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PREFACE

This volume is one of three written under Department of State contract
number 1722-520061 on the "Medium-Term Ability of 011 Producing Countries
to Absorb Real Goods and Services." The three volumes ~- Volume I
(Executive Summary), Volume II (Research Findings), and Volume III (Tech-
nical Appendices) ~- present the result of a major effort by CACI, Inc.-
Federal to study the current economic conditions, government policies,
development plans, and prospects of the 13 members of the Organization of
Petroleum Exporting Countries (OPEC). Based on these assessments, a
forecasting model was developed and applied to study the economic growth
and abscrptive capacity of each of these countries from 1975~1985.

Four members of CACI's professional staff contributed far beyond the call
of duty to the successful completion of this effort. Gary Keynon and
Farid Abolfathi made outstanding contributions to the development and
conceptualization of the study. Keynon, who guided the overall research
effort as principal investigator, formulated and programmed the elaborate
forecasting model that was used to assess the absorptive capacity of the
13 members of OPEC. He also participated heavily in data acquisitionm.
Among other responsibilities, Abolfathi wrote most of the country studies
and directed data acquisition. Margaret Hayes drafted two chapters of
the final report and commented on many others. She also helped gather
data on selected countries and all data on trade with the OPEC countries.
Robert Crain assisted with data collection and contributed greatly to the

computer programming and data management.

Members of the interagency working group proved themselves constructive
critics throughout the research process. They continually probed funda-
mental assumptions and provided valuable information that enhanced the
research process. Warren H. Reynolds, who served as the contract moni-
tor in the Office of External Research, greatly facilitated efforts to

gain key information, gain access to government analysts, and keep the

e




project on a course that would be most useful to the Department of State.
The members of the study team offer their sincere thanks to each of these
individuals.

Last, but hardly least, CACI's support staff labored extremely long hours
over the seemingly endless drafts of the three volumes. Carol Franco and
Nancy Streeter smoothed the prose, standardized the formats, and gently
reminded the authors that even social science findings can be communicated
with a certain amount of style and grace. However, it should not be
assumed that they are responsible for what has survived their efforts.
Sharon O'Rourke, CACI's ever resourceful office manager, worked diligently
to help meet project deadlines. Ann Yamat and Kathy Harris typed repeated
drafts of the report, managing to remain understanding to authors who
always wanted to make one last change in what was to have been the final,

final, final draft. Again, the study team expresses its thanks. i
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APPENDIX A

World Demand for Petroleum from the Organization
of Petroleum Exporting Countries (1975-1985)
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INTRODUCTION

This appendix reviews and synthesizes existing data and projections on
world oil production and consumption and assesses their impact on the
demand for oil production of the Organization of Petroleum Exporting
Countries (OPEC) from 1975-1985. After discussing several general con-

siderations that can influence the accuracy of the forecasts, oil import

needs are reviewed for major world regions. These regional projections

are summarized in a third section on the world oil balance.




GENERAL CONSIDERATIONS

Estimating world demand for petroleum for the next decade would be a
difficult task even under '"normal" pre-October 1973 conditions. At that
time, one could assume a constant world income elasticity for energy
demand which somewhat eased the task of forecasting. Currently, however,
there is far greater uncertainty involved in forecasting energy demand.

There are five particularly troublesome sources of uncertainty.

| e Overall demand for energy. With price increases and
government encouragement for lower consumption, many
expected a dramatic fall in demand as consumers began
to conserve and switch to more energy-efficient appli-
ances and machines. 1In 1974, a dramatic decrease in
energy consumption occurred throughout the industrial
countries. However, this decline was accompanied by

a major economic recession and may not have had much to
do with conservation. The long-term behavior of energy
demand remains largely unpredictable.

e Substitution to non-oil fuels. Many believed that as
oil became more expensive relative to other fuels
(nuclear, solar, oilshale, tar sands, and coal) there
would be a rapid increase in demand for these alterna-
tive energy sources. More recently, however, economists
have had second thoughts about the substitutability of
these sources for oil. Physical limitations, environ-

L mental costs, and the price of producing large quanti-
ties of energy from them may have been vastly under-
estimated.

e Rate of discovery of new sources of petroleum. After

October 1973, experts predicted a rapid increase in
the pace of exploration and development of new sources
of petroleum in areas outside OPEC. A few significant
oil discoveries have been made in Mexico, Brazil, and
India, but these finds have not been major when compared
to the oil-rich Persian Gulf. No one knows how long

! the present feverish pace of exploration for oil will

‘ continue or if it will produce large-scale discoveries
that could reduce the dependence of industrial countries

! on OPEC petroleum.

NG s,
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e 0il production in Communist countries. No public
source in the West has reliable information on the
size, quality, or production cost of Soviet and
Chinese o0il reserves. Therefore, it is impossible
to make accurate forecasts for the potential produc-
tion or availability of Soviet and Chinese petroleum.
Moreover, it is difficult to predict the degree to
which the governments of these countries would make
surplus oil available for export. Thus, most experts
have resorted to speculation or educated guesses when
forecasting Soviet and Chinese oil exports. Further,
it is impossible to predict the degree to which oil-
importing industrial countries are willing to become
dependent on Communist countries for oil imports.

e The price of energy. Energy prices have trended up-
ward since 1971, when the first significant oil price
increase occurred. A number of economists have con-
sidered this situation temporary. It is argued that,
sooner or later, this "artificially" high price will
lead to oversupply of oil and other forms of energy,
causing prices to drop. These arguments ignore the
ability of OPEC to adjust its production to world
demand and may be optimistic about the elasticity of
world energy supply. Nevertheless, they have created
considerable uncertainty about future energy prices,
the perceived risks involved in developing new energy
sources, and oil exploration.

These five problems have led to wide variation in forecasts of petro-
leum demand and supply. Table 1 illustrates the range of variation

among 10 different estimates of demand for OPEC oil in 1980 and 6 differ-
ent estimates in 1985. It is evident that the range is great (about 50
percent around the mean of 1,515 million tons in 1980 and 1,559 million
tons in 1985).

Similarly, Table 2 shows a relatively wide variation in forecasts of the
capacity of countries to produce oil. This is not surprising since estimat-
ing oil reserves is a very complex process. Alternative standards such

" "potential," or "probable" reserves merely add to the uncer-

as "'proved,
tainty about future capacity. Few sources are even willing to project

production capacity 10 years into the future.




TABLE 1

Demand for OPEC 0il
(mil. tons, annual)

1980 1985
Mikdashi:
1. High 2161
2. Low 0747
W.J. Levy Base Case 1568
Variation 1 1792
City Bank 1544 1594
American Universities
1 Field Staff (AUFS)
- ("Normal") 1917
- ("Restricted") 1175
CACI 1640 1810
Morgan Guarantee 1474
Irving Trust 1230
Organization for Economic
Cooperation and
Development (OECD)
- $6 Case 1630 1843
- $9 Case 1170 1200

Source: Mikdashi (1975), Levy (1975), First National City Bank (1975),
AUFS (1974), Ganz (1975), Alexander (1975), OECD (1975), and Table 12
of this appendix.




TABLE 2

OPEC Productive Capacity
(mil. tons, annual)

1980 1985
OECD 2131

MIT 2131

National Petroleum Council 3013
International Bank for

Reconstruction and Development (IBRD) 2425

AUFS ("Normal'') 1917

CACI 2112 2310

Sources: OECD (1975), MIT Energy Laboratory (1974, 1974a), AUFS (1974),
National Petroleum Council (1973), and IBRD (1974a).
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FORECASTS OF OIL IMPORTS BY REGION

This section presents forecasts of oil imports for selected major coun-
tries and groups of countries for 1980, 1985, and, in some cases, 1990.
In the following sections, the range of available forecasts is presented
on a regional basis. The regional approach was selected because most
available forecasts were made on a regional basis and it represents a
good middle ground between country-specific and aggregate, global fore-
casts. The technique used to estimate the future supply-demand situation

of petroleum relies heavily on the results of forecasts made by others.

All available forecasts were considered for the years 1980 and 1985.

Their techniques and assumptions were scrutinized to eliminate unrealistic
forecasts. Then, based on the latest available information a single pro-
jection was made within the range of available forecasts, usually close

to the mean of all available forecasts. Where information was sparse,

this projection sought to remain conservative.

OIL IMPORTS OF THE OECD REGION

The OECD countries are the most important energy-importing states in the
world. Consequently, they receive considerabhle attention in this appen- ;
dix. Table 3 presents 17 estimates of the energy consumption of OECD
countries in millions of tons (of oil equivalent) for 1980.

Most of these forecasts were made prior to October 1973. As would be

expected, there is wide variation among them. The lowest is a rela-

.

tively old projection made by the European Economic Community (EEC) in

1968. The highest forecasts were made but in the 1970's, prior to
October 1973, when it was commonplace to expect a healthy growth rate
for the Western economies and, hence, a continuing moderate rate of growth

in their energy consumption. In general, the post-1973 estimates, such

A-7
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inad s as

as those by OECD (1975) and Walter Levy (1975), are significantly lower
than previous forecasts made in the 1970's. The size of the reductionms,
however, 1s somewhat arbitrary since there is no accurate estimate for

the price elasticity of energy demand.

A recent OECD study (OECD, 1975) of energy prospects is the most detailed
and the best documented study of OECD energy forecasts for the 1980's.

Its forecasts for petroleum are presented in Table 4 to 1llustrate a
detailed forecast of the oil requirements of OECD countries under alterna-
tive assumptions about oil prices. As Table 4 shows, the OECD oil import
forecasts, especially those for 1985, are sensitive to changes in the
price of oil. Moreover, the forecasts assumed gross domestic product
(GDP) growth rates of 4 to 5 percent per annum except for Japan (assumed

to be 7 to 8 percent).

In general, the OECD forecasts seem to be very optimistic about the
elasticity of demand and supply with respect to price and the substitut-
ability of other forms of energy for oil. This optimism is evident from
the wide range of variation in oil import forecasts under various oil
price assumptions. For instance, under pre-October 1973 conditions,
total OECD oil imports in 1980 and 1985 were forecast at about 2 and 2.6
billion tons respectively. At 9 dollars per barrel, projected imports
drop to about 1.1 and 1.0 billion tons. Another indication of the opti-
mism of the assumptions of the forecasts is the fact that, at an oil price
level of $9 per barrel, the United States is forecast as a net exporter
of petroleum in 1985. Few analysts confidently predict such a situation
by 1985.

Table 5 displays data and forecasts of petroleum consumption, production,
and imports by the OECD countries for selected years. Where the entries
are forecasts, the range of each year's projection is given by listing
the lowest and highest figures available to CACI at the time of this
writing. In addition, a single forecast was selected for each year as
the basis for further analysis. The CACI figure represents the estimate
that, in our judgment, was most reasonable and most consistent with the
latest trends and studies of the world energy situation.
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TABLE 5

OECD Energy Balance (for 0il)
(mil. metric tons)

1965 1970 1975 1980

Consumption:

1. Low 2174 2440

2. CACI 937 1440 1820 2350 2950

3. High 2910 3570 1
Domestic Production:

1. High 1098 1385

2. CACI 447 563 620 950 1280

3. Low 896 936
Imports:

1. Low 1076 1055

2. CACI 490 877 1200 1400 1670

3. High 2014 2634

Sources: See Tables 3 and 4, Neil (1975) The Economist (1975c), White

et al. (1973), Federal Energy Administration (FEA) (1974), Energy Research
and Development Administration (ERDA) (1975), Adelman (1972, 1971), Middle
East Institute (1972), Duchesneau (1972), Russell and Bohi (1975), A
Tripartite Report (1974), Tsurumi, (1975), Prodi and Clo (1975), Darmstadter
and Landsberg (1975).
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OIL IMPORTS OF COUNCIL FOR MUTUAL ECONOMIC ASSISTANCE COUNTRIES (COMECON)

Tables 6 and 7 summarize the oil balance of the Soviet Union and East
Europe for selected years. In general, the procedure used to arrive at
these figures was the same as that of Table 5. However, forecasts for

the Soviet Union and East Europe are of lower quality than those for OECD,
largely because of the secrecy of the Communist governments. beeover,
the Soviet and East European oil situation is approaching a point where
major decisions are required that could have a great impact on the Soviet-
East European trade in oil for the next decade. These decisions relate

to Soviet options:

e To what degree should Western and Japanese technology
be allowed to enter into the Soviet o0il industry?

e What incentives should be given to attract Western and
Japanese technology to the Soviet oil industry?

e To what degree should the Soviet Union and East Europe
become dependent on foreign oil and gas, for example,
from the Middle East?

e To what degree is it economically practical and politically
wise to allow East European dependence on Soviet oil to
diminish?

The extent to which these issues have been decided is presently unclear.
The governments involved may be procrastinating to allow new developments
to take their course. Eventually, decisions on these areas will have to
be made, and they will have a great impact on the future of Soviet and
East European o0il trade. Hence, current for:casts of Soviet and East

European energy demand and supply should be treated with great caution.

OIL IMPORTS OF THE PEOPLE'S REPUBLIC OF CHINA

Table 8 summarizes the oil balance of the People's Republic of China for
selected years. These estimates and forecasts should be treated with even

less confidence than those of the COMECON countries since there has been

A-12
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TABLE 6

Soviet Energy Balance (for 0il)
(mil. metric tons)

i 1965 1970 1975 1980 1985
; Consumption:
1. Low 450 520
2. CACI 168 241 339 500 650
3. High 550 800
Domestic
Production:
1. High 650 800
2. CACI 243 353 483 580 730
3. Low 560 700
] Imports:
1. Low -200 -280
2. CACI =75 -112 =144 -080 -080
3. High -010 100

Sources: Ebel (1970), Economist Intelligence Unit (1973a), Goldman
(1975), Landis (1973), The Economist (1975), Berry (1972), United Nations
(1974, 1974a), and OECD (1975, 1973).
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TABLE 7

East European Energy Balance (for 01l)
(mil. metric tons)

1965 1970 1975 1980 1985 |
Consumption: '
1. Low 105 120
2. CACI 35 64 98 115 150
3. High 142 180
Domestic
Production:
1. High 34 35
2. CACI 15 16 17 23 25
3. Low 20 20
Imports:
1. Low 071 85
2. CACI 24 48 81 092 125
3. High 122 160
Imports From
the Soviet Union:
1. Low 60 60
2. CACI 21 40 64 71 75
3. High 100 130

Source: Ebel (1970), Economist Intelligence Unit (1973a), Goldman (1975),
Landis (1973), The Economist (1975), Berry (1972), United Nations (1974a,
1974b), and OECD (1975, 1973).
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TABLE 8

Chinese Energy Balance (for 0il)
(mil. metric tons)

1965 1970 1975 1980 1985
Consumption:
1. Low 199 200
2. CACI 9 22 75 140 300
3. High 160 500
Domestic
Production:
1. High 400 800
2. CACI 10 25 85 180 450
3. Low 130 300
Imports:
1. Low =300 -600
2. CACI 0 -3 -10 - 40 =150
3. High 30 200

Source: Cranfield (1975), The Economist (1975a), Chan (1974), Park and
Cohen (1975), Harrison (1975), Park (1975), Cheng (1976), and Economist
Intelligence Unit (1974a).
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very little information on the Chinese 0il industry since the 1949
revolution. The wide range of forecasts of Chinese oil production is

an indication of the paucity of concrete information on Chinese o0il needs
and capabilities. China is depicted by some commentators as having poten-
tial reserves as great as Saudi Arabia. Others suggest that Chinese oil
reserves are far more modest and foresee that the huge population of

China will consume its domestic production, leaving little for export.
Estimation is further complicated by uncertainty about the rate and
pattern of China's industrialization and resulting domestic energy con-
sumption. Although China is becoming appreciably more industrialized,

the pace of development has been uneven over the last 25 years.

OIL IMPORTS OF LESS-DEVELOPED COUNTRIES (LDC'S)

Table 9 summarizes the oil balance of LDC's for selected years. There

is a great deal of speculation about the potential and probable reserves
of some LDC's. Few experts expect the discovery of new oil reserves in
other regions of the world on the scale of those found in the Middle East.
However, many believe there i1s a great deal of oil in smaller reserves.
Speculation is most intense about the prospects of oil in Southeast Asia,

the Indian subcontinent, West Africa, and parts of Latin America.

Exploration activities have not been intense and extensive enough for
systematic assessment of the oil potential of most LDC's. Other sources
of uncertainty in forecasting the energy balance in the LDC's include the
size of their future energy consumption and the rate of substitution from
their traditional energy sources. Uncertainty is further increased by

forecasts, such as those of the World Bank, that foresee a decline in the

economic growth rates of most LDC's attributable to the oil crisis.
Given the population of countries such as India, even very moderate eco-
nomic growth rates can iead to significant absolute increases in energy
consumption. Furthermore, a number of LDC's with large populations such

as Brazil, Egypt, and Turkey have great potential for economic growth.
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Consumption:

1. Low
2. CACI
3. High

Domestic

Production:

1. High
2. CACI
3. Low

TABLE 9

LDC Energy Balance (for 0il)
(mil. metric tons)

1965

120

65

55

Sources: United Nations (1974, 1974a), OECD (1975, 1973), Alexander
(1975), Economist Intelligence Unit (1974, 1974a, 1974b, 1974c), and FEA

(1975).

1970

1975 1980

200

100

100
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310
320 450
540

400
155 300
250

-090
+165 150
290

1985

405
590
830

1000
585
355

=595
005
475
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Arab and Islamic countries, such as Sudan and Pakistan, have greatly
enhanced development prospects through economic aid from the OPEC coun-

tries.

THE OIL BALANCE OF OPEC: AGGREGATE FORECASTS

Table 10 summarizes the oil situation of OPEC countries for selected
years. The forecasts in this table were derived from aggregate data and
assumptions made about OPEC as a group, rather than by analysis of indi-
vidual countries. The results vary from the estimates derived from indi-
vidual country forecasts presented in Appendix 2. However, the total

differences between the two sets of forecasts in most cases are not great.

Little attention has been paid to the domestic energy consumption of

OPEC countries since it presently constitutes only 2 to 5 percent of pro-
duction. This situation will change dramatically by the late 1980's
should current industrialization plans be achieved. By 1990, OPEC as a
group will be consuming from 11 to 36 percent of its own production capac-
ity.1 These percentages assume that the domestic o0il consumption of OPEC
countries during the next decade will increase by average annual rates
between 11 and 18 percent. The 11 percent figure is perhaps overly con-
servative because it is the level the OPEC states achieved during the
1970-75 period. Certainly, the growth of energy consumption in the OPEC
economies should, in the next decade, accelerate and remain at a high

rate through 1990. During the 1964-69 period, the Japanese economy
increased its energy consumption at annual rates of over 16 percent.

The OPEC coun*tries, most of whom are importing large quantities of energy-
intensive capital and consumer goods, may surpass the Japanese performance.
Therefore, the 18 percent annual growth, used as the high figure for the

oil consumption of OPEC as a group, appears reasonable.

Note that production capacity is always greater than actual production.
Thus, the percentage of consumption of actual production would be signifi-
cantly greater,
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Consumption:

1. Low
2. CACI
3. High

Domestic
Production:

1. High
2. CACI
3. Low

Exports:

1. High
2. CACI
3. Low

TABLE 10

OPEC Energy Balance (for 0il)

(mil. metric tons)

1965 1970 1975

24 35 50

(At Max. Capacity)
850 1200 1900

(At Max. Capacity)
826 1165 1850

Production figures are not actual production but represent maximum

1980 1985 1990
095 155 255
100 220 410
200 480 800

2500 2600 2500

2112 2310 2300

1900 2000 1600

2405 2445 2245

2000 2090 1890

1700 1520 800

capacity after allowing for normal conservation measures and a moderate

discovery rate.

Similarly, export figures represent maximum export
volumes or export potential at full capacity production.

Actual produc-

tion and exports are likely to be more variable but must always be less

than capacity.

Sources: OPEC (1967-73), OECD (1975, 1973), MIT Energy Laboratory (1974),

Middle East Economic Digest (1975), Iskandar (1974), and Sources in

Tables 1 and 2.
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It appears certain that the energy consumption of OPEC countries will
increase until it approaches a figure commensurate with their total wealth
level. By the mid-1980's, this consumption will probably be greater than
10 percent of their total production. If this forecast holds, the OPEC
countries are likely to become more conservation conscious and begin to
withhold oil for their own future use. Thus, the future oil exports of
OPEC could turn out to be well below what one would forecast on the basis

of either non-OPEC world demand or OPEC capacity.
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THE GLOBAL OIL BALANCE

This section summarizes the information used by CACI to represent world
energy balance by region. Estimates are then derived for the net global

balance of non-OPEC countries.

Table 11 summarizes the estimates selected by CACI to represent the oil
balance of Communist countries. Total oil imports of East Europe and
the Soviet Union are forecast to exceed total oil exports by 1980. The
Communist countries as a group, however, should regain their present

level of net o0il exports by 1985 as Chinese o0il production gains momentum.

Table 12 summarizes Tables 5 through 9 and presents a global forecast by
focusing on four regions: Communist countries, OECD, LDC's, and OPEC.

The bottom row in Table 12 represents the net global demand for OPEC oil.
In general, this figure should be equal to total oil exports of OPEC.

For this report we have assumed that this balance will hold during the
1975 to 1985 period. That is, the demand for OPEC o0il will not exceed

the available supply. While this assumption is reasonable, it is possible
that, for a variety of reasons (including conservation and low absorptive
capacity), some countries will cut production so that total OPEC exports
would be significantly below the world demand.
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TABLE 11

011 Imports of Communist Countries
(mil. metric tons)

1965 1970 1975 1980 1985

East European Imports 21 37 64 92 125
Soviet Imports =75 -112 =144 -80 - 80
COMECON Imports -54 - 95 - 80 12 45
Chinese Imports -0 - 03 - 10 =40 -150
Other Communist

Countries 05 07 09 18 20
Net Imports of All

Communist Countries =49 - 91 - 81 -10 - 85
Sources: Based on Tables 6, 7, and 8.

TABLE 12
World 0il Balance by Region
(mil. metric tons)
1965 1970 1975 1980 1985

Communist Balance 049 091 0081 0010 0085
OECD Balance =490 -877 -1200 -1400 -1670
LDC's Balance =055 -100 -0165 -0150 -0005
Non-OPEC Balance =496 -886 -1284 -1540 -1590
OPEC Consumption -024 -035 - 050 - 100 - 220
Non-OPEC World Energy

Deficit = Total

Demgnd for OPEC

0117: =520 -921 -1334 -1640 -1810

Demand for OPEC oil is equivalent to the sum of all regional balances

of energy plus OPEC's own consumption.

Sources: Based on Tables 1 through 1l1.
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SUMMARY

This appendix has presented forecasts of energy demand from OPEC countries
over the next 10 years by major world regions. Existing forecasts were
reviewed against the background of recent developments that might modify
the initial estimates.

The highly speculative nature of forecasts of world demand for OPEC oil
has been stressed throughout the paper. Changing rates of industrializa-
tion in OPEC countries, rates of economic growth in non-OPEC and OPEC
countries, political decisions by the Soviet Union, and the potential for
additional oil discoveries are only a few of the unknowns that could
effect on the forecasts. Nevertheless, the following occurrences are

anticipated:

e O0il consumption by OECD countries will double by 1985,
while domestic oil production will increase by almost
two and one-half times the 1970 level.

e The Soviet Union may become a net oil importer by 1985
as exports to Eastern European countries are cut back.

e China will have the capacity to be an important oil
supplier by 1985.

e Domestic demands for oil in the OPEC countries will
increase dramatically by 1985 as economic growth surges
in these states. This may produce an intensified
interest in oil conservation by selected OPEC states.
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APPENDIX B

Estimation and Forecasts of 0il Revenues
of Individual Organization of Petroleum Exporting Countries (1970-1985)




INTRODUCTION

Appendix B attempts to estimate annual oil production and oil revenues
from 1970-1985 for each member of the Organization of Petroleum Exporting
Countries (OPEC). Existing estimates and/or actual data from 1970

onward have been utilized to develop these forecasts. Available infor-
mation often had sizable gaps; therefore, considerable weight was given

to expert judgment.

Since this appendix examines the capabilities and likely behavior of the
OPEC countries, we have considered both what the country can do (that
is, its capacity) and what it is likely to do given its membership in
OPEC. Hence, an attempt has been made to draw on two different perspec-
tives. First, we have treated OPEC as a group to analyze behavioral
characteristics of the organization. For instance, it might be useful
to study the potential bargaining capability of OPEC vis-a-vis the major
consuming counttiesl by considering OPEC states as a group. Second, we

have focused on aspects of the behavior of individual OPEC countries.

The forecasting methodology used to estimate total petroleum production,
domestic oil consumption, oil exports, production capacity, and oil
reserves drew on certain assumptions about each of these areas. These
assumptions are elaborated in the next section. The final section briefly
reviews the procedures used to generate the estimates and then presents

the estimates themselves.

See Appendix A for the treatment of demand for OPEC oil as an example
of the treatment of OPEC as a group.
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SOME ASSUMPTIONS USED TO GUIDE THE FORECASTS

it

By .‘ »

Information and assumptions in s8ix areas -- known oill reserves, produc~
tion capacity, current production, domestic oil consumption, petroleum
exports, and revenues from petroleum -- were used to guide the fore-

casts.

OIL RESERVES

Estimates of proven, probable, and potential reserves of each country
were used to project present reserves. Then, on the basis of probable
and potential reserves and annual production, net increases in the proven
reserves were estimated. In countries such as Libya, where exploration
activities have been reduced and discovery of new reserves is not seen

as urgent for maintaining governmental expenditures, it was assumed that
the rate of discovery would be significantly less than the historical

trend.

PRODUCTION CAPACITY

It was assumed that production capacity would be increased only in coun-
tries where the life of the proven reserves was likely to exceed 15

years at current production levels. Furthermore, it was assumed that

in countries where production rates were cut back as a result of gov-
ernmental policy (such as Venezuela, Kuwait, and Libya), production capac-
ity would decline after a delay of 2 to 5 years. Where the oil industry
equipment is older and reserves are near exhaustion, the lag would be
about 2 years. In cases such as Kuwait, where reserves are substantial

and most installations are in good condition, the lag would be longer.

After considering reserves, the rate of increase of production capacity
was assumed to be related primarily to governmental need for additional
revenues, existing plans for expanding the oil industry, and forecasts
of future world demand for OPEC petroleum.

B-3




CURRENT PRODUCTION

Production was assumed to be most directly related to governmental plans
and revenue needs, and the production capacity of each country's oil
industry. It was assumed that a slight world oversupply of petroleum
during the next few years would continue, but that after 1977 most coun-
tries would behave as though they could sell as much oil as they were
willing to provide. In some cases, however, the production estimates

are at variance with previous long-range plans. This is largely due to
the fact that most of these plans were made prior to October 1973 and did
not consider the increases in oil prices that have occurred since then.
Prior to October 1973, for instance, Saudi Arabia was projecting oil pro-
duction figures for the 1980's in the range of 18 to 20 million barrels
per day. As a result of the oil price increases, it seems unlikely that
the Saudi Government would allow its production capacity to reach that
level.2 In cases where OPEC members have devised post-1973 production
programs that take reassessed revenue needs intd account in light of

new oil prices, these programs were used as the basis for the forecasts

(for example, Venezuela, Kuwait, and Qatar).

DOMESTIC OIL CONSUMPTION

The domestic consumption of petroleum in the OPEC countries has been
increasing at a very fast pace. The rate of increase in countries such
as Saudi Arabia, the United Arab Emirates, and Iran has been as high as
16 to 20 percent in some years. Prior to October 1973, the Iranian Gov-
ernment had projected an annual growth rate of about 11 percent for Iran-

ian domestic o0il consumption for the 1975-85 period. This figure should

- At present, oil prices at this production rate would result in $80

billion revenue. This would create major absorptive problems for the

small population and limited administrative capabilities for Saudi Arabia.

It is also unlikely that Saudi Arabia would feel such a large amount of
money would be safe as deposits in foreign banks or investments in the
industrial countries.
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increase by at least 3 to 5 percent to account for the new growth targets
of the Iranian planners and the recent performance of the Iranian econ-
omy. In estimating the future consumption of petroleum, all current
development plans of OPEC countries were examined and their projected
growth rates considered. On the basis of these and other forecasts of
gross domestic product (GDP), the petroleum consumption of OPEC was pro-
jected using an income elasticity of demand for petroleum that was gen-
erally between 1.0 and 1.2. In general, this resulted in very high growth
rates in energy consumption, but these projections were relatively mod-
erate in comparison with growth rates of Japanese energy consumption
during the 1960's.

PETROLEUM EXPORTS

The petroleum exports of each OPEC member are assumed to be approximately
equal to the country's production minus domestic consumption of petroleum.
In some cases, this figure may not be equal to actual exports because of

bookkeeping problems or changes of stocks.

REVENUES FROM PETROLEUM

Total oil revenues for the 1975-85 period were calculated by the simple
multiplication of annual oil exports by the base price per barrel of
petroleum for each country. These base prices are listed in Table 1.
Generally, these figures assumed a base price of $10 per barrel for
Arabian light, the industry standard. All other variations are assumed
to be largely due to mixture, sulphur content, and transportation pre-
miums. It was assumed that oil prices would remain constant in real
terms during the 1975-85 period. Therefore, for the 1975-85 period oil
revenues are essentially the same as the value of oil exports. However,
this is not the case for the years prior to 1975. For these years oil
prices and government per-barrel revenues differed by as much as 40 per-
cent with the difference going to the concessionary oil companies. There-
fore, actual governmental revenue for the years prior to 1975 was used

rather than the value of oil exports.
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TABLE 1

Base Prices for OPEC 0il by Country
(per barrel)

Algeria U.S. $11.50
Ecuador 11.50
Gabon 11.50
Indonesia 11.00
Iran 10.00
Iraq 10.00
Kuwait 10.00
Libya 11.50
Nigeria 11.50
Qatar 10.00
Saudi Arabia 10.00
United Arab Emirates 11.00
Venezuela 11.50




THE FORECASTING METHODOLOGY

The methodology involved in the forecasts was relatively simple. First,
the best estimates available for six kinds of information -- oil reserves,
production capacity, current production, domestic consumption, petrocleum
exports, and petroleum revenues -- were gathered. Second, after the infor-
mation was checked for reliability and consistency, annual projections for
each variable for each country were made for 5-year time periods. After
5-year projections for each variable were computed, consistency was
checked across the variables. Then, once required adjustments were made,
the next 5 years were forecast, checked for consistency, and (if need

be) adjusted. Projections were undertaken for each of the 13 countries

on a country-by-country basis. Because of uncertainties about reserve

levels, these forecasts must be used with caution.

A GUIDE TO THE RESULTS

Tables 2-14 present forecasts of production, consumption, exports, pro-
duction capacity, and petroleum reserves on a country-by-country basis.
Table 15 presents forecasts of the oil revenues for each country. The
revenue figures are presented in alphabetical order, corresponding to

the order of country chapters presented earlier in this report.

The following conventions are used throughout the tables:

A = actual data

E = estimated data

P = projected estimate




In general, "A" refers to statistics for which more or less complete
information was availeble, though some adjustments may have been made
to get a continuous time series. "E" refers to situations in which
only incomplete information was available. "P" refers to forecasts

made according to the procedures described in this section.




TABLE 2
Projections for the Algerian 0il Industry

Production Consumption Exports Capacity Reserves
mil. b/d mil. b/d mil. b/d mil. b/d bil. b's
1970 1.029 A 0.039 A 0.974 A 1.150 8.0
1971 0.785 A 0.041 A 0.702 A 1.150 7.6
1972 1.062 A 0.047 A 0.997 A 1.100 7.3
1973 1.075 A 0.055 A 1.020 E 1.100 7.6
1974 0.945 A 0.044 A 0.897 E 1.100 7.3
1975 0.950 E 0.066 E 0.885 E 1.100 7.0
1976 0.950 P 0.070 P 0.880 P 1.100 6.7
1977 0.950 P 0.076 P 0.870 P 1.100 6.4
1978 0.950 P 0.079 P 0.865 P 1.100 6.1
1979 0.950 P 0.086 P 0.860 P 1.050 5.8
1980 0.950 P 0.092 P 0.850 P 1.050 5.5
1981 0.900 P 0.099 P 0.800 P 1.050 5.2
1982 0.900 P 0.110 P 0.780 P 1.000 4.9
1983 0.900 P 0.117 P 0.775 P 1.000 4.6
1984 0.900 P 0.127 P 0.760 P 1.000 4.3
1985 0.90C P 0.139 P 0.755 P 1.000 4.0
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TABLE 3
Projections for the Ecuadorean 0il Industry
! Production Consumption Exports Capacity Reserves
mil. b/d mil. b/d mil. b/d mil. b/d bil. b's
1970 0.004 A 0.024 A -0.019 A 0.008 1.50
1971 0.004 A 0.025 A -0.023 A 0.200 1.50
1972 0.070 A 0.028 E 0.035 E 0.240 1.47
1973 0.204 A2 0.032 E 0.160 E 0.240 1.40 '
1974 0.160 A2 0.037 E 0.120 E 0.240 1.33 1 3
1975 0.200 E2 0.043 E 0.155 E  0.240 1.28 i
1976 0.240 pa 0.050 P 0.190 P 0.300 1.20 !
1977 0.280 p2 0.057 P 0.220 P 0.350 1.30
! 1978 0.300 p2 0.065 P 0.235 P 0.400 1.50
r 1979 0.400 P2 0.072 P 0.325 P 0.500 2.00
f 1980 0.500 P2 0.089 P 0.420 P 0.550 2.60 ‘
1981 0.550 P 0.099 P 0.460 P 0.600 3.00
1982 0.600 P 0.115 P 0.500 P 0.650 2.90
1983 0.600 P 0.115 P 0.480 P 0.650 2.80
1984 0.600 P 0.129 P 0.470 P 0.650 2.70
1985 0.600 P 0.142 P 0.456 P 0.610 2.50
Ecuador's production plan for 1972-1980 was as follows: .200 (1972), '
.250 (1973-74), .300 (1975), .400 (1976-78), .500 (1979), and .600 |
(1980). '

i e e i e o e il e Al iadat el i 0

B-10




TABLE 4
Projections for the Gabon 0il Industry

Production Consumption Exports Capacity Reserves

mil. b/d mil. b/d mil. b/d mil. b/d il h'ae
1970 0.109 A 0.0030 E 0.105 E 0.130 1.17
1971 0.115 A 0.0032 E 0.113 E 0.150 1.18
1972 0.152 E 0.0040 E 0.147 E 0.180 1.17
1973 0.147 A 0.0048 E 0.141 E 0.185 1.15
1974 0.180 A 0.0059 E 0.174 E 0.220 1.17
1975 0.210 E 0.0069 E 0.202 E 0.250 1.10
1976 0.221 P 0.0084 P 0.213 P 0.275 1.04
1977 0.220 P 0.0100 P 0.210 P 0.280 0.97
1978 0.220 P 0.0115 P 0.208 P 0.280 1.50
1979 0.220 P 0.0128 P 0.206 P 0.280 2.00
1980 0.220 P 0.0140 P 0.203 P 0.280 2.00
1981 0.230 P 0.0155 P 0.212 P 0.300 1.95
1982 0.250 P 0.0170 P 0.231 P 0.300 1.90
1983 0.255 P 0.0190 P 0.230 P 0.300 1.81
1984 0.260 P 0.0240 P 0.235 P 0.300 1.71
1985 0.270 P 0.0320 P 0.238 P 0.300 1.61
-
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TABLE 5
Projections for the Indonesian 0il Industry

| Production Consumption Exports Capacity Reserves
mil. bbl/d mil. bbl/d mil. bbl/d mil. bbl/d bil. bbl's

1970 A 0.854 0.109 0.725 0.900 9.0
1971 A 0.892 0.125 0.749 0.950 10.0
1972 A 1.079 0.138 0.941 1.150 10.3
1973 A 1.339 0.152 1.100 1.400 10.5
1974 A 1.380 0.167 1.164 1.500 11.1
1975 E 1.280 0.185 1.095 1.700 11.7
1976 P 1.5002 0.205 1.2162 1.800 12.4
1977 P 1.;08: 0.228 1.4088 1.950 13.0
1978 P 1.81 0.253 1.5078 2,050 13.5
1979 P 1.9708 0.280 1.6718 2.150 14.1 !
1980 P 2.150 0.311 1.800 2.300 14.7
1981 P 2.350 0.340 1.950 2.450 15.4
1982 P 2.500 0.372 2.080 2.580 16.2
1983 P 2.700 0.409 2.250 2.750 17.1
1984 P 2.850 0.450 2.400 2.900 17.8
1985 P 3.000 0.500 2.450 3.012 18.3
Under Repelita II's production plan.
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TABLE 6

Projections for the Iranian 0il industry

Production Consumption Exports Capacity Reserves

mil. bbl/d  mil. bbl/d mil. bbl/d mil. bbl/d bil. bbl's
1970 3.829 A 0.182 A 3.626 A 4.300 63.0
1971 4.539 A 0.195 A 3.429 A 5.000 62.5
1972 5.023 A 0.219 A 4.805 A 5.800 61.5
1973 5.861 A 0.284 A 5.577 A 6.000 60.0
1974 6.131 A 0.355 E 5.796 E 6.300 61.0
1975 5.550 E 0.409 E 5.040 E 6.500 61.5
1976 6.500 P 0.510 P 5.990 P 6.900 62.0
1977 7.300 P2 0.600 P2 6.700 P2 7.200 63.5
1978 7.370 pb 0.690 P 6.680 P 7.550 64.5
1979 7.600 PP 0.770 P 6.830 P 7.800 61.8
1980 7.614 PP 0.862 P 6.752 P 8.000 59.0
1981 7.600 PP 0.965 P 6.635 P 7.950 57.5
1982 7.600 PP 1.100 P 6.500 P 7.900 55.7
1983 7.600 PP 1.232 P 6.368 P 7.850 52.9
1984 7.613 pb 1.367 P 6.240 P 7.800 51.2

According to Fifth Revised Plan, production in 1977 shall be 7.3 and
exports 6.7 while consumption 0.6 millions of barrels per day.

National Iranian 0il Company (NIOC) plan based on no major increases
in reserves.
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1970
1971
1972
1973
1974

1975
1976
1977
1978
1979

1980
1981
1982
1983
1984

1985

1970
1971
1972
1973
1974

1975
1976
1977
1978
1979

1980
1981
1982
1983
1984

1985

TABLE 7

Projections for the Iraqi 0il Industry

Production Consumption Exports Capacity Reserves
mil. b/d mil. b/d mil. b/d mil. b/d bil. b's
1.549 A 0.062 A 1.496 A 1.850 30.0
1.694 A 0.070 A 1.619 A 1.900 30.0
1.465 A 0.076 A 1.436 A 2.000 30.0
1.964 A C.089 E 1.865 E 2.200 31.5
1.820 A 0.104 E 1.700 E 2.400 33.0
2.250 E 0.123 E 2.100 E 2.600 35.0
2.450 P 0.148 P 2,300 P 2.700 40.0
2.600 P 0.166 P 2.430 P 2.850 45.0
2,800 P 0.187 P 2.600 P 3.000 48.0
3.000 P 0.209 P 2.780 P 3.150 50.0
3.200 P 0.235 P 2.950 P 3.350 52.0
3.400 P 0.260 P 3.130 P 3.600 53.0
3.600 P 0.286 P 3.304 P 3.800 54.0
3.800 P 0.312 P 3.480 P 4.000 56.0
4,000 P 0.343 P 3.650 P 4.150 58.0
4.200 P 0.372 F 3.820 p 4.300 60.0

TABLE 8
Projections for the Kuwaiti 0il Industry
Production Consumption Exports Capacity Reserves
mil. b/d mil. b/d mil. b/d mil. b/d bil. b's
3.160 A 0.014 A 3.133 A 3.200 67.7
3.374 A 0.016 A 3.319 A 3.400 66.5
3.488 A 0.017 A 3.654 A 3.500 65.3
3.218 A 0.020 A 3.154 E 3.500 64.0
2.734 A 0.025 A 2.654 E 3.500 63.0
2.200 E 0.030 E 2.150 E 3.500 62.2
2,200 P 0.035 P 2.150 P 3.400 61.4
2.100 P 0.041 P 2.050 P 3.300 60.6
2,100 P 0.048 P 2,050 P 3.200 59.9
2,000 P 0.054 P 1.930 P 3.100 59.2
2,000 P 0.061 P 1.920 P 2.900 58.5
2,000 P 0.068 P 1.910 p 2.700 57.8
2.000 P 0.078 P 1.905 p 2.500 56.0
2.000 P 0.086 P 1.900 p 2.400 55.3
2,000 P 0.095 P 1.900 p 2.300 54.6
2.000 P 0.105 P 1.890 P 2.200 53.8
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TABLE 9
Projections for the Libyan 0il Industry

Production Consumption Exports Capacity Reserves

mil. b/d mil. b/d mil. b/d mil. b/d  bil. b's
1970 3.318 A 0.016 A 3.312 A 3.500 29.0
1971 2.761 A 0.020 A 2.747 A 3.550 27.9
1972 2.239 A 0.024 A 2.214 A 3.500 26.1
1973 2.187 A 0.029 E 2.155 E 3.400 25.5
1974 1.520 A 0.035 E 1.480 E 3.200 24.7
1975 1.750 E 0.042 E 1.700 E 3.000 24.1
1976 2.000 P 0.048 P 1.945 P 2.800 23.4
1977 2.150 P 0.059 P 2.090 P 2.600 22.6
1978 2.200 P 0.066 P 2.130 P 2.500 21.8
1979 2.250 P 0.075 P 2.170 P 2.450 21.0
1980 2.300 P 0.083 P 2.210 P 2.450 20.2
; 1981 2.350 P 0.092 P 2.250 P 2.450 19.3
1982 2.400 P 0.103 P 2.390 P 2.500 18.4
1983 2.450 P 0.144 P 2.330 P 2.500 17.4
1984 2.450 P 0.126 P 2.320 P 2.550 16.5
1985 2.450 P 0.139 P 2.310 P 2.600 15.7
TABLE 10

Projections for the Nigerian 0il Industry

Production Consumption Exports Capacity Reserves
mil. bbl/d mil. bbl/d mil. bbl/d mil. bbl/d bil. bbl's

L
1970 1.084 A 0.028 A 1.051 A 1.400 20.5
{ 1971 1.559 A 0.034 A 1.486 A 1.800 20.0
; 1972 1.822 A 0.040 A 1.756 A 2.100 20.5
L 1973 2.054 A 0.049 E 2.000 E 2.200 20.0
: 1974 2.260 A 0.070 E 2.185 E 2.300 19.3
1975 1.840 E 0.090 E 1.745 E 2.500 18.5
1976 2.000 P 0.115 P 1.880 P 2.550 17.9
1977 2.300 P 0.133 P 2.160 P 2.600 17.2
| 1978 2.400 P 0.149 P 2.247 P 2.650 16.6
1979 2.450 P 0.165 P 2,281 P 2.650 16.0
! 1980 2.500 P 0.173 P 2.320 P 2.650 15.0
1981 2.600 P 0.191 P 2.402 P 2.700 14.0
1982 2.700 P 0.209 P 2.488 P 2.900 13.0
¥ 1983 2.800 P 0.236 P 2.560 P 3.000 12.0
. 1984 2.900 P 0.265 P 2.630 P 3.100 11.0
¢ 1985 3.000 P 0.300 P 2.700 P 3.150 10.0
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TABLE 11
Projections for the Qatar 0il Industry

Production Consumption Exports Capacity Reserves

mil. b/d mil. b/d mil. b/d mil. b/d bil. b's
1970 0.362 A 0.0016 A 0.363 A 0.450 7.0
1971 0.431 A 0.0017 A 0.429 A 0.500 6.9
1972 0.482 A 0.0020 A 0.482 A 0.550 6.7
1973 0.570 A 0.0022 E 0.567 E 0.600 6.5
1974 0.520 A 0.0025 E 0.517 E 0.620 6.3
1975 0.470 E 0.0029 E 0.467 E 0.700 6.1
1976 0.550 P 0.0034 P 0.546 P 0.700 6.0
1977 0.600 P 0.0039 P 0.596 P 0.700 5.8
1978 0.600 P 0.0045 P 0.595 P 0.700 5.6
1979 0.550 P 0.0052 P 0.544 P 0.700 5.4
1980 0.550 P 0.0060 P 0.544 P 0.650 5.2
1981 0.550 P 0.0068 P 0.543 P 0.650 5.0
1982 0.500 P 0.0077 P 0.492 P 0.650 4.8 |
1983 0.500 P 0.0087 P 0.491 P 0.600 4.6
1984 0.500 P 0.0098 P 0.490 P 0.600 4.4
1985 0.500 P 0.0112 P 0.488 P 0.600 4.2

TABLE 12
Projections for the Saudi Arabian 0il Industry
Production Consumption Exports Capacity Reserves ]
mil. b/d mil. b/d mil. b/d mil. b/d  bil. b's
i 1970 3.799 A 0.042 A 3.783 A 4.000 86.0
1971 4,769 A 0.047 A 4.716 A 5.100 91.0
1972 6.012 A 0.052 A 6.012 A 6.150 92.0
1973 7.610 A 0.060 E 7.550 E 7.800 97.0
1974 8.490 A 0.080 E 8.400 E 10.000
1975 7.200 E 0.100 E 7.100 E 11.500 110.0
1976 8.500 P 0.125 P 8.350 P 11.700 120.0
1977 9.500 P 0.147 P 9.350 P 11.900 117.0 .
1978 11.000 P 0.170 P 10.800 P 12.100 113.5
1979 12.000 P 0.200 P 11.800 P 12.300 110.3
1980 12.500 P 0.225 P 12.255 P 13.500 106.0 ]
1981 13.000 P 0.250 P 12.745 P 13.700 101.8
1982 13.500 P 0.280 P 13.210 P 13.800 96.5
1983 13.500 P 0.310 P 13.180 P 13.900 92.0
1984 13.500 P 0.345 P 13.145 P 14.000 87.6
1985 13.500 P 0.377 P 13.110 P 14.000 82.5
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1970
1971
1972
1973
1974

1975
1976
1977
1978
1979

1980
1981
1982
1983
1984

1985
1986
1987
1988
1989

1990

TABLE 13

Projections for the UAE 0il Industry

Production Consumption Expogts Capacity Reserves
mil. b/d mil. b/d mil. b/d mil. b/d bil. b's
0.770 A 0.0030 A 0.770 A 1.000 20.0
1.059 A 0.0035 A 1.053 A 1.200 23.0
1.205 A 0.0043 A 1.205 A 1.500 24.0
1.526 A 0.0055 E 1.516 E 1.700 24.5
1.676 A 0.0070 E 1.667 E 1.800 25.0
1.700 E 0.0100 E 1.690 E 2.400 25.5
1.800 P 0.0120 P 1.790 P 2.500 25.0
2.000 P 0.0138 P 1.990 P 2.600 24.3
2.200 P 0.0156 P 2.180 P 2.700 23.6
2.300 P 0.0180 P 2.280 P 2.750 22.8
2.300 P 0.0210 P 2.280 P 2.800 22.1
2.300 P 0.0228 P 2.280 P 2.800 21.3
2.300 P 0.0242 P 2.280 P 2.800 20.6
2.300 P 0.0270 P 2.270 P 2.750 19.8
2.200 P 0.0300 P 2.170 P 2.700 19.0
2.100 P 0.0330 P 2.063 P 2.500 18.3
2.100 P 0.0365 P 2.064 P 2.300 17.6
2.100 P 0.0400 P 2.060 P 2.300 16.0
2.000 P 0.0445 P 1.955 P 2.300 15.3
2.000 P 0.0500 P 1.950 P 2.300 14.7
2.000 P 0.0550 P 1.945 P 2.200 13.9
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TABLE 14
Projections for the Venezuelan 0il Industry

Production Consumption Exports Capacity Reserves

b mil. b/d mil. b/d mil. b/d mil. b/d  bil. b's
1970 A 3.708 A 0.148 A 3.465 A  3.800 14.0
1971 A 3.549 A 0.158 A 3.259 A 3.700 13.8
1972 A 3.220 A 0.164 A 3.086 A 3.500 13.9
1973 E 2.805 A 0.180 E 2.610 E  3.350 13.9
b 1974 E 2.770 A 0.192 E 2.578 E 3.200 12.8
1975 E 2.500 E 0.210 E 2.290 E  3.100 11.9
1976 P 2.681 P 0.220 P 2.461 P 3.000 10.9
1977 P 2.551 P 0.235 P 2.316 P 2.900 10.0
1978 P 2.423 P 0.250 P 2.173 P 2.800 9.1 |
1979 P 2.300 P 0.259 P 2.041 P 2.600 8.3 *
1980 P 2.185 P 0.267 P 1.918 P 2.400 7.7
1981 P 2.076 P 0.275 P 1.801 P 2.200 7.0
1982 P 1.972 P 0.282 P 1.690 P 2.100 6.3
1983 P 1.873 P 0.290 P 1.583 P 2.000 5.7
1984 P 1.779 P 0.297 P 1.482 P 1.900 5.1 |
1985 P 1.690 P 0.306 P 1.384 P 1.800 4.6 f

B-18




*gjuamied uoFssaduod Juypnyoxy

-4

d €%6°¢€T d 8%8°LT d 9¢8°6 d 666°0 d v16°1 d 69T°¢
d TTE€T d 9LL°CC d 9€9°6 d 986 °0 d €/6°T d 06T°¢
d 20L°CT d €%T°¢€C d %€0°6 d S96°0 d ST0°¢ d €6T°¢
d 090°CT d STL°€T d TSE’'8 d 0/6°0 d 660°C d %/T°¢
d %Tv°1I d LTZ°%C d 628°L d 068°0 d T¢6°T d 8G€°¢
d (9L°0T d S%9°%¢C d 92T°L d 7S8°0 d 79(L°T d 896 °¢
d LYT°0T d 6C6°%C d 60L°9 d 698°9 d %9¢°T d 0T9°¢
d 06%°6 d T8E°%C d 1S0°9 d €48°0 d 986°0 d T€9°¢
d 698°8 d Ss%°%T d €99°S d 188°0 d €26°0 d 269°¢
d S6€°8 d €98°1¢ d 788°% d %68°0 d L6L°0 d ¥69°€¢
g 699°L 4 96¢€ 8T q 96€°Y d 8¥8°0 d 1S9°0 d GTIL°¢E
a4 %S1°S d 66€£°0C d €.9°Y q4 ¢LS°0 d %6€£°0 qd %.T°¢
V 68°1 V €ST°S d 66S°T d %€T1°0 d 9%1°0 d T€6°0
V %99°0 V L09°C V €16°0 d 001°0 d %20°0 V €19°0
V [86°0 V %81°C V 8.%°0 d 040°0 e(0°0) V %2€°0
V €6S°0 V 06C°1 V 9%%°0 d4 0%0°0 on.ov V T2L2°0

$,199/$ 0°0T $,199/$ 0°01 §,1T99/$ 0°11 $,T99/$ S°11 $,7T99/¢% S°1I1 §,199/$ S°11
_umuH ueajy eBISauopuy uoqes lopendy mwhmwz
($ °S*n °TTq uT 3NUA3I)
sanuandy TTO
GT d19VL

G861

7861
€861
7861
1861
0861

6L61
8L61
LL6T
9L61
SL6T

2L61
€L6T
TL6T
TL61
0L61

B-19




*jusTeaynbs yjuow-zT © 03 paisnfpe 3i13m elep 3Y] °Ie3L TEOSTy [BUOTITSUBI] yuom-g B Sem BAQTT 10J €/6T

q
d 608°S d €87°8 d SLT 6% d 18L°1 €EE°TT d 969°6 d €€6°L S861
d 122°9 d ziL°s d G1T°6% d 88.°1 d 6£0°TT d 8€L°6 d SL6°L %861
d $%9°9 d %I1°6 d SLT 6% d z6L°1 d 9%L°01 d 08L°6 d SL6°L €861
d ¥60°L d ¥ST1°6 d SLZ°6Y d 96L°T d €9%°0T d Z€0°01 d 966°L 7861
d 096°¢ d %ST°6 d 0SY° LY d 786°T d 780°0T d %%%°6 d LT0°8 1861
d 160°8 d %ST1°6 d G29°SY d 986°1 d 8€L°6 d 9/2°6 d 650°8 0861
o
d 19S°8 d %ST°6 d 008°¢€Y d 986°T d %.S°6 d 80T°6 d T0T'8 6L61 M ;
d 1216 d €SL°8 d 0ST°0% d TULT°T d Z€%°6 d T%6°8 d ¥09°8 8L61
12L°6 d 066°L d SL9°%¢E d SI1°C d £90°6 d ZLL'8 d %09°8 LL6T
d 0€€°0T d 8729°L d S20°T¢€ d 266°T d 168°L d S€2°8 d ST0°6 9L61 :
q 219°6 4 68L°9 4 082°9C d %0L°T 4 6Z€°L q 999" L q %2076 SL61 v
4 69%°8 4 61Ty V €45°2C 4 6Iy°1 4 6L6°L 4 000°S 3 9%0°8 %161
V §S6°C V 868°0 V ovE"y V 88€°0 3 0zZ%°¢ qd T%0°¢ vV 0S6°T €L61
1 V 966°T V S09°0 V S¥L°Z V S%Z°0 4 €IT°T vV s0T°¢ V L6L°T TL6T
V 6SL°T V 29%°0 V 688°T V L6T°0 9 €£6°0 vV %02°¢ V 269°T TL61
V 60%°T V 1%2°0 V %121 vV 2ZZ1°0 V 612°0 V e8S°T V S80°1 0L61

$,199/$% S°1T  8,199/$ O°TT §,199/$ 0°01 s,199/$ 0°0T §,199/$ S°IT S,199/$ 0°0T s,T99/$ 0°0T
BT9NZIUI\ qvn eIqeay [pnes aejed eTI38IN eAq11 ITEeAmy

($ °S°N °TIQq UT SNUBAII)
sanuaAsy TIO

(P,3u0)) ST FTAVL




APPENDIX C

Regression Equations




INTRODUCTION

The regression equations used to forecast the performance of individual
sectors of the economies of Organization of Petroleum Exporting Countries
(OPEC) members are presented in this appendix. The equations and related
statistics are presented after a summary discussion of regression pro-

cedures.

REGRESSION PROCEDURES

Regression equations fitted to historical data are the basic means of
forecasting the performance of the OPEC economies. In selecting par-
ticular equations, three criteria must be observed. First, the equa-
tion must provide a reasonable fit on historical data to be able to

employ the coefficient for forecasting. Second, the equation should,
ideally, be capable of registering the effects of government spending
to promote development. Finally, the equations for a country, taken
together, should constitute a set that can describe overall economic

activity under a variety of government spending programs and spending
levels. Given these criteria, classes of equations can be considered
as more or less appropriate for types of sectors across countries and

particular sectors within countries.

In general, the preferred form for any equation is a specification
employing a "previously" determined independent variable. Recall from
Chapter 2 the discussion of "“consistency calculations” required to insure
that output estimates and national accounts estimates be in agreement.
All "previously determined" variables are those not altered by the con-
sistency calculations. Included in this group are all lagged variables,
the independently projected petroleum revenue and petroleum exports vari-
ables, and any individual component or subaggregate of government spend-
ing. 1In effect, this set of variables exhausts the list that is "exo-

genous" to the current year's forecast.




On different criteria, the same set of variables is the preferred set of
independent variables. The specification of lagged variables, particu-
larly lagged capital formation and government development spending, as
independent variables is consistent with a time lag between outlays for
capital accumulation and realization of output. Contemporaneous values
of government spending are appropriate for sectors more responsive in
time to given outlays; an obvious example is the government services sec~
tor. An approximate ordering of different equation specifications is as
follows (exceptions are noted below): (1) lagged government development
spending by sector; (2) lagged capital formation by sector; (3) unlagged
government spending, current budget, and development budget by sector;
(4) unlagged capital spending by sector; (5) classes and subaggregates

of government spending; (6) total government spending; (7) lagged output
of the sector; and (8) contemporaneous values of national accounts vari-
ables except impurts. This sequence is approximate and varied according
to available, reliable data for each country and the judgments of the
research staff given their understanding of the economy. Generally, best
fit criteria, measured by (unadjusted) R2, were used to distinguish among

equations if no clear substantive preference could be established.

The most tempting equation explains each sector's output by government
spending devoted toward promoting that sector. A successful equation of
this class would easily register the effects of governmental activities.
Unfortunately, several problems are associated with "running" a sector
in this manner. First, the historical performance of most of the OPEC
economies generates regression coefficients that are either extremely
large or extremely small. In the former case, non-government activity
is improperly associated with government spending, creating an overesti-
mate of government prowess and effectiveness. The sector would then
explode as oil revenues expand the scale of spending programs. In the
second case, it is generally true that government spending displays his-
torical fluctuations making it impossible to capture any possible effects
on the sector's output. However, there are sectors for which government

spending does provide an historical fit that can be expected to hold in
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the future. Selected sectors in several countries are explained in this
way, and the public services sector of every country is explained entirely

by government spending.

The most straightforward equation for every country is the petroleum

sector. With the exception of Qatar and the United Arab Emirates, the
petroleum sector is explained by petroleum exports. These equations
perform well and provide acceptable forecasts for the oil industry.

The only possible exceptions are Iran (in the period 1982 -1985) and
Iraq (during the same years). In these cases, domestic consumption

% should increase as exports decline relatively more quickly than pro-
duction. Despite this known projection, the unknown, internal pricing
policies for petroleum make it difficult to run the oil sector on pro-
duction forecasts. Consequently, exports were employed as the indepen-

dent variable throughout the period.

Lagged output regressions fit histnrical records for every non-petroleum
sector better than any other form. Selecting this form effectively
establishes the ~ector's performance throughout the forecast, regard-
less of governmental activity and the remainder of the economy. Equa-
tions of this class are used for particular sectors in several countries.
When a lagged output equation was selected, it was chosen because the
research staff believed it would more accurately describe the sector's

performance than other candidates.

Because the project has concentrated on absorptive capacity (implying

constraints), very few sectors depend on demand conditions. Typically,

the commerce sector of every country depends on total consumption

3 spending. The staff's judgment that wholesale and retail trade would
respond to demand and not be constrained by previous capital formation

| in the sector is the reason for this specification. The same reason

‘ underlies the explanation of the miscellaneous personal services sec-
tor by consumption expenditures. Construction in most countries is
also a demand-responsive sector, the demand being either gross fixed

- capital formation, government spending for public works, or total
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government developmeni. spending. Within these general classes, the
particular equations ror each sector vary from country to country.
The exact independent variable is listed in the table of equations

for each country.

ESTIMATION

All regression equations were estimated by ordinary least squares (OLS).
More elaborate single equation techniques were not employed because the
accuracy of reported data was judged insufficient to warrant their use.
Multiple equation estimation was not used for two reasons. First, the
length of the most reliable segments of the data was relatively short,
in some cases sufficiently short to rule out multiple equation estima-
tion directly. Second, the most compelling reason for multiple equation
estimation would be the ability to estimate output equations subject to
constraints from availability of factors of production. Again, the
availability of reliable data ruled out this possibility.

The inability to employ constrained regression techniques has produced

a characteristic of the forecast model that requires comment. Most of

the OPEC economies have historically experienced labor shortages. By
using OLS on the form of the equations without constraints, unbiased esti-
mators of the coefficients are generated. However, the OLS estimators

are probably not unbiased estimators of the "true" coefficients in a
correctly specified, multiple equation system. Consequently, attempts

to generate maximum growth forecasts have an implied, unknown constraint
even though the economy was not subjected to an explicit labor constraint
for the particular forecast simulation. The research staff explained the
pattern that emerged in the forecasts for several countries to be a

result of this constraint. The unconstrained forecast (and at times
forecasts with relatively liberal immigration policies) showed a substan-
tial rise in gross domestic product (GDP) followed by an equally dramatic
reduction in the rate of increase in GDP. The import pattern accompanying
the GDP path is a parallel rise in imports followed by a period of no
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import increase. Any subsequent import changes are often minor increases
after several years, or another discontinuous increase followed by a
period of imports held at the new, higher level. The interpretation of
this import pattern is that the performance of the economy justifies

the initial import rise but does not warrant subsequent increases. Had
the data to support constrained regression systems been available, it
is the staff's judgment that the import pattern would be more smoothed

but, nonetheless, would approximate the reported figures.

C-6




T ——————

COUNTRY EQUATIONS

The regression equations and associated statistics are presented in
Tables 1 through 13. The interested reader should refer to the chap-
ter specific to the particular country to judge the relative impor-

tance of different sectors to each country.

Tables 10 and 12 do not contain any statistics and are entitled "fore-
casting equations' rather than regressions. Both Qatar and the United
Arab Emirates do not yet report economic activity or economic activity
by sector in the usual manner. To forecast these two countries, the
staff collected labor force information for both countries, assumed
that the countries resemble the economy of Kuwait in 1965, and computed
sector GDP data by using 1965 output-labor ratios from Kuwait. Aggre-
gate regressions were run for Kuwait to employ the coefficients for Qatar
and the United Arab Emirates. The constant terms were adjusted on the
basis of the constructed GDP by sector data and known government spend-
ing patterns in the two countries. The results of this exercise are
presented in Tables 10 and 12. The Kuwait regressions that established
the coefficients are reported in Table 14.

The number of observations for each equation is reported with the equa-
tion in the tables. Below each table, the time period is stated for

which reliable data were collected for the set of dependent variables.

(These data were believed to be accurate and consistent with other vari-
ables in the country data set.) Equations employing fewer observations

than the number available for the dependent variable were restricted by

the time series available for the independent variables (usually requir-
ing earlier observations to be dropped). In selected instances, pre-

liminary figures covering more recent years (generally one at most) were
incorporated for some sectors even though the complete and disaggregated

data were not available for all sectors.
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AGRICUL

PETROLM

INDUSTRY

CONSTRUCT

TRANSPRT

COMMERCE

SERVICES

PUB-SERV

TABLE 1
Regression Equations for Algeria‘

1444.62 + 7,993X
(2.514)

1263.41 + 0.690X
(0.059)

1967.958 + 0.361X
(0.050)

188.773 + 2.310X
(0.073)

(0.090)

-306.436 + 0.323X
(0.013)

279.026 + 0.131X
(0.015)

1587.734 + 0.317X
(0.019)

F = 10.105 N =12
R% = 0.501

X = lagged output

Fe135.447 N=10
R = 0.938

X = petroleum exports

F=52.193 N=29

R% = 0.963

X = capital formation
in industry

F = 1002.221 N=11

R% = 0.990

X = capital formation
in construction

F=176.086 N =11
R? = 0.951

X = lagged output

F=605.381 N =11
R = 0.989

X = total consumption

F = 74.021 N =11
R? = 0.914

X = total consumption

F = 266.438 N=11

8% = 0.985

X = total government
spending

Dependent variable is always the sector's contribution to GDP.
Estimated standard errors are reported in parentheses. N is the

number of observations for the equation.
currency units.

All values are in local

Period of data: 1962-1974.
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TABLE 2
Regression Equations for Bculdor'

AGRICUL - -185.04 + 1.082X F = 41.421 N=10
(0.168) 2

R™ = 0.932
X = lagged output

‘PETROLM = 449.541 + 0.642X F = 4273.0 N=6¢6

0.0 8% « 0.999

X = petroleum exports

INDUSTRY = 1903.57 + 0.566X F = 26.138 N=9
(0.111) R2 - 0.897
X = total fixed capital
formation
UTILITY = 177.245 + 0.021)(1 F = 26.478 N=9
Caciea) r? = 0.996
':ooog;;XZ X, = total fixed capital
¥ formation
xz = lagged x1
CONSTRCT = 643.403 + 0.183X F = 251,823 N=9
9,025 R? = 0.984
X = total fixed capital
formation
TRANSPRT - 452.772 + 3.272x F = 57.162 N=9
(0.433) Rz - 0.950
X = lagged, government
development spending for
transportation
COMMERCE = -784.127 + 0.169X F = 347.665 N=9
(0.009) Rz - 0.989
X = total consumption
SERVICES = -1109.393 + 0.142X F = 112,603 N=29
i &% = 0.966
X = total consumption
PUB-SERV = 684.140 + 1.218X F = 597,541 N=9
(0.050) 2

R” = 0.997

X = total current govern-
ment spending

Dependent variable is always the sector's contribution to GDP.
Estimated standard errors are reported in parentheses. N is the
number of observations for the equation. All values are in local
currency units. Period of data: 1965-1974.
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TABLE 3
Regression Equations for Gabon®

AGRICUL - 535.003 - 0.268x F = 24,551 N=10
(0.054) Rz - 0.754
X = time

Following 1977, equation became, by assumption:
= 0.0 + 1.04X, where X = lagged output
PETROLM = 4.753 + 1.374X F = 232,623 N =10
Lo 8?2 = 0.967

X = petroleum exports

FORESTRY = -1357.682 + 0.693X F = 116.750 N = 10
(0.064) g2 . g.959
X = time

Following 1978, equation became, by assumption:
= 0.0 + 1.10X, where X = lagged output

INDUSTRY - 0.513 + 0.189X F = 55.018 N=38
v— & = 0.887
X = total gross fixed
capital formation 4
CONSTRCT - 2.573 + 0.074X F = 14.691 N=8 i
(0.019) R2 - 0.936

X = total gross fixed
capital formation

TRANSPRT = 2.081 + 0.027x F = 65.951 N=28

o &2 = 0.917 7

X = lagged output

comEece = -5.13 + 0.339X F-o78.411  N=10
W &2 = 0.940

X = total consumption

MIS-SERV - 0.0 + 1.045X Equation forced through
the origin, so no statis-
tics appropriate, r = 0.83
X = lagged output

PUB-SERV - 0.815 + 0.549X F = 72,534 N=12
o= R? = 0.879
X = total, current fovern-
ment spending

» Dependent variable is always the sector's contribution to

GDP. Estimated standard errors are reported in parentheses.
N is the number of observations for the equation. All values
are in local currency units. Period of data: 1960-1972.
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TABLE &
Regression Equations for Indonesia®

AGRICUL - 280. + 1.046X
(0.143)
PETROLM - 37.146 + 0.831x
(0.029)
MANUFACT - 135.618 + 0.350X
(0.042)
UTILITY = -0.003 + 0.690X
(0.059)
CONSTRCT = 2.145 + 0.212x
(0.004)
COMMERCE = -256.729 + 0.298X
(0.014)
TRANSPRT = 0.032 + 2.815X
(0.363)
BANKING = 0.0149 + 0.084)(1
(0.032)
+ 0.276X2
(0.066)
HOUSING - 7.825 + 0.024Xx
(0.003)
SERVICES - 8.525 + 0.053x
(0.002)
PUB-SERV - 11.418 + 0.374X

(0.013)

.M;A,gQ.-Q-n-nm-uiﬁn!!!lll”

F = 53.793

lz = 0.900

X = lagged output

N=10

F = 812.132
lz = 0.996
X = petroleum exports

N=5

F = 68.941
‘2 = 0.958

X = total gross fixed
capital formation

N =10

F = 134.731
R? = 0.978

X = government develop-
ment spending for
utility sector

F = 2473.762

Rz = 0.997

X = government spending
for construction
and public works

N =10

F = 479.420
R? = 0.992

X = total consumption

N =10

F = 60.232

8% = 0.953

X = government develop-
ment spending for
the transportation

N =10

sector
F = 6.646 N =10
R% = 0.994

X1 = government funds placed
into loan granting insti-
tutions for the promotion
of investment

xz = lagged x1

F = 85.799

Rz = 0.935

X = government housing loans

and housing construction

F = 736.482
R? = 0.942

X = total consumption

F = 789.813

% = 0.990

X = total government spending

N =10

Dependent variable is always the sector's contribution to GDP.

Estimated standard errors are reported in parentheses.

number of observations for the equation.
currency units. Period of data: 1960-1973.
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TABLE 5
Regression Equations for Itln.
AGRICUL - 0.001 + 1.055X F = 224.066 N =14
(0.0 2% = 0.974

X = lagged output

PETROLM - -17.822 + 1.146X  F = 413.023 N = 10
0088 3 o oae

X = petroleum exports

INDUSTRY - 36.103 + 1.136X  F = 110.153 N=-8
[ SR

X = capital formation in

industry
CONSTRCT = 3.509 + 0.434X F = 175.179 N =11
@02 8?2 = 0.951
X = total government devel-
opment spending
UTILITY = 3.514 + 0.620X F = 22.331 N =10
(0.131) . R2 - 0.736
X = lagged government devel-
opment spending for
utilities
TRANSPRT - 13.542 + 1.192 F = 115.521 N =11

(0.111) g2 . o935

X = government development
spending for transpor-
tation sector

BANKING - -18.902 + 0.077X  F = 1587.452 N =12
L TR

X = lagged GDP

COMMERCE - 29.915 + 1.138X F = 257.679 N=9
(0.071) R2 - 0.977
X = capital formation in
wholesaie und retaili Liade

HOUSING - 3.912 + 0.845Xx F = 15.974 N=29
Lol & = 0.727
X = capital formation in
housing
SERVICES - -2.368 + 0.057X F = 598.810 N =14

(0.002) R2 - 0.980
X = lagged GDP

PUB-SERV - 14.193 + 0.538X  F = 523.937 N =12
W =t

X = total government spending

Dependent variable is always the sector's contribution to GDP. Esti~
mated standard errors are reported in parentheses. N is the number of
observations for the equation. All values are in local currency units.
Period of data: 1959-1973.
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TABLE 6
Regressions Equations for lruq‘
AGRICUL - 0.0 + 1.056X Equation forced through origin
r = 0.957

X = lagged output

PETROL - 5.474 + 0.950X F = 1993.180 N =10
(0.021) g2 . ¢.997

X = petroleum exports

INDUSTRY = 19.264 + 2.009x F = 322.013 N =10
(0-112) g2 . ¢.988
X = capital formation in
industry
CONSTRCT - ~13.179 + 0.280X F = 127.581 N =10
(0.025) Rz - 0.955
X = total gross fixed capital
formation
UTILITY - -16.360 + 0.042X .F = 507.468 N=28
(0.002) g2 _ 9,992
X = total consumption
TRANSPRT - -4.111 + 1.112X F = 443.305 N=8
(0.053) l2 - 0.989

X = lagged output

COMMERCE - 7.085 + 0.069X F = 99.093 N =10

©0.000 g2 _ 591

X = total consumption

BANKING - 5.024 + 0.360X F = 7.558 N=28
0.131); g2 . 0.959
+ 5.536X X, = lagged output
Qa 643)2 -,
g X, = lagged capital formation
ﬁ in financial service
HOUSING = -14.001 + 0.041X F = 32.136 N=28
(0.007) k2 - 0.865
X = consumption spending
SERVICES = 16.201 + 0.056X F = 16.201 N=28
(0.014) g2 . 0,794
X = consumption spending
PUB-SERV - -3.929 + 0.497X F = 111.263 N =10
(0.047) g2 . 0.933
' X = total current government
spending

f ® Dependent variable is always the sector's contribution to GDP. Esti-

mated standard errors are reported in parentheses. N is the number of
observations for the equation. All values are in local currency units.
Period of data: 1955-1971.
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TABLE 7

Regression Equations for Kuwait®

AGRICUL - 0.0 + 1.033x Equation forced through origin
r = 0.87
X = lagged output
PETROLM - 29.796 + 1.034X F = 226.9 N=28
(0.069) R2 - 0.987
X = petroleum exports
INDUSTRY = 8.623 + 0.214X F=17.321 N =38
(0.05) g2 . 9.776
X - lagged non-oil GDP
SERVICES = 109.211 + 0.836X F = 68.968 N=28
(0.101) R2 - 0.958
X = current government spending
PUB-SERV = 3.503 + 0.295X F = 360.496 N=28
(0.016) g2 . 9,992
X = current government spending
a

Dependent variable is always the sector's contribution to GDP. Esti-

mated standard errors are reported in parentheses. N is the number of

observations for the equation.
Period of data: 1965-1972.

All values are in local currency units.
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TABLE 8

Regression Equations for Libyn.

AGRICUL - 0.0 + 1.0892x
PETROLM - 363.160 + 0.525X
(0.296)
INDUSTRY = 14.030 + 0.674X
(0.049)
UTILITY = 1.103 + 1.080X
(0.107)
CONSTRCT - 0.814 + 0.721X
(0.044)
COMMERCE - 5.520 + 0.095X
(0.010)
TRANSPRT - 7.296 + 1.101X
(0.182)
BANKING = 0.834 + 0.049X
(0.011)
SERVICES - ; 50.404 + 0.0234
(0.008)
PUB-SERV - 3.631 + 0.449X
(0.091)

Equation forced through
origin

r = 0.81
X = lagged output

F = 3.157 Ne7
R? = 0.441

X = petroleum exports

F = 186.802 N=28

R? = 0.969

X = government development
spending for industry

F = 102.618 N=9

kz = 0.962

X = lagged output

F = 264.614 N=29

R’ = 0.721

X = total government devel-
opment spending

F = 84.214 N =10

R? = 0.913

X = total consumption

F = 36.55 N=28

% = 0.859

X = lagged output

F = 20.891 N=7

8% = 0.777

X = petroleum revenues

F = 22.37 N=38

% - 0.010

X = total government spending

F = 24.092 N=28
r? = 0.828
X = total government spending

Dependent variable is always the sector's contribution to GDP. Esti-
mated standard errors are reported in parentheses. N is the number of
observations for the equation. All values are in local currency units.
Period of data: 1958-1973.




TABLE 9
Regression Equations

AGRICUL - 28.880 + 1.015X
(0.119)
PETROL - -7.396 + 1.015X
(0.022)
OTH-MINE = 10.132 + 0.009X
(0.001)
INDUSTRY - 34.694 + 0.304X
(0.021)
UTILITY - 0.350 + 0.073X
(0.011)
CONSTRCT - 10.002 + 0.536X
(0.020)
SERVICES - 40.589 + 0.133Xx
(0.013)
TRANSPRT - 45.342 + 0.257X
(0.040)
MANPOWCR - 55.311 + 2.588X
(0.633)
PUB-SERV - 102.931 - 1.683X
(0.326)

for Ii;oria.

F = 75.865 N=13
R = 0.873

X = lagged output

F = 2204.916 N 14
R% = 0.99

X = petroleum exports

F = 43.801 N =14

% = 0.785

X = total gross fixed capital
formation

F = 207.586 N=13

R? = 0.945

X = total gross fixed capital
formation

F = 46.911 N =13

&% = 0.810

X = capital formation in
utilities

F = 703.437 N=13

R% = 0.980

X = capital formation in
the construction industry

F = 104.30 N =13
R? = 0.905

X = lagged GDP

F = 40.259 N=13

% = 0.703

X = capital formation in the
transportation sector

F = 16.724 N =13

82 = 0.603

X = government development
spending for health and

education
F = 26.639 N =13
Rz = 0.973

X = current government spending
for public administration

Dependent variable is always the sector's contribution to GDP. Esti-

mated standard errors are reported in pa
observations for the equation. All valu
Period of data: 1958-1973.

c-

rentheses. N is the number of
es are in local currency units.
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AGRICUL

PETROLM

INDUSTRY

SERVICES

TABLE 10

Forecasting Equations for Qatar

0.0 + 1.0689X X = lagged output

83.5 + 1.033X X = petroleum revenues

392.7 + 0.622X X = lagged non-oil GDP

89.01 + 1.131X X = current government
spending
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TABLE 11
Regression Equations for Saudi Arabia®

AGRICUL - 929.028 + 3.301X F = 13.003 N=28
(0.915) g% . 0.929

X = change in government
i spending for agriculture

PETROLN - 817.743 4 0.795X P = 5290.115 Ne9
©.011) g2 . g.999

X = petroleum exports

REFINING - 0.0 + 1.14X Equation forced through
origin
re=0.93

X = lagged output

INDUSTRY = 191.218 + 0.075X F = 5,564
(0.032) R2 - 0.582
X = total fixed capital
formation
UTILITY = 108.127 + 0.017X F = 26.063 N=29
$9-00%) &% = 0.867

X = total consumption

CONSTRCT = 375.315 + 0.199 F = 62.345 N=29
(0.025) RZ - 0.912
X = total government devel-
opment spending

COMMERCE - -137.186 + 0.125X  F = 159.072 N=09
(0.010) g2 . o975

X = total consumption

TRANSPRT = 186.875 + 0.067X F = 65.284 N=9
(0.008) R2 = 0.942
X = lagged GDP

B. & R.E. - 346.337 + 0.041X F = 127.555 N=9
(0.004) 2 « 5030

X = lagged GDP

SERVICES - 0.784 + 0.026X F = 91.0 N=9
U R? = 0.958

X = total consumption

PUB- 5ERV - 925.099 + 0.137X F = 93.290 N=9
(0.014) o « 0,978

X = total government spending

Dependent variable is always the sector's contribution to GDP. Esti-
mated standard errors are reported in parentheses. N is the number of
observations for the equation. All values are in local currency units.
Period of data: 1965-1973.
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TABLE 12
Forecasting Equations for United Arab Emirates

AGRICUL = 0.0 + 1.0494 X = lagged output

PETROLM = 281.71 + 1.033X X = petroleum revenues

INDUSTRY = 606.77 + 0.214X X = lagged non-oil GDP

SERVICES = 112.7 + 1.131X X = current government
spending
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AGRICUL

PETROLM

OTH-MINE

INDUSTRY

REFINING

UTILITY

CONSTRCT

COMMERCE

TRANSPRT

SERVICES

PUB-SERV

TABLE 13

Regression Equations for V.no:u.ln'

627.429 + 0.47681
(0.293)

34621.276 + 0.565X
(0.078)

528.066 + 2.470x
(0.861)

2008.737 + 3.589Xx
(0.572)

-1552.698 + 0.306Xx
(0.020)

47.079 + 1.020Xx
(0.258)

-550.354 + 0.227x
(0.013)

-910.352 + 1.238X
(0.107)

-484.598 + 0,123%
(0.007)

-838.356 + 1.174X
(0.132)

622.863 + 0.717Xx
(0.053)

Dependent variable is always the sector's contribution to GDP. Esti-
mated standard errors are reported in parentheses. N is the number of
observations for the equation. All values are in local currency units.

Period of data:

1965-1973.
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P = 2.633 N = 10
R? « 0.945

x1 = lagged output

F = 52.258 N= 10
R? - 0.882

X = petroleum exports

F = 528.066 Ne9
R = 0.733

X = lagged capital formatipn
in the non-petroleum

mining sector
F = 39,314 N=9
’? = 0.929 :
X = capital formation in
industry
F = 48.21 N=29
% = 0.850
F = petroleum exports
F = 15.665 N=29 ‘
R? = 0.887 .
X = lagged output 4
F = 283.614 N=29
R? = 0.990

X = total gross fixed
capital formation

F = 134.301 N=29

R? = 0.985

X = lagged output

F = 272.463 Neo
R? = 0.993

X = lagged GDP

F = 79.108 N=9
R? = 0.975

X = lagged output

F = 179.450 N=9

&% = 0.984

X = current go'.rnment
spending




TABLE 14

! PETROLM = 101.39 + 1.033X
(0.070)

INDUSTRY = 8.623 + 0.214X
(0.051)

SERVICES = 112.714 + 1.131X
f (0.101)

c-21

Regression Equations on Kuwait for U.A.E. and Qatar

F = 200.1 N=7
R? = 0.97

X = petroleum revenues
F = 17.321 N=28
R? = 0.776

X = lagged non-oil GDP

F = 125.642 N=38

% = 0.977

X = current government
spending
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APPENDIX D

Estimating Absorptive Capacity
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INTRODUCTION

This appendix summarizes the assumptions and structures of the forecast-
ing model utilized to generate CACI's forecasts of the medium-term
ability of the oil-producing countries to absorb real goods and services.
It discusses some key issues which had to be resolved, suggests a basic
approach to the modeling effort, and elaborates crucial elements of the
forecasting system. It is followed by a flow chart which presents the
logic of the model.
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MODELING ABSORPTIVE CAPACITY

The project required that the economic prospects of the 13 Organization
of Petroleum Exporting Countries (OPEC) members be examined individually.
However, the limited time frame of the study made it unreasonable to
presume that each country examination could begin from scratch. Yet it
was equally unreasonable to expect to apply a single, detailed forecast-
ing system that was sufficiently flexible to be adapted to the features
of each of the countries. The forecast system was structured as a series
of compartmentalized but related sub systems. This segmentation made it
possible to tailor the model to each country. Requisite changes to cap-
ture differences among them were contained within one (or more) of the
subsystems, and the potential requirement that the entire model be "rein-

vented" as a result of any one change was avoided.

The second generation problem considered was the applicability of the
"usual” forecasting assumptions to the projection of OPEC economies.

The classic forecasting exercise employs historical information and
assumes the future will resemble the past. The most reasonable assump-
tion about the OPEC countries is that their futures will be something
other than "scaled expansions' of past activity patterns. The likeli-
hood of structural change and the short observation period since the
rise in petroleum prices make the standard assumptions dangerous. As

it is not sufficient to design a study that can, at best, confirm a
departure from previous activity patterns, some allowance for structural
changes must be incorporated within the projections. Unfortunately, the
identification of new activity patterns is unlikely in light of the

limited observation period since the increase in petroleum revenues.

At an elementary level, there is only one possible solution to the prob-
lem of structural change, Very simply, a judgment must be made. Guidance
can be obtained from economic theory, from the historical experience of

other countries compared to the OPEC members, and from recent information

D-3




about conditions within them. Granting the attempt to apply informed
judgment to the best advantage, there still remains an important issue.
Either judgment is applied to develop an algorithm that is then employed
to dictate the structure of change through successive periods, or judg-
ment is employed during each model period to identify the likely pos-
sibilities. The latter approach was preferred.

The third general issue to be considered was the treatment of govermment
activities. It 1is possible to construct economic models that abstract
from the role of the govermment, just as it is possible to focus on an
unobtrusive govermment sector. Neither of these approaches seemed
appropriate. First, the examination of development prospects and paths
must consider social, political, and military influences. If an explicit
and active govermment sector was developed, these influences could, in
large part, operate as influences on the govermment. To the extent that
these influences are only representable as qualitative variables, it
would be better to limit the points at which they "enter the model."
Incorporating qualitative influences in a quantitative framework is
always difficult, but the task is generally easier if it is possible to
trace the impact of the variables through the system as an aid to evalu-
ate the total impacts consistently. If the influence of qualitative
variables is diffused through the system, a consistent evaluation of
their total effects becomes problematic.

A second reason to incorporate an active government sector derives from
an obvious reality -- the governments of OPEC members receive and dis-
burse the oil revenues. Again, it is possible to formulate a set of
assumptions concerning the distribution of these revenues to other
economic agents and avoid a decision-making government. However, the
inclusion of a government that controls expenditures can substantially
simplify the treatment of some classes of spending, particularly infra-
structure development.
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Granting the force of these two arguments in favor of an active government
sector, the obvious drawback to modeling government activity is the difficult
specification of behavioral assumptions to adequately depict the government's
choice problem. The range of issues influencing government behavior must

be restricted, but the choice of restrictions is a non-trivial problem. The
only practical solution is to consider only the "important" influences and

to employ an ex ante evaluation of the relative influence of different as-
pects of govermment behavior on the development process and the relative

force of different issues on the OPEC governments to identify "importance."

These very general statements can perhaps be clarified by presenting a

very simple characterization of the "problem" before the OPEC governments.
Abstraction is rather severe in the characterization but the intent is not
to specify an exact statement of the issues pertinent to all OPEC members --

only the highlights are included.

The most straightforward statement of the OPEC problem can best be made
by appeal to the simple, one-commodity, neo-classical growth model. Omit-
ting (in the interest of brevity) a full specification of the assumptions

necessary to insure the existence of a solution, the basic relations are:

1. Y(t) = C(t) + I(t)
2. I(t) = R(t) + SK(t)
3. o= gL

4, Y = F(K,L).

In order, these are: (1) the income identity, establishing the use of
output for either consumption or investment; (2) the gross investment
identity, establishing net investment (or capital accumulation) as the
excess of gross investment over depreciation occurring at the constant
proportional rate, S; (3) the growth of the labor force at the exponential
rate, g; and (4) the production function establishing the technically
efficient possibilities for employing capital and labor in production.
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Defining k = K/L, taking time derivatives, and substituting from the
above relations yield the fundamental differential equation of the model:

k+c= £(k) - (g + 8k,

where lower case letters denote per worker magnitudes. In this form, the
equation illustrates clearly that any improvement in development prospects
(more capital per worker) and any consumption must come after setting aside
a portion of production to offset depreciation and the growing labor force,
otherwise the economy will deteriorate. As stated, however, the model is
"open" in the sense that the division of the "surplus" between capital

accumulation and consumption is not yet specified.

A variety of approaches determinate the consumption-accumulation issue.
All recognize the identify between investment and saving, differences
only appear in the specification of saving behavior. A common treatment
is to assume that saving is related (proportionately) to total income. g
Having established this rule, the behavior of the economy is fullv deter-
mined. It is then possible to investigate the optimum saving rate given
a variety of goals or targets. A more interesting problem appears if :

the amoung of saving 1s not completely determined by total income.

Suppose attention is first concentrated on the amount of consumption that
will occur and saving is treated as a residual. Set consumption at an
arbitrary fixed level, c*. The effect of this condition is shown in Figure
1. The model has two points at which there is no accumulation, at k., and k2.

1

Interestingly, only the second is a stable equilibrium. The position at kl

represents a critical capital-labor ratio for the economy. If the actual

capital stock is insufficient to achieve this ratio,

impossible, deteriorating performance is inevitable. If there is to be any
relief, resources from outside the economy must be made available. An
argument along exactly these lines is often advanced in support of foreign
aid. However, the government of an oil-producing country faces an analogous
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problem -- petroleum reyenues are the outside resources and the govern-
ment's problem is to support consumption while ensuring that the phase
of self-sustained growth of the non-oil economy is achieved prior to the

termination of the revenue flow.

This conception of the process served as the basis of the model. First,
the separation of the petroleum sector from the remainder of the economy
can be supported by available information. Studies of selected OPEC
economies have demonstrated that the relations or linkages (forward and
backward) between the petroleum industry and other sectors of the eco-
nomy are minimal. Consequently, the influence on the economy of differ-
ent activity levels within the petroleum sector is small. Hence the
petroleum sector as an "outside" generator of resources is not an improper

view.

From statements by the OPEC governments, it appears to be the case that
they are behaving as if the results of the model are known to them.

Their concern to "diversify" in preparation for the depletion of their
0il reserves and their desire to employ the revenues to improve immedi-
ately the standards of living of their citizens are expressions of the

central problem of the model.

The assumption of a fixed consumption level can be overly static, but it
can be amended easily. For example, é* = ec*, is a method of increasing
the consumption level over time. This equation complicates the model in
that the differential equations are now required.1 The interpretation,
however, is not difficult. The increasing consumption level increases
the critical capital-labor ratio over time. Nor is it particularly
difficult to interpret a concern for increasing consumption and a commit-

ment to consumption goals before accumulation. Consumption in the model

g Additional assumptions are also required. Basically, there must be
a limitation on the level of per capita consumption. A simple treat-
ment would be a pre-set switch point at which the requirement that con-
sumption targets be fulfilled before accumulation would be relaxed in
favor of the usual saving-ratio approach.
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is a proxy for all uses of output other than accumulation. Political,
social, and military influences all serve to identify uses of income that

are not directly productive.

Any adequate discussion of the OPEC problem begins to illustrate the
impracticality of the simple model as a depiction of the government's
concern. If the government were to apply the ideas of the model directly,
a knowledge of the aggregate production function would be required.2

The "planning" function is substantially more complex if the critical,
take-off point is unknown and the government must monitor more directly
observable variables in the economy and infer from these the likely rela-
tion of the economy's current position to the unknown, target level of

accumulation.

Another complication for the government's planning activities is the
uncertainty surrounding the level of petroleum revenues in each period

and the number of periods during which the revenues will be available.

An element of risk aversion could account for the government incorporating
a safety margin into all exercises and could also account for efforts to
extend the period of resource flow. Note that this latter notion can
partially account for the observed behavior of OPEC members regarding con-
tinuing exploration and construction of productive capacity despite exist-

ing excess capacity.

Finally, some explanation of the government's failure to disburse all
revenues in each period must be offered. The model suggests that any
excess available after supporting consumption would be entirely employed
to accumulate capital. An idea that is often advanced to account for the
behavior is a portfolio interpretation of the government's acquisition of

assets. If an alternative (to real capital in the economy) asset is

The question of existence of such a relation is not as difficult as
one might expect provided the one-commodity specification is maintained.
The correctness of neo-classical postulate in a multiple commodity world
is problematic -- the possibility that output is not a monotone function
of the ratio(s) of inputs must be admitted. These issues are acknow-
ledged but otherwise passed over.
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introduced, then the government would seek to equalize across assets the
rates of return it receives. Should this not be possible (an imperfect
capital market must exist) the government can, nevertheless, employ a
part of its "surplus" resources to acquire an alternate asset rather
than accumulate capital. However, if we accept as the principal inten-
tion of the government the development of the domestic economy, all diver-
sions of resources to the alternate asset must either (1) be temporary,

or (2) be the result of a judgment that the domestic economy can never

generate an income stream to rival that produced by the alternative asset.

Arguing that the domestic economy can never generate an income stream greater
than that available from an alternate asset requires an interpretation of
absorptive capacity in an absolute sense. It must be the case that the

economy can never generate a rate of return that equals those rates generated
in other economies (the source of the alternative asset). Even if this con-
dition does accurately describe the economy, the government must recognize

and accept the impossibility of promoting domestic economic development.

This set of circumstances seems sufficiently unlikely to rule out the notion

of an absolute limit on absorptive capacity and consider instead the other case.

A temporary diversion of resources to a foreign asset can be explained

by the more usual notion of absorptive capacity. All that is required is
a constraint on the economy's ability to utilize additions to the capital
stock in any one period. The nature of the constraint is almost unlimited.
A very simple specification posits a cost associated with the transition
from one capital-labor ratio to another. More specifically, assume the
increment that can be installed and employed in any one period varies

with the size of the existing capital stock and inversely with the amount
of accumulation attempted. This is sufficient to account for observed

behavior and is a relatively simple interpretation of absorptive capacity.3

2 Other possible explanations do exist. A government controlling (in part)
the revenue stream it receives could choose to accelerate the receipt of
revenues in the belief that the rate of return on foreign assets is greater
than the rate of appreciation of petroleum in the ground. Appending a port-
folio thesis can also suggest diversification rather than complete holdings in
the form of unpumped crude. It should be pointed out, however, that both of
these notions become more forceful if an absorptive capacity (adjustment cost)
is also accepted.
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The discussion thus far has been directed toward establishing some basic
guidelines followed in developing the forecasting model for the project.
Very little has been said directly about items or topics that are beyond
the bounds of the study. One such limitation should be considered before
attempting to implement these guidelines, Broadly stated, the project
does not attempt to incorporate the influences of the "rest of the world"
on any one economy under study. There are a many possibilities that
could conceivably be included but practicality demands other wise.

An important example of the type of restriction to be imposed is the

creatment of petroleim revenues.

The thrust of the argument in favor of an active government emphasized
the planning role of the government. One planning function of the OPEC
governments is the determination of oil price-quantity issues in rela-
tion to the possible uses of revenues and the effect of their decisions
on the oil-consuming (importing) countries. While it is quite clear that
a study directed toward the price-quantity problem as viewed by the OPEC
g0vernments would be valuable, the issues pertinent to that study are
beyond the bounds of the current effort. Properly conceived, a study of
the government's decision on pricing and production is an extremely com-
plex process, a process requiring the results of the current investiga-
tion of absorptive capacity as one gey item of required information. Con-
sequently, the revenues available to the OPEC governments were set by
assumption (see Appendix B) and attention concentrated solely on the dis-
position of revenues. As long as the revenue assumptions are consistent
with the range of revenue estimates derived from studies of world petro-
leum markets, the project's estimates of imports can be valid. Subse-
quent investigators could then consider the future path of petroleum
prices or the cohesiveness of OPEC in a more consistent manner than is

currently possible.

Appendix B presents the petroleum revenue data used in this project.
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The treatment of petroleum revenues is only one of many possible limita-
tions to impose on the study. As an example of another, it is reason-
able not to consider the export marketability of product lines being
stimulated within OPEC economies. Completely ignoring the economic via-
bility of different industries is equivalent to assuming that a competent
and correct project evaluation has guided each spending program. While
this may not be a particularly welcome assumption, the alternative is to
conduct a project evaluation of each program, a clear impossibility. It
would seem to be the case that each potential expansion of the topical
breadth of the project must be evaluated in terms of (1) the influence

of the particular topic on future developments, and (2) the possibility
of capturing any important influences by exogenous (and informed) assump-

tions.

THE FORECASTING SYSTEM

Understanding the forecasting model requires a more specific statement

of its generic structure. The statements regarding government planning
and the response of the economy must be expanded. The first issue is the
type of planning undertaken by the government and the method to be
employed in a model to depict that process.

The first element of planning to consider is the time horizon employed

by planning authorities. It is the case that all OPEC governments engage
in medium-term planning. Unfortunately, it is equally clear that they are
not entirely successful. Most of the governments' activities can be viewed
as problem-solving exercises -- more effort is devoted to securing relief
from previously unforeseen "bottlenecks" in the economy than to avoiding
future impasses. There is no difficulty in appreciating the magnitude of
the governments' tasks, but it remains true that the governments react to
the performance of the domestic economy. In constructing a model of govern-
ment activity, this implies that the planning horizon can be shortened
drastically. It will be assumed that an adequate characterization of gov-

ernment behavior can be achieved by allowing one-period planning. The
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government is assumed to establish goals and programs at the start of each
period. For each subh decision, programs are then the outcome of evaluating
those (possibly changing) goals in light of the performance of the economy
during the previous period. Over time, the model operates as a succession

of iterative steps.

Accepting the initial compartmentalization of government-economy, the next
step is to consider the nature of the govermment sector. We are concerned
here with the classes of policy instruments to be included. Most economic
models portray the govermment as the controller of a limited set of policy
instruments. The essential questions concern the manipulation of those
instruments and their impact on the economies. For OPEC governments the
available policy instruments tend to be rather limited. It is assumed that
the crucial policy is the government's spending program and the important

questions related to the influences on the formulation of that program.5

To start the identification of influences on spending, the basis goals and
spending of the government can be resolved into four general types. First,
the govermment attempts to promote an improved standard of living for the
population in a direct, short-term effort (for example, development of pro-
ductive capability is not to be included here). Second, the government
expends resources to accomplish its political and military goals. Third,
the government attempts to promote the accumulation of capital. And finally,
the government tries to reduce the transition costs associated with develop-
ment. Within each of these four groups of expenditures (or goals) a variety
of programs can be specified. While a detailed listing is possible, it is
better to consider a more limited set of activities and expand the possibil-
ities only when considering a particular country. It will be considered

sufficient to set two subclasses of programs within each major category.

Programs designed to improve the standard of living of the population can

be divided into transfer operations and direct purchases of goods and

3 The implication of government spending for the economy is discussed in
a subsequent section.
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services. Transfer operations are distinguished by the government's
relinquishing control over the actual use of funds. The particulars of
the scheme do not matter. Thus, Kuwait's land purchase system and Saudi
Arabia's negative head tax are both considered transfera.6 A govermment
program to provide public housing is an example of direct provision by the

government of a consumption item.

The second class of programs includes the disbursement of revenues to pro-
mote the government's political, including military, goals. The broad
statement, political goals, is to be restricted to include only foreign
grants and loans. Obviously, any program could be considered an effort to
achieve political goals. The intent is to allow for those disbursements

that have no effect on the home economy.7 Military spending is similarly

considered to be a drain on the government's resources. It is distin-
guished from aid because it can influence the domestic economy. The
acquisition of hardware (largely from abroad for OPEC members) has no
effect on the home economy but the concommitant requirements for manpower
and support items (for example, construction of bases) do draw upon

the economy's production and resources.

The category of programs to promote the accumulation of capital is the
potential source of greatest confusion. This group is intended to encom-
pass the government's spending to acquire directly productive physical
capital, and the government's extension of funds to finance accumulation
by the private sector. The idea is to separate programs according to

the identity of the economic agent dispensing financial assets to acquire

6The inevitable appearance of ambiguity in classifying any one program is
recognized at the outset. The Saudi Arabian program is but the first
example. It could be argued that the program more properly belongs to the
class designed to reduce transition costs because the Saudi economy faces
manpower constraints and because the subsidy is granted to the parents of
children and not solely to adults. In every case, the classification must
depend on a judgment of the principal effect of the policy.

7
Recall the previous assumption that spending jn world commodity markets

and subsequent effects on the home economy are not within the purview of
study.
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real assets. The confusion enters because the existence of public corpor-
ations subsidized by the government and the review of all loan applications
tend to deny a clear separation. A further and perhaps more important
issue concerns the classification of any one asset as directly productive.
In many cases, "direct or indirect" can be forever argued. Recognizing
this difficulty suggests that extreme concern should not be extended to

a difficult assessment of a program's membership in this versus the last

spending class.

The final category of spending includes those programs designed to reduce
the transition costs experienced by the economy in moving along a develop-
ment path. This category includes the bulk of the government's develop-
ment program. Within this group, two program types are identified: expen-
ditures devoted to the provision of (physical) infrastructure and expen-
ditures devoted to the development of human capital. The largest two pro-
grams in the latter subgroup are health care and education.8 In the former
subgroup is the vast array of projects designed to improve transportation,

communications, water for agriculture, water, and so forth.

Beyond identifying these groups of expenditures, little else can be estab-
lished without reference to a particular country. There does remain, how-
ever, the problem of specifying the division of resources into the four
groups. An idealized view of the process would posit the simultaneous
consideration of all programs. A practical view would suggest a hier-
archical structure and some progress can be made toward identifying the
nature of an operational hierarchy. A few simple rules of thumb suffice.
Suppose we allow the government an element of longer-term planning with
respect to the development of human capital. A reasonably accurate state-
ment of revenue requirements could then be formulated for the entire fore-

cast period. Next, we assume the government monitors the economy to

Again, arguments are possible. The philosophical debate regarding
health and education as consumption items is explicitly avoided. The
concession to the consumption view is limited to an acknowledgement that
spending for these purposes can be undertaken without a cost-benefit eval-
uation that considers only the productive contribution. Whether the gov-
ernment does in fact weight the consumption elements or simply decides with
less than perfect information is not considered.
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identify the nature of existing constraints on its performance to deter-

mine a rough estimate of the funds required to address the major problems

(historical experience could assist this process). Then the government

) considers its own investment programs, its desired promotion of consump-

tion, and finally the elements of aid and military spending to be under-
taken. Lest the objections be too rapid, it is emphasized that informed
judgment about any one country could easily alter the order in which the
programs are considered. Similarly, informed judgment may suggest that
some expenditure items, for example, military, can be extrapolated directly

(or as some proportion) with little difficulty.

We assume that the first stage of the government's planning is an allo-
cation of total expenditures for each of the four program types. The
effective constraint on this first stage allocation is the amount of
revenues available. The second stage of the expenditure problem is the
identification of spending programs within the larger groupings. It is

at this stage that the performance of the economy enters most directly.
For example, the provision of capital and infrastructure is influenced

by the past performance of the different sectors of the economy. The
failure of a sector to achieve a desired growth rate can signal a require-

ment for increased expenditures in comparison to the previous allocation.

Assuming for the moment that the overall notion of the government sec-
tor's operation has been established, the "economy" sector of the model
must be considered. Relatively little can be gained from any elabora-
tion of governmental activities until the depiction of the economy is
established and the linkages or channels by which government activities

affect the economy are identified.

The requirements of the economic sector of the model can be stated without
difficulty. The model must be capable of representing elements of tradi-
tional macro-economic demand ideas and at the same time recognize the

supply constraints typically embedded in neo-classical economic models.
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A justification for this demand is not difficult. Considering the
government's activities vis~a-vis the economy, it has been argued that

the government is a consumer or demander of the economy's output. At

the same time, the government is attempting to alter the supply constraints
of the economy. Hence, both aspects must be made to coexist within the
framework of the economy model.

The first element of the economic model to consider is the specification
of production. The neo-clessical production relation is the basis for
the description but only after some modification to avoid requiring
information about the capital stock and the quantity of employed labor.
The contribution of capital to production is to be assigned a dominant
role. Additions to the capital stock in any sector are related to
possible increases in output via an incremental capital-output ratio.
Labor is treated as a derived demand and a potential constraint on pro-
duction if the economy-wide requirements exceed the available supply.
For one industry:

AQt = f(AK 1=0,..., I,

Wi >
Ly = 8(Q, + 8Q,),

where A denotes change, Q is the value of production, K is capital, and
LD is labor demand. The measurement of each period's change in the
capital stock is to be represented by gross investment in the absence

of information about depreciation. More than one previous period's capi-
tal accumulation is introduced to permit the specification of transition
costs, for example, only a percentage of potential output from increased
capital is realized during the period in which it is installed. The
identification of labor demand is altered according to historical pattern
of change in labor productivity.
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Empirical forms of the relations may vary but a suggestion for each can
be offered. The output relation can be:

I

aQ, = L A AK___,
% sep L tt

under the assumption that a distributed lag is employed to estimate the
Ai’ and I is selected according to a best fit criterion. The equation
to determine labor productivity can begin as a simple time trend:

Q9 .
@ . by + by ¥,

also be expanded to and consider the educational status of the population.

Having derived the demand for labor on the part of each industry, the
total demand must be compared to the available supply. If there is an
excess supply of labor, no problem exists. An excess of demand requires
some adjustment, a scaling down of the achieved outputs of the different
industries. A variety of possible approaches can be suggested but no
one can be selected as the preferred method on an a priori basis. How-
ever, as examples: (1) labor made available to each industry could be
rescaled while maintaining the industry proportions; (2) the government's
emphasis on different sectors (spending) could identify the proportions
of total supply allotted to each industry; or (3) some industries may be
assigned an amount or proportion of labor with the remaining industries
treated as in (1) or (2).

In addition to labor, other factors function as constraints on the ability
of the economy's sectors to generate output. As an example, the output
capability of the transport sector can limit the realized outputs of

other sectors. For some of the OPEC economies it is possible to be

guided by input-output tables to identify the derived demand for trans-
port services arising in other sectors. In any case, the demand for

transport can be introduced by borrowing the relations of interest from
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countries reporting the necessary data. The applicability of another
country's experience to any given country is of course open to question.
However, an element of refinement (yet nonetheless an approximation) can
be accomplished by adjusting transport demands to reflect the geographic
dispersion of centers of economic activity. If total demands for trans-
port exceed the capacity of the sector, an adjustment process analogous
to that for labor must be applied.

In essence the determination of the potential outputs of the economic
sectors requires at worst an iterative search for a solution in a
manner analogous to a programming problem. In the best case the full
solution to the model can be identified and the iteractive process of
checking all constraints can be avoided. In either case, the determina-
tion of potential production is only one element of the problem. The

product demands must also be considered.

Conceptually, the demand issues are exactly the issues of a Keynesian
model of an economy. Unfortunately, the economic accounts of most

OPEC countries will not easily support the usual methodology. Two fac-
tors, however, serve to reduce the difficulty of the problem. First,
consumption spending can be adequately treated because almost all OPEC
countries report a fairly recent survey of consumption patterns. And
second, the major items of government spending can be reduced to the
direct employment of labor and spending for imports. The investment
goods sector of most of the economies is non-existent -- any spending for
accumulation must result in imports. The only exception, and it is a

major exception, is the government's purchases from the construction
sector. Domestic provision of construction materials is possible, and

fortunately, most of the countries report rather detailed production
data for these items. Hence, it is possible to trace the excess demands

to be fulfilled by imports.

The remaining spending category is by far the most difficult to specify.

Investment spending can be assumed to respond to any provision by the
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government of subsidized loans. But the pattern of private investment
is not as easily considered. The way to specify an indusﬁry pattern
that seems most reasonable is a carefully described, judgmental identi-

fication. Items influencing the judgment include the expenditure
patterns of government and the resource conditions of the economy. The

most recent investment pattern(s) can be employed as indicators of the

profitability of different sectors.
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THE FORECASTING PROGRAM

A general flow chart of the logic and sequence of operations in the
computer program used to generate the estimates discussed in the 13
country chapters is presented in this section. The program is written
in General Electric FORTRAN and runs on a time-sharing basis in less
than 32,000 bytes of memory. As presently constituted, the program
requires five different data files: (1) a file with petroleum produc-
tion and revenues; (2) a file with time-series economic variables; (3)
a file with time-series governmental spending and revenue variables;
(4) a file with regression estimates developed from the equations for
each country as presented in Appendix C; and (5) a control file with
information on the number of sectors in the economy for each country
for which data are held, the last year for which different types of data
are available, exchange rates, and information on petroleum prices.

Each of the five files exists for each of the 13 OPEC countries.9

I Additional technical documentation on the forecasting program, includ-
ing an annotated program listing, has been deposited with the contract
monitor, Mr. Warren Reynolds (INR/DDM/XR). A copy of all programs and
data decks used in the study has also been deposited with Mr. Reynolds.
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ACROSS SECTORS

Figure 1. The Forecasting Program Flow Chart, Part 1
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COMPUTE OUTPUT BY SECTOR

PRINT OUTPUT AND OUTPUT
GROWTH BY SECTOR

REFINE COMPUTATION
OF OUTPUT BY SECTOR

COMPUTE GROWTH RATES FOR
NATIONAL INCOME ACCOUNTS

COMPUTE GROWTH RATE FOR
SECTOR OUTPUTS
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Figure 2. The Forecasting Program Flow Chart, Part 2
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