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Series Foreword

A new recognition of profound mterconnections between socal and
natural systems is challenging conventional intellectual constructs as well
as the policy predispositions informed by them. Our current inteflectual
challenge is 1o develop the analytical and sheoretical underpinnings cra-
cial o our understanding ol the relatonshups between the twa systenis,
Qur palicy challenge s to idendfy and implement efiective decision-
making approaches to managing the global environment.

The Series on Global Environmental Accords adopts an integrated
perspective on national, international, cross-border, and cross-jurisdic-
tional problems, priorities, and purposes. e examines the sources and
consequences of social transactions as these relate to environmental
conditions and concerns. Our goal is to make a coneribution to both the

intellectual and the policy endeavors,
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Growth, Development, and Environmental
Sustainability: Profiles and Paradox

Nazli Choucri and Robert C. North

From an environmental perspective the terms growth and development
are often used interchangeably with reference to advances in a country’s
technology and/or increasingly productive economy. Conventionally,
they are also used interchangeably in typologies of and comparisons
across countries. This chapter proposes that this conventional practice,
while vseful for some purposes, is inherently misleading, both in provid-
ing effective comparisons among countries and in yielding predictable
indices of environmental degradation. In this chapter an alternative
approach is presented that is based on fundamental differences between
growth (expansion of size) and development {transformation of structure
and processes). As defined here, growith refers to incremental increases
{or expansions) in the quantities, levels, or sizes of particular variables
relevant to the processes, issues, and outcomes under scrutiny. Devel-
opment, by contrast, is construed as qualitative change, adjustment,
adaptivity, organizational transformation toward improved quality of
life, and, in the long tun, sociocultural evolution.

For states in the international system—the focus of this chapter—
successive and differential levels and rates of change of any society’s
population, technology, and tesource availabilities tend to play central
roles in shaping its profile, that is, its structure, and behavioral relations
with other societies—and its impacts (positive and/or negative) upon
natural as well as social environments {Choucri and North 1975, 14—
16; 1989, 292-94). As indicated in chapter 1, the variables of conse-
quence for the growth and development of states and their enviconmental
relationships are population, technology {applied knowledge and skills,
mechanical and organizational), and resources, together with a wide
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range of “conditioning” (largely derivative) variables such as agriculture
and industry, trade, and so forth.

Three propositions summarize the relevance of these variables to en-
vironmental issues on all four organizational levels—individual, na-
tional, international, and global—as put forward in chapter 1: (1)
through time, growth and development tend to be uneven on all four of
these levels; (2) these differentials contribute to different manifestations
and patterns of resource depletion and degradation; and (3) growth and
development differentials also affect social and natural environments—
locally and worldwide—in many different and complex ways. The chal-
lenge is to identify why these differences occur and how they lead to
particular economic, political, strategic, and environmental linkages and
outcomes,

Growth and development processes are uneven and highly interactive,
growth contributing (sometimes, not always) to development, and de-
velopment leading (sometimes, but not always) to growth. Included in
the concept of development are enhancements of the technological, eco-
nomic, social, political, and other capacities of a state or other organi-
zation (public or private) resulting from the interactions among the
growth variables (North 1990, 48-9, 62-3). From this perspective, the
three master variables—embedded in a network of human communica-
tions and social actions—constitute a dynamic nexus as they interact
among themselves and with the many and varied intervening and de-
pendent variables and feedbacks to which they contribute and respond—
and by which they themselves are partially shaped.!

Translated into acceleration (growth) and “steering” (development),
the three master variables may be expected to interact in ways that are
critically relevant to the contradiction between environmental sustaina-
bility and technological and economic growth and development: (1) To
the extent that population growth accelerates more rapidly than tech-
nological advancement, demands for energy and other resources will
increase, but development will be constrained, and damage to the envi-
ronment will remain relatively low and localized; however, (2) insofar
as technology accelerates in advance of population growth, development
will be enhanced, resource availabilities will expand (through explora-
tion, “discovery,” and/or trade), and the demand for energy and other
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resources will accelerate—as will resource depletion, pollution, and other
forms of degradation.

In the first instance, prevailing qualities of life will remain low and
subject to further deterioration. In the second instance, many of the
negative qualities of life will be reduced or eradicated. At the same time,
moreover, accelerations in technological growth and development will
be reflected by alterations in the distributions of resources and benefac-
tions (advantages, general welfare, and the structures of social, eco-
nomie, and political institutions). And new challenges relative to quality
of life may be expected to appear as new technologies emerge. This
means that individual or tollective policies and actions that change the
{normally) uneven rates of growth and/or development among the three
master variables {second difference changes in first difference rates) can
be conceptualized as steering functions constraining population growth
relative to technological advancement and resource availabilities, for
example-~or, down the line beyond that, constraining energy-inefficient
technologies and resources through the “discovery” of more energy-
efficient technologies and resources,

Population is viewed here as an aggregate of individuals on any or-
ganizational level (local community, state, international, or global).
Technology gives people—and derivative organizations, including the
state—~new resources (and new uses for old resources). Historically, the
more advanced the technology, the greater the amount and range of
resoutces in demand and the greater the amount and range of resources
that people think they need and increasingly define as necessities. A
crucial issue for the future is the extent to which technological change
enables increased efficiency in resource extraction, processing, and use.
Resources in various forms, including energy, are the sine qua non for
human existence and social enterprise. Without access to basic resources
(air, water, food, fabrics, and the like) our species obviously could not
Survive.

In line with the second law of thermodynamics, neither energy nor
other resources are entirely consumed or destroyed, but each transfor-
mation or application involves a reduction from more usable to less
usable form. In general, the larger the amount and the wider the range
of resources used, the greater will be the production of such wastes
{garbage, trash, junk) and the greater the risk—direct or indirect—of
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toxic consequences. Additionally, the greater the use of natural resources
in any given environment, the greater is the likelihood that costs {local
depletions, pollution and/or other degradations) will increase, and the
greater will be the inclination to find more affordable substitutes (often
requiring new technologies) or to pursue lower-cost resources in other
environments.

Regardless of its geographical location, any country may be expected
to supplement the domestic resources available with imports from other
countries, either to substitute for resources that have not been found {or
not yet exploited) at home or because they can be obtained less expen-
sively from abroad. These considerations are accounted for in the profiles
by including trade (imports and exports) as a conditioning or qualifying
variable (among many such variables) augmenting a country’s resource
availabilities in major ways. In this connection, when a powerful state
interacts intensely with a state that is weaker economically, politically,
or strategically, the stronger state is likely to penctrate (and possibly
exploit, intentionally or unintentionally) the weaker state economically
and politically in terms of new techniques, higher standards of living,
energy consumption—and attendant environmental impact. This indi-
cates that states can become hostage to environmental deterioration due
to the actions and investments of others. Thus “environmental invasion”
is gradually becoming recognized as another mode of invasive
interaction.?

Profiles and Paths of Growth and Development

Along with natural forces (or as an aspect of them), human beings—
both individually and through bargaining, leveraging, and coalition for-
mation—can be envisaged as primary extractors, producers, multipliers,
and distributors of resources (including information), goods, services,
power, and authority both “vertically” and “horizontally” within their
respective local and national societies. All of these activities, in turn,
exact costs from the natural environment by means of various types of
resource depletion, pollution, and other forms of degradation. Aggre-
gated on a national level, these intensive activities, along with population
increases {and decreases), contribute to the structures {or profiles) of
individual states.
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By drawing on specific interactions among the master variables and a
wide range of intervening variables, we hope to bring the capabilities
and dynamic characteristics of each country into sharper focus. Such
differentiation is needed for policy—as well as analytic—purposes. Un-
less there are effective “diagnostics,” effective strategies for solutions
will be obscured.? We begin with the following questions: What are the
expected outcomes if resources and technology are held constant and
population is allowed to spiral indefinitely? What if resources are held
constant and population and technology increase exponentially? What
if population is constrained and access to resources is systematically
developed? In each case, what are likely to be the consequences for social
and natural environments?

It goes without saying that number of inhabitants is a key indicator
of population. But growth in numbers is not the only indicator, and a
host of other demographic factors ate often used (and are useful) as
indicators of population (Choucri 1974). With respect to growth and
development, each state’s progress along its path {or at any specific
“milestone”) is measured by its gross national product (GNP), an indi-
cator of growth, and GNP per capita an indicator of development. Again
these are conventional indices, but not the only ones {Choucri, North,
and Yamakage 1992).

Measuring access to {or availability of) resources involves a problem
that is difficult to resolve. Most analysts assume that a nation’s resources
are more or less randomly distributed and that the larger a country’s
territory, the less specialized its resource base is likely to be. Kindleberger
(1962, 23) added a qualification to the effect that a nation is likely to
have greater resource diversity in its north-to-south territory than in its
east-to-west territory, particularly insofar as such a resource base in-
cludes territory in both temperate and tropical zones. (Trade—imports
and exports—serves as an important conditioning or qualifying variable,
among many such variables, augmenting the availability of a country’s
resources in major ways.) We recognize the limitations of using area as
a surrogate for resources. If we use known resource reserves of one type
or another, we improve realistic measurement but contaminate concep-
tual underpinnings in the sense that for reserves to be “known,” some
technological investments and applications must have been made.
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Figure 3.1
GNP and commercial energy use
Source: Based on data from Marland et al. (1989); World Bank {1988); Central

Intelligence Agency (various years).

The indicators of technology are especially controversial. Patents, li-
censes, inventions, innovations, and increases in efficiency are all plau-
sible indices and also plausible indicators of economic performance, such
as GNP. Each, however, has some fundamental flaws. Nonetheless, a
strong positive relationship can be seen between GNP and energy use
(figure 3.1).

A schematic illustration of interactions among the master variables
that define the profiles (table 3.1) is presented in figure 3.2 in the form
of a three-dimensional space. In principle, all countries within each
profile can be located in their relative and appropriate positions in this
figure. Although the profile of any given country is determined by the
configuration of its population/technology/resource-access indicators,
these indicators (and the master variables they represent) are generaily
conditioned, constrained, or qualified by intervening and/or dependent
variables (or feedback linkages therefrom).

The major types of intervening variables—linking the master variables
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Table 3.1 Profile definition

Group I: Resources > population > technology
Group II: Population > resources > technology
Group IiI: Population > technology > resources
Group [V: Resources > technology > population
Group V: Technology > resources > population
Group VI: Technology > population > resources

Note: For operational purposes each group is defined as follows: Each master variable for
every country is computed as a share of the global tota! for that variable. The variables
in each group definition are thus framed in propostional relative terms, and the group
profiles are in terms of relative shares. This simple method provides information about
relative sizes of master variables within states and relative constraints among the master
variables within states. The same information is provided across states within each profile
and across states and across profiles. With respect to indicators, for illustrative purposes,
following Kindleberger {1962), we use area for resources. As an indicator of technology,
following Kuznets (1966), we use GNP. See text for further explanation.

in their raw form to their socially meaningful contexts—are the follow-
ing: (a) Population/atea/domestic resource base conditioned by agricul-
tural production, manufacturing activity, energy consumption, and
imports and exports, among others. (b) Population density and per
capita levels of GNP, agricultural production, manufactures, energy
consumption, imports, and exports, Potentially, there are many more
intervening variables; their relative importance is an empirical question.

In both the (a) and (b) configurations, it is apparent that the master
variables and their combinations are treated as independent variables;
all other variables—including agricultural production, manufactures, en-
ergy consumption, imports, exports, and se on—are treated as interven-
ing or dependent variables {(contingent on the specific questions under
investigation). In a fully specified, completely interactive dynamic system,
however, the simple independent/dependent variable designation loses
its meaning. The real world must be viewed in terms of its inherent
complexities, with everything related to everything else. Intensely inter-
active among themselves, the master variables (and their indicators) “link
up” with and are affected by these (and other) intervening and dependent
variables. The use of the core or master variables as independent vari-
ables in this analysis is undertaken for empitical analysis and conceptual
clarity.
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Figure 3.2

Profiles in three dimensions. In this figure we see six profile types in relationship
to each other, Each profile type is the set of points contained in the
3-space defined by a triangular pyramid formed by the triangle drawn in bold
and the point (0, 0, 0).

Source: MIT Project on Global Environmental Accord, Center for International
Studies, prepared by Waleed Hazbun, MIT, Cambridge, Mass., 1992.

Growth, Development, and Environmental Sustainability 75

At a minimum, each country profile draws upon and includes the five
conditioning variables listed under (b). There is nothing magic about the
number five, however; other factors are certainly at work. Certainly, the
master (or core) variables affect and are themselves conditioned by a
host of other variables, some domestic, others external, and by alloca-
tions and devices of national governments, These allocations, which
involve decisions as to how much money is given to health, how much
to education, how much to the military, and how much to basic research,
for example, may affect (and be affected by) birth and death rates, the
availability of resources (including territorial size and usable land), and
the technologies that are favored in principle and in practice.

The central proposition of this chapter is that different patterns of
growth and development generate different forms of lateral pressure and
that different modes of lateral pressure generate different types of efflu-
ence and patterns of environmental degradation. A corollary to the
proposition is that there are both qualitative and quantitative differences
in the relationship between growth and development, on the one hand,
and patterns of lateral pressure and effluence on the other. The next step
is empirical measurement and the respecification of these propositions
into hypotheses to be submitted to empirical testing.

Determination of Profile Groups

To the extent that the possible variable-size combinations are exhausted,
six profile clusters or groups—predicated on master variable-size rela-
tionships—emerge. Although we compiled and explored relevant data
for nearly all countries of the world (a few are so newly established that
adequate data are not yet readily available), we selected a limited number
{130} for the initial construction of profiles and profile groups. The data
are for one cross section of time only—1986. The larger research pro-
gram, of which this chapter is only a segment, involves analysis of cross-
national state attributes and behavior since 1950. This more inclusive
cenjunction of intertemporal, cross-national, and interstate approaches
to data analysis should provide multidimensional views of international
relations through time. Only at that juncture will we observe how the
profiles (cross-section snapshots) begin to “move” along their respective
paths of growth, development, and possible transformation. And only
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then will the full measure of the pattern of development become
apparent,

Empirical Perspective: Problem and Procedure

The main criterion for selecting the 130 countries was representation—
that is, we chose countries which, overall, would be representative of
variations in size, levels of development, geographical location, forms of
government, and the like. Very small countries are underrepresented, in
part because the variables of many of them, expressed in percentages of
global totals, required so many decimal places that the tables would
have become unwieldy for presentation. Also underrepresented at this
time—because of the rapid changes that were occurring among them—
arc the East European and other former Communist Bloc nations, for
which much data from 1986-87 might be misleading for the 1990s.
Such uncertainties were already evident with respect to the former USSR,
as well as Yugoslavia, both of which are included in this set. In fact, at
this writing (early 1992) the current areas, populations, GNPs, resource
availabilities, and other critical dimensions of these two countries {and
of their constituent components) are beyond calculation. But eventually
the countries of Eastern Europe will be included in the time series
analysis. The overall quality of data used is notoriously uneven. Our
only defense is that we have drawn upon the most acceptable sources
available—the World Bank, for example, and the United Nations and
more ot less comparable publications. In short we, like these institutions
and other enterprises, must do the best we can,

Each profile is derived from the relationships between the key indi-
cators, which are presented in descending ordet by variable size. {The
choice of indicators is obviously crucial, as is the mode of measurement.)
In terms of the levels and rates of change of its population, technology,
and access to resources through time, every country of the world can be
focated somewhere within one of the six groups. The complexity of the
international and global systems thus becomes evident. Neither states
nor their encompassing systems stand still: To one degree or another,
all are changing all the time, however unevenly; all are interacting,
however differentially; and, within its own profile group, each is pur-
suing its own growth and development path. Viewed from this perspec-
tive, every state, every locality, every community, and every individual
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is an active component within a global network of intensely dynamic
social and natural environmental change. The profile groups are both
consequences and determinants of these changes.

The 130 nations were sorted according to the relationships between
their respective master variables. The countries in each A table are
ranked according to their respective GNP levels (“sizes”) from “low”
{small) at the bottom to “high” (large) at the top. In these terms those
countries Jocated at the lower left side of figure 3.1 are less “advanced,”
engage in less economic activity, generate less effluence, have lower
institutional and organizational capabilities, and influence global envi-
ronmental conditions less than do the “more advanced” countries at the
top right side of the diagram.

In each case size is measured in terms of shares relative to the global
total. In this way we can bypass some of the difficulties of comparing
apples and oranges (people, technology, resources}—and remain consis-
tent with the basic objective of using profile delineations to clarify ranges
of interaction among social and natural environments. This suggests that
a reading of national GNP values from bottom to top will provide an
overview of countries at different locations along the growth pathways
that characterize their respective groups, from Chad (or Bhutan} to Brazil
in group I, from Lesotho to China in group Ii, and so on.

The size tables indicate rough positive relationships between GNP
levels and levels of carbon dioxide {CQO;} production. (Below we present
the correlation coefficients.} But there are notable anomalies that point
to the importance of ratio indices, such as density and per capita values.
The B tables may suggest strong population and/or resource-access in-
fluences work in shaping national profiles. The C tables provide added
information on vatiations across and within profiles.

Clearly, such numerical comparisons will not substitute for the rigor
of formal statistical or more complex quantitative analysis, but an un-
derstanding of what the distributions of relative shares in the tables
reveal may provide valuable clues for the design of the most appropriate
strategies for analytical and quantitative inquiry. These profiles are
broad, ideal types. They are not meant to reflect all conceivable historical
possibilities or future prospects; they are designed to guide our under-
standing of interactions among social and natural environments in dif-
ferent contexts. If GNP is admitted as an indicator of growth and if
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GNP pet capita is accepted as a rough indicator of development, then
even a cutsory comparison of the rank orderings in the A tables, B
tables, and C tables should empirically reveal some of the reasons for
distinguishing between unevennesses in growth and development pro-
cesses and some of the consequences to be expected within the six growth
and development profile groups and along the attendant pathways
through process and over time.

But an examination of the tables also reveals some seeming idiosyn-
cracies that casual scanning of the data may not elucidate—or that may
even be obscured by complex inquiry. Looking at group I, for example,
we see that the People’s Republic of China generates a remarkably high
GNP (eighth in the world in 1987) and a correspondingly high level of
carbon dioxide. But since the country’s population is also large (the
largest in the world), the Chinese GNP is transformed into a low {typi-
cally Third World) GNP per capita (level of development) and its high
level of carbon dioxide production into a relatively low (typically Third
World) per capita value, Thus, compared with a U.S. resident, an indi-
vidual in China is not a serious threat to the environment. But in the
aggregate China’s remarkably high level of carbon emission obscures the
per capita diffetences. What growth and development (or other) varia-
ble{s} would need to be altered in order to reduce China’s overall carbon
emission? Do these differ from what would need to be altered for the
U.S. or other states? The tables effectively expose such issues but often
fail to clarify them. The high ratio of coal use to total energy use and
the extensive decentralization in coal use—down to individual house-
holds—partly explain the seeming anomaly of the China case. Therefore,
it would be oniy from a close look at the composition of the master
variables and their change over time that one could find additional
information.

It will be evident that the levels of carbon emission by some countries
are higher {or lower) than their per capita GNP and/or energy con-
sumption values might lead us to expect. As in the case of China,
clarification in such instances is likely to require formal analysis in order
to uncover the potential influences of intervening variables {such as
agricultural production, value added by specific manufactures, imports
of polluting agents, and the like} which may condition or qualify the
impacts of the master variables on natural and social environments.
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Exploring the Logic of Development

The distribution of countries according to relative global share presented
in these tables is a useful device for framing hypotheses about develop-
mental trajectories. For example, the tables may suggest that, despite
unevenness in the growth among the three master variables, all individual
countries appearing in any one of the six groups may be envisaged as
ptoceeding along the same broad path of growth and development. But
there may be contending hypotheses. First, there are undoubtedly vari-
ables of importance (some of them difficult or impossible to quantify)
that may help to explain anomalies in the tables and suggest alternative
developmental paths. The quality-of-life indicators of several former
colonies, for example, or the levels and other particulars of trade, may
vary according to the policies of the former imperial power (England,
France, Belgium, Germany, the Netherlands, or whatever) of which these
now independent countries were once colonial components.

A second type of hypothesis can be derived from the fact that a given
table represents only one cross section of time, thus obscuring a distinc-
tive trend among countries within it. Therefore, within-group differences
might be as significant as across-group differences, since variations in
rates of change may be shifting countries toward other groups. A third
set of hypotheses emerges from a consideration of investment decisions.
Investments in certain directions {such as toward advanced technology)
may accelerate change and help transform the profile of a country in
short order. If the change is both rapid and sharp enough, it may result
in a cross-group shift without a country’s going through the sequence
of within-profile development.

In assessing the dynamics inherent in the (uneven) levels of variables,
rates of change (first differences), and changes in rates of change (second
differences), formal time seties analyses (beyond anything covered in this
chapter) will require measurement of the continually changing widths
o gaps (through time) between paired master variables {and intervening
variables where relevant). Used in conjunction with a body of time series
data that are sampled in the A, B, and C tables, these gap measurements
should provide information that will be useful for ascertaining the var-
iables within each group that might be “throttled up” in one country or
“throttled down™ in another in order to maneuver the whole society
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along a new pathway leading to lower levels of carbon dioxide emissions
and other more sustainable environmental outcomes, at the same time
adjusting other second differences in order to minimize impediments to
economic growth and development. Among intervening variables, we
would expect energy-efficient technologies and resources to be essential
for environmental sustainability as well as for maintaining a country’s
position within a profile—given growth in population.

Transgroup clusters emerge to the extent that countries in two or
more groups share compelling characteristics that set them apart in
distinctive ways, The Middle Eastern oil-producing countries constitute
one such cluster. Five Scandinavian nations—Norway, Sweden, Finland,
Denmark, and Iceland—form another. And a2 number of small, low-lying
Pacific Island states share the possibility of submergence as a conse-
quence of global warming—a rare, if dubious, distinction.

Toward Profile Measurement

The profile groupings presented here are defined in terms of relative size
and relative constraints, In the discussions below we will also consider
investment allocation variables and indices of political behavior, namely
degree of “political liberty.” In each case it is essential to stress the
difference between size and profile.

Group Iis defined as: [R > P > T),
where R = resources, P = population, and T = technology.

Countries in group I possess more resources relative to their popula-
tions and more resources relative to their levels of technology. Resource
availability is constrained by the low level of technology. Conditioning
and intervening variables include climatic and topographical factors
exemplified by the tropical rain forests of Brazil, the slopes and high
plateaus of Bolivia, and arid regions in Chad. The less developed among
these countries may provide the closest modern approximations to the
agrarian-based states of the past. Agriculture, grazing, mining, lumber-
ing, or other forms of exploitation of basic resources may be expected
to predominate as compared with manufacturing. Group 1 countries
tend to rely heavily on exports of raw materials in exchange for manu-

factured products from more developed countries, and a single product .
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such as coffee, sugar, hemp, tin, timber products, or other resources
often predominates.

Among the “bottom” cases in group I is Chad—one of the world’s
least developed countries with its population density of four persons per
square kilometer, a per capita GNP (1986) of $180, and per capita
energy consumption of 10 metric tons (oil equivalent). The country is
also one of the world’s lowest producers of carbon dioxide emissions.
Despite significant differences in endowments of known resources, Su-
dan, like Chad, also ranks low in resource availability. The country has
vast known oil reserves but, in large part because of violence in the
south and weakness in its infrastructure, these resources are largely
unexploited. The compelling tragedy of the “bottom™ states of group I
is that their low levels of knowledge and skills deprive them of ready
access to their territorial resources. Skilled labor is generally in limited
supply, the number of specialized professionals falls far short of the
critical mass required to stimulate growth or development, and educa-
tional possibilities remain extremely limited. Potentials for development
also tend to vary according to the proportions of each country’s national
territory that is arable and the availability of water and other vital
resources that can be acquired, processed, and distributed among the
populace.

Modes of environmental degradation (natural as well as social) include
over-grazing, slash-and-burn agriculture, deforestation, soil erosion, and
desertification. The introduction of insecticides, defoliants, internal com-
bustion engines, and comparable products from more developed coun-
tries contributes to these processes. Thus, limited by their natural and
social environments, the bottom states in group | commonly suffer from
famine, and diseases tend to be endemic. However threatened (or con-
strained) these countries may be by local environmental phenomena,
their contribution to carbon emissions and other forms of globally sig-
nificant effluents and degradation seems almost minuscule. But aggre-
gated with global levels, their low-level resource depletions, pollutions,
and other degradations cannot be discounted—especially to the extent
that such countries are justiftably encouraged to grow and develop.

Several countries in group I are borderline in population density rel-
ative to GNP—that is, the number of inhabitants per square kilometer
{20 to 30) as compared with more typical group I densities (from two
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Carbon
emissions
% global
0.002
1.288
0.000

[mports
% global
0.017
0.000
0.000

% global
0.020
0.000
0.000

Exports

CEC

% global
0.003
0.001
0.000

% global

AgVA
0.037

MnVA
% global

GNP

% global
0.005
0.004
0.001

% global
0.783
0.180
0.036

Area

% global

Population
0.037

0.076
0.027

{(continued)

Sources: Population, GNP, area, exports, imports, MnVA, AgVA, exports, and imports: World Bank 1988. For countries with missing data: Central

Intelligence Agency (various years),

Carbon emissions: Carbon dioxide emissions from energy, cement, and deforestation. Deforestation figures ace for 1980.

Within each group countries are listed in descending order in terms of the percentage of the world GNP,

MnVA: Total value added in manufacturing. MnVA dacz (from World Bank 1988) is for 1985.

AgVA: total value added in agriculture.

All percentages are of the global total. The global rotal is the sum of data for all countries listed.
CEC: Commercial energy consumption.

Carbon emissions from energy and cement: Marland et al. 1989.

Commercial energy consumption: World Resources Institute 1989,
Carcbon emissions from deforestation: Houghton et al. 1987.

Notes: Data is for 1986, except where otherwise noted.

Mauritania

Table 3.2A
Laos

Bhutan
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or three people per square kilometer up to eighteen or nineteen). In some
of these countries the level of population is increasing relative to resource
access and the rate of technological advancement. Table 3.2B suggests
that bottom countries like Afghanistan and Ethiopia will be both eco-
nomically and environmentally vulnerable to further population growth,
thus increasing pressure on available resources, unless the rate of their
technological development accelerates faster than the number of their
people. Furthermore, rates of population growth are often high.

The more developed “top” countries of group I include Brazil, Vene-
zuela, Argentina, and Algeria, with per capita GNPs (1987} of between
$1000 and $5000. These countries play significant regional and inter-
national roles in terms of their production, energy consumption, expotts,
imports, and production of carbon and other environmental impacts. In
Brazil, especially, intensified deforestation, loss of biodiversity, and ef-
fects on global carbon balances have exerted economic, political, and
social impacts internationally as well as at home—as have the illegal
production and international distribution of illicit materials originating
in these countries and elsewhere. To the extent that their populations
are allowed to grow faster than their technologies advance, these and
other more developed group I countties may be expected to exert in-
creasingly intense pressures on available resources and to generate higher
levels of carbon dioxide and other forms of environmental depletion and
degradation.

The governments of some (but not all) group I countries allocate larger
budgetaty shares to military expenditures than to education or health.
Chad has followed this pattern, as have North Yemen, Bolivia, Ethiopia,
and Mali. Data from Afghanistan have not been available. Tending to
correlate with the GNP and energy consumption per capita, quality-of-
life indicators such as infant mortality and life expectancy generally
leave much to be desired in group I countries—as do political rights and
civil liberties.

Compared with highly industrialized societies, most group I countries
produce relatively low levels of pollutants, but contributions to local
resource depletion and global effluents {carbon emissions and other gases
and effluents) by some of the top states of group I are substantial. In
response to population growth, early stages of industrialization, and
intensifying urbanization, Brazil, for example, has tended to squander a
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critical element of its environmental assets. Tropical rain forests, in
effect, have been harvested—or cleared and burned—partly in order to
obtain what often turns out to be shallow grazing and farm lands.
Effluents from this burning, in turn, have produced clouds of gases which
may be transmitted by atmospheric processes over the spaces of other
countries.

A number of group I countries possess domestic resource bases that
could allow them to grow, depending on the levels and rates of advance-
ment of their respective knowledge and skills. Vividly highlighting some
of the potential contradictions between environmental sustainability and
economic growth and development, however, the World Bank and other
financial and development institutions, national and international—for
a time, at least—in effect underwroté excessive Brazilian timber cutting.
This policy was designed not only to support badly needed economic
expansion, but also to facilitate the repayment of the loans that these
same institutions were making available. The debt/environmental para-
dox is defined by this type of often deleterious trade-off.

Overall, the conclusion to be drawn from the group I country profiles
is clear, Despite a number of exceptions, the major trends are strong:
From bottom to top, economic and quality-of-life indicators (including
political rights and civil liberties) tend to improve somewhat—and per
capita energy consumption and carbon emissions tend to increase. The
challenges are to promote energy-efficient technologies and expand ac-
cess to encrgy-efficient resources, domestic and foreign, in pursuit of
some dynamic equilibrium between growth and development on the one
hand and environmental sustainability on the other.

Group Il is defined as: [P > R > T]

With populations that are “large” relative to area (however large such
an arca may be) and with GNPs that are “small” relative to both
population and area, the countries in group I can be characterized as
having populations that have grown—and still may be growing—relative
to levels of technology and rates of resource access. As with many bottom
countries of group 1, Malawi, Bangladesh, and Bhutan have often been
identified as among the world's most dire cases.

Characteristicaily, group 1I countries (somewhat like those in group )
tend to possess relatively large territories and resource bases but are

Table 3.3A Dimensions of Growth: Ranked by GNP

Group I[: Population > Area > GNP

Carbon

emissions

Area GNP MnVA AgVA CEC Exports

Population

Emports

Y% global
8.393
2.685

% global
1.986
0.749

% global
1.495
0.563

% global
8.052
2.278

% globai
11.997

% global
3.982

% global
2.089

% global
7.266
2.499

% global
21.602
16.015
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China

9.272

1.491

1.497
0.986

India

1.408 0.779 0.552 1.614
0.515

1.649
2.794

1.826
0.479
0.309
0.514

1.499
1.458
0.702

1.644
3410

Mexico

0.615 3.333

0.711

0.539

Indonesia
Nigeria

0.183 0.317 0.207 1.099
0.520

2.870

0.436

2.113
1.055
1.078
0.338

0.531 0.383 0.507

1.380
1.001

0.378

0.594

Turkey

1.643
0.139
0.301

0.322 0.256 0.422 0.422
0.121 0.469
0.365

0.281

0.391

Thailand
Iraq

0.000
0.222
0.162
0.229
0.666

0.264

0.331

0.438

1.17%
1.058
1.154

0.761 0.250

1.019

Egypt

0.198
0.995

0.247
0.248

0.278

0.229 0.207
0.212

0.611

2.033

Pakistan

0.149
0.181

0.337

0.2238

1.174
0.330

Philippines
Malaysia
Syria

0.139
0.127
0.047

0.498

0.195
0.112
0.109
0.088

0.251

0.124
0.124
0.175
0.000
0.133
0.041

0.064
0.028

0.042

0.141

0.503

0.141

0.221

0.070
0.079

1.043
0.451

0.109 0.056
0.340

2.115
0.461

Bangladesh
Morocco

0.076
0.622

0.050

0.118

0.084

¢.000

0.079
0.056

0.251 0.082

1.297
0.150
0.168
0.779

Viet Nam
Tunisia

0.084

0.175

0.055 0.041

0.125
0.083

0.015

0.050
0.014

0.017

0.050

Guatemala
Burma

0.799

0.050 0.028 0.561 0.035

0.514
0.050

0.043 0.034 0.219 0.021 0.058 0.090 0.015
0.022

0.330
0.271

Sri Lanka
Ghana

0.014 0.041 0.036 0.011

0.290
0.131

0.034
0.031

0.182
0.037

0.034 0.066 0.027

0.031

0.029

0.135

Dominican

Republic
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tables 3.3A, B, and C). With the addition of many of the same pollutants
resulting from modern technologies, expanding urban areas in many of
these countries—Shanghai, Bombay, Calcutta, and Mexico City among
dozens of others—are shrouded by industrial and vehicular emissions.

For the most part, the production of effluents among the countries of
group Il tends to be low relative to that of industrialized countries, but—
in spite of (and partly as a consequence of) population densities—
somewhat higher than that of group 1 states. Bangladesh, a state with
one of the densest national populations in the world {and one of the
lowest GNPs per capita) is also one of the lowest producers of carbon
emissions. As if that were not enough, the country regularly receives the
brunt of disastrous floods (exacerbated by soil erosion and deforesta-
tion), typhoons, and tidal waves it cannot control. While these events
are frequently labelled “natural disasters,” they are also the product of
human alterations of ecological balances in conjunction with “normal”
ecological processes (see figure 1.1).

Among the group Il countries the distinction between population/
territorial size and level of development {as indicated by GNP per capita,
at least) is not always taken into sufficient account. In general, the
smaller countries in the group tend to be the least developed, whereas
several middle-sized to medium/large but relatively less densely popu-
lated countries (Tunisia, jordan, Turkey, Egypt, Mexico, and Iraq) are
the more developed—and also among the higher per capita producers
of carbon, It is the largest states (China and India) that best demonstrate
the constraints on technological and economic development exerted by
high population levels. But note that these two large but somewhat less
developed states (as measured by GNP per capita) rank with the others
in carbon dioxide emissions. Again, these are important differences that
help us distinguish between size and profile.

Countries in group II that spend more on military development than
on education or health include Yemen, Burundi, India, Pakistan, China,
Jordan, Turkey, Egypt, and Iraq. The reasons vary, as do the predispo-
sitions, but this pattern is strong. In the absence of a persuasive theo-
retical explanation for the differences, an operational hypothesis might
relate to the type of regime and to the priorities of the regime derived
from their own conceptions of security.

Overall, per capita GNP levels for group Il countries are somewhat—

Table 3.3B  Dimensions of development: Ranked by GNP per capita

Group 1I: Population > area > GNP

Infant

Life
expectancy  mortality

Government expenditure

Civil

Political

rights

Education = Health

Military

GNP per capita

{$/pers.)
2,424
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liberties

(per 1000)

{years)

63

% global

% global
0.186
0.798

% global
1.426
0.158
0.210

71

0.048
0.586

Iraq

48

68

1,860
1,830
1,570
1,480

Mexico

27
50
18
74

69
64
74
63

0.085

0.309
0.150
0.025

Malaysia
Syria

0.024

0.341

0.034
0.036

0.003

Costa Rica
Tunisia

0.055

0.060

1,140
1,110

79

0.059 65
71

0.200

0.416

Turkey

41

0.015

0.020

933

Albania

61

61

0.011

0.025
0.222
0.234

0.015

930
810
760

Guatemala
Thailand
Egypt

64 41

61

0.083

0.192
0.380

88
72
67
104

0.060

64

0.023 0.014

740 0.024

710

Honduras

0.012 66
51

0.011

0.009

Dominican Republic

Nigeria

0.136 0.048

0.085

640
590
560
550

85
46
152

60
63
46

0.011

0.031

Moracco

0.075 0.039

0.066

Philippines
Yemen,

0.034 0.009

0.040

Arab Republic

Indonesia

87
29

0.386 0.087 57

0.244

490

70

0.031 0.013

0.044

400

Sri Lanka
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39
39
14

1,389
30
20
15

sions {thous.
649

Carbon emis-
metric tons/
mil. pers.}

41
41
bl
56
92
122
43
23
18
25
35
27

Imports
$/person

$/person

37
30
15
30
43
89
35
26

9
33

(petajoules/  Exports
21

mil. pers.)

CEC

AgVA
$/person
139
79
83
118
155
103
133
166
103
70
55

$/person
19
90
46
42
10
16
18
18
13
17

MnVA

$/person

Health

10
10
14

$/person

18
10
21

Government expenditure
Military  Education

$/person

Population
Density
(pers./km®)
53
110
238
238
37
54
171
64
56
192
717
62
121

GNP per

capita

{$/pers.)
310
300
294
290
270
240
230
200
196
160
160
150

(continued)

Table 3.3C
Sierra Leone
China
Rwanda
Burundi
Uganda

Viet Nam
Bangladesh
Malawi
Nepal

Notes: See table 3.2C,

Benin

India
Togo
Burma
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but not much—more favorable than those of group I nations. Several
bottom states with low (but not the lowest) per capita GNPs are also
among the more densely populated. By contrast, most of those with the
higher per capita GNPs have relatively lower population densities. Al-
though somewhat lower than in group 1, quality-of-life indicators (in-
cluding political rights and civil liberties) again improve with increases
in per capita energy consumption and carbon emissions, but again there
are important exceptions. Despite its high growth levels, per capita GNP,
energy consumption, and carbon dioxide emissions, the People’s Repub-
lic of China ranks near the middle among group II countries, and its
quality-of-life indicators are mediocre at best. Its political rights and
civil liberties are close to the bottom.

Insofar as we look to the future, China is the developing state par
excellence, with the world’s eighth largest GNP {in 1986) and the world’s
third highest level of carbon dioxide production (contrasted with its low
per capita GNP, low per capita energy consumption, and low per capita
production of carbon dioxide). A latge part of the national product is
attributable to agriculture, though it is increasingly generated by industry
and supported by vehicular traffic. Consider, therefore, the environmen-
tal consequences insofar as China’s industrialization advances (“mod-
ernizes”) and its level of carbon emissions rises commensurately. Many
of the same considerations can be applied to India, where industriali-
zation proceeds; trucks, buses, and passenger cars already jam the high-
ways, and the atmosphere yellows or darkens despite low per capita
levels of carbon emissions.

Group Il is defined as: {P > T > R]

With large populations relative to GNPs and large GNPs relative to
areas, group III nations are also subject to constraints on their resource
bases and levels of technology. In contrast with group I states, however,
they have technologies that have advanced relative to their resource
bases. Countries with group HI profiles can generally be distinguished
according to their respective responses to these constraining dimensions.

The most spectacular demonstration of the potentials of group I
countries for success and failure is attributable to Japan from the Meiji
Restoration to the termination of World War IL. Beginning in the last
quarter of the nineteenth century, Japan undertook a developmental
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transformation that moved it from something approaching a group 11
profile to a group Iil program of growth and technological {and eco-
nomic) development. Responding to that country’s population growth
and consequent pressure on a limited resource base, Japanesc leaders
imported technologies from Western nations; “modernized” the coun-
try’s production, military, and naval forces; and undertook a strategy of
territorial expansion (guided by their interpretation of the successes of
European and U.S. expansionism). Their expectation was that colonial
raw materials (and markets) would compensate for the insufficiencies of
Japan’s domestic resources.

In the wake of the Japanese Empire’s World War 11 defeat and occu-
pation, a new Japanese leadership—under the strategic umbrella of the
United States—undertook a second transformation that moved Japan
from its pre-war group 111 profile to its late twentieth century group V1
profile. As a consequence, through further development (scientific, in-
dustrial, economic, and political), the Japanese were able to compensate
for their limited domestic resource base by substituting high domestic
production, effective but competitive exports of goods and services to
foreign markets, and the peaceful importation of energy and other re-
sources from abroad (Choucri, North, and Yamakage 1992).

Are there candidates for transformations of this order among today’s
group III states? Characterized by years of internecine watrfare, two
bottom states, El Salvador and Lebanon, defy such analysis at this
writing. The less developed of the two, El Salvador, has spent almost
twice as much on its military as on education and four times more than
on health. Comparable data (1986) are not available for Lebanon, whose
GNP per capita is reported as relatively high, largely due to its com-
mercial capabilities. Characterized by ethnic and religious contention,
Yugoslavia has formally disintegrated. Portugal, a major imperial power
in the past, seems to be relatively stable today, with modest levels (for
a marginal industrial power) of per capita GNP, energy consumption,
and carbon dioxide production.

Four of the eleven countries listed for group 1II—Korea, Cuba, Syria,
and El Salvador—allocated more funds per capita to military expendi-
tures than to education ot health, and Yugoslavia was only slightly
better. El Salvador (lowest ranking in per capita GNP, energy consump-
tion, and carbon dioxide emissions} and Lebanon were generally low on

Carbon
emissions
% global
0.687
1.885
0.527
0.123
0.320
0.608
0.136
0.008
0.025
0.027
0.004

Imports
% global
1.453
0.531
0.541
0.444
0.442
0.000
0.000
0.042
0.044
0.101
0.031

Exports
% global
1.666
0.579
0.497
0.348
0.440
0.000
0.000
0.036
0.029
0.024
0.032

CEC
% global
0.739
1.910
0.617
0.147
0.433
0.627
0.156
0.010
0.028
0.030
0.005

AgVA
% global
1.737
1.034
0.279
0.562
0.116
0.021
0.026

MnVA
% global
1.025
0.025
0.017
0.008

%% global
0.650
0.513
0.354
0.152
0.141
0.126
0.124
0.627
0.013
0.012
0.008

GNP

Area
% global
0.074
0.238
0.195
0.070
0.071
0.092
0.087
0.016
0.008
0.008
0.002

% global
0.769
0.478
0.209
0.217
0.428
0.209
0.100
0.049
0.055
0.020
Notes: Sec table 3.2A.

Population
0.851

Table 3.4A Dimensions of growth: Ranked by GNP

Group IHl: Population > GNP > area

El Salvador

North Korea
Jamaica

South Korea
Poland
Yugoslavia
Porrugal
Hungary
Cuba
Lebanon
Mauritius
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quality-of-life indicators, Syria surprisingly high, and Portugal slightly
higher. Each of these patterns represents different sociopolitical condi-
tions shaped and influenced by profile configurations. (The link to policy
preferences still remains to be made explicit.}

The strongest candidate for a Japan-style transformation to group VI
status is probably the Republic of Korea, a high-density country (denser
than Japan) with a per capita GNP which (in 1987) was higher than
that of any group Il country listed (or any group 1 or group II country
except Algeria or Iraq) and substantially higher than that of any other
group 111 country except Portugal. Korea’s per capita energy consump-
tion has been moderately low, its quality-of-life indicators mediocre, and
its carbon emissions moderately low for the level of its per capita GNP,
If we set aside the Korean Republic’s relationship with communist North
Korea (which raises a host of analytical and empirical difficulties), the
country’s challenge for the twenty-first century is likely to be three-fold:
to stabilize population growth; to pursue the most efficient technologies,
fuels, and other resources that can be made available; and to stabilize
(if not reduce) its current generation of carbon and other effluents.

Group 1V is defined as [R > T > F]

Group IV countries are characterized by relatively small populations
possessing relatively well developed knowledge and skills and with large
amounts of resources occupying a spacious resource base. In develop-
mental terms, group IV countries—typified by Australia, Canada, and
the former USSR (data is from 1986)—could be viewed as one-time
group [ countries with profiles transformed by technologies that have
accelerated relative to their populations and national territories. On the
face of it, we might expect a country with this profile to be almost ideally
situated, but the obvious differences among the seven group IV countries
listed here raise empirical and analytical issues that require close scrutiny.

In particular, three countries—Oman, Saudi Arabia, and Libya—re-
quire special attention. What sets these countries apart is the nature of
their resource endowments which, while extensive relative to their pop-
ulation levels, are limited in two fundamental respects: First, their ter-
ritories are generally arid (in large part desert), but they are rich in one
extraordinarily valuable resource—petroleum; second, their populations
are not only sparse (as sparse as those of group 1 countries), but also
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dependent in large part on technologies that have been imported from
industrialized coun‘ries of the West, but not well integrated into their
respective societies. Farther, a large fraction of their populations has
been imported to help apply the new technologies that were, and con-
tinue to be, imported.

In order to implement and manage the extraction and shipping of oil,
these countries have also introduced technical and managerial expertise
from the West (and from India and other developing countries), as well
as skilled and service labor (from India, Pakistan, and other more pop-
ulated countries) to perform lower-level functions. For purposes of anal-
ysis, these special factors amount to intervening variables that in
particular and influential ways condition the master variable profiles of
these nations. Over time, foreign populations settle and remain in these
countries. Through changes in fertility/mortality dynamics they endog-
enously alter the master variables. On theoretical gtounds these three
cases highlight an important generic issue, Changes in the master vari-
abies occur in three ways: (a} gradually, through “normal” processes of
growth due to investments, budgetary allocations, dynamics of births
and deaths, etc.; (b) sharply through importation of technology, people,
resources, or all three; and (¢) as a combination of (a) and (b).

Although the per capita GNDs of all three countries are higher than
any manifested in the listings for groups I to I, Libya’s is the most
outstanding, Primarily due to the domestic availability of oil, this ap-
parent affluence and related characteristics make these countries appear
anomalous—not only in terms of the master variables, but also in terms
of the interplay among intervening variables (imported knowledge, skills,
equipment, expertise, and service labor) that derive from the basic char-
acteristics of the master variables and, in turn and over time, alter them
in potentially fundamental ways. Also notable is the consideration that
although Oman’s per capita levels of energy consumption and carbon
dioxide emission are the highest we have encountered so far, the other
two oil-producing countries {Saudi Arabia and Libya), while roughly
comparable energy consumers, are not high-level producers of carbon
dioxide. With allowance for faulty data, this discrepancy may be attrib-
utable to differences in technological and/or resource use efficiencies.

If oil and the knowledge and skills associated with its exploitation
and processing can dominate—but fail to be sufficiently integrated into—
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the profiles of Saudi Arabia and Libya, it is not surprising that vast
expanses of open space (with only two and three persons per square
kilometer), combined with sophisticated technologies, go a long way
toward defining Australia and Canada. With allowance for geographic
and related factors (deserts in Australia and frozen tundra in Canada),
these two countries—and especially the former USSR—have ample space
(literally and figuratively) for growth over generations to come. Against
this background, the former USSR, Australia, and Canada seem to
emerge as ideal manifestations of the group 1V profile—all three typified
by sparse populations, high levels of indigenously developed knowledge
and skills, and expansive and generally rich territories and resources. Of
these three, the former USSR’s population, while sparse relative to those
of most major countries, is denser than those of Australia and Canada.

Canada stands out as the group IV country with the highest GNP per
capita, the highest consumption of energy per capita (8,945 kilograms
of oil equivalent, in 1986 the highest in the world), and a comparably
high level of per capita carbon dioxide production. In assessing these
levels we must keep in mind the sparsity of Canada’s population relative
to spatial factors {driving per capita values upward arithmetically). We
must also remind ourselves of the environmental responsibility of each
individual Canadian as an ultimate source of anthropogenic depletion,
pollution, and other forms of resource degradation. (The same is true
of all of us.)

Another sparsely inhabited country, Iceland, is by far the smallest on
the group IV list. Roughly the size of Ohio, but nudging the Arctic
Circle, Iceland has the highest per capita GNP among the seven coun-
tries. lts energy consumption per capita is low compared with U.S. levels
but not remarkable among industrialized nations. The country’s pro-
duction of carbon dioxide is relatively low, however. If Iceland is notable
for its high per capita productivity, the former Soviet Union (given its
spectacular resource base and low population density) was productively
mediocre—a consideration that is much more evident now than it was
in 1986 when the data were compiled. To a large extent, countering this
low level of productivity is the challenge that newly independent com-
ponents of the “new Russia”—an entity well advanced along the group
IV path of growth and development—confront at this writing.

Carbon
emissions
% global
15.303
1.593
0.928
0.469
0.083
0.126
0.083
0.007

Imports
% global
4.08%
3.914
1.201
0.879
0.278
0.208
0.110
0.063

Exports
% global
4.671
4,328
1.086
0.964
0.282
0.288
0.121
0.074

% global

19.481
2.700
1.155
0.540
0.142
0.146
0.117

CEC

T

AgVA
% global
1.560
1.202
0.495
0.426
0.053

WRHE W TR S T D T A

MnVA
% global
2.465
1.287
0.318
0.253
0.051
0.011
0.026

REPRTE

GNP

% global

15.571
2.388
1.260
0.551
0.163
0.132
0.043
0.022

R T

Area

% global

17.024
7.581
5.842
1.634
0.204
1.337
0.228
0.078

T TR,

Population
% global
5.761
0.525
0.328
0.246
0.068
0.080
0.027
0.005

Notes: See table 3.2A.

Oman

Libya
Iceland

Table 3.5A Dimensions of growth: Ranked by GNP

Group 1V: Area > GNP > population

Soviet Union

Canada
Saudi Arabia

Australia
New Zealand
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The former Soviet Union’s per capita GNP in 1987 (roughly $8,670) - g
provided a somewhat different perspective. Despite advancements in 3 .;c’. . e 0w
many dimensions, Soviet technological development had always been !
notoriously uneven, in part because of the country’s highly centralized 1| 5
and regimented economy, but also for other reasons. Overall, the struc- = 3% 5
tured economic, political, planning, and managerial bureaucracies in the § R Rahalak b el
country discouraged individual initiative and committed serious errors .
in allocating critical materials, knowledge, and skills within technolog- Eé
ical enterprises (sufficient for the support of heavy industry and the E g‘; o OO g
military, for example, but not enough for basic science and manage- £ E & Tmmeeg
ment). As a consequence, within the former USSR craftsmanship and
sophisticated technological and economic control systems have often oy
suffered. {Such inferences must remain tentative, however, until time g‘ﬁ‘
series analyses have been completed). “::: gg erheorogy
Group IV countries that allocated more to military expenditures than
to education or health included Oman, Libya, Saudi Arabia, and the =
R OO TAR AWV
[JSSR. (The same caveats noted earlier with respect to other groups - 3| 883888383
pertain.) Quality-of-life indicators at the bottom ranged from those of "é Te|meTneess
Oman (103 infant deaths per 1000 bisths and a life expectancy of 54 o o
years) to Saudi Arabia (64 deaths, 63 years) to the industrialized former z" :E_: _§ o o o 00w o
USSR (30 deaths, 70 years) to oil-rich Libya (85 deaths, 61 years). These % .g g ] s ¥ §, 5588
countries also scored low on political rights and civil liberties. At the S g |~ ge~ee
top, Canada, Australia, and Iceland scored high on all measures {more g &
favorably than the group V U.S. on infant mortality and life expectancy f‘i E Rl Mo m oo
measures). If allowances are made for national tetritories that are rela- e gl E4|x SRE3835
. . = Q B~ - oMo o
tively resource poor, the potentials for growth and development— g ol =& )
through the introduction of more advanced (or appropriate) technolo- g5
gies—of nations on the group IV path including those not listed here ' 'g ES %
{those “behind”™ as well as those “ahead”) should be relatively positive. ;g /‘cn:' §
Group V is defined as: [T > R > P] EE Eg §§§§§§§§
Characteristic of group V countries is the consideration that their %3‘3 (ZJ glrooEnens =
technologies are dominant, their domestic resource bases (areas) are g g j
larger than their populations, and their GNPs are larger than either their o § "% 2 2
populations or their resources. Or, from a slightly different perspective, = - 5 E 5 g
their population densities are relatively low, and their GNPs per capita ‘ 2 g‘ -E & .§ *g 35 2 S| &
are relatively high. In principle, at least, this means that—on average— S¥C S823283 g 2z



Carbon emis-
sions (thous.
metric tons/
mil. pers.)
4,110

1,984

3,829

3,596

1,652

2,584

2,142

4,229

Imports
$/person
3,323
5,638
1,632
316
1,828
1,593
1,157
1,847

Exports
$/person
3,523
6,337
1,414
346
1,782
1,674
1,540
1,944

{petajoules/

mil. pers.)

285
195
187
116
122
101
243

CEC

S/person
424

1,550
523
897
287

AgVA

MnVA
$/person
2,299
2,588
1,921
1,830
632
312
205

Health
$/person
936

770

636

268

259

160

172

e o I T

v gem—

Education
$/person
1,053
593
636
439
23
678
539
343

317
334
964
641
1,430

Government expenditure

Military
$/person

1,457

Population
density
(pers.lkmx)
3
5
2
13
12
6
2
4

GNP per
capita
($/pers.)
14,120
13,410
11,920
8,384
7,460
6,950
5,128
4,980

Table 3.5C Per capita dimensions: Ranked by GNP per capita

Group 1V: Area > GNP > population

Notes: See table 3.2C.

Canada
Iceland
Australia
Soviet Union
New Zealand
Saudi Arabia
Libya

Oman
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each person in each of these countries has access to more resources,
contributes to greater productivity, and has the possibility of gaining
more advantage therefrom than his or her numerical counterparts in
many roughly comparable countries with quite different profiles.

As exemplified by the United States over the course of its history,
nations with group V profiles—with allowances made for the size and
richness of their respective resource endowments—have had unique po-
tentials for growth and development, with populations “moderate” tel-
ative to their resource bases areas, and rated “high” on technology.
Insofar as their areas remain stable, their population increases, and their
technologies continue to advance, however, such countries, under the
pressure of increasing demands for resources, are likely to reach out for
new resources. This reach tends to be made through trade, discovery of
new domestic resources, or territorial acquisition.

The United Arab Emirates (UAE) appears as a bottom country on the
group V list. Like Oman, Saudi Arabia, and Libya on the group IV list,
the United Arab Emirates owe their level-of-development indicators to
the oil in their respective resource bases which, as an intervening vari-
able, exerts strong effects on their master variable profiles. The UAE
also ranks high—remarkably high—in per capita energy consumption
and production of carbon dioxide.

With low population densities relative to those of most industrialized
countries, group V Finland, Sweden, and Norway {a developed oil-
producing state), along with group IV Iceland, have reputations as peace-
ful and effective trading and welfare-producing countries with high qual-
ities of life, and their per capita energy consumption and carbon dioxide
production are “moderate,” if still relatively high. To a large extent, the
low population densities of these four Scandinavian states result from
early migrations (to the United States in particular), demographic tran-
sitions, strong family planning programs, and advancing technologies.

Altogether, such considerations seem to speak well for the potentials
of a high-technology, low-density, favorable-resource-access profile—if
the issue is viewed in a strictly national context. But there is a caveat.
For example, through its corporate activities overseas, Norway is one
of the largest fertilizer producers of the world. Carbon emissions asso-
ciated with such activities are “counted” as part of some other (host)

country’s balances, not those of Norway. While this is true as a general
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2 accounting procedure, it raises some qualifications about the environ-
E .% -:g,b § £ E ﬁ § roental soundness of the Norwegian-type profile. In 1991 the Norwegian
3 E’ g |BeSe o government imposed a ceiling on carbon emissions for industrial enter-
prises within Norway, not a ceiling for all Norwegian enterprises oper-
s Floesw m ating outside its territory. The same type of qualification is generally
SHIRIIXR & applicable to other countries of this group.
CEN Rt To the extent that populations in group V countries grow faster than
- their technologies advance, however, pressures on their domestic re-
g2 JIERB R source bases are likely to increase (access to new resources will be more
§~:§° Shas 3 costly to acquire) and per capita shares in the economy may be expected
e ; to diminish—unless they are compensated for by exports and imports
Elommwon o L and/or increasingly efficient knowledge and skills (transformable from
vs 3%y < more knowledgeable and skillful populations).
el = ;' Although it is clearly the “top state” on the group V size list, the
. ; United States drops to third place (after Norway and Sweden) in the
« .'-; R R _ development table. Compared with the Scandinavian countries, the
::o'? =33 ! United States ranks high on military expenditures, energy consumption,
< ' and involvement in warfare—and somewhat lower on education, health,
= i and other quality-of-life indicators. Responsible for generating more
< % g § a :-': E ‘ than 22 percent of the (1987) global level of carbon, the United States
§ g |mSes o { can be characterized as a state that, conceived in resource abundance,
“learned” environmental profligacy during its earliest formative years.
% .—‘é‘ NenNY % : (In Chapter 6 we will show evidence of “learning” environmental re-
Y Z —T,h NSos o sponsibility as reflected in the trends of U.S. environmental legislation
9 O3 | ; over time.)
E F: ; Group VI is defined by: ([T > P > K]
] Slodere 32 L . . .
—§ g g '*'? a4 & Countries in group VI are characterized by higher GNPs relative to
55 <®lncss o ; their populations and resources (areas). These countries have relatively
ug’ §: g _ high per capita levels of GNP, energy consumption, and carbon dioxide
g /!: E _‘.; oo o ! production. Greece and Spain are clearly among the lowest. Middle
g §.‘=§n RS8S g« ‘ states include Israel and Singapore.
E A SR e : A number of group VI nations—notably Japan, Britain, West Ger-
a % 2 o _—"-Z ; many, France, ltaly, the Netherlands, Belgium, and Spain—are the de-
g- (:‘: m§ _ 5 g 3 veloped cores of former empires stripped of their overseas colonies. What
s 3 _§ g 'E B ‘; is notable about all of them is tl.ae extent to which—relative to the United
=9 ERERKE B3 States, which is more industrialized ($17,480 per capita GNP), and much
=0 Sk LiRD Z

TN EMAACUTIY [Tl T Ao - I
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Table 3.7A Dimensions of growth: Ranked by GNP

Group VI: GNP > population > area

Carbon

Nazli Choucri and Robert C. North

emissions
% global

Area GNP MnVA AgVA CEC Exports  Imports
3.877

Population

Y global
5.869
8.792
5.954
5.812

% global
10.114
11.677

% global
4,771

% global
8.849
2.542

% global

16.547

% global
10.307

% global
0.283

% global
2.490

Japan

2.820

3.735
2.306
3.276
1.996
0.924

8.444

4.861
5.211

0.189
0.41¢

1.248
1.135
1.162
1.172
0.793

West Germany

France

1.489
2.516

5.996

3.998

3.924
3.323

5.131

1.474
3.666
2.050

4.249

0.186

United Kingdom

Italy

1.437
0.785

4.576

1.613

4.694
1.305
1.331

3.231 3.935

0.229

1.880

1.243
1.239
0.967
0.951

0.384

Spain

1.398
0.531

1.261

1.445
1.136
1.060
1.126
0.277

0.599

0.082

0.340
0.299

East Germany
Netherlands

3.464
0.969

3812
0.982

1.02%

0.966

0.031

0.996
0.845
0.174
0.402
0.219

0.097
0.181

0.318

Czechoslovakia

Romania

0.526
1.888
3.159
1.201

0.602
1.798
3.306
1.086
1.022

0.912

0.469

0.031 0.759

0.133
0.203

Swirzerland

Belgium
Austria

0.394

0.446

0.572

0.778

0.766

0.604
0.407

0.502

0.024

0.327
0.296

0.064

0.156
0.105
0.184
0.111

0.259

1.053
0.628

0.425
0.404
0.247
0.243
0.176
0.165
0.127
0.121
0.042

0.033

Denmark
Bulgaria

0.497
0.105
0.243

0.641

0.571

0.084

1.627
0.522
0.494
0.269

0.023 1.701

0.854
0.126

0.282

0.001

Hong Kong
Greece

Israel

0.271

0.264

0.100 0.228
0.016

0.205
0.088

0.110

0.342
0.354
1.079
0.607
0.066

0.119

0.124
0.135

0.160
0.117
0.141

0.069

0.014

0.037
0.053

Kuwait

1.174
0.535

0.017

0.181

0.001

Singapore
Ireland

0.119

0.450
0.038

0.029

0.053

0.074
0.025

0.074

0.062

0.099

0.022

0.004

Trinidad and Tobago
Notes: See table 3.2A,
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less dense (26 persons per square kilometer), but consumes much more
energy and produces more carbon dioxide—they appear to have achieved
at least modest technological and energy-use efficiencies together with
relatively low levels of per capita carbon emissions.

To the extent that GNP per capita is regarded as an indicator of
development, Switzerland—a relatively “dense” industrialized country
{never an empire}—ranks relatively high among group VI countties, i.e.,
low in per capita energy consumption and production of carbon dioxide
per capita. Similarly, an even denser Japan (323 persons per square
kilometer), with a high GNP per capita and a slightly lower level of
encrgy consumption per capita, had a 1987 level of carbon dioxide per
capita that was not much higher,

Much the same can be said of other group VI countries—France, the
Netherlands, Belgium, and Italy. Given their population densities and
limited domestic resource bases, the quality-of-life indicators for these
countries, from Cyprus to Japan, are also favorable. Their numbers are
in sharp contrast, however, with those of the two oil-producing coun-
tries, Kuwait and Bahrain. None of the major industrialized states in
group VI allocates more to military expenditures than to education or
health. In regard to political rights and civil liberties, all “top” group
VI countries (with one exception) are assessed at the 1/1 level. The single
exception is France, with a 1/2 assessment. The lower-ranking countries
in group VI include Greece (1/2), Istael {2/2), and Bahrain (6/5).

The profiles of group VI countries are notably different from those of
countries in groups I through V in that their GNP levels are high {es-
pecially in Japan and Germany)—both absolutely and per capita——com-
pared with their populations, which are also high relative to their areas
{only 585 square kilometers for the city-state of Singapore). As an
indicator of domestic resource availabilities (bases), area is clearly a
constraining factor in the group VI profiles, but by industrialization
{and/or the building of financial institutions, as in Switzerland} the more
technologically advanced of these countries have succeeded in achieving
and maintaining high export levels in order to pay for high import levels
and thus to compensate for limited domestic resource bases.

To summarize, table 3.8 lists the countries in each of the six profile
groups derived empirically for 1987. It is essential to stress that over
time the positions of countries (both twithin and across profiles) change
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as a result of changes in growth and development. The broader task of
our research program, therefore, is to examine these changes—and their
environmental implications. Figures 3.3-3.8 show, in graphic terms, six
countries at roughly the “top” and “bottom™ of each profile group to
illustrate the differences in size and scale within and across profile

groups.
Policy Paradox

Compared with the overall challenge of this book, our intent in this
chapter was litited. Our purpose hete was to present a theoretically
and empirically derived approach to the analysis of socioeconomic ob-
servations that appear to be relevant to the apparent contradictions
between economic and political growth, development, and stability, on
the one hand, and environmental sustainability on the other. In the
longer run, our concern is for providing the theoretical and empirical
underpinnings necessary for the analysis of economic, political, and
environmental decision and policy making on national, international,
and global levels through time.

In framing the profiles, this chapter has addressed the potential con-
tradictions that exist between the achievement of environmental sustain-
ability within national, international, and global economies, on the one
hand, and the growth and development that are indispensable for achiev-
ing and maintaining economic, political, and social stability, on the other.
This paradox is salient in modern societies, in which the undeniable
benefits derived from applications of technology, energy in various
forms, and other natural resoutrces are increasingly balanced against
consequent ecological debits. Each increment of growth and develop-
ment appears to exact costs in resource depletion, pollution, and other
forms of degradation. Conversely, serious efforts undertaken to protect
the environment are perceived as threats to agricultural and industrial
production, commercial enterprises, employment, and the general wel-
fare as it is conventionally defined.

Systematic analysis of these apparent contradictions is constrained by
the extent to which serious investigations must draw upon the knowledge
and skills of diverse disciplines from physics, chemistry, meteorology,
and biology to economics and political science. Also relevant are the

Table 3.8 Country profiles, 1986

Group 1 Group I1 Group 111 Group IV Group V Group VI
Brazil China South Korea  Soviet Union  United States Japan
Iran ) Indiz Poland Canada Sweden West
Argentina Mexico Yugoslavia Australia Norway Germany
South. Africa  Indenesia Portugal Saudi Arabia  Finland France
Algeria Nigeria Hungary New United Arab ~ United
Venezuela Turkey North Korea Zealand Emirates Kingdom
Colombia Thailand Cuba Libya iceland lealy
l’el:u Iraq El Salvador Oman Spain
Chile Egypt Jamaica East Germany
Ecuador Pakistan Lebanon Netherlands
Cameroon Philippines Mauritius Czechoslovakia
Cote d'lvoire  Malaysia Romania
Sudan Syria Switzerland
Kenya Bangladesh Belgium
Tanzania Morocco Austria
Uruguay Viet Nam Denmark
Jordan Tunisia Bulgaria
Zimbabwe Guatemala Hog Kon
Ethiopia Burma GreeEc ®
Panama Sri Lanka Israel
iairel Ghana Kuwaie
ngola Dominican i
Bolivia Republic lsrl;i:lfiou
Paraguay Yemen Trinidad and
Gabon Costa Rica Tobago
Afghanistan  Uganda )
Mozambique  Honduras
Senegal Albania
Nicaragua Nepal
Papua New Haiti
Guinea Rwanda
Madagascar Malawi
Zambia Sierra Leone
Congo Burundi
Niger Benin
Guinea Togo
Mongolia Lesotho
Somalia
Mali
Burkina Faso
Liberia
Yemen, People’s
Democratic
Republic of
Botswana
Chad
Central African
Republic
Mauritania
Laos
Bhutan
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Percent of world total
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Brazil lran Argentina  South Alfrica Algeria Chile

Il Population ] Area [] GNP
Figure 3.3

Group I: Area > Population > GNP

Source: Data in Tables 3.3-3.8.

Percent of world tolal
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India Mexico Nigeria Egypt

Il FPopulation Area ] GNP
Figure 3.4

Group I1: Population > Area > GNP

Source: Data in Tables 3.3-3.8.
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Figure 3.5
Group IlI: Population > GNP > Area
Source: Data in Tables 3.3-3.8.

Percent of world lotal

Soviet Union Canada Australia Saudi Arabia Libya

Il Population Area Cane

Figure 3.6
Group IV: Area > GNP > Population
Source: Data in Tables 3.3-3.8.
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Percent of world lotal uneven quality and availability of data required by these disciplines if
progress is to be achieved. In the formulation and execution of policy,
relatively objective paradoxes of this sort tend to emerge as subjective
decision- and policy-making dilemmas with contradictory horns around
which polarized coalitions (developers and environmentalists, for ex-
ample) tend to rally and organize. Both the characteristics and the
salience of such polarities differ in different contexts.

Managing Change: Two Development/Environment Paths
Two main growth and development pathways emerge from this empir-
ical perspective and from the uneven growth and development of the

Unlied States Swedan Nonway Flniand three master variables, population, resources, and technology: Path A.

B Fopulation ] GNP Considered sequentially, countries in Groups I — IV — V describe a

4 pathway, starting from countries like Brazil and Argentina and progress-

ggﬂff %?GNP > Area > Population ing through two profile transitions as technology first “overtakes” pop-
SOrI?::[;: Data in Tablr:s33.3—-3.%. ulations (best represented by Iceland, Canada, and Australia) and

subsequently overtakes resource bases represented by Norway, the

Percent of wortd total United States, and Sweden). Path B. Also traced sequentiaily, countries
12 in Groups Il — 11 = VI describe a different pathway, starting from
China, India, and Mexico and progressing through two profile transi-
tions as technology first outpaces resource bases (as in Portugal and the
Republic of Korea) and subsequently outpaces population {as Switzet-
land, Japan, and Germany). Although the orientation of these pathways
is primatily directed toward economic, political, and social growth and
development, the right-hand columns in each of the tables and figures
in this chapter provide clues to the environmental implications.

A simplified schematic of the paths to profile alteration is presented
in figure 3.9. The ways in which profiles may change as a function of
Japan  Wes!Germany France  Nethedands Hong Kong Isras! growth in (a) population or (b) GNP are shown in figure 3.9. Note again
that GNP is used as a surrogate for technology and that area {and
material imports) is a proxy for resources—with all the caveats and
Figure 3.8 qualifications in mind.

Group VI: GNP > Population > Area There are two ways in which political behavior and public policy
Source: Data in Tables 3.3-3.8. shape such transformations. The first is the outcome of the aggregate of
all of the bargaining, leveraging, and other interactions that have resulted
from the activities, through time, of individuals and organizations within
a state in pursuit of their undifferentiated interests without formal artic-

Area 1GNP

Il Population
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Paths generated by rising technology:  Palhs generated by rising population:

| — |V —V V—2> | —» i
I —l—»V ¥ —» V| —»]ll

v v

Dynamics of profile change
Notes: I: Resources > Population > Technology
li: Population > Resources > Technology
111: Population > Technology > Resources
IV: Resources > Technology > Population
V: Technology > Resources > Population
VI: Technology > Population > Resources _
Soutce: MIT Program on Global Accord: International Relations and Global

Environment. Prepared by Jan Sundgren.

Figure 3.9
Dynamics of profile change
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ulation or framing of relevant policy. The other possibility amounts to
the converse—that is, the transformations that are attributable to policy
formulations and implementations undertaken precisely in order to
achieve intended outcomes or transformation (as in the case of Japan
from the Meiji Restoration). These two paths bear directly on the en-
dogenization of the master variables, the context of dynamic analysis
over time. Population, resources, and technology can be “modeled” as
growing “normally,” depending on their previous values and current
investments, or they can be altered more radically, through effective
policy intervention (immigration, importation, innovation, etc.) or a
combination of both. In essence, therefore, while we have treated the
master variables as independent variables or dependent variables (as the
case may be), how they assume these characteristics is in itself both an
empirical question and a policy issue.

Left to largely undirected, largely conscious trial-and-error adaptation,
over many generations countries might “learn,” however painfully, to
sustain the local and global environments upon which their welfare
depends. However, with a deeper awareness of how we and our orga-
nizations (including states) threaten these environments, we might suc-
ceed in reducing the “pain” and other costs in decades rather than
generations or centuries, Here are a few over-simplified and (until time
series analyses have been undertaken) highly tentative future strategies
for countries on each of the two pathways:

Path A. Allow population to grow along the I — [V — V pathway
only to the extent that energy-efficient technologies and resource avail-
abilities develop well in advance of the numbers of people and are
sufficient to ensure social welfare and quality of life. It is critically
important to avoid the artificial “development” patterns associated with
some of the oil-rich nations, along with organizational and management
dysfunctions such as those in Yugoslavia and the former USSR, and the
resource and waste profligacy of the United States. In these terms the
more advanced countties in groups 1V and V need to focus on the
development of technological and resource efficiencies both within their
own borders and worldwide.

Path B. With respect to countries on the 11 — Iil — VI path, group II
and Il eountries need to constrain population growth sharply but acceler-
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Figure 3.10
Dynamic feedback relations: Some illustrations
Source: Based on Choucri and Bousfield (1978) and Lichtman (1988).
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ate technological advancement while expanding resource availabilities
domestically by developing appropriate knowledge and skills and exter-
nally through worldwide trade. Heavy emphasis needs to be placed on
the development or importation of energy-efficient technologies and re-
sources. Meanwhile, national and global envirohments alike will benefit
to the extent that group VI nations join relatively advanced group IV
and V countries in assuming primary global responsibility for the speedy
facilitation and distribution of technological and resource efficiencies
and demographic stabilization both domestically and worldwide.

Figures 3,24 and 3.9B thus show schematically the alternative poten-
tial pathways of growth and development across profiles. The stylized
paths in Figures 3.9A and 3.9B are presented for illustrative purposes
only to show how profile transformations can take place.

For all countries and their components, pending time series analysis,
the profile approach suggests the need 1o (1) accelerate resource efficient
technological development in advance of population growth; (2) pursue
stable balances between economics and demographics; (3) grant high
priority to the development of energy-efficient and energy-saving tech-
nologies and resources; (4) develop and systematically monitor more
sophisticated environmental and quality-of-life indicators; and, corre-
spondingly, {5a) establish and maintain local, national, and global insti-
tutions in order to accelerate environmental/economic development and
sustainability, and (5b) respond with “firchose™ measures when indi-
cators signal or preferably forewarn of a negative trend. The next chal-
lenge is to develop a dynamic model of these changes (Laird 1972;
Choucri, Laird, and Meadows 1972; Choucri and Bousfield 1978; Litch-
man 1988) along the lines of figure 3.10.

Notes

1. The dynamic representation in figure 21.2 in Choucri and Bousfield 1978
{p. 314) provides the basis for figure 3.10 in this chapter.

2. Implicit here is the need to incorporate the pervasive environmental dimension
relative to conditions of complex interdependence. See Keohane and Nye 1989
as a basis for international institutional responses. See Alker 1977 for a com-
prehensive conceptual approach to the notion of interdependence and Choucri
1976 for a detailed empirical analysis of international interdependence in the
area of energy.

3. Initially we set out to identify the immediate structural outcomes—the specific
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profiles of individual states—resulting from unevenness, in times seties, of the
master variable indicators of each. Conceptually, each individual profile could
be envisaged as an instantaneous photograph {or X ray) of the population/
technology/resource access structure of a particular state at a particular cross
section of time. In time series, however, the “snapshot” becomes a cinematic
unfolding as a given state (with measurable growth and “sizes” of master
variables) pursues its own particular paths of growth and development or trans-
formation {or relative decline).




