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_\FORECASTING MARKET SHARES OF ALTERNATIVE FUELS IN TURKEY

The objective of this study is to examine the interfuel substitution
mechanism, and thus to forecast the market shares of alternative fuels,

in Turkey. Alternative energy sources are assumed to be bituminous coal,

lignite, petroleum and electricity.

It is of increasing interest to energy policy makers to determine the

demand response of users to increasing fuel prices. In this study;cbnsump—
tion trends and interfiel substitution mechanism are examined through the

use of a forecasting model. A multinomial logit formulation is used as the
functional form to explain the market shares of the four main fuel types.

The model specification indicates that the dépendent variable is the loga-
rithm of the ratio of share of the other fuels to the forth, where the base
share can be chosen arbitrarily. On the other hand, the independent variables
of the model are relative prices. This simultaneous model is also dynamic . -.

structure so that long term reactions to explanatory variables can be

assessed.

The model is implemented using time-series data at the national level, and
the two-stage least squares technique of Zellner (1962). The estimated
elasticities indicate that relative changes in fuel prices have significant

effects in the short-and especially in the long.runs. The results also imply

that petroleum and charcoal are the most price responsive fuels.



In order to forecast the future niarket shares, eight alternative pricing
scenardos are developed. Although thé forecasts vary depending on the
assumptions used; we can conclude that bituminous coal and lignite will.be
substituted for petroleum, and patroleumiégéré will continue to decline

|
\
|
|
|
\
\
|
|
as long as its relative price ccntinues to increase.
|
|
|
\
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TURKIYE'DE ALTERNATIF YAKTTLIARIN PAZAR PAYLARININ TAHMINI

Bu calismanin amaci Tirkiye'deki defisik yakat tipleri arasindaki ikame meka-
nizmgsini incelemek ve bu yakitlarin gelecekteki pazar paylarini :tahmin etmek

tir. Konu edilen yakit tipleri tagk&miiri,komiir,linyit,petrol ve elektriktir.

Enerii fiyatlarinin strekli artmasiyla, milli bir enerji politikasi sap—
tamaya calisanlarin dikkatleri taliep yapisina g¢evrilmistir. Bu caligmada
ise, tiketicilerin egilimleri ile vakitlararasi ikame mekanizmasi bir ©n
kestirim modeli araciligiyla incelenmistir. Yukarida belirtilen ddrt ana
vakit tipinin pazar paylarimi acikiamak ig¢in bir "multinomial logit" for-
miilasyonu kullanilmstir. Once rastgelé bir yakit tipi secilmis, ve diger
yakitlarin pazar paylarinin secilen yakita oranlarinin logaritmasi bagim-—
11 de§isken olarak modele konmustur. Bdylece deJisik yakit tiplerinin pi-
vasa paylari birbirine bagimli olarak bulunmektadir. Diger taraftan, ya-
kit tiplerinin nispi fiyatlari bagimsiz deJisgkenleri ollistunf\aktlr. Ayni
zamanda dinamik bir yapiya da sahip olan bu model, uzun ddnemde fiyatlara

karsi meydana gelebilecek tepkileri de g&zoniine almaktadir.
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Modgl, Tirkiye seviyesindeki ¥aman serileri verileri ve Zellner'in

(1962) iki asamala en kiiciik zareier yontemi kullanilarak calastiril-
mistir. Cikan sonuglar, fiyat artiglarinin talebi Gnemli boyutlarda
etkiledigini ortaya koymugstur. Fivat elastikiyeti en fazla olan ya-

kitlar ise petrol ve tagkOmiiriidtx .

Gelecekteki pazar paylarini 'ummm etmek icin sekiz de§isik fiyat se-

naryosu denenmistir. Tahminizerin kullamilan varsayimlara gdre dejisik-

likler gdstermesine karsin cenilebilir ki, petroliin payi fivatlar:
arttigi silirece dismeye devan oizcek, ve kdmir ve linyit petroliin ye-

rini almaya baglavacaktir.
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I. INTRODUCTION
1.1. ENERGY IN THE BCONOMY

Energy and economy are close.y interrelated. Energy is both a productiv
input and a consumption object. Almost all productive facilities use
enerdy as an input. On the cother hand, as a consumption good, it is
used for a variety of end uses such as heating, lighting, cleaning,

cooking, transportation, etc.

Energy is a vital component :in the economic and social well-being of
a nation and must be considered explicitly in the formulation of the
national and international policy.

The Turkish economy faces serious problems arising from energy shortage
and high dependence on imported energy. The energy bottleneck leads to
underutilization of productive facilities, unemployment, decreasing
competitive power in international markets and deficiencies in balance
of payments. There is a strong need for a national energy policy which
is closely interrelated witl econcmic and social policy and with
international developments, Giestions of economic growth, balance of
trade, and protection of the env:.ronment must be considered in a
balanced way, and complex trade—offs must be made among these and othe
national objectives.

\
\
|
A
|
\
As the importance of energy in pollcy making becomes apparent, researclJ
and analysis in the field of energy forecasting becomes important, ‘
too. And, it is of increasing interest to energy policy makers to |
determine not only the demand response of users to increasing fuel
prices, but also the substitution relationships between the primary
fuels consumed. Most enerqgy is mterchangeablé in manyAuses and the
choice of energy is greatly dependent on proximity, availability,

relative cost and feasibility of use.

Short—term demand for energy can be estimated through the use of a
forecasting model. The model .ievelopéd in this study aims at understan
of consumption trends and interfuel substitution mechanism and thus

forecasting the market share: of alternative fuels in Turkey.




1.2. ENERGY SCENE IN TURKEY

The primary energy sources tha: .ire currently significant are as the

following:

~ Comercials: Bituminous coal, Lignite, Petroleum, Hydropower

- Non—commercials: Firewood, £ :al and vegetable wastes (Dried dung)
The sources that are plannesr - -+ be used by 1990 are:

- Nuclear Enerqgy

- Geothermal Energy

- Solar Energy

- S oee |
And the new energy sources thi: have started to be used in other countrie
but not in Turkey are:

- Wind Energy

- Tidal Energy

- Magneto-hydrodynamic Power
On the other hand, the enercy <onsumers can begrouped as five different
sectors:

— Industrial Sector

-Residential Sector

- Transportation Sector

- Agricultural Sector

- Electridity Generation

Ahd,’the alternative sources for each of the above sectors are:

Industrial: Petroleum, coz’ , lignite, electricity, firewood and

natural gas.
Residential: Petroleumn, cc .7 lignite, electricity, firewood, dried
dung, geottermal ¢ = jy, solar energy and natural gas.
Transportation: Petroleum, <« 21 and electricity.
Agricultural: Petroleum, elect i::ty, firewood and dried dung.

Electricity: Petroleunm, ccil. lignite, hydropower and nuclear energy.
Before discussing each of the ms-2r supply options, it is better to make
an overview of our energy consumption, reserves and energy sources. Severa

- important points emerge from exe ining our energy ééene, as summarized
below.



The consumption shares of the energy sources in 1982 are as followsl/

Petroleum 44.9 %
Lignite 14.3 %
Coal ' 7.6 %
Hydropower 8.9 %
Natural gas 0.1 %
Firewood - 13.5 %
Animal and vegetable wastes 9.6 %
Imported electricity 1.1 %

For about two decades, the pattern of energy consumption in Turkey has been
constantly changing. Up to 1950, w= see a shift from noncommercial fuels to
coal. But from this point on, and up to mid- ssventies we can see a change

~from a coal to an oil age (See: Figure 1)

Figure 1. Energy Consumption in Turkey, 1950-1982
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Source : SPO

1/ Source: State Planning Organization. Sth Syear Development Plan, Special Commibt
Preparatory  report on Energy.



The abundant availability of petroleum, its convenience and its lower price
has led to the substitution of coal by petroleum. In 25 years (between 1950
and 1975) market share of petroleum has increased from 7 percent to 50.5 per
cent, while share of coal has declined from 24 per cent to 10 per cent.
On the other hand, growth rates of lignite and hydropower shareShave been very
small. Lignite share has increased from 5 per cent to 10 per cent and hydropowe
share has increased from 0.1 per cent to 5 per cent in 25 years. 1976 is a
turning point, so that with increasing petroleum prices the share of petroleum
(which was 51 per cent in 1976) has started to decrease and reduced to 45 per
cent in 1982. This new trend is expected to continue in the coming years.
‘Because, high current prices and uncertainities as to the future price and
availability of petroleum lead the users to shift increasingly toward other
fuels.

The change in demand lies not only in alteration of consumption patterns, but
in a significant increase in the demand for imported energy . The increasing

dependence on imported energy can be seen from Figure 2.

Figure 2. Energy supply in Turkey, 1950 - 1982
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Source: State Planning (:-ganization

2. 5th 5 year Development plans. Special Committe Reports on Energy.
A



So, our energy problem in one of the discrepancy between the fonns of energy
we are consuming and the form we have domestically. 45 percent of eur energy
consunption is petroleum, but our petroleum reserves are very small as compared
to large amount of reserves of the other sources. Table 1 shows the known

reserves of energy sources.

Table 1. Energy reserves in Turkeyg/
Mi\l.tons of ‘coal eg.3/ Mil.tons of  coal e
Petroleum 20 Nuclear v 1020
Coal 1240 ~ Hydro 55
~ Lignite 2520 Geotermal 10
Natural Gas 20 Solar 20

1.3.

Another point of interest, regarding the energy sources consumed is that
they do not include renewable sources such as solar and geotermal energy.
Use of hydropowel; an important renewable sou;ce/‘ is also very small as compared t

the large amounts of hydro reserves. (Only 11 per cent of the usable potential
is being used.)
ALTERNATIVE ENERGY SOURCES

This section outlines the alternative sources of enerdy to meet present and

prospective demand. :

1.3.1. Petroleum:

Until 1973, petroleum has bee:: the cheapest and the most convenient ‘
energy source. Turkish petroleum production has also increased until

1970 (See: Figure 3). From this point on, declines in domestic petro-

leum production and increases in imported petroleum price have led
to huge amount of import bills.

e e

2/

3/

State Planning Organization, 5th 5 ycar Development Plan, Enerqgy, Special
Committe Pre-report.

Conversion factors are listed in Appe:.iix A.



Figure 3 : Ratio of domestic petroleum production to the

total petroleum consumption. N
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2-5th 5 year Deveiopment Plans, Specml Committe
Reports on Petroleum

The objective of energy policy must obviously be to reduce the dependence
on petroleum to a sufficient extent to allow normal economic forces of

substitution and creation of altcrnatives to begin to work effectively.

1.3.2. Bituminous Coal

Coal is one of our oldest commercial energy sources. Main resource
is in Zonguldak region with a known reserve of one billion tons. It is
possible to increase coal prcoduction by 50 percent until 19903/ .
Coal imports may also increase.

4/ sState Planning Organization
5th 5 year Development Plar , Special Committe Preparatory report on
Energy.



" Coal  can substitute for petroleum in several areas. First, it can
be used for heating purposes in industrial and residential sectors. Second
it is a primary energy source in electricity generation. Moreover, it is

an important input of iron-steel industry.
1.3.3. Lignite:

Lignite production has shown a continuous increase from 1950 on. But
because of its low specific heat, and difficulties in its transportation
and usage, it has not been preferred as much as coal and petroleum.
But now, increasing oil prices and difficulties in coal production has

made the lignite an important alternative.

Reserves are very close to the surface of the earth, and lignite mining
does not require a high technology. With known reserves of eight billion
tons, lignite can be the most important source that will bring solution
to the energy problem in the short and medium term. Lignite can substitute
for petroleum in industrial and residential sectors, and in electricity

generation.
1.3.4. Hydropower:

Hydropower is the most important renewable energy source and Turkey has
fairly reach reserves. The usable potential is around 142 billion kwh/
year (Approximately 10 times of today's usage)—s—/ . This potential makes
it possible to increase the share of hydroelectricity in total energy
consumption. But, to generate electricity from hydropower requires very
large and costly investments and very long lead times.

1.3.5. Natural Gas

It is known that, the world has natural gas reserves as much as petroleum
reserves. As many other countries, Turkey has natural gas reserves, too.
Known reserves are about 15 billion m3.2/ Production has started in 1977,
but today natural gas consumptic . is only O.lper:cent of the total energy
consumption. And, in the short r.:n, a significant change in its share is

not expected.

- Natural gas can be directly combsted or converted to liquid fuels. Its
transportation is very easy, & can also be used in transportation sec-
tor in combination with petrc products. It can also be used in ferti-

lizer and petro—chemical indc 25,

/..

5/ The State Hydroulic Works.
6/ State Planning Organization.
5th 5 year Development Plan, Spec . .l Committe Pre-Report on Energy.




~1.3.6. Solar Energy:

The greatest advantage of . olar energy is its ubiquitousness. But the
usage areas are ’l:imited to heating and obtaining process heat. And direct
use of solar is often more =xpensive than the other éonventional sources.
Because of the many low cc~t alternatives, use of solar energy in the
generation of power is un :kely. Without substantial incentives, usage

of solar energy will rema - guite low over the next years.

1.3.7. Nuclear Energy:

Nuclear energy offers the tential for meeting a significant fraction
of our energy needs far ir .5 the future. But uncertainties are very
great for nuclear energy. e energy potential is very high, and so are

the social and environmentszl risks.

1.3.8. Gaothennai Enerqgy:

Geothermal enerqgy, the naty =1 heat of the earth holds great promise to be
one of the abundant forms - :: enerqgy. Geotermal potential of our country
is very high (4500 MW or - .D00 termal MW)Z/It can be used both for
electricity and heat gene- :ion. But the required investments are very

costly and have long lead -imes.

|.4. SCOPE COF THE STUDY

In this study, energy sources su . as natural gas and nuclear energy are not take
into consideration, because it i: ot possible to make use of them in the short
run. On the other hand, the comp: @ Tive interactions among the alternative source
in electricity generation are nov - aken into account because of the very long
lead times involved in these interactions. This analysis covers only the de and
for fuels which are available for =nd use in the other four sectors (industrial,
residential, tnarsportation and &~ iculture). Thus, the alternative fuels become:

Commercials: Petroleum, coal, .ignite and electricity.

Noncomercials: Firewood and ani: 1-vegetable wastes.

7/ State Planning Organizaticn
5th 5 year Development Plan, { cial Committe Pre-Report on Energy.



From 1950 on, there has been a transition from noncommercial fuels to
commercials. Share of noncommercial fuels in total energy consumption

has declined from 64 per cent to 23 per cent, from 1950 to 1982 (See also
Figure 1). But this transition irnvolves not so much substitution of one
source for another, but the use <f new enerqgy sources for new activities.
Therefore, it seems better to concentrate only on the substitution between

e petroleun, coal, lignite and electricity.

1.5. ENERGY DEMAND AND INTERFUEL SUBSTTTUTION

Accepting that the competitive enerqgy sources are coal, lignite, petro-
leum and electricity, alternative sources with respect to sectors can be

sumarized as in Table 2.

Table 2. Breakdown of alternative energy sources by sectors

\ Use Industrial Residential AgriCQlture Transpor— Electricit
Source tation Generatior
Coal ' x X X x
Ligni{:e X X
Petroleum X b X X X
Hydro _ X
Electricity X X X bl

Several factors influence the prec: erence pattern of users in selecting among
the above alternatives. Some of t.:.2se factors determine the size of the tota]
market, others measure the switch:ng pattern among the fuels. These factors

are as follows:

National income, GNP

— Population trends

- Fuel prices

- Price predictions

— Rate of change of prices

~ Stocks of energy using goods

- Government policies

- Supply availability of alterna: e fuels

— Air pollution abatement require o=nts
- Investment level of the industr f

- New construction,etc.
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Assuming that the above factors ar: explanatory variables, demand equations
can be derived in order to forecas: the market shares.

It is useful to model the demand for energy sources in— terms of their market
shares rather than absolute quantities. Using market shares rather than
quantities as dependent variables has certain advantages. First, this pro-
cedure avoids inclusion of some incependent variables necessary with the
latter type of demand model (income, population, etc.) For example, one need
not include income variables in the market share model for which changes in
income would be expected to influence demand for all fuels equally. And second,
the model concentrates attention on the competitive interactions among the

- . fuels.

A traditional approach to estimate the enerqgy demand has been to develop
separate demand equations for each fuel. i3ut, the individually forecasted
demands may not be reasonable, because the models are estimated independently.
The equation system should incorporate the choices of all fuels simultaneously.

In thisstudy, a maltinomial logit formulation is chosen as the functional

form to explain market shares of the four main fuel types:  wo©oal, lignite,
petroleum and electricity. This similtaneous model is also dynémic in structur
so that long—-term reactions to explanatory variables can be assessed. |
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II. LITERATURE SURVEY

Energy system models are forrmulated and implemented by the theoretical and
analytical methods of several disciplines including engineering, economics,
Operations research and management science. Models based primarily on econo-
mic theory tend to emphasize behavioral characteristics of decisions to pro—
\duce and/or utilize energy, whereas models derived from engineering concepts
tend to emphasize the technical aspects of these processes. Behavioral models

are usually oriented toward forecasting uses, whereas process models tend to

be normative.

The energy models can be divided into several groups according to their scope
and they range from demand models of a single fuel to models encompassing the
overall energy system within the ecohomy. As Hoffman and Wood (18) suggested,
the three major groups of energy models and forecasts are:

1. Sectoral Models, covering the supply or demand for specific fuels or

enerqgy forms;
2. Industry Market Models, which include both supply and demand relationships
for individual or related fuels; )
3. Energy System Models, which cover supply and/or demand relationships for

all energy sources.

In recent years, a spate of papers has appeared that have been developed and
applied to the analysis of the energy system and to the development of fore-
casts for planning purposes. This chapter is devoted to review some of these
papers: The emphasis is on the models which attempt to estimate the behaviors

demand for enerdy.

2.1. SECTORAL MODELS
Sectoral models are defined as relating to some specific energy activity
forming a part of a specific energy industry market. Econometric models

are used most often for characterizing energy demand.
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Most sectoral econometric modelling «<Iforts in the energy area have focused
upon the demand for a single energy input in one particular use. Such models 1
are used principally to provide an anazlysis of the determinants of demand and
to forecast demand with given estimates of the variables that are exogenous

- to the model, including price and other variables measuring the market size

for the energy inputs (population, @W, income, etc.). These models have been
designed to focus on specific policy issues such as price policy. Since they
are limited in scope, theygenerally do not have broad applicability.

Taylor ( 36 :)surveyed and evaluated econometric models of the short-and long-
term demand for electricity in the residential and commercial sectors. The
models surveyed are classified according to sectoral detail (residential,
comrercial and industrial) and the measure of electricity price used, and
short-and long—term prices and income elasticities are summarized. Tayior
reviewed the special problems associated with modelling the demand for elect-—
ricity, including the fact that such demands are derived demands depending
on the stock and utilization rates of equipment, the fluctuating utilization
rates for the equipment (Peak demands), and the effects of the regulatory
process on the pricing schedules. Taylor- concluded that, to varying degrees,
modelling efforts have not yet dealt with these problems.

al

Chern and Just { 10 ) presented a regional electricity demand forecasting mod
developed at the Oak Ridge National Laboratory. The model has the following
important features. First, the model is regional and provides state-by-state
forecasts. Second, the model takes into account both short-run and long-run
responses to several important exogenous factors. Third, the model is sector
it forecasts demands for the residential, oommerc:Lal and industrial sectors.
Finally amd most importantly from a forecasting point of view, a structural
specification is developed for the cost-price component of the model which
takes account of the cost justified price increase mechanism imposed on utilit
This structure is important in obtaining mutually consistent forecasts of cos

and prices.

The model is basically a simultaneous equations system in which both electrici
demand and price are endogenously determined. The most important exogenous fact

of the model are income variables and prices of substitutes.

1
i
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In the study by Wills ( 42 ), s:or--and long-run responses by households

to changes in the price of electricity are estimated using data which per-
mit measurement of the marginal price of electricity, the inframarginal
demand charge, and estimates of household appliance stocks. The price elas-
ticities of high-and low-level users of electricity - who are hypéthesized
to maximize utility - are compared. And, the theoretical bias in price elaé—
ticity estimates resulting from neglect of the infra-marginal demand charge

is shown to be emprically insignificant.

In a recent paper, Hug and Dynez { 20 } examined the residential demand for
electricity in Virginia. Hug and Dynes derive seasonal estimates of price
elasticities from a detailed integrated econometric and end-use model that
does not constrain the demand function to constant elasticities with respect
to explanatory variables. The elasticity coefficients derived from the model
conform to expectations based on theoretical considerations.

Sweeney ( 33 ) has developed a model of the demand for gasoline in order to
support analysis of conservation policies effecting automobiles. Vehicular
gasoline consumption for any tim= period is a derived demand that depends on
the total number of miles driven and the average mumber of miles per gallon
for the fleet in operation during the period. The demand for vehicle miles is

estimated by a function of real disposable income per capita, the unemployment

‘rate, and the cost per mile of automobile travel, including the cost of

gasoline and time.

Another model of the demand for gasoline has been developed by Greene and Kulp

( 16 ). In that study unprecendented declines in highway use of gasoline in
the United States in 1979 and 1980 are analyzed by means of a gasoline demand
model. Approximately half of the reduction in use in each year over the pre-
ceeding year can be attributed to the short-run effect of higher gasoline
prices. Most of the remainder can be traced to declines 'in real household

incomes and increasing fleet fuel efficiencies.




2.2.

A recent paper by Brown ( 7 ) has presented an aggregative model of
United States consumption of petroleum and products, of a type which
might potentially be used to derive short-term forecasts of U.S. petro-
leum consumption and imports. The model attempts to separate income-and
weather-related changes from those induced by changes in relative prices,
with emphasis on the dynamic path of consumption responses to price
changes. Estimation results suggest that ‘there are still significant N

price effects six years after a change in the relative price of petroleum.

INDUSTRY MARKET MODELS

Models for energy industry markets include process and econometric models
as well as process/econometric models, wﬁich characterize both the supply
and the demand for a specific or related set of energy products. The
greatest utility of such models is in providing a consistent frame-work
for planning industrial expansion and studying the effects of regulatory
policy on the industry. Much of the modelling work in this area involves
the coupling of process and econometric techniques to represent supply and

demand relationships, respectively.

Adams and Griffin ( 1 ') combined an IP model of the United States refining
industry with econometric equations determining endogenously the prices,
quantities demand, and inventory adjustments for the major petroleum product
Exogenous inputs to the econometric/IP model are the refining process
configurations, product quality specifications, factor input prices |
(crude oil, etc.)) economic activity and the stocks of petroleum—consuming
equipment. In the first step, the requirements for the various petroleum
products are determined in the demand equations. Using these requirements
as output constraints, the solution to the IP model indicates the volume
of crude-oil required, process capacity utilization, operating costs, and
outputs of by-products such as residual oil. In turn, capacity utilization,

inventory levels and crude-oil prices determine the product prices.

A system dynamics model of the coal industry has been developed by Naill,
Miller and Meadows (32 7} to study the role of coal’in the transition of
the U.S. energy system from 0il and gas to renewable resources up to the
year 2100. The interrelationships_ in the coal production sector between

demand, investment, labor and production are modelled along with the oil

oS
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and gas sector and the electric sector. Time delays associated with R&D
and plant construction are included in the synthetic fuel sector where
liquid and gaseous fuels are produced from coal. The demand for energy and
the market shares of various fuels are determined endogenously as a function
of price, GNP, and population. These variables are exogenous to this model,

although in more comprehensive system dynamics models they are also determi-
ned endogenocusly.

Mc Avoy and Pindyck ( 30 ) developed an econometric policy simulation model

of the natural gas industry. The model has been used extensively to analyze
the effect on the industry of current and proposed regulation of the well-
head price of gas and permissible rates of return for pipeline companies
purchasing and selling natural gas in interstate markets. Demand for natural
gas by industrial, residential, and commercial costumers depends on the whole-
sale price of gas, the prices of alternative fuels, and market size variables

such a population, income and investment levels.

Griffin ( 17 ) has developed an econaretric model of the supply and demand

for electricity. The model is estimated by using U.S. national time-series

data. Major variables determined by the model include the demand for electricity
in the residential, industrial and commercial sectors, nuclear capacity expansio
distribution of generation reguirements between nuclear, petroleum, gas and
coal, and the price of electricity. Irrportént exogenous variables include
various measures of market size such as population, real disposable income,

@P, the price of petroleum, gas and coal, the GNP deflator, total generating
capacity, construction costs, and other operation costs. The model is simulta-
neous because the average price of electricity, a determinant of demand, depends
on the generating mix. The model has been used to conduct simulation studies

of the impact on demand and the generating mix, alternative projections of

relative fuel prices.

Baughman and Jaskow ( 3 ) have also developed an engineering/econometric model
of electricity supply and demand. The model combines an engineering supply model
with an econometric model, and links the two with an explicit model of the
reguiatory process by which the price of electricity is determined. Demands

for electricity, natural gas, coal and oil are estimated for the residual,
commercial and industrial sectors by functions of fuel prices and various }

market-size variables.
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2.3. ENERGY SYSTEM MODELS

Analysis and modelling of the overall energy system, including all fuels
and energy forms, were stimulated largely by the need to develop forecasts

of total energy demand, of an individual sector or of the whole energy
market. '

Muchvef. the initial work in this area involved the development of energy
balances in which forecasts for individual fuels were assembled. These fore-
casts highlighted many problems involving such factors as resource definition }
and interfuel substitution, which must be handled in a consistent manner for
all fuel types and sectors and which led to increasing modelling of the entire1
energy system. | |

In most of the forecasting studies, the energy balance methodology has been
employed in the following way: Independent estimates of demand by each of |
the major end-use sectors, for each of the detailed energy types are developed
by relating demand tc aggregate econamic activity and trends in energy con-— i
sumption. Independent estimates of supply of major energy types are developed
and compared with the demand estimates. Differences are resolved, usually in

a judgemental way, assuming that one energy type is available to fiill any

gap that may exist between supply and demand. This energy type is normally
assumed to be petroleum, including crudeoil and refined petroleum products.

The interfuel substitutions in these models having separate demand equations
for each fuel can only be explored by includihg prices of »competing fuels in
each equation. But this ignores the interrelationships of consumption between
the fuels. To estimate energy demand requires a simultaneous equation system.
But) the models developed with the simultaneous equation approach are very
few as compared to the models using the traditional approach. Some of these

models are summarized below.

The model developed by Baughman ( 2 ) to study interfuel competition uses A
systemr dynamics to simulate the flow of resources (coal, oil, natural gas and
nuclear fuel) to the various demand sectors (residential, commercial,
in&ustrial, transportation, and electricity). The model has been applied

at the U.S. national Ievel. And, it includes representation of the economic
cost structure of the energy system along with investment decisions and
physical Constraints on the supply of coal, oil, natural gas, and nuclear
fuels. Demands are developed in two components, a base demand that is not

sensitive to price changes, and a market-sensitive demand that includes
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incremental and replacement demands. The model is used to simulate interfuel
competition and to develop the quantities and prices of fuels.

In the study by Halvorsen and Ford (1979), complete systems of energy demand
equations are estimated for individual industries. Dualityv theory is used

to derive the systems of demand equations from flexible cost functions which
impose only those restrictions on the estimated elasticities of demand and
substitution that are implied by the ecohemic theory. The results include
estimates of own-price elacticies of demand for electricity, oil, ‘gas, capital,
production workers and non-production workers. Almost all of the estimated

own-price elasticities are significant and indicate price responsiveness of
demand.

Another model of interfuel substitution has been developed by Uri (37 ),

which studies the short-run energy demand by electric utilities. The model
estimates the own-and cross—elasticities of demand and substitution for coal,
o0il and natural gas. Duality theory is used to derive systems of fuel-demand
equations that are consistent with Vprofit maximizing behaviour by electric
utilities. The quantity of electrical energy produced is assumed to be a
transcendental logaritmic function of both variable and fked inputs. Each
utility maximizes restj:icted profit with respect to variable inputs (coal,

0il and natural gas), given the quantities of fixed inputs (labor and capital},
the prices of variable inputs, and the price of electrical energy. Restrictions
on the elasticities of demand and substitution are limited to those consistent
with economic theory. The estimation technique is the iterative Zellner method
{44 7). The demand equations are estimated with both current-period fuel
prices and with fuel prices lagged various number of months. The results
indicate that relative changes in fuel prices have significant effects in the

short-run.

In a later study by Uri (38 ), again a model has been developed to forecast
consunption of four fossil fuels (residual fuel oil, distillate fuel oil,
crude 0il and natural gas) by electric utilities. This time a multinomial
logit formulation is used. The specification indicates th;?t the dependeht
variable is the log of the ratio of share of the three fossil fuels to the
forth, where the base is chosen arbitrarily. On the other hand, the share

of each of the fuels is a function of relative prices, weather, time and
seasonal factors. Using the iterative Zellner (- 44) technique, the model

is implemented. And, the results show that the responsiveness of the rela-
tive fossil shares.to changés in fuel prices is consistently significant.

The results of forecasting, also agree with actual shares.
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A similar model has been developed by Cohn (11 .) studying fuel choice and
aggregate energy demand in the residential and commercial sectors. The demands
for energy in both sectors are examined separa{tely using a refined data base.
For each sector, a muit:inomial logit formulation is utilized, along with an
aggregate demand equation to determine analytically short-and long-run fuel
price elasticities of demand for the major fuels consumed (electricity, natural
gas and fuel oil). The shares depends on prices of these fuels, per capita
disposable income, climatic variables, and a variable representing the N
availability of natural gas. On the other hand, the Koyck Lagged structure
used implicity assumes the dynamic adjustment for the above explanatory vari-
ables. That is, a variable explaining the demand of today is the demand of

"~ yesterday. The fuel share equations and the aggregate demand equation are
estimated simultanecusly by joint generalized least-squares technique.

Recently, Uri (139 ') has studied energy demand and interfuel substitution in
the United Kingdom. Total energy demand is examined as a part of a simultaneous
static decision on the optimum levels of all inputs—capital, labour, materials |
and energy.- The approach for the estimation of substitution relationships is
the translog price possibility frontier. The price possibility frontier is a
transcendental function of the logarithms of the prices of inputs. All energy
sources (coal, oil, natural gas and electrical energy) are demonstrated to

be substitutable. Using the concept of duality, market share equations are
de.rivéd from translog price possibility frbntier, where the ratio of shares
depends on energy prices. The share equations are estimated jointly as a
multivariate regression system, using Zellner's (.44 ) two stage least-squares

procedure.

It should be noted that the above review does not include any study which
has been done for Turkey. Energy demand models developed for the Turkish
economy are all of the traditional type, combining independent estimates

for each energy source.

The behavioral demand model developed in this study is similar to Uri's (38 )
and Cohn's (1I ; studies, in the sense that a maltinomial logit formulation
is chosen as the functional from to explain market shares-of the major fuel
types. The model also considers dynamic structure of energy demand as in the
study by Cohn. In estimating the model, two stage least-square technique of
Zellner ( 44°) is used, as an efficient method of estimating simultaneous

equations.

The next chapter covers the explanation of the model and the estimation
procedure.



ITTI. MODEL AND RESEARCH DESIGN
3.1. THE FUEL SHARE MODEL

An econometric model has been developed which explains the competitive
interactions between four main fuel types: coal, lignite, petroleum
and electricity.

Demand for each fuel type is modelled in terms of its market share rat-
her than quantities. Since the energy market has clearly defined limits,
it is relatively easy to construct share proportions to regress upon
various decision variables. On the other hand, using market shares as
dependent variables has certain advantages. First, this procedure avoids
inclusion of same independent variables such as income and population
for which changes would be expected to influence demand for all fuels
equally. And second, the model concentrates attention on the competitive

interactions among all fuels.

This section includes the model specification subsequent to the impor-
tant features of energy demand and the basic assumptions underlying
the model. '

3.1.1. ESSENTTAL FEATURES OF ENERGY DEMAND

One essential feature of energy demand is its derived nature.

In general, energy is not desired for its direct effect, but

for the utility derived from its use-heat, light or power. For
example, there is not a demand for electricity, but a demand

for electric heat, electric light or electric power. For example
in estimating the demand for electricity as a direct function of
real income and relative prices of fuels, one is implicitly
suggesting that electricity demand is derlved from the use of
goods whose determinants themselves are real income and relative
prices of fuels. In essence, the estimating equation for
electricity is the reduced form of a system of two equations.

The first determines the rate of purchase of goods, which provide
services with electricity input, the second determines the amount

of electricity irmput utilized in the use of these goods.

S



The demand for energy is then derived from, and ultimately connected to the
stock of energy using goods. Thus, energy demand depends on the existing

stock of energy using goods, their depreciation rate, additions to the stocks,
and the rate of utilization of the stock. Changes in the demand for energy can
quite easily be seen to differ substantially in the short and the long-runs.

A short run is characterized as the time when the stock of energy-using assefs
is fixed, and a long-nin, when the stock is variable.

The division of adjustment periods for energy use between a short and a long
run suggests that estimating forms should be dynamic. A static equation will
not be able to pick up the important differences in the rate of adjustment
between a short and a long run. |

To estimate energy demand requires a simultaneous equation system. The system
is simultaneocus because the consumer's choice of a particular fuel is based
partially on that individual choice of fuel using appliances, while the par-
ticular appliance choice is dependent on the relative price of fuels. Moreover,
the simultaneous equation system must inCorporate the choices of all fuels
similtaneously. For example, it is incorrect to attempt to model the house-—
hold's choice of toal as a separate decision from the household's choice
of fuel-oil.

A traditional approach to estimate the demand for energy has been to develop
separate demand equations for each fuel. The interfuel substitutions in these
models can only be explained by J'_ncluding prices of competing fuels in each

equation, but this ignores the interrelationships of consumption between the
fuels. In addition, the effect of a price increase of a particular fuel on

total energy consumption is uncertain using individual fuel demand equations.
Since ttrese types of models are estimated indepenientll;fit is unsure if the sum

of the individually forecasted demands are reasonable.

Thinking in terms of a simultaneous equation system naturally leads to a

number of constraints on this system. One simple constraint would be that the
market shares of all fuels add up to unity. Second, the constraints which the
demand theory suggests should be incorporated in this simultaneous equation
system. These constraints deal with the price elasticities of demand. For
exanple, own-price elasticities should be negative and cross-price elasticities
should be positive. Of course, the constraints on the system necessiate special
econometric treatment.

-



21.

On the other hand, comparisons among the four principal sources of energy
call for some common standard of measurement. By converting all quantities

into their kilocalories equivalent, we can have a common data base.

3.1.2. VARIABIES INFLUENCING ENERGY DEMAND

Several factors influence the pattern of energy demand. Some of these fac-
-tors determine the size of the total market, others influence the preferen-

ce pattern of users among the alternative energy sources. These factors

are as follows:

— National income, GNP

— Population trends

- Prices

— Price predictions

- Rate of change of pfices

- Stock of energy using goods

- Government policies |

— Supply availability of alternative fuels.

- Air pollution abatement requirements

- Investment rate of the industry

~ New construction

As the most important and quantifiable variables, we can specify national
income, relative prices, rate of change of prices and stock of energy using
goods.

Modelling the demand for alternative fuels in terms of their market shares
rather than absulute quantities makes it possible to eliminate some of the
above factors which determine the size of the total market. (e}g. national

income, population)

In summary, the most effective factors in determining a fuel share are

prices, prices of substitutes and existing stock of energy using goods.

On the other hand, dynamic nature of energy demand suggests lagged effect
of these variables. The demand equations can be estimated with both current-

period fuel prices and with fuel prices lagged various number of periods.
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3.1.3. BASIC STRUCTURE OF THE MODEIL,

Based on the above discussion, basic structure of the model has been
developed as follows:

Market share of fuel (i) —> Price of fuel (i)
in year (t) = f ——1~% Prices of substi%utes
—» Stock of energy using appliances.

In constructing the model, it has been assumed that energy prices are
exogenous, i.e. demand effects can be identified as separate from supply
effects. It has also been assumed that energy will be available to fulfill
demand at these exogencus costs and prices. If these two assunptions are

not true, one would want to build a supply side into this model also.

Effect of the stock adjustment mechanism is quantified by means of lagged
variables. In the following specification, the lagged dependent variable
causes the influence of previous values of the independent variables to

enter the eguation:

Price of fuel (i)

Market share of fuel (i)
= f ‘Prices of substitutes

in year (t) —> Market share of fuel (i) in year (t~1

The above model allows for some dynamization of the relationship so that

a long—term reaction to prices can be assessed.

3.1.4. MCDEL SPECIFICATION

Given the constraint that each of the shares is contained within the in-
terval (0,1), a linear model specification is unacceptable due to the

" possibility that forecasts may lie outside of it. The obvious solution
is to have a transfbrnation, for all possible values that yield forecasts
in (Ofi)rinterval. This requirement suggests the use of a cumilative func-
tion, whose upper bound is one and whose lower bound is zero and will

provide a suitable transformation.
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The transformation adopted here is the multinomial logit specification,

and similar to the Cohn's ( 11) work on ‘energy use in residential and

commercial sectorsland Uri's {35 ) study on electric utility fuel con-
sumption. |

The logit model is based on the function:

4

:5;{: - (13
o+ exp (el +2 Brxy)
P (}:l FJ d

where Sit denotes the share of fuel (i} in period (t), the}<jt's are the -
exogenous factors causing variations in the fuel share (i) in period (t)

and d;/?h/—-—..,/ an_ are coefficients.

The specification provided in Equation (1) can be estimated directly by
means of nonlinear least squares or, after a suitable transformation of
the dependent variable, by means of ordinary least squares. However, such |
a process would not use all of the information efficiently. The estimation |
procedure should consider the fact that the sum of shares is equal to

unity, given that the available choices are matually exclusive.

To extend the logit model to the four-choice case that exist here, we
write:

L(5) - e 2P =
F

! s
75 S alw (2b)
Ln(# =0<L1'Z%LJLJ
Sp 9!
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where, S r Syv Se,'Sp denote the market shares of coal, lignite,

electricity and petroleum, respectively.
Each of these equations presumes that the logarithm of the ratio of the
share of one fuel to one minus the share of that fuel relative to a similar
. . . \k
ratio for another fuel is a linear function of the set of explanatory factors.
These values depend on the values associated with the remaining eguations only

to the extent that the system must be constrained so that the sum of individual

shares is unity.

Assuming that the explanatory variables are relative prices and lagged market
shares, the fuel share model beccmes:

2P ()Pl P () e

P

L (%;)t’:o(g « P Ln( —%)Ew Pea Lm(%-); 7%3 L(%): Pes ln( %‘;){_‘ +uet (30

7
where SC : Market share of coal
Sl : Market share of lignite
Sp : Market share of petroleum
Se : Market share of electricity
and Pc : Price of coal (TL/xcal)
Pp : Price of petroleum (TL/kcal)
Pe : Price of electricity (TL/kcal) .
Pl : Price of lignite (TTL/kcal)



N
@2l

The market shares are further defined by:

s = % Q|
< = , 8= _1 A % . _QE and O = Qv O 0 9, ()
0, 0, 0, o

where gf is the annual consumption of fuel (i) in kilocalcories.

Here, the base share is chosen arbitrarily to be petroleum. And, all variables
in the above equations are entered as their logarithms in order to interpret

the regression coefficients as point elasticities.

The specification with the lagged dependent variable represents the reduced
form, or estimable equation, rather than the structural from equation. The
lagged market share causes the influence of previous values of the independent

variables to enter the equationsfg—A Such a specification may assess the long-

term reactions to prices.

The demand equations can be estimated with both current-year prices and

with prices lagged various number of years.

And, the constraints on the equations 3 (a-c) are:
S +8, +5 +§5 =1 (Sum of shares is unity) (5)
C 1 o) e

'r-ﬁu} 'f’(_:./ ’Fe3 £ 0 {Own price elasticies are negative) (6)

?42/ 'chl'%u/ %;3/ }24/ ?ag_,) 0 (Cross price elasticities are positive) (7)

S

§/ The assumed strucgcural form equation is:

Demand, = o(*r? Z Nprice, . waere 0Nl
t =0 t-1

Which allows for a distribution of prices in a geometrically declining

fashion. The reduced form, or estimable equation is:

H
L . A .
Demand, =\ + 'F price, + Demard, 4

i o

Gt
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3.2. ESTIMATION PROCEDURE

We are now in a’position te estimate the parameters of the model:
Ae, Ko, Ke, Per, Pea, ... Pus . Since the dependent variables in
equations 3 (a-c) are market shares, the disturbance terms can be
N expected to exhibit joint covariance. Efficiency can be gained by using
N the iterative seemingly unrelated (two-stage least squares) technique
of Zellner ( 44 ). This is simply a generalized least squares estimation
procedure to éccount for correlation among the error terms associated

with each equation in the multinomial model.

In this procedure regression coefficients in all equations are estimated
similtaneously by applying Aitken's generalized least squares to the
whole system of equations.g/ To construct such Aitken's estimators,
Zellner's two-stage method employs estimates of the disturbance term's
variances and covariances based on the residuals derived from equation

by equation application of least squares.lg/

The system of equations can be written in the form:

@ - ' ~~ < - F e -
Y1 X1 o . ... 0 | P u,
- vy
Y, 0 X, . 0 ||f . (8)
U ' 1 . '
‘ = ¢ ! +
, { ¢ ‘
. | Lo o---- X, | LF*: Uy

9/ Aitken's generalizéd least sguares isAgiven in a number of books. For
- exanple, Lee,T.C., Judge, G.G. and Zellner, A., Chapter 6, 'Estimating
the Parameters of the Markov Probability Model from Aggregate Time Seri
Data', North Holland Co., 1970, pp 73-84.
10/ This procedure has been applied to estimate the parameters of simultane
N equation energy models developed by Chern (10 ), Cohn (11 ) and Uri
(37, 38 and 39 )
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Oor more compactly

y=XF>+u ‘ (9)

where Yy 1is a n Mx 1 veccor of observations on all dependent
variables, X is a aMx 2, matrix of explanatory variables,

and u 1is a nMxl vector of r=ndom disturbances. Further, let
E{uu') = S N )

= Z®1
(10)

where ® denotes the Kronocker product, Z :[6’,,, ?j is a MxM symmetric
and positive definite matrix {=, p=1,2, cv.... ,Mj, and the dimension
of T is mxn. If JL is known, then the best linear unbiased estimator of
41 is given by

| b= (xA w7 @Ay (11)

which is the Aitken's generalized least-squares estimator with variance

* -1
var (b ) = ( X*_1 X) (12)

But JL is rarely known, so that (11) is not applicable. Zellner
suggests replacing SL by its consistent estimator
A

Nn-zel (13)

A i
o - —~
where 2 =LSmo] sLom upd = Tgm =X Bm) (t,Y,x? 3]
is a MxM matrix based on single equation ordinary least squares resi&uals,j
Zellner's two-stage Aitken estimator then is:
b= A 07T (X Ay | (14)

with variance given by

var ) = &' JU' n7t | (15)
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The estimator owes its name to the fact that its construction consists
of two stages, the first invoiving the calculation of least squares
estimates and the residual variance - covariance matrix, which is

then used in the second stage in accordance with (14) above.

In this study, first, the thr=e equations are estimated independently
by ordinary least squares. The estimated residuals in addition to the’
original data, are then used &s input to a computer program which

computes the iterative Zellner estimates.

For the ordinary least squares, the SPSS package in UNIVAC 1106 lib-
rary has been used. For the sszcond stage of estimation a FORTRAN
program has been written. The simplified flowchart and the list of

this program are presented in Appendix D.

Before proceeding with the presentation of estimation results, a dis-

cussion of data is in order.

DATA

The share equations are estimated with annual data across all cbnsundng

sectors for the years 1956 - 1982.

Annual consumption data for the primary energy sources are obtained from
the State Planning Organizaticn, whereas the electricity consumption
data are collected from the State Institute of Statistics.

Since making any changes in the shares of fuels in electricity generation
would reguire large investmenis and very long lead times, competitive
interactions among the alternative fuels in electricity production are
not taken into account. And, demand for coal, lignite and petroleum
are found by subsfracting the consumption amount of each fuel in thermo-
electric production from the total consumppion amount of that fuel. It
should be noticed that the market shares in Chapter 1 are based on
primary energy sources, wherezs, from now on, they mean the share of the
fuels which are available for end uses. (coal, lignite, electricity and

pétroleum) ‘ .



The annual consumption figures in original units are transformed to their
kilocalories equivalent by using the conversion factors which are listed in

Appendix A. Market shares are then ccrputed by using equation 4. (See: Section
3.1.4.)

In line with the view that energy demand is derived, one should measure the
consumption in terms of output rather than input kilocalories. Input calories
are the measurement of the kilocalories equivalent of the flow of a specific
fuel to sectors. Output calories represent the enerqgy available after the

conversion to satisfy the use to which it is to put. But because of measurement

problems, we use input consumptiorn.

Figure 4 illustrates the market shares of the four fuel types, for the years

1955 - 1982, where detailed consumpt:.n data are listed in Appendix B.

Retail price data for petroleum are cbtained from the General Directorate of
Petroleum Works; for electricity from the State Institute of Statistics and
from the Turkish Electricity Authoritiy; and for coal and lignite from the
Turkish Coal Enterprises.

The model uses relative prices rather than absolute prices, and thus necessita-
ting the use of a common unit for each fuel. Therefore, the prices in original

units are transformed to their TL/kcal equivalents.

Variations in specific heats and prices of the petroleum products are handled
by using weighted average prices of these products as the petroleum price.
The weighed average is computed by giving weight to each petroleum product

according to its specific heat and its share. That is,

Weighted average Unit price of ' Share of product (i) in
petroleum price = product (i) in TL/kcal) total petroleum (15
; consunmption

Here, petroleum products are gasoline (super and normal), fuel-oil and

diesel oil.

Prices of coal and lignite which are obtained from the Turkish Coal Enterprises

are also based on weighted averages.

The price data are presented in Appendix C.
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Figure 4. Market Shares of . coal, lignite, petroleum and
electricity 1953 - 1982.
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IV. EXPERTIMENTAL RESULTS

4.1. THE ORIGINAL MODEL

Using the specified data an’

are summarized in Table 3. “ne SPSS print out is also given in

W
bt

estimating technique, the model was
implemented. The estimaticr results for the fuel share equations

Appendix E.
Table 3. Parameter estimates for the original model
Equation 3a Equation 3b Equation 3 c
Parameter Estimate Perameter Estimate Parameter Estima
K ~ 0.122 2 - 0.213 A, - 0.29
F“ - 0.130 B - 0.322 %u - 0.14
(0.142) ' (0.130) (0.0
Fc:z, 0.178 Bia 0.277 Bea 0.03
, (0.214) " (0.178) (0.07
F"3 - 0.201 Pua - 0.196 P” - 0.14
(0.116) (0.119) (0.07
?“1 0.943 {1% 0.782 ?“' 0.78
(0.061) (0.106) (0.09
' R2 = 0.97 B’? = 0.92 R2 = 0.89
F = 467.67 o= 74.07 F = 53.68
D.w.= 2.61 D.W.=  2.36 D.W.= 2.33
Note : Standard exrors of the parameters are given is paratheses.
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The results of the statistical < nalysis of the model can be summarized

as follows, where the details of this analysis is given in Appendix F.

5 E
R™ values of the three equations are quite large, near 1.0, indicating
that most of the total variatior in the dependent variables are explained
by the full set of independent variables included in the model.

All F values are greater than ths tabled value, so we can concluds. that

the model as a whole is a significant estimator of the fuel shares.

On the other hand, Durbin-Watson values indicate the absence of serial

correlation among the residuals.

The lagged variables are very significant (at 99.5 % level). But it should
be noted that most of the price elasticities (’?caj‘?gt)'?uv FL3and ?54)

do not have the appropriate sign. (Own-elasticities should be negative
and cross elasticities should be positive). This condition indicates that,
while the model demonstrates a significant relationship between the depen-
dent variables as a group, the technique has been unable to separate the
specific relationships between each independent variable and the-dependent
variable, and assigned arbitrary coeffients to the variables.

To overcome this difficulty, the model is modified by moving cross—-price
variables from the equations. Experimental results of the new model are

presented in the next section.

THE MODIFIED MODEL

The modified model has the same formulation and constraints as of the
original model, except the set of exogenous variables. In this model,
exogenous variables are own-prices and lagged market shares. The following

relations represent the new model.

‘ L (-2—?){ _ ,,%“_ jg)l L (";})t ‘?;3 \_n( ; ){_4 + U (16 b)

|

; | V(PN ln(§i . (16 c) -
La QSE)C = X4+X*Ln.(?f>+_ = = o

5? T R |
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The constraints on the model are:

SC+Sl+Sp+Se=l _— (17)
A, P ¥a < 0 - (18)

Here, S.l and Pi are the market share and price, respectively for fuel type
i. (where i = e for coal, 1 for lignite, p for petroleum and e for

electricity.)

As long as the accuracy of forec:ting is concerned, the base share can be |
chosen arbitrarily. But it is ob: .rved that, the most important transition ;
has Qccured between petroleum and the other fuels (Up to 1976, from _coal$
lignite and electricity to petroleum, after 1976 from petroleum to the other%
The model uses shares and prices of fuels relative to that of petroleum, thu%

concentrating on the substitution between petroleum and the other fuels. |

|
Using the data specified in section 3.3, the equations 16 (a—c) were estima-—|

ted separately by ordinary least squares. The demand equations were estimat
with both current-period fuel prices and with fuel prices lagged various

number of years (one to five years). The best results were obtained when }

|
current-period fuel prices were used, and it is these results that are repor-

ted below.

The set of parameter estimates are shown in Table 4. The SPSS printout is

also given in Appendix F.



Table 4.

(Ordinary least squares)

Parameter estimaies for the modified model
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Equation 16 a Equation 16 b Equation 16 cC
Parameter Estimate Parameter Estimate Parameter Estimate
Ay - 0.411 P —0.142 X, - 0.119
o, - 0.267 F" - 0.079 ' - 0.099
(0.084) (0.071) (0.034)
A, 0.940 Ps 0.982 LE 0.852
(0.024) (0.075) (0.098)

R = 0.99 R® = 0.90 % = 0.86

F = 859.42 F = 123.16 F = 78.29

D.W. 2.28 D.W.= 1.58 D.W. = 1.96

Note: Standard errors of parameter estimates are given in parantheses.

The estimates of the disturbance terms (uc, u

ll

and u

e

} were then used to

obtain the Zellner's two-stage least sguares estimates (Estimation procedure

is explained in Section 3.2). The results of the second stage of estimation

are reported in Table 5, whereas the computer output is in Appendix H.

Table 5.

(Two stage least squares)

Parameter estimates for the modified model

Equation 16 a BEquation 16 b ‘ Equation 16 ¢
Parameter Estimate Parameter Estimate Parameter Estimate
A, - 0.3649 P - 0.1404 ¥ - 0.1213
oy, - 0.2246" Pa - 0.0673° %2 - 0.0798%
(0.075) (0.054) (0.027)
A, 0.9421% P 0.9723" R 0.8586™
(0.020) (0.066) {0.092)
i
R = 0.99 R* = 0.92 R® = 0.90
F =1188. F =138. F =108.
D.W. = 2.31 W, = 1.60 D.W. = 1.98
Note: Standard errors of ﬁhe parameter estimates are given in paratheses.
%/ Significant at  99.5 % lev=l
75 % lev 1

xx/ Significant at
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Comparing the results in Tab.. 4 and Table 5, it is observed that applica-
tion of the two-stage least squares procedure has resulted in a significant
reduction in the estimated coefficient estimator variances as compared with
those of single equation least squares. The computer program written for the
second stage prints out only the parameter estimates, and the statistical
tests of the model are done manually. The results of the statistical analysis
are summarized below, where the details are given in Appendix K. h
R2 values of the three equations are quite large, indicating that most of
the total variation in the market shares are explained by the full set of
explanatory variables. In other words, excluding cross-prices has not inf-

luenced the explanatory power of the model.

All F values are greater than the critical values, so the model as a whole

is a significant estimator of the fuel shares.

Durbin-Watson values also indicate the absence of serial correlation among
|
the residuals. |

All coefficients have the correct sign¢ and, except ?&7 they are significant
at 99.5 % level or better. Thus, one can conclude that price elasticities
are not zero and the re5ponéiveness of the relative fuel shares to changes
in fuel prices is consistently significant. For example, as the relative
price of coal (to petroleum) increaSes, a reduction in the relative
share of coal will be observed. Similarly, as the relative price of lig-
nite declines, a large proportion of lignite is forthcoming. This is mainly
due to the substitution of coal/lignite for petroleum, which is used for
heating purposes in residences, and for processand space-heating purposes

in the industrial sector.

In the model, the short-run coefficients ( <. };/ X, ) indicate the
usage response, whereas changes in the owner-ship of energy-using capital
are included in the calculated long-run coefficients (coefficients of the

lagged dependent variables: &, paAnd ¥3)

Comparing the short-run coefficients to the long-run coefficients (0.2246

té 0.9421, 0.0673 to 0.9723, and 0.0798 to 0.8586 for equations 1, 2 and 3
respectively) and considering their standard errors-; it is observed that
effect of the existing stock of energy using goods is greater than the effect

of a price change. In other words, long run price effects are more dominant

e
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in the energy market. This .ot can be attributed to the long investment
periods involved in changing the energy using stocks of the industrial
sector. /

It is not surprising that shiort-run elasticities are relatively small.
This analysis covers all ensrgy using sectors excépt électricity gene-
ration (namely, residential, industrial, agriculture and transportation
sectors) . And the model reflects the effect of price changes to the enerqgy i
demand without differentiating between the sectors. But all fuels are not
perfect substitutes in all sectors. For example, in transportation sector,
lignite can not be substituied for petroleum. Most of the interfws] substi-

tution occurs in the residential and industrial sectors, where the total

of the total energy consumption in Turkey.

energy consurmption in these two sectors constitute approximately 78 per cent%
l
On the other hand, estimates of the model having only lagged shares or only i
price ratios as dependent variables, have resulted in insignificant esti- 1
mates. Lagged shares or prices alone, can not explain the changes in the i
market shares. That is, relative prices are effective both in the short

and long run.

The lagged dependent variable coefficient value of 0.9723 in the second |
equation (as compared to 0.9421 in the first and 0.8586 in the third :
equations) suggests that the speed of adjustment to price changes of lig- |
nite users is somewhat smal. -'r than that of coal and electricity users.

That means, it is more difficult to make changes in the stocks of lignite |
using capital. At the same time, short-run price coefficient of lignite( ?z i
is least significant, indicating that lignite prices are less effective |

than prices of other fuels, in the short-run.

11/ State Planning Organization
" 5th 5 year Development Plan Special Committe Pre-Report on Energy.



Considering the market & ~res of fuels over the years 1955-1982 (See:
Figure 4), it is expecte. that the greatest substitution is between
charcoal and petroleum. The estimation results are in line with this
expectation: Relative share of coal is more responsive to the changes
in its relative price than that of electricity and lignite. (Compa-—
ring 0.2246 ( «, ) t0 0.0798 ( B, ) and 0.0673 ( X, ))
N
4.3. MARKET SHARE FORECASTS
This section presents forecasts of market shares of the four main fuel
types for the period 1982-1990. In order to make forecasts, future va-
lues of the exogenous variables in the model must be projected. The exo-
gonous variables are relative prices. The uncertainty of future price
values makes it necessary to follow a scenario approach and to develop
several scenarios of energy prices to investigate the sensitivity of

future demand to changes in the prices of substitute fuels.

The forecasting period is chosen to be 1983 - 1990. Extending the fore-
casting period would leac to misleading results, because uncertainties

are greater in the long rim, both for prices and alternative fuels. For
example, it is very difficult to forecast prices of ten years later. On
‘the other hand, it is expected that new alternatives such as geotnermal

energy will come into the picture in the long run.

4.3.1. FUTURE SCENARTOS

The scenarios of energy prices are based on the following assump-

tions:

1. During the forecasting period, petroleum price will increase
continually. 2nd, since it is dependent on exchange rates,
petroleum price will increase at higher rates than the price

of other fuels.

2. Lignite and coal prices will decrease relative to petroleum

and electricity prices.
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3. Electricity price will dep 9 on the prices of other fuels which are used
in theormoelectric product .1. Zs the share of hydropower in electricity
production increases, it is expected that électricity price will decrease
relative to the petroleum price.

4. In other words, with real prices:
~ Petroleum price will increase,

- Coal price will remain stable, AN

Lignite price will decrease or remain stable,

Electricity price will remain stable, or increase at the same rate with

petroleum or increase at z slower rate than petroleum.

Based on the above assumpticns eight alternative scenarios are developed.
In all of these scenarios, it is assumed that rate of change in the rela-

tive prices will not differ from year to year.

Among the eight scenarios, Scenarios 2 to 7 can be considered as the most
probable ones. Assuming higher change rates of prices would not be reliable.
In the following scenarios, only Scenario 1 assumes sharp declines in rela-
tive prices. On the other hand, Scenario 8 is based on the assumption that
relative prices will not change during the estimation horizon. Of course,

it is possible to develop many other scenarios by using different rates.

The scenarios are presented below. Here, the figures at the right-hand
side show the relative price trends where PC, Pl, Pe and Pp stand for
price of coal, lignite, =lectricity and petroleum, respectively. The

actual relative prices for .. /¢2 are:

L o300 Pp p -
P ) = 0.1466 © = 0.6650
P PP Pp
SCENARTO 1 Price trends
PC/Pp decreases by 20 % every year P,
P. /P decreases by 30 % every year P
iL/ P 1 \\\\f}
V T P
Pe/ Pp decreases by 10 % every year e ,//’i:
P
P /




SCENARTIO 2

P /P
cl P

Pl/Pp

e/ p

SCENARIO 3

PC/Pp
Pl/Pp

Fe/ Pp

SCFNARTIO 5

decreases

decreases

decreases

decreases

decreases

remains constant over the years

decreases

decreases

decreases

decreases

decreases

decreases

py 10

by 20

ny 5

oy 10

2y 20

by 10

by 20

by 10

by 10

by 10

oe

[

o

ao

oo

oo

oo

o0

every year
every year

every year

every year

every year

every year

every year

every year

every year

every year

v 5 % every year
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SCENARIO 6
PC Pp decreases by 10 % every year ) PC —
Pl / Pp decreases by 10 $ every year Pl ;
. P, /
Py / Pp remains constant over the years /-7
P
P
SCENARTIO 7
Pc / Pp decreases by 10 % every year P —
Py / Pp decreases by 10 % every year Py 3
P
e ——>
7/
P /P decreases by 10 % e e P /
e/ %o ecreases by very year 5
SCENARTO 8

P /P, Pl /P, P /F remain constant over the years.

FORECASTING RESULTS

Once the future prices are .rojected, obtaining forecasts of fuel shares
is a straight forward process. One needs only to rewrite equations

16 (a—c). Denoting the right hand sides of Eg. 16 a as A, of Eg. 16 b
as B and of Eg. 1l6c as C, it follows that: ‘

S =1/{1+exp (A + exp (B) + exp (C))

P

Sc = pr exp (A)

Sl = pr exp (B) .
= C

8, pr exp (C)

whereSp+SC+Sl+SE = 1.
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- The share estimations ar “zined by the following procedure.
S
c
= exp (A)
S
p
51
—— = exp (B)
S
p N
Se
= exp (C)
S
p
SC S, S
That is, S =1/ (1 + — + _= 4 € )
P S S
P P P
Sc
and SC =8 x
P s
p
S
S_I:S X__l_ﬁ
L P S
p
Se
Se =5 x —
P g
p

The forecasting results b .sed on the above scenarios are presented
in Appendix L. Table 6 shows the summary of results, the actual fi-
12/

gures for 1982 are also presented, for comparison.=—

/.

12/ pPublished data for 1983 was not available at the time of this
study.




Table 6. Sumary ~ the forecasting results

1982 actual sheres (%)

SP = 56.08 SC = 9.49 Sl = 11.84’\<\Se = 22.59
Market 1986 ' 1990

gg;ﬁigig?\sz\ Sp SC Sl Se Sp Sc Sl Se
1 50.00 11.37 14.13 24.50 38.37  19.87 18.77 22.99
2 51.73 9.74 14.00 24.53 44.88 12.38 18.33 24.41
3 52.17 9.81 1£ 12 23.90 45.96 12.68 18.78  22.58
4 51.32 9.65 15.89 25.14 43.79 12.09 17.88 26.24
5 52.17 9.81 13.28 24.74 46.47 12.82 15.44  25.27
6 52.61 9.90 12.39 24.10 47.63 13.14 15.82 23.41
7 51.75 9.73 13.17 25.35 45.30 12.50 15.05 27.15
8 54.01 8.36 12.39 24.74 52.58 7.59 14.00 25.83

Considering the results of the zlternative scenarios, one might expect that

different pricing policies would result in different structure of energy de-

maénds. That is, relative shares in the energy market are sensitive to relati-
- ve fuel prices. Thus, validity forecasts depends on the accuracy of assump-

tions.

Scenarios 1, 2 and 8 differ substantially, Scenarioc 1 assumes reductions of
considerableranounts in the prices of coal, lignite and electricity

(20, 30 and 10 per cent respectiwvely) relative to the petroleum. Scenario 2
also{assumes continuous reducticns in relative prices but at smaller rates
(10, 20 and 5 per cent). On the other hand, in scenario 8, it is assumed that

relative prices will remain constant in the next eight years.

-
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Although there are wide var. *iors between these three scenarios, in the

first four years the shares wo not differ very much. In 1986, share of

petroleum declines to 50 per cent, 51.73 per cent and 54.01 per cent, in
scenarios 1, 2 and 8 respectively.

But when we look at 1990 figures, we see significant variations among the .
scenarios. In scenario 1, petroleum share which is 56.08
percent in 1982, decreases by 32 per cent (to 38.37 per cent), in scenario

2, decreases by 20 per cent (to 44.88 per cent), and in scenario 3 decreases
only by 6 per cent (to 52.58 per cent).

This fact can be best explained by the long teinleffects of prices. In the
early years of the forecasting period, effects of the new pricing policies
are not evident. In these years, priéés of the previous periods are effecti-
ve. But as the new policies are applied in a consistent manner, they begin

to influence the energy market after a few years.

Results of scenaris 8 indicate that, the market structure will not differ
significantly unless the current pricing policy change. Petroleum will
continue to be the dominant enerqy source by a market share of 52.58 per
cent. Domestic fuels such as lignite and coal will not be preferred

to imported petroleum. Of course, such a case is not desirable.

But when relative prices change significantly, as in the case of scenario 1,
then transitions of consider:. :le amounts from petroleum to the other fuels
are observed. Petroleum looses 32 per cent of its share (declines from 56.08
to 38.37 per cent), while coal share increases by 109 per cent (increases
from 9.49 to 19.87 per cent), and lignite share increases by 59 per cent
(increases from 11.84 to 18.77 per cent). Electricity share increases only
by 1 per cent, because it has the highest relative price (0.67) in 1982,

and the lowest rate of relative price reduction during the Brecasting period

As long as the change rates of relative prices are concerned, there are
not great differences between scenarios 2 to 7. But one can derive many

implications by comparing the results of these scenarios.
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In every scenario, relativ n~rices decrease at constant rates, but the
market shares increase at increasing rates. This is mainly due to the
long-term effect of prices. Reductions in prices influence both the
demand of the current year and of the future years. As the relative
price reductions continue in a consistent manner, their influence on

- the energy demand becomes greater in the later years of the forecasting
- period.

As explained in Section 4.2., coal is the most responsive fuel to
price changes. Since all scenarios assume that (real) coal price
will remain constant over the years, it is expected that ccoal share

will increase at the highest rate as the relative price of petroleum
increases. And, this is présisely the pattern that evolves: The share
of coal is 9.49 per cent in 1980, and it reaches to 12.38, 12.68,
12.09, 12.82, 13.14 and 12.50 per cent in 1990, in scenarios 2 to 7
respectively (increasing by 27 - 38 per cent).

When there is a continuous decline in the relative price of lignite to
petroleum, lignite share increases continually, too. This is the result
of substitution of lignite for petroleum. Although the price elasticity
of lignite is not as high as the elasticity of coal, we see transi-
tions of coﬁsiderable‘anounts‘from>petroleum to lignite. Lignite share,
which is 11.84 per cent in 1982, reaches to approximately 18 per cent in
1990, when its relative price decreases by 20 per cent. (Scenarios 2, 3
and 4). It becomes approximately 15.5 per cent, when its relative price

decreases by 10 per cent (Scenarios 5, 6 and 7).

When lignite price remains constant in real terms (Scenarios 5, 6 and 7),

in addition to transitions from petroleum to lignite and coal, a

transition to electricity is also observed.
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Electricity is the least price cesponsive fuel. This fact may be attributed
to the limited end uses that are available for substitution. In almost all
scenarios, electricity share changes very slightly over the eight years of
forecasting horizon. In scenarios 3 and 6, electricity price changes at the
same rate with petroleum. In these cases ; in the early years, we observe a
transition from petroleum to electricity arising from relatively low price
of electricity. But in the later years, electricity begins to loose its share

because of the long-term effect of continuously increasing electricity prices.

- Electricity price is mostly effected by the prices of other fuels which are
used in thermoelectric production. If the share of hydroelectricity in total
electricity production increasej)as it is planned by the Turkish Electricity
Authority; relative price of electricity will decline significantly. And, this
will lead to increasing share of electricity as in the case of scenarios 7

and 8.

Scenario 7 is based on the assumption that, prices of coal, lignite and
electricity will all decrease by 10 per cent, relative to petroleum. In that
case, transitions from petroleum involve mainly the substitution of ccoal
for petroleum, secondly of lignite and thirdly of electricity (In eight years,
coal share increases by 32 per cent, lignite share by 27 per cent and electricit
share by 20 per cent).
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V. CONCLUSICNS

The results of this study imply that, preference of users among the alter-
native fuels is sensitive to the relative prices of fuels. Cbserving that
current period fuel prices are significant variables effecting energy
demand, one may suggest that prices can be good instruments in shaping
the structure of the energy market. In Turkey, energy prices are &under
the control of the government, and applying consistent pricing policies

may lead to a market structure with desired percentages of shares.

Influence of the pricing policies becomes more evident in the long run,
because long-run prices are more effective in the energy market. That is,
energy demand mostly depends on the existing stock of energy-using capi-
tal. Energy using goods have long amortization periods (especially in the
industrial sector), and changing the stocks involves long investment
periods. Therefore, responses of users to price changes become more sig-

nificant after a few years of time lag.

Estimation results indicate that coal demand is more sensitive to price

changes than lignite and electricity. As the price of coal relative

to petroleum declines, a significant increase in the rélative share of
coal is indicated. That is, degree of substitubility between coal

and petroleum is the greatest among all fuels.

Eight alternative scenarios are developed with different sets of assumptions.
The common point of these assumptions is that, growth rate of petroleum
price will be the greatest among the prices of all fuels. The results
show that forecasts vary depending on the assumptions used. Thus, validity

of forecasts depends on the accuracy of assumptions.

Based on these forecasts, major conclusions may be summarized as follows:
Petroleum demand will continue to decline as long as its relative price
continues to increase. Assuming that most probable scenarios are the second

to seventh (See: Section 4.3.1.), petroleum share will decline from 56 per

cent to 44-47 per cent in eight years. In 1990, .coal share will be 1
12-13 per cent, whereas lignite share is 15-18 per cent and electriqity ‘
share is 23-27 per cent. It may also be possible to reduce the petroleum

share to 38 per cent as in the case of scenario 1.

e
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But, if the relative prices - in stable over the years as it is assumed

in scenario 8, the decline i .curoleum share will be very insignificant.
It will continue to be the dominant fuel in the market. Therefore, changing

the price trends of energy-use seems to be a necessity.

The objective of the national policy rmust obviously keto reduce the dependence
- on imported energy (that is, petroleum). In order to shape the energy demand,
a new pricing policy should be developed. Since the changes in usage patterns

involve long lead times, these policies should be applied consistently over
the years.

A suitable pricing policy may lead the users to prefer domestic substitutes
for petroleum (such as coal and lignite). But, in order to support this
pricing policy,difficulties ir. supplying the substitute fuels should also
be resolved. Consumers should be able to reach the fuel they need, at the
right place and at the right time. For this reason, production of coal,
lignite and hydroelectricity should increase so that the increasing demand

for these fuels can be supplied.

Results of this study can be used for translating the forecasts of market
shares to quantities. This requires the total market demand to be known or
forecasted. For that purpose, another econometric relaticnship should be
established between the total energy demand and the number of relevant o
explanatory factors such as national income. Although such an attempt has
not‘been made in this study, knowing the forecasts of market share percen-
tages for each type of fuel an: the forecast of the total energy demand,
quantity demand for each fuel can be forecasted. Thus,'supply policies can

be developed in ofder to meet the forecasted demand.

Although the results of this study are reliable, it might be possible to
get more accurate results if the datg were more reliable. It has been fairly
difficult to solve the inconsistencies between the data obtained from several
official sources. Therefore, establishing an energy data bank becomes a

necessity for more healthy analyses.

This study has not been aone on sectoral basis because ©f the lack of secto-
ral energy-use data. It is believed that, a study on disaggregated basis by
individual sectors (industrial, residential, etc.) may lead to results which
reflect the substitution relationships better. Because, degree of substitu-
bility between fuels differs from sector to sector. For example, transition

between coal and petroleun involved in the industrial sector is not similar

to that in the transportation sector.
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It is appropriate to recom . further work carried on sectoral basis
reflecting the behavior of energy users more accurately. Using relative
costs’rather than relative prices may also lead to more accurate results.
In this study it is assumed that energy is available to fulfill demand
at the stated prices. Therefore it may also be recommended to build a
supply\s;de into the model, and thus considering the supply availability
of alternative fuels. New alternatives, as they come into the picture
should be included into the model, too.

Nevertheless, it is felt that the model developed in this study reflects
the competitive interactions among the alternative fuels very well. And,
it can be used to forecast - .:¢ future consumption of indiwidual fuels.
Téking into account both short-run and long-run responses to prices, con-
sidering all fuels similtaneocusly and paying close attention to the
estimation technique, the model provides a better understanding of the
energy market in Turkey.
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FPPENDIX A

CONVERSION FACTORS

Source: State Plannlng Organization

5th 5 year Develocment Plan Special Committe Pre—Report on %Pergy

Specific heat Tons of . coal
(kcal/kg) equivalent

1 ton Bituminous coal 6,100 0.87

1 ton Lignite 3,000 0.43

1 ton Crude-oil 10,500 1.50

1 ton Fuel-oil , 10.185‘ 1.455
1 ton Gasoline, Diesel-o: . 11,340 1.62
lO3 kwh Electricity 2,500l§/ 0.36
(hydro, geotermal or nuclear)

lO3 m3 Natural gas 8,900lé’ 1.27

1 ton Firewood 3,000 0.43

1 ton Animal and Vegetable waste 2,300 0.33

1 Mh Solar 860" 0.123

13 kcal/kwh
14, k.cal/m3 o
15, In intemationmal standards, specific heat of ‘coal is 7000 kcal/kg.
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B. 1. ANNUAL CONSUMPTION DATA

Source: State Planning Organi-ation 2-5th 5 year Development Plans Special

Committe Reports on 1 - and State Institute of Statistics/
Statistical Yearbooks .f Turkey 1958 = 1983.

Coal Lignite PetroleumL®/ Electricity
Year (1000 tons) {1000 tons) (1000 tons) (1000 kwh)
1955 3.500 1.633 1.201 1.347.250
1956 3.718 2.150 1.274 1.544.838
- . 1957 4.011 2.734 1.423 1.757.039
1958 4.074 2.895 1.469 1.961.540
1959 3.937 2.718 1.536 2.170.491
1960 3.898 2.710 1.938 2.395.720
1961 3.689 2.588 2.126 2.585.364
1962 3.983 3.337 2.699 3.059.274
1963 4.229 3.335 2.976 3.406.316
1964 4.511 4.140 3.650 3.780.695
1965 4.489 4.381 3.959 4.236.812
1966 4,842 4.683 4.724 4.727.157
1967 4.550 4.645 5.446 5.269.226
1968 4.513 5.343 6.231 5.847.000
1969 4.798 . 5.602 7.256 6.515.000
1970 4.677 5.791 7.661 7.058.000
1971 4.671 6.414 9.046 8.289.266
1972 4.630 6.613 10.031 9.527.261
1973 4.572 7.793 12.240 10.530.083
1974 4.965 9.336 12.154 11.358.701
1975 4.746 10.159 13.950 13.491.661
1976 4.332 10.908 15.116 16.078.892
1977 5.057 12.109 17.365 17.945.000
1978 4.634 13.522 17.114 18.967.600
1979 4.901 14.085 ~ 15.008 19.984.000
1980 4,556 15.801 15.434 20.968.000
1981 4,452 16.738 15.282 22.753.100
1982 4.974 17.657 16.087 24.381.200

16, Crude Oil Equivalent




B.2. CONSUMPTION OF ~IS IN THERMOELECTRIC PRODUCTION

Source : State Institute of Statistics

Turkish Statistical Yearbooks 1958-1983

Coal Lignite Petroleum
Year ~ (1000 tons) (1000 tons) (1000 tons)
1955 556 188 36
1956 607 330 ] 36
1957 657 544 . 37
1958 633 441 T 39
1959 619 500 : 40
1960 642 570 77
1961 701 332 84
1962 805 : 487 107
1963 604 506 127
1964 875 892 122
1965 844 866 123
1966 961 1.085 140
1967 773 ' 862 411
1968 755 1.026 369
1969 941 913 615
1970 986 1.122 787
1971 978 1.187 1.058
1972 1.039 1.166 1.248
1973 1.118 1.490 1.647
1974 1.130 2.114 . 1.571
1975 1.098 2.593 s 1.657
1976 1.069 3.381 1.567
1977 1.012 3.910 - 2.142
1978 1.046 5.019 1.989
1979 891 6.001 1.457
1980 731 5.128 1.518
1981 787 6.932 1.546

1982 778 7.015 1.678

51.
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B.3. ANNUAL CQNSUMPZ N EXCLUDING THERMOELECTRIC PRODUCTION

(In terms of original units.)

Coal Lignite Petroleum Electricity
Year (1000 tons} (1000 tons) (1000 tons) (103 kwh)
1955 2.944 1.445 1.165 1.347.250
1956 3.111 1.820 1.238 1.544.838
1957 3.354 2.190 1.386 1.757.039
1958 3.455 2.454 1.430 1.961.540
1959 3.318 2.218 1.496 2.170.491
1969 3.256 2.140 1.861 2.395.720
1961 2.988 2.256 2.042 2.585.364
1962 3.078 2.850 2.592 3.059.274
1963 3.625 2.829 2.849 3.406.316
1964 3.636 3.248 3.528 3.780.695
1965 3.645 3.515 3.836 4.236.812
1966 3.881 3.598 4.584 4.727.157
1967 3.777 3.783 5.035 5.269.226
1968 3.758 4.317 5.862 5.847.000
1969 3.857 4.689 6.641 6.515.000
1970 3.691 4.669 6.874 7.058.000
1971 3.693 5.227 7.988 8.289.266
1972 3.591 5.447 8.783 9.527.261
1973 3.454 6.303 10.593 10.530.083
1974 3.835 7.222 10.583 11.358.701
1975 3.648 7.566 12.293 13.491.661
1976 3.263 7.527 13.549 16.078.892
1977 4.045 8.199 15.223 17.945.000
1978 3.588 8.503 15.125 18.965.600
1979 4.010 8.084 13.551 19.984.000
1980 3.825 10.673 13.916 20.968.000
1981 3.665 9.806 13.736 22.753.100

1982 4.196 10.642 14.409 24.381.200




53.

B.4. ANNUAL CONSUMP" N _EYCLUDING THERMOELECTRIC PRODUCTION

(In terms of 1{ kcal.)

Year Coal Lignite Petroleum  Electricity  Total

1955 17.958.400 4.335.000 12.232.500  3.368.125 37.894.025
1956 18.977.100 5.460.000 12.999.000 3.862.095 41.298.195
1957 20.459.400  6.570.000 14.553.000 4.392.598 45.974.998
1958 21.075.500 7.362.000 15.015.000  4.903.850 48.356.350
1959 20.239.800 6.654.000 15.708.000  5.426.228 48.028.028
1960 19.861.600 6.420.000 19.540.500 5.989.300 51.811.400
1961 18.226.800 6.768.000 21.441.000 6.463.410 52.899.210
1962 18.775.800 8.550.000 27.216.000 7.648.185 62.189.985
1963 22.112.500 8.487.000 29.914.500 8.515.790 69.029.790
1964 22.179.600 9.744.000 37.044.000  9.451.738 78.419.338
1965 22.234.500 10.545.077 40.278.000 10.592.030 83.649.530
1966 23.674.100 10.808.30  48.132.000 11.817.893 94.432.293
1967 23.039.700 11.363.300 52.867.500 13.173.065 100.443.565
1968 22.923.800 12.984.800 61.551.000 14.617.500 112.077.100
1969 23.527.700 14.094.300 69.730.500 16.287.500 123.640.000
1970 22.515.100 14.053.800 72.177.000 17.645.000 126.390.900
1971 22.527.300 15.710.900 83.874.000 20.723.165 142.835.365
1972 21.905.100 16.559.400 92.221.500 23.818.153  154.504.153
1973 21.069.400 19.284.700 111.226.500 26.325.208 177.905.808
1974 23.393.500 22.178.200 111.121.500 28.396.753  185.089.953
1975 22.252.800 23.290.800 129.076.500  33.729.153  208.349.253
1976 19.904.300 23.156.900 142.264.500 40.197.230  225.522.930
1977 24.674.500 25.161.200 159.841.500 = 44.862.500  254.539.700
1978 21.886.800 25.895.100 158.812.500 47.419.000  254.013.400
1979 24.461.000 24.515.900 142.285.500 49.960.000  241.222.400
1980 23.332.500 32.744.400 146.118.000 52.420.000 254.614.900
1981 22.356.500 30.144.700 144.228.000 56.882.750  253.611.950
1982 25.595.600 31.926.0C0 151.294.500 60.953.000 269.769.100




B .5. MARKET SHARES'(“ﬁ,JELS

Coal

Year ( o)
1955 47.39
1956 45.95
1957 44.50
1958 43.58
1959 42.14
1960 38.34
1961 . 34.46
1962 30.19
1963 32.03
1964 28.28
1965 26.58
1966 25.07
1967 22.94
1968 20.45
1969 19.03
1970 17.81
1971 15.77
1972 14.17
1973 11.84
1974 12.64
1975 10.68
-~ 1976 8.83
1977 9.69
1978 8.62
1979 10.14
1980 -9.16
1981 8.82
1982 9.49

Lignite

(%

11.44
13.22
14.29
15.23
-13.85
12.39
12.79
12.75
1. 2¢
1o 4o
1z.61
11.45
11.30
11.59
11.40
11.12
11.00
10.73
10.84
11.98
11.18
10.26
9.88
10.19
10.16
1. 86

11.84

Petroleum

(o

%)

32.28
31.48
31.66
31.05
32.71
37.71
40.53
43.76
43.34
47.24
48.15
50.97
52.64
54.92
56.40
57.11
58.72
59.69
62.52
60.04
61.957%

1 63.08

62.80
62.52
58.99
57.39
56.90
56.08

Electricity
(%)

8.89

9.35

9.55
10.14
11.30
11.56
12.22
12.30
12.34
12.05
12.66
12.51
13.12
13.04
13.17
13.96
14.51
15.41
14.80
15.34 -
16.19
17.83
17.63
18.67
20.71
20.59
22.43
22.59

54.
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APPENDIX C

ENERGY PRICES



C.1. AVERAGE PRICE - . COAL AND LIGNITE

Source: Turkish Coal Enterprises
Annual Reports 1956-1983

Coal Lignite
Year (TL./Ton) (TL/Ton)
1956 35.006 32.47
1957 39.06 32.47
1958 41.41 32.77
1959 84.64 48 .99
1960 115.70 58.88
1961 115.70 58.88
1962 115 .17 60.06
1963 12¢ 60.06
1964 121 .6 60.96
1965 121.56 60.96
1966 125.21 60.96
1967 148.75 64.06
1968 167.05 62.50
1969 180.05 68.18
1970 174.69 65.38
1971 227.12 89.04
1972 295.08 115.30
1973 286.81 116.90
1974 286.50 104.80
1975 288.49 . 104.41
1976 280.56 98.96
1977 444 .05 119.91
1978 1244.50 273.90
1979 1791. 743 478 .43
1980 5681. 7 1134.20
1981 8070. 4 1857.63

1982 11669.59 2406.24
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C.2. WEIGHTED AVERA  IRICE OF PETROLEUM

Source: Turkish Petroleum Works

Statistics Department

Year TL/10° kcalL}r

1956 0.0280

1957 0.0280

1958 0.0320

1959 0.0387 o

1960 0.0471 11 T
1961 0.0473 e

1962 0.0473

1963 4 0573

1964 U.0592

1965 0.0591

1966 0.0591

1967 0.0632

1968 0.0651

1969 0.0651

1970 0.0735

1971 ‘ 0.0890

1972 0.0917

1973 0.0917

1974 0.1522

1975 0.1643 L0 .=
1976 0.2643 A5, i
1977 0.2120

1978 0.3773

1979 1.0565

1980 2.4300

1981 4.0422 e
1982 5.4722 T

17, In computing the averageg convesion factorsin Appendix
- s .
A are used.




C.3. AVERAGE PRICE CF ELECTRICITY

Source: State Institute of Statistics
Turkish Statistical Yearbooks 1958-1983

N
Year Krg/Kwh
1956 17.10
1957 17.70
1958 17.60
1959 - '23.80
1960 25.81
1961 26.41
1962 27.07
1963 28.28
1964 29.08
1965 29.00
1966 29.57
1967 32.36
1968 34.30
1969 35.33
1970 37.98
1971 42.84
1972 45.95
1973 51.25
1974 63.18
1975 74.40
1976 75.00
1977 89.10
1978 126.70
1979 176.15
1980 482.95
1981 686.37

1982 909.75




(In terms of TL/lO3 kcal)

C.4. FUEL PRICES
Year Coal
1956 0.0064
1957 0.0064
1958 0.0068
1959 0.0139
1960 0.01%0
1961 0.0190
1962 0.0195
1969 0.0198
1964 0.0199
1965 0.0199
1966 0.0205
1967 0.0244
1968 0.0274
1969 0.0295
1970 0.0286
1971 0.0372
1972 0.0484
1973 0.0470
1974 0.0470
1975 0.0473
1976 0.0460
1977 0.0728
1978 0.2040
1979 0.2937
1980 0.9314
1981 1.3231
1982 1.9130

~ Lignite

58.

Petroleum Electricity
(.0108 0.0280 0.0684
0.0108 0.0280 0.0708
0.0109 0.0320 0.0704
0.0163" 0.0387 0.0952
0.90196 0.0471% 0.1032
C.019% 0.0473%" 0.1056
(.0200 0.0473 0.1083
{onrog 0.0573 0.1131
(w23 0.0592 0.1163
(.0203 0.0591 0.1160
G.0203 0.0591 0.1183
C.0214 0.0632 0.1294
0.06208 0.0651 0.1372
€.0227 0.0651 0.1413
0.0218 0.0735 0.1519
0.0297 0.0890 0.1714
0.0384 0.0917 0.1838
0.0390 0.0917 0.2050
C.0349 0.1522 0.2527
0.0348. 0.16433c 0.2976
0.0330 0.1643 1 0.3000
0.0400 - 0.2120 0.3564
(.0913 0.3773 0.5068
¢ 1595 1.0565 0.7046
¢ =781 2.4300 1.9318
¢ .92 4.,0422:- 2.7455
¢.8021 5.4722 3.63590




APPENDIX D

TWO-STAGE LEAST SQUARES PROGRAM




D.1. FIOWCHART COF THE TWO-STAGE LEAST SQUARES PROGRAM

S 1s:

: Matrix of indeperdent variables

X
Y : Array of dependent variables
U : Matrix of residuals

B

: Array of parameter estimates

START

. N
{
! .
(READ Y,X,U
b

S=zU=xU

STOP )

Read the data

A
Compute E(w') = 7

Campute the inverse of S

Campute f\-— 1

Campute the transpose of X

Campute the parameters

Print the estimation results
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APPENDIX E

THE ORIGII@L MODEL-COMPUTER OUTPUT

VARIABLES

LNSRCP = 1ln{(Sc/Sp)
INSRLP = In(S /Sp)
INSREP = 1n({Se/Sp)
INPRCP = 1In(Pc/?p)
INPRLP = ]_nf,p1 /D)
INPREP = 1In(Pe/Zp)
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APPENDIX F

STATISI‘ICAL ANAT.YSTS OF THE ORIGINAL MODEL

1. Statistical Significance of the Model

Statistical significance of the regression equations is tested
through 'F test' :

F(5,22) 70

<=0.05> 2+

Equation 3a : F© = 467.67 > 2.70
Equation 3b : F* = 74.07 > 2.70
Equation 3c : F© 2 53.68 > 2.70

We accept that, equations 3(a—c) are significant estimators of
fuel shares.

2. Statistical Significance of the Parameters

Sitatistical significance of the parameters can be tested by
't test'.
x i

" Standard error of ?

bep t¥ = 2.183> t Significant at 97.5

22,0.025

o0
2

(D

[}

X
Pcz : = 0.834>t22,0.25 " n 75 2 n
- x‘ " " ) w
?C—B : X = l.7407t22,0.05 85 3
F_C4 : ’(:x = 15463> t22,0‘005 99.5 ¢
?Ll :ttT = 2.477>t22'0_025 | 97.5 %
X - : n 1" o n
FLZ : tx = ,1.359>t22’._0.0]_ 90 2
. $L3 L = l.656>t22,0.01 . ‘9Q S
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(S t: = 7.385> 4,5 4 005 Significant at 99.5 % level
Per * b= 2.8717t,5) 405 - "99.58% "
ezt = 0.451>t, o 4o " "60 % "
T’eB : t:X < l.895>t22"0‘05 " "95 g "
Peg P € = 794578, ¢ o0 " "99.5% "

3. Statistical Analysis of the Residuals '

Hy
Hy

Residuals are serially correlated
Residuals -are irdegendent of each other

(X3

Durbin-Watson: D.W" =

«=0.05 ns27 kz=4 : D.WL =1.10 D.Wu:l.75

Equation 3_ : D.W- 32.61> D.W,

D.W: =2.36 > D.W, .

Equation 3b
Equation 3 D.W-=2.33> D.W_

‘So, we reject the null hypothesis, and conclude that the residuals
are independent of each other.
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APPENDIX H

THE MODIFTED MODEL
TWO STAGES LEAST SQUARES OUTPUT
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APPENDIX K

STATISTICAL ANALYSIS OF THE MODIFIED MODEL

1, Coefficient of Determination

Y = a+blxl+b2x2

n-

= & 92

R2 _ Total explained variation _tz1 ~

‘ Total variation i - 2
pa (Yt;—Y)
tz1

. 2

Equation l6a : R = 0.99

Equation 16b : R2 = 0.92

Equation 16C : R2: 0.90

2. Statistical Significance of the Model

2 .
o= R ék where ns Sanple size =27,
(I-R7)/nk-1 k= No. of parameters=2
== R2/2
(1-r%) /24
Tabled value : F(2'24)0(10.05: 6.66

Equation 16_ : F* = 1188.> 6.66
Equation 16, : F* = 138. > 6.66
Equation 16_ Fr = 108. > 6.66

We accept that, the equations 16 (a—c)‘are significant estimators
of fuel shares.



3. Statistical Significance of the Parameters

92.

' %1 (Yt"Yt)2
a) Standard error of the estimate : s T||—
n—-k-1
b) Standard error of the parateters:
Sa b S
S
- S . S

Sp1 = | Sp2 =

> o’ A

> (X,,.7X))

t=1 1t 1 =1t
Then, So(;2 20.075 SFZ 20.054 Syz =0.027

Sp<3 =0.020 S,33 =0.066 SY3 =0.092
Statistical significance of the parameters cah be tested by
"t teSt": i

b
tx - 1

S

by

= . ke
5 ¢ tx :+ 0.225/0.075 = 3.000 >t24’0',005 Significant at 99.5
3 : tX : 0.942/0.020 = 47'100>t24,0.005 | . 89.5
: : 054 - 1.

3¢ tX : 0.972/0.066 = 14.727>t24'0.005 99.5
5 : tx : 0.080/0.027 = 2.963 >t24’0,.005 99.5
3¢ t© : 0.859/0.092 = 9.337 >t24,0.005 99.5

oo

o0

oo

oo

o0



4. Statistical Anmalysis of the Residuals

HO ¢ Residuals are serially correlated

Hl.

Residuals are‘ independent of each other

) (ut—ut—,l)

Durbin-Watson : D.W- =

K=0.05 n=27 k=2 :DN =1.26 DW= 1.56

Equation 16_ = D.W' = 2.31 > DW_

Bquation 16, D.W = 1.60 > DA_

Equation 16C : D.W = 1.98 > U

So, we reject the null hypothesis, and conclude that the
residuals are independent of each other.



APPENDIX L

FORECASTING RESULTS

SCENARIO 1

Year Pc/Pp P1/Pp Pe/Pp

1983 .29 a1 .60

1984 .24 .09 .55

1985 .20 .07 .50

1986 17 .05 .45

1987 .14 .04 .41

1988 .12 .03 .38

1989 .10 .02 .35

1990 .08 .017 .31

Year Sp_ S¢ 3 Se
1983 .5504 .0947 .1223 .2326
1984 .5370 .0978 1271 T .2381
1985 .5202 .1042 .1333 .2423
1986 .5000 . 1137 .1413 .2450
1987 .4765 .1274 . 1505 . 2456
1988 .4498 .1451 .1615 .2436
1989 .4188 .1680 .1749 .235§‘
1990 . 3837 .1987 .1877 ..2299

94.



SCENARIO = 2

Year Pc/Pp P1l/Pp Pe/Pp A

1983 .32 .12 .63

1984 .29 .10 .60

1985 .26 .08 .57

1986 .24 .07 .55

1987 .22 .06 .52

1988 .20 .05 .50

1989 .18 .04 .48

1990 .17 .03 .45

Year Sp Sc S1 Se
1983 .5525 .0929 .1220 .2326
1984 .5423 .0928 .1268 .2381
1985 .5303 .0944 .1330 .2423
1986 .5173 .0974 .1400 .2453
1987 .5029 .1016 .1482 .2473
1988 . 4868 .1076 1578 .2478
1989 . 4688 .1154 .1692 . 2466
1990 .4488 .1238 .1833 .2441

95.



SCENARIO 3

Year Pc/Pp P1./Pp Pe/Pp 7

1983 .32 .12 .67

1984 .29 .10 .67

1985 .26 .08 .67

1986 .24 .07 .67

1987 .22 .06 .67

1988 .20 .05 .67

1989 .18 .04 .67

1990 .17 .03 .67

Year _ P Sc_ 51 Se
1983 0.5530 0.0930 0.1222 0.2318
1984 0.5439 0.0930 0.1271 0.2360
1985 0.5332 0.0949 0.1337 0.2382
1986 0.5217 0.0381 0.1412 0.2390
1987 0.5089 0.1029 0.1500 0.2382
1988 0.4945 0.1093 0.1603 0.2358
1989 0.4781 0.1177 0.1725 0.2317
1990 0.4596 0.1268 0.1878 0.2258




SCENARIO 4

Year Bg/Pp F1 /Pp Pe/Pp

1983 .32 .12 .60

1984 .29 .10 .55

1985 .26 | .08 ‘ .50

1986 .24 .07 .45

1987 .22 .06 .41

1988 .20 .05 .38

1989 .18 .04 .35

1990 .17 .03 .31

¥¢ar' Sp Sc 51. Se
1983 .5520 10928 .1219 .2333
1984 .5411 .0925 .1264 .2400
1985 5279 .0939 .1323 . 2459
1986 5132 .0965 .1389 .2514
1987 .4970 .1004 . 1465 . 2561
1988 o L4792 .1059 .1553 . 2595
1989 . 4596 .1131 .1659 .2615

1990 . 4379 .1209 .1788 L2624



SCENARIO 5

Year Pc/Pp F, /Pp Pe/Pp

1983 .32 .13 .63

1984 .29 12 .60

1985 .26 L1 ' .57

1986 .24 .10 .55 -

1987 .22 .09 .52

1988 .20 .08 .50

1989 .18 .075 .48

1990 .17 .068 .45

Year Sp_ _ Sc _ 53 ) 7 Se
1983 .5528 .0930 .1215 .2327
1984 .5436 ©.0929 .1249 .2386
1985 .5330 .0948 .1286 .2436
1986 .5217 .0981 .1328 .2474
1987 .5092 .1029 1376 .2503
1988 .4954 .1095 .1429 . 2522
1989 .4806 .1183 .1494 L2527

1990 . .4647 .1282 .1544 . 2527



SCENARIO 6

Year

1983
1984
1985
1986
1087
1988
1989

1990

Year_

1983
1984
1985
1586
1987
- 1988
1989

1990

Pc/Pp P1/Pp Pe/Pp

.32 .13 .67

.29 12 .67

.26 L1 .67
.24 .10 .67

.22 .09 .67

.20 .08 .67

.18 .075 .67

.17 .068 .67

] Sp Sc S._l Se
.5533 .0931 .1216 .2320
.5451 .0932 .1252 .2365
.5360 .0953 .1293 12394
.5261 .0990 .1339 .2410
.5154 .1042 .1392 2412
.5034 L1113 . .1452 .2401
.4902 .1207 .1515 2376
.4763 .1314 .1582 .2341

99.



100.

SCENARIO 7

Year Pc/Pp P1/Pp Pe/Pp

1983 .32 .13 .60

1984 .29 12 .55

1985 .2 A1 .50

1986 .24 .10 .45

1987 .22 .03 .41

1988 .20 .08 .38

1989 .18 .075 .35

1990 .17 .068 .31

Year Sp__ ___Sc_ 51 _Se
1983 .5523 .0930 .1213 .2334
1984 .5422 .0927 .1246 . 2405
1985 .5305 .0944 L1280 - .2471
1986 .5175 .0975 .1317 .2535
1987 .5031 .1017 .1359 .2593
1988 ©.4875 .1077 1407 2641
1989 .4708 .1159 .1454 2679

1990 .4530 .1250 . 1505 . 2715



SCENARTIO 8

Year Pc)Pp P1/Pp _Pe/Pp

1983-99 .35 .15 .67

Year _Sp _Sc 51 Se
1983 .5548 .0917 .1209 .2326
1984 .5494 .0887 .1235 .2384
1985 .5445 .0860. .1262 .24
1986 . .5401 .0836 .1289 .2474
1987 .5360 .0815 .1316 . 2509
1988 .5323 .0794 .1344 2539
1989 .5289 .0776 .1372 .2563
1990 .5258 .0759 .1400 .2583

101.
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