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Résumé 

Le présent document est basé sur une version modifiée du modèle de 
d~veloppement mondial des Nations Unies. Il s'agit essentiellement d'un 
modêle dynamique interrégional d'échanges intersectoriels dans lequel tous 
les pays du monde sont groupés en 15 régions distinctes. Chaque région est 
décrite par un modèle régional comprenant les variables macroéconomiques de 
type courant et une désagrégation en 43 secteurs. Les r~gions sont 
étroitement associées par les liens du commerce international, les flux de 
capitaux, les transferts au titre de l'aide extérieure et les paiements 
d'intérêt â l'étranger. Divers scénarios de développement mondial sont 
projetés jusqu'a l'an 2000 a l'aide de données statistiques de 1970. 

Deux scénarios offrent un intérêt particulier. Le premier est 
fondé sur l'extrapolation des tendances passées. En général, ses résultats 
indiquent que la croissance du produit intérieur brut est plus forte dans 
les régions en développement que dans les régions développées a économie de 
de march~, mais en raison d'une croissance démographique plus rapide, les 
premières ne réalisent aucun gain quant au revenu par habitant. Aucune 
région ne se trouve effectivement dans une situation pire en l'an 2000 
qu'en 1970, et on assiste a d'importants changements structurels dans la 
production et le commerce, tant sur le plan régional que mondial. Le 
volume du commerce international s'accroît à un rythme sensiblement plus 
élevé que celui de la production mondiale, de sorte que toutes les régions 
deviennent relativement plus interdépendantes. Alors que la croissance 
économique des régions en développement pauvres en ressources est limitée 
par les recettes de devises, celle des régions développées l'est aussi 
d'une autre façon par les projections de la population active et de la 
productivité du travail. Les principales régions développées doivent de 
plus en plus recourir aux importations de ressources non renouvelables 
(notamment de pétrole brut) pour maintenir une croissance économique 
soutenue, d'où un accroissement considérable du déficit de leur balance 
commerciale. Dans ce scénario fondé sur l'extrapolation des tendances 
passées, on suppose implicitement que les recettes pétrolières excéden 
taires du Moyen-Orient sont "recyclées" dans les régions développées les 
plus avancées. 

.. 

Le second scénario incorpore une série chronologique d'esti 
mations régionales montrant les implications d'un programme mondial de 
conservation de l'énergie. D'autre part, l'aide extérieure et l'arrivée de 
capitaux dans les régions en développement pauvres en ressources sont 
graduellement accélérées en vue de permettre une croissance économique plus 
rapide. Dans ce scénario, les déséquilibres commerciaux des régions 
d~veloppées les plus avancées sont considérablement réduits, de sorte qu'il 
est moins nécessaire de compter sur le "recy~lage" des excédents de la 
balance des paiements réalisés par les pays de l'OPEP. Les régions en 
développement pauvres en ressources enregistrent des gains de revenu 
représentant plusieurs fois les injections originales d'aide et de 
capitaux. 

i 



Le modêle et les divers scênarios permettent donc de d~finir les 
implications prêcises des contraintes et des interdépendances de la 
croissance mondiale. Grâce à des mesures quantitatives, il estpossible de 
v~rifier les conditions et les arbitrages par lesquels les diverses 
contraintes peuvent être attênuêes. Enfin, il y a lieu de noter que le 
Conseil ~conomique a entrepris des travaux sur les implicatipns pour le 
Canada des scênarios du modèle mondial dêcrits dans ce document . 

• 

t' 

1 Voir H. H. Postner, "Canada and the Future of the International 
Economy: A World Model Approach". 
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ABSTRACT 

This paper is based on a modified version of the 
United Nations world development model. The model is 
essentially a dynamic inter-regional input-output model in 
which all nations of the world are grouped into 15 distinct 
regions. Each region is described by a regional model en 
compassing the standard macrovariables and a 43 sector dis 
aggregation. The regions are linked through international 
trade, capital flows, aid transfers and foreign interest 
payments. Alternative world development scenarios are pro 
jected to the year 2000 from a 1970 statistical data base. 

Two scenarios are of particular interest. One is 
a "business-as-usual" scenario. Generally speaking the results 
show that developing regions exhibit higher gross domestic 
product growth than the market developed regions, but because 
of their greater population growth, the former regions do not 
gain in terms of per capita income. No region is actually 
worse off in the year 2000 as compared to 1970 and important 
structural changes in regional and world production and trade 
do occur. The volume of world trade grows at a significantly 
higher rate than world production, and all regions become 
relatively more interdependent. While economic growth in 
resource-poor developing regions is constrained by foreign 
exchange earnings, growth in the developed regions is limited 
by labour force and labour productivity growth projections. 
The major market developed regions become increasingly 
dependent on imports of nonrenewable resources (especially 
crude oil) to maintain continued growth and accumulate sizeable 
trade deficits. In this "business-as-usual" scenario it is 
implicitly assumed that Hiddle East oil revenue surpluses are 
"recycled" to the advanced developed regions. 

• 

A second scenario embodies a timè series of regional 
estimates showing the implications of a world~wide program of 
energy conservation. At the same time, foreign aid and 
capital flows to resource-poor developing regions are gradually 
stepped-up to permit more rapid economic growth. In this 
scenario, the trade imbalances of the major market developed 
regions are cut significantly, so it is less necessary to rely 
on the "recycling" of OPEC payments surplus. The resource 
poor developing regions experience income gains several times 
as large as the original injections of aid and capital flows. 

Thus with the help of the model and the various 
scenarios, the precise implications of world~wide growth 
constraints and interdependencies are spelled out. Quantita~ 
tive measurements are available to test the conditions and 
trade-offs under which the various constraints may be relaxed. 
Finally, it might be noted that work is in progress at the 
Economlc Council on the implications for Canada 
of the world model scenarios described in this paper.l 

iii 

1 See H. H. Postner, "Canada and the Future of the International 
Economy: A World Model Approach". 
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Factors Affecting Long Term Prospects of Developing Regions 

This report is based on the methodology and data base of the United 

Nations Horld ~"odel. The analytical framework and initial findings of 

the research are reported in The Future of the World Economy (1). The 

study projects consistent paths of economic development in detail for 15 

regions of the world under alternative sets of assumptions about crucial 

factors like population, lending and development assistance, trade and 

specialization and resource availability. Since the original report was 

submitted for publication some steps have beeR taken to reassess the 

data and the initial projections in the light of the economic developments 

of the mid-seventies. The process of review and revision is, of necessity, 

a long and continuing one and it has barely been started. Still, it 

accounts for the fact that the numerical results reported here differ 

from those in the original report. 

I. Structure of the Wor1 d Model 

The framework of the analysis consists of economic development models 

for each of 15 major regions of the world linked by interregional flows of 

goods and services, capital and aid. These regions are listed in Table I 

along with base year statistics of population and Gross Domestic Product 

(GDP). Each individual regional system describes the interdependence 

of the sectors of the region -- of various types of inddstries, households, 

government -- in disaggregated terms, with particular attention paid to 

specific natural resources, agricultural commodities and environmental 

pollution and abatemp.nt. Perusal of the full solution table shown in 

Appendix A gives the reader a survey of the broad scope of variables that the 

system deals with: they range from the familiar macroeconomic variables 
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TABLE I 

REGIONS OF THE WORLD SYSTEM AND THEIR 

GROSS DOMESTIC RRODUCTS AND POPULATIONS FOR 1970 

REGIONS GOP POPULATION 
(Billions of Dollars) ~Mi 11 ions) 

Oeve1oEed Regions 
1060 229 

• North Ameri ca 

I~es tern Europe 729 282 (High Income) 

Soviet Union 435 243 
Eastern Europe 164 105 
Japan 200 104 
Oceania 43 15 

Resource-Ri ch 
Develoïing Regions 
Group 

Latin America .(low: Inc-OOle) 

Middle East 

Tropical Africa 

40 

36 

24 

90 

127 

141 

Resource-P OJ? 
Developing Re9;ons 
Group I I 

La ti n Ailler; ca 114 191 tIMediium Income) 

Western Europe 76 108 
( rvled ; urn Income) 

Asia, Centrally Planned 135 808 

ASia,(Low Income) 123 1023 

Arid Africa 27 131 

Southern Afri ca 17 22 



(GOP, consumption, investment, capital stock, total i~ports, exports and 

balance of payments and others) to detailed production, i~port and export 

levels of specific sectors such as textiles, electrical machinery, motor 

vehicles, and of six metallic minerals, three fossil fuels and five specific 

agricultural commodities. The specific minerals and agricultural products 

are measured in physical units. In computing the balance of payments for 

each region, commodities are valued at current relative prices. Other 

variables are in 1970 dollars. In all, each "region block" is described 

in terms of 225 variables, interrelated in 174 equations. 

The model as a whole includes four distinct component systems, each 

representing the first year of a decade between 1970 and 2000. Within 

the limits of available data, the 1970 system describes the state of the 

world economy in that base year. Needless to say, there is not nearly 

enough economic information gathered anywhere to describe accurately all 

regions of the world wi th such great specificity. Necessarily, even 

base year values for many of the regional output levels of specific sectors 

could only be rough estimates. Equations for the 1970 system were modified 

to allow for expected changes in technology and for income related changes 

in consumption patterns to project appropriate relationships for 1980, 

1990 and 2000. The four decadal interregional systems are joined by dynamic 

relationships that govern their development over time. These concern three 

major areas: the'accumulation of domestic real capital goods and of 

international indebtedness and the decumulation of reserves of natural 

resources. 

With many more variables than equations, the world model is an example 

of an "openli system. Unlike the well-known lisystems dynamics" models of 

Forrester and Meadows (2,3) it does not generate a unique time path of world 
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development. Instead, it provides a tool for assessing the detailed 

economic consequences of specific assumptions about the future. Satisfying 

the equations of the system for any given decade implies that supplies of 

specific products made in individual regions will be sufficient to satisfy 

demands facing the regions, i.e., that, for each commodity in each region. 

consumption will be equal to the sum of production, plus imports minus 

exports. The dynamic linkages also assupe that the specific production 

levels in a given year will be sufficient to cover the requirements of 

capital formation as well as current account needs in all regions. 

An open System requires that sorne variables be prespecified before 

a solution can be obtained. Once a set of exogenous values is assigned, 

the system determines the levels of the many remaining outputs, consumption 

levels and capital stocks consistent with these assumptions. In applications 

of the world model, some variables, such as population, urban population, and 

environmental standards are always set by assumption because the system does 

not contain relationships appropriate for determining them endogenously. 

For most other variables, howeve~ the system allows the user to choose 

which variables will be prespecified and which determined by the equations 

of the model. This feature gives the analyst important flexibility in 

assembling the complex jigsaw puzzle of world projections. If another 

research group has done a careful projection of, say, world food supplies or 

of petroleum extraction or of economic growth rates, these can be intro 

duced into the model as exogenous values, and their implications for other 

activity levels computed within the system. Alternatively, for some 

applications it will be more fruitful to prespecify plausible limits imposed 

on, say, available labor force or on international lending and to compute 
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their implications for food consumption and petroleum extraction. There 

is no need to treat all regions uniformly: the choice of what to trlùt 

~s :~nQ','m and what as unknown can vary with the kinds of data actually 

available and the priority of problems in different regions. 

Since the United Nations world model is relatively new, only a few of 

the many interesting alternative future paths and patterns of world 

development have been computed. In the present report we stress those 

alternatives that seem to have greatest relevance for Canadian policy. 

.J 

II. The Control Scenario 

The simulations of world economic development computed to date can be 

divided into two major groups. These two scenario groups appraise regional 

development prospects by asking very differpnt questions. In the first 

group we began by postulating certain regional income growth paths and used 

the system to compute the detailed output, import, and export levels as 

well as the regional levels of consumption, investment and balances of 

payments that would foliow from the initial growth rate assumptions. This 

strategy is useful in assessing the feasibiltty of any given set of goals. 

If, as was often the case, prespecified growth rates implied investment 

requirements far beyond the volumes of savings that might norma11y be 

available to a region, then there would be grounds for questioning whether 

the goals could indeed be achieved. Similarly, the feasibility of income 

targets might be called into question if computed labor r$quirements for one 

or more regions exceeded their projected labor forces or if large balance 

of payments deficits appeared in the solutions. Given questions concerning 

the feasilibity of a set of targets. we can either revise the targets or 

search for possible changes in the structure of the model or in assumptions 

about other variables related to the achievement of the stated goals. 
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I 

In the second group of applications we attempted to determine regional 

growth rates by identifying the factors that are likely to limit each region's 

rate of development. We imposed plausible constraints on the system and 

solved for the maximum income levels that would then be achievable. Thus, 

for example, instead of computing likely payments deficits associated with 

growth paths we predetermined allowable short tenn debt levels and solved 

for income levels constent with those limits. 

This second approach leads to a "business as usualll or Ucontrol" 

scenario and provides a base line for the analysis of alternative future 

states. The choice of an appropriate growth-limiting constraint varied 

among regions, based on judgment as to their most pressing development prob 

lems. Table 2 sunmar i zes the choice of constraints imposed in the control 

solution. In particular. different limiting constraints were assigned to 

developed economies, resource-rich (Group I) developing economies and resource 

poor (Group II) developing economies. 

In the case of developed regions economic growth is assumed to depend 

primarily on the size and productivity of the labor force. Since labor produc 

tivity projections are already incorporated in the coefficients of the system, 

the appropriate labor constraint is activated by setting employment equal to 

the projected labor force. 

For most developing regions the size of the labor force is not a limiting 

factor in development because there are significant labor reserves that are 

only partially employed in the agricultural and service sectors. For some 

poorer regions development is more apt to be paced by limited access to the 

savings necessary to finance investment in new productive facilities. Hhere 

mean income is low, domestic savings rates may furnish only a modest basis 

for investment. Wealthy individuals choose to invest outside the region 

or spend on personal luxuries. On the other hand, developing countries may 

have some access to savings from abroad, from private or government 
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and international agenŒtes, or through aid. Savings limits are calculated 

as the sum of domestic and foreign funds available from these various sources. 

Since most developing tegions import a large proportion of their 

capital goods from abroad, their growth is also limited by the foreign 

exchange available to them. By and large, exports earninqs provide their 

principal source of foreign exchange although that supply is generally 

augmented by loans and aid from abroad as well. In the world system, the 

Balance of Payments variahle measures the difference between the available 

supply of foreign exchange (based on exports and inflows of capital and of 

aid) and the demand for foreign exchange (based on imports and outflows of 

c~pital and of aid). Interest payments on foreign debt and interest 

, 

receipts on foreign acsets arc also included. Essentially, then, the 

Balance of Payments represents short term regional deficits or surpluses. 

To place a ceiling on this variable in any given region, we must guess at 

the volume of short tenn credits available to it. ~~hen a region has 

reached the limit of its line of credit it must curtail its imports and 

hence its capital formation and growth. 

Readers familiar with development economics will recognize, in the 

preceding exposition, the foreign exchange and savings constraints of "two-gap" 

development theory. (4) The roles of these two constraints in income 

determination are illustrated in Figure 1. The lower half of the diagram 

shows how the supply of savings and the demand for savings for investment 

purposes vary with the economy's growth rate. High rates of growth require 

high levels of investment. As the growth rate increases, investment demand 
. I 

tends to rise more rapidly 'bah the supply of savings. If supply and 

demand for savings must be equated, growth is limited. 

The upper half of the diagram depicts how the demand and supply of 

foreign exchange depend on the growth rate. Exports depend primarily on " 
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demands fran outside the region and hence their level is virtually inde 

pendent of' the given reqtons grt!JWth. The region's import requirements, 

on the other hand, rise significantly with growth. Since interest must he 

paid on cumulated foreign indebtedness, ,foreign exchanqe requi rements 

rise more than prcpor ttonal ly to growth in tnçrme. 

Both the savings and the foreign exchange constraints are important' 

in the, detennination of income for most devel optnq regions. Figure 1 

illustrates the ide~ that the maximum growth rat~s achievable under each 

constraint will not qenera l ly coincide. The dotted vertical line labeled 

"Scenario All points to a gro~th rate (between 2 and 3 percent per annum) 

where demand and supply of foreign exchange are equated. At this grow:h 

rate, bowever, available savings exceed the demand for investmént capital. 

The "gap'" is labeled "excess savings". Had the demand and supply for 

investment funds crossed at a growth rate 1 ower than the one where the 

demand and supp.ly of fcre iqn exchsnqe tntsrsect , we should have chosen 

the growth rate on the basis of t~e savings constraint. Then the graph 

would have shown no excess savings, but rather a balance cf payments surplus. 

The vertical line labelled "Scenarf o XII highlights a growth rate (four 

percent) where mere would be both a foreign exchange gap and a savings 

gap in this illustration. If. high growth rates were preassigned (in the 

income target mode) then the solution might well indicate excess demands 

for both foreign exchange and for investment funds in developing regions. 

Since the prices of mineral products are expected to be relatively 

high for the remainder of the century it, was assumed that resource rich 

.1 

I 

(Group I) developing regions would have export earnings adequate ta 

supply thei r import requi rements . For these regions it was assumed that 

the savings constraint would i~pose • limit on development rates. 
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The same assumption was made for Centrally Planned Asia because the 

countries in that region (China, North Korea, North Vietnam) appear to have 

chosen a self-sufficient development policy with relatively little dependence 

on imports. For all other developing regions (Group II), it was assumed 

that the foreign exchange constraint would bind more severely than the 

savings constraint. 

In a linear programming version of the two-gap development model it 

is standard practice to specify both a savings and a foreign exchange 

constraint explicitly; the question as to which is the binding constraint 

emerges from the computation. Since the world model is not an optimizing 

system it is necessary to predecide which constraint will dominate the 

solution, i.e., to choose the "base" of the solution for each region. 

Inspection of the actual solutions has indicated that the ex ante choices 

of constraints were not inappropriate. 

The Middle East is unique in its recent access to export earnings and 

to investment capital that seem almost unlimited relative to its real growth 

prospects. It seems unreasonable to assume that either of the conventional 

development constraints will limit the income growth of this region 

over the coming decades. The growth rate for the Middle East was set 

exogenously at 9.5 percent per year on the basis of rou9h estimates of its 

absorptive capacity. As indicated in Table 2, short term balances of 

developing regions were preset at- non-zero deficit levels based on 

estimates of their access to international lending. 

III. ~esources in the Horld System 

Questions about the adequacy of natural resources and their costs of 

extraction have an important bearing on the future of world development. 
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Knowledgeable individuals differ in their appraisals of regional extractive 

potential and history has produced many surprises in the area of resource 

use. Since estimates of resource requirements and endowments involve 

strong elements of judgment, these matters are best studied by exploring 

the implications of a wide variety of alternative assumptions. 

Resources enter the world system in three places. First, resource 

consumption is related to sectoral activity levels through a set of resource 

consumption coefficients. Each of these coefficients tells the amount of 

a specific resource required per unit of output of a given sector. Resource 

coefficients for any given mineral vary depending on the consuming 

sector, the region, and the decade represented by the system. Estimates 

of future resource consumption coefficients subsume guesses about future 

substitutions of more for less plentiful materials and energy sources, about re 

cycling, and about likely shifts in technology. Thus a solution of the 

world system for any decade includes estimates of the levels of specific 

resource consumption by region and for the world as a whole. 

Second, in each region there are nine resource extraction industries. 

The output levels of these extractive sectors are cumulated in dynamic 

equations linking the decadal systems. In this way, the system keeps track 

of resource depletion since the base year, 1970, for each of the specific 

resources by region. Thus, for any given set of estimates of initial 

resource endowments, the system makes it possible to compare estimates of 

required resource consumption with a running inventory of endowments and 

thus to appraise the feasibility of any alternative development scenario in 

tenns of the adequacy of the resource base. 

As the system has thus far been used, limits on available resources 

have not been introduced as explicit oonstraints on the production levels of 
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the consuming sectors. With the possible exceptions of lead and zinc, 

our simulations have indicated that world supplies should be sufficient to 

satisfy anticipated demands for the specified resources through the year 

2000. Prospects for substitutions in the case of zinc and lead are suffi 

ciently optimistic to warrant the conclusion that resource shortages will 

not directly limit economic development in this period. 

On the other hand, scarcities and rising costs of resource extraction 

will more than likely have important indirect effects on regional develop 

ment potential. The mechanism whereby price and cost increases are trig 

gered by cumulative resource exhaustion constitutes a third essential 

feature of resource analysis in the world system. Estimates of regional 

resource endowment are stratified into portions that can be extracted at 

present cost levels and at some progressively larger multiples of present 

cost. This information provides us with "step functions" showing rough 

extraction costs as functions of cumulative resource exhaustion. These 

are illustrated in Figure 2. The dotted lines indicate the alternative 

cost function associated with a more qenerous assumption about regional 

resource endowment. 

The step functions are used, in turn, to scale up input requirements 

into extractive activities in successive decades and also to estimate increases 

in the prices of natural resources in. the later systems. Prices, in turn, 

play an important role in the determination of each region's external 

payments. To the extent that a region's development is constrained by 

balance of payments considerations, cumulative resource use, leading to 

rising resource prices. does exert a significant influence on our projec- 

tions of world development. 
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IV. Horld Development Prospects in the "Control Scenarioll 

The full solution for the control scenario is given in Appendix A, 

followed by more specialized tabulations in Appendix B. In general the 

numbers speak for themselves. If the world economy pursues its expected 

course, developing countries (excluding the Middle East) will grow at an 

average rate of 4.5 percent per year, gaining modestly in their shares of 

world output and markets by the turn of the century. By 2000, developing 

regions might be expected to contribute in the neighborhood of 23.4 per 

cent of world GOP and 13.5 and 20.4 percent of wor l d output of machinery 

and of materials respectively. Their shares of world export markets also 

increase. Nevertheless, developing countries can be expetted to specialize 

heavily in agricultural and, when endowments permit, 1n extractive produc 

tion through the year 2000. 

Because their industrial production is modest, developing regions 

account for a relatively small proportion of the demand for mineral resources. 

Table 9 shows that despite appreciable growth in their proportional donsump 

tion of minerals, developing regions are likely to account for less than 

30 percent of wor'l d demand for these products before the year 2000. 

On the other hand, world demand for minerals will grow rapidly with 

expanding income in developed as well as developing regions. As world 

minerals prices rise, resource endowments playa very important role in 

securing a region's potential export earnings and thus its growth potential. 

sTable 11 shows changes in the terms of trade by region over the 

period 1970-2000. In general, r;simg prices of petroleum and other minerals 

result in worseninç tenns of trade for all developing countries \'/ith the 

elception of the net exporters of resources, primarily Latin America low 

income and the r·1idd1e East. 
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While developing countries account for a small proportion of the world 

demand for minerals they consume a major proportion of world grain 

supplies. This is shown in Table 14. The proportion grows as incomes and 

grain intensive meat consumption increases. On the other hand, the deg~ee 

of import dependence for food of developing regions has been low, as 

compared to import dependence for industrial and mineral products (see 

Table 6). Perhaps the principal exception to the generalization is the 

Middle East, where rapid development and conditions of loeal specialization 

have prompted large grain imports. 

Current levels of import dependence for specific agricultural products 

are assumed to persist in the present version of the global model. Since 

North America is likely to supply a growing proportion of the world market 

for grain, this means substantial growth (7.7 percent) in North American 

grain exports between 1970 and 2000. However, domestic grain consumption 

in North America is expected to rise less than proportionally to income. 

Thus, while grain exports are expected to risesharply, grain production 

is expected to increase at only 2.4 percent per year. Given gr~/ing popu 

lation densities in developing countries it might be reasonable to expect 

them to become substantially more dependent on food imports in the future 

than they were in 1970. To the extent that they do, North America may 

experience even larger demand for grain exports and hence higher growth 

in grain production than was originally anticipated. 

Despite persistent economic growth, income per capita is projected to 

remain below $500 per capita (in 1970 dollars) in five of the fifteen regions, 

and these regions comprise more than 60 percent of the world's population. 

On the average, inhabitants of these regions are expected to consume less 

than 2300 calories and 70 grams of protein per head per day -- far below 
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FAO prescribed nutritional standards. Clearly business as usual assumptions 

do not assure the fruits of modern technological potential to the majority of 

the world's population. 

V. Alternative Paths of Global Development 

In all of the resource poor (Group II) developing regions of 'le 

World Model, the control solution has identified the limited availability 

of foreign exchange as the most serious obstacle to rapid development. 

By constraining imports of key industrial raw materials and of capital 

goods, foreign exchange shortages can severely limit sustainable levels 

of investment and economic growth. Factors in the world economy that 

might help to relax these constraints are therefore useful subjects for 

sensitivity analysis. 

The foreign exchange equations embedded in the control solutions 

involve conservative, though plausible,assumptionsconcerning export growth, 

import substitution and public and private capital transfers. These 

assumptions are typically grounded in historical analyses. For exampJe, 

projections of import dependence coefficients for various manufactured 

products were based on regression studies of observed relationships be 

tween import coefficients and the general level of economic development. 

The projections thus abstract from major changes in ~lobal pol ides, such 

as those advocated in the context of the New International Economic Order, 

and assume in addition that future development paths will more or less 

resemble those observed in the past. The sensitivity analyses described 

in the remainder of this section depart from the "business as usual" 

assumptions to assess what kinds of economic events would lead to meaningful 

improvements in LDC development prospects. 
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We shall focus on two experiments, one that provides for substantial 

capital transfers from developed to developing regions, and another that 

couples "business as usual" assumptions with faster productivity growth in 

the developed countries. The first case will help to ascertain the costs 

of a concerted global effort to accelerate LDC development; the second 

will explore the dependence of LOC development efforts on growth in the 

world economy as a whole. These experiments deal with two keg areas of 

uncertainty concerning future economic progress and policy, but obviously 

address only a subset of the many potentially significant developments 

that might invalidate the assumptions of the control solution. 

yt. Consequences of Faster Grewth in Developin9 Regions 

In the first sensitivity test we set t P levels of all Group II 

developing regions exogenously, at values that were la percent higher in 

1990 and 20 percent in 2000 than in the control solution. The submodels 

describing the economies of the developed regions were specified exactly 

as in the control solution, their income being ultimately determined by the 

productivity increases incorporated in our basic labor input coefficient 

projections and by the labor force estimates of the control solution. In 

this test, therefore, the changes computed for the developed economies follow 

directly from the higher development targets specified for the LOC group. 

Table III compares the results of the two new scenarios with the control 

solution described earlier. The "high LOC growth" scenario is labelled 

Scenario S. Scenario T is a "Mgh DC growth" solution; it will be described 

in Section VII. In Scenario S, consumption levels in the lOCs, along with 

such related indicators as nutritional intakes, rise markedly relative to 

the control solution, although not by as much as the SOP levels themselves. 
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The differences between the rates of increase in consumption ind in gross 

output are explained mainly by the higher investment levels that must accom 

pany more rapid growth. Increased imports of resource commodities, of invest 

ment goods and of some consumption goods worsen the payments deficit of the 

LOCs. These added foreign exchange requirements in turn define the scope 

of the additional capital transfers that will have to take place if the 

targeted LOC growth rates are to be acnieved. 

In order to put the new transfer requirements into perspective, it 

is useful to review the meth040logy followed with regard to capital projections. 

Each region's public capital outflow (which consists in large part of aid 

contributions) was endogenously determined by the model as a fraction of 

GOP, with the regional fractions kept constant at 1970 values throughout 

the projection period. The world public capital supply obtained in this 

manner was ~pportioned to the individual receiving regions according to a set 

of public capital· share coefficients. The share coefficients were changed 

between 1970 and 1980, but were kept constant thereifter. In 1970, size- 

able transfers had taken place among developed countries in connection 

with attempts to stabilize international financial markets. Thus in 1970 

the developed regions received a higher share of public capital outflows 

than they could be expected to receive in the future. 

Each region's long term private capital inflows were endogenously 

tied to its investment level with the fraction of overall investment 

expenditures coming from abroad held constant at 1970 rates throughout 

the projection period. The sum of total capital inflow requirements for 

the world was apportioned among supplying regions according to the shares 

that these regions were expected to contribute to world capital outf l ovs , 
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Regional shares of world private capital supply were projected to increase 

relative to 1970 values in proportion to the contributors' changing shares 

of world GOP. Thus, for example, the Middle East's contribut1on to world 

capital supply was projected to grow from 0.76 percent in 1970 to 6.27 

percent in 2000. 

In addition to publiè and long-term private capital transfers, developing 

regions were allowed to run "balance of payments deficits," that is, to 

borrow additional funds up to certain prescribed limits.* At present many 

of the developing regions have very limited access to private fbancial 

markets. Thus these balance of payments loans will depend in part on the 

existence of special international credit facilities organized for that 

purpose. 

The solution indicates that some $77.5 billion extra capital transfers 

(i.e. additional balance of payments deficits) will be needed to generate 

the targeted 20 percent increases in Group II LOC incomes in 2000. These 

transfers are large relative to the export earning capecf tjes of the regions 

involved. From the viewpDint of donor regions, however, such transfers 

would not require a severe sacrifice. 

The extra lending calculated in Scenario S necessarily involves off 

setting changes In the external payments of developed regions and of Group I 

developing regions. The added surpluses (or diminished deficits) of these 

regio~s reflect their increased exports to Group II recipients. Ultimately 

the productive capac tty used to generate these e~ports must be diverted 

• 

* For the more rapidly developing LDC's borrowing 1imits were set at 50 

percent of export earnings, while for LOC's with less optimistic 

growth pro~,e¢ts limits were held to 20 percent of export earnings 

(See Tab le 11). 
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from satisfying internal requirements. Thus Scenario S shows lower levels 

of consumption and investment (mainly reflecting decreased demand for 

residential construction) in both developed and Group I developing regions. 

The solution assumes, in effect, that the donor regions forego consumption, 

and thus absorb the real costs of the transfers, in the exact amounts needed 

to free up productive capacity for exports required by Group II LOCs. This 

distribution of the burden is admittedly arbitrary, but more complex dis 

tributional assumptions would not change the overall magnitudes involved. 

For developed regions, the transfers result in consumption declines 

from $4329 per capita in the base solution to $4312 under Scenario 5, both 

in the year 2000. For resource-rich developing regions the consumption losses 

are absolutely smaller, but relatively larger: from $537 to $528 per capita. 

The losses of this latter group are explained by the fact that they would 

have to supply substantial energy exports to Group II LOCs. On the other 

hand, the consumption levels would rise from $293 to $350 per capita in the 

recipient regions. Since the doners' consumption sacrifices are directly 

applied to relax the foregoing exchange bottlenecks of Group II LDCs, the 

loans have very high leverage. 

VII. Consequences of Faster Growth in Developed Regions 

Large capital transfers are one way in which the developed regions 

can help to ease the foreign exchange constraints faced by the LOCs and 

thus accelerate their growth. Another is to increase their opportunities 

to export to the developed world. In a second sensitivity experiment 
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we explore changes that have essentially this effect: we postulate 

more rapid growth in developed economies. The productivity assumptions 

that fundamentally govern our growth projections for these countries are 

subject to controversy .. The productivi ty path built into the control 

solution rests on projections made by various international and national 

research bodies, and it predicts changes that are modest relative to the 

productivity improvements observed during the 1960-1970 decade. In the 

case of North America the projections seem particularly conservative. 

By experimenting with assumptions of larger productivity gains, we can 

better assess what other constraints might limit the growth in the 

developed bloc, and how growth in the developed regions affects the 

prospects of LDCs. 

In this second experiment we have specified the submodels describing 

developing countries exactly as in the control solution. The gross product 

of the oil producing Middle East region was maintained at its control 

solution level. The submodels describing the developed group were in turn 

changed to reflect labor input requirements that were 10 percent lower in 

1990, and 20 percent lower in 2000 than in the control solution. These 

changes lead not only to faster growth in the developed countries but 

also to indirect improvements in the position of the developing bloc. 

Table 3 also reports on this "high DC growth" solution. One of its 

more prominent features i~ the increased size of the already large balance 

of payments def; cits projected for North ,Amer; ca, Western Europe and Japan. 

The deficits are due in large part to increased energy usage: nearly all 

added oil requirements of developed countries will have to be satisfied 

by imports rather than domestic supplies. The giant surpluses of Group I 
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developing countries (consisting primarily of the surplus of the oil 

producing Middle East) reflect these trade imbalances as well as the 

interest incomes attributable to substantial accumulations of foreign 

assets. The results suggest dramatic increases in the need to "recycle" 

oil revenues. If the surpluses cannot be adequately recycled, and if 

substitute fuels or fue Ioconservatton cannot substantially reduce imported 

oil requirements, then the higher growth rates calculated in the present 

scenario may not prove feasible even if productivity increases warrant 

fas ter growth. 

From the viewpoint of the developing economies the more rapidly expinding 

markets of the developed world provide improved export opportunities and 

hence greater access to the imports required for rapid development. Per 

capita consumption levels in Group II developing regions would increase 

from $293 to $313 by(6.8 percent). The export inereases experienced by the 

group again exert a leveraged effect on growth; additional exports of about 

$35 billion result in GDP increases of $159 billion. Thus growth in the 

developed world has a substantial effect on LOC prospects, although not 

as large as the massive transfers envisioned in the previous experimeAt~ 

Discussions of global economic progress often rely on a.convenient, 

albeit simplistic indicator of world-wide equity; the income gap between 

developed and Group II developing countries. In the control solution, thê 

ratio of developed to developing per capita consumption increases from 11.2 

in 1970 to 14.8 in 2000. This gap widens despite the fact that GOP gr~/tn 

is slightly faster in Group II LOCs than in the developed bloc (4.5 percent 

as against 4.1 percent over the period) because population growth is also 

substantially greater in these developing regions (2.1 percent as against 

0.8 percent). Even under the massive capital transfers of the "high LOC 
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growth solution, the gap increases from 11.2 in 1970 to 12.3 in 2000. 

,Improvements in the per capita incomes of the developing countries would 

occur also if the productivi ty improvements postulated in'tthe "high DC 

growthll solution were realized, but in this case the gap would widen much 

further ,to 16.0 in 2000. 'Thus a reduction in the income gap is not a 

necessary condition for improvements in the positions of developing countries; 

measures that would accelerate the growth of the developed countries can 

result in appreciable absolute LOC gains without corresponding reductions 

in the size of the gap. 

J 
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In the initial version of the United Nations world model, no attempt was 

made to incorporate estimates of prospective energy conservation measures 

that mignt be anticipated in response to rising energy prices and relative 

scarcity of fossil fuel supplies to the year 2000. t1uch of the payments' 

imbalance in Scenario AA can be traced directly to rising costs of energy 

imports. At least a part of this problem may be solved through conservation 

or substitution of labor and capital for expensive energy. Scenario AB was 

designed to Iileasure the effects of strong energy conservation measures, imple 

mented gradually over the period 1980-2000, on the base line world system. 

depicted in Scenario AA. Scenarios SB and TB, analogous to S and T, were also 

computed to appraise the costs of accelerated growth of developing regions and 

the effects of more rapid qrowt.h of developed regions in the context of strong 

energy conservation. Scenario AB is the point of departure for building SB and TB. 

The task of predicting what levels of energy conservation would be feasible 

in the various regions of the world requires considerable time and expertise. 

We did not attempt to make original estimates of energy conservation opportunities 

for the present study. Instead, we relied on the regional estimates that the 

Cavendi sh Labora tari es of Cambri dge Uni vers ity prepared for the October 1977 

World Energy Conference. (5)ln their publication the Cavendish authors offer 

several alternative estimates of the amounts of the various types of energy 

cuts that might be achieved. Of these, \'1e selected the "constrained demand" 

version, which embodies their most optimistic assumptions about the amounts of 

energy that might be saved, in the context of high economic growth. By 

choosing the highest conservation extreme of their range of estimates, we opted 

to analyze the implications of achieving the highest reasonable curtailments 

of fossil fuel consumption over the next 20 years. 



In introducing the assumptions of fuel conservation, we assumed that 

energy would be saved at the expense of increased capital and labor costs 

and that the increase in labor and capital charges would be just equal to the 

value of energy saved each year .. At the present time we have no clear estimate 

of how much it might cost to achieve the hypothetical energy economies .. The 

assumption that total costs would be neither increased nor decreased by energy 

conservation measures is simply a rough compromise between the hope that energy 

conservation would reduce costs and the fear that it might increase them. 

The executive summary of the Cavendish Laboratory study, which provided 

the data for this exercise, did not specify the particular industrial or con 

suming sectors that would effect energy conservation or any assumptions about 

the relative effectiveness of energy saving measures in individual sectors. 

Until their more detailed documentation is available it is not possible to 

articulate their projections in terms of changes in energy requirements coef 

ficients in the world model. Instead, we followed a short cut procedure. For 

each region, in each decade, we began by adjusting the Cavendish estimates for 

d~fferences between the economic growth rate implicit in those estimates and 

the economic growth rate for the corresponding region and scenario in the world 

model. We then computed the difference between the Cavendish estimates of 

energy use, by fuel type, and those in the solutions for world model scenario 

M. The differences were introduced into a dummy column vector in each 

region block of the world system as lump sum offsets to the energy demands 

generated by the coefficients of the system. Additional requirements of labor 

and capital were introduced similarly. In essence, the volume of additional 

capital stocks and of annual employment required to effect the energy savings 

were estimated and introduced as constants in the dummy vector. These constants 

• 
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are lump sum additions to the capital and labor requirements of the respective 

regions. The lump sum changes in energy use; in labor and in capital require 

ments, introduced into the various regional economies, invariably induce some 

changes in their GOP levels. Sone iterative adjustments were required to 

insure consistency between the assumed energy conservation investment and em 

ployment levels and the GOP levels associated with them. In general, however, 

the effects of the conservation assumptions on GOP levels were small, par 

ticularly in the labor constrained, high income regions. Since the conser 

vation estimates were conceived as orders of magnitude rather than precise 

estimates to start with, rough adjustments to reconcile energy saving with 

GOP were deen~d sufficient. 

The Cavendish estimates proved a convenient data source for this exer 

cise because the regional detail and the specification of energy use by fuel 

types corresponded reasonably well with those of the world model. In addition, 

the Cavendish assumptions about future regional growth rates did not differ 

very greatly from those in Scenario AA. However, the correspondence of these 

fea tures was not exact and adj us tments viere requi red to prepare the data for 

input into the computat ions . Labor and capital required to implement the 

conservation were not mentioned in the Cavendish report and had to be estimated 

independently. Appendix C gives some details on the procedures used in this 

preliminary work and the relevant numerical data. 

On the average, the Cavendish es t tuates suggested reductions in energy con 

sUlllption of roughly 3S percent in non-OPEC developing regions; ~o to S~ percent 

in developed market economies, and 3::> percent in the Soviet Union and Eastern Europe. 

The details of these energy cuts by type of fuel are given in Table 5 of Appendix C. 
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Table 1 In qenéral, energy conservation tends to increase the growth 

The complete solution for the energy-saving scenario AB is ~ivèn in Appendix C 

rates of payments-constrainted developing regions by reducing their require~ 

ments for fossil fuel imports. Reductions of the energy imports bill are 

to some extent offset by i ncreases in .requi rements for imported ; nvestment goods 

necessary for the conservation. Since investment requirements increase, 

• 

rates of increase of consumption tend to rise somewhat less than overall GOP 

when energy conservation is implemented. Table 4 contains a comparison of 

growth rates of GOP and consumption, 1970-2000, under scenarios AA and AB. 

Note that GOP qrowth rates are higher under AB .than under AA for all regions 

except Arid Africa, which is self-sufficient in petroleum under both projections. 

For developed regions, which are labor-constrained, the benefits of energy 

conservation are to be seen in reduced balance of payments deficits, rather 

than in increased GOP growth ra tes. Under Scenari 0 AB, the balance of payments 
I . . 

surplus of the Middle East is reduced to 38 percent of· its value under Scenario AA. 

This is reflected in reductions in the deficits of petroleum imp6rting regions. 

Table 5 is a comparison of the projected payments surpluses for the year 2000. 

of the four developed market regions before and after energy conservation is. 

imposed. Energy conservation .resul ts in appreciable improvements in the 

balance of payments picture for all regions. The improvement is most marked 

in Western "Europe where curtailment of energy consumption leads to a condition 

that approaches energy self-suffi ciency in the reg; on. 

Since energy saving is açhieved through higher labor and investment inputs 

; n developed regions, improved balances of payments are achi eved at the cost 

of some consumption sacrifice. Table 6 is a comparison of c;onsumption growth 
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TABLE 4. GROwTH RATES OF GDP M4D CONSUMPTION 
UNDER SCENARIOS AA AND AB, 1970-2000 

GrO\'1th Ra tes 

,. 
Region GOP Consumption 

AA AB AA AB 

Latin America Med. 4.4 4.9 4.3 4.7 

Western Europe, Med. 4.3 4.8 4.3 4.8 

Asia, Il.ow 4.5 4.7 4.4 4.5 

Arid Africa 3.0 3.0 3.3 3.2 

Southern Africa 4.4 4.5 4.4 4.5 
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TABLE 5. BALANCE OF PAYMENTS DEFICITS 
FOR FOUR DEVELOPED MARKET 
REGIONS, 2000, SCENARIOS AA 
AND AB 

Region Balance of Payments Deficits 

~o 11 a rs x 10 9 

Scenario AA Scenario AB Percent AB of AA 

North America 281.5 162.0 58 

Western Europe, 298.0 44.4 15 
High 

Japan 179.9 84.1 47 

Oceania 30.1 25.0 83 
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TABLE 6. GROWTH RATES IN CONSUMPTION IN DEVELOPED MARKET 
ECONOMIES, 1970-2000, SCENARIOS AA AND AB. 

Region Growth Rate of Consumption 

Scenario AA Scenario AB 

North America 3.2 J.l 
Western Europe 3.3 3. 1 

Japan 5.3 5.0 

Oceania 4.2 4.1 
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rates, 1970-2000, with and without energy conservation. 

Table 7 shows that capital stocks of developed market economies grow' 

more rapidly under the energy saving scenario than under the original business 

as-usual scenario. In all of these regions, total equipment stock is affected 

more markedly than construction stock when energy conservation is introduced. 

This is surprising, since, in the computations it was assumed that capital 

substituting for energy would be split between plant and equipment in the 

ratio 1.08 units of plant to one unit of equipment. (See appendix (.) However, 

increases in construction requirements attributable to energy saving are offset 

by direct and indirect decreases in construction requirements with reductions 

in consumption, the latter contingent on increased labor and investment requirements for 

energy saving. In effect, the activity "e~ergy saving" is more equipment intensive 

but barely more construction intensive than the average of all activities in the 

economy's product mix. In low income regions, where housing capital coefficients 

are much lower than in developed market regions, energy conservation leads to 

significant increases in both construction and in equipment capital stocks. 

Increased investment requirements result in increased demand for savings 

with energy conservation. In North America, under Scenario AB, savings are 

estimated to fall roughly 30 percent below the volume necessary to sustain necessary 

investment levels. While projections of savings rates are crude at best, this 

finding suggests that savingswould have to be somewhat larger than those 

presently considered "normal" at projected levels of GOP per capita. An increase 

in the savings rate to 23, from the presently assumed l~ percent would be 

necessary to close the gap. 

Scenarios SB and TB bear the same relation to AB as Sand T bear to AA. 

The reader who regards AB as a more plausible central scenario than M can turn 

to SB and TB to analyze the effects of increased growth of developing and of 
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TABLE 7. GROWTH IN CAPITAL STOCK REQUIREMENTS, 
1970 - 2000, UNDER SCENARIOS AA AND AB 

Growth of Capital Stock 
(percent per annum) 

Region Equipment Construction Total Capital 

AA AB AA AB AA AB 
North America 3.5 4.2 4.7 4.7 4.4 4.6 

Western Europe, High 3.5 4.5 4.8 4.9 4.4 4.8 

Japan 5.0 6.0 7.0 7.1 6.3 6.6 

Oceania 4.0 4.3 5.5 5.6 5. 1 5.2 
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developed countries, in turn, in an energy conserving world context. The 

solutions are included in Appendix C, Table 7. 

Table 8 compares the solutions for broad groups of regions in terms 

of the detailed variables of the model. In general, the comparison of SB 

with AB closely parallels that of S w+th AA, but at somewhat higher income 

levels for the resource-poor developing regions. The response of payments 

constrained developing regions to a 20 percent increase in the growth of 

developed regions is also similar in the pre- and post-conservation scenarios. 

After energy conservation, increases in exports have a somewhat higher leverage 

than they did in relation to Scenario AA -- an increase in developing country 

exports of $35.8 billion is associated with a five-fold increase ;n GOP for 

these regions as compared with a 4.5 fold increase in the earlier scenario runs. 

The increased leverage may be attributed to a reduction in energy import 

requirements associated with additional exports and to a variety of shifts 

in internal product mix. 
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IX. Conclusions 

The initial publication on the global model, The Future of the World 

Economy, focused on explicit United Nations development goals. In this study, 

we have not prespecified growth targets, but have relied instead on the model IS 

internal constraint structure to generate consistent long-term projections. 

Some of the critical factors and assumptions underlying these projected paths 

were further subjected to sensitivity analysis in a pair of alternative scenario 

runs. 

In projections that assume existing economic trends and development patterns 

(the "control solutionll) the prospects for the poorest developing regions cannot 

be regarded as optimistic. Regions without substantial resource endowments are 

projected to grow at about 4.5 percent per annum over the 1970-2000 period. Under 

scenario AB this rate increases to 4.8 percent. Since their populations are expected 

to grow at 2.1 percent annually, per capita income increases will be very modest, and 

the gap between average incomes in rich and poor countries will widen in either case. 

The prices of natural resources commodities, and of energy raw materials in 

particular, are expected to stay high and in sorne cases to increase moderately 

over the model IS horizon. Accordingly, resource-poor developing regions will 

continue to face stringent foreign exchange bottlenecks as they attempt to import 

essential raw materials and capital goods. These constraints will remain tight, 

despite the assumption that some additional lending facilities will be available 

in the future. Energy conservation can ameliorate conditions but it does not 

eliminate the basic problem. Imports of energy saving equipment tend to offset 

savings of oil in the b~lance of payments. 

Alternative scenarios designed to explore the neighborhood of the control 

solution provide a somewhat more optimistic message. For example, a 20 percent 
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increase in developing country incomes by 2000 could be effected by capital 

transfers that would amount to less than one percent of the combined incomes of 

developed regions and of those resource rich developing regions that are in.a 

position to offer development aid. Loans, grants and trade concessions that 

help to relax foreign exchange constraints faced by developing regions are 

particularly effective forms of development assistance: they permit income 

increases that are several times as large as the original injections themselves. 

From the viewpoint-of the overall economic magnitudes involved, concerted 

efforts to accelerate global development are clearly feasible. 

The prospects for developing regions appear brighter if growth in the 

developed world proceeds at a faster pace than the 4.1 percent rate projected 

in the control solution. Even without additional transfers, a 20 percent 

improvement in the labor productivities of the developed block would generate 

about 7 percent additional income in developing countries by the year 2000. 

With more rapid growth, however, the solutions indicate substantial trade 

imbalances in the developed regions. The feasibility of their more rapid 

expansion, even if warranted by productivity gains, will depend on ways of 

avoiding the trade imbalances, or of recycling the surpluses that result from 

large scale purchases of energy raw materials. New technologies that substitute 

capital and labor for energy may contribute substantially to the solution of 

these problems. 

From the viewpoint of both developed and developing regions increases in 

energy costs have resulted in a complex network of constraints on long-term 

development. The solutions of the model indicate that the stresses generated 

by these costs will continue to exert an important constraint on global development 

for the remainder of this century. 
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APPENDIX A 

DETAILED SOLUTIONS FOR 1970 and for 

SCENARIOS AA, SAND T FOR 2000 

• 
(Fifteen Regions) 
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NOTE: 

Wi th the resource consumption coefficients of the present model 

world endowments of zinc and lead would be exhausted during the 

decade 1990 - 2000. For this reason, it was initially assumed that 

world trade in these cœmodttfes would be nil during the decade 

1990 - 2000, leaving each ·region to fill its needs for these products 

by means of unspecified substitutes. Strictly speaking, computed 

outputs of lead and zinc in 2000 should be caned "lead (zinc) or 

1 ead (zi nc) subs t1 tutes ." 

The appended tables show the hypothetical effects of po~sible 

conservation measures that would cut resource consumption for each 

of these metals by 30 percent 1n 1990 and by 50 percent in 2000. 

Under these conditions, resource endowments would not be exhau~ted 

before 2000. Assuming a continuation of 1990 export shares. the 

effects on trade, production and the bal ance of trade (net exports 

in current relative prices) are computed. These are reported in 

the appended tables given for each scenario. 
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APPENDIX C. TECHNICAL NOTES ON ENERGY CONSERVATION SCENARIOS 

1. :lorth Ailleri ca 

1. Cavend ish _ _Q_1_Srgy Consur.lOtion Es t ir.ates 

In the :/orld Eneroy Del::and to 20201, a set of predt c t ions viere rude 

of energy consumption. The wor l d is divided into 7 rcc i ons : 

2.. ;·Jes t Europe 

3. Japan, Australia and ;le\'/ Zealand 

~. China and Centrally planned Asia 

4. USSR ùnd East Europe 

6. OPEC 

7. ilon-OPEC developing countries 

The regional classification used in this study is different from that of 

the wor l d ;71x!el. hence, before any cor.par i son between the two , the fifteen 

regions in tile wor l c mode l had to be ècgreçatec into seven. SeE: 'f2.ùle:: 1 fer 

Estimates of the Cavendish consu~ption of energy appear in pages 

i2 -31 of the book. Total ener9Y consu~Dtion in 1972, 1935, 2008 and 

2020 are given under 3 different assur.ptions (unconstrained demand, 

constrained demand and indigenous supply). There is also a graphical 

percentage breakdown of the total usage into coal, oil, natural gas, nuclear 

and renewable. Using the constrained demand prediction, we read the con- 

sumption of oil, natural gas and coal in 1972, 1905 and 2000 fr om the 

graphs. As suuri nç constant re~ion(ll çrcwtn rates of energy consump t i on, values for I 

1':)10, HLu and 1J00 viere de t erm i ned by interpo1atioll.2 II 

1 
See Reference 5. 

2Cavendish figures are ;n Exa Joules. 1 Exa Joule = 34 x 106 retric tons 
of coal equivalent. 
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2. Compari son Bctvlcen Cavendi sh and Uorl d Estimates 

Since world model projections do not embody substantial energy conserva- 

tian, in general Cavendish cs t ine tes of future energy consumption are much 

below those of the world system. The ratios of the two estimates are given in 

Tall 1 e 5. On the average, Cavendish estimates are about 60 percent be lov 

wor ld estimates in 2000. 

Gr~p grovlth rates assumed in tile Cavendish report tend to be sna l l er 

than those of Scenario AA. The following adjustment was applied for all 

scenarios and regions. 

C .. k 1 = a C l,J, , 1 i,j,k 

where 
a = -1 + rJ j-70 

1 1 + r 

C = Cavendish 
i = oil, gas, coal 
j = 1970, 1980, 1990, 2000 

k = 1,7 
r = GOP growth rate (CavendiSh) 

r1 = GOP growth rate (world) 

The adjusted ratios (table 5) look quite reasonable. However, note that: 

1) For Safi-le specific resources Cavendish predicts a higher consumption 

than wor l d . 

2) Cavendish estimates of natural gas consumption are much higher than 

those in worldin a few instances, but these generally represent small 

absolute amounts. 

-------------_.~----~~~-~~~~~~-~ 
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TAJLE 1: ALIGNMENT 

Cavendish Re~ions \tlorld ~ions 

1. ilorth America North America hi~h 
West Europe \-Jestern Europe high, ~lestern 

Europe medium 
Japan, Australia, 
New Zealand ~ Japan, Oceania 

USSR and Eastern Europe 

China and Centrally Planned 
Asia 

Soviet Union, Eastern Europe 

Asia (Centrally Planned) 

OPEC ~1id-East Africa 
.lon-Opec Deve 1 opi n9 L~tin A~erica medium, Latin knerica 

10\/, As i a 1 ow-nedt Uni i ncone , 
Arid ~frica, Tropical Africa, Southern 
J\fri ca 
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3. Es t iuates of Energy Savins for \!orl(j :~ùc('l ~cenarios 

Thus far ve have es t iua tec adj us ted ratios of wor lu consumption to 

Cavend ish for seven aggregated reç ions . As an ad hoc procedure, we essuncd 

that energy consunpt ion tn each of the cor.ponent (b-order) regions of 

an aggregated reg ;011 vii 11 chançe by the percentages computed for thei r 

aggregate. Hence: 

l1SE .. k = ~E .. k*(·l - r .. k) l,J, l,J, l,J, 

where = oil , gas, coal 

j = 1 , 15 

k = 1980, 1990PIA, 2000Af\ ..•• 

j = 1 , 7 

SE = original energy consucct i on in world 

t,SE = change in energy conscrpt tcn viÏth conservation 

r = ratio of Cavendish to world consu~ption - adjusted 

.. _-._- ---- -- - 
Energy saving for the Middle East, Latin America low and Asia CentraJly-Plànned, 

was set at ten percent of the original world estimates. No great incentive for 

conservation is in view for the first two of those regions. Little is known about 

energy use and energy policy plans for China, but it seemed unreasonable to assume 

that radical energy economies would be ;ndùced in that region. 

in dollar terms. 

4. Valuation of Energy Savings and Costs of Conservation 

Using the following prices, we valued the chan~e of energy eonsu~rtion 
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TA13LE 2. PRICES OF ENEI;GY SERVICES PER NETRIC TON OF COAL 
EQUIVALENT, 19UO-2DOO. 

: 1980 1990 2000 ------r------------------------- _ 
I 

Oil : .04498 .OS689 .06652 
I 
I 

Gas : .006b8 .02396 .03315 
I 
I 

Coa 1 : .00G!>5 .00609 .00000 

\~e assume that 1 abor and capita 1 cos ts wi 11 be increased by the va 1 ue of 

energy saved. The ratio of labor to value added is .277 in the utilities 

sector. We assume that one dollar of energy saving will be split into 

annual investment charges and labor in the ratio of .723 to .277. 

5. Change in Investr.,ent 

Change in investment due to a change in energy consumption is assumed 

to be capitalized into a change in equipment and plant stocks, according 

to: 

âINV = 6P(d + n) + 6E (d + n) ( 1 ) p e 
",here t.INV = change in investment 

âP = change in plant stock 

âE = change in equ i pmerit stock 

dp = depreciation rate for plant 

de = depreciation rate for equi pment 

n = interest rate 
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III tile uti 1 i t i es sector the ratio of the plant stock capital coefficient 

to equ ipucnt stock cap i ta l cocf f i c icnt is 1.08 for all benchnark income 

levels, i.e., 

P 1.0d I = 
LP 1.08 = b {2} or ~- 

Co~bining (1) and (2), we have 

~ IrIV = ôE [b ( d + 'IT) + (d + 'IT}) p, e 

or 

where 

tE = ~ I~lV 
(L(dp + iT) + (de + n)) 

6E = aôINV 

Cl = l/{b(dp + 'IT) + (d + n)} e 
~p = bul. IiiV 

(3) 

(4) 

= p~INv 

where 3 = ba 

The plant stock depreciation rate is set at .02 and the interest rate at 

.OJ for all regions. Equ ipcent stock depreciation rate i s income-dependent. 

Refer to Table 3 for the actual rate. 
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TAJLE 3. VALUES JF Ii (JEPf\ECIr'\TIÜ:i I~!\TE ü:I C:UIP;:CilTl,ü c)nd G 
fJ 

i\~SIG,j[O TO EI"Cd fŒGIOil, 10CO, 1j9J and zoco 

Constants in [Je!) Version: 

2 

Versions d 

.06164 

.04931 

5.25 5.67 

6.09 

6.42 

5.64 

3 .04109 5.94 • 

Assignment of Versions: 

1980 19jO 2JOO 

1iAH 

LJlJ1 2 2 1 

LAL 3 2 

~!EH 1 

\-,'Gl 2 1 

SUfi 

EHi 1 

ASC 3 3 3 

JAP 1 

ASL 3 3 3 

OIL 2 1 

AAF 3 3 3 

TAF 3 3 3 

Sf,F 2 1 

OCH 1 1 1 
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6. Changes in Labor Inputs 

l,je assumed that the value of addt t iona l labor services \'/ould equal 

.277 t iucs the value of enerqy saved (Section 4). To translate the value 

of labor savings into employment we need a v/age rate. \Je arrive at an 

estimate of average \·tage set for each region as 

GOP * total 1 abor. compensat fan 
GOP 

\'/age rate = eup 1 oyment 

zemp loyment = 61abor cOl"ilpensation 
wage 'rate 

I 

Information on labor compensation for developing countries was difficult 

to find and to interpret. Furthermore, no agricultural labor coefficients 

are specified for these regions in the world system. In the present simu 

lation, changes in employment were introduced only in thedeveloped regions, 

namely North /lJlIerica high, ~estern Europe high, Soviet Union hi.gh, Eastern 

Europe medium, Japan, Middle East and Oceania. Estimated regiOnal wage rates 

for 1980, 1990 and 2000, scenario AB, are given in Table 4. Wage rates for 

scenarios SB and TB differed somewhat from these because of different regional 

GOP's. 
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TABLE 4: ESTI!~ATED REGIOlIAL \JAGE RATES FOR SCENARIO AB, 1980, 1990, 
and 2000 IN THOUSNJDS OF 1970 DOLLARS 

Region Wage Rate 

1980 1990 2000 

• North America 10.16 11 .50 13.32 
high 

~'Jes tern Eu rope 5.89 8.82 10.53 
high 

Soviet Union 4.19 7.26 9.45 
high 

Eastern Europe 3.58 5.62 7.55 
medium 

Japan 4.73 7.62 9.99 

Oceania 6.33 9.23 9.65 
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7. Summary Data for Energy Saving Scenarios 

Table 5 contains the adju~ted ratios of energy consumption in the 

Cavendish model to consumption in the world system, Scenario AA. Table 6 

contains the actual vectors of constants, representing changes in petroleum, 

natural gas and coal (SE 11-13), in employment (MA 8) and in stocks of equipment 

and plant (IN 4 and 5) that were introduced into the world system for the 

AB scenario. Vectors of constants for scenarios SB and TB were obtained by 

adjusting the estimates for scenario AB to take account of higher regional 

growth rates under these two additional scenarios. 

:....__:_-------------------~-~ .. _~~ -~~ ~ ~ 
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~ t 

TABL~ 5 I 
~:, 'j 

ADJl.1~TEO RATIOS OF" CAVENDtSH TO WORLD CONSUMPTION OF" ENERGY 
! ' 

1970 1 ' 2 3 4 5 6 7 OIL 1,184 1.124 :l. .142 1.328 3,962 2',056 1.461 • GAS 0,892 1.59ti 4,500 1,O16 0,000 1,815 0,629 COJ\L (:'),962 ~,781 J,721 1.320 0,712 0.*1t0 e.987 TOTAL ~ .. el28 l,06e 1,O37 1,250 eJ,986 1.996 1. 232 
1980 
OIL 1.017 0,832 1.116 1,246 3,404 1,'392 ,~~,967 GAS ~,711 1.384 7.346 0,9~0 0,0*. 0.739 C,341 COAL 0,932 0,591 e.512 1,192 0.675 6.075 (l,597 TOTAL ~,890 0,615 e , 955 1,130 "',96.4 1,188 0,785 
1990 AA 
all O,806 O,'22 k:,644 0,591 3.261 " ,'729 r.,900 .. GAS 0,5~2 0,975 6.186 0.565 ",000 0.199 r.183 COAl. 0,766 0,488 2.408 e,875 0.540 4.051 0.502 TOTAL O,696 0,550 0.610 0.686 0,817 0,573 ~.667 
2000 AA 
OIL 0,640 e,431 ~', 544 ~,432 2,756 0',714 v,, 874 '. GAS 0,455 0,862 11,6~HJ ~,570 *,iHto O,156 e ,U!}:!' COAl.. 0,416 0,6~7 0.474 O,895 0.485 3,144 0,552 TOTAL O,505 ~,51e 0,565 0,636 0,765 0,608 0.662 J. _. 

- - - ---- 

~ . 

• *Names of Regions given on page 5. 
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Appendix D 

Detailed Solutions for 1970 and for 

Scenarios AB, SB and TB for 2000 

(Fifteen Regions) 
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