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ABSTRACT

This report describes the results of quantitative analyses of
the relationships between energy production and consumption and
econonic and social development in Less-Developed Countries (LDC's).
The work was perfo.med by the Metrek Division of The MITRE Corpora-
tion for the Office of Energy in the United States Agency for
International bDevelopment (USAID).  This work is a continuing part of
a broader effort to provide analytical support for policy development
in the energy assistance prougrams of USALD,
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EXECUTIVE SUMMARY

This report describes the results of quantitative analyses of the
relationships between commercial energy production and consumption and
economic and social development in Less-Developed Countries (LDC's).
The questions examined include the relationship between energy con-
sumption and economic growth; the impacts of energy cost increases on
economic growth, balance of payments, and inflation; and the relation-
ship vetween energy and social progress. The work was performed by
the Metrek Division of The MITRE Corporation for the Office of Energy
in the United States Agency for International Development (USAID).
This work is a continuing part of a broader effort to provide analyti-
cal support for policy development in tie energy assistance programs
of USAID.

The analyses described in this report indicate strongly that
vnergy is an important contributor to the economic and social develop-
ment process in LDC's:

® GNP per capita is strongly related to commercial energy con-
sumption,

® Growth rates in GDP per capita are strongly related to growth
rates in investment, ewmplovment and energy.*

e The Physical Quality of Life Index (PQLI, based on infant
mortality, life expectancy and literacy) is strongly related
Lto commercial energy consuaption, and to GDP per capita.

*Both Gross National Product (GNP) and Gross Dowestic Product (GDP)
were used in this analysis, depending upon data availability. GDP
excludes certain foreipn transactions which are inclui.d in GNP.
The differences are very minor for most LDC's.

x1i



It appears that the relationship of energy to GNP changes with the
level of development of the country. A unit change in commercial
energy consumption relates to approximately three times the change in
GNP for advanced non-agricultural LDC's as for low income agricultural
countries.

The significance of energy to economic development in LDC's is
emphasized by the deleterious effects which have resulted from the oil
price rises of 1973-1974, Devaloping countries which depend on impor-
ted oil suffered severe raepercussions:

e Real GNP per capita growth rate dropped by more than hal f

(from 3.1% to 1.5%) after 1973, Those contries which were
growing most rapidly suffered the largest Jdeclines.

e Inflation rates more than tripled (from 7.7% to 24.5%) after
1973,

e Real balance of payments deficits nearly tripled after 1973.

These effects were reversed or much reduced for oil-exporting
LDC's.

The relationship between the PQLI and energy consumption appears
to be relatively independent of the economic structure of the country
or its geographical location, but appears to be affected by the cul~-
ture of the country as expressed ty its dominant religion. Generally,
for a given PQLIL, Islamic countries have higher energy consumptions
and GDP's than Christian countries, and Christian countries are higher
than Bhuddhist or Hindu countries. Thus, the way in which resources
are used may be as ilwportant in affecting the PQLI as the absolute

leval of the resources. It is, of course, possible thats
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there is some cultural bias which affects the basis on which the
components of PQLI are measured. The whole question of non-economic
measures of development urgently requires more stucy,

This initial study was based upon readily~available published
data.  These data are limited in coverage and are highly aggregated.
In particnlar, no data are available for noncommercial energy in
LDC's, which mav account for the major part of consumption in some
countries. Further, no data are readily available on investment or
wnergy consumption by economic sector (i.e., industrial agriculture;,
service).

The methodology used in the study was rrimarily linear regression
analysis. This technique is limited in its ability to prove causality
of relationships which are detected, and caution should be exersised
in deducing necessary cause-and-effect relationships from our results.

However, for ecnergy-poor LDC's these results strongly suggest
that energy development must be regarded as an integal part of devel-
opment in general. They indicate that development of indigenous
energy sources will be beneficial to GNP growth and the physical
quality of life, and will contribute to price stability and balance of

payments improvement.
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[.0 INTRODUCTION

The report describes the results of a quantitative analysis of
the relationsYips between energy and develcoment indicators for de-
veloping countries (LDC's). The work was performed by the Metrek
Division of Tne MITRE Corporation for the Office of Energy in the
United States Agency tor International Development (USAID), This
work is part of a broader effort to provide analytical support for
policy development in the energy assistance programs of USAID.

Through the joint offorts of USALD and MITRE, the following five
questions were defined for analysis in this tesk:

¢ What is the reiationship hetween energy consumption and
economic growth for LDC's?

& that has been the Impact of increases in the cost of imported
energy upon the growth rates of LDC's?

® What has been the impact of increases in the cost of imported
energy upon the inflation rates of LDC's?

® What has been the impact of inereases in the cost of imported
CNETRY- wpee blre b lameesof payments ot LDC'g?

e What 1is the relationship between energy consumption and
production and indicators of secial and economic progress in
LDC's?
This document describes initial results obtained in the analy-
sis of these questions. Further work in this area is projected. The

results presented here should be treated as preliminary and possibly

subject to revision and refinement.
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2.0 SETTING FOR THE ANALYSIS

The work described in this report represents a broad preliminary
analysis. Becausce of this breadth, it is essential to establish a
firm foundation for the perspective of the analycis., This foundation
Is needed to enable results and conclusions to be interpreted rela-
tive to the structure of the assumptions and analysis, and the limi-
tations of the data. This section therefore provides a setting for
the work described in the report.

2.1 Energy Economic Relationships and Development Policy

The five questions examined in this study in themselves postu-
late the existence ot important relationships between energy and eco-
nomic, financial, and social development., ‘1he expressed purpose of
this research wis to define and examine these relationships. From a
wider perspective, the identification of relationships between energy
and other ecconomic and noneconomic factors indicates that actions in
energy development may have significant influeace on other develop-
ment needs in developing countries, and vice versa.

The broader purpose of this paper therefore is to provide in-
sight on encrgy-ceonomic-social relationships thav will be useful in
the formulation of both cnergy-specific and overall development as-
sistance policy. However, reliative to detailed energy development
planning, there is an important nced to look at energy-economic rela-
tionships in developing countries in detail. The need is to discover

specific areas in the economy of a developing country where energy



development can have a major impact on economic and social growth,
Analyses of broad indicators such as performed in this study are lim-
ited in their contribution to these specitic desired results,

Rather, thev mavy form a foundation on which encray planning may take

place, and to indicate fruitful areas for more detatled work.

-

2.2 Characteristics of Statistical Analysis

The assessments performed in this study are based on statistical

analvsis. 1t is important to note that this statistical analysls

does not determine causalitv. Thar is to sav, the analysis does not

determine if chances in one or more variahbles will cause the changes

in other variables sucgested by the relationships. The expected or
desired causality relationships important to the success of policy
decision making must be based on the judgment of the policy maker and
not on the statistical definition of relationships.

The statistical analvsis should provide the policy maker with
Asignt and deotn of understanding tu which good judgment can be ap-
plied. The results of this study, still preliminary and ongoing, are
directed to providing this kind of understanding.

The statistical analysis performed in this study is primarily
regression based upon cross-sectional data. A discussion of regres—
sion analysis and pertinent statistics is presented in Scction 3.0.

Cross-sectional analysis means thai results are obtained by comparing

data between countries for a given stratification of countries.



Cross-sectional analysis attempts to measure what is common between
countries.

Cross-scctional analysis by itsel. does not permit analysis of
interactions within a given country. For instance, we have found a
strong positive correlation between per capita energy consumption and
per capita GNP. What this really means i{s that In moving from a
country with a lower per capita energy consumption to a country with
a hipgher per capita energy consumption, there is a strong tendency
for per capita GNP to increase. This is a "between country” rela-
tionship. It would be useful to assert that that relationship holds
within any given country and it ig very linely that it does sox*,

The point is, the cross-sectional analysis cannot confirm this., In
Future resedarch, the cross—sectional analysis may be expanded to
include pooled time series data in which intra-country energy
malationships can be assessed.

2.3 Data Limitations and Accuracy

Gross cconomic and eneryy indicators from published sources have
been used to identify relationships in this study. The level of ag-
gregation ot these indicators can and does cover up Jdetails which may
be important to development policy making. We have tried to identify
these potential hazards in the appropriate places in the text. The

use of more recently available disaggregated data from unpublished

*Historicnlly, increases in GDP and energy consunption have gone
hand-in-hand for the (industrialized) countries for which data is
available,



sources in future analyses should clarify many of these relation-
ships.

The value of statistical analysis is heavily dependent on the
accuracy of t'e data used. There is a tendency to lose sight of this
fact in the details of the statistical results. In this study there
was generally insufficient time to assess the impact of potential
data errors. We did observe some substantial differences in data as
reported from different sources. In some cases, countries were
dropped frem portions of our azxalysis simply because the data were
unrealistic., Wwe do believe, however, that the conclusions of the
study are valid independent ~r potential data errors.

Besides the questions on accuracy of data, there are also somu
important limitations on the type of datua available, Nun-commercial
energy (dung, wood, etc.) is an extremcly important resource for the
people of developing countries. Data on the extent of this noncom=
mercial energv consumption are at best limited and preliminary and
were not included in this assessment. Although commercial energy
consumption data bv fuel twpe are avaiiable for most countries, there
are little data on the sectoral utilization of this energy. Also
subsistence activities (e.g. crops consumed mainly by the farmer and
his family) are likely to be unreported or underreported in GNP
statistics.

Finally, in dealing with dollar value data, international as-

sessments such as this must always contend with the question of the



proper conversion of foreign currency values into U.S.dollars. In
this analysis this conversion has always been at the official
exchange rate of the country. There is bias in comparing values
between countries in this manner since official exchange rates are
often unrealistic. Moreover, official exchange rates reflect only
the values of those poods which are traded Internationally. However,
alternatives to otticial exchange rates are not complcte enough to be
used effectively,

2.4 Related Work

Interest in and information on energy-economic relationships in
developing countries are rapidly growing today. 1t is not the pur-
pose of this section to survey the entire ranve of literature.
Rather, we want to identify work which has been important for the
backgrounad and orientation of this task.

Resources tor the Future (RFF) has had a continuing involvement
in assessment of world energv-economic relationships. An extensive
treatise on this subject was developed bv J. Darmstadter and others
e S
at RFF in the early seventies. This extensive work is recom-
mended reading tfor background to this report. More current RFF
assessments of international energy use have heen prepared by J.

‘|
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Darmstadter and . Dunkertey.
statt members of the World Bank have condncted many favestiga-

tions of cconomic relationships for developing countries. Of partic-

ular importance are the reports on encrgy-economic relationships for



. . .. (4)
developing countries by Lambertint and more recently by

(5)

Choe. The World Bank has also been an excellent resource for

vniform data for developing countries. The most recent of these
) . . , . (6)
reports formed the most prominent data source for this study.

Brookhaven National Laboratory (BNL) has supported USALD in the
assessment of enerygy needs, uses, and resources in developing

. , (7)
countries. The work of Palmedo, Nathans and others from BNL
influenced the definition of country stratifications used in this
study.

The International Mcnetery Fund (IMF) develops and maintains
extensive time series financial data on countries throughout the
world. Although sonewhat sparse on 2nergy information, the economic

. ] c (3) . . .
data given ar= most useful. Financial data were also obtained
. . (9,10)
from the United Nations. 7’

Energv data used in this report were also developed by the

United Hations. They have devaloped one..substantial 25 year time

s awe

1) (12,13)

K . .
series and two more current 5 year time series
both production and supply of comaercial energy for each country in
the world.,
International labor statistics were obtained from the Interna-
. . . (la,15)
tional Labor Organization (ILO).
Data on statistics on agricultural production and Land use were
. e .. (9) .
obtained from both UN Statistics and the Food and Agriculture

(16)

Organization (FAO). The FAO 1s soon to release a



book by Michigan State University describing energy needs and use in
o . (17)

agriculcure for developing countries. Some of the discussion
in this report is based on a preprint of sections of that

(18) ) s .
work., In particular, a paper by LeVern Faidley descritb-s
energy=agriculture production relationships for the world. He states
that developing countries apply only 4 percent of total commercial
energy consuuption to agricultural production. He also reports that

there is a cluse relation in aii regions of the world between

commercial energy input and output per agricul tural worker.
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3.0 STRUCTURE OF THE ANALYSIS

This section describes the basic list of LDC's used in the analy~
ses, the way in which they were stratified by type of economy, and the
statistical methodology used in the analyses.

3.1 Country List and Stratification

Table 1 lists 112 developing countries. Although particular
elements of data are unavailable for many of these countries, this has
tormed the basic list for all analyses in this study. The list in-
cludes both oil-exporting and non-oil-exporting countries. It in-
cludes all countrics designated as LDC's by the World Bank.(é)

These countries have been grouped on the basis of type of eco-
nomy. The categories used are based on those introduced by Brookhaven
National Laboratory (7 and the Worid Bank (6). BNL uses six
categories: Industrialized, Oil Exporters, Balanced Growth Economics,
Primary Exporters, Agricultural Exporters and Other Agricultural. The
World Bank divides countries purely on the basis of Giuso National
Product per capita; they chose $250 per year as che dividing line.

We have detined Pive economy-type categories for the analvses con-
ducted here.  They are Advanced Non-Agricultural, 0il Exporters,
Primary Exporters, Low-Income Agricultural and Advanced Agricul-
tural.® Figure | illustrates the way in which these categories

relate to those used by BNL and the World Bank.

“The Low-Income Non-Agricultural category contained only India and
Paktstan. Because of the small number of countries, analysis was
not applied to this catepory. Thus, although India and Pakistan are
included in the all-countries analyses, they do not appear in the
analyses which are stratified by type of economy.

11
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Afghanistan
Algeria
Argentina
Angola
Bahamas
Bahrain
Bangladesh
Barbados
Belize
Benin
Bolivia
Botswana
Brazil

Er. Solomon I.
Burma
Burundi
Cambodia

Cameroon

Central Af. Emp.

Chad

Chile

China, Rep. of
Colombia
Congo. P.R. of
Costa Rica
Cyprus

Dominican Rep.

TABLE T

BASIC LDC LIST

12

28.
29,
30.
31,
32.
33,
34,
35,
36.
37.
38.
39,
40.
41.
42,
43.
44,
45.
46.

47

48.
49.
50.
51.
52.
53.
54 .

Ecuador

Egypt, Arab Rep.

El Salvador
Eq. Guinca
Ethopia
riji

Gabon
Ganbia
Ghana
Grecce
Guatemala
Guinea
Guyana
Haiti
Honduras
Hong Kong
India
Indonesia
Iran

Iragq

Israel
Ivory Coast
Janaica
Jordan
Kenya
Forea, Rep. of

Kuwait

of



60.
61.
62.
63.
64.
65,
66.
67.
68.
69.
70.
71.
72,
73.
74.
75.
76,
77.
78.
79.
80.
81l.
82.
83.

Lao P.D.R.
Lesotho
Lebanon
Liberia
Libyan A.R.
Madagascar
Malawi
Malysia
Mali

Malta
Mauritanija
Maurtius
Mexico
Morocco
Mozambique
Nepal
Netherlands Awt.
Nicaragua
Niger
Nigeria
Oman
Pakistan
Panaina
Papua New Guinea
Paraquay
Peru
Piilippines
Portugal

Qatar

TABLE I (Continued)
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84,
85.

Rhodesia
Rwanda

Saudi Arabia
Senegal
Sierra leone
Singapore
Somalia
Spain

Sri Lanka
Sudan
Surinam
Swaziland
Syrian Arab Rep.
Tanzania
Thailand
Togo
Trinidad and Tobago
Tunisia
Turkey
Uganda

Un. Arab Em.
Upper Volta
Uruguay
Venezuela
Yemen A.R.
Yemen P.D.R
Yugoslavia
Zaire

Zambia
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3.2 Regression Methodology

The basic technique which has been used to search for signifi-
cant relationships between energy and economic and social develop-
ment is multiple linear regression. This is a well-known technique
for estimating the coefficients, By, of an equation of the type:

y = By + Byxyp + Boxp + ...+ Buxy
where y is the dependent variable and x) through x, are the
independent or explanatory variables. For instance, y may represent
the PQLIL, and x| the energy consumption per capita (variables X9
through x, not being present in this instance).

It is not the purpose of this scction to describe the
mathematical methods which are used in estimating the coefficients.
The interested reader can find a good description in Plackett,(19)
However, the main parameters which describe the significance and
importance of the relatiounship obtained will be briefly descrided.
These are called the coefficient of determination (rz), the F
statistic, and the standard error .. iLhe coefficient.

The coefficient of determination, r2, shows how much of the
variability of the dependent variable is explained by the relation-
ship. More precisely, t2 is the fraction of the total variance of
the dependent variable which is explained by the regression. It is an
indicator of the closeness of fit of the data to the regression
surface. If r? is near 0, the fit is poor; if r? is near l, the

fit is good.

15



The F statistic for an independent variable is an indicator of
the significance of that variable in the relationship. For 1/10
degrees of freedom,™ any value of F greater than 4.90 shows
significance at the 3% level., For /30 degrees of freedom, the value
decreases to 4.17. For specific cases, the reader should refer to a
standard F statistic table.

The F statistic for the regression is an indicator for the
strength of the lincar relationship as a whole. Again, the meaning of
the value of the statistic is dependent on the degrees of freedom
glven. As an example, for 2/40 degrees of freedom, any value of F
greater than 3,23 shows there is a significant linear retationship at
the 5% level. Again, for specific cases, the reader should refer to
an F statistics table.

The Standard Error (S.E.) of a coefficient B represents the
accuracy with which the coefficient is estimated. It is the standard

deviation of the sampling variahility of B.

*The numarator of the degrees of freedom 15 the number of independent
varianles in the regression equation. The denoninator is the
difference between the number of data poiats and the number of
independent variables, minus 1. Thus /10 degrees of freedom refers
to an equation with | independent variable and 12 data points,

16



4.0 ENERGY AND ECONOMIC DEVELOPMENT
This chapter describes the analyses of the following questions:

e What is the relationship between commercial energy consumption
and economic growth for LDC's?

o What has becen the impact of increases in the cost of imported
energy upon Lhe prowth rates of LDC's?

e What has been the impact of increases in the cost of imported
energy unpon the inflation rates of LDC's?

e What has been the impact of increases in the cost of imported
energy on the balance of payments of LDC's?

Section 4.1 deals with the first of these questions, Section 4.2
deals with the next two, and Section 4.3 deals with the last question.

4.1 The Relationship Between Energy Consumption and Economic
Growth

4.1.1 Conclusions
The following statements summarize the major conclusions of the
analysis performed for this question.

e Per capita commercial energy consumption is positively
ol .
and significantly related to GNP™ per capita for developing
countries,

e Per capita commercial energy consumption is positively
and significantly related to the industrial portion of GNP per
capita for developing countries.

¢ Per capita commercial energy consumption is not significantly
related to the agricultural portion of GNP per capita for
developing countries,””

*Gross National Product.

**Probably because commercial energy use for agriculture accounts for
only 4% of total energy consumption in developing countries. Recent
analysis has shown that commercial energy inputs, though small, may
be a critical factor in agricultural development in developing coun-
tries.

17



o lFor all developiay countries as a whole, growth rates in
o o A )
GOP™ are positively and signitficantly related Lo growth
rates in iwestzment, labor, and encrgy,

o Country iacome (UNP/capita) is not related to the country
dependence on oil Tor conaercial eacruy,

o The greatest petrolean dependence amog devaloping countries
is i1 central nd castern Arrica and i Central America,

401.2 Approach

The leval of economic activity of any country is a vesult of a
lavel of production of goods and services., This production requires
inputs of capital, laboar and energy.

To detarmine a relationship between energy consumption and eco-
nonic performance »° daevalaping countries, our approach was first to
postulate functional relationships for the production of goods and
services, Then using multiple regression techataues, we estimated
aunerical values for the coefficients of these functional forns. As
described in the revious section, regression analysis was applied to
data for countries stratified by economic typc.** The coefticients
for the energy variable then indicated a relationship between energy
consunption and the level of the economy for vach country strati-
fication. Thais aethodology attempts to discover if the relationships
obtained for countries of a particular economic type appear diftferent

from those obtained for all countries together.

*Gross Domestic Product,

3 . . . . ’
A listing of the data base is given In Appendix A, Tables A-1 and
A-2.

18
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A number of functional forms were tested and restructured when
necessary. Data limitations were an important factor in the need for
restructuring.

Pacrtly because of data limitations and also to gain more insight,
functional forms of economic prowth rates were tested relative to
growth rates in factors of production. Finally, we attempted to
refine the analyses by comparing economic activity of a country with
its dependence on imported petroleum. Although the results were not
definitive, the exercise generated an interesting presentation of the
LDC depeudence on petroleum for energy.,

Data limitations restricted the number of countries available for
the analysis to about 60.

4.1.3 Models Tested

Table IT shows the economic~energy models tested in this analy-
sis. Two indicators of economie activity were used. The first was
Gross National Product per capita. The second was the (geometric)
mean annual percentage growth rate in Gross Domestic Product per capi-
ta. Agricultural and industrial portions of these two variables were
also used in parallel with the primary iundicators.

In the first analysis, each of Gross National Product per capita,
and agricultural and industrial portions of Gross National Product per
capita were regressed Individually against Gross Domestic Investment

per capita aund commercial ehergy consumption per capita. Our original
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formulations irncluded labor force per capita as an additional explana-
tory variable. However, the ILO labor force figures available to us
at the time of the analysis were collected on markedly different bases
in different countries. We therefore could not use these labor fig~
ures dirccetly in the regression analysis.

Four models were tested in the first analysis: additive and mul-
tiplicative* forms using investment and energy and additive and multi-
plicative forms using only energy. The high correlation in the
investment and enerygy variables in the first two models led us to drop
the {nvestment variahle for the remaining tests.

In the second analvsis, growth rates in Gross Domestic Product,
and growth rates in agricultural and industrial portions of Gross
Domestic Product were regressed against growth rates in Gross Domestic
Investment, commercial energy consumption and labor force. We includ-
ed growth rates in labor in this functional form, since the discrepan-
cies in labor force data were not nearly as restrictive when using
growth rates. As noted, we used an additive model for the regression
on growth rates.

All data used in the regressions just described were obtained

6)

from World Bank figures;( growth in energy use was obtained from

U.N. pub]icntions.(ll)

*MultiplicatiVe torms are tested by taking natural logarithms to
convert them to additive forms which can be handled by the
repression analysis.
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4.1.4 Results
Table III[ shows the results of testing the first three models in
the firse analvsis as applied to all countries. The results may be

summarized as follows:

e The additive wmodel of JCaptita of all countries (and
agricultaral and ndustrial components of GNP - AG/CAP and
IND/CAP respectivelv) shows strong linear relationships of
both CGhr- AP and IR CAP fas Jdepeadent variables) to GDIJCAPR
and ENERTUCAY (as iadependent vartableos). However, the

g » EROCAY s high oav 70,

correlation of Gil Ui

andon

e The multiplicative model shows starlar resalvs. However, the
correlation of the logarithms of (avestment and enersy per
capita (LGDICAPY i3 wvery hiazh at W83, The high corrvelation
of enerav and avestment lod o the deletion of favestment
variabla.

e The additive mod2l on all countrios neing iust ENER/CAP as an
2xplanatory vartahle shows strong linear relationships of both
GL2:/C0AP and IND/CAY (as dependent variables) to ENER/CAP (as
the 1nd=pandent variable),

e The relationshilpy of AG/CAP ¢ eilther ENER/CAP or GDL/CAP is
ai Iar the ather rslationships glven abuve.

s that the dgricultaral sector output in developing
countriss his not, 12 the past, bheey strongly related to com-
mercial =nersv nor _apital iavestment,

Tabie IV shaws the results of applvineg the additive mod=1 on

energy alone to stratifications of countries. The princip.l results
are as follows:

e In all country groups the linear relationship of both GNP/CAP
and IND/CAP to ENER/CAP 1is strong. The relationship appears
to be less pronounced in the low income agricultural country
group.

o In all country groups there is virtually no relationship
between the agricultural component of GNP per capita and
ener,y per capita. (Azain, 1t Is tmportant to note this is
historical information, and energy consumption is limited to
commercial energy).
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® Aunit change in energy consumption relates to approximately
three times the change in GNP for advanced non-agricultural
countries as for low income agricultural countries,

Table V shows the parallel results applying the multiplicative
model on energy alone to stratifications of countries. Similar re-
sults occur except that the scaling effect of the logarithm function
reduces the impact of the difference in regression coefficient between
country groups. The regressions for LGNP/CAP as a function of LENER/
CAP are plotted by country group in Figure 2 along with the scatter
diagram. Again the steepness of the regression line for the Advanced
Non-Agricultural country group is quite evident. It appears to show a
more productive use of energy in this country group relative to the
other countries and especially relative to the Low Income Agricultural
group. This result needs to be examined in more depth as part of an
ongoing study,

Tables VI and VI1 show the results of the second analysis in
relating growth rates in Gross Domestic Product against growth rates
in capital Gross Domestic Investment, labor and energy, Table VI
shows the results for all countries pooled; Table VII shows the
results for country stratifications. Table VI can be summarized:

® (rowth rates in GDP and growth rates in the industrial portion

of GDP are linearly related to all three growth rates:
investment, labor, and energy. The strength of the relation-
ship is strongest for the investment variable.

e (rowth rates in the agricultural portion of GDP are not relat-

ed significantly to growth rates in any of the independent
variables.
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In comparison, there is little uniformity in the results shown by
country group in Table VILI. It is evident that high income countries
in gencral have high rates of growth in all variables: GDP, capital,
laber and energy. Similarly, low income countries have low growth
rates. The repression picks up this relationship across countries.
However, within a country group, the income spread is not large and
the relationship is not seen.

In our interpretation, the real world situation is much more
complicated than what may be explained by an elementary model. The
unexplained variance between countries even within country groups is
just too large. 1t appears that many more factors are operating than
the few examined here, and that more accurate models would be much
more complex.

The results of a comparison of GNP/Capita and percentage oil
dependencg showed that for all coun ries the correlation between these
two variables was -.007. In other words, there is no statistically
significant relationship to suggest oil dependent nations tend to be
rich or poor.

Figure 3 shows the distribution of o0il dependence among the
developing countries in the world., The dependence on oil is greatest
in central and eastern Africa and in Central America. It is
interesting to note that oil exporting nations are not as oil-

dependent as many oil importing countries, presumably because natural
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gas tends to be produced in association with oil, and may be preferen-
tially used for domestic purposes.

4.1.5 Discussion

The analvsis just described has shown that there 1s an important
relationship between energy and economic growth for developing coun-
tries. This is a significant result which has definire implications
on the role of energy in development programs in developing countries.

A number of counter-intuitive or confusing results appearcd when
we attempted to interpret much more than overall energyv-economic rela-
tionships. These attempts to look more closely at relationships
through country stratification yielded more questions than answers.

First, we do not know why the apparent efficiency of energy use
relative to economic production is higher for advanced non-
agricultnr=i untries than for low-lncome avricultural countries.
One could conjecture that for poor countries a large portion of com-—
mercial energy (primarily oil) woes to subsistence rather than produc-
tion. For instanci, in a low-income country, petroleunm may be mainly
used in the form of kerosene for lighting and cooking. In contrast,
in a more advanced econcmy, a large proportion of petroleum is used in
industrial production or to make higher-value intermediate commercial
products, such as petrochemicals or electricity. These are subse-
quently resold, and thus contribute more to GNP. To lest this conjec-
ture would require data on sectoral energy consumption in developing

countries. It would be most useful to compare the primary usage of a

32



barrel of o0il in a low income agricultural country with the corres-
ponding usage of oil In an advanced non-agricultural country.

Second, there is a great deal of unexplained variance in the
analysis performed. The differences in economies of different coun-
tries are apparently significant. The general models of economic-
energy relations do not have the necessary detail to explain the
variance,

The results showing little relationship batween commercial energy
consumption and agricultural contributions to GNP need to be dis-
cussed. It would be incorrect to conclude from these results that
commercial energy is not important to the agricultural sector of the

(18) indi-

economy of izveloping countries. The work by Faidley
cates that commercial energy inputs to agriculture, though small in
size, are of importance in LDC development. The regressions in our
study were based on total country commercial energy consumption. The
analysis could not identify the small portion of total energy consump-
tion applied to agriculture,

Finally, an analysis of energy-economic relationships for devel-
oping countries is truly incomplete without an assessment of the use
of non-commercial energy resources. The current data on non-commer-
cial energy use 1s very limited and preliminary. There is a need to
determine meaningful methods for measuring and estimating this energy

use and for incorporating it into economic assessment for developing

countries.
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4.2 The Effects of Petroleum Prices On Economic Growth Rates and
Inflation Rates

4.,2.1 Conclusions

The average economic growth rate per capita of non-oil-exporting
LDC's dropped by more than half after 1973, from 3.1 perceat to 1.9
percent. At the same time, the average intlation rate in these
countries more than tripled from 7.7 percent to 24.9 percent. These
effects stronzlv appear to have been caused by the oil price rise of
1973-74, In general, countries with lower energy (or petroleum)
consumptions, both absolutely and ralative to Gross Domestic Product,
fared better than others.

In contrast, the economic growth rates per capita of oil export-
ing LDC's increased from 3.7 percent to 4.0 percent. Their inflation
rates also increased, but by less than those of the non-oil-exporters,
from 7.5 parceant Lo l4.8 percent.

4.2.2 Approach

The basic assumption underlying the approach is that the sudden
tripling or gunadrupling of crude oil prices in 1973-74 will have had
observable consequeaces on the rates of economic growth and inflation
in LDC's. A further assumption is that investigation of these effects
might yield insights into the energy-economy relationships of LDC's
which will be helpful for policy formulation.

Although much work has been done on the impact of oil price rises
on advanced or industrialized nations, there is little relevant to

LDC's. Specifically for developing countries, Powelson has made an
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investigation of the negative impacts of the oil price increase on
LDC's.(20)

The influence of inflation on economic growth for LDC's has been
Investigated by Glezakos, (21) He concluded that general price
instability was more deleterious than inflation as such, social equity
considerations aside. This result is confirmed by Ip(22), who
conducted a theoretical analysis,

In our analysis, two data bases have been assembled, one for the
growth rate analysis, and one for the inflation analysis. They are
listed Appendix A, Tables A-3 and A-4.

The analysis approaches ara very similar for growth rates and for
inflation, The parameter chosen to repraesent the economic growth rate
is the (geomotric) mean annual percentage change in gross domestic
product per capita. The parameter chosen for inflation is the (geo-
metric) mean annual percentage change in the consumer price index.
Strictly, the GDP deflator is a better measure of inflation than the
consumer price index. However, the latter was available for many more
countries. The GDP growth rate data base includes 55 countries, and
the inflation data base includes 79 countries.* The sources and
characteristics of the data are discussed in Subsection 4.3.

The analvses stnrtuwith examination of the mean pre-1973 and

post-1973 growth and intlation rates for oil-exporting LDC's and for

* . .
Data was not available for more countries.
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non-oil-exporting LDC's. Then regression analyses are conducted to
examine the differences tetween pre-1973 and post-1973 growth and
inflation rates in terms of the other variables. These regression
analyses are conducted tor all the countries together and then tor
stratification of the countries based on type of economy.

4,2,3 Data Sources and Limitations.

The sources for the data used in these analyses are as follows:

. - (8) .
zrowth rates - International Monetary Fund and United

)
Nations¢9/

e inflation rates"U,N.(g)

e CDP - World Bank(?)

e cnergy production and consumption—U.N.(ll)

e population - IMF(3)

The assembly of time-series data for economic growth over suffi-
clent periods of time presented some difficulties, The U.N. data,
while 1t extended back to tha 195U's, ended 1n 1974 or 1975, It was
felt that tnis was an insufflcient period after the oil price rises to
obtaln reliable values, since considerable vear-to-vear and cyclic
variability could be seen in the time-series. The IMF data, on the
other hand, while it included 19476 or 1977, only extended back to
1971, This was f2lt to be an insufficient period hefore the price
rises.

The problem was resclved by converting the IMF data to the same
format as the U.N, data, namely an index number of real GDP per capi-

ta, and matching the two series over the per.od 19701 through 1974 when

common data was avallable. The agreemeant between the two series was
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good for most countries*; casas where severe disagreements were seen
were discarded.

The growth rate data in general was found to be quite sparse.
Thus the sample of countries for which reasonably full data was
available numbered only 55,

For inflation rates, the U.N. data generally extended to 1976.
It was decided that this was an adequate length of time. The simple
of councries in the inflation data base numbered 79, reflecting the
greater availability of price data.

Inevitably, the data displays some weaknesses, having been de-
rived from several different sources. This is especially true for the
growth rate data base. Major inconsistencies have been eliminated as
far as possible by cross-checking between different sources.

4.2.4 Results

Table VIIl shows the mean economic growth rates per capita and
the inflation rates for oil-exporting and non-oil-exporting LDC's,
before and after 1973, together with the estimated standard errors of
the means.

The results indicate that the per capita growth rates of nonoil-
exporting LDC's dropped by more than half, from 3.13 percent to 1.45
percent atter 1973. This change is statistically significant at the
0.1 percent level. In contrast, the growth rate of the oil exporting

countries Increased trom 3.66 percent to 4.55 percent after 1973. The

“within I or 27
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pre~1973 performance was about the same as the non-oil-exporting
countries, while the post-1973 performance was significantly better at
the 0.1 percent level. Thus, there appears to be a genuine difference
in the economic growth rates after 1973 between oil-exporting and
oil-importing LDC's,

Similarly, the results show the intlation rate more than trip-
led® in non-oil-exporting LDC's after 1973, rising from an annual
rate of 7.7 percent to 24.9 percent. This rise is statistically
significant at the 0.1 percent level. The inflation rate rose in
oil-exporting LDC's also, but by a significantly smaller amount. It
roughly doubled, from 7.5 percent to 14.8 percent. This is signifi-
cantly lower than the non-oil-exporters at the 0.1 percent level.

To summarize, table VIII shows that non-oil-exporting and oil-
exporting were roughly comparable in economic growth rates and infla-
tion rates before 1973. After 1973, however, the oil exporters fared
significantly better in both respects than the non-oil-exporters.*¥*

The regression analyses of economic growth rates and inflation
rates both attempt to discern relationships between the change in
pre~1973 and post-=1973 values (of economic growth rate or inflation)
and other parameters, including energy self-sufficiency and energy

consumption. These analyses are discussed separately.

* . . .
Note that the mean ratio as shown in the tables i1s not the same as
the ratio of the means.

**Industrialized countries also showed a drop in economic growth rate
(from about 5% to about 2%) and a rise in inflation (from about 7%
to about 11%). Thus, their growth rates chopped more than LDC's,
but their inflation rates rose much less.
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Table IX contains the results of the analyses of the change in
the GDP per capita growth rate. These analyses were undertaken using
single and multiple linear regression techniques. The independent
variable is, in all rvuns, the differeace between the 1965-73 GDP per
capita growth rate and the post=-1973 rate. Twenty-four runs were
made in all. Runs 1l through 6 will be discussed first, then runs 7
through 24. Runs 1 through 6 regressed the change in GDP per capita
growth rate against six other variables for various stratifications of
the countries.

The independent variables for runs 1 through 6 were:

e GDP per capita, USS, 1976 (GDPPC)

e 1965-1973 GDP per capita growth rate {GR6573)

e o Self-sufficiency in energy, 1972 {SSAE)

e 7 Self-sufficiency in liquid fuel {SSPT)

e total liquid fuel consumption kgce* 1972 (TPC)

e population in millions, 1972 (POP)

The country stratifications used were: "

e run I - all together

e run 2 - all excluding oil exporters
e run 3 - advanced non-agricultural

e run 4 - primary exporters

e run 5 - low-income agricultural

:Kilograms of coal equivalent
*3ee Chapter 3 for a description of these stratifications.
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TABLE IX
REGRESSIONS FOR CHANGE 1M GDP/CAPITA GROWTH RATE

T ; r
Pun ! Country i Number of Dependent 1ndepundenl§ Coef. ; Standard Errorl———-a——fj——————T » | Degrees | P Significance
No. i Group Obervations Varlable Variable B of B Coef. | Reg. r” | of Freedom @ level of
; ! Regression
: 1
1 ' All 55 DFLTA GR6573 ! -.5270 .178 9.8a !} 7.55 {.307 3/51 i P<.01
; SSAE 10008 . 00041 3.83 |
¢ . ! / 2 58 t
H TP ; -.0012 i L00074 2.58 H :
; ! ;
! ! ~ \
N All Excluding 44 DELTA GR6573 i -.3790 .187 4010 8.63 1.296 | 2/41 p<.01
- 011 Exporters TPC -.0U15 .00079 3.75 l‘
3 ! Advanced Non- 17 DELTA GbirpPC -.0013 . 00066 4,19 4.1 [.218 1/15 .05¢P<.1
: Agricultural
. | Primary 5 DELTA TIC -.0069 .00249 7.56 | 7.56 j.621 | 1/3 .05<P<.1
; Exporters
5 {  Low-Income 9 DELTA SSPT L0811 L0286 8.00 | 4.04 |.303 | 2/6 .05¢Pe. 1
i Agricultural
6 Advanc ed 11 DELTA GR6573 -.8670 .321 7.29 4.96 |.314 2/8 .01<P<.05
Agricultural SSAE -.0510 L0246 4.30
i
Variable Symbols:
DELTA - Change in GDP per capita growth rate SSAE - Self-sufficiency in energy
GDPPC - GDP per capita SSPT ~ Self-sufficlency in petroleum

CR6573- Crowth rate 1965-73 TPC - Total liquid fuel consumption






® run 6 - advanced agricultural

For all LDC's and for non-oil-exporters (runs 1 and 2), the pre-
1973 growth rate variable enters with a negative coefficient. This
means that those countries which were growing most rapidly before 1973
suffered the largest declines in growth rates.

For these groups the total liquid fuel consumption also exhib-
ited a negative correlation; countries with higher petroleum consump-
tions suffered greater declines in growth rates.

There 1is also aa indication, when both oil-exporters and non-oil
exporters are taken together, that the degree of self-sufficiency in
energy showed a positive correlation with the change in growth rate.
That is, countries with more indigenous energy fared better after 1973
than those with less.

These results are all intuitively plausible. However, although
the relationships are significant (P<0.0l), their explanatory value‘is
not high. Only some 30 percent of the variance in growth rate changes
is explained by these relationships.

No ciear pattern emerges from runs 3 through 6. The results for
advanced non-agricultural countries, primary exporters, and low=income
agricultural countries are not significant at the 5 percent level,

The results for the advanced agricultural countries show a negative
correlation with both the pre~1973 growth rate and the self-

sufficiency in energy. This latter is counter-intuitive,
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The sccond sequence of runs comprises eighteen runs in all (runs

7 through 24), as noted above. These runs use the same six stratifi-

cations

of the LDC's, based on type of economy. For cach of the six

stratifications, the change in growth rate is regressed in turn

apainst:

At
appear:

To

total liquid fuel consumption (TPC)
self-sufficiency in petroleum (SSPT)
inverse energy intensity of GDP™ (ENINT?

the 5 percent level of significance, the following results

Total liquii fuel consumption is negatively correlated with
the change in growth rates for all countries together, for
the non-oil-exporting countries, and for the primary export-
ers.

Self-sufficiency in petroleum showed no significant correla-
tions within these economic groupings.

The inverse energy intensitv showed significant negative cor-
relations with the chang2 in growth rates for all LDC's
togather, for the non-oil exporting 1.DC's, and for the pri-
mary exporters.

summarize the results of the regression analysis of growth

rate charges, it seems that countries with lower petroleum or energy

consumptions, both absolutely and relative to GDP, fared better than

others.

Also, the countries which were growing more rapidly before

1973 suffered greater declines in growth rates after 1973. No system=

atic variations by type of economy were apparent.

Table X shows the results of the inflation rate regressions. The

ratio of the post-1973 and pre-1973 inflation rates was used as the

*defined in kgce per U.S.S
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dependent variable after a preliminary examination indicated a strong
correlation between pre-1973 and post=-1973 inflation rates. That 1s,
countries with above average inflation hefore 1973 also tended strong-
ly to have above average inflation after 1973, Since the main purpose
of the analvsis was to examine the change in inflation as a function
of other variables, the ratio was used to eliminate this first-order
effect.

The independent variables in the analysis were:

e percent self-sufficiency in energy (SSAE)

e percent self-sufficiency in liquid fuels (SSPT)

e total energy consumption, kgce/cap (TEL)

e total liquid fuel consumption, kgce/cap (TPC)

e population, millions (POP)

e pre-1973 inilation rate

The results of the multiple regression runs (25 through 30) were
disappointing. In the first four runs, namely for all LDC's, for non-—
oil-exporters, for advanced non-agricultural and for primary export-
ers, no relationships were found which were significant at the 3
percent level. For the remaining two groups, low-income agricultural
and advanced agricultural, significant relationships were found, but
they bear no resemblance to each other.

For low-income agricultural LDC's the inflation ratio was found
to be positively correlated with self-sufficiency in liquid fuel and

negatively correlated with the pre-1973 intlation rate. For advanced
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agricultural LDC's the ratio was found to be negatively correlated
with liquid-fuel consumption. These results are, on the whole,
counter—intunitive. It is possible that the details of changes in the
inflation rate in a country are more highly influenced by internal
political and economic considerations and decisions (such as money
supply, interest rates, fiscal policy and government expenditure) or
by the quantities of oil {mports relative to all imports. It
certainly appears that the variables investigated here are powerless
to explain the specific changes observed.

4.2.5 Discussion

The analyses described in this section suggest a very strong cau-
sal link between the petroleum price rises of 1973-74 and a subsequent
deterioration in the economic performance of LDC's. This assertion is
not only supported by the data but i{s intuitively plausible. The pol=-
icy implications for assistance are clear. The disappearance of cheap
energy supplies worsened the LDC's economic growth; therefore, the
restoration of cheap energy would improve it.

Or course, there are no mora cheap energy supplies. However, the
point remains that assistance which makes available new energy at
competitive costs will help the economic development of LDC's. Fur-
ther, {f these new energy sources are protected from excessive future
price rises, they would help insure against further deteriorations in

the LDC's economic performance caused by petroleum price increases.
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The lack of a discernible pattern in the stratified analyses is
disturbing. There are two possible explanations. First, the inde-
pendent variables used are inadequate to explain the major portion of
variations in economic performance; and second, the quality of the
data is so poor as to obscure the relationships for small wroups of
countries., There is probably some element of truth in both of these
ideas. There certainlv are variations in the data due to, e.g.,
cyclic economic etfects or changes in data colleation methods. Cyclic
effects in particular can be significant. It an cconomy goes through
a repetitive boom-slump cycle, the apparent growth rate can vary
radically accordiag as it is measured peak-to=-peak, trough-to-
peak, or peax-to-trough. Insutfficient data was available to estimate
or eliminate these types of efiects in this analysis.

It is, of course, aiso true that year-to-year ecunomic perfor-
mance of LDC's is affected by many more factors than those considered
here. Of particular interest for further work would be the etfects of
commodity (export) prices for the LUC's and perhaps some measure of
the stimulatory or inhibitory effects of their domestic fiscal and
monetary policies. In addition, the degree of dependence on forelgn
trade, industrial mix, extent of foreign aid and investment and
political structure (e.g. democratic vs. dictatorship or capitalist

vs. socialist) could be explanatory factors.(23)
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4.3 Balance of Payments Analysis

4.3.1 Conclusions

The balance of payments (BOP) situation of non-oil-exporting
LDC's has suffered a severe deterioration since 1973.. The real BOP
deficits were roughly three times higher in 1976-77 than in 1972-73.
The deterioration strongly appea;s to have been caused by the increase
in costs of oil imports since 1973. One of the most prowising methods
of alleviating the problem in the long run is clearly the development
of indigenous energy resources in those LDC's which currently depend
upon 1mported petroleum,

4.3.2 Approach and Data

The effects of the petroleum price rises of 1973-74 on the bal-
ance of payments position of LDC's has been investigated by
(20) . . . .
Powelson for certain LDC's. Our examination encompasses a
larger sample. It is based on straightforward collection and
examination of time series data. Two series were collected for each
country, these being overall balance of trade data and balance of
payments for petroleum only.
In detail, the overall balance of trade data were collected from
S . (8)
IMF statistics (reference , as the sum of accounts 77aa through
77ag). This includes trade in merchandise and other gouds, services
and credit, and private and official unrequited transfers. It ex-

cludes direct investment and short and long-term capital, etc. The

series covers 1971-1977. The figures on the petroleum balance were
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computed from the import and export volumes given by the

7
vy, (512,13

miltiplied by the world average petroleum price.

The series covers 1972-70. Both series are corrected for inflation in
the results presented here. A listing of the complete data base 18
given in Appendix A, Table A-5. Complete time series data were

available tor 40 non-o1l exporters and 12 oll-exporters.

4.3.3 Results and Discussion

Table X1 contains the mean overall balance of payments and mean
petroleum balance data for oil-exporting countries and non-oil-export-
ing countries. These data are plotted in Figures &4 and 5. These
results cover 40 non-oil-exporting LD.'s and 12 oil-exporting LDC's,
Thus the results are not comprehensive; however, we feel that they are
representative.

The overall BOP for non-oil-exdorters moves fairly well in step
with their oil bills, although the gap widens in 1974 and 1975. This
may be because our methodology has priced oil imports as if they were
all crude oil while some fraction of them will in fact be the more
expensive refined products. Thus, the o1l bill may be
underestimated.

For the oil-exporting countries it is interesting that the mean
overall BOP shows an income for only one vear, 1974, notwith-
standing the enormous surpluses due to oil shipments after 1973. It
appears that, after a lag of one year or so, the oll exporting

countries expanded their imports to the point where they consumed all
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TABLE X1

"MEAN BALANCE OF PAYMENTS FOR LDC'S (1970 U.S. $)

1S

Year
1971 1972 D 1973 1 1974 1975 1976 1977
Non-0Oil-Exporters
Overall B.O.P. -148 -57 -330 -330 =350 =268 -253
Non-0il-Exporters 40 Countries
Petroleum B.O.P. - -49 -59 -203 -194 -203 -
0il Exporters
Overall B.O.P. -116 -180 =211 209 -647 ~371 =275
12 Countries
0il Exporters
Petroleun B.O.P. - 498 665 2032 1771 1966 -

Table shows mean values for 40 non-oil-exporting countries and 12 oil-exporting countries.
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the newly-increased oil revenues. Since the BOP situation of the
non-oil-exporting LDC's did not much improve, it is likelv that the
bulk of these imports came from the industrialized countries. It
shonld be noted that the o1il exporting countrics analysed here exclude
some of the countries with the largest BOP surpluses, such as Kuwalt,
Bahrain, and the United Arab —mirates.

The overall BOP position of the non-oil-exporting LDC's shows a
slow improvement from 1975 on through 1977. However, their deficits
at the end of 1977 were still two to three times larger than in 1971~
1973. This situation clearly will put severe strains on their eco-
nomies if it continues into the 1980's, since their ability to cover
these losses by borrowing is limited. The development of indigenous
energy sources is clearly one of the more important wavs in which
their BOP's can be improved, since it attacks directly the cause of

the problem.
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5.0 ENERGY AND SOCIAL DEVELOPMENT
5.1 Conclusions

The analyses conducted have shoun that there are significant re-
lationships between the Physical Quality of Life Indicator (PQLI) and
both Gross Domestic Product per capita (GDPPC) and Total Commercial
Energy Consumption per capita (TEC). These ralationships are largely
unaffected by the type of economy in the country (agricultural, indus-
trial, mixed, etc.) and by the geopgraphical location of the country.
They appear to be conditioned, however, by the cultural orientation of
the country as expressed by its choice of religionn: Buddhist or Hindu
countries have lower GDPPC or TEC values, on the whole, than Christian
countries for given PQLI, and Christian countries have lower values
than Islamic countries. There is also more variability among the
PQLI-energy and PQLI-GDPPC relationships of lower-income countries
than among those of higher income countries.
5.2 Approach

It 1s clear that, when we speak of "social development" or "the
quality of life", we mean something quite different from the level of
economic activity, and something which cannot be measured in economic
terms. Unfortunately, the quality of life is a much more elusive
concept than tnhe Gross National Product, and no fully satisfactory
method of measuring it has been developed.

Various attitude surveys have been made which have attempted to
measure directly the respondent's satisfaction with life.(za)
However, little data of this type is available for LDC's, and it also
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scems open to methodological questions which might make intercom=
parability between different cultures difficult. Perhaps the best
approach to measaring the Quality ot Lifte is the Physical Quality of
Life Indicator (PQLI) tormulated by the Overscas Development Coun-—
(25) ., ) . . . . L .
The PQLI is linear function of: the infant mortality
rate (per thousand live births), m; the life expectancy in vears at
age one, e; and the adult literacy rate, a. The original definition
of PQLI scaled these factors on a 0-190 base, with 0 corresponding to
the worst observed performance, and 100U corresponding to the best
possible performance. Theses three indices were then averaged to
obtain the PQLl. For our purposes, the PQLL can be expressed as:
PQLI= -0.15%m + 0.855%e, +0.333%a +1.90
This measure has been used as the basis for the following analysis;
its strenzths and weaxnesses are discussed in Subsection 5.5. Alter-
native indices of physical well-being are discussed by Sheehan and

(26)

Hopkins. These indices include nutrition indicators, access
to clean water, and housing.

The data base used for the PQLT analysis is shown in detail in
Table A-6, Appendix A. The data base contalns, for a sample of 110
LDC's, the following elements:

e life expecrancy, e,

o infant mortality, m

e adult literacy, a

e type of economy (as defined in Section 2)
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e an indicator of PQLI data quality

o GDP/Capita in U.S.$, 1974 (GDPPC)

e Energy Consumption/Capita, kgce, 1975 (TEC)

e population, millions, 1975 (POP)

o an indicator of energy and economic data quality

e a geographical region variable

e a cultural (religion) variable

A detailed description of the data, its sources, and its quality
follows in Subsection 5,3.

Multiple and simple linear regression analyses have been used to
search for meaningful and significant relations between the PQLI and
energy and economic data for all the countries together, and for vari-
ous stratification of the countries. In general, PQLI has been used
as the dependent variable and the natural logarithm of the GDP/Capita
(GDPPC) or Energy Consumption/Capita (TEC) has been used as the inde-
pendent variable. This transformation was made because of the highly
non-linear nature of the PQLI-GDPPC relationship (see Section 5.4).

In general, oil-exporting countries have been excluded from the analy-
ses. Their incomes and ecnergy consumptions have greatly expanded so
recently that their PQL1's do not appear to have had time to catch up.

An analysis has also been undertaken of the relationships between
the three components of the PQLI (namely, infant mortality, life

expectancy, and literacy).
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5.3 Data Limitations

The PQLI component data have been assembled from the World
Bank,(O) the Unitaed Nations,(g)’(lo) and the Overseas Development
Council.(2%)  Botween them, these sources should give three
estimates for life expectancy, infant mortality, and adult
literacy.” The full table is reproduced in Appendix A in Table A-7.
This table alseo shows the date to which the data refers.  There are
manv gzaps in the data, and there 1s also also considerable disagree-
ment between the sources, 1t can be seen, for instance, among just
the first few countries, the infant mortality estimates (per thousand
live births) for Algeria are 36 (World Bank), 86 (U.N.) and 145 (ODC).
For Angola, the range 1s even more, the corresponding figures being
24, 24, and 203, Generally, agreement is better for the Llife
expectancy and (to some extent) for the literacy estimates.

It is clear that a wide range of uncertainty must surround PQLI
estimates derived from this data. Depending on whether the most
pessimistic oar the most optimistic estimates were taken, the 2QLI
values for the first three countries conld range from 3 to 18 (for
Afghanistan), from 33 to 53 (for Algeria) and from 1l to 47 (for
Angola).

Variations bhetween sources appear to be lower for countries with
higher PQLI's. This is probably due to better statistical and

recording systems in those countries.

*Cenerally, life expectancy is given at birth, ey. This has been
converted to life expectancy at age one, e, by the formula:
e = e,/(1-m/1000).
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Estimates for e, m, and a have been formed by averaging the
available estimates, except in some rare cases where the data appeared
obviously strange. These cases included the estimates of 24 for in-
fant mortality for Angola. In general, old data (from before 1960)
was discarded.

5.4 Results

5.4.1 Unstratified Runs

Figure 6 shows PQLI plotted against the natural logarithm of the
GDP per Capita (GDPPC) for 78 non-oil-exporting LDC's. There is a
clear relationship which appears to follow the form of an S-curve.

Table XII tabulates the results of several linear regressions.
PQLI was used as the dependent variable all through, In run 1, the
independent variable is GDPPC, aud the data base consists of 99
countries (including oil exporters). The F-value obtained is 12.4,
which is sigrificant at the 1 percent level. The value of the
coefficient of determination, rz, is only 0.113. Thus, although the
relationship is significant, it explains relatively little of the
variation in PQLL. The removal of oil-exporting countries from the
analysis (run 2) increases the F-value to 94.6 and the value of r2
to 0.555. This relationship is highly significant.

The linearity of the relationship is improved by taking the
natural logarithm of GDPPC (run 3). The F-value now becomes 193, and
r? becomes 0.718. This result corresponds to the points plotted in

Figure 6. This log-linear relationship has been used as the basis for
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further analyses as the results are not improved by the use of a log-

log relationship (run 4).

In examining Figure 6, it appears that the vartability of the
PQLT decreases tor higher-—income LDC's. This is supported by the
results of runs 5 and b (Table 5-1), which deal with non-oil-exporting
LDC's with GDPPC =~ 430 and GDIPC » 450, rcspcctivoly.* The relation-
ship for the higher-income stratification is much more stgnificant.

This result may retlect a genuinely areater variability ot PQLL's
among lower-income countries. On the other hand, 1t may wmerely re-
flect the fact that data quality for lower income conntries tends to
be worse. As noted in Sub-section 2, there was disagrecment between
the sources for lower-income, lower—-PQLI countries. Aa indicator
variable (DAT) was inserted in the data base to reflect the quality of
the PQLI data. DAT was set to a value of 1 i1f the agreement between
the sources of data was gonod, and to 0 otherwise. Table XILL shows
the criteria for "good agreement.” DAT was set to | if the estimates
met 2ither criterion for each parameter.

Run 7 shows the effect of restricting the data set to countries
with "good data" (i.e., DAT=l). It can be seen that the agreement
obtained is not much different from the comparable run with DAT unspe-
cified (run 2). This implies that the variation in PQLI reflects

genuine differences in conditions rather than data errors.

*The value of $450 per capita was chosen to give roughly equal
numbers of countries above and below this value. Ln (450)=6.11.
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TABLE X111

DEFINED TOLERANCES FOR PQLI DATA
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Number of Estimates

Parameter

m
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Three estimates available

w
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a}
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<
o
=
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87 or & vears

107 or 4
per thousand

157 or 6
per thousand

S S

107 or 4
percentage points

157 or b
percentage points

I

e

*
DAT = 0, if only one estimate is available.

The table entries show the maximum acceptable spreads of estimate values

in both percent and absolute terms.

criterion is met for all

three parameters,

The data is "accent

Considering

able' 1T cither

the life expectanc.

C¢ooestimites ot 30,0 vears and 33,0 vears would be within tolerance (since

the spread @3 vears); so would be estimates of 70.0 snd

(spread =57),
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Runs 8 and 9 examine the relationship between PQLL and the per
capita total energy consumption (TEC) expressed in kgee.  Run 7 uses
Ln(TEC) as the independent variable, and run 8 use both Ln(TEC) and
Ln(GUPPC) in a multiple regression analysis.™™  PQLI shows about as
good a relationship with Ln{TEC) as with Ln(cDPPC). The use of both
variables does not significantly improve the relationship.

An analvsis of variation of PQLT with population failed to show
any relationship. The F-value was 0.02, This is so low that the
results of the regression run are aot reproduced her=; it would be
somewhat misleading to report the regression parameters of a rela-
tionship of such low signiftcance level.

Some work published by 0DC introduces the concept of the Dis-
parity Reduction Rate DRR.(27) This concept implies that an
improvament of the PQLI from, say, 90 to 95 ls 1n some sense as
significant or 2s important as an improvement from 50 to 75. Without
exploring the idea too deerly, this appears to imply a kind of non-
linear valuaszion of the PQLI, and raises the possibility of using
mathematical transformations, such as subtraction and inversion to
make the valuation linear again, which would perhaps facilitate
analysis.

5.4.2 Stratified Runs

This subsection describes runs which have been made with the

sample of countries stratified in various ways. The intention is to

Ko, . . .
The degrees of freedom vary slightly between runs because of missing
TEC and GDPPC data values.
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cast light on the causes of variations of PQLI with a given GDPPC or
TEC level.  Because slightly better results were obtained using
Ln(GDPPC) as the independent variable for the unstratified runs, this
variable is used here. Little difference would be expected if
Ln(TEC) were used.

Three stratifications have been examined:

e by type of cconomy

e by geographical region

e by culture (religion)

5.4.2.1 Stratification by Type of Economy. Table XIV shows the

results of five regression runs (number 11 through 15) using PQLI on
the dependent variable and GDPPC as the independent variable. These
runs are stratified by economy type on the same basis as used in the
economic analyses described in Section 4. The results of runs 1 and 2
are reproduced for comparison. No significant reclationships were
tound tor the oil exporters and the low income agricultural countries.
The regression lines are plotted in Figure 7 with the non-
significant lines shown dotted. No clear pattern emerges as it ap-
pears that the variations in slope and position of the lines depend
mostly upon the ditferences in GDPPC in the country groups. The only
exception to this is the oil exporters. Their PQLI's bear little
relationship to their GDPPC's, For instance, Kuwait has a GDPPC ap-
proaching $16,000 while its PQLL is only 72, 1t appears overall that
the PQLI-GDPPC relations are not greatly different for different types

of economies.
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5.4.2.2 Stratification by Geographical Region. The non-oil-

exporting countrics were stratified into the followinyg regions:

e Africa South of the Sahara

e North Africa

e Middle East

e South Asia

e East Asina

o Central America and Caribbean

e South America

e Europe

Table XV shows the results obtained by regression analyses using
this stratification (runs 16 through 23). PQLI was used as the depen-
dent variable and Ln (GDPPC) as the independent variable. The results
of run 3 are reproduced by companion purposes.

Figure 8 shows the plotted regression lines {(non-significant
lines are shown dashed). The majority of the lines fall close to the
all-countries iine. The exception is Africa. The Africa line secms
to indicate a genuine difference between Africa and the rest of the
developing world. The rate of increase of POLLL with GDPPC is much
lower for these countries - approximately one half to one third that
of the rest of the world.

5.4.2.3 Stratification by Religion. Religion was chosen as a

convenient indicator of potential cultural differences between coun-

tries, because quantified data on religious affiliations are available
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for many countries. The non-oil-exporting countries were stratified
into the following religious groups, based upon the dominant religion
in the country:

e Hindu & Bhuddhist

e Christian

e Islanmic

e Mixtures of the above religions

It was impossible to classity all the countries on this basis,
No informatinn was available for many African countries, and for some
countries the dominent reliyions appeared to be primitive, tribal, or
animistic., These were, however, insufficient countries of these types
to support regression analysis. The classification was based upon
published infunnation.(28’29) Regression analyses have been
performed for this stratification with PQLL as the dependent variable
and Ln(GDPPC) and Ln(TEC) as tndependent variables (runs 24-23). The
results of these runs are documented in Table XVI. The results of
runs 3 and 8 are reproduced for comparison purposes.

Figure 9 shows the regeession lines. 1t appears that cultural or
religious factors condition the PQLI-GDPPC relationship. Hindu and
Bhuddhist societies have the the lowest GDPPC for a given PQLI, then
Christian, then Islamic, This view 1s supported by the fact that the
mixed societivs occupy a widdle position., The rate of increase of
PQLT with Lo(GDPPC) for the Hindu and Bhuddhist countries appears to

be over twice that of the I[slamic countries.
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expectancy and {(£o some exteat) tfor tne litsracy estlmates,

It is clear that a wide range of uncertainty must surround PQLI
estimates derived from this data. Depending on whether the most
pessimistic oar the most optimistic wstimates were taken, the PQLI
values for the first three countries could range from 3 to 18 (for
Afghanistan), from 33 to 53 (for Algeria) and from Ll to 47 (for
Angola).

Variatinns between sources appear to be lower for countries with
higher PQLI's, This is probably due to better statistical and

recording systems in those countries.

*Generally, life expectancy is given at birth, ey. This has been
converted to life expectancy at age one, e, by the tormula:
e = eq/(1-m/1000).
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A similar picture is revealed in Figure 10 which shows the regre-
ssion lines for PQLT as a function of Ln(TEC), although the differen~
ces between societios are not so stroogly apparent.  The quality of
the regression lines (s improved by excluding the Bahamas and the
Netnerlands Antilles. The status of these islands as processing and
trans~shipment ports for large quantities of petroleum appears to have
distorted their energy coasumption rigures.

5.4.3 Analysis of PQLI Components

There are significant correlaltions between the components of
PQLT, namely life expectancy (e}, infant mortality (m}, and adult
literacy (a). Table XVII shows the correlation matrices for these
paraweters and the PQLI, for all LDC's in the data base and for all
LDC's excluding oil exporters. These matrices show the values of r,
the correlation coefficients.

These results call into question the uscfulness of basing the
PQLL on the three parameters when correlations of over 0.95 are
obtained between the PQLL and a single parameter. The whole question
of indicators of the quality of life. both physical and otherwise,
urgently requaires decper tavestigaltion.

5.5 Discussion of Results, and lmplications

The analyvses described in Subsection 504 have demonstrated couo-
clusively the existencze of relationships between the POQLI and both
Per-Capita Gross Domestic Product and Per-Capita Enerzy Consumption

for LDC's, They have provided strongly snggestive evidence that the
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TABLE XVII

CORRELATION MATRICES FOR PQLI, LIFE EXPECTANCY (e),
INFANT MORTALITY (m), AND ADULT LITERACY ()
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forms of these relationships are largely independent of the type of
economy and the geographical location of the country, hut are
influenced by the general culture of the country expressed in its
choice of religion. It is possible, of course, that cultural bias
affects the way in which the components of the PQLI are measured.

The rise of PQLI with increasing GDPPC is most rapid at lower
incomes; there is a distinct leveling of f as the GDPPC exceeds $500 to
$1000 or so. Further, there are greater variations among the PQLI
levels of lower-income countries and these variations appear to re-
(lect genuine differences in conditions rather than data errors.

The implications of these results depend in part upon the accep-
tance of the PQLT on a reasonable measure of the quality of life., The
strong correlations between the threo components of rthe PQLI have been
pointed out in the preceding subsection. Their correlations imply

that the components are at least partly measuring the same thing.
1

‘

This is undoubtedly a woakn%ss of the POLT. Another wedknoss is that,
as its name implies, it onlé covers physical attributes. Non-physical
attribotes, such as social structures. opportunities for self-
development, political frcedbm, etee, may be significant in affecting
geeople's satistaction and happiness, particularly in more developed

‘ \ B
Countries. Finally, the torm of the PQLI implics certain trade-offs
belween its component pans.; Thus, ror the PQLL, a rise of | percent-
age point in the literacy rate is cquivalent to a rise of .39 years

-+

in life expectancy, or 4 drop of 2.2 in the infant mortality rate. It
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is not clear if the originators of the PQLI intended to make these

particular implicit value judgments or, indeed, on what basis such

judgments can be made. However, at preseat, the PQL1 is by far the
best non-economic indicator that 1s available.

From an energy policy standpoint, perhaps the most interesting
implication that can be drawn is the PQLI's can perhaps be improved
with relatively limited increases in commercial energy usage. It 1s
then possible that rural development and the use of "appropriate tech-
nology", in a relatively non-encrgy-intensive way, may have consid-
erable potential in raising the quality of life 1f a society chooses
to take advantaze of the possiblities. What 1s important is not
energy usase or economic produstion in and of itself, but the way in
which these goods are used. The policy implication here is that great
thought should be given to the social ramifications of assistance, and
proference should be given to those activities which will most raise
the quality of life for a given usage of natural resources or capital

investment.
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APPENDIX A

LISTINGS OF DATA BASES

TABLE A-l:  GNP-Encriy bata bLasc

This Table contains records for 70 countries. The number
before cach country name refers to the master LDO List (Table I).
Countrics are organized according to increasing GNP/Capita values.
The columns tollowing the country names contain:

® CGross National Product/Capita in U.S. %, 1976.  (World
(6)

Bank )
e Agricultural portion of GNP/Capita in U.S. S, 1976. (World
Bnnk(ﬁ))
® Industrial portion of CNP/Capita in U.S. $, 1976. (World
. (6)
Bank )

e Por Capita Energy Consumption in kilograms of coal equivalent,

1975, (World Bnnk(ﬁ))

® Gross Pomestic Investment in U.S. $, 1976. (World Bank(ﬁ))

e Arable Land and Permanent Crop land/Capita, Hectares.
(raot 7y
(7)

® BEL Economy Type

® Iraction Liquids Fuel Consumption. (U.N.(ll))
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TABLE A-2: ¢DP-Energy Growth Rate Data Base

This Table contains recovds for 55 countries. The number

befoere each country name refers to the master 1LDC list (Tahle ).

Countries are organized according to increasing GNP/Capita values.
The columns tollowing the country names contain:

e (ross Domestic Product (averase annual vrowth rate percent)

6)

1970-76,  (world Bank )

Average annual crowth rate in Asriceloural portion of GDP

) (()))

(percent), 1970-Te,. (World Bank

e Average annual zrowth rate in Industrial portion of GDP

. - e . (H)
(percent), 1974-7o. (World Bank™ ")

e Avvrave annual arowth rate in Services portion of GDP
(B,
nk )

(rercent)y, 1970-76, (World Ba
e Averave annual arcwth rate in Gross Domestic Investment

R - - PN (h).
(percent), 1970-7rn.  (World Bank )
e Avervave annual croweh rate in Labor Force, 1970-75.
. moa L0
World Bane )
o Average annual zrowth rate in Commercial Energy Consumption,

a70-74. (. )

e Averare annual rrowth rate in Population, 1970-75.

, , (f).
world Rank )

e Pil Economyv Twpeo

e Gross National Product/Capita in U.S. 3, 1976.

p
(World Bank()))


http:cr,,:.,.tk







TABLE A=3:  Economic Growth Rate Data Basc

This Table contains records for 55 countries. The number before

cach country name refers to the mastor LDC Tist (Table 1). The numbers

following the country name are, in order, with sources:

Geometric mean annual percentiage change in GDP per capita,

3 (
1960-73. (x| (),

Geometric mean annual percentage change in GDP per capita,

1965-061., (“N(S)’ mr(g))

Geometric mean annual pereentage change in GDP per capita,

{ G
197 3-vear "y", (UN(g), TMF()))

Year "y"

(ID] PQ., CLII)ltcl, ]9;(), in U.S. .,;. (WOI‘.]d Bdnk( ))

Percentape selt-sufficiency in cnergy 1972.  (UN

(1]))

Percentage self-sufficiency in petroleum, 1972,  (UN
- R o oeamiba 1 (11)
[etal cnergy consumption per capita, kgce, 1972, (UN )

Total liquid-fuel consumption per capita, koce, 1972, (UN(ll))

: 8
Population 1973, millions. (1MF\ )

(7)

BNL cconomy tvpe

)
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TABLE A-4: lInflation Data Base

This Table contains
before cach country natw

The numbers

e Ceometric mean annual

Indew, 1966-=75,

e GLvumctric mean annual

ll\:” .

A C‘-.. ‘—-" [ -
w19 ,
Ind. 167 3-vean

e CDP per capita,

e DPurcenta,e self-sufiiciency in energy.,

sl

s Percenta:v

e Total enoray

following the country name are,

1976,

consumption

records Tor 79 countrics.

roefers to the master 1.hC

percentasy change
Y
CUN )

NEIN

in U.S. S.

oourficiency in petrolewn,

ner capita, 1972,

o Total liquid-tuel cansunption per capita,

(11,
(LA( ))

(8)

s Population, 1973, =millions (IMF )

e BNIL economy £¥p

(7)
e

88

in order,

in Consumer

aorcentaye changy in Consumer

(World Bnnk( )

197

al
-

The number

List (Table ).

with sources:

Price

Price

0)

(UN(II))

1972, (“))

(U

st

1972, kgce.









TABLE A-5

5:  Balance of Payments Data

This Table contains records for 65 countries.  The numbers
before the country names refer to the mastor LDC list (Table T).
Fach country has two lines of records,  The seven numbers in the
first linc atfter the countrv name given the overall B.OLP. gituation
for the vears 1971 throupgh 1977 in constant 1972 U.S. dollars.

. - . (8) .

These were obtained from IMF data , lincs 77aa through 77ag,
Missing values are coded as 99999,99 for recognition by the computer
svstem.  The rive decimal numbers after the country name on the
second line give the petroleum payments position, it current
dollars for 1972 through 1976. These were obtained as explained in
the text, bv using U.N. figures for petroleum exports and

(L1, 12, 13)

ifmports multiplied by average petroleun prices for that

7

yvear. The final integer refers to the BANL economy type
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68
17
Y
74
74
77
179
RO
A7
a3
90
G2
93
94
9%
97

98

101

MORACC -62.

MOFSCCE -1395,

MTCARAGLEA —46.4%
NICARAGUA -11.0
NIGFR 16.8
NIGFR ~1leh
NIGEATA -423,

NISFTTA 1719.2
PAKTSTAMN -503.

PAKISYAN -67.1
PANAMA -76.5
PANAMA -63.9
PAFASIAY -23.1
PAHAGUAY -4,3
PFRY - 34,

PE R} -31.9
SENEGAL ~2€.0
SFMFEGAL ~2R. 3
SIERPA LFLAN  -20.0
SIFRRA | 0N -6.1
SOMAL [ A 0.8
SLMALTA -1.2
SRT LANKA -37.8
SEl LANKA -35.17
SUDAN -43.8
SUNAN -35.6
SURTHAM -7.3
SURINAM ~-10.¢
SYRIA -54.,

SYRIA 686
TAMZANTA -103.18
TANZANTA -14.2
THATLAND -182.

THATLANKD -131.2
TOGN -3.6
1060 ~2.3
TUNISTA Te

TUNISTIA 50.1

TABLE A-5 (Continued)

48. 92. 197.
-59,9 =26T.2 =-276.0
2107 '6203 _220-9
-15.4 =52.6  ~<69.3
11.9 23.3 -!11.3
=2.6 -8.7 -13.4
-3413. - 4208.
2570.,4 9875.5 7894.0
~24le. ~G5. -737.
~-BTsl =329.3 -346.0
~-98.6 -105.0 =192.7
-79.7 -239.7 -?282.5
-5.3 -15.1 =460
-6.6 -25.7 -22.4
-31. -7248. ~-623.
-36.9 -~153.2 -240.7
12.7 -95.8 -56.3
-19,3 =129.7 -17%1.6
-J.3 -27.4 -52.2
-G8 -35.3 -35.8
-7.2 -36.6 -44.3
~2.0 -7.3 -9.17
-32.¢6 -23.4 ~-1l6.7
-44,¢6 -140,6 -138.9
-51.8 23.8 -236.6
-49.1 =168.0 =-167.7
~-5.5 -14.7 0.6
~-16-7 -45.8 -59.9
30. 319. 143,
77,2 303.8% 55443
-65.7 -101.6 -230.9
-25.9 -69.5 -68.5
~-52. -4l , -76.
-221.7 -130.7 -733.8
~13.0 ~5.7 113.1
-3.0 -10.1 -10.0
-4, —570 25-
54.9 234.1 320.7

94

-419. -1017. -1305.
-277.6 4
-145.3 -29.2 -135,
-73.5 5
~7.0 99999,9999999.99
‘1005 6
34, -254. ~626.
9379.8 2
-827. -559., -501.
-345.0 3
-132.5 ~130.8 =112.6
~219.4 3
-55.8 -45.8 99999,99
-27.8 b
-1210. -886. -640.
=215.1 3
-6T7.6 99999.9999999.99
—13518 5
49,6 ~42.1 <267
-35.3 4
~0.1 ~5l.4 -23.0
-9.7 6
-86.4 -4.6 95,0
-127.8 5
-338,2 -123.0 -51.7
-164.9 6
103.3 -30.1 99999.99
~-5644 &
73. -57‘. "11“.
550.9 2
-180a2 -33.8 -8.7
-85.7 6
-471, -325. -T66.
-793.4% 6
-5Te¢ 99999.9999999.99
-12.1 4
~-l44. -289. -373.
196.8 2



10°?
103
10s
196
111

L2

TABLE A-5 (Concluded)

TURKFY 25, 174, 582. -545,

TURKFEY 146,22 =219,3 -86%.9 -936.1
HGANDA -90Gah 16.3 40,5 -20,.,0
UGAMIA -8.1 -1N.2 -37.0 -36.0
UPPr&E vOLTA Ce R 3.4 Sett -28
HPPEC VULTA -1.1 -l.7 -t.5 -7.5
UPUGUAY -ff.] aA.R 35.2 -111.9
UR LAy -19,4% ~46hetn -173.8 -136,5
TATRF -130,.1 =365.5  =264.1 =40%,.2
TAIRF -15.0 -1 -78.7 ~hBa4
IAMBITA -2%H4. -210. 135, $3.

JAMBIA -17.1 =267 -T0.5 =~-1n7.7

95

~-1452.
=-17207.6
~44,2
-33.7
~32.7
~Te?
-148.8
-192.8
"(071nl

55().
‘a"-?

-1459. -2318.
3
31.9 47.5
6
99969,9299999,99
6
-54.8 -68.0
1
%9999,9999999,99
4
15.3 229,
4



TABLE A-6: PQLL Data Base

This table contains records for 108 countries. The number
before the country nawme reofers to the master LDC list (Table 1),

The numbers tollowirg the country name are, in order, with sources:

{
e Lifc expectancy at birth, yvears. (UN()), World Bnnk(b),
(25)
0.D.C. )
9
e Infant mortality per 1000 linc births. (UN('), World Bank(G),
vz
o.p.c. 3y
10 6
e Adult literacy rate, peraent. (UN( ), World Bank()),
s
o.p.c. )
e Data consistency indicator for PQLI data (see toxt)
e BNL economyv tvpe. »
. . , . , (0)
o GDP per capita, 1976, U.S. §. World Bank )
. . e . N (11)
e Total cnergy consumption per capita, 1975, kgce. (UN )

(8),

e Population, millions, 1975. (IMF
e This variable not used

e Geographical region: 1 = 8. .frica, 2 = N. Africa, 3 = M., Last,
4 = S, Asia, 5 = E. Asia, 6 = Central
America and Caribbean, 7 = S. America,
8 = Europc®

e Religion type: 1 Hindu and Bhuddist, 2 = Christian,
3 Islamic, 4 = Mixtures, 5 = Traditional
s
or Tribal, 9 = Unknown

"
Israel is counted as a FEuropean country
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AFGHANTST AN
ALGERTA
ANGL LA
APGENT IR A
BAHFAIN
BRANGLADF SH
DARDBANTS
BELTZF
RELTN
POLTIVIA
FOTSWANA
BRAZTL
PUKMA
BURUNDI
CAARGHTA
CAMFE N
CrNT JAFLEMP,
LHAD

CHILE

CHINA (FLP)
COLOMBTA
(ONGOH, PR
(GSTA TICA
CYPrUS
POMINCM RFP
feaanep
FGYPT

FL SALVADCE
FQ GUINFA
ETHIOP LA
Fl1J1

GABON
GAMDTA
GHANA
GKELCF
GUATEMAL A
GUINFEA
GUYANA

a0,
€3,
349,
LR,
~3.
41.
¢7Te
417.
41,
40,
50.
60
51.
43,
49,
41,
34,
3.
6£5.
T1.
L2
44,
6l
71.
59,
0.
55,
5.,
44,
3g.
7C.
37.
40.
47,
71.
53,
"1'
605,

TABLE A-6

PQLT DATA BASE

230,
116,
233,
5G,
78,
Ln7.
9.
14,
130.
117.
97 «
loa,
QK.
14¢.
l3g.
137.
150,
160,
64,
0.
H1.
130,
1B,
27
6l
€7,
103,
30
Luae,
123,
."‘1.
204,
165,
111,
23,
15,
175,

Sl.

q.

L.. Q .

8a
Q4.
40.
22.
go,
7.
13.
6wy,
33,
55,
2
17,
42.
17.

7.
9.
na,
94 .
9.
29
9.
16.
62.
64 .
31.
59.
20,
6.
64,
19,
9 e
31l.
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46,
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1550 1754,
9999,.11819,.
110, 2%,
1510s 1175,
9699, 547,
130. Hee
390 2:)3,
99949,999¢9,
1147 670,
120, 51
129. 13.
9999, l6.
290, 1n4,
23n, 4,
129, 39,
LO50. TLS.
1073, 1427,
63), obll.
520. 209.
1047, 544,
1240. 1419,
780, 4583,
640. 442,
280. 405,
499, 248.
9994, e7,
100. ’29.
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5R0. 132.
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545
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