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Introduction

The sudden termination of the period of cheap and abundant oil
and natural gas in lute 1973 huis caused severe dificulties in most of the
less-developed countries. The most critical problem has been acquiring
the additional foreign exchange necessary to purchase the oil imports
that are s> criticyl for maintaining economic growth and development,
Most LDC’s have few exploitable eaurgy resources and consequently
depend totally on this imported oil. In response to this problem, the
macroeconomic simulation model presented here has been developed to
investigate various policy mecasures that might be attempted to code with
this foreign exchange shortage. For the purpose of this paper, the model
is calibrated to a hypothetical but representative developing country.

Overview Of The Model

The economv of a nation can be describad as a systam of interreiated
processes such as production, investmsant, and facter allocation. In
modeling the econnmy, these processcs can be rcpresented by submodels
linked together with a system of resource and information Mows that
parallels the correspanding pattern of interrelationships between ProCesses
in the economy. The advantage of such a model is its easy adjustab:lity
for changes in the assumptions of one or more of its internal processcs,
That is, the required medifications normally can be made within the
corresponding submodel (s) without altering the rest of the system. This
makes the model useful in the study of a broad range of problems and
allows substantial flexibility in exploring the implications of alternative
policies and assumptions.

Moreover, the model differs from conventional developoment models

*Dr Davin J. Edelman, AICP is a Senior Associate with PRC Energy
Analysis Company in McLean, Va., U.S.A.
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by considering multipie factors of production rather than the single factor
of capital as in the Harrod-Domar approach; and the overall perspec-
tive is provided by a disaggregsted cohort survival demographic submodel
in connection with an exponeniial production function of the Cobb-

Douglas type.

The made] consists of eleven closely linked submodels. The first and
most central js the Cobb-Douglas production function, which describes
the level of output of an economy that can be achieved with a
particular set of technical retationships and specificd inputs. The second,
a resource allocation or market mechanym, determines the size and
composition of the inputs flowingto production function. The third submodel
{ixes the supply of capital, the fourth determings the level and type of
technotogy and socioeconomic organization ia the economy, and the filth
represents the supply of land and other fixed rcsources. The policy
decision submodel is the sixth, and the seventhis by the labor submaodel,
the heart of which is & Markov process that specifics the maximum
possible supply of each type of labor that will bz avaijlable for alloca-
tion to production. Submodel eight determines the amount of energy
demanded by the economy (posiulated to tfollow closely changes in GNP)
to smaintain its Jevel of production. Submodel nine concerns external
demand for foreign exchange generating cxports of the developing country,
and the tenth submodel, that of loreign exchange,detcrmines the actual
rate of cxpenditure of foreign exchange for oil imports. Finally, the
intersectoral resource mobility submodel follows shifts in the cconomy’s
productive factors' to proJuce additional foreign exchange to purchase
oil imports during an oil-price-gencrated forcign exchange crisis.!

Model Operation
Briefly, the entire economy operates on a 15-year planning cycle

with policy decisions taken only at the start of the period. The overall
system is driven by its demographic model. On the basis of a set of

1. This presentation of the theoritical medel and its operation s
considerably abridged due to space limitations and a desire to attract
a broad audience. Consequently. ne equations or their explanations
appear in the text. The interested iechnically oriented reader s
directed to David J. Edelmun, The Energy Crisis and the Development
Prospects of Low-income Gountries: A DMacrocconomic Simulation,
(Ithaca, Cornell Dissertations ia Planning, January 1978).
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of policy decisions, the model calculates the cxpezeted demographic
situation of the nation in 13 years. Tt then compares that situation to
the one at the beginning of the planning peried and calculates the annual
rates of change for each subgroup of the population Equipped with this
annualized information, the model then moves through an iterative process
of calculat'ng all the relevant variables for each year from the beginning
to the end of the 15 vear planning cycle. At the end of the cycle,
plicy decisions are again tead in, and the model undergoes the entire
process again. The model provides for four consecutive policy periods.

Within each c¢ycle, the intersectoral resource mobility  submodel
op rates after receiving certain information in sequence, Model operation
follows reulity in that curr nt action is based on information generated
in the previous year. Gross Sectoral and Gross National Products are
determined in the production function, and equilibriem levels of demand
“for the factors of production of the economy as a whole are computed
in the market submodel. Then, tha capital supply submodel dectermines
investment and hence the capital cmployed in the economy. Next, the
forcign exchange submodel develops the amount of forcign  exchange
necessary to purchase the required quantity of cnergy imports as specified
by the energy demand submodel to roaiatiin the level of production.
However, if the requisite foreign cxchange does not accrue te the eco-
nomy in the external demund submodel, the intersectorul resource mobility

submaode! is activated,

Intersectoral movement of the factors of production 1s considered to
depend on their marginal produoctivities. Those factors that are considered
10 be mobile are capital and high-and low-productivity jabor. The
marginal productivitics are dstermined in the production function. The
factor with the hichest marginal productivity is sonsidered the leading
factor of the shift. For example, if the marginal productivity of capital
is greater than that of high-and low-prductivity labor, a unity of capitul
wil shift and will be accompanicd by the shifts in high-and low-
productivity lubor necessary to support the increase in output iniiiated
by the additional unit of capital. The relative magnitude of such shifts
is easily computed bocause of the properties in a Cobb-Douglas produc-
tion function,
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Policy Analysis

Two types of pelicy analysis may be attempted with this simulation
maodel of a developinz cconomy. The first explores the long term (60
ve:rs) implicatirns of pursuing alternative invesiment policies in health,
eliction, copital and en rey effirient technology; the second considers the
immediate policy decisions necessury to cope with the short term foreign
exchange sho-tage caused by the sharp increases in the world market

price of oil.

London-Term Investment Analysis

Th: purpo.e here is to deterinine whether the emerging economy cun
become more energy eflicient without undergoing a [undamcntal change
in its structure or in its anticipated growth path of  production and
development-  Consequently, the tw policies of cottinuing the povern-
ment’s current investment practi.es and ol cocentr.ling on developing and
implementing a more cnergy cfficient technolory -+ discussed below

Policy Comparison

The results of comparing polwies are striking, They supgest that a
government commitied to energy efficiency can conserve both oil and
the foreign exchange needed to buy it while simultanceusly improving
the quality of life of its citizens and accelerating the development process.
Although this analysis is marginal because it assumes no basic change
in either the strategy of development or the mode er producticn, the
results suggest that even the governments of the least flexible LDC’s
can retard the growth oil imports (relative to the growth of production).
Through thoughtful policy-making, they could conserve crucial foreign
exchange for other uses (such as purchasing more oil and capital equip-
ment te expand domestic productior) while the wholl: new energy
.techpologies that will eventually replace oi and natural gas are developed,
tested, and installed.

As even a glance at the following tables will reveal, the policy
em hasizing energy efficiency performs as well as or better than the
policy maintaining the status quo on almost all ind:cators of develop-
ment Of the annmal indicators (sez Tabl. 1}, 'he inferest rate. the high-
pro fuctivity ur mployment rate, and the ca» tal formation rate show no
differences due to the pursuit of a p licy of enrgy efficiency. They vary
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over time in precisely the same way as under the policy of maintaining
current investments. There are several reasons for this. First, the high-
productivity unemployment rate remains zero under a policy of energy
efficiency because the demand for productive factors in  the cconomy
(other than oil} is in no way diminished. While the same level of

- production cam be attained under a policy of energy cfficiency despite

using less oil, the same level of other factors of production must be
maintained. Full employment of skilled labor continues. Similarly, the
interest rate and the capital formuation rate are the same wunder both
pelicies  because both depend on the level of production, which does not
vary. However, if production were to change (rise or fall) under energy
cfficiency, both rates would be influenced and would rise or full accord-
ingly.

TABLE 1.
Summary of the long term policy comparison betwezen
maintaining the status quo and emphasizing energy
efficincy—annual indicators

1588 2003 2018 2033

GNP per capita

Status quo 217.13 284 .45 383.75 571.07

Energy elficiency _ 217.17 284.58 384.29 527.76
Interest rate

Status quo 1462 1479 1485 L1483

Energy efficiency 1462 .1480 1485 1483
High preductivity wage rate

Status quo 1,377.06 1,620.73 1,923.17 2,311.84

Energy elliciency 1,377.19 1,621.26 1,924 29 2,313.84
High productivity unemploy-

ment rate .

Status quo 0.0 0.0 0.0 0.0

Energy efficicency 0.0 0.0 0.0 0.0
Low productivity unemploy-

ment rate

Status quo 2234 1788 L1268 0659

Energy cfficiency W2233 1787 1266 0635
Capital formation rate

Status quo 0809 0823 .0827 0823

Energy efficiency 809 823 0827 0823
Energy imports (barrels)

Status quo 5,807,075 10,014,206 17,865,690 32,049,993

Energy efliciency 5,749,183 9,727,332 17,406,383 31,270,953



26 The Himalayan Review

On the other hand, both high-and low-productivity wage rates as well as
GNP per capita rise while the low-productivity unemployment rate falls. These
phenomena demonstrate possible direct finanacial bencfits to  labor due to a
policy of energy efficiency. Through reductions in energy expenditures, govern-
ment and industry are able to raise wages somewhat, while employing more
unskilled and semiskilied [abor. Hence, when these changes are coupled with
a declining birth rate ( sce Table 2 ), GNP pcr capita also rises. These develop-
ments improve the living standard of labor and simultaneously reap savings in
foreign exchange for goverment and industry.

The magnitade of benefits to government and industry is illustrated by the
decline of the final indicator -energy imports. Total GNP is the same under
both investment strategies, whereas oil imporis are somewhat lower under the
policy of encrgy eliiciency, which releuses critical foreign exchange for addi-
tional investments. Energy imports (relative to the policy emphasizing the
status quo) are reduced by 36,228 barrels in 1974, the first year of energy effi-
ciency, and by 250,092 barrels in 1988, they continue to decline until 2033
when they are reduced by 752,606 barrels. Thus, by 2033 the annual saving in
foreign exchange are § 1,505,212 under the old market price of § 2 per barrel,
or § 7,526,060 under the new (post-Octoder 1973) price of § 10 per barrel.

The demographic and social indicaters (see Table 2} remain vir-t.ually un-
changed when an investment policy program emphasizing an energy -efficient
technology is substituted for one emphasizing the status quo, although under
the former they exhibit a slightly improved overall performance by 2033. This
is likely to be related to the rising income and decreasing unemploy-
ment noted above. Itis well established in the literature that a declining
birth rate and improved health and education levels are rtelated fo increasing
per capita income. The very modest and late improvements here probably
reficet the rather slight rise in per capita GNP noted above. Nevertheless, the
suggestion is that encrgy efficiency, by releasing financial resources for other
purposes, does not harm and probably aids in promoting the social well-being
of the population. '

The resource supplies situation {see Tuable 3} is also better overall
under energy efficicncy than under the status quo. By 2004 the supplies
of labour and capital are somecwhat greater under energy efficiency,
whereas the levels of foreign exchange reserves and export sales are
both somewhat lower. The implications her¢ are impoctant. 1t appears
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that under a policy of energy efliciency, domestic production can be
expanded relative to export production, Tf sustained, such achonge is a
critical indicator of development. The higher levels of labor and domestic
capital show that additional purchases of oil und capital equipment from
abroad to expand domeslic output are justified in terms ol the available
supply of required domestic resources. Furthermore, the decline in the
levels of exports (by $824.779 in 2004 and £915,571 in 2019) and torcign
exchange reserves (by $288,042 in 2004 and 622 in 2019) is kept to a
moderate level by the savings in foreign exshange to reduced oil imports,
Energy savings in 2004 and 2019 amount of 286,872 barrels $573.748 at
the $2 per barrel matket price) and 409,307 barrels ($918,614 at the $2
price), respectively. Consequently, a large purt of the increased foreign
exchange expenditures for inputs {o domestic productien is derived from
the foreign exchange savings due to the policy of energy efliciency.

In addition, Table 1 and 2 demonstrate that domestic demand is
higher under energy efliciency than under the stalus quo. Increased per
capita incomme, higher wages to both labor prodectivity types, reduced
low-productivity unemployment, and higher levels of heaith and education
in the population all coutribute to rising demand within an expanding
domestic market.

TABLE 2
Summary of the long term policy comparison betweean
maintaining the status quo and emphasizing energy
efficicney-demographic and social indicators

1988 2003 2018 20133

Birth rate {per 1,000}

Status quo 37.43 36.05 3394 32.53

Energy efficiency 37.43 36,03 3394 32.52
Death rate (per 1,000)

Status quo 10,14 9.78 9.31 8.96

Energy efficiency ' 10.14 9.78 9.31 8.96
Population growth rate (%)

Status quo . o273 2.63 2.46 2.36

Fnergy efiiciency 273 2.63 246 2.36
o7 of population well educated

Status quo 4,091 4.601 5.350 6,279

Energy efliciency 4,091 4.601 5,351 6.281
% of pepulation in good health :

Status quo 64.583 67.163 70.328 73.894

Energy efficiency 64.583 67.164 70.333 73.904
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Finally, it should  be recognized that most of the differences that
resalt from pursuing a policy of energy efficiency rather than one of
mainfaining the status quo are rather small in absolute terms. Although
these seem more significant when marginal changes are emphasized, it is
clear that there are real limitations on the effectiveness of policy.
Nevertheless, it appears that the governments of encrgy-poor LDCs have
some capacity to conserve oil through policies that scek to make pro-
duction technologies more energy efficient without at the same time
cortailing economic growth and development. Rather, the opposite seems
to bz the case. Improvements in the economy and the population’s
standard of living are likely to accompany an cuergy efficiency program.

TABLE 3

Summary of the long term policy comparison between
maintaining the status quo and emphasizing energy
efficiency~resource supply

1974 1989 2004 2019
Capitat supply
Status quo 492 852,042 910,567,262 1,747,687,303 3,393,708,692
Encrgy efflciency 492,852,042 910,630,705 1,748,234,095 3,396,012,132

Low productivity lubor

supply
Status quo 407,251 634,431 996,013 1,518,925
Encrgy efficiency 407,251 644,444 906,077 1,519,089
High productivity labor
supply
Status guo 39,741 67,424 113,013 190,736
Energy efliciency 39,741 67,424 113,010 190,773

Foreign exchange
reserve (3)
Status quo 20,386,137 35,260,465 63,916,783 113,555,130
Energy efliciency 20,386,137 35,261,600 68,628 741 112,932,522
Exporis (5)
Status gno 27,606,726 49,051,972 106,047,296  160.598,500
Energy ciliciency 27,606,726 49,053,788 105,222,517 159,682,929
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Short-Term Analysis of the Foreign Exchange 1mpliczations of the Energy Crisis

This type of analysis considers the immediate policy aliernatives that
the governmant of a d:vesloping country might consider a3 a means of
coping with its short-term forcign exchange shortage due to the shacply
increased world market price of oil. In late 1973 and early 1974, the
Organization of Petroleum Exporting Countries (OPEC) increased the
average price of a barrel of oil by a fuctor of five. This change is
accomplished in the model by raising the world oil market price from
52.00 por barrel to $10.00 per barrel after 1973, The result is a foreien
exchange shortfull for importcd oil $16,401, 756. In other words, to
maintain production in the economy and prevent a decline in GNP,
more than $16 million must be acquired to purchase essential oil,

Although foreign exchange rcssrves total just over $20 million dollars,
spending more than 80% of reserves for this purpose would destory tha
country’s credit rating and leave it dangerously unprotected in the event
of any other crisis. An attempt te acquire the entire sum through foreign
aid alone is inconcelvable due to the similur plight of many other LDC's
and the sericus problems facing the donor countries themselves. They
are  unlikely to befree with th:ir aid without the support of the developing
countries.

There are ssven policy alternatives that this hypothetical developing
country might consider to alleviate its foreign exchange problem. These
alternatives are: (1) cutbacksin energy usc; (2) mild austerity; (3) moderate
austerity; (4 modarate auvsterity plas cutbacks in energy use; (5) scvere
austerity plus cutbacks in energy use; (6} moderate austerity, additional
foreign exchange controls, plus a comprehensive foreign aid package;
and (7) modecrate austerity and comprehensive foreign aid puckage. The
following paragraphs explore the pogsibilities of employing these policy
alternatives:

Policy 1: Cutbacks in Energy Use

The computer printouf of the results of the price rise in oil shows
not only a forcign exchange shortage oil of $16,401,756 but also the
message “‘skilled labor shortage”” This indicates that the intersectorul
movement of resources in the economy that mught produce more foreign
exchange through increased production in the export sectors has already
reached its limit due to a shortage of high-productivity labor. Thus,
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mere shifting of resources is incifectual in coping with the crisis and
the government must consider more drastic policy mcasures.

The first of these is simply to reduce encrgy consumption and hence
energy imports, Yzf even a policy with a 20% reduction in energy use
for domestic sectors of the ecomomy and a 10% reduction fer expott
sectors (relatively drastic cuts) is unablic to alleviate the foreign exchange
problem. In fact, the shortage is merely reduced to $10,452,990  while
new and potentially explosive sociul and economic problems are created.

First, thc minimam oil requirements that must be met to maintain over
all production in the economy are not attained. Only 3,088,902 of the
3.580,466 barrels required are actually imported. Domestic production is
alfected more acutely because cuts are greater in the domestic  than
the export sectors. Morcover, with a orc labor. intensive techrology
than the exnort scctors, unemployment in  the domestic  scctois 18
liable to bacome scrious with the layoffs that must inevitably accompany
reduzed production. Fiaally, with incrsised  unemployment local purcha-
sing power will also decline and the country could face a period of
reszssion and social unrest. Clearly, such a policy iy undesirable.

Policy 2: MMild Austerity

The second policy allernstive is to embark on a program of mild
austerity, which in this casc refers to an 8% reduction in all imports other
than oil, This is accomplished by instituting  stronger import controls
to stem the outllow of foreign exchange, The compuier output  shows
such a poliey to be virtually inelicctual; the lorcign exchange shortage
for oil is reduced only shightly to $14,537,919.

Policy 3: Maoderate Austerity

In (his alternative, an attempt is made fo stiffen austerity somewhat.
This action hasalmodst no further cilzct on the economy’s foreign exchange
problem. and the shortage is reduced further by only a few thousand
dollars to $14,483,£37. Thus, ausierity measurcs alone seem rather weak.

Policy 4: Moderate Austerity Plus Cutbacks in Energy Use

With austerity by itself so ineffectual, a policy that combines reduc-
tions in energy consumption (Policy 1) with 1t might be thought to be
an improvement over ciiher alone. The computer printout indicates that
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this is true; however, fully 50% of the forcign cxchange shortage for oii
is still not covered and all the aforementioned social and eceonomic
problems associated with energy cutbacks remain,

Policy 5: Severe Austerity Plus Cutbacks in Energy Use

A government that is truly desperate and is tightly in control of
its people through repressive means might consider this Dracenian potlicy.
In this sznario, imports othzr than oil are curtuiled by 15% in addition
to the encrgy cuts outliced previously, Yet the shortage of foreign
exchange remains; it is merely reduced to $7,044,839,

The crucial lesson to be learned from the analysis of the first five
policies is that encrgy poor developing countries cannot cope unassisted
with the short-run foreign exchange problems of higher cnergy prices,
Fven a policy of severe austerity and reductions in energy consumption
(with ifs accociated production and ccononiic  development  setbacks) is
insufficient, desnite the fact that at this point the poorest eountries would
be reducing imports of such essentials as food and fertilizer. Consequently,
a numhaer of oolicies incorporating forcign aid elements must be conside-
red. The two that are dwscussad balow are both capable of eliminating
the hypothetical country oil-related foreign exchange shortage in 1974,

Policy 6: Moderate Austerity, Additional Foreign ¥xcbange Controls and
Comprehensive Foreign Aid Package

The policy cuts imports other than oil by 8% and impos-s a tax on
the repatriation of profits of 10n. The forciza aid elements include a
suspension of interest payments on  foreign debls, a 25%  reduction in
the repayment of the principal due on loans (perhaps by extending the
repayment period), a 20%  increase in forcign  investment, and a 254
increase in npew foreign aid grants and loans,

The drawback of this pelicy is that it muay be rather dilficult to
attract new forcign investinent at a time of worldwide cconomic gloom
whilc instifuting new limitations on profits. The government of the LGC
might point out that the new investment to be allowed is grealer than
would be the case without the fax; nevertheless, the potential investors
could prefer to invest in another, more atiractive LDC, or they could
choose not to expand investment at all under conditions of uncertainty.
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Policy 7: Moderate Austerity Comprehensive Foreign Aid Package

This policy may represent a more attractive alternative to the donar
nation (s). The 8% import rcduction, the 25% reduction on repayment
of the principal on loans outstanding, and the waiving of interest of
these loans are all retained as elements of Policy 7. However, the tax
on repatriated profits is eliminated, the amount of new foreign investment
is reduced from a 20% increase to a 15% increase, and new [oreign aid grants
and loans are increased by 3809 rather than 25%, This increases the burden
of foreign aid borne by the industrial countries and the international
lending institutions they dominate (and aiso, to a limiled extenl, by the
newly rich, sparsely populated Arab states), Although the amount of new
foreizn investment allowed is reduced, the new figure may be a more
realistic one. At any rate, by climinating the new tax on repatriated
profits, the LDC’s investment climate is likely to appear far more
attractive to internalional firms.

Final Note

Looking beyond the conclusions of the above analysis, the funda-
mental significance of the study is methodological With the growing
awareness of the complex nature of developments problems and of the
desirability of planning to deal with them i a more comprehensive
manper, there is an increasing need [or models that help both planners
and policy-makers to comprehend the nature ol the system with which
they arc faced. The microcconomic simulation model to  this study is
designed to help mect this need in the areus of energy policy. The
flexibility of its system dynamics structuie allows it 1o be adapted to
various assumptions., It can be uvsed to anticipate the dynamic
impact of a proposed development program or to explore the trade—-offs
among a number of altcrnutive programs. It can also be used  to
investizate the quantitative implications of some  untested asserticns
in the literature of development Many of these qualitative arguments
can now be studied systematically and quantiatively within the frame of
reference of general equilibrium theory. The model, then, has both policy
and rescarch applications and is potaatially uselul for government agcneics,
maltinational institations, waiversities, und other research orgapizalions.
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