obstacle to coping with demographic increase.
Theories andcase studies of viciousand virtuous circles are derived from this
debate over the role of population in resource use and the environment.

- A vicious circle model

In this section we describe a vicious circle model, which combines the neo-
classical model above with the fertility—poverty trap model which we dis-
cussed previously. Poverty, insecurity, and low status of women, although not
market failures per se, give rise to similar problems. Much environmental dam-
age in less industrialized countries occursin disadvantaged local areas, which
are characterized by acute deprivation: inequitable access to resources of all
kinds, including land, credit to finance investments, and insurance to cover
risks; insecurity; poor governance; and lack of opportunities for alternative eco-
nomic activities or out-migration. The pernicious impact of poverty upon the
operation of the price system was one of the major themes of the 1992 World
Bank World development report focusing on environment and development, and
the importance of market failures arising from poverty and insecurity has been
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explored:by. many researchers: a general framework is given by Bilsborrow

(1987) and:among case studies embodying the approach are Stonich (1989) and
maliy. olliers, -

- iy Wemernare more adversely affected than men across the board, a.nid impov-

erishedinsecurehouseholdsliving at the margin of survival are likely to deplete
surtounding natural resources and environmental assets with little heed for
future consequences. Even if such households desired to safeguard their
surroundings, however, their room for maneuver, in the form of the types of
substitution, adaptation, and behavioral change that are at the heart of the
neoclassical economicmodel, would bepainfully restricted. For exarnple, when
poor households intensify agricultural production to cope with rapid popula-
tion growth, they are unable to afford the investment and inputs necessary to
conserve soil. The smooth neoclassical substitution mechanisms mediated
through the market are unlikely to operate under such conditions. Thus, pov-
erty, insecurity, and low status of women are not only morally wrong, they are
barriers to neoclassical econormic efficiency as well. -

The mostinfluential work in this area is the unified theory of fertility and the
environment developed by Dasgupta (1993). In this model, population places
pressure on the renewable resource base, say thie supply of wood fuel. Poverty
prevents substitufion of alternative fuel sources; the low status of women and

- girls devalues the rising amount of time and effort that they mustdevote to daily
wood gathering {Agarwal 1994, Sen 1994). As the value of hands around the

house rises, fertility decline is impeded both directly (the value of child labor

rises; for example, Feldman 1990) and indirectly (attitudinal change, which
- might occur through education of girls, is blocked because girls are kept home
to help their mothers}. The result is yet faster population growth, yet further
degradation of the renewable resource base, and yet further erosion of women’s
position. Poverty, depletion of renewable natural resources, high fertility, and
low status of women have combined in a vicious circle which, at best, forms a
poverty trap and, at worst, may lead to local ecological breakdown.
But the key to the vicious circle is that it is contingent on the local historical,
social,and cultural context. A range of research verifies the existence of virtuous

circles as well, in which population pressure leads to environmentally benign

Jintensification of renewable resource exploitation, development of alternative
economic activities, and so on.
A virtuous circle model

Land intensification, properly implemented, is a virtuous process; if involves
maximizing the productivity of existing land resources. Research in the Macha-
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kos district of Kenya (Tiffen & Mortimore 1992, Tiffen et al. 1994) and in semi-
atid northern Nigeria (Mortimore 1993) has described the virtuous cycle in
which population pressure givesrise to farm-level innovations, elicits policy re-
gponses in the form of agricultural extension services, stimulates the growth of
Honagricultural activities and off-farm employment, and the like. Before the
fecond World War, when population growth in Machakos was slow, agricul-
tural productivity was low and there was widespread land degradation in the
district. But after the war, when the population of the district grew much more:
tapidly, this growth was accompanied with improved food preduction and

_ gonsiderable improvements in land degradation.

This virtuous circle model is aimost directly opposed to the vicious circle
model. The Machakos example has become so celebrated that it has been
pointed out that not all types of soils are able to support such intensification.
However, further evidence that demographic increase can stimulate produc-

- fvity growth comes from the unlikely case of Bangladesh, where high-density

gural districts had higher agricultural wages than low-density ones and, over

. time, the rate of population growth was positively correlated with the rate

of change of real agricultural wages (Boyce 1989). The key question facing
tesearchers is to identify the types of institutions that promote healthy response .
to environmental stress (Box 2.10).

Conclusion

The vicious circle model described here represents the state of the art in
population—environment research related to global environmental change. It
Incorporates flexibility, in the form of neoclassical responses to scarcity; equity
In the form of the recognition that poverty, insecurity, and low status of women
Impede healthy responses; and ecology, in the form of stressing the fragility of
marginal environmental zones. As a basis for policy dialogue it is a great
improvement over I=PAT,. in that it focuses attention on response to climate
change rather than on responsibility for avoiding climate change, which may
be in significant degree unavoidable. It is an improvement over the basic neo-
classical model in that it recognizes. that markets must function in a possibly
hostile social and historical context. I focuses attention on those populations
that are simultaneously most likely to suffer consequences of climate change
and least able to adapt. And finally, it focuses researchers’ attention on the
erucial question of what sorts of policies strengthen and erode the ability of
Institutions of all kinds to cope with environmental stress.

Figure 2.3 represents an attempt to distill some of the theines developed here'
while moving beyond a strictly economic framework. Economic, social, and
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Box 2.10 Virtuous and vicious circles < Coping strategies
s Coping in place
When does virtuous Boserupian intensification not occur? This is the focus of work by = Migration strategies >
Bilsborrow (1987) and many collaborators (Bilsborrow & Geores | 994, Bflsborro.w&’DeLargy * Population displacement
1991). Among the contextual factors on which intensification is contingent are the existing fevel 'y
of living, availability of potentially cultivable land, avallability of off-farm employment opportu-
nities, size and distribution of landholdings, potenttial for fabor and technelogical intensification, h 4
rural fertility level, rura-nf and urban |.3'opullation distribution, and existing crop strf.lqure.. Crucial Institutions for mediating stress
to the success of the virtuous cycle is the intervention of suppartive and respansive institutions, .
especially in the public sector. Under pessimistic sociopolitical and institutional conditions, the E:;qqno:mc ctratesies
result of population pressure will not be Boserupian intensification, but either predatory cul- : C:S:'rtlzzd insurglnce markets
tivation of exdsting land resources or a vicious extensification in which inequitable access to land : » Precautionary saving :
causes poor families to crowd onto marginal lands whose low productivity exacerbates, in tum, Views of LI
the problem of poverty. Lele & Storie (198%) documented such outcomes in six sub-Saharan equity and —————p| Political )
African countries, and pointed outthat a majorimpediment to agriculturalintensification is that, faimess * Local, national, intemational
whereas the economic gains to large famnilies are low, the sodal gains, in terms of community Social
status and the like, are high. Cleaver & Schreiber (1993) described an African population, agri- * Family and community networks
culture, and environment nexus which might be called Boserupinreverse: a vicious cycle ofrapid » Gender, class :
population growth, agricuttural stagnation, and environmental degradation. The condusian is T
| that a policy-led intensification is needed to supplemnent the demand-driven (avtonomaus) k
intensification suggested by Boserup. Case studies from Asia and Centtral America have illus-
trated the vicious combination of population pressure, poverty, and inequitable access to fand h 4
which forces cultivators onto marginal fands (Cruz et al. | 992), and the UN Secretariat (1991) Sources of stress
conduded that there is reason to question the relevance of the Boserup model for many less Nature of + Information asymmetries '
industrialized countries in the late twentieth century, ' ecosystem "] *Uncertainty, complexity, surprises ‘
: * Time-inconsistent contracts P
» Ifhperfect property rights
i = incomplete markets
political institutions mediate pressures on the natural resource base and the | . « Ideational displacement or shift
conflicts to which they give rise. In line with the nature of the discussion above, : Ecological surprises
most of the sources of stress shown in the figure have to do with market failure, —

but this is not the end of the story. Ideational shift and ecological surprises are’
other sources’of stress. The funictioning of institutions is informed by their
perceived ethical legitimacy, in particular whéthér they are perceived to be fair
(e-g., du Bois 1994 for equity in water management). By definition, populations
cope in one way or another with environmental problems. They may cope in
environmentally virtuous ways; they may become trapped in a vicious circle;
- they may use various strategies, a mixture of benign and destructive. The means
of coping will, in turn, affect the nature of ingtitutions. In the case of the strat-
egles associated with the vicious circle model, this may amount to institutional
fracture and atrophy; in the other cases, it may amount to institutional deep- -
ening and strengthening. The means of coping may also directly affect the eco-
system under consideration, and it may alleviate or worsen sources of stress,

Figure 2.3 Environmental stress and institutional response.

Health

The previous sections have looked at the interactions be.tween climate change
and population issues as they relate to economic well-being and the stat.e.-‘_qf_t‘r_le
environment. Less well researched, but potentially important, are the pgs§1ble
impacts of climate change on human health. o

The health profile of a human population is an outcome ﬂlat u}te.g}l-at’es many
inputs, some of which are outside human control and sor.ne- of wl'uch, such as
social and individual responses to disease, and perceptions of good health,
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depend on human behavior. Population is related to health in several ways:

* In societies marked by high and closely spaced fertility, the health of
-women and children tends to be impaired. Some evidence even suggests
that the impact of family planning programs on women'’s health is greater
than the impact on fertility.

* In rapidly growing populations, the scarce public health resources are
strained. On the other hand, government health expenditures per capita
are largely uncorrelated with health outcomes such as infant mortality
and life expectancy. Dilution effects are a far less important policy prob-
lem than inefficiencies and inequities in the distribution of available
healthand education resources; for example, tourban-based curative hos-
pital careat theexpense of rural primary healthcare, to boys at the expense
of girls, and so on (Jiminez 1989).

* Inlow fertility societies, population aging places special dematids on the
health system. It is cause for concern that, in both more and less indus-
trialized couniries, health systems will have to cope with any stresses
arising from global climate change at the same time that they cope with

the challenges posed by population aging.

The vicious circle paradigm is applicable to health insofar as good health and
holistic well-being are fundamental human assets. Poverty is inimicable to
health, and poor health is, in turn, a form of impoverishment. Poor health of
rural workers, for example, is a significant barrier to rural devélcipment.

Global climate change: a new, fundamental, and complex health cﬁallenge

The sustained health of populations depends absolutely on maintaining climate

variables within a range of tolerable extremes, protection from solar ultraviolet

radiation, adequate supplies of food and fresh water, and (for various reasons)

. the continued existence of diverse species and their genes. Global climate
change would pose a new, fundamental, and complex type of hazard to human
health (Last 1993, McMichael 1993, Epstein 1995). As “new,” “fundamental,”
and “complex” are words liable to overuse, this characterization is Important
to explore. :

The hazard is new because, during two centuries of urbanization and indus-
trialization, public health hazards have emerged primarily within geographi-
cally localized contexts, reflecting local demography, culture, technology, and
wealth. Thus, patterns of infectious diseases, chemical pollutants occupahonal

-exposutres, and, more recently, the rise of affluent, risk-bearing behaviors
{e.g. consumption of tobacco, alcohol, and processed foods; automobile trans-
port) have mainly originated and been countered on alocal scale. However, the
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disruption of Earth's natural systems associated with global environmental
change poses a new, supra-population scale of health hazard. The hazard is
fundamental because these systems together comprise a general life-support
fystem which underpins the long-term biological health of all species.
Complexity arises because forecasting these potential health impacts entails
multiple uncertainties, nonlinearity, and a long time-horizon (McMichael &
Martens 1995). The first two of these characteristics pose challenges to prevail-

* ing modes of scientific data assembly and analysis and, subsequently, to the

process of scientific inference. The long time-horizon suggests that much of the
tesearch will not be amenable to conventional hypothesis testing (and certainly
not within the timeframe of relevance to social decisionmaking). Because of the
gomplexity of the ecological and geophysical disturbances attendant on climate

- ghange, we should expect some surprise outcomes (Levins 1995).

The hazard is new also because the extent and rate of some of the predicted
¢hanges would fall outside the range of recorded human experience. Conven-
tional epidemiological research relies on collecting data that describe current or
past experiences of populations or groups, calculating risks, and elaborating
models which explain variations in risk. By extension, the conventional pre-

'~ diction of health risks (i.e., formal health risk assessment) entails applying

empirically derived exposure—response relationships to current populations
witha known or presumed exposure profile. Thus, both the exposure-response
and population risk parameters are real, or at least realistic. However, assess-
ment of the health impacts of global environmental change entails the predic-
tlon of future health risk from scenarios of future population exposures. Such
gxposures may be qualitatively different from past experience, because they

* will reflect changes in a range of background variables, such as changes in

nutrition and the distribution of disease-bearing vectors (e.g. ticks, mosquitoes,
and fleas). Few historical data directly encompass the pro;ected exposure
feenarios.

The risks are not merely more of the same—more heatwaves or more air
pollution, for instance. Rather, they would arise substantially via indirect
pathways; in particular, by disturbance of natural systems such as the ecology
of infectious agents, food production, and freshwater supplies. Researchers
have long been aware that global warming may have both direct and indirect
gffects on human health (WHO 1990). Nutritional status, disease incidence, and
morbidity/mortality outcomes are, in turn, related by complex, incompletely
understood processes (Murray 1994). Another indirect effect would arise if .
coping with impacts of global environmental change diverted public and
private resources away from health. Difficult as direct effects are to:model and
predict, the challenge posed by indirect effects is greater, because these effects
are contingent on a wider range of assumptions. The further the scenario moves
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glihood of surprises.

5 uncertain, at
- pounded by

on health may be the foliowing:

* increased morbidity and inortality because of more extreme events,

particularly heatwaves, fires, cyclones, and flooding

* changes in infectious disease epidemiology, particularly increases in the

spread and activity of a variety of vector-borne diseases

* health impacts of changes in nutritional status arising from cflanges in

agricultural productivity

* disruption of freshwater supply, and perhaps sanitation, because of sea

level rise
* extensive population movements, some involving distress of the sort
associated with the environmental refugee model discussed in the next
- section
*. health impacts of social stresses associated with global environmental
change and its impact on the economy. _—
In this section, we focus on two health impacts that are most likely to prove
significant and which have been most intensively examined: the direct effects
of increased frequency of thermal exiremes, and indirect effects mediated
through alteration of the distribution of vectors which transmit certain infec-
tious diseases: Although the first is much better understood, the second is likely
to involve the greater impacts, because of the greater size and vulnerability of
the population exposed to heightened risk, and the more limited resources
available for response and adaptation.

Background conditions
Just as a fairly typical transition from high to low, férl:i}ity can be discerned in
the historical record, so can an epidemiological or mortality transition be

described. In more industrialized countries, this transition was marked first by

154

¥miological record, the more tenuous the prediction and

ese difficulties, the impact of global warming on human health
best, and perhaps, in part, unforeseeable. This deﬁcult'y is com-
uncertainties about regional patterns of environmental change,
and by variations in the vulnerability of populations in those different regions,
‘However, the bulk of research has concluded that, although some changes are
_ likely to be beneficial, the net impact of global warming on human health is
likely to be negative (McMichael et al. 1996), with indirect effects being more
- significant than direct ones in the long term. In other words, most of the health
impacts of global warming, especially those mediated by disturbances to
ecological systems, would be adverse. Among these possible negative impacts

HEALTH

Increased resistance to disease as a result of improved living conditions, then
by mortality declines owing to improved sanitation, then by declines resulting .
from medical advancements such as vaccinatiens and antibiotics (McKeown
1988). The effect of these developments was to concentrate mortality into older
ages where degenerative, rather than infectious and parasitic, diseases predom-
inate. The most recent phase of the mortality transition has been reductions in
some of these causes of death, such as cardiovascular disease and cancer. How-
gver, despite advances in high-technology, high-cost medical interventions,
mortality rates in industrial countries are more closely associated with the
gquity of the income distribution than income level itself (Wilkinson 1994).

- Inless industrialized countries, the transition has been rather different, since
modern medical technology became available before countries had undergone
improvements in living conditions. Thus, as discussed in the early pages of this
chepter, the mortality decline that took 200 or more years to occur in the
Industrialized countries has occurred in the less indusirialized countries in 50
years. One result has been a gap within the Third World in the medical care
available to the rich and the poor (World Bank 1993); for example, in countries

. where rural areas often lack basic maternal and child healthcare facilities or
sanitation systems, the capital city may possess an up-to-date center for cardiac
surgery. Although the urban/rural gap in healthcare is still the main concern,
8ois the gap between the urban middle class and poor, and between those elite
workers with access to the public health system through membership in social
gecurity schemes and the rest of the population (McGreevey 1990). Good health
Is perhaps the most fundamental aspect of human capital, and reforming health
systems to eliminate inequities and improve the health of the poor is one of the
most promising opportunities fofdcombating poverty (World Bank 1993}. Steep
health gradients across sociceconomic class are not, however, a concern limited
to the Third World (Frank & Mustard 1994).

Health transition in rural areas of less industrialized countries must be -
placed in the context of continuing agricultural intensification. Growing use of
machinery, fertilizers, and pesticides (often under conditions that would be
considered unsafeinindustrial countries), and theimpacts of large dam projects
are examples of factors that may affect health, as do more general agronomic
practices (e.g., mosquito breeding is affected by how often ricefields are
drained). One of the chief characteristics of health transition in urban areas is
exposure to elevated levels of both traditional pollutants (e.g., particulates from
woodfuel or charcoal burning, or sulfur dioxide and urban smog; Romieu et al.
1990, Pope et al. 1995) anid of new pollutants, such as toxic substances. Rapid
industrialization has not been accompanied by the development of institutions
and regimes to ensure proper disposal of the harmful wastes generated by
industries (Ludwig & Islam 1992 for Bangladesh, Asante-Duah & Sam 1995 for
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West Africa). Marguette (1995) has written of the urgent need for improved

information-gathering and planning mechanisms to cope with environmenta)

health hazards in rapidly industrializing countries and in the transition ecor.
omies, as well as of the need for a greater focus on the urban env
a rapidly urbanizing world.

Several major components of the world health situation stand apart from the
mortality trarisition model in its unadorned form. Recent years have seen g ;
resurgence of infectious diseases and the emergence of new vinises (Morse -
eficiency viruy :

1991). Examples include the emergence of the human immunod
(:2v), emergence of new vector-borne viral infections in the Americas, discov«
~ery of anew and spreading strain of cholera, the resurgence of diphtheria in
Russia, and the emergence of various antibiotic-resistant microbes, including
the malaria parasite (especially in Asia) and multidrug-resistant tuberculosis
 strains (among urban populations in the northeastern United States). Also well
publicized is the upward ratchet in mortality in the transition economies of
central and eastern Europe (Feachem 1994, Potrykowska & Clarke 1995). Somg
of these, such as the appearance of HIV, are classic surprises, whereas others,
such as the development of antibiotic-resistant bacterial strains, fall within the
range of experience and could have been predicted by models that accounted
- for the ecological complexity of disease.

The major deviation from the mortality transition model is, of course, the
widespread increase in HIV infection and ensuing AIDS mortality. Studies
discussed in Box 1.1 have concluded that the effect of AIDS mortality on popu-
lation growth, although significant, is likely to be modest. On an individual and
societal level, on the other hand, the AIDs epidemicis anepochal event, roughly
on a scale with the 1918 influenza pandemic. In Africa, the social effects of AIDS
are exacerbated by the fact that the persons at highestrisk are in the prime pro-
ductive years and belong, moreover, to skilled urban elites (Ainsworth & Over
1994). Thus, although other diseases such as tuberculosis andmalaria account
for.more deaths, the economic impact of AIDS is greater, In all regions, AIDS is

. placing stress on public health budgets and, more generally, is increasing the
share of total resources that must be devoted to health (e.g., placing claims on
savings of affected families and raising insurance premiums).

Thermal extremes
The main thermal hazards of global warming would result from increased
frequency and severity of heatwaves, defined often as five days in a row in
which the daily ambient temperature exceeds the normal body temperature of

36°C (98.6°F). Prolonged heat stress can lead after several days toheat exhaus-
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fon characterized by dizziness, weakness, and fatigue. More acutely, heat
{roke, in which body temperature exceeds 41°C (106°F), may occur, often
ulting in unconsciousness and sometimes death. . '
. Minor changes in temperature and humidity evoke both physiologicat and
ghavioral responses. Healthy persons cope with moderate rises in ambient
;wiromnental temperature and, within certain limits, thermal comfort is thus
halntained. Further physiological acclimatization develops after several days,
hus minimizing heat stress. However, frail or ill individuals with lower phys-
:ﬂagica.l resilience adapt less well. Hence, heat stress is a greater health hazard
i-elderly persons, infants, and in persons suffering from cardiovascular or
tlier disorders. . _
Higher summer temperatures and accompanying heatwaves would in-
fease rates of heat-related illness and death in both temperate and tropfcal
ggions, but reliable dose—response estimates exist only for the first. HlStOl‘lCé'll
finlogues may be found in events such as the extremely hot summers experi-
iced in Missouri during the early 1980s, when temperatures were 2-3°C higher
an normal, and heat-related deaths occurred at seven times their normal rate
“enters for Disease Control 1989). The pattern of deaths from all causes in
lation to daily summer temperature in New York City indicates a nonlinear
slationship witha threshold of approximately 33°C, above which overall‘death
tes increase sharply (Kalkenstein 1993b). However, other studies in the
nited States indicate that 20-40 percent of such heat-related deaths during
heatwaves represent a displacement or early harvesting effect; that is, deaths
‘that would have occurred within several weeks under normal temperature
conditions. From studies done in heat-sensitive northern Us cities (those where
licatwaves are infrequent) it has been estimated that, under climate scenarios
:companying a doubling of carbon dioxide concentration, heat-related de.aths
in such populations would increase by a factor of five or six (Kalkenstein &
Smoyer 1993). Cities with naturally warmer weather would be less affected,
Isecause theirinhabitants are better adapted to prolonged bouts of summer heat.
Excess mortality related to heatwaves is greatest in crowded inner urba.n
snvironments, owing to the heat island effect, and in communities lacking air
conditioning and proper ventilation. Before the advent of air conditioning in
Industrialized countries, excess mortality during heatwaves was much more
pronounced than it is at present. Data from heatwaves of similar magxﬁtude.m
Los Angeles in 1939, 1955, and 1963 indicate a sharp drop in excess mortality
between the second and third episodes, probably because of the advent of
residential air conditioning (Goldsmith 1986). _
Justas global warming would be expected toincrease heat-related mortality,
it would, to some extent, reduce winter-time mortality by reducing the extent
and frequency of exireme cold weather (Kalkenstein 1989, 1993a,b, Langford
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& Bentham 1993). Excess winter mortality is predominantly attributable to -

influenza, other respiratory infections such as bronchitis and pneumonia, and
coronary heat disease.

Temperature and other climatic variables affect the respiratory tract {Ayres
1990). Bronchitis and emphysema are typically exacerbated during winter,
whereas asthma and hay fever tend to break out during summer, perhaps
because of pollen release. Hot dry summer weather increases the pollen count,
whereas summer rain stimulates the release of fungal spores. Thus, global
warming may reduce winter bronchitis and pneumonia and increase summer
asthma and hay fever. )

Tossil fuel combustion, which is the principal cause of rising atmospheric
.carbon dioxide concentration, is accompanied by increases in the ambient con-
centration of other pollutants in the urban atmosphere, such as sulfur dioxide
and nitrous oxides. The urban attmosphere in industrial countries has generally

improved as a result of more effective environmental policies (OECD 1991); ;
however, mnost less ind ustrialized countries lack such policies. Higher summer |

temperatures would also stimulate the chemical reactions that give rise to pho-
tochemical smog,. Bufalini et al. (1989) estimated that a 4°C increase in average
sunmumer temperature in the San Francisco Bay area would triple person-hours
of exposure to concentrations of atmospheric ozone in excess of the current air
quality standard. Exposure to such pollutants reduces lung function, thus
increasing susceptibility to infection, heat stress, and chronic lung disease, with
consequences for mortality and morbidity from a wide range of causes.
Some direct effects in addition to those mediated through thermal exiremes
also deserve mention. Disasters give rise to an entire class of public health prob-
lems (Gregg 1989), and to the extent that global climate change includes greater
frequency of floods, storms, and other exireme weather events, the frequency
of such problems will rise. Among these, in addition to direct weather-related
mortality, are outbreaks of diarrhoeal disease when water sources are contams
inated by fecal material, problems associated with runoff of toxic materials
(Thurman et al. 1991, 1992), and increases in some vector-borne infectious dis
eases as a result of flood conditions (Hederra 1987, Cotton 1993). Even without
flooding, increased rainfall and higher temperatures would also be favorablg
to the bacteria and protozoa that cause diarrhoeal diseases, including cholers,

Vector-borne diseases

Most infectious disease transmission mechanisms are affected one way or
another by climatic factors (Bradley 1993), and the link to climate is especially
close in the case of vector-borne infections. Most vector-borne diseases have at

158

HEALTH

least three, and usually four, components (Longstreth 1990): the infectious
agent (¢.g., to take the case of Rocky Mountain Spotted Fever, Rickettsia ricketsii),
the vector (Dermacentor variabilis), an intermediate host (woodland birds and
animals) and an ultimate host (humans) Changes in climate can affect any one
of these components.

The maintenance of a vector-borne infectious disease agent requires an ade-
quate population of the vector and favorable environmental conditions forboth
vector and parasite (Koopman et al. 1991, Shope 1991, Herrera-Basto et al. 1992,
Bouma etal. 1994, Loevinsohn 1994). Slightchanges in climate can affect the via-
bility and geographical distribution of vectors. To take one example, and prob-
ably the most important one, the Anopheles mosquito, which transmits malaria,
does not survive easily where the mean winter temperature drops below
approximately 15°C, and it survives best where the mean temperature is 20—
30°C and humidity exceeds 60 percent (Martens et al. 1995a). Higher temper-
atures accelerate the developmental cycle of the'malaria parasite (Burgos et al.
1994). Further, the malarial parasite. (Plasmodium) cannot survive below a
critical temperature: around 14-16°C for P. vivax and 18-20°C for P. falciparum.
By improving conditions for both vector and parasite, unusually hot and wet
weather in endemic areas can cause a marked increase in malaria {Loevinsohn
1994). Many other vectors, parasites and microbes generally thrive in warmth
and moisture (Gillet 1974 for parasites, Shope 1991, Nicholls 1993 for the case
of rodents); thus, clitnate changes over the coming century could promote
vector-borne and other infectious diseases. Although these cannot necessarily
be ascribed to climate change, occurrences have already been noted of dengue
fever in new areas and of malaria at higher latitudes than previously observed
(Levins et al. 1994); these may arise from complex changes in regional climate,
local ecological systems, and the distribution of the human population (Epstein
1995). Studies in Mexico have shown that incidence of dengue fever increases

#gveral-fold in years with rainy seasons of above-average warmth (Koopman
gt al. 1991).

A simple model, which related annual average temperature and rainfall
to malaria incidence, predicted that incidence in Indonesia might increase
25 percent over 80 years as a result of climate change (Asian Development Bank
1994). Another model employing the same approach but worldwide found that
flve different climate change scenarios gave rise to increases ranging from 7 to
2B percent in the land area affected by malaria (Martin & Lefebvre 1995)..

A detailed epidemiological model has been developed (Martens et al, 1994,
1995ab) in which development, feeding frequency and longevity of the
mosquito and the maturation period of the parasite within the mosquito are
éndogenous variables. The prevalence of public health control measures is
exogenous; thus, the model’s predictions refer only to potential alterations in
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_ the geographic range of transmission; their significance for alterations in dig-

ease incidence must be interpreted in relation to local conditions and- publie

health control measures. Model simulations based on an assumed increase of
-3°C in global temperature by 2100, holding population size and pubfic health
responses fixed, indicate a doubling of potential malaria incidence in tropical
_ regions and a tenfold increase (from a very low base) in temperate regions.

A core finding of the study was that, although malaria would be Worsened
in all currently endemic regions, the effect would be more severe in currently
low-endemicity areas, not in areas where prevalence is’ already elevated,
Included among areas that might become endemic are highland urban areas,
such as Nairobi and Harare, or parts of the Andes and mountaineus western
parts of China, which are currently situated above the mosquito line. The
vulnerability of newly affected populations would initially lead to high case-
. fatality rates because of their lack of natural immunity. Worldwide, the model
predicts a climate-induced increase of around 25 percent in malaria cases.

The re-emergence of malaria in formerly malarious areas, such as parts of
the southern United States, is unlikely. Longstreth (1990), interpreting resulta
of model simulations by Haille (1989) as well as other research, wrote that only
a rather unlikely combination of events could lead to the re-emergence of
malaria as a serious public health problem in the United States: a breakdown
in the effectiveness of vector-control programs or establishment of a pesticide-
resistant strain of Anopheles, plus establishment of a large infected human
population that went untreated for an extended period of time.

Malaria is only one of many vector-borne diseases whose distribution may
extend and whose intensity may be increased by warmer, more humid condi-
tions (Rogers & Packer 1993). Othersinclude trypanosomiasis (African sleeping
sickness and American Chagas disease), filariasis (elephantiasis), onchocers
clasis (river blindness), schistosomiasis (btlharzia), hookworm, guinea worm,
and various tapeworms. Vector-borne viral infections such as dengue fever,
yellow fever, and rodent-borne hantavirus are also affected by temperature and
surface-water distribution (McMichael et al. 1996). :

Climate change would also tend to increase various infectious diseases that
are not vector borne, such as cholera, salmonellosis, other.food- and water-
related infections, and diseases caused by large parasites such as hookworm
and roundworms. This would be most likelyin tropical and subtropical regions,
because of the effect of changes in water distribution and temnperature upon
micro-organism proliferation. Dobson & Carper (1992) have put it sunply
parasites and disease will do well on a warmed Earth.
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Conclusion

Apsessing and countering these hazards is one of the main Iohg;term challenges
facing those concerned with the health of human populations (Powles 1992).
{uost-effective public health responses can minimize the impacts described

“above. For example, in the case of malaria these would include surveillance,

improved treatment, open-water management and applications of pesticides
{although the acceleration of parasites’ lifecycle allows quicker development of

-pesistant strains). The range of measures available is broad: improved and

pxtended medical rare services, environmental management, protective tech-

“fivlegy (such as housing and water purification), public education directed at

personal behaviors, and appropriate professional and research training. Brad-
ley (1994) has classified responses in the case of tropical diseases as follows:
pesticides, chemotherapy, vaccines, and environmental management. Better
and larger-scale public health monitoring systemns are also needed (Haines et

: al. 1993). Interventions need not be designed directly to reduce incidence of the

tlisease, but rather to reduce its impact on the community. For example, where
malaria eradication is infeasible, interventions designed to improve the nutri-
tional status of an undernourished population may be more appropriate than
vector-control interventions. As in the case of agriculture, the importance of
local capacity and institutions must be stressed.

Most research has concluded that, given the possibility for response, the
health impacts of climate change in more industrialized countries will probably -
be modest. In less industrialized countries, on the other hand, where popula-
tions tend to be more vulnerable (both socially and biologically) and public
health spending is limited by available resources, mortality and morbidity con-
ditions arelikely toworsen as a result of global climate change. Both conclusions
mustbe conditioned by the uncertainties and complex.lhes discussed in the first
paragraphs of this section. :

Refugees, migration, and resource conflicts

The potent combmahon of poverty, natural resource scarcity, demograpluc
jpressure, ignorance, and ethnic hatred was evoked by Kaplan (1994) in a piece
whose message was summed up by its title: “The coming ana.td*my.” According
to this school of thought, the pressure of impoverished populations against
renewable natural resources is becoming one of the leading causes of populas:
tion displacement, internal conflictbetween different ethnicand interest grou
and, ultimately, international conflict (Homer-Dixon 1991, Homer-Dixon eta
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problems of the next century.

The Kaplan scenario has some basis in economic theory: when renewablo
common property natural resources such as land, water, and fores_'ts, become
more scarce, elites may claim them and thus worsen an already inequitable dis-
tribution. Much of the focus is on Africa, where drought and desertification
have already exacted a heavy toll and where the situation might worsen under
conditions of global climate change. South Asia, particularly sensitive border
areas such as the territory between India and Bangladesh, is another area of
concern. Jodha (1989) has documented such a process at work over the long
term in India. Global climate change may be joined to the list of potential causes
of conflicts. If land becomes uninhabitable or nonproductive,’ people will
migrate to more desirable locations.

Environmental refugees

The term environmental refugees brings population—environment linkages force-
fully home to policymakers, evoking images of human misery and social chaos.
In the following paragraphs, by deflating some of the more expansive claims
that have been made, we are able to focus more clearly on problems of envi-
ronmental distress migration; that is, migration in which the deterioration of the
natural resourcebaseis a significant push factor. Such environmental migration
can be dealt with in the nuch more familiar framework of international migra-
tion for economic reasons. s

Minimalists versus maximalists : :

- Although there is a substantial literature on the consequences of migration for
the environment, there is much Iess research on the effects of environmental
factors on migration. Yet two different and opposing perspectives can be iden-
tified. In one, the minimalist view, environmental changeis a contextual variable
that can confribute to migration, but analytic difficulties and empirical short-
comings make it difficult to draw reliable conclusions. The other perspective is
a maximalist view, which holds that environmental deterioration js a direct
cause of large-scale population displacements. '

~ Minimalists (e.g., Bilsborrow 1987, Kritz 1990) are drawn principally from
theranks of economists, demographers, and geographers specializi:xgin'nﬁg-ra-
tion studies. A neoctassical strand of thought within the minimalist school con-
-siders the decision to migrate as the outcome of a cost-benefit calculation in
which expected economic well-being is the variable of interest. A poor state of
the environment, according to this model, is only one of many push variables;
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ginoothly functioning response mechanisin which offers the potential migrant
“wide choice of options and strategies. In a neo-Marxist interpretation, how-
ver, decisions to move are made in the context of a powerful set of historical,
institutional, and cultural factors that tilt the playing field against the potential
inigrant. Environmental deterioration, in this interpretation, is closely t‘ied to
':ﬁcverty and exploitation; out-migration is best understood as an uprooting of
households who are denied access to the resources that would allow them to
‘imeliorate deteriorating environmental conditions.

. In either of the minimalist interpretations, environmental change is not the
"ﬂimple direct cause of out-rnigration. Maximalists, by contrast, claim that sub-
stantial numbers of migrants in less industrialized countries represent house-
holds which have been directly displaced by deteriorating environmental
eonditions, and they forecast that the situation is bound to worsen. A seminal
gtudy in this vein stated, “All displaced persons can be described as environ--
mental refugees, having been forced to leave their original habitat (or having
left voluntarily) to protect themselves from harm and/or seek a better quality
of life” (E1 Hirtnawi 1984), and Myers (1994) offers a similarly broad definition
of environmental refugees as people who can no longer earn a secure livelihood
In their erstwhile homelands because of drought, soil erosion, desertification,
and other environmental probléms. Jacobson (1988) limited the definition to
. persons disl:;iaced by drought, flood, toxification, and rising sea level, but
widened the umbrella by adding deforestation.

As a result of the expansive (practically, in the case of El-Hinnawi, all-
Inclusive} definition of the word “refugee”, the numbers of people potentially
involved are enormous. Westing (1992, 1994) estimated that there were 10-15
million displaced persons, mostly in Africa, and that the number is increasing
by some 3 million per year. There being no discernible rise in warfare or per-
secution, he assigns the increase to environmental deterioration. Myers (1994)
calculates that, by the year 2050, the number of environmental refugees may rise
to 150 million people (89 million of them from China, India, Bangladesh and
Egypt; some 1.5 percent of projected world population as opposed to the 0.2
percent that Myers estimates to currently qualify as environmental refugees).

Flexible definitions invite speculation at best and abuse at worst. To reha-
bilitate the term environmental refugee, wefirstreturn to the generally agcepted
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definition of the term refugee and, second, situate the population displacementy

‘associated with environmental distress along a continuum, with refugee flight
at one end and normal migration at the other. Refugees, in common sociological
usage, fleeinvoluntarily and in haste; they are powerless and vulnerablein their
new place of residence. Although not in strict accordance with international
law,® the term might reasonably be applied to persons displaced by a flood
which was, in turn, exacerbated by environmental deterioration.

Migrants, by contrast, move of their own volition in response to a combi-
nation of disagreeable conditions (push factors) and in anficipation of a better
life (pull factors); once installed in their new residence, they typically relate to
the host society from a much stronger position than do refugees. The members
of a household that relocates after monihs of struggling to cope-wit‘ﬁ worsening
environmental conditions are, by reasonable definition, environmental mi-

grants, not envirorunental refugees. Similarly, the World Bank estimates that, |

from 1985, to 1995 B0-90 million persons in less industrialized countries have
been forced to move by infrastructural development projects, most involving

either irrigation or transportation (Cernea 1995). Although they often suffer

‘profound consequences, these displaced persons are not refugees. -
A synthesis of the minimalist and maximalist lines of thought is possible
. along the following lines. Marginal deterioration of environmental conditions
will, under normal circumstances, give rise to various responses, out-migration
prominentamong them. If conditions continue to deteriorate, and ifhouseholds
choose not to or are unable to alleviate the underlying environmental problem,
then the importance of the out-migration response will grow. In the worst
scenario, households do not address the problem of environmental deteriora-
tion and orderly out-migration is impeded; then pressure will build up until
there is a classic ecological collapse and a resulting wave of environmental
refugees. In the following section, we discuss résponses and strategies likely to
be invoked in order to avoid this extreme outcome.

Demographic and social responses to environmental stress :

Since environmentally induced population movements are most pronounced
in the rural areas of less industrialized countries, we may gain some insight by
looking at the case of preindustrial Europe. The typical case examined is a run
of bad harvests in an agricultural community. As summarized by Lee {(1990a),
among the responses that have been identified are the following. Vulnerable
members of the population, particularly the aged, exhibit increased frailty and

6. According to the 1951 United Nations Convention on the Status of Refugees and Stateless
Persons, ko be considered a refugee, a person must be cutside his or her country of origin
for reasons of “persecution” based on “race, religion, nationality, membership of a partic-
ular social group or political opinion.” ) ’ :
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die as a result of normal morbidity conditions. Men may leave the community
to seek work in adjoining agricultural regions or in the city; the ensuing spousal
separation leads to a reduction in fertility. As financial assets are deployed to
purchase food, marriages are delayed, reducing the number of first births.

- Pecundity may be somewhat reduced by poor diet and, more significantly, if

there is a shortage of weaning supplements, infants will be breastfed more
Intensively for a longer period, with consequent reduction in fecundity. Davis
(1963) long ago coined the term multiphasic response to refer to this dynamically
complex demographic reaction to stress. Dyson (1991) found a proactive demo-
graphic response in South Asia, where famines were preceded by extended
periods of worsening adversity, during which fertility declined.

When the harvest recovers, adaptation behaviors change. Children inherit
land from those who died during the bad harvests, and young couples can thus
matry. Returning male migrants are reunited with wives who have ceased
breastfeeding infants conceived before the crisis and are fecund as aresult. With
the frailest members of the population having died, age-specific mortality rates
may even be lower than normal: From beginning to end, the demographic
tesponse to a subnormalharvest requires about four years to run its course. This
pattern, although first recognized for the case of preindustrial Europe, appears
to be relevant to non-European populations. Lee (1990) discussed research
findings from Bangladesh, China, India, Taiwan, and preindustrial Japan, all
conforming to the pattern. Other studies have looked at a broader range of
gesponses. : : .

In drought-prone regions; seasonal or temporary migration of some house-
hold members may already be an established means of coping with periodic
food shortages; when disaster strikes, households resort to the coping strategy
with which they are most familiar. This was the case during the 1980s drought
in the Sahel, during which Hill (1989) found that the most prevalent coping
strategy was to move. Findley (1994) found that in Mali the drought did not
eause an increase in migration per se, but led rather to a dramatic shortening
of the periodicity of circular migration, concluding that the appropriate policy
response is to facilitate the migration. Caldwell et al. {1986) looked at coping:
strategies employed by households in drought-prone south India during an
especially severe episode. By far the most commeon response was eating less (to. .
pome-extent in all households; to the point of hunger in one-third of houses
holds), followed by reductions in discretionary spending (a little under on
fifth of all households), followed at some distance by securing loans, sel
assets and changing employment. Famine mortality in South Asia consists
of persons actually starving to death but of a massive expansion of not
seasonal mortality patterns, especially mortality caused by malaria
1991). In northern Mali, an acutely drought-prone area, population exp
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relatively smoothly throughout the twentieth century, despite periodic catas-

trophes (Pederson 1995).

As population pressure rises and the productivity of the renewable resource :
base declines, a bifurcation pointis reached (Mortimore 1989, Tiffen etal. 1994),
One branch corresponds to the environmental refugee scenario: worsening
environmental deterioration, growing food scarcity, starvation and distress
out-migration, dependence on international relief, and so on. The other branch,
which shares the spirit, if not the particulars, of the Boserup model of agricul-
tural intensification (Boserup 1965), is characterized by land-saving invest-
ment, adoption of improved agricultural practices, development of non-
agricultural economic activities, and diversification of income soutces. So, once

again, we return to the theme of a vicious circle and a virtuous circle.

Which path is taken in response to environmental stress will depend in part

on local conditions (e.g., the nature of land tenure rights) and on the enabling
orimpeding role of the state. The role of public policy is illustrated by Warrick's
(1980) examination of the changing impact of recurrent droughts in the Amer-
ican Great Plains states. Great droughts in the 1890s and 1910s provoked large-
scale out-migration; however, it was much less pronounced in-the 19305 and
© 1950s, because public policies and programs were in force to encourage adap-
tation in place. International early warning systems and emergency assistance
responses have improved over the years, but they remain unable to deal with
situations in which civilian food supplies are destroyed or interdicted in the
. course of military conflict (Chen & Kates 1994). ' “
~ Droughts, which tend to extend over several years and are periodic, give
societies time to evolve a range of adaptive responses. Floods, being one-off
events, are much more likely to provoke population dislocation. On the other
hand, because floods are rare events, displaced populations are likely to re-
implant themselves once the waters recede. Thus, although floods are more
likely to produce environmental refugees than are droughts, their status as
refugees will not necessarily be permanent or even long term. Although

droughts cause less dislocation in the near term, they can cause more significant

long-run social change because of their persistence.

Seq level rise : : ,

All estimates of the number of potential environmental refugees consistin part
of persons displaced by rising sea level. Although the most dramatic effect of
sea level rise is inundation; the loss of land area to the sea, sea level rise has a
range of less profound impacts, such as intrusion of salt water into aguifers.
These effects and possible responses are discussed extensively in Volume 2.
Rising sea level lies midway between drought and floods, in that its effects are
felt only over the long term, but when they are felt they take the form of more
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frequent flooding of low-lying coastal areas. The severity of damage will
depend more on local conditions than on the precise extent of séa level rise (Smil
1990). If coastal areas come under assault by the sea, and if countermeasures are
not taken, then these areas will be gradually lost to human habitation. i coun-
ermeasures are taken, the effects of sea level rise can be in significant degree
tnitigated; the price will be forgone investment in other areas. The experience
of low-lying countries such as the Netherlands is relevant, although the models
that predict sea level rise also predict that it will occur much more rapidly than
ver in historical experience.

» Concernhas been focused on the inundation of densely populated low-lying
- #reas, such as the Nile Delta, and on coastal cities; in fact, because the value of
- land is s0 high in such regions, these are precisely the areas least likely to be
- abandoned to thesea. For example, the Nile Delta region is in no sense a natural
elta in geophysical equilibrium; it has long been an area managed by ceaseless
human intervention (Stanley & Warne 1993). The effect of sea level rise inareas
of relatively low population density, by contrast, could be devastating to the
populations affected. In a survey of South Pacific islands, Pernetta (1989) sorted
countries into five categories, ranging from countries that might conceivably
cease to exist (Kiribati being the most populous of these) to those where impacts
would be only locally severe (Papua New Guinea, Guam, and Western Samoa
among them). In the latter, planning responses could significantly ameliorate
damages within existing social, demographic and agricultural structures.
However, neither national nor international environmental policy communi-,
ties seem to bereacting very effectively to the threat of sea level rise in the South
Pacific (Pernetta 1992).

Some speculative damage estimates (e.g., Broadus 1993) have been made on
the basis of land prices. Yohe et al. (1995) pointed out that, in a perfect world,
sea level rise would be mediated through a forward-looking real-estate market
in which prices are discounted to reflect hazards. (See the discussions in Vol. 2,
Ch. 3 and Vol. 3, Ch. 1.) Taken to the limit, this logic would imply that sea level
rise would be Pareto neutral (i.e., no one can become better off without making
another worse off), with sellers of land losing while purchasers gain. Although
exireme, the example serves to remind us that the real-estate market will serve
a crucial function in defusing the economic costs of sea level rise. In California,
for example, high real-estate prices in coastal neighborhoods, a function in part
of rapid past population growth, have moved the focus of demographic
increase to inland neighborhoods of coastal counties, that is, areas that would -
be less seriously affected by sea level rise (Van Arsdol et al. 1995). However, the
real-estate market deals only with economic costs and benefits; for example, it
will do nothing to mitigate the unambiguous loss that would occur if the cul-
tural heritage of a small Pacific island were eradicated through sea level rise.
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Some writers have stressed the enormity of the costs of sea level rise in
low-lying coastal areas of developing countries; however, thése calculations
should be taken with a grain of salt. For example, Myers (1994) cited research
indicating that engineering countermeasures in Bangladesh (which would not
necessarily negate the problem altogether) would cost $10 billion, Since Ban-
gladesh’s total gross national product (GNP) is only on the order of $25 billion,
this seems at first glance to be an impossible task. However, the capital invest-
ment requirement is a stock concept, whereas GNP is an annual flow. Assuming
that total GNP remains fixed at $25 billion (which is exceedingly unlikely), a
$10 billion investment project can be completed over 20 years by diverting
2 percent of GDF every year. On the other hand, once installed, public engineer-
ing works must be maintained; if the depreciationrate is 5 percent, further costs
of $1 billion per year, again 2 percent of GNF, would be incurred. However, the
diversion of 4 percent of GDP every year to investment in flood control, as
. opposed to other projects, would be a heavy blow; it would nof spell the end
of economic development in Bangladesh. The calculation errs, moreover, on the
pessimistic side, because of the constant GNP assumption and because it takes
no account of economic activity generated by the investment program.

International migration v

If environmental conditions are regarded as an additional push factor encour-
aging migration, then environmental migration can be placed in the broader

context of international economic migration. Although accurate data are hard
to find because of the volume of illegal migration, there is little doubt that the
volume of economic migration has risen and continues to rise (Bohning & Oishi
1995). International migration is a crucial variable in any global environmentat
change scenario because, depending on the policy regime, it either provides or
is prevented from providing a means of adjustment to changing climatic con-
_ditions. A.climatically changed world, which has effected adjustment in the
institutional context of relatively free international movement of labor, is bound
tobe very different from one that has adjusted in the context of closed borders.
The pessimistic scenario described above, in which a virtuous out-migration
responseis stifled, leading to environmental collapse at thelocallevel, can easily
be broadened to the national scale. ‘

Refugees tend to move within countries or across ne1ghbor1ng borders;
economic migrants tend to move either from less industrialized poor coimtries
to highly industrialized rich countries, or into regional immigration poles such
as Abidjan or Singapore. Immigration is everywhere a complex and emotional
issue: it brings about global efficiency gains, but there are local winners and
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losers; moreover, it involves social and cultural dislocations for receiving and
sending regions, and perhaps most of all for migrants themselves. Neoclassical
gconomic theory describes how, in a two-region world, there are aggregate wel-
fare gains in both regions when factors are free to move from one to the other
{Simon 1989, Layard et al. 1992). Unimpeded, labor will flow from the low-
wage, labor-abundant region (i.¢., the region characterized by a low capital-to-
labor ratio) to the high-wage capital-abundant region, whereas capital will flow

_ in the opposite direction. Bconomic scarcities are thus abated, with resulting
‘Increases in welfare in each region. The problem is that each region has winners

and losers; the scarce factor loses and the abundant factor wins. The greater
Internal economic rigidities, the greater the imbalance. When the analysis
moves to the macroeconomic level, there is less clarity; for example, a recent
survey of Us studies found no consensus on the burning political question of
the fiscal impacts of immigration (Rothman & Espenshade 1992).

Thus, the policy debate overimmigrationhaslargely been driven by interest-

- group politics; for example, in the United States, organized labor has generally

opposed free immigration, whereas the business community has generally
favored it. The dispute cuts across other axes as well: socioeconomic class
(unskilled workers lose from the import of cheap, unskilled labor; skilled work-
ers may benefit), location (workers in border regions lose more than workers
in further-flung regions from competition by cheaper labor). There is also a
neglected generational aspect: older workers and retirees benefit economically
from immigration because it strengthens. the social security system; younger
(typically less skilled) warkers lose from competition in the labor market and
from the fact that immigrants represent co-claimants on the social security
system (as well as on public goods such as the school system). Assessing the
net impact of immigration on younger persons is difficult, because without
{mmigration, social security taxes would have tobe higher to support pension-
ers, and this higher tax on labor would encourage employment of capital as
opposed to labor. Even if younger people gain from immigration, however,
clearly they do not gain as much as older workers and retirees.

On the other hand, international migration cannotbe reduced to simple eco-
nomics, because it is driven not only by economic disparities but also by more
diffuse social and cultural factors. The diffusion of industrial culture raises the
demand for an industrial lifestyle; the rise of individualism demands mobility:
Similarly, opposition to immigration is not entirely a matter of economic
interest-group politics; it alsoreflects a genuine fear that local cultural traditiong
will be eroded with the loss of homogeneity. Allin all, it is likely that the social
consequences of immigration are far greater than the economic consequences,

Several imbalances and inequities exist in the current international migras
tion prbcess. First, whereas intercontinental migration provided a major escape
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route from Burope during its period of rapid demographic expansion, people
fromilessindustrialized nations have 50 far benefited much less from migration
(Eramer1893). Second, whereas policy reforms since the mid-1970s haye sub-
stantially reduced barriers to the flow of capital from industrialized. countrles
tothie South and to the East, the barriers to the flow of labor into industrialized
coutitries have, if anything, increased (van de Kaa 1993). Po]icymakers in less
industrialized countries, including the former socialist bloc, have put in place
comprehensive policy regimes to facilitate capital inflows, whereas govern-
ments in industrialized countries have not yet adopted complementary policies

in the area of immigration (Bade 1993 for the case of Germany).

Under conditions of climate change, if current research, which assigns the
mostserious agricultural and healthimpacts to developing countries, is correct, |
South-North migratory pressures will increase. To the extent that less indus-
trialized countries are able to adjust smoothly to changing climate conditions,
these pressures will be smaller, but perfect adjustmentis an ideal that is unlikely
to be attained. As in many other areas explored in this chapter, adjustment in

the industrialized nations to these pressures can be either virtuous or vicious.
In the latter case, immigration policy will remain essentially ad hoc, confusing,
and inequitable, m which case the inevitable confusion is likely to bring about
an increase in the number of illegal immigrants. Newcomers will not be
integrated into host societies, and broader domestic policies that relate to prob-
lems such as structural unemployment will not be implemented, resulting in
‘xenophobia and resentment. In the virtuous case, countries will elaborate
comprehensive immigration policies, which respect national priorities while
preserving equity and transparency, immigrants will be integrated into their
destination, and societies and policies will be found to address the problems of
vulnerable groups, such as unskilled workers.

Renewable natural resource wars

. - Since environmental change forces choices, which amount to the weighing and

- contesting of competing claims, conflict per se is essential to human adaptation
and change (Stern et al. 1992). Violent conflict is only one of a range of means
by which competing claims to scarce resources can be settled. Early research
indicated, not surprisingly, that population pressure (density) was related to
. violentinternational conflict only by a complexchain of intervening causal vari-
ables {Choucri 1974). However, the model by which population pressure causes
violence has received a new lease on life in the view that, if renewable natural
resource systems are impaired by overuse in the context of global environ-
mental change, risks of acute conflict and war will be increased (Westmg 1986,
Gleick 1989, Renner 1989),
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Many of the root causes that make countries prone to violent conflict also
make them prone to degradation of the renewable natural resource base,
but this is not necessarily a simple cause—effect relationship. For example,
Engleman & Leroy (1995) all but endorsed the hypothesis that recent violent
internal conflicts in Rwanda, Somalia, Yemen, and Haiti are attributable in
pignificant degree to food scazcity exacerbated by rapid population growth; in
 the first case, Bonneaux (1994) has blamed “demographic entrapment”. Myers
(1989, 1993) and Homer-Dixon et al. (1993) argued that competition for natural
- tesources, worsened by demographic pressure, were to blame for the 1969
- Boccer Warbetween Fl Salvador and Honduras, and water scarcity hasbeen the
cause of small-scale regional conflicts in Central Asia (Smith 1995 for citations)
and the Middle East (see Lonergan & Kavanaugh 1991 for citations). Compe-
tition for natural resources is often along ethnic lines (e.g., Hazarika 1993 for the
i pase of Bangladesh and Assam). A series of case studies (FHoward & Homer-
Dixon 1995, Kelly & Homer-Dixon 1995, Percival & Homer-Dixon 1995) have
- broadened the application of the basic model of environmental scarcity and
* violent conflict. At the same time, the model has been subjected toa strong
eritique from within political science and international relations (Levy 1995a b)
and just as spiritedly defended (Homer-Dixon & Levy 1995).

If social and political institutions for condlict resolution, including the mar-
ket, prove inadequate to the rising demands placed upon them, then regional
environmental changeassociated with global climate change mightincrease the
frequency of skirmishes over impaired renewable resource systems. However,
a principal coniclusion of Suhrke (1993) was that environmental degradation, at
least to the extent that it gives rise to displacement of people, is more likely to
lead to exploitation and structural low-level conflict than to acute conflict, let
alone war. Although access to renewable resource systems spanning national
boundaries will be an important component of any country’s foreign policy,
various options will be explored before a country resortis to war. Faced with the
choice of obtaining food through trade or war, it is difficult to conceive of acoun-
try choosing the latter. Issues of national pride, as well as the pressures brought
to bear on national policymakers by the local populations affected by resource
gcarcity, may be severe, and peace will stand or fall on the strength of conflict
resolution mechanisms.

By far the largest body of research dealing with conflict over natural
resources has dealt with water (Falkenmark 1989, Starr 1991, Anderson 1992,

Gleick 1993, 1994). Gleick (1992) identified four factors that determine a coun-
try’s vulnerability to disruption of shared water resources: scarcity of water, the
extent to which water is shared, the degree of dependence on shared water, and
the relative power of states that share rivers and other watercourses. In judging
whether disruption is likely to lead to conflict, these considerations must be
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placed in a broader context of perceived interests, internal and external power
relations, and so on. The possibility of relatively (at least with respect to war)
low-cost internal adjustment mechanisms must not be forgotten. For example,
Beaumont (1994) stressed the tremendous inefficiency with which water is
employed in much of the Middle East and arrived ata conclusion captured par-
simoniously in the title of his article, “The myth of Middle Eastern water wars.”
In a quite different reading of the evidence, however, Lonergan & Kavanaugh

(1991: 281) forecast “desperate competition and conflict” in the near future.
Indeed, so pessimistic was their view that they discounted the effects of climate
change, which are long-term in nature. . ‘

When the costs of internal adjustment are too high, countﬁes will have
recourse to mechanisms for the international mediation of claims. The body of
law regulating the interregional and international allocation of scarce water
resources is simply massive, as is the body of accumulated experience (Biswas
1992, Chitale 1995). The relevant principles (Smith 1995) consist of three norms
and three obligations. The three norms are equitable use, prevention of signif-
icant harm to other states and shared management of international rivers; the
three obligations are to notify and inform, to share information and data, and
to resolve disputes peacefully. - :

As yet, no international framework exists for resolution of water disputes,
© but work toward such a framework has begun (International Conference on
Water and the Environment 1992). Mageed & White (1995) and Grover &
Howarth (1991) review existing institutional arrangements. Regional organi-
zations, such as the Interstate Coordinating Commission for Water Resources
(tccw) inCentral Asia and the Middle East Water Commission {MWC) currently
provide the natural institutional setting for the development of such regimes;
some experts (Grover & Biswas 1993, Chitale 1995) have called for the consti-
tution of an integrated World Water Council. The potential of water scarcity to
 serve as a focus of conflict cannot be denied, but neither can the distinct unlike-
lihcod that violence will be casually resorted to.

Conclusion

The concept of environmental refugees has attracted wide. interest precisely
. because it has been expansively and loosely used. A more careful reading indi-

cates, however, that the term contains a grain of truth: rising environmental
pressures are a push factor encouraging out-migration, and, if a virtuous
out-migration response is stifled, then rapid environmental deterioration and

resulting distress migration are possible. A similar observation applies to vio-
* lent conflicts over natural resources: scarcity invariably gives rise to conflicts
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- between stakeholders; if these are not resolved by institutions, including the
market, then violent conflict becomes a distinct possibility, However, it is pre-
. mature to conclude that global environmental change is ushering a centfuy of
- j. massive refugee movements and violent conflicts. A more sober reading is that
" the stresses associated with global change will intensify the pressures th-at
" glready drive international migration, and that policymakers and societies will
* be forced to come to terms with these rising pressures, one way or another.

- How will they doso? Environmental stress is mediated by institutions whose
functioning is contingent on their perceived ethical legitimacy, in.parl:icular
+ whether they are perceived tobe fair. By definition, populations copein oneway
* pr another with environmental problems. At one end of a continuum is suc-
gessful coping-in-place; at the other is population displacement under hig.hly

distressed conditions; somewhere in the middle liesa wide and complex variety

- of migration strategies. The means of coping will, in turn, affect the mhFe c-'f
. Institutions. In the case of population displacement, this may amount to insti-
 utional fracture and atrophy; in the other cases, it may amount to institutional
- deepeningand strengthening. The means of copingmay also have a direct effect
on the ecosystem under consideration, and it may alleviate or worsen sources
of stress. . -
Finally, we need to develop a more flexible model of human security and the
environment. Virtually all the key concepts in this area—security, poverty,
displacement, equity, conflict, and even environmental deterioration itself—
are open to differing views. Policies to promote response to environme.n_tal
stresses associated with global change should acknowledge such ambiguities
and recognize that such differing views canbe complementary and the dialogue
between them constructive. :

Conclusion: population policy and global change

After a review of the world demographic situation and prospect, this chapter
has concentrated on links between population, global climate change, and the
possible effects of global climate change. In looking at the relation,éh:ip bétween.s
population and climate change, we stressed tradeoffs between policies to‘decelj
erate the rate of growth of population, on the one hand, and, on the l-)ﬂ’le.,r he.md,-:
policies impinging on the economy, technology, and the capacity of mst.ltuhons
to adapt to environmental stress. A recurring theme was the neoclassical eco-
nomic tradeoff between children, thelevel of material consumption, and quality:
of the environment. Unidimensional models such as I=PAT act as:if reducing
environmerital impacts were a stricily linear matter; infact, the factors that give
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tise to environmental stress are interrelated in ways that are incompletely
understood.

A second theme stressed was an institutionalist one. Population givesriseto
scarcity of natural resources and environmental assets; it always has’ and it
always will. Human society brings all of its institutions to bear on resolving con-
flict one way or the other. The resolution of one conflict, however, may simply

+ engender another. The point is that resolution can be virtuous or vicious. We
have tried to bring out that a key theme for research is how population pressure
impedes or facilitates virtuous responses, and in what sorts of institutional
contexts. '

A third theme we have stressed is that population is more than simply a scale
factor. In particular, it has an age distribution, and the difference between an
aged and slowly growing population and a young and rapidly growing one is
atleast as important, socially speaking, as the difference between a small sparse
population and a large dense one. It cannot be overstressed that global change
includes global aging; the challenges of the next century will have to be met by
a population that is older, with all that is implied for health systems, world
savings, and so on.

The vicious circle model and the state of the art

Welave comealong way since the population bomb literature of the 1960s. The
chapter has revolved, in large part, around a vicious circle model, which rep-
resents the state of the art in research on the relationships among population,
environment, and development. It incorporates flexibility, in the fotrm of neo-
classical responses; equity, in the form of recognizing the pernicious impacts of
poverty, insecurity and low status of women; and ecology, in the form of rec-
ognizing the fragility of marginal environmental zones. It is constructive in that
it focuses attention on response to climate change rather than responsibility for
avoiding climate change. It is fair in that it focuses attention on those popula-
_tions that are sunultaneously most likely to suffer consequences and least able.
to adapt.
 In the process leading up to the 1994 ICPD in Cairo, and i the conference
itself, members of the public health orthodoxy defended the importance of farn-
ily planning programs, orthodox neoclassical economists defended the virtues
' of overall socioeconomic development, and women’s advocates challenged the
policy community to make both family planning programs and sociceconomic
" development policies more relevant to women. What emerged was a women-
first prescription for population policy which stressed its role in broadening
opportunities for women (McIntosh & Finkle 1995, McNicoll 1995), as well as
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children and the poor more generally. At the heart of this policy is the vicious
circle model, both with and without its environmental component.

The rationale for slowing population growth

Many scholars and policymakers strongly affirm the desirability of slowing
world population growth, consistent, of course, with human rights. But such
assertions ought to be examined within a social science perspective, so we
should ask the question: Why, in view of what we have learned in this chapter,
deploy scarce public resources to slow population growth?

- The list of rationales is limited:

s Parents in less industrialized countries really want fewer children but
cannotachieve fertility targets; this rationale isbased in altruism. But par-
ents in less industrialized countries (and in more industrialized countries
aswell) wanta greatmany things and cannot get them. Why should policy
favor low fertility over, say, clean water?

« Parents’ desire for many children reflects only private costs and benefits;
parents do not consider the external costs imposed on society and the
world as a whole. This is an empirical question: how important are exter-
nalities to childbearing? Is lowering fertility a better way of correcting the
externality than other means, such as carbon taxes or emissions permits?
Closely related to the externality question are matters related to i.mi.de—
quate information. Perhaps high fertility is even now placing ecological
systems, even the world as a whole, at risk of catastrophic collapse.
Whether this is 50 or not is, again, an empirical question, albeit one beset

. by complexities and uncertainties.

* High fertility changes the way in which social systems and institutions
work in ways that are inimicable. For example, high fertility may give rise
to market failures that would not have occurred with low fertility. Or it
may limit the choice set over which preferences are defined. This is, in
ppart, an area for empirical-research: does high fertility really give rise to
market failure? Does it really impede the functioning of institutions?
Such questions rest onanormative foundation, namely, a valuejudgment
as to the way systems and institutions ought to work. The ‘Cairo ICPD
reflected one value judgment, namely an mdlwduallst[c approach to the
welfare of women and children. ;

¢ Parents’ desire to have many children is immoral. All empl.ncal research
shows that high fertility is inversely correlated with a range of welfare
indicators for women and children. A utility theory argument might run

. thatparents, including wives, know this and maximize utility nonetheless
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by having many children, half of them destined to second-class status oh
account of their sex. But arguments based in utility theory can always be
f:rumped by an ethical card—in this case, the conviction that behaviors
inimical to the welfare of women and children (as perceived, of course
from the perspective of the moralist) are WIong. ’
. Following the Cairo conference, it was sometimes said thatthe new “women-
ﬁ.rst” direction for population policy represented a consensus view. This is
:sunply unirue: what was attained was a coalition between methodologicall
individualistic economists, concerned that high fertility limits the options 051:
women, children and the poot; and moralists concerned with much more
general issues of empowerment. This coalition replicates the international
development policy orthodoxy, which stresses removing barriers that prevent
the poor from participating in free-market based economic developﬁlent. |

The vicious circle model: what is left out

However, some parties are excluded from the Cairo coalition. Afnoﬁg these
and attracting the most attention, were religious traditionalists, whose idea 0;
i-aqui_ty has nothing to do with freedom to maximize individual 1iti.lity. Their
influence has been waning; the Catholic Church is increasingly marginal in the
popt'ﬂc?ltion policy debate, and Muslim fundamentalism has done little to stem
the rising practice of contraception among Muslim women. More important is
the fact that, even within the Cairo coalition, empowerment issues have been
subjected toa rather Procrustean reframing in neoclassical economic terms, and
thatthe view thathuman population growth mustbe slowed atall costs to a’void
global catastrophe has largely disappeared from population policy discourse
Policies are shaped by models, so we look at these two matters, and others.
as well, in terms of the vicious circle model. The goal is not to invalidate the
m<?d'e1-, which is far better than others that have been proposed, but, first, to
P(Ent m;ltu a;:eas 1(;[15 which it can be strengthened, and second, to ident;fy ar:aas
where er disputes in i i i i i
ol P international population policymaking can be
-Equity according to whom?
Does the vicious circle model truly address equity concerns or merely co-opt
them in neoclassical economic terms? An egalitarian view of human nature
- might hold that the fundamental human urge is not to maximize consumption
but to belong to a nurturing community among whose members risks and bur-
der}s are shared equitably. (See Ch. 3 for a fuller discussion.) Prevailing insti-
tutions, economic arrangements and technology, according to this view, have
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gncouraged materialism at the expense of fairness, placing the ecosystem at risk
i the process. Faimess, in turn, would be defined not in terms of process, as in
geonomics, but in terms of the justice of the outcome. The definition of sustain-
ability would be broadened toencompass not only the commitment to maintain
the value of assets as they are passed from generation to generation, but a
_gommitment to justice within each: generation as well.

The vicious circle model only partly meets the concerns of this point of view,
“hecause poverty, insecurity, and women's status, all of which reflect values,
ave been couched in less ideational, more material terms. Insecurity has been
‘interpreted in terms of the old-age security motive (Cain 1983, Nugent 1985and
Nugent & Anker 1990 for reviews of the literature) and alsoseen as represenfing
& means of diversifying income sources or as a lottery process in which parents
- gamble that one son may be highly successful (Bledsoe 1994). If parents had
: -adequate access to alternative forms of saving, insurance, and income, it is
“ implied, high fertility would be unnecessary. Poverty is interpreted as an im-
- pediment to the smooth functioning of neoclassical economic substitution
mechanisms; elevated fertility is seenas a survival strategy pursued by the poor
because they have no other options (Birdsall & Griffin 1988, Ahlburg 1994). Low
status of women consists either of unequal weighing of neoclassical costs
and benefits that are specific to men and women (Lloyd 1994} or arises from
Intra-mural market failures such asinformation asymmetries between menand
women (Palmer 1991). ‘ .

The vicious circlemodelis so popular in part becauseit delivers the agreeable
message that doing anything is better than doing nothing. Because the feedback
effects in the model are so dense, any policy that improves the status of women,
alleviates environmental stress, or reduces poverty is bound to have positive
repercussions throughout the system. But the rather sanitized terms of refer-
ence above are some ways removed from the existential outrage with which
many people view poverty and the exploitation of women. Jackson (n.d.}, far
from seeing the vicious circle model as serving women's interests, sees itasa
means of co-opting women’s legitimate gender interests in a way congenial to
the established policy orthodoxy. Birdsall (1994) used the expression “win—
win” in the context of fertility and poverty; the vicious circle model in current
form extends this to win—win-win-win by adding women’s status and the envi-
ronment to the cirele, but the fundamental question, “Win according to whose
rules?”, should not be overlooked. . R P .

Forexample, women's status and girls’education are treated as nearly equiv-
alent, despite fact that women’s status is a complex, multidimensional variable
that cannot be adequately represented by a single proxy variable (Balk 1994):
Tt is difficult to escape the conclusion that education of girls receives dis-
proportionate attention because it can be so easily translated into targets and
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indicators—female literacy rate, female enrollment rates, and so on. A similar

cautionary note was sounded by Wolf & Ying-Chang (1994) in the case of femalée o ,

labor for participation. In summarizing their finding that fertility in a district
of rural Taiwan from 1905-80 did not vary according to women's agricultural
labor force participation, they write, “It does not suffice for women to be
involved in labor if they are involved only as laborers. Their fertility is only
affected when women control or earn what they produce” (Wolf & Ying-Chang
1994: 433) Once again, attention seems to have been focused on an easily quan-
tifiable variable, in this case, the female labor force participation rate.

The lack of reflexivity in the definition of equity applies also to a range of
other variables asthey are currently discussed. Security, poverty, displacement,
equity, conflict, and even environmental deterioration itself are open to differ-
ing views. Por example, equity may be interpreted in terms of priority, propor-
tionality or strict equality (Young 1993; see the extended discussion in Ch. 4).
In the area of population and the environment, views of fairness hinging on

_equality of opportunity in the present generation, equity of outcome in the
present generation, and a just intergenerational distribution of risk have been
identified (MacKellar 1997). Policies to promote response to_environmental
stresses associated with global change should acknowledge such-ambiguities
and recognize thatsuch differing views canbe complementary and the dialogue
between them constructive.

How significant are individual causal effects within the vicious circle?
Is the sum really greater than the whole of the parts? Empirical research, limited
. asitis, has suggested that piecemeal causal effects, which comprise the vicious
- circle model (in particular, the deleterious effect of high fertility on children’s
well-being}are significant but nonetheless modest. The belief that these piece-
. meal effects add up, through synergy, to a whole that is greater than the sum
 of its parts is based as much on faith as empirical evidence. The empirical evi-
dence (apart from correlationstudies) that would lead policymakers to choose,
say, female education over reforestation schemes, is thin. If female education
is to be chosen over reforestation, it should be becarise it is an inherently good
thing, and for no other reason.

How about the urban population and population aging?

One pressing need is for extension of vicious circle reasoning to the urban and
industrial setting. An interesting contribution along this line (Hogan 1995)
found that the workers who profited from highly paid industrial jebs in an
intensely polluted city were often short-term migrants or long-distance com-
muters. The long-term resident impoverished population of the city lost more,

in terms of impaired healthand losses of public goods, than they gained in terms -
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of well-paid jobs. They formed the potential constituency for political pressure
to alleviate pollution, but they were impoverished by pollution, just as rural
women are impoverished by renewable resource degradation. Also neglected
is the problem of impoverished rural aged persons living in environmentally
fragile zones. When the young and healthy migrate out, the process of popu-
lation aging is accelerated many times at the local level.

What about global ecological risk? - _

As mentioned in the opening pages of this chapter, the World Bank estimates
that one-third of the population of less industrialized countries live in poverty
and one-half of these live in environmentally fragile zones. The full vicious
circle model applies, therefore, only to one-sixth of the population in 'less
industrialized countries, less than one-seventh of the total world population.
Even the half of that population in poverty represent only 40 percent of the
world population. Policies to encourage fertility decline among these 51.1b-
populations are of limited impact in terms of stabilizing world populahfm
growth. If drastic actions to curb demographic increase are to be taken, a ratio-
nale beyond the vicious circle model will have to be found.

Post-Cairo population policy is decidedly oriented toward the welfare of the
individual; it takes little stock of the concerns raised by modern, discontinuous,
and complex ecology (Holling 1994). Neoclassical economics is based .on
smooth substitution mechanisms, which are expressed in classical Newtonian
mechanics; ecologists, on the other hand, are trained to expect discontinuities.
These are the stock in trade of statistical mechanics, according to which where

. you move next stands in no fixed relation to where you are now. In such

dynamic systems, seemingly small alterations in the present period can have
dramatic consequences in later periods. Thus, ecology is filled with examples
of surprises, that is, events that fall outside the boundaries of predlctlon based
on prior experience and theory.

Where economists see individuals making finely tuned tradeoffs between
consumption, fertility, and the state of the environment, ecolc-)glsts are I.IIOI"E
likely to see blind materjal and genetic overexuberance. Thus, ]Ilste“fld of md;-
vidual liberty to choose, the theme of prudent stewardship is mpst likely to be
encountered in writings from the ecological school. So long as the human/
nature balance is in local equilibrium, the gradualist model by which small
changes in human impacts are predicted to lead to small ;ha.nges in the state
of the system will be valid. If these impacts are pushed too far—and the grad-
valist modelis mcapable of predicting what “too far” is—the system will expe-
rience a catastrophic collapse: Individuals and the policymakers who speak for
them act as though they lived in a world consisting of only a few easily und'er-
stood interdependencies. They fail to grasp the true underlying model, which
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is complex, uncertain and nonlinear; therefore, decisions that are rational
according to the simple neodlassical calculus of the individual are irrational at
the macro level (Boyden & Dovers 1992), and may give rise to ecological catas-
trophe (Catton 1982, 1984, Dunlap 1982). The only way to avoid disastér is to
impose wise guidance on the individual or, what amounts to the same thing,
ensure prudent stewardship of nature. o

However, the ecological critique of neoclassical economics is riot itself above
criticism. Scale need not always be an exacerbating factor. Prevailing institu-
tional arrangements, where much of the explanation for environmental trends
is to be found, are in significant degree scale-dependent. Just as scale need not
be exacerbafing, prudence can cease to be a virtue when its opportunity cost is
staggeringly high. Simply citing the possibility of (low probability} catastrophic
events is not enough to convince policymakers to divert scarce resources from
competing uses. o

Where is the institutional dynamic?
The key aspect of the social coping process is that it is dynamic and path-
dependent (McNicoil 1989). The vicious circle model, although providing a
useful guide for policy interventions so far as it goes, recognizes only an eco-
nomic-ecological dynamic at the local and household level: it takes little stock
of the ability of institutions to adapt and change. The next step for research in
this area is to -examine the contextual variables that promote institutional
robustness and evolution. For example, it is often asserted, quite plausibly but
with no rigorous foundation, that rapid population growth impedes institu-
tions” ability to react (USNRC 1986) or that population dynamics may reduce the
capacity of the social system to adapt without violent conflict (Sirageldin 1994),
Closing thoughts
 This chapter has been largely economicin orientation: The rise of rational actor
models (especiaily at the houschold level, in the form of various economic mod-
els)in the field of population has, to be honest, been at some expense of research
: into the role of norms, values, and culture. “Demand,” we learn in the first lec-.
ture of an undergraduate economics course, is a function of income, prices, and
tastes, But “tastes” isa euphemism for values, which getshort shriftin economic
-analysis (after the first lecture). The preceding analysis makes no claim to have
gone much beyond a conventional economic analysis of population. But even
within that orthodox paradigm, it emerges that population policy has too often
been based on the easy, specious logic of “You would be happier if you had
fewer children.” Time and again in this chapter, we have found that this
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assertion is difficult to back up with rigorous social .scienl:i.fic evidence. Tl;e rge:}
underlying logic has often been “I would happier if you had fewer C'hll dre_r‘:\;r e
This simply represents a set of values. What sort of' w:orl.d population ] o}
wish to see in the twenty-first century? Our choice setis limited because of pop-
ylation momentum, but then human choices made by our forebears brought us
to where we are now, and human choices made in the present a'nd future will
determiné where we end up, gziven the degrees of freedc:m available to us, so
it all boils down to choice. The more frank and open the dialogue ab out hqu:lﬂaln
values, the more constructive the discussion will be and the more successtully
we shall be able to attain the population future which we choose.

References

Agarwal, B 1994. The gender and envirorunent debate: lessons f:rom India. In Popucl:atlfon c:lnj
the envilronment: tethinking the debate, L. Atizpe, M. Stone, D. Major (eds). Boulder, Colorado:
Westview. ) N ' )

Agajjval, A. & S. Narain 1991. Global warming in an unequal world: a case of environmental

lonialism. Delhi: Centre for Science and Environment. . : '

Aﬁ;:.rt; D. 1994. Population growth and poverty. In Population and dweio,tgngnt.csld debates,
new conclusions, R. Cassen (ed.). Washington DC: Overseas Development 31::1 k Ressarch

Ainsworth, M. & M. Over 1994. AS and African development. The World Ban.

9(2}, 203-40. ' ' _
Alcz’?osnm;r C(% )Edwa.rds, J. Freebaim 1988. Market distortions and benefits from research.
i ournal of Agricultural Economics 70, 281-8. ) )
Aﬁanmi: ng ét A Mcéa]lg:‘[].995 Assessing the impact of agricultural technology mproyer?;nz
in de\’relophlg countries in the presence of policy g_listorlions. Eurgpeatt Review of Agricultur, !
' ? 24, )

Aﬁ&ggf Ezfégg The political and strategic significance of water. Outlook on Agriculiure21(4),
- 3‘ - -
Af:lz 5] & G. Heidebrink 1995. Environment and development: theory and international ‘
eviéence. Economic Development and Cultural Change 43(3), 603—?23._3_0 S Levin
Arrow, K., B. Bolin, R. Costanza, P. Dasgupta, C. Foll-ce, C. Holling, -O. Janss m, ;md ﬂ-lé

K-G. Miler, C. Perrings, D. Pimentel 1995, Economic growth, carrying capacity,
i ent. Science 268, 520-21. o )
A::I:?::Dn:iah D. & P. Sam 1995. Assessment of waste_managen;e_;; practices in sub-Saharan
o -. . _ - 5(2/3 . .
ica. International Journal of Environmeftt and Pol{utwn : 4-42 L
Mﬁgevelopmt Bank 1994. Climate change in Asia: Indonesia country report. Manila: As1a1’1_‘
As?szlvtdl‘:f B At ]zran, J. Rotmans, M. den Elzen, H. Hilderink 1995. Uncertaint'_g,s';:i intégg'r?fet“i
oment modeling: 1 p ive-based h. GLOBO Report es no.
assessment modeling: a cultural perspective-based approac . 7 Ser ’
461502009), National Institute of Public Health and Environmental Prqtecﬁcn {RIVM]l
Bilthoven, the Netherlands. _
Ayres, J. 1990. Meteorology and respiratory disease. Update 1990 40, 596_'602..1 cally friendly.
Ayres, R. 1995. Economic growth: politically necessary but not econo: y
Ecological Economics 15, 97-9.

Bade, K. 1993. Im.migratidn and integration. European Review 1(1), 75-9.

181




POPULATION AND CLIMATE CHANGE

Balk, D. 1994. Individual and community as
ects of ¥ : ility i
5 Bangladesh. Population Studies 48(1), 21t—y45. P vomen's status and fertilty in rural
artiaux, F. & J-F. van Ypersele 1993, The role of i bal warmin,
F& : . Population growth in global warmi
lP:oceedz{tgs of the-Intematzonal Population Conference Montreal 1994 (vol.%l):' Ligge, Bél, g Iﬂ
. temattt;)nal Union for the Scientific Study of Population AR
eaumont, P. 1994, Th 10f Mi ,
o e myth of Middle Eastern water wars, Water Resources Development 10(1),
gﬁz;‘, g }:2':1521 ]13& aze:tlx.;e Sgn l;h:; fami‘lﬂ. Cambridge, Massachusetts: Harvard University Press.
2r, G, . . Reformulati i¢ ili .
o Eoomies da 1 on ating the economic theory of fertility. Quarterly Journal
Becker, G., K. Murphy, R. Tamura 1991. £ i ili ! i
of Pobtonl Ecomong 9ate, Sy oo - Human capital, fertility and gcono:mp growth. Journal
g;sclgzrrﬁ?,;ﬂi;gg%s”ﬂla ft: stupid: blowing the whistle on the Greens, London: Duckworth
! R . Pop on pressures and agricultural development in d. i ;
tries: a conceptual framework and recent eviden o T
) . World Development 15(2), 182—
Bilsborrow, R. & M. Geores 1994, P i i i 4 vl
W, . - Population, land use and the environment in d i
- countries: what can we learn from cross-national data? In The causes of tr icallnde_';!:E tho I:zmg
B_D. Pearce & K. Brown (eds). London: UCL Press. ¥ reskaton
isxt;zz:iz;\zeRé ;StGPm[:eeﬁiyaiﬁihLasni useﬂgraﬁon and natural resource deterioration: the
e Sudan, ESOUTCes, environment ] i
B.&; I\.:leeIrGTlstam (eds). New York: Oxford University Press o popultin, K. Davis
irdsall, N. 1992. Another look at population and j i i
) global warming. Workin
Population, Health and Nutrition Policy Research, World Bafk, Washinggi?lpg:: e 10
—=1994. Government, population, and poverty: a “win-win” tale. See Lindahl Kl i
Landberg (1994), ' Hessling &

Bird . e -

Bi].;ws::l,‘i\'l.l ?9(23 %n.fﬁnater f;l?ﬁiu..f‘derh]wltyl ;rclld poverty. Journal of Policy Modeling 10(1), 29-55.
Dectiopment 300y o , orld development. Infernational fournal of Water Resources

Bledsoe, C. 1994. “Children are like

" ke young bamboo trees”: potentiality and ion i

B..Sub.—Sahara_n Africa, See Lindahl-Kiessling & Landberg (1594). ¥ andxeproduction in

c})vfhrun' & W. & N Qishi 1995. Is international economic migration spreading? International
igration Review 29(3), 794-9. & o

Bois, F. du 1994. Water rights imd i s .
prA rightsand the limits of envifonmental law. Journal of Environmental Law

Bongaarts, J. 1992, Populati ' ?

Yo 295015, opulation growth and global warming. Population and Developtnent Review

Bomppo6: Global itends in AIS mortality. Population and Deoelaprient Review 22(1), 2145,

: gaarts, { 6:99;; PoRt_ter 1982. Fertdlity, behavior and biology. New York: Academic Press
onneaux, L, 1994, Rwanda: y phic ¢ ] :
P, andar a case of demographic entrapment. The Laricet 344(December),

Bosen;géf.;%i.dﬂte conditions of agricultural growth. Ch.icagb: Aldine

. Population and technologi : . trend i’

ot Chinsn clrapr i ological change: a study of long-term trends. Chicago: University

Bouma, M. E.,H. E. Sondo ,H.J. van der Ka i i
i, Th Lot aas 11'54 o J - er Kaay 1994. Climate change and periodic epidemic

Boyce, ]. 1989. Population i . |

growth and real wages of i .

Journal of Development Studies 25(4), 467-85. 5 o egricultural labourers in Bangladesh.

Bil)-:devl\-;, S &S. Doverg 1992. Natura! resource consumption and its environmental impacts in
o (;eleyes[t)errll ;;;rlg impacts of increasing per capita consumption. Ambio 21(1) 63—5
: . . uman ical di a . . . ’ )

Symsta 15 1 S tropical diseases in a changing environment. Ciba Foundation

1994. Agriculture and health. In Health i
; . and sustaingble i :
perspectives on growth and constraints, V, Ruttan {ed.). Boulder, Colgﬂjgftﬁ:;wi?;lwnt

182

REFERENCES

Broadus, J. 1993. Possible impacts of, and adjustments to, sea level rise: the cases of Bangladesh

-and Egypt. In Climate and sea level change: observations, projections and implications, R. Warrick,
E. Barrow, T. Wigley (eds). Cambridge: Cambridge University Press. .

Bufalini, J., P. Finkelstein, E. Durman 1989. Air quality. In The potential effects of global climate

- change on the United States, ]. Smith, & D. Tirpak (eds). Report EPA-230-05-89-050, Environ-
mental Protection Agency, Washington DC.

. Bumpass, L. 1990. What's happening to the family? Interactions between demographic and

institutional change. Demography 27(4), 483-98.
Burgos, [, S. Curtos de Casas, R. Carcavallo, L. Galindez Girén 1994, Global climate change

influence in the distribution of some pathogenic complexes {malaria and Chagas disease) in
. Argentina. Enfomologia e Vectores 1(2), 69-78.

Cain, M. 1983. Fertility as an adjustment to risk. Population and Development Review 7, 435-74.

Caldwell, : C., P. H. Reddy, P. Caldwell 1986. Periodic high risk as a cause of fertility decline
in a changing rural environment: survival strategies in the 1980-83 South Indian drought.
Economic Development and Cultural Change 34(4), 677-701.

- Caldwell, J. & P. Caldwell 1987. The culiural context of high fertility in sub-Saharan Africa.

_ Population and Development Review 131(3), 409-37.

.- Catton, W. 1982. Overshoot: the ecological basis of revolutionary change. Urbana—Champaign:

University of Illinois Press.
1984. Probable collective response to ecological scarcity: how violent? Sociolagical

Perspectives 27(1), 3-20.
Centers for Disease Control 1989. Heat related deaths—Missouri, 1979-1988. Morbidity and

- Mortality Weekly Report 38, 437-9.

CEQ [Council on Environmental Quality] 1980. The Global 2000 report fo the President, Wash-
ington DC: US Government Printing Service.

Cernea, M. 1995. Social integration and population displacement: the contribution of social
science. International Social Science Journal 143, 91-112.

Chen, R. & R. Kates 1994. World food security: prospects and trends. Food Policy 19(2), 192-208.

Chenery, H. & M. Syrquin 1975. Patterns of development, 1950-70. Oxford: Oxford University

Press.
Chitale, M. 1995, Institutional characteristics for international cooperation in water resources.

Water Resources Development 11(2), 113-23.

Choucri, N. 1974. Population dynamics and international violence. Lexington, Massachusetts:
Lexington Books.

Clay, 2. &]. Van der Haar 1993, Patterns of intergenerational support and childbearing in the
Third World. Population Studies 47(1), 67-83.

Cleaver, K. &G. Schreiber 1993. The population, agriculture and environment nexus in sub-Saharan
Africe. Washington DC: World Bank.

———1993. Equity, security and fertility: a reply to Thomas. Population Studies 47, 344-52.

———1996. A regional review of fertility trends in developing countries: 1960 0 1995. SeeLutz

(1996). ,
Cleland,]. &G. Rodriguez 1988, The effects of parental education on marital fertility. Population

Studies 22(3), 419-42. o
Cleland, 7. & C. Wilson 1987. Demand theories of the fertility transition: an icanoc;lalstic view.
Population Studies 41(1), 5-30. L )
Cleland, J., J. F. Phillips, 5. Amin, G. M. Kamal 1994, The determinanis of reproductive change in

Bangladesh. Washington DC: World Bank. o
Coale, A. 1973. The demographic transition. In Proceedings of the International Population
Confererce (vol. 1). Liége, Belgium: International Union for the Scientific Study of Population.
Cochrane, S, 1979. Fertility and education: what do we really know? Baltimore: Johns Hopkins

University Press. - : P e
Cohen, ]. 1995. How many people can the Earth support? New York: W. W. Nerton..

183




TION AND CLIMATE CHANGE

using circle. New York: Knopf. -

f;-d%veloping countries, G. Tapinos, D. Blanchet, D. E. Horlacher {eds). New
rancis. : .
1996, Population policies and family planning in Southeast Asia: See Lutz

1993. Health threat from mosquitoes rises as flood of tury fin
i - ¢
tnerican Medical Assaciation 270, 6856, - wlyecedes.Journa

“Literature 30(2), 675-740.
‘Cropper, M. & C. Griffiths 1994. The interaction of i ! ‘
er, ) . opulation erowth and i
quality. Americant Economic Review 84(2), 250-54. Por & el environmental
Cruz, M. C, C. A. Meyer, R. Repetto, R. Woodward 1092 i
M. ¢ . R. , R. - Population growth, poverty, and
environttiental stress: frontier migration i lippi { i gton' ;
Reommial siess: fri igration in the Philippittes and Costa Rica. Washin, DC; World
Cuddington,J.,J. Hancock, C Rogers1994. Ad i i
1 . J.,]. Hancock, C. Re - fraynamicaggregative model of the AIDS epidemi
with pessible policy implications, Journal of Policy Modeling 16(5), 473-96, pcemte

D 1?, G., . Ehir] Ch, Al Ti - OPtlIn POP . Op
al I (]J. E.hl ch 1994 Rihagl huI(laIl u].at[on size. P ulﬂtlo?l and
Da]y, H. 1977. Steady state economics: the CCONQMICS O bwp Y5l 1 = ulhb] (1143 ﬂﬂd HioT ﬂl wah.
g - o - ‘ o
Das; upta, P. 1993 An lﬂquﬂy inta we” belr‘lg and dESEItuﬂOﬂ Oxfol'd Oxfold UmVeIElty PIESS
Dasgupta, P. G. Heal 1979, H heo? y . b
& ECO omic & a?!d exhaushble resourees Caﬂlblldge. Cam ndge
D 'y e - -
avis, K 1954 The world demograpluc transition, Aﬂnﬂls Ofﬂle American Amﬂ?ﬂy OfPOIItICal

Index 29(4), 34566,
1991. Population and resources: fact and inte: i {
. i 3 rpretation. In Resources,

o pap:;t;tgn: present knowledge, K. Davis & M. Bernstam (eds). Oxford: Oxford U‘*:‘::g:y‘-’;i:::
egraaf, D. 1991. Increasing contraceptive use in Bangladesh: :
factors. Demography 28(1), 65-81. Bhdesh herole of demand and PPl

.Dgll?:eon, A &R CarPer 19'92. Global warming and potential changes in host—parasite and

ase—vector relationships. In Global warnting and biological diversity, R. Peters & T. Lovejo

D(edsi). New Haven, Connecticut: Yale University Press. . . i
ouglas, M, 1978. Cultural bizs. Occasional Paper 35, Ro i i

g : 2 . r35, Royal Anthropological Institute,
[Ranqted in In the active vgice, M. Douglas, London: RouﬂedgeI:, 19835.] Fondon
D;dun, F. 1994. Structural ecc?nm:t.\ics: toward a post-normal science of ecological economics.
aper Rresented at the Biernial Meeting of the International Society for Ecological
Economics, San José, Costa Rica, ' &
Dunean, O. D. 1959. Human ecolo i i
, gy and population studies. In The study o ulgtion,
P. M. Hauser & O. D. Duncan (eds). Chicago: University of Chicago Press. v ’

- 19611‘. Fig]gn social system o ecosystem. Social Inguiry 31, 140-49.

ap, R. 1982. Ecological limits: societal and sociological implicati ' '

" Sociology 11(2). 15360, 2 and sociological implications. Contemporary

1983. Ecologist ionalist: i i ' fal Sci

o gist vs exempt t: the Ehrlich-Simon debate. Social Scierce Quarterly 64,

. Durning, A. 1992. How much is enough? Washington DC: Worldwatch Institute )
. Dyson, T. 1991, On the demography of South Asian famines, part I Fopulation Studies 45(2),

279-97.

gtl:rrhccll:ll, P.&]J. Hold.}'en 1971. Impact of population growth. Science 171, 121217.
lich, P, & A. Ehrlich 1990. The population explosion. New York: Simon & Schusier.

184

tion growth and environmental stress. In Consequences of rapld

per, M. & W. Oates 1992. Environmental economics: a survey. Journal of Economic

1963. The theory of change and response in modern demographic history. Population -

REFERENCES

Tikinis, P. 1991, The sustainable consumer society: a contradiction in terms? Intertiatiottal
Environmental Affairs 3(4), 243-58.
Bl-Hinnawi, E. 1985. Environmental refugees. Nairobi: United Nations Environment Pro-

gramme, _
Emmer, P. 1993. Intercontinental migration as a world historical process. Eurgpearn Review

1), 67-74. )
ignéliman, R. & P. LeRoy 1995. Conserving land: population and sustainable food production.
. Washington DC: Population Action International,

Hpstein, P. 1995. Emerging diseases and ecosystem instability: new threats to public health.

American Journal of Public Health 85, 168-72.

Talkenmark, M. 1989. Middle Bastern hydropolitics: water scarcity and conflicts in the Middle
East. Ambio 18(6), 350-52.
gacham, R. 1994. Health decline in Eastern Europe. Nafure 367, 313-14.
Beldman, A. 1990. Environmental degradation and high fertility in sub-Sakaran Africa. Working
Paper 36, Morrison Instifute for Population and Resource Studies, Stanford University.
Findley, 5. 1994. Does drought increase migration? A study of migration from rural Mali
during the 19831985 drought. Infernational Migration Review 28(3), 539-53.
Prank, J. & J. Mustard 1994. The determinants of health from a historical perspective. Daedalus
123(4), 1-19.
Runtowicz, 5. & J. Ravetz 1994. Uncertainty, complexity and post-normal science. Erviron-
mental Toxicology and Chemistry 13(12), 1-5.

Gilland, B. 1986. On resources and economic development. Population and Development Review
12(2), 295-305. ‘

Gillett, J. 1974. Direct and indirect influences of temperature on the fransmission of parasites
from insects to man. In The effects of metearological factors upon parasites, A. Taylor & R. Muller
(eds), 79-95. Oxford: Blackwell Scientific.

Gleick, P.-1989. Climate change and international politics: problems facing developing
countries. Ambio 18(6), 333-92.

1992, Effects of climate change on shared freshwater resources. In Confrorling climate

change: risks, implications, and responses, . Mintzer (ed.). Cambridge: Cambridge University

Press.
w——(ed.) 1993. Water in crisis: a guide to the world’s fresh water resources. New York: Oxford

University Press.
w——1994. Water and conflict: fresh water resources and international security. International

Security 18(1), 79-112.

Goeller, H. E. & A. M. Weinberg 1976. The age of substitutability. Science 191, 683.

Goeller, H. E. & A. Zucker 1984. Infinite resources: the ultimate strategy. Science 223, 456-62.

Goldsmith, J. 1986. Three Los Angeles heat waves. In Envirottmental epidemiology: epidemiolog-
ical investigation of community enviranmental health problems, J. Goldsmith (ed.), 73-81. Boca
Raton, Florida: CRC Press. .

Goodland, R. 1992. The case that the world has reached limits: more precisely that current
throughput growth in the global economy cannot be sustained. Population and Environment
13(3), 167-82.

Gore, A. 1992, Earth in the balance: ecology and the human spirit. Boston: Houghton Mifflin.

Gregg, M. B. 1989. The public heilth consequences of disasters. Atlanta, Georgia: Us Center for

Disease Control.
Grossman, G. & A. Krueger 1995. Economic growth and the environment. Quarterly Journal ‘_’f

Economics (May), 353-77. ‘ _ .
Grover, B. & A. Biswas 1993. It's time for a World Water Council. Water International 18, 81-3.

Grover, B. & D. Howarth 1991. Evolving international collaborative arrangements for water
supply and sanitation. Water International 16, 146-52. .

185




POPULATION AND CLIMATE CHANGE

Haille, D. G. 1989, Computer simulation of the effects of changes in weather Patterns in vector-
borne disease transmission. In The potential effects of global climate change in the United States
{appendix G}, J. B. Smith & D, Tirpak (eds). Washington DC: Environmendal Protection
Agency. 7

Haines, A, P. Epstein, A. McMichael 1993. Global health watch: monitoring the impacts of
environmental change. The Lancef 342, 14649,

Hardin, G. 1972, The tragedy of the commons. Science 162, 1248.

—1991. Paramount positions in ecolo gical economics. In Ecological economics: the science and )

- managettient of sustainability, R. Costanza (ed.). New York: Columbia University Press.
Harrison, P. 1992, The third revolution: environment, population and a sustainable world. London:

I. B. Tauris,

Hayami, Y. & V. Ruttan 1971, Agticultural development: an international perspective. Baltimore:

Johns Hopkins University Press. ) * )

1987. Rapid population growth and agricultural productivity. In Popudation growth and
economic development: issues and evidence, D, G. Johnson & R. D. Lee (eds), 57-104. Madison:
University of Wisconsin Press.

1991. Rapid population growth and technical and institutional change. In Consequernices
of rapid population growth in developing countries, G. Tapinos, D. Blanchet, D. E. Horlacher (eds),

New York: Taylor & Francis. -

Hazatika, . 1993. Bangladesh and Assamt: land pressutes, migration and ethnic conflict, Occasional
Paper Series, Project on Environmental Change and Acute Conflict, American Academy of
Arts and Sciences (Boston) and Peace and Conflict Studies Program, University of Toronto.

Hederra, R. 1987. Environmental sanitation and water supply during floods in Ecuador (1982~
83). Disasters 11, 113-16.

Herrera-Basto, E., D. Prevots, M. Zarate, J. Silva, J. Amor 1992, First reportec'l outbreak of clas-
sical dengue fever at 1700 meters above sea level in Guerrero State, Mexico, American Journal
of Tropical Medicine 46, 649-53, ’

Hill, A. 1989. Demographic responses to food shortages in the Sahel. In Rural development and
populations: institutions and policy, G. McNicoll &M. Cain {eds}. New York: Oxford University
Press. [Supplement to Population and Development Review 15.) T

. Hogan, D. 1995, Population, Ppoverty, and pollution in Cubatao, Brazil. See Potrykowska &
Clarke {1995). : -

Holdren, J. 1991. Population and the energy problem. Population and Environment 12(3), 231-55.

Holling, C. 1994. An ecologist view of the Malthusian conflict. See Lindahl-Kiessling & Land-
berg (1994), )

Homer-Dixon, T. 1991. On the threshold: environmental changes as causes of acute conflict.
International Security 16, 2.

. Homer-Dixon, T:: J. Boutwell, G. Rathjens 1993, Environmental dian'ge and violent conflict.
Scientiflc American 268(Pebruary), 38-45. -

Howard, P. & T. Homer-Dixon 1995. Environmental scarcity and violent conflict: the case of Chiapas,
Mexico. Washington DC: American Association for the Advancement of Science.

Homer-Dixon, T. & M. Levy 1995. Correspondence: environment and security. International
Security 30(30), 1890-98,

Hynes, H. 1993. Taking population out of the equation: reformulating 1=pAT. North Ambherst,
Massachusetis: Institute on Women and Technology. ;

I.nter‘national Conference on Water and the Environment 1992. The Dublin statement on water
‘and sustainable development. Dublin; Conference Secretariat.

Jackson, C.1.d. Questioning syn'erg'ism: win-winwith women in population and environment
- policies? In Environment and population change, B. Zaba & J. Clarke (eds). Liege: Ordina.

Jacobson, J. 1988. Environmental refugees: a yardstick of habitability, Washington DC: Worldwaich
Institute.

Jiminez, E. 1989. Social sector pricing policy revisited. Proceedings of the World Bank Annual

186

REFERENCES

Conference on Developmeni Economics 1989. Washington DC: .World‘ Banl-: evel evidence:
Jodha, N. 1989. Depletion of common-property resources in India: ‘mllclr?& o Con o

In Rural development and populations: institutions and policy, G Mchcoi .t Cain € 15}.

New York: Oxford University Press. [Supplement to Population and Developmen .

i i f history. Evropean Review 1(1}, 87-108.
D.]. van de 1993, European migration at the end o i ( .
E:;Ieer JN‘T 1985. Do won'u(;np gain from high fertility? In Women, work and ideology in the Third
Id, H. Afshar {ed.). London: Tavistock. . o B
War1994. R&exaxf'ljlﬁng the “demand for children” hypothesis in the context of fertility
decline in Bangiadesh. In Poverty reduction and development cooperation: report from a conference.
Working Paper 94.6, Centre for Development Resea.u_:h, Copenl:lagen. hman
Kalkenstein, L. 1989. The impact of CO, and trace gas;rlldtllcedi d.lJIlaha te (‘:Jf;altl}?: ;1;38‘1 T
s . . a 3 - nge 1
riality. Appendix G in The potential effects of globa climate ¢ L
:Ilms)mithty& DPPTupak {eds). Report EPA-230-05-89-057, Environmental Protection Agency,
—V-Vis 1}191;5:0812551 warming and human health. In International implications of global warming,
L. Kalkenstein & J. Smith (eds). Cambridge: Cambddge U_n_iver&ty Press. L5975
———1993b. Health and climate change: direct impacts in cities. The Lancet 342, : - .
Kalkenstein, L. & K. Smoyer 1993. The impact of climate change on human health: some in
tional implications. Experientia 49, 463-79. ‘ .
Kana]a:. R. 19];4. The coming anarchy. The Atlantic Monthly (April), 44-76. o
KelII)Y I:C & T. Homer-Dixon 1995. Environmental scarcity and uzolent'canﬂzct: the case of Gaza.
Wa;hi.ngton DC: American Association for the Advancement of Science. A
Keyfitz, N. 1990. Population and development within the ecosphere: one view of the .
ion Index 57(1), 5-22. w )
Paplilg;l;nSeven w(a;s of making the less developed countries’ population problem to
i it 49-67.
i —in theory. European Journal of Population 8, 1 b ) o
Kndulesezgpza;%& The ercyonomics of natural resources. hPapulat;(organd ;e?gurce[s] :nxfiiyem 1::‘::5
1 iraditi i i ds). New York: Cambridge Uni .
lectual iraditions, M. Teitelbaum & J. Winter (e ' ¢ Press.
i f population growth in future comm
Kolsrud, G. & B. Torrey 1992. The importance of poj : om
‘ i T d.). New York: Plenum Press.
consumption. In Global climate change, ]. White (e e : 5.
K$§IJ:§Z11, I..D. P!;evots, M. Marin 1991. Determinants and predictors of dengue infection in
ico. American Journal of Epidemiology 133, 1168-78. ) . '
Kll'\idt:ml\rc;.’ 1991'{1)“3.rlcca]jn{ate _,fge and migration adaptations, Working Paper 2.16, Population
and Development Program, Cornell Urﬁvqsity.

- . . i
B ki g o 535 ot of SoLal s homarie R o e Gl
Environment [CSERGE], University of East Anglia and ‘T_I.mversﬁy C'o].lege .Londclm. .
Lashof, D. & D. Tirpak (eds) 1990. Policy aptions for stabilizing g;abal climate (mcludfmg technica
L:.ﬂ:;nf;;’; VGV?OS:;??;;: :ozls::fi]z];zzon, greenhouse warming and public health. Annual
LaI;Z.rug,u Ro{gug?:nﬁaﬁg,llié})ﬁisch, P. Krugrman 1992, Eest—West migration: the alternatives.
: Le(é,ailb;gg:’ mﬁgﬁﬁﬁﬁmﬁf@ to econc?nﬁczc;ﬁzlsislgn h.istoricﬂ and c?ntelnporary
Popggg?égm;f? 1:111::3 :;ii)ﬁ:dﬁihgeeg; ::.t: flilgzg:x:tli\oﬁs. .Pop‘ulation qnd Development Review
1,:12: :35&_1:252 W. Stone 1989. Popﬁlaticrn?pressg'ic: the e.nzi;o:pnetir;t ‘;r\lri :1%:1;:_:1”% zﬁgﬁg
fati othesis. MADIA Discussio r 4, ! , :
Lo & R oty o g ) Surge s e
mexiizrgalil;n; f&:ﬁ?ﬁf:kirsu?;%. Vaiue changes and the dimensions of familism in' the

187




POPULATION AND CLIMATE CHANGE

Et'lropean community. European Journal of Population 2, 22568,
. Lm, R. 1995. Preparing for uricertainty. Ecosystem Health 1, 47-57,
. L.;vu})s, R,T. Jéw;rbuch, U. Brinkman, I, Eckhardt, P. R. Epstein, N. Makhoul, C. Albuquerque
e Possas, C. Puccia, A. Spielman, M. E. Wilson 1994. Th Tgen i
American Scientist 82, 52-60. ©ome ce of new f,hseases'
Leéx;yéM 1995a. Ti.:;af:r a third wave of environment and secm-ii:y scholarship? Issue 1 (44—
, Environment ange and Security Project Report, W i I i
Untveron : ty Proj p oodrow Wl.lson Center, Princefon
—1995b. Is the environment a national security issue? Infernati i -
: b.1s. ? onal Security.20(2), 35-62.
Lmda'hl-Klesslmg, K. & H. Landberg (eds) 1994. Population, cconomic development, and the
environment. Oxford: Oxford University Press. o
Lloyd, C. 1994. Investing in the next generation: the implicati igli
. : ‘ implications of high fertility at the
level 9f the family, In Population and development: old debates, new conclusions, R. Caszn (ed.)
Washington DC: Overseas Development Council, T
Loevinsohn, M. 1994. Cli i i iainci i :
A Climate warming and increased malaria incidencein Rwanda. The Lancet
~ Lonergan, S. & B. Kavanaugh 1991. Climate chan ity i
. , . ge, water resources, and s
Middle East. Global Environmental Change 1(4), 272.90. ' couty i fhe
Longstreth, ]. D. 1990. Global warming: clues to potenti i
; treth, : tial health .
* Carcinogenesis Reviews C8(1), 139—69. P elfects. Enoironmertal
Ludmg,.H. F. & A.Islam 1992, Environmental management of industrial wastes in developing
;g_u;:stnes: Bangladesh case study. International Journal of Environment and Pollution 2(1/2),
Lute, W. (ed.) 1996. The future population of the world: what . ? : Earth
utz, W f can we assumne today? London: -
Ltfléz:i VI:’., ES l;;i.nz, L. I,Za;i(gsgassner 1993. World population Projections and possible &ologicd
ac] OPNET ummer)]. Laxenburg, Austria: In i i i
Syotoms Ao ternational Institute for Applied

MacAsthur, R H. & . O. Wilson 1967. The theory of island biogeography. Princetor
. ", A hy. Prin T
Princeton University Press, Vel BT, Trinceton. New Jecsey:
MacKellar, F. L. 1996. On human carrying capacity: a review essay on Joel Cohen’s How miany
 people can the Earth support? Population and Development Review 22(1), 145-56,
—1997. Population and faitness. Population and Development Review 2:'3(2), 359-76.
Mac1.<e1.lar, E L., W Lutz, C. Prinz, A, Goujon 1995. Populaﬁon,' households, and CO,
. emissions. Population and Development Review 21(4), 84965, :
Ma.chellar, B L, W. quz, L. Wexder, B. O'Neill 1996. Population and global warming. Unpub-
M];sdlz;:l pa]JJer, International Institute for Applied Systems Analysis; Laxenburg, Austria. -
addison, J. M. 1989. The world economy in the 20tk century, Paris: Orpanisation fo mi
Cooperation and Development. . i 8 ortfor Beonomie
Mageed, Y. A. &G. E.White 1995. Critical analysis of existing instituti
. . tuti
Resources Development 11(2), 103-11. 7 s 0@ rrengements. Watsr
" Marden, P. G, & D. Hodgson 1975. Population, envi 13 ] i
arder op! piranment, and fhequal!tyaﬂgfe. New York: ams

Marquette, C. M. 1995. Population and environment in industrialized regions: some general
policy recommendations. See Potrykowska & Clarke (1995).

Martens‘, W.J.M,, ]. Rotmans, L. W. Niessen 1994, Climate change and malaria risk: an integrated
model?mg approach. GLOBO Report Series 3, Report 461502003, Global Dynamics and
Susta,gable Development Program, National Institute of Public Health and Environmental
Protection [RIvM], Bilthoven, the Netherlands, -

Martens, W. I M., L. Niessen, J. Rotrnans, T. H. Jetten, A. J. McMichael 1995a. Potential impact
of global climate change on malaria risk. Environmental Health Perspectives 103, 458—64.

. Martens, W.J.M., T. H. Jettery, J. Rotmans, L. W. Nielsson 1995b. Climate change and vector-

188

REFERENCES

borne diseases: a global modelling perspective. Global Environmental Change 5(3), 195-209.

Martin, P. H. & M. G. Lefebvre 1995. Malaria and climate: sensitivity of malaria potential
{ransmission to climate. Ambio 24(4), 200~7, ‘

McGreevey, W. P. 1990. Social security in Latin America. Discussion Paper 110, World Bank,
Washington DC. :

McIntosh, A. & J. Pinkle 1995. The Cairc Confetence on Population and Development.
Population and Development Review 21, 223-60.

McKeown, T. E. 1988. The origins of disease. Oxford: Basil Blackwell.

McMichael, A. J. 1993. Global environmental change and human population health: a con-
ceptual and scientific challenge for epidemioclogy. Infernational Journal of Epidemiology 22,1-8.

McMichael, A.J. & W. . M. Martens 1995, Assessing health impacts of global environmental
change: grappling with scenarios, predictive models, and uncertainty. Ecosyster Health 1,
15-26.

" McMichael, A. J., A. Haines, R. Sloof, §. Kovats (eds) 1996. Climate change and human health.

Geneva: World Health Organisation.

. McNicoll, G. 1984. Consequences of rapid population growth. Population and Development
Review 10(2), 177-240.

=———1990. Social organization and ecological stability under demographic stress. In Rural

development and population: institutions and policy, G. McNicoll & M. Cain {eds). New York:

Oxford University Press.

1993. Malthusian scenarios and demographic catastrophe. Working Paper 49, Research Divi-

sion, Population Council, New York.

1995. On population and revisionism. Population and Development Review 21, 307-340.

Meadows, D. H., I. L. Meadows, . Randers, W. W. Behrens I1 1972. The limits to growth. New

York: Universe.

Morse, 5. S. 1991. Emerging viruses: defining the rules for viral traffic. Perspectives in Biology
and Medicine 34(3), 387-409. ‘

Mortimore, M. 1989. Drought and drought response in the Sahel. Background paper prepared for
the Committee on Human Consequences of Global Change, National Research Council,
Washington DC. .

——1993. Northiern Nigeria: land transformation under agricultural intensification. In
Population and land use in developing countries, C.J. Jolly & B. B. Torrey (eds). Washington DC:
National Academy Press.

Murphy, M. 1992. Economic models of fertility in post-war Britain—a conceptual and statistical

reinterpretation. Population Studies 46(2), 235-58.

~——1993. The contraceptive pill and women’s employment as factors in fertility change in
Britain 1963-1980: a challenge to the conventional view. Population Studies 47, 221-43.

Murray, J. 1994. Nutrition, disease and health. In Health and sustainable agricultural development:
perspectives on growth and constraints, V. Ruttan (ed.}. Boulder, Colorado: Westview.

Myers, N. 1989. Population, environment, and conflict. In Resources, environmentand population:
present knowledge, K. Davis & M. 5. Bernstam (eds). Oxford: Oxford University Press. :

——-1993. Population, environment and development. Environmental Conservation 20(3), 205—
16. .

——1994. Environmental refugees in a globally warmed world. BioScience 43(11), 752-61.

Myrdal, G. 1944. An American dilemma. New York: Harper. ]

Nerlove, M., A, Razin, E. Sadka 1987. Household and economy: welfare econonrics of endogenous

Sfertility. New York: Academic Press. :
Nicholls, N. 1993. El Nifio—Southemn Oscillation and vector-borne disease: The. Lancet 342,

1284-5. . ' _
Notestein, F. 1975, Population policy and development: a-summary view, In The population
debate; dimensions and perspectives: papers of the World Population Conference, Bucharest, 1974.

New York: United Nations. - . - .

189




WLATION AND CLIMATE CHANGE

Anker 1990. Old age support and fertility. Working Paper 17 ;

i . 2, P

¢les, International Labour Organisation, Geneva, P OPUJ,ahon and

!

il 991, The siate i

' {evelopment.

Qgburn, W. F. 1922, Social i S
lg’ress. ocial change: with respect fo culture gnd origingl nature, New York; Viking

of the environment. Paris: Organisation for Economic Cooperation and

Patmer, L 1991, Gender and population in the adjustment of A e5:planni :
Geneva: International Labour Office. ! Y Afican cconomics plannz_ﬁgfar charge
Panayotou, T. 1993. Empirical tests and policy analysi i ! i
, : ysis of environmental degradation at different
stages of economic development. Working Paper WEP 2-22/WF.238, World Emploﬁerent
Pro-gramme, International Labour Office, Geneva. y
Pa;cg:iolljmi:n tEd CasIsettid1989. 'I'I;e sell-u'fh'ng patterns of sectoral labor allocation during
s developed versus developing countries. Annals of the it i
Geographers 79(3), 329—44. s e ASSDW“?" of American
Pearce, D. W., E. Barbier, A. Markand ;
¢ _, ', AL va 199. Sustginable devel t: i
environment in the Third World. Cheltenham, England: Edward Elgaropﬂwl cconomics and
Pederson, J. 1995. Drought, migration and i i -
son, 2 population growth in the Sahel: th
Me_lllan Gourma: 1900-1991. Population Studies 49, 111—%‘21-6. ® case of the

Perufral, V.& T F. quer—Dixon 1995. Environmental scarcity and violent conflict: the case of South
Africa. Washingtori DC: American Association for the Advancement of Science.

Pemetl:af J.C.1989. Pr_o!ected.cljmate change and sea-level rise: a relative impact rating for the
countries of the Pacific Basin. In Implications of, expected climate changes in the South Pacific: an
overview, T. C: Pernetta & P. ]. Hughes (eds), Regional Seas Reports and Studies 128, United
Nations Environment Programme, Nairobi. o

1992. Impacts of climate change and sea-level rise on small i nati

- : island states: national

‘mternauonal respanses, Global Environmental Change 2(1), 19-31. nd
Pfgou,‘A. 1960 (1?20). The economics of welfare [reprint]. London: Macmillan. .
Pingali, P. & H. Binswanger 1987. Population density and agricultural intensification: a study -

o (c;f tl;le evoltut}on of t';edchnc:ilogies In tropical agriculture. In Population growth and economic

evelopment: (ssues and evidence, D. G. Johnson & R. E, L ison: Universi
Wicament; (s ee (eds). Madison: University of
Pope, C. A, D. V. Bates, M. E. Raizenne 1995, Health effects i i
) . . » M. E. Raiz 2 of particulate Lution: ti
for reassessment. Environmental Health Perspectives 103, 472—85. i poTution: time
Potrykowska, A, & J. I. Clarke (eds) 1995. Population and envirenment in industrialized

regions. Geoigtaphica Polonica 64 [special issue].
Powles, J. 1992, Changes in dizedsé’ patterns and related soci il Sci
Viedicine 35 57rpa 1 P terns - social trends. Social Science and
Preston, 3. 1994. Population and envirohment, From Rio to Cair isti i
. ‘ . 0. IUSSP Distinguished Lecture
on Population and Development, International Union for the Scientifi i
Tt et L or the Scientific Study of Popailation,
Pritchett, L. 1994, Desired fertility and the impact of ulati ic i
) ati; licies.
Development Review 20(1); 1-55, . P bep o pons Poputation and
Rahman, A, N. Robins, A. Roncerel (eds} 1993. Population o on i
Rah , A 2 eTSHS CO tiore: i
climate bomb? Castle Cary, England: Castle Cary Plizs. et Whih s the
Raskin, P. D. 1995, Methods for estimating th i ibuti . oz
: g the population coniribution t
change. Ecological Economics 15, 225-33. " FoP wion fo environmental
Renner, M. 1989. National secutity: the economic and
Paper 89, Worldwatch Institute, Washington DC.
Robinson, J. 1990. Philosophical origins of the social rate of discount in cost-benefit analysis.

environmental dimensions. Worldwatch

190

44 'lfhé‘old agesecurify motive and fertility. Population and Development Revieys

REFERENCES

- Milbank Quarterly 682, 245-65.

Robinson, W. C. 1986. High fertility as risk assurance. Population Studies 40(2), 289-98.

flogers, D. T. & M. J. Packer 1993. Vector-borne diseases, models and global change. The Lancet
842, 12824,

Remieu, L, H. Weitzenfeld, J. Finkelman 1990. Urban air pollution in Latin America and th

aribbean: health petspectives. World Health Statistics Quarterly 43, 153—67. :

flothman, E. S. & T. J. Espenshade 1992. Fiscal impacts of immigration to the United States.
Populgtion Index 58(3), 381-415.

Rowlands, I H. 1992, North-South politics, environment, development and population:
2 post-Rio review. In Envirorment and population change, B. Zaba & J. Clarke (eds). Liege:

- Qrdina.

Hattan, V. W. 1971. Technology and the environment. Americant Journal of Agricultural
Economics 53, 707-717.

Ruttan, V. W. & Y. Hayami 1991. Rapid population growth and technical and institutional
change. In Consequences of rapid population growth in developing countries, G.Tapinos,
D. Blanchet, D. E. Horlacher {eds}. New York: Taylor & Francis.

flen, G. 1994. Women, poverty and population: issues for the concerned environmentalist. In
Population and the environment: rethinking the debate, L. Arizpe, M. P. Stone, D. C. Major (eds).
Boulder, Colorado: Westview.

Berageldin, 1. 1995. Water resources management: a new policy fora sustainable future. Water

Resources Development 11(3), 221-2.

* Bhafik, N. & S. Bandyopadhyay 1992. Economic growit and environmental quality: time series and
cross-couniry evidence. Policy Research Paper Wrs 904, World Bank, Washington DC.

Bhaw, P. 1993. Review of Harrison (1992). Populution and Development Review 19(1), 189-92.

Bhope, R. 1991. Global climate change and infectious diseases. Environmental Health Perspectives
96, 171-4.

8iddiqui, T. A. 1994. Implications for energy and climate-change policies of using purchasing-

. powet-parity-based GDP. Energy 19(9}, 975-81. _

Simon, ]. 1981. The ultimate resource. Princeton, New Jersey: Princeton University Press.
wmn— 1989, The economic consequences of immigration. Boston: Basil Blackwell.

Simons, . 1986. Culture, economy and reproduction in contemporary Europe. In The state of
population theory: forward from Malthus, D. Coleman & R. Schofield (eds). Oxford: Basil
Blackwell. .

Birageldin, I. 1994. Population dynamics, environment and conflict. What are the connections?
In Population—énvironment—development interactions, J. I Clarke & L. Tabah (eds). Paxis: Centre
International de Recherche sur ’Environnement et la Développement [CIRED].

$mil, V. 1990, Planetary warming;: realities and responses. Population and Development Review
16(1), 1-29. .

$mith, D. R. 1995. Environmental security and shared water resources in posi-Soviet Central
Asia. Post Soviet Geography 36(6), 351-70.

Solow, R. 1991. Sustainability: an economist’s perspective. Woods Hole, Massachusetts: Marine
Policy Center. : .
Stanley, D.]. & A. G. Warne 1993. Nile Delta: recent geological evolution and human impact.
Science 26030 April), 628-34. :
Starr, ]. R. 1991. Water wars. Foreign Policy 70(2), 17-36. .
Stern, P., O. Young, D. Druckman {eds) 1992. Global environmental

human dimensions. Washington pC: National Academy Press.

Stevenson, G. 1989. The preduction, disiribution and consumption of fuelwood in Hait.
Journal of Developing Areas 24(1), 59-76.

Stonich, S. C. 1989, The dynamics of social processes and environmental destruction: a Central
American case study. Population and Development Revigw 15(2), 269-96.

Suhrke, A. 1993, Pressure poinits: environmental degradation, migration and conflict. Occasional

change: undersianding the

191




LATION AND CLIMATE CHANGE

vironmental Change and Acute Conflict, Peace and Conflict Studies

Prom one demographic transition to another. Population Bulletin of the Unifed
24, ‘

é5. Population Studies 46(3), 559-60,
93. Economic security, culture and fertility: a reply to Cleland, Population Studies 47,

ibthpson, M., R, Ellis, A, Wildavsky 1990. Cultural theory. Boulder, Colorado: Westview,

{tirman, E. M, D. A. Goolsby, M. T. Meyer, M. S. Mills, M. L. Pomes, D. W. Kolpin 1991,

Herbicides in surface waters of the United States: the effect of spring flush. Environmental

* Science and Technology 25, 1794-6. )

1992. A reconnaissance study of herbicides and their metabolites in surface water of tha
mid-wesiern United States using immunoassay and gas chromatography/ mass spectroms
elry. Environmental Science and Technology 26, 244047, '

Tiffen, M. & M. Mortimore 1992, Environment, population growth and productivity inKenya,
Development Policy Review 10{4), 359-87.

Tiffen, M., M. Mortimore, F. N. Gichuki 1994. More people, less erosion: envirormertal recovery
i Kenya. New York: John Wiley, '

UN 1993. Synthesis of the Expert Group Meeting on Population, Environment, and Develop-
ment. United Nations Population Bulleiin 34/35, 1934,

United Nations Population Fund 1991, Papulation, resources, and the environment: the challetiges
ahead. New York: United Nations.

United Nations Secretariat 1991. Relationships between population and environment in rural
areas of developing countries. Fopulation Bulletin of the United Nations 46/47, 52-69.

1994. Population and environment: an overview. In Populntion, environment and develop-
ment: proceedings of the United Nations Expert Group meeting on Population, environment and
development. New York: United Nations,

USNRC [Us National Research Council] 1986. Popuiation growthand economic development: policy
questions. Washington DC: National Academy Press, - ' '

Van Arsdol, W.D., D. J. Sherman, A. Constable, J-Wang, L. Rollin 1995. Impacts of global sea
level rise on California coastal population resources, In PopuIatian—environment—deuelopment
interactions,]. 1, Clarke & L. Tabah {eds). Paris: Comité International de Ceopération dans les
Recherches Nationales eri Démographie. . B

Walle, E. van de 1992. Fertility transition, conscious choice and numeracy. Demography 29(4),
- 487-502, . -
Warrick; R. 1980. Drought in the Great Plains: 4 case study of research on climate and society
in the Usa. In Climatic constraints and hutnan activities,]. Ausabel & A. Biswas (eds). New York:
‘Pergamon Press: : -
Weinberger, M. B. 1994. Recent trends in contraceptive use. Population Bulletin of the Ustited
Natigns 36, 55-80.
Westing, A. H. (ed.) 1986. Global resources and international conflict: environmental Jactors in
strategic policy and action. New York: Oxford University Press. :
1992, Environmental refugees: a growing category of displaced persons, Enviromtental
Conservation 19, 201-207. : s '
—1994. Population, desertification, and migration. Environmental Conservation 21(2), 116-
15 . :
Westoff, C. F. 1996a. The return to replacement fertility: a magnetic force? See Lutz (1996).
1996b. Reproductive preferences and future fertility in developing countries. See Lutz
(1996;). : :

192 -

isation. . . . .
iﬁ?ﬁiﬁr %{anés 1994. The epidemiological transition: from material scarcity to social

; 1992. Review of UNFpPa, Population, resources, and the environment: the critical

REFERENCES

wler, L. 1996. The greenhouse externality to childbearing. Unpublished manuscript, Inter-

i i is, Laxenburg, Austria. _
nal Institute for Applied Systems Analysis, - 4
‘f990. Potential health effects of climate change: report of a WHO Task Group. Geneva: Worl
¢ ? Daedalus 123(4), 61-77. L .
1 aiv;nz%e Yir?g—Chang 1994, Fertility and women’s labor: two negative (but instructive)

ndings. Population Studies 48(3), 427-33. _ ' :
pld Bij\k 5592. World development report 1992: development and environment. Washington DC

forld Bank. . o . ‘ '
01.1‘;93. World development report 1993: investing in health. Washington bc: World Bank

¥ld Resources Institute 1994, Natural resource consumption. In World Resources 1994-95.
ew York: Basic Books.

he, G., J. Neuman, H. Ameden 1995. Assessing the econm:nic cost of greenhot;se—i;ni?;e:
éa‘le\;’el rise: methods and application in support of a national survey. Journal of

tal Economics and Management 29, 578-597. L o .
ui'lngal’ 1993. Equity in theory and practice. Princeton, New Jersey: Princeton University Press

193




