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ABSTRACT

The purpose of this thesis is to quantify the macro- 

economic effects of present government policies for dealing 
with the coal sector of the Spanish economy. To do this, 
the macroeconomic effects of changes in demand for Spanish 
coal will be analyzed as well as the relationship of coal to 
the other industrial sectors. This will be done using the 
input-output methodology created by Wassily Leontief. This 
study is justified because Spain's coal sector is the 
nation's only reliable source of domestically produced 
energy.

This thesis will show that (1) future coal sector 

growth depends heavily on electrical consumption and 
economic recovery, (2) contrary to general belief, coal 
generates only average employment opportunities, (3) 
domestic coal production can be an important factor in 
saving foreign exchange, and (4) coal is the most highly 
government subsidized sector in the Spanish economy.

Future government action could take three forms:
(1) maintaining the present level of subsidization,
(2) eliminating the subsidy at once, or (3) gradually elimi
nating the subsidy. This thesis, based on the analysis, 
recommends the third alternative.
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CHAPTER 1 
INTRODUCTION

Since the oil crises of 197 3 and 1979 , coal has been 
increasingly used worldwide as a direct substitute for 
oil. The industrialized countries represented in the 
Organization of Economic Cooperation and Development (OECD) 
are heavily dependent on imported energy; they have devel
oped a common policy aimed at the reduction of oil consump
tion , the exploitation of national energy sources, and the 
development of a competitive international steam-coal 
market— all based on a free market approach to economic and 
energy problems.

Spain, as an OECD member country, has generally 
followed the policy outlines established by the organiza
tion , but the Spanish-mixed economy has given rise to a 
series of unique circumstances. From 1973 to 1979, two 
consecutive Spanish administrations followed a policy of 
intense subsidization of energy prices. As a result of this 
policy, Spain's specific energy consumption per unit of GDP 
increased by 8% from 1973 to 1979, while in the OECD it was 
reduced by 6% during the same period, according to Spain's 
National Energy Plan 198 3-199 2. This, in turn, aggravated 
the already poor state of the economy.
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After the 1979 crisis, this situation could no longer 
be maintained and new policies for the energy sector 
involving a free-market price system were sought and put 
into practice. However, national government planning 
policies were maintained. National development plans 
recognize the existence of an imperfect market and attempt 
to maximize social benefits in such a market through govern
ment intervention. In Spain, one of the energy sectors 
still retaining a high degree of government intervention is 
the coal sector.

The latest Spanish National Energy Plan (N E P ) (19 8 3) 

states that "national coal will be produced independently of 
market price." This policy is maintained primarily by the 
government's use of coal price floors, coal subsidies, and 
coal import controls.

Government intervention in the coal sector has been so 
pronounced because coal is considered the only important 
domestic source of energy with the potential to substitute 
for oil imports, which supply approximately one half of the 
nation's energy needs. Coal has been playing an increas
ingly important role in supplying energy for Spain, espe
cially in electricity generation. Coal generated electri
city grew from 20% of total electricity generated in 197 5, 
to 37.8% in 1982 (Carelec, 1984) .
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Traditionally, Spanish coal has been mined by under
ground methods, but the resurgence of the coal sector since 
the mid-1970s is due to open-pit mining. Open-pit mines 
have proven to be highly productive and profitable. Under
ground developments are not. Consequently, government 
intervention is aimed at maintaining active underground 
mines to increase energy self-sufficiency.

Study Objective
The objective of this study is to examine the Spanish 

coal sector and to quantify its macroeconomic effects in 
order to trace the repercussions that changes in coal demand 
will most likely have on Spain's economy.

Methodology
The study of the effects of the coal sector on the 

Spanish economy will be undertaken through the use of input- 
output analysis. The input-output theory presents the 
economy in the form of a general equilibrium model formu
lated in terms of a set of linear equations. Input-output 
has proven useful in quantifying interindustry relation
ships, and has been considered a most suitable aid in the 
government planning process. Using the input-output method, 
this study will analyze the effect of coal on (1) the
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economy’s gross output, (2) primary inputs, (3) imports and 
import substitutions, and (4) employment creation. It will 
also be used to study the effect of economic changes on the 
coal sector. Input-output methodology does not take into 
account commodity prices. To overcome this deficiency, 
production costs and prices of Spanish steam coal will be 
introduced. Finally, this study will discuss the coal 
policies that are most likely to maximize social welfare.

Organization
This study is organized as follows. Chapter 2 will 

review the role of energy in the economy of Spain and 
present an overview of the coal sector. Chapter 3 will 

explain the input-output method and its economic signifi
cance, and will present a detailed description of the analy
sis here undertaken. Chapter 4 will analyze the results of 
the study. Finally, Chapter 5 will state conclusions and 
make recommendations for future research.
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CHAPTER 2
THE SPANISH ECONOMY AND THE COAL SECTOR

As pointed out in the introduction, Spain is passing 
through a delicate economic and energy phase; Spanish 
dependence on imported energy gives rise to many macro- 

economic imbalances.
This chapter is divided into two parts. The first 

examines the dependence of the Spanish economy on energy, 
describes the nation's major economic imbalances, and 
reviews the policies followed by the government to cope with 
the problems presented earlier. The second part introduces 
coal and coal mining methods, reviews Spanish coal reserves 
and coal qualities, and finally analyzes government involve
ment in the coal sector and presents an analysis of cost and 
prices of Spanish coals.

Energy Use
Spain's utilization of energy is highly inefficient.

The index of energy consumption per unit of Gross Domestic 

Product (GDP) had a value in 1982 of 10 3 in comparison with 
an average value of 86 for the Organization of Economic 
Cooperation and Development (with 1973 taken as a base year, 
and an index value of 100) (NEP, 1983).
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Specific energy consumption per unit of output in Spain 
grew from 1973 to 197 9 , in spite of the steep rise in inter
national energy prices. During that period, the government 
kept a policy of price subsidization, and no measures were 
taken to increase efficient energy use. At the same time, 
the rest of the industrialized countries improved their 
energy consumption habits and industrial processes. As a 
consequence of government protectionism, foreign energy 
dependence, together with a difficult political transition 
towards democracy and the lack of flexibility of the Spanish 
financial and industrial sectors to adapt the new environ
ment, the economic problems in Spain are sharper than those 
found in the rest of Europe. The 1973-1983 decade has been 
characterized by sluggish economic growth, stagflation, 

external debt, and government deficit.
Besides the inefficient use of energy, Spain depends 

heavily on imported energy? in 1982 only 34% of the energy 
consumed was produced domestically (Epsilon Consultores, 
1984) .

Oil, the principal energy source of Spain, represents 
more than 90% of total energy imports. In 1983, 48% of the 
energy consumed in Spain originated from oil (Epsilon 
Consultores, 1984).
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Energy imports are a heavy burden on the Spanish trade 
balance ; they constitute 50% of the country’s annual total 
import needs. Fuel imports in 1983 were $14.7 billion; the 
rest of imported commodities represented $14.5 billion 
(OECD, 1984).

Coal and gas, along with hydroelectric and nuclear 
energy electricity generation, are other major energy 
resources in Spain. Coal was the best substitute for oil in 
electricity generation when oil prices rose in the second 
oil crisis of 1979. Als o , coal is the only energy source of 
which Spain has sizable reserves. The year 1976 represents 
the lowest coal production in Spain: 14 million tons of

coal representing 14.9% of the energy supply were mined. In 
1983, Spain produced almost 40 million tons of coal, repre
senting a 30% share of its total energy supply (Carbounion, 
19 84); this percentage share is expected to remain constant 
during the decade 1983-1992.

In 1983, nuclear generation represented 4% of the total 
energy produced and is expected to grow to 12% by 1992, but 
political and environmental problems make the development of 

this energy sector questionable. Hydroelectric energy con
stituted 9.7% of the total energy produced in 1983; this 
source has been developed to its maximum capacity, and no 
further increases are forecast. Natural gas represented
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3.4% of energy production in 1983 (Epsilon Consultores,
19 84 ) . Policies of supply diversification emphasize 

development of this sector, but Spain is also lacking in 
this energy source.

Economic and Energy Policies
The values of the main macroeconomic variables, taken 

from the OECD Economic Survey 1983-1984, Spain, and 
described below, illustrate some of the economic problems of 
Spain since the oil crisis of 197 3. Spanish output growth 
during the period 1974-1984 has been slow. Average real GDP 
growth from 1974 to 1982 amounted to 1.5% a year, compared 

with 2.2% for the OECD countries during the same period.
Inflation and unemployment are the main problems in the 

Spanish economy. Spain's traditional inflation differential 
widened significantly during the second half of the 1970s 
with consumer prices rising an average of 19%— more than 
double the rate for the OECD area. Unemployment in the 
labor force rose from 3.25% in 1975 to 16.25% in 1982. In 
1985, unemployment was above 20% but showed a tendency 
toward stabilization at that point.

The current external position of Spain has weakened 
since 197 3. A large deficit has been accumulating through
out this period ; foreign debt is 16% of the G N P , and the
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annual balance of trade deficit is about 3% of the G N P .
Those imbalances are due mainly to the steep rise in the net 
energy imports bill after the two oil crises of 1973 and 
1979. At the same time, the general government deficit has 
been rising, and efforts have been made to keep it at 3.5% 
of the GDP.

The trend of economic impoverishment that Spain suf
fered from 197 3 until 1983 seems to have been halted by the 
strict economic and energy plans taken by the government in 
198 3. The economic weapons that the Spanish government has 
been employing to combat the country’s problems are 1) mone
tary policies aimed at short-term problem solving, and 2) 
development plans aimed at achieving longer term goals.

The 1983 Economic and Energy Plans
Spain has a long-standing tradition of using general 

economic plans to attempt to maximize market efficiency and 
social welfare. Unfortunately, on several occasions, 
national development plans have achieved little in the way 
of desired effects owing to unexpected changes in market 
conditions and/or redefinitions of social welfare functions, 

which changed with each new government.
The main goals of the latest economic plan (fall 1982) 

are to reactivate the economy and achieve annual growth
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rates of at least 2%, to limit the public sector deficit to 
3.3% of G D P , to improve external competitiveness, to reduce 
import dependence, and to reduce inflation pressure by using 
wage controls (OECD, 1984).

The objective of the latest National Energy Plan (NEP 
1983-1992) is to minimize energy cost per unit of GDP 
produced. Plans to achieve this goal involve minimizing 
total supply costs, as well as maximizing efficiency in 
energy uses and encouraging conservation. Some of the con
straints on the plan's objectives are bearable political 
risk in the sources of imported energy, and preference in 
use of national sources versus imported energy, even in some 
cases with independence of market prices.

The improvements the administration expects to obtain 
by the application of the NEP 1983-1992 are twofold: to
diminish 7.75% of the energy consumption per unit of G D P , 
and to increase total domestic energy supply from 36% in 
1982 to 48% by 1992.

Some of the basic assumptions on which the forecast is 
based are that energy prices would remain constant in real 
values during the period 1983-1992, that Spanish GDP growth 
will be 2.5% in 1984 , ,3% in 1985, and will have an average 
value of 3.5% for the period 1986-199 2.



T-3045 11

The NEP 1983-1992 also established that energy prices 
reflect international market prices. However, if inter

national prices should diminish, these reductions will not 
be passed on to the national market "to favor energy 
conservation measures" (NEP 1983-1992); in other words, 
energy prices can only be expected to increase throughout 
the period considered.

Development Planning Rationale

Centralized national planning was widely believed 
to offer the essential and perhaps the only insti
tutional and organizational mechanism for over
coming the major obstacles to development, and for 
ensuring a sustained high rate of economic growth 
(Todaro, 1981).

An economic plan is simply a set of quantitative 
economic targets to be reached in a given period of time. 
Planning can be divided into three main stages (Tinbergen, 
1967): (1) macroeconomic, (2) sectoral, and (3) project,
with interdependency among all stages. In the macroeconomic 
stage, aggregate growth models can be used to predict the 
rate of growth of GDP and other macroeconomic variables such 

as investment, consumption, imports, exports, and employ

ment. With the results of the macroeconomic level, the 
sectorial stage can be started and input-output models used
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to determine the economy vector of gross output and the 
sectorial composition of final demands. Once the solution 
of this second stage is tested for consistency and feasi
bility, the project stage can be started using cost benefit 
analysis and project appraisal techniques.

Some of the arguments advocating development planning 
are as follows. (1) An "uncontrolled" market economy can, 
and often does, subject developing nations to economic 
stagnation, fluctuating prices and low levels of employ
ment. Planning would bring about the structural changes 
needed for a balanced growth of the entire economy. (2) If
an imperfect market situation exists, market prices will be 
"distorted," meaning that market prices will not reflect the 
real cost to society of the goods, services, and resources 

traded, with consequent inefficient resource allocation 
(Bulmer-Thomas, 1982). (3) Government planning studies the
whole economy and includes in its economic analysis external 
effects that are often excluded in private studies; thus, 
government plans have a more coordinated picture of the 
economy and are more in accordance with social goals.
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The Coal Sector 
Coal, as well as oil, in contrast to many other basic 

commodities, is heterogeneous. The physical and chemical 
properties of coal vary widely, hence, one should be careful 
to specify its type. When coal is classified by the "aging" 
process that it has undergone, three principal types are 
found :

L ignites
Bituminous coals 
Anthracites

Lignites are the youngest and poorest coals. Their only 
profitable use is in electricity generation. The burning 
utility has to be close to the mine to avoid transportation 
costs that would make lignites uneconomical. For this 
reason, utilities and lignite mines are often designed 
together. Open-pit mining methods are the most suitable for 
lignite extraction, even though in some cases black lignites 
are exploited by underground methods. Underground lignite 
mines in Spain are unprofitable and only survive with the 

help of government subsidies.
Lignites can be subdivided into brown and black lig

nites. Brown lignites are mined only by open pit methods;
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their coal content is small, and big shallow deposits are 

required for profitable mining.
Bituminous coals are the most commonly used. They have 

a medium grade of coalif icat ion and are the usual type 
burned in utilities. Because these coals can be transported 
longer distances, they are the coal type used in the Inter
national Steam Coal Market. In Spain, transportation costs 
often represent up to 50% of the total final price. Some 
bituminous coals with very specific characteristics can be 
used in producing coke, an intermediate product in the 
steelmaking process.

Anthracites are the oldest coals ; they are not as 
common as the other two. Their coalified matter content is 
higher than that of bituminous coals even though the 
volatile content of anthracites is smaller.

Coal Resources
Table 1.1 represents the coal resources of Spain in 

million tons; resources (R) include the quantity of mineral 
that can be exploited profitably by the private sectors in 
the next thirty years. Assuming today's technology, coal 
resources can be categorized as economic (E) or subeconomic, 
and these categories can be respectively subdivided by the 
mining method suitable for the extraction of each type of
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TABLE 1 .1
Spanish Coal Reserves

(million tons )

Resources R 1 R2 R3 E

Bituminous and
A n t h r a c i te 2,254 757 463 1 ,027 902

B 1 ack
L i g i n i t e 1.273 357 204 71 1 554

Brown
L i g n ite 372 3 72 - - 372

Tot a 1 3,899 1,486 667 1 ,738 1 ,828

Economic Subeconomic
Underground Open Pit Underground Open Pit

Bituminous and
Anthracite 716 186 2,248 253

B 1 ack
Lignite 412 142 1,339 205

Brown
L ig n ite - 372 - 476

Total 1,328 700 3,587 934

R 1 : Probable, or indicated resources (known with 807. of
orobability).

R2 : P o s s i b l e ,  e s t i m a t e d  r e s o u r c e s  (known by general
geologic information).

R3 : S p e c u l a t i v e ,  h y p o t  et 1c a 1 r e s o u r c e s  (still not
d 1s c o v e r e d ) .

E : Economic resources.

Source : National Energy Plan 1983-1992



T-3045 16

deposit. The country's economic underground resources, 
containing 1,128 million tons of coal, are 65% larger than 

open pit resources (NEP 19 83-199 2). This indicates that 
Spain must keep its underground mines active if it wishes to 
meet most of the country's coal needs by means of national 
production.

Coal Qualities
Coal qualities are defined by several characteristics, 

the most important being heat content, moisture, sulphur, 
and ash content. Average Spanish steam coal qualities are 
presented in Table 1.2.

Most coal uses are related to its heat content. Heat 
content and moisture are inversely related; as moisture 
content rises, specific calorific values diminish. The 
ratio between the heat content, measured in tons of coal 
equivalent (tee), and metric tons (T n ) is given below for 
different Spanish coal qualities (NEP 1983-1992). Those 
ratios are used to calculate the heat content of Spanish 
coals and of imported bituminous coal; heat content is the 
main characteristic of coal in electricity generation and 
the principal determinant necessary to establish the price 
paid by the utility to the mining company.
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TABLE 1 . 2
Average Characteristics of Steam Coal 

in Electricity Generation

Black Imported
Year L i gni tes Bituminous Anthrac ite Bituminous

1977 14.7 12.1 10.5
Humidity (7.)

1981 15 11.8 10.5 7.5

1977 40.6 32.1 29
Ash (%)

1981 40.2 26.2 26.5 16

1977 26.1 19.4 6.2
Vo 1 at i 1 es (7. )

1981 23 20.1 5.5 36

Specific 197 7 3.2 4.7 5
Heat Content
(Termia/Kg) 1981 2.8 5.1 5.1 6.4

One Termia/kg= 1,786 B T U / P o u n d .

Source : Epsilon Consul tores, 1984
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Bituminous and Anthracite - .78 Tce/Tn
Black Lignite 41 Tce/Tn
Brown Lignite 31 Tce/Tn
Imported Bituminous 91 Tce/Tn

Furthermore, it is important to determine coal's effective
ness in producing electricity. This is done by examining 
the amount of coal needed to produce one kilowatt-hour 
(kwh). Reports taken from Spanish utilities indicate the 
following values :

Brown Lignite - 1 . 3 7  tn/kwh

Black Lignite - .72 tn/kwh
Bituminous and Anthracite - .52 tn/kwh
Imported Bituminous - .39 tn/kwh

Sulphur content of coal is also important. The sulphur 
contained in the coal is responsible for environmental 
contamination. Methods for eliminating sulphur from coal 
are costly both technically and economically. Low sulphur 
coals are thus the highest priced. The ash content is 

important because ash is responsible for slag deposits in 
the burners and produces melted slag that makes the burning 
process more difficult. The Hardgrove index gives
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information on the grindability of the coal. Grinding is a 
step previous to burning. If the grindability index is too 

high, there will be too many fine particles and combustion 
will be inefficient; if the index is too low, the grinding 
costs will be very high.

Spanish coal quality varies widely. By international 
standards, classified by the International Energy Agency 
(the energy consulting agency for the OECD), Spanish coals 

are of low quality and have high extraction costs. The high 
ash content contributes to the low quality; 30% of the 
"coal" is waste matter. Imported coals contain only 16% 
a s h .

Extraction/resources ratios for Spain are given in 
Table 1.3. In 1982, world consumption of coal was 2.9 x 10^ 
tons of coal equivalent (Gtce), and world coal resources 
were estimated to be 678.5 x 10^ tons of coal equivalent 
(Gtce). Thus, the world ratio of consumption/resources was 

4.3 x 10"3 , considerably smaller than Spanish ratios.

Coal As Oil Substitute
At the beginning of the 1980s, several studies were 

undertaken showing the economic viability of using coal as 
an oil substitute in electricity generation. Studies made 
by Sheppard and Chase in 1982 quantified the extra cost of



T-3045 20

TABLE 1 . 3 

Ratio Production/Reserves (1982)

Underground  Open Pit

Bituminous, Black Bituminous, Black 
Anthrac ite Lignite Anthrac ite Lignite

Ton!xVÎ 09 716 412 186 142

T o n s x V  -a.4 
Producti on/
^ ï eS 1 7 . 3  7 . 6  8 . 4

Brown 
L ignite

372

16

43

Source : Carbounion Annual R e p o r t , 1984.
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coal-fired utilities as opposed to oil-fired utilities.
These extra costs are of two kinds :

1. Additional investment costs - approximately $ 16/ton.
2. Additional handling costs - approximately $ 5/ton.

Total extra costs would be $ 21/ton or $ 2 3 .1/ton of coal 
equivalent.

By the end of 1982, oil prices were $34/barrel, that is 
$180.2/ton of coal equivalent (1 barrel = 7.57 tons of oil 
equivalent, 1 ton of coal equivalent = .7 tons of oil equiv
alent). At that time, the ratio between fuel oils used in 
utilities and crude prices was 0.76, or a value for fuel 
oils of $139.6/ton of coal equivalent (Epsilon Consultores, 
1984 ) .

In 198 3, average GIF (cost, insurance, and freight) 
prices for Europe were $54.4/ton of coal equivalent, or 
$50.9 in 1982 dollars. Adding the extra cost to the coal 
price we get $74/ton of coal equivalent, against $139.6/ton 
of coal equivalent (tee) using fuel-oil, with savings of 
almost 50% using coal instead of oil. To be competitive, 
oil prices should drop to $ 2 0 /barrel, equivalent to the 
$74/tce of the coal prices (Epsilon Consultores, 1984).
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The Government and the Coal Sector
The government has always been heavily involved with 

the coal sector. Governmental intervention has usually 
taken the form of price policies, subsidies and low interest 
loans, and demand promotion and import restrictions.

Price Policies. Steam coal prices are fixed by formu
lae given by the administration. The formulae differentiate 

between bituminous-anthracite coals and lignites. For 
anthracite and bituminous coals, the pricing formula is

where P 0  is the price of the base coal, which has a volatile 
content of 20% and an ash content of 25% (both referring to 

a dry sample with a moisture content of 10%). PQ was fixed 
in March 1984 at 8,387 pesetas/tn. V is the volatile per

centage in a dry sample. V is 20 for all bituminous coals 
with more volatiles than the base coal, C is the ash per
centage as measured in a dry sample, H is the humidity 
percentage over "raw" coal, and A is the generic coeffi
cient, normally 20. A is 28 for coals with an ash content 
of less than 2 0 % and that have to be transported over long 
distances.

1000 + ( 7 ( V - 20 ) ) +
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For black lignites, the price formula is

Po = TÔÏÏ  PCS ( 79- c )  (io”Ô- h) ' pesetas/tn

Lq is the price paid per termia (one termia = 39 ,683 BTU ) , 
set by the government; L 0  was fixed at .2168 pesetas/ton in 
March 1984; PCS represents the heat content in termia/ton; C 
represents the percentage of ash content ; and H is the 
percentage of moisture content over raw coal (NEP 1983- 
1992).

Subsidies and Credits. The coal sector is heavily 
subsidized by the Spanish government with grants and low 

interest loans. In 198 2, the administration's total 
investment in the coal industry amounted to 36,2 33 million 
pesetas, while the industry itself invested 20,27 3 million 
pesetas, a ratio of 1.8; 26,233 million pesetas of the
government investment were in the form of subsidies 
(Epsilon Consultores, 1984).

The government can cover up to 70% of industrial 
investments with low interest loans; for example, from 1974 
to 1982 the loans were made at 11%, while the inflation rate 
averaged 17.5% (Epsilon Consultores, 1984 ; OECD, 1984).
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Grants and loans are directed to help underground mines 

with lower than average productivity. Average productivity 
in Spanish underground developments in 1982 was 275 kilo

grams /employee/d ay (565 lbs/day) against a European average 
of 4 39 (Carelec, 1984). The subsidization policy contra
dicts explicit recommendations of the IEA. The policy of 
the IEA is one of free market without governmental inter
vent ion.

Coking coal price differentials between production 

cost and market prices are paid by the government. Trans
portation costs are heavily subsidized; in 198 3, grants 
covered half of them. Stocks are government-financed 
through low interest loans to the utilities; those loans 
have amounted to 5,000 million pesetas per year since 
1980. Stocks in utilities using anthracite and bituminous 
coal at the end of 1982 were 11.4 million tons. Given that 
demand of bituminous and anthracite was 1 2  million tons in 
1982, and that normally stocks represent three months of 
consumption, the holding costs were four times the optimal 
value.

Demand Promotion and Import Controls. The only measures 
taken by the government to increase coal demand in the years 
after 1979 were to give low interest loans, and to provide
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some fiscal benefits to facilitate oil substitution and 
accelerate the construction of coal-fired utilities. Coal- 
fired utilities went from a power generating capacity in 
1979 of 2,650 megawatts to 6,371 megawatts in 1985, an 
increase of 240% in six years (NEP, 1983-1992).

Coal imports are re legated to supply uses that Spanish 

coals cannot perform because of quality or quantity limita
tions. The cement industry requires higher quality 
imports. About half the coking coal consumption is also 
imported. Imports of bituminous coals for electricity 
generation are limited to the quantity needed to blend 
Spanish lignite suitable for use in power plants, and to 
meet environmental constraints.

Production Costs of Spanish Steam Coals
The results of the analysis of the production costs and 

prices paid for the different coals used in electricity 
generation, and the different mining methods employed, are 

presented in Table 1.4. The following data is taken from 
the National Energy Plan 198 3-1992.

Coal production has been divided by mining method (open 
pit and underground mining), and within each method by the 
type of coal produced: brown lignite, black lignite, bitum
inous, and anthracite. Underground bituminous production
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TABLE 1.4
Steam Coal Production-Costs-Prices 

(1981 data in 1982 pts)

Open Pit______    Underground
BrL BkL B&A BkL A B ( r )

tee/tn .31 . 4 .67 .47 77 .78
Production(M t n ) 14.7 3. 1 2.5 2.7 3 . 2 2.3
Acum.Prod.(Mtn) 14.7 17.8 20.3 23 26 . 2 28.5
Cost (P t s / t n ) 1 .283 1 ,922 3,500 4,315 5,160 6,560
P r 1 c e (P t s / t n ) 2,115 3.183 5,424 3,050 5,159 5,143
Benefits(pts/tn) 832 1 ,261 1,924 -1,265 - 1 1,417

Open Pit______  Underground
BrL BkL B&A A B ( r ) BkL

Ratio kwh/tn .73 1 . 2 1.9 2 . 1 2 . 2 1 . 2
P r o d uction(M w h ) 10.7 14.4 19.2 25.9 31 34
Cost (p t s / k w h ) 1 ,758 1 ,602 1 ,842 2,457 2,982 3,596
Price ( P t s/kwh) 2,897 2,653 2 ,855 2,457 2,336 2,542
Benefits(pts/kwh)1,139 1,051 1 ,013 0 -644 --1,054

B r L : Brown Lignite

B k L : Black Lignite

B & A : Bituminous and Anthracite
B(r): Bituminous, rest
B (H ) : Bituminous, Hunosa

B ( H )
.81
2

30.5 
12,340 
5,500 

—6,840

B ( H )

2.3
38.7
5,365
2,391

-2,974

Source: National Energy Plan 1983-1992
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has been divided into private and public production (HUNOSA, 
the government owned bituminous coal mines) because of the 
very different production costs.

The results are presented both in tons and in the 
equivalent kilowatt-hours that would be produced when burned 
at the corresponding utility.

From the analysis several conclusions may be reached. 
First, Spanish steam coal prices are paid per kilowatt-hour 
and not by ton. Second, the pricing formulae tends to pay 
better for coals produced by open-pit mines. Open-pit mines 
receive a weighted average kilowatt-hour equivalent price of 
2,839 pesetas, and underground coals receive 2,656 pesetas. 
Coals from open-pit mines are paid 15.6% more for no appar
ent reason. And third, the incredible losses incurred by 
the publicly owned mines (HUNOSA) can be seen? mining those 
coals costs more than double their price.

Summary
This chapter pointed out some specific problems of the 

Spanish economy and the energy sectors. Unemployment, 
inflation, balance of trade disequilibrium and government 
debt presently are the main problems of Spain? this situa
tion is partially due to the dependence on imported oil.
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Coal is the only domestic energy source that Spain has 
sizable reserves and can be used as a direct oil substitute.

The administration, in an attempt to maximize market 
efficiency, follows a policy of centralized development 
plans.
The next chapter analyzes input-output methodology, which is 
an intermediate step in the design of centralized planning.
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CHAPTER 3 
INPUT-OUTPUT MODELS

In the second chapter, the importance of Spain's devel
opment plans and policies was mentioned. Input-output 
models constitute a very useful tool in the study of inter

industry relationships and have been used during the last 
decades in the intermediate stages of the creation of 
national economic plans. Input-output models are based on 
two main assumptions : (1 ) the assumption of a direct and
constant relationship between industrial output and inputs, 
and (2 ) the assumption that a unique production process 
exists for each interindustry division. The results of the 
input-output model give, by means of the Leontief inverse 
matrix, the relationship existing between economic output 
and final demands which constitute the external variable of 
the model.

This chapter introduces input-output tables ; it 
explains the economic models derived from them and presents 
the theory behind analysis such as backward linkages, 
forward linkages, output multipliers, primary input compo
sition of the industry output, import substitution, and 
employment generation. The input-output methodology here 
described follows the notation and structure presented by
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Buimer-Thomas in his book Input-Output Analysis in Develop
ing Countries.

Input-Output Tables
An input-output table is a double entry accounting 

record of the interindustry transactions for a country or 
region during a specified period of time.

If the whole economy is presented in the form of a 
double entry table, it is called a Social Accounting Matrix 
(SAM); by definition the input-output table is the disaggre
gated production sector of the SAM.

Wasily Leontief first developed input-output analysis 
in 19 31. After this economic methodology was applied to the 
U.S. and U.S.S.R. economies, its use spread to the rest of 
the industrialized countries. Developing countries viewed 
input-output analysis as a major tool in the process of 
designing their development plans. The reasons behind this 
idea are that input-output gives a complete and internally 
consistent picture of the industrial sector of the nation, 
and the input-output methodology allows the study of the 
effects produced on the economy due to changes in specific 
sectors.

Because of the importance of centralized planning in 

mixed economies, the need for methodologies that comprehend
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the whole economy in their structure, and the possibility of 
studying the effects of different policies, input-output 
analysis was quickly adopted and put into practice in many 
countries.

Input-Output Table Description
To explain in detail input-output tables and the models 

derived from them, we present in Table 3.1 a numerical 
example of a hypothetical input-output system. For simpli
city, we assume the existence of only three sectors : agri
culture (sector 1 ), manufacturing (sector 2 ), and transpor
tation (sector 3). Actual tables can range in size from 20 
to 400 sectors, with most developing countries at the lower 
end of the spectrum.

Note that each sector appears twice ; as a producer of 
outputs (rows 1 to 3) and as a user of inputs (columns 1 to 
3). Each row shows how each industry disposed of its 
output ? in this particular example, each row is subdivided 

into domestic (D) and imported (M) transactions. For 
example, the first entry in the last column shows that the 
agricultural sector produced a total output of 8  units (one 

unit representing one million pesetas worth of industrial 
products) of which 1 was used by itself as inputs (e.g., 
seeds), 1 by manufacturing (e.g., coffee or tea for
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TABLE 3.1 
Hypothetical Input-Output Table

Intermediate Demand Final
( 1 ) ( 2 ) ( 3) Demand Total

D
(1 )

M
1 (* 1 1 ) 
1 (m-Q )

1 (x1 2 ) 
0 (m^ 2 )

2(x 13)
2(m1 3 )

4(fD)

K f ™ )

8 ( x 1 ) 

4 (m^ )

D
( 2 )

2 ( x 2 i ) 1 (%22) 0 ( x 2 3.) 4 ( f  2> 7(x 2 )
M 1 ( m 2 i ) 0 (m 2 2 ) 0 ( m2 3 ) K f ™ ) 2 ( m2 )

D
( 3)

1 (X 3 1 ) 2 ( X3 2 ) 2( X 3 3 ) 7(f°) 12 ( x 3 )

M 0 (m 3 1 ) 0 ( m 3 2 ) 0 ( 1 1 1 3 3 ) 0 (f 3 ) 0 (m 3  )

Value
Added 2 ( v^ ) 3( v 2 ) 6 ( v 3 ) - 11 (V)

Total
Inputs 8 (x1 ) 7(x 2 ) 12( x 3 ) 17(F)

D : Domestic values

M: Imported values
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processing), and 2 by transportation (e.g., as food served 
on passenger railways). The total intermediate use of 
domestic agricultural products (i.e., use for further 
production) is 4 units. To this figure must be added the 
quantity of agricultural goods demanded by final users. In 
Table 3.1 this consists of the consumption of 4 units. The 
sum of total intermediate and total final demand yields a 
gross output for agricultural production of 8  units. The 
disposition of the total outputs of the other three sectors 
can be read from the table in the same manner.

The role of the agricultural sector as a purchaser of 
inputs is shown by column 1. Reading down this column we 
see that in order to produce its total output of 8 units, 
agriculture had to use 1 unit of its own output, 1 unit of 
imported agricultural products (e.g., using a portion of 
maize or bean output for replanting), 2  units of manufac
turing output, 1 of imported manufacturers (e.g., fertil
izers, insecticides), and 1 unit of transportation's product 
(e.g., for transporting perishable goods to local markets or 
to the coast for export). Thus, the total interindustry 
purchases of intermediate material goods and services by 
agriculture were 4 units of domestic items and 2 units of 
imported products. The remaining 2 units of total inputs 
purchased consisted of the creation of 2  units of value
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added. Thus the value of the total output of agriculture is 
equal to the total value of all inputs purchased (i.e., 8  

units). This same procedure can be followed in analyzing 
the input-output structure of each and every sector of the 
economy.

Table 3.2 shows the mathematical representation of a 
generic input-ouput table and its matrices. The matrix of 
interindustry transactions, w, forms the first quadrant of 
the table; it is the result of adding matrices wD and w ^ , 
representing domestic and imported interindustry trans
actions respectively. Matrices fD and fM form the second 
quadrant (to the right of the first one). They contain 
final uses of the industry production (i.e., private and 
public consumption, investment, changes in inventory, and 
exports).

The value added matrix, v , located in the lower part of 

the table, shows the primary input composition of each 
industrial sector; it includes capital consumption, wages 
and social security, taxes, and "other incomes." Matrices x 
and m are gross output and total imports respectively.

Matrix x is the result of the sum of the rows of wD and 
fD . Matrix m is the result of the sum of the rows of wM and 
fM . Matrix xT is the matrix of gross inputs; xT is the 
result of the sum of the columns of w and v. Because in an
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TABLE 3.2
Generic Input-Output Table in Matrix Notation

Final
Industry Demand Total

Industry
w(nxn) = 

= w^+w^
fD (nxp) 
fM (nxp)

x(nxl) 

m(nxl)

Value
Added

v(kxn)

Total 
Inputs

xT(Ixn)
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input-output table inputs equal outputs, matrices x and xT 
are the same values, but xT is x transposed.

Originally, Leontief developed the input-output theory 
which assumes the constancy of input-output coefficients in 
physical terms. Input-output technical coefficients repre
sent the input of a certain commodity required to produce a 
unit of output of a specific industry; e.g., if coal produc
tion in Spain during one year has a value of 100 million 
pesetas and the coal sector consumes 1 0  million pesetas of 
electricity, the technical coefficient of the electricity 
sector referred to the coal sector is 1 0 / 1 0 0  = 0 .1 .

Leontief*s assumption was the constancy of input-output 
coefficients in physical terms; e.g., the number of 
kilowatt-hours needed to mine a ton of coal would be con
stant. This assumption, as discussed later, is one of the

major limitations of the input-output analysis. In prac
tical applications, data on physical quantities are often
not available. In order to use monetary values as units in
the input-output tables (i.e., instead of using kilowatt- 
hours per ton of coal), the analysis will use the cost of 
the kilowatt-hour needed to produce a certain monetary value 

of coal.
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The Input-Output Tables Used for Spain
The data and industry divisions used in subsequent 

analysis of the Spanish economy have been taken from the 

Economic Commission for Europe (ECE) publication Stand
ardized Input-Output Tables of ECE Countries, Year 1975 
(1982), that represents the latest input-output table 
published for Spain.

The compilation of Spanish data was made on an 
industry-by-industry basis; the ECE interindustry classifi
cation and the one followed through the thesis is shown in 
Table 3.3. Final demand classification is also presented in 
Table 3.3.

ECE Industry sector numbers 23, 28, and 29 were zero 
and not included in the thesis. It should be pointed out 
that calculations were made in basic values, and that sec
tors f3 and f4 of final demand include general government 
demands.

The analysis of labor generation follows the classifi
cation used by the International Labor Statistics, (ILO).
The only difference with other input-output analyses above 
is that the Spanish industry was divided into 10 sectors 
instead of 26 because of lack of more detailed employment 

data.
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Thesis 
Sector N o .

1

2

3
4
5
6

7

8 

9

10

11

12

13

14

TABLE 3.3 
Interindustry Division

ECE
No. ECE Industry Group

1 Agriculture, hunting, forestry and 
f ishing.

2 Coal mining.
3 Crude petroleum and natural gas.

4 Metal ore mining.
5 Other mining.
6  Manufacture of food, beverages and

tobacco.
7 Textile, wearing apparel and leather 

industries.
8 Manufacture of wood and wood products.

9 Manufacture of paper and paper
products, printing and publishing.

10 Manufacture of chemicals and chemical, 
petroleum, coal, rubber and plastic 
products, except petroleum refineries.

11 Petroleum refineries.
12 Manufacture of non-metallic mineral 

products, except products of petroleum 
and coal.

13 Basic metal industries.
14 Manufacture of fabricated metal

products, machinery and equipment.
(Continued)
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Thesis 
Sector No.

ECE 
N o .

TABLE 3.3 
(Continued)

ECE Industry Group

15 15 Other manufacturing industries.
16 16 Electricity, gas and steam.
17 17 Water works and supply.
18 18 Construction.
19 19 Distribution.
2 0 2 0 Restaurants.
2 1 2 1 Transport and storage.
2 2 2 2 Communication.
— 23 Other branches of material sphere.
23 24 Financing, insurance, real estate and 

business services.
24 25 Community, social and personal services 

Industries.

25 26 Community, social and personal services 
Government.

26 27 Community, social and personal services 
Other producers

— 28 Other services, non-material sphere.

VI 33 Consumption of fixed capital

V2 34 Indirect taxes, net, other than 
commodity taxes.

(Continued)
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TABLE 3.3 
(Continued)

Thesis 
Sector No.

ECE 
N o .

ECE Industry Group

V3 35 Compensation of employees, including 
social security.

V4 36 Other incomes.
V5 43 Imports C.I.F.

Final Demand Division
33 Total final consumption

fl 34 Private final consumption
f 2 35 Government final consumption

36 Increase in stocks - general agreement
f 3 37 Increase in stocks - other

38 Gross fixed capital formation - general 
agreement

f 4 39 Gross fixed capital formation - other

f 5 40 Exports
41 Unallocated items

f 6 42 Total final uses

43 Final uses
44 Total uses at approximate basic values
45 Total commodity taxes, net
46 Total uses at market values
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The Leontief Input-Output Model
The importance of the input-output table is that an 

economic model of great application in development planning 
can be derived from it.

[In] the interindustry or input-output model the 
activities of the major industrial sectors of the 
economy are interrelated with one another by means 
of a set of simultaneous algebraic equations 
expressing the specific production processes or 
technologies of each industry. All industries are 
viewed both as producers of outputs and users of 
inputs from other industries. Thus, direct and 
indirect repercussions of planned changes in the 
demand for the products of any one industry on 
output, employment and imports of all other 
industries can be traced throughout the entire 
economy. . . . Given the planned output targets
for each sector of the economy, the interindustry 
model . . . attempts to formulate an internally
consistent comprehensive development plan for the 
entire economy (Todaro, 1981).

To understand the limitations of input-output analysis, 
it is important to know the assumptions on which it is 
based: (1 ) a single process production function exists in
every industry, (2 ) the existence of constant returns to 
scale in the industry, and (3) no possible substitution 
among inputs.

The first assumption makes input-output models static, 
insensitive to technological changes and new processes; for 
that reason, when using input-output analysis as a forecast-
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ing tool, the analyst should be aware of it and make it 
explicit. Constant returns to scale are not a necessary 
assumption, but are derived from the usual assumption of the 
existence of a linear relationship between inputs and out
puts (e.g., output = constant x input). The assumption that 
specific inputs in any industry cannot be substituted is 

closely related to the first assumption and to Leontief's 
idea that the ratio of inputs to outputs in any industry is 
constant in physical values.

Another limitation of input-output analysis is the long 
time lag between observations and data availability. By the 
time that input-output tables are made available, it is con
ceivable that several of those production functions are 
obsolete. As a policy tool, one of the aims may be to 
design improved technologies to achieve product maximizing/ 
cost minimizing production means. This application is dis
allowed by definition if standard input-output tables are 
used.

The Mathematical Model
From the input-output example presented in Table 3.1, 

we can write
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l ( x i i )  + 1 ( x % 2  ) + 2 (X]_3 ) + 4 ( f = 8 ( x^ )
2(x ) + 1 ( X 2 2 ) + 0(x2g) + 4 ( f 2 ̂ = 7 ( x 2 )

l(x31) + 2(x 3 2) + 2 (X 3 3 ) + 7(f 3 ) = 1 2 (x 3 )

This represents the equality between gross output and 
the sum of intermediate industry outputs plus final domestic 
demand, including exports. In generic form, it can be 
written,

X 1 X 1 1  + x 1 2  + + x ln + fl '

+ x 2 n + f 2  '

xn = xnl + x n 2 + • ' ' * + x nn + fn •

In matrix notation,

= wD i + fD (3.1)

where x is the matrix of gross output; its elements, x ^ , 
represent sectorial gross output; wD is the matrix of 

intermediate domestic transactions, x^j represents its
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general element (x ) and its location at the intersection of 
the ith row and the jth column; x^j is the mathematical 
representation of the domestic input or absorption of the 
jth industry from the ith industry, e.g., 1 in the example 
matrix corresponds to the output of agriculture that is 
consumed by manufacturing whose representation is x^^. The 
vector i is the unity column vector (nxl). When multiplied 
by matrix wD it gives the matrix sum of the x^j. Matrix fD 
is the matrix of final domestic demands including exports, 
whose elements are called f *?, (e.g., f ° = 4, which is the 
final demand for the second industrial sector, manufactur

ing ) .
In Table 3.1, the import sector is shown as a matrix, 

which is the representation followed when there is enough 
data on which to elaborate an intermediate import matrix 
similar to wD , the domestic interindustry transactions.
From the import rows in Table 3.1, the following identities 
can be written:

1. ( mi i ) + 0 (m^ 2 ) ^(mjg) + l(f^) = 4 ( m ̂ ) ,
Ifm^i) + 0 (m22 ) + Ofm^g) + K f ^ )  = 2(m2)f
(Mmgi) + 0 (m32 ) + 0(m33) + 0(fg) = 0(m3),

and in generic form,
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*21 + *22  + " " " " + *2n + ^2 =  *2  '

*nl + *n2 + " ' ' " + *nn + fn = *2 '

which in matrix notation is

m = wm i + fm . (3.2)

This equation has a similar interpretation to that of the 
previous equation representing domestic transactions.
Matrix m(nxl) is the matrix of total imports needed per each 
interindustry division of the input-output tables. Matrix 
wm (nxn) includes the intermediate imports. Matrix f*(nxl) 
is the vector of total final demands for imports.

Adding Equation (3.1) and (3.2),

x + m = w^i + wm i + fm + f^ = (wD + wm ) i + fm + f ^ ,

or x = wi + f. (3.3)
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Equation (3.3) can be written in numerical form, using the 
example of Table 3.1, as

D2(w 1 1 ) + l(w10) + 4 ( w n )  + [4(fY) + K f ^ )  -11 12 13
D • M3(W2i) + 1 ( W 9 t ) + O(wqi) + [4 ( f ̂  ) + 1 ( f 0 ) -21 31
D. M

1 (W 3 1 ) + 2 (w 9 9 ) + 2 (W 9  9 ) + [ 7(f 0) + 0 (fo) —32 33

4(m1 )] 

2 (m2 )]
0 (m3 )]

= 8 (x1 )

7 ( x 2 ) 
= 1 2 ( x 3 )

The new matrix w contains the total value of intermediate 
transactions, the result of adding domestic and imported 
intermediate industry inputs (w = wD + wm ). Matrix f is the 
result of adding domestic and imported final demands and 
subtracting the value of imported goods of each industry 
(f = fm + fD - m ) . Equation (3.3) is the mathematical 
expression of the balance between supply (x) and demand (wi 
+ f) for the nation's productive system.

In the Leontief system, each interindustry transaction, 

w^j, is a function of the respective industry gross output, 
x j , alone. In mathematical terms,

With this assumption, the output values, xj , are totally 
determined given the values of final demands, f , that are
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the system's exogenous variables.
The usual form that f^j takes is

Equation (3.4) expresses mathematically the existence of a 

linear relationship between intermediate inputs (w^j) and 
outputs (Xj). The economic interpretation of Equation 3.4 
is that all production functions in the economy exhibit 
constant return to scale. The a^j are called technical
input-output coefficients. They are assumed to be constant 
and express a physical relationship between inputs and 
outputs.

The values of the technical coefficients for Table 3.1
are

2 / 8  = .25(a1 1 ) 1/7 = .143(a12) 4/12 = .333(a13)

3 / 8  = . 3 7 5 ( 3 2 1 )  1 / 7  = . 1 4 3 ( a 2 2> 0/12 = 0(a23)
1/8 = . 125(a 31) 2/7 = .286(a32) 2/12 = .166(a33).

In matrix notation we can write.

wi = Ax, ( 3 . 5 )
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and substituting (3.5) in Equation (3.3), we obtain

x = Ax + f , (3.6)

which, solving for x, gives the solution of the input-output 
model :

x = [I-A] " 1 f (3.7)

I is the identity matrix; matrix A is called the matrix of 
technical coefficients, which gives direct input require

ments per unit of output within each industrial sector. 
Matrix [I-A] is called the Leontief matrix, and [I-A]-* is 
the Leontief inverse, called R.

By inserting any given or planned final demand (f) into 
the right-hand side of each equation of system (3.7), we 
obtain the corresponding level of required output (x) of any 
commodity necessary to meet this level of demand. Similar
ly, Equation (3.7) can be used to measure the probable 
effects of any change in final demands on the total output 
of all sectors of the economy.
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The elements of matrix R for Table 3.1 are

(1) (2 ) (3)

( 1) 1 .70199(rn ) 0 .51078(r12) 0  .67957(r13)
(2) 0.74474(r 21) l.39O37<r22) O.29738(r23)

(3) 0.51049(r31) 0.55335(r32) 1.40287(r33)

The values of matrix A and matrix R for Spain for year 1975 
are given in Appendix B.

Economic Significance of the Leontief Inverse
The elements of matrix R capture the direct and 

indirect effects of any change in the exogenous variable 
f. Writing in full Equation (3.7) for the ith sector,

x i = r il fl + r i 2 f 2  +

and taking derivatives with respect to fj, we obtain

(3.8)

The element r^j gives the total change in sector i due to a 

unit change in final demand for sector j (e.g., r 2 3  = 
.29736, which means that a unit increase in final demand of
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transportation (sector 3) requires 0.29736 units of in
creased production of manufacturing (sector 2 ).

Backward Linkages
"The aim in backward linkage analysis is to measure the

potential stimulus" to supplier industries "from investment
in any sector, j" (Bulmer-Thomas, 1983).

Direct backward linkages are measured by the column
sums of the A matrix - E a . b y  definition, direct backward

i 1J
linkages give the increase in intermediary inputs due to a
unit increase in output in the j sector. For example,
direct backward linkages for the agricultural sector in
Table 3.1 are I a = .75; to increase agricultural output 

i
by one unit, 0.75 units of intermediate products are needed.

Direct and indirect effects are measured by the
elements of the Leontief inverse; total backward linkages
are given by the sum of its columns (£ r ..). In our

i 1 3
example, the value for the agriculture sector is
I r ., = 2.96. A normalization is generally used to allow 
i
comparisons between sectors. Following Ramussen (1957) we 

will use a normalized index of backward linkages, y j r 
defined by
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l/n 2 Z Z r ..
i j 1 3

(3.9)

is the ith, jth element of the Leontief inverse, and n 
is the number of sectors.

The numerator denotes the average stimulus 
imparted to other sectors by a unit worth of 
demand for sector j’s output, and the denominator 
denotes the average stimulus for the whole economy 
when all demands increase by unity (Bulmer-Thomas, 
1983).

A sector with an index larger than one has larger 
potential effects than the average (one), and inversely, a 
sector with an index below one will have less influence than 
the average.

To consider the dispersion of the stimuli, the coeffi
cient of variation can be used, defined by

, , 1/2
l/(n-1) X (r.. - l/n X r..)zi J i 1 Ji J iV . 

J
(3.10)

1/n Z r .. 
i 1J

A sector with a low Vj means that the investment in this 
industrial sector would stimulate other industries in an
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even manner, while a high Vj means that the stimuli would be 
unevenly distributed.

For the agriculture sector in Table 3.1, the normalized 

value of its backward linkage is

_ 1/3 x 2.97 _ .99 _
Y 1 " 1/9 x 7.79 " .865 " 1 , 1 4  '

Its coefficient of variation is

", ■ ^ n 5 ’172 ■ •« = .

which means that the effect of changes in the agriculture 

sector in the economy is higher (Y i = 1.14) than the average 
(1 ) with an even dispersion of its effects (V^ = .63) 

throughout the economy.
The computed values of backward linkages for Spain are 

presented in Appendix C, Table C.l.

Forward Linkages

The basic idea of forward linkages is to trace the 
output increases which occur or might occur in 
using industries when there is a change in the 
sector supplying inputs (Bulmer-Thomas, 1983).
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A sector will have a high forward linkage index when 
its output could be used by many other sectors as inputs.

By expanding capacity in such a sector, 'induce
ments' are provided to using industries which now 
have an incentive to expand output to take advant
age of the increased availability of inputs 
(Bulmer-Thomas, 1982).

Considering an n-sector input-output table, the balance 
equations that can be found by summing down the columns, are

xT = i'w + v' , (3.11)

where a prime (') denotes a row vector,

XT is the gross input vector.
i' is the unity vector,
w is the matrix of intermediate transactions
i ' w is the vector sum of columns of w, and
v' is the vector of value added in each industry.

Using the input-output example of Table 3.1, Equation 
3.11 can be expressed numerically as
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2(w11) + 3(w22) + 1(W32) + 2 ( ) = 8(Xj)
1 ( w-j, 2  ) + 1 ( w 2 2  ̂ + 2 (w3 2 ) + 3( v 2 ) = 7( x 2 )
4( 3 )  + 0(w 23) + 2(W33) + 6(V3) = l2(X3 >

Assuming that the relationship between output of sector
i and its uses by other sectors is fixed, we get the output 
coefficient matrix B,

B = x - 1  w . (3.12)

The matrix x is the diagonalized matrix of the vector
a

of gross output, x; x is the inverse of matrix x . The 
output coefficient matrix is the result of dividing each row 
of the intermediate transactions (that represents the output 
of each sector) by the total output of the sector we are 
considering. The B matrix is similar to the A matrix 
defined before; while A was found from the input to output 
ratio for each sector, B is the ratio of partial output to 
total output in the sector considered. While A looks back
ward, B looks forward.

For the 3-sector economy of our example, the elements 
of B are
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2 / 8  = .25(b11) 1/8 = .125(b12) 4/8 = .5(b13 )
3/7 = .4 3(b21) 1/7 = . 14(b 22) 0/7 = 0(b23)

1/12 = .08(b 3 1 ) 2/12 = . 17(b32) 2/12 = .17(b33).

Substituting Equation (3.12) into Equation (3.11) we 
obtain

xT = i 1xB + v 1 = x^B + v 1 (3.13)

and solving for xT ,

xT = v ' [I-B]~l = v'B*. (3.14)

Matrix B* has an interpretation similar to the Leontief 
inverse matrix. B* gives the total change in output due to 
a unit change in value added.

Equation (3.14) can be written as

[ 8  7 12] = [ 2 3 6 ]
1 .70 .45 1 .03
.85 1.39 .51
.34 .33 1.41

The value of forward linkages for the agriculture sector is 
given by the sum of the first row of the B* matrix.
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I b*,. = 3.18; this means that a unit increase in agricul-
jtural final demand allows the economy to increase by 3.18. 
units of output.

Writing Equation (3.14) in full,

X 1 = bll V 1 + b 2 1  v 2  + ' • ' • + bnl vn '

x 2  = b 1 2  V 1 + b 2 2  V 2  + • ’ * * + bn 2  vn '

xn = b ln V 1 + b 2 n V 2  + ' * * * + b nn vn •

The increase in output for the whole system due to a change 
of a unit in value added in the ith sector is given by 
Z b* . —  the row sum of the B* matrix— that is a measure of
j 13forward linkages for sector i. Following the same criteria 

exposed in the presentation of backward linkages, their 
normalized values are

1/n Z btj
Z* = --- 5-- 3------  , (3.15)

1/n Z Z b f . 
i j

and the coefficient of variation,
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Vf =
1/(n - 1 ) Z ( b . . - 1/n Z bf . )
__________j 13________ j 13

1/n Z b f .
j 1J

1/2

(3.16)

The results for Spain of the forward linkages analysis are 
given in Appendix C , Table C.2.

Interpretation of Linkages

The original intention of linkage analysis was to 
rank sectors in terras of their potential stimuli 
to growth via the inducement mechanism and to 
select key sectors for promotion corresponding to 
those with the highest linkages (Bulmer-Thomas, 
1983) .

Backward and forward linkages based on the technolog

ical coefficients (a^j) are called "ex ante." If based on 
domestic coefficients (a?j), they are called "ex post."

There are some objections to linkage analysis. First, 
"there is no guarantee that the potential stimulus measured 
by the linkages will be translated into actual growth." 
Second, "industrialization per se is not an objective, but a 
means for the rise in real income which is supposed to 
accompany it." Investment, thus, should be evaluated in 
terms of direct and indirect income, and not in output,
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impact. Measures in terms of income changes are done 
through income multipliers. Third, "sectors with high back
ward linkages usually have a high dependence on intermediate 
goods, which are typically capital intensive." (Care should 
be exercised in studying sectors with high backward linkages 
and in choosing them according to the country's primary 
inputs availability.) Fourth, "linkage analysis has no con
sideration for efficiency or comparative cost in the selec
tion of "key" sectors." (Bulmer-Thomas, 1983)

The importance of linkage analysis is that it can be 
used to measure the externalities in the process affecting 
the investment in any sector— the stimulus provided to other 
sectors. These externalities are ignored by market and 
accounting price-cost benefit analysis. If those effects 
are not taken into account, it is possible that investment 
decisions could lead to a misallocation of resources.

Output Multipliers
We can write the solution of the input-output model 

using domestic values, as

(3.17)
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where x is the vector of gross output, = Rp is the
Leontief inverse of domestic transactions, and fD is the 

vector of final domestic demand.
Written out in full. Equation (3.17) gives

X1 = rll fl + r12 f2 + • • • • +  r°n f° ,

X2 = r21 fl + r22 f2 + ■ • • • • +  r°n ,

X2 = rnl f? + rn2 f2 + ' * * * + rnn fn '

The sum of the columns of matrix RD , Z ̂ r9j, measures the
total effect on gross output from unitary changes in final
demand for the jth sector's product, cet. par.; therefore,

the term I . r ? . is known as output multiplier, i i j
For example, Equation (3.17) for the 3-sector economy 

of Table 3.1, will be

8 1 .26 .30 .25 4
7 = .37 1.25 .07 4

1 2 .32 .47 1.26 7
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from which we can derive I r., = 1.95, which means that an
i

increase of one unit on final demand of domestically pro

duced agricultural commodities will produce an increase in 
output of 1.95 units. The value of 1.95 is known as the 
output multiplier of the agriculture sector.

The computed output multipliers for Spain in year 1975 
are given in Appendix C, Table C.3.

The Import Intensity of Import Substituting 
Industrialization (ISI)

When domestic production is substituted for 
imports of any commodity, there is a gross saving 
of foreign exchange equivalent to the dollar cost 
of the import; the net saving, however, will be 
less than the gross saving if created domestic 
production requires foreign exchange directly (as 
imported inputs) or indirectly (as imports into 
domestic inputs). In the case of import substi
tuting industrialization, there tends to be a 
complementary relationship between imports and 
domestic production. The demand for non-consumer 
goods imports is primarily a function of the level 
of industrial output (Bulmer-Thomas, 1983).

The equilibrium equation for imports can be written :

m  = Am x + fm , (3.18)
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where m is the vector of imports, x the vector of activity 
levels, fm the vector of final demand imports, and Am the 
matrix of import coefficients.

Substituting x by the equation solution of the input- 
output model, (Equation (3.6)) expressed in domestic values, 
(x = [I-AD]fD ), we obtain

m = Am [I-AdI" 1 fD + fm = MfD + fm . (3.19)

Equation (3.19) states that if one unit of imports in the
jth sector is replaced (Af^ = - 1 ) by local production (for
final demand) (A f9 = 1), total requirements of imports from
all sources are given by Z M . ., so that the net savings of

i
foreign exchange from import substitution industrialization
becomes (1 - I M . .) in terms of domestic currency, 

i 13
The term Z M . . denotes total import requirements in 

i 1 3
response to a unitary change in final demand for the jth
sector; Z M . . can be broken down into direct and indirect 

i 1 3
effects. The direct effects are measured in Z A . hence,£ mi j
matrix [M - Am ] measures the indirect import requirements.

We can numerically express Equation (3.19) using the 

example given in Table 3.1 as
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4 . 2 1 1 .117 .24 3 4 4
2 = .158 .037 .032 4 + 2
0 0 0 0 7 0

If we replace a unit of imported agricultural products
(Af^ = -1) by local production (Af? = 1), total import

requirements are given by J M , . = .211 + .158 + 0 = .369, so
1 1 3

that net savings resulting from this change are 1 - .369 = 

.631 units. The elements of matrix Am are

.125(3^) O f a ^ )  .167(a™3 ) ,

.125(3^) 0(a^2 ) 0(a™3 ) ,

0 (a 31) 0 (a™ 3 ) 0 (a^3 ),

-f

which give the direct import requirements per unit of out
put. Direct import requirements for Sector 1 (agriculture)
are .125 + .125 + 0 = .25. Indirect import requirements
thus are .369 - .25 = .119.

The results of the import substitution analysis for
Spain in 1975 are given in Appendix C.3. Direct and indir
ect import requirements constitute Table C.4. Total import 
requirements and net savings are shown in Table C.5.
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Employment
The study of employment and employment creation is 

another of the main uses of input-output techniques. In the 
particular case of Spain, studies like this one are of prin

cipal importance because of the high unemployment level in 
the country ; input-output analysis offers a very good tool 
for quantifying the effect of different sectors in 
employment creation.

Employment Creation. A certain output change will, in 
general, bring about a corresponding change in the level of 
industrial employment. Assuming, as the simple input-output 
analysis does, a linear relationship between output and 

employment, we can write

nj = Aj/xj j = 1 ,2 , • • • •, n,

where

1 j is the employment in the jth sector, measured in 
persons employed or number of jobs, and

nj is the labor requirement per unit of gross output

( Xj ) .
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Using matrix notation,

£ = n x ,

where

(3.20)

£ is the employment requirements vector, and 
n is the diagonalized matrix of n^ elements.

For example, if the agriculture sector in Table 3.1 employs 
16 persons, the manufacturing industries employ 7 persons, 
and transportation needs 6 persons, the values of employment 
per unit of output in each sector are

n^ = 16/8 = 2, n 2  = 7/7 = 1, n 3 = 6/12 = .5,

and the n matrix is

2 0 0
n = 0 1 0 .

0 0 .5

Substituting x in Equation (3.20), the solution to the 

input-output model (Equation (3.7)), we obtain



T-3045 66

The value k —  is the i, jth element of k , which

measures the employment created directly and 
indirectly in the ith sector when final demand of 
sector j changes by one unit ; E . k . . measures the 
total employment created throughout:the economy 
when final demand for the jth sector increases by 
one unit (Bulmer-Thomas, 19 8 3).

Indirect employment effects (£') are given by equation

1 ' = [k-n]f = k 'f .

For example, the value of the matrix of employment genera

tion (k) for the hypothetical input-output table of Table 
3.1. is

3.40397 
0.74474 
0.25524

1.02157 
1 . 39037 
0.27667

1.35914 
0 .29736 
0.70143

The value kj 2  i-s 1*0 2 which indicates that a unit increase
in final demand of manufactured products (sector 2 ) will
need a unit (1 .0 2 ) increase in employment in agriculture
(sector 1); I k 9 - = 2.689 shows that when final demand for 

2



manufactured products increases one unit, the employment 
generated in our 3-sector economy will be 2,689 jobs.

Criticisms to ranking sectors by their £. k . . values on
employment creation effectiveness are: (1) There is no
information about direct and indirect effects. (2) It 

ignores the degree of evenly spread employment effects

equal probability of changes in final demand in any sector 
(Bulmer-Thomas, 1982).

Employment Linkages. Some of the criticisms can be 
overcome using linkage indexes, similar to the ones used 
before :

Employment backward linkages index,

i ij

across other sectors. (3) Ranking by E . k values assumes

n
j = 1 , 2

(3.20)
n .

Employment forward linkages index,
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The degrees of dispersion are, respectively,

V . =
J

( ^ )  M kij - 1 i .kij)
2 n1/2

n Zi k ij
j = If 2 , n .

(3.22)

V! =
i ^ )  Z. (k. . - I  Ij kij)

2 - i 1/2

i = if 2 ,
n Ej k ij

• f n
(3.23

A "key" employment sector is one with a high 
Y and Z\ , and a low V a n d  VÎ . Such a sector 
will create above average employment in other 
sectors when final demand increases by unity 
( Y*. > 1), while employment within the sector will 
respond more than proportionally when final demand 
for all sectors increases by unity (ZÎ > 1). At 
the same time, employment effects will be spread 
widely with a low V. and V t . . . . Some studies 
(Masari, 1 9 7 0; Diamind, I s i s )  show that there is a 
clear tradeoff between employment and growth. 
Sectors with low employment generation tend to be 
sectors with high linkages, while a policy of 
import-substitution industrialization seems to 
confine employment to a slow rate of growth 
(Bulmer-Thomas, 1 9 8 3 ) .

Other Employment Measures. In this section we will 
differentiate employment by sector of origin and by sector 
of destination. It has to be pointed out that measured
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sectorial employment should not consist only of employment 
created by the sector J.n itself, but also of employment 
created in it by other sectors.

Writing Equation (3.21):

h  = kll fl + k12 f2 + * * * ' + k ln fn '

*2 k 21 fl + k22 f2 + * ‘ " + k2n fn '

'n = knl fl + kn2 f2 + ' 1 ‘ ' + knn fn "

Changes in measured employment in the ith sector are 
given by

AJl. = k. Af + k. Af + • • • •  + k. Af , (3.24)i il 1 i 2  2 in n

while if final demand increases by Af^, total employment 
created by the i*-̂  sector is
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Ai - + ( k„ . + k . + • • • •  + k . )■ Af. 
2 li 3i ni i

+ • • • • +  k . A f )  m  n (3.25)

Ai can be interpreted as a measure of employment by sector 
of destination and Ai* by sector of origin.

For example, the values of i and i* for the input- 
output table presented in Table 3.1 are

but only 4.4 jobs are needed to satisfy the existing demand 
for agricultural products. The other 11.6 (16-4.4) jobs are 
created indirectly from the demand of manufacture or 
transportation. The transportation sector only employs 6  

persons, but 16.5 of the jobs in our example depend on this 

sector.

16 (i1 ) 

7 (ig) 
6  (i^)

3 , 4 x 1  + 1 x 3 + 1 . 4 x 7
7 x 1  + 1 . 4 x 3  +

3 x 1  + 3 x 3  + 7 x 7
3 x 7

i* = 8.1 i* = 16.5

There are 16 (i^) persons working in the agriculture sector
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The results obtained for Spain in 1975 in the employ

ment analysis year are given in Appendix C; Table C . 6  

presents the matrix of employment generation, k. Table C.7 
presents the matrix of indirect employment generation, k '. 
Backward and forward employment linkages are presented in 
Table C . 8  and C.9, respectively. Finally, Table C.10 pre
sents the results of employment measurements by sector of 
origin and by sector of destination.

Extension of the Input-Output Model
The input-output model can be further used to study the 

effects on the primary inputs required in response to 
changes on final demand using the matrix of factor payments 
per unit of gross output, matrix V. Each row of V corres
ponds to one factor of production; its components, V|cn, 
represent the payments of each industry to the primary input 
k per unit of gross output. The V matrix is similar to the 
A matrix, A with respect to interindustry relations and V 
with respect to the primary sectors.

The vector of factor receipts, v, can be written

v = V x , (3.26)

and using the equation solution of the input-output model
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v = V [I-A]~ 1 f = Cf. (3.27)

The C matrix has a similar interpretation to the Leontief 

inverse, R; the elements of C , give the direct and
indirect increases in the payments to the ith factor, when 
final demand for the jth sector increases by unity.

The elements of matrix V in our numerical example, are

2/8 = .25(V1 ) 3/7 = .4 29(V 2 ) 6/12 = .5(V3 ),

where v is the value that results from adding the rows of 
the value added matrix, v = 11. The elements of Matrix C in 
our example all have a value of one because of the equality 
between final demand and value added. This will be demon
strated shortly.

The use of the matrix of factor payments gives the 

input-output model the potential to be used in welfare 
economic applications; the results of the model can be used 

to provide solutions to employment and factor of payment 
problems. The national accounting identity that final 
expenditures and primary inputs are the same can be obtained 
from the input-output tables, adding the columns of the 
intermediate domestic input matrix, wD , the import row and
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the factor payment matrix, v. Using the jth sector we can 

write

Xlj + X2j + * * 1 * + Xnj + m lj

+ V,. + • • • •  + v, . = x . .  (3.28)lj k] j

In matrix notation, including imports in the v matrix and 
naming the new matrix v* , we can write for the n sectors

i 1wD + i 'v* = i'x = x. (3.29)

where i1 is the unitary vector. The product of i1 times wD 

and v* gives the sum of the columns of wD and v * .
Multiplying by the inverse of the diagonalized matrix

A -iof gross output, x :

i' w 0 * - 1 + i' V*x " 1 = i' XX _1

or i 1 AD + i 1 V* = i1 I (3.30)

i'V* = i' [I-Ad ] . (3.31)
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Multiplying by x , and substituting its value by the solution 

of the input-output model in domestic values,

i»V*x = i 1 [ I-An ] x = i ' [ I-AD ] [ I-An ] fDMD
= i ' I fD = i 1 fD .

D -
(3.32)

This is the identity between final expenditures (i 1fD ) and 
primary inputs (i 'V * x ). Due to this identity, a unit change 
in final demand must lead to a similar change in primary 
inputs. This identity is proved using the values of our 
hypothetical input-output table. Equation 3.32 can be 
written as

[i,i] .25
. 25

or :

0
.43

.17

.5
8 4
7 = [1,1,1] 4

J 12 7

15 = 15.

In other words, Equation 3.32 applied to Table 3.1 means 
that the total value of final domestic demand (15) is equal 
to the total value added plus imports (11 + 4). Table Cl1 
in Appendix C shows the output multipliers for the 26 by 26 
interindustry division of Spain.
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Factor Income Multipliers

The term r —  of the R matrix gives the total stimulus 

to the i ^  sector when the jt 1̂ final demand changes by 
unity ; if we break down that stimulus into its primary and 
intermediate components and keep dividing it, we will 
finally get the cumulative primary inputs needed for the 
unit change in final demand in sector j .

To determine the primary input requirements needed per 
unit change in final demand, we can use matrix V * , which
includes imports and represents the primary requirements per
unit of output. The V* matrix is similar to the A matrix, A 
with respect to interindustry relations, and V* with respect 
to the primary sectors.

The equation that describes V* is

V* = (v+m) x (A = wx ”■*■). (3.33)

where v is the matrix of primary inputs, m is the row matrix 
of imports, and x is the inverse of the diagonalized 

matrix of gross output.
Multiplying V* by Equation 3.33 we obtain

V*x = V* tI-AD]_1 fD = GfD . (3.34)
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The matrix G gives the primary input requirements per unit 
of final domestic demand ; its elements, j , measure the 

direct and indirect requirements of the ith primary input 
when the jth final domestic demand changes by one unit. The 

elements, g^j, are called factor income multipliers.
Using Equation (3.2),

i’V*x = i 1fD ,

and multiplying Equation 3.34 by i1, we obtain

i 'V*x = i 'GfD

or i 1G = i 1 . (3.35)

In other words, the sum of the elements of the columns of G , 
income multipliers for each sector, is one. The G matrix is 

useful to choose industrial sectors for promotion when 
specific effects in the primary input sector are desired. 
Furthermore, the primary input composition of final expendi
tures can be easily calculated. It can be used to compare 
the impact on primary inputs of a given expansion in differ
ent sectors of final demand. This impact is unlikely to be
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the same for each sector of final demand because of its 
different composition of aggregate expenditure.

The equation that gives the impact on primary inputs 
due to unit changes in final sectorial demand is

V*x = v M i-Aq ]-1 fk , (3.36)

where fk is the normalized vector of final domestic demand 
for the k sector. The results of this exercise for Spain 
are given in Table C.12.

In numerical form, using the values of Table 3.1, the 
elements of matrix G are

Imports row - .37(gi;L) .15(g12) .27(g1 3)

Value added - .63(g2^) .05(g 22) .7 3(g23)

Total 1.00 1.00 1.00

these are the result of multiplying V* by RD ,

1.30 .30 .25
.37 1.26 .07
.32 .48 1.27

In our example, the values of the elements of fD and fk are

.25 0 .17

.25 .43 .5

4 v- 4/15 = .27
= 4 fk = 4/15 = .27

7 7/15 .46
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Summary
This chapter explained in detail some of the basic 

applications of the input-output models, e.g., interindustry 
linkages, employment, generation, and import substitution.
It also provided an easy-to-follow numerical example that 
illustrated the theory.

The next chapter analyzes the results for Spain’s coal 
industry following the above presented methodology.
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CHAPTER 4 
ANALYSIS OF THE COAL SECTOR

In this chapter, the results obtained for the coal 
sector using the methodology presented in Chapter 3 are 
analyzed. It must be noted that the data is from 1975, the 
last year available input-output table for Spain, when less 
than 6% of the Spanish coal production (data in tons of coal 
equivalent) came from open-pit mines. Therefore, the 
results of the input-output analysis can be applied primar
ily to underground production in Spain.

The Elements of the Matrix of 
Technical Coefficients

The elements of the second column of the matrix of 
technical coefficients (Table B.l), represent the inputs 
needed from each supplier industry to produce a unit of coal 
output. The five major suppliers are listed in Table 4.1 in 
decreasing order.

Electricity represents the major direct input in coal 
production with 4% of the total inputs. Machinery and 
metallic manufacturers represent the second major direct 
input with 3.31% of the total. Finance and insurance have 
the third position with 1.6%, followed by chemical
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Table 4.1
Technical Coefficients of Coal (Column)

Sector 

Electricity 
Manufacture of metal 
products
Financing, Insurance 
Manufacture of chemicals 
Coal mining

Sector No. Value
16
14

23
10
2

.040406

.015504

.032880

.014949

.012451

Rank
1
2

manufacturers and coal mining itself, which consumes 1.2% of 
coal as input needed to produce each unit of coal.

The second row of the matrix of technical coefficients 
represents the distribution of the coal production among the 

consumer industries ; it also gives the direct demand of coal 
of any consumer industry if their production increases by 
one unit. In regards to coal production, its main consumers 
are shown in Table 4.2.

The electricity sector is the industry in which coal 
represents the highest relative input; in 1975 coal inputs 
for electricity generation were almost 7% of the total 
inputs. Second in importance is the manufacture of chemi
cals, with 3.8% of input. Coal mines, as mentioned before,



T-3045 81

Table 4.2
Technical Coefficients of Coal (Row)

Sector Sector No. Value Rank
Electricity 16
Chemicals 10
Coal mining 2
Manufacture of non- 12

metallic mineral products 
Metal ore mining 4

.069610

.037745

.012451

.006385

.005385

need 1.3% coal as input; they are ranked third. The values 
of the technical coefficients for other industries that use 
coal are less than 1%, which can be interpreted as showing 
the small influence of coal price fluctuations on the price 
of these industries' products.

The Elements of the Leontief Inverse
The elements of the second column of the Leontief 

matrix (Table B. 2) represent the output increase in the 
sector defined by its row number due to a unit change in 

final demand, net of imports, for coal.
The sectors most influenced by output changes in the 

coal sector are presented in Table 4.3 in decreasing order
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(values are taken from the second column of the Leontief 
inverse matrix).

Table 4.3
Leontief Inverse Values for Coal (Column)

Sector
Coal
Electricity
Metal products, machinery 
Basic metal industries 
Manufacture of chemicals

Sector No. 
2 

16 
14 

13 
10

Value of the 
Leontief Inverse

1.01743
0 .04784
0 .04763
0.03242
0.03213

From these results we can conclude that a one unit 
change in final demand of coal (one unit represents one 
million pesetas) affects the electricity sector the most, 
with a required change on electricity output of 47,840 pts 
(pesetas) to satisfy the variation in coal’s output.
Besides the unit change, the coal sector has to increase its 

output in 17,4 30 pts to satisfy the new interindustry needs.
The second row of the Leontief matrix represents the 

sectors that most influence the coal industry. The elements 
that constitute the second row give the output changes in 
the coal sector required to satisfy unit changes in final
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demand for the sector that heads each column. In regard to 
coal production, the most influential sectors are given in 
Table 4.4.

Table 4.4
Leontief Inverse Values for Coal (Row)

Value of the
Sector Sector No. Leontief Inverse
Coal 2 1.01743
Electricity 16 0.07714
Manufacture of chemicals 10 0.06299
Basic metal industries 13 0.01848
Non-metallic manufacture 12 0.01462

The electricity sector is the one that most influences 
the coal sector ; a change of one unit in final demand for 

electricity needs an input of 77,140 pts-worth of coal. 
Similarly, the manufacture of chemicals will need 62,990 
pts-worth of coal as input to satisfy an increase of one 
unit in final demand.

The dependence of the coal industry on the sectors 
shown above can be traced through the sectors' high consump

tion of coal or products derived from it. It is also 
interesting to note the circular relationship among the *
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coal, electricity, and manufacture of chemical products 
sectors, which feed on each other.

Coal Mining and Electricity Generation
The relationship between coal mining and the electri

city sector deserves further analysis; for each unit 
increase in coal final demand, the electricity sector has to 
increase its output by 47,840 pesetas. Coal is the fourth 

highest consumer of electricity (when ranked by specific 
consumption). This explains the interest utilities have in 
the increase of domestic coal production. Besides the fact 
that increased coal production implies increased electricity 
demand, utilities, because of their natural monopoly, are 
not concerned by the lower quality and higher prices of 
Spanish coals in comparison with imported ones. Utilities' 
"fair" rate of return is assured by this monopolistic 
situation independently of the price paid for the coal.

The dependence of coal output in electricity demand can 
be studied using the value of the element of the Leontief 
inverse r^ ^  = .077140. This value means that each unit 
increase in final demand for electricity will produce, both 
directly and indirectly, an increase of 77,140 pesetas of 
coal output, making electricity demand the most influential 

variable to determine coal's output growth. Coal's
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dependence on electricity demand in 1985 was higher than in 
1975 (the year we are analyzing) because of the increased 

use of coal in electricity generation. This fact explains 
the importance of electricity demand on studying potential 
coal growth.

The measures taken by the government in the NEP 1983- 
1992 to increase efficiency in energy use will decrease 
electricity demand, which, in turn, will slow down demand 
for coal.

It is very important to establish a coordinating policy 
between the coal and electricity sectors. Today the govern
ment follows a policy in the coal sector aimed at increasing 
domestic supply by heavily subsidizing national coal produc
tion. The goal of increasing efficiency in energy use, 
together with very low economic growth, results in low 
growth rates in electricity consumption. The opposite 
trends of coal supply and coal demand for electricity 
produce sizeable stocks, which are also subsidized by the 
government.

In the particular case of coal production and electri
city demand, government intervention is aimed at two oppo
site goals ; policies of coordination between coal supply and 
demand, thus, are imperative. One of the possible solutions 
to the problem of stock formation is the creation of new
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markets for domestic coal, but that is a difficult task 
because of the low quality Spanish coal and the uncompeti
tive prices. Only coal consumers that are natural monop
olies, such as electric utilities, can afford to use more 
expensive inputs and still keep their profitability.
Besides, the idea of further government intervention and 
subsidization of coal prices seems excessive.

Actually, the government is involved in searching for 
new markets for domestic coal; it has to be noted that this 
is a direct consequence of the policies followed until now 
and that coal overproduction is forcing the government to 
find a solution to coal stocks, independent of economic 
considerations.

Output Backward Linkages
In the coal sector, backward linkages measure the 

potential stimulus of the coal industry to the rest of the 
economy when investment in coal mining is realized. Total 

"ex-ante" backward linkages (Table C.l) have a value of 1.3, 
that is, a change in final demand for coal of one unit will 
need 0.3 units, supplied from other industries, to satisfy 
the change in demand. Direct "ex-ante" backward linkages 
measure only the first round of effects in the economy; this 
value is 0.17 units for the coal sector, which means that



T-3045 87

more than half of the effects occur in the first round. The 
remaining 0.13 units of output change are needed to satisfy 

further changes in the economy until it reaches equilibrium 
between inputs and outputs.

If one compares the backward linkage values obtained 

for each of the industrial sectors, it is clear that there 
are many other sectors which have a greater influence than 
coal in the economic output as a whole. Coal ranks in a 
modest 20th position, but this is reasonable because coal 
mining is a basic industry. Fewer industries supply inputs 
to coal than there are industries depending on coal's 
production as input of their own production (the later 
concept is measured by forward linkages).

In general, direct and total linkages are highly corre

lated, except in the petroleum refineries sector (No.11) 
with very high direct linkages (ranked third) and a much 
smaller value for its total backward linkages (ranked 13th).

The distribution of the effect of a specific industry 
on the rest of the economy is measured by the coefficient of 
variation (v. Equation (3.10)). The smaller the values of 
the coefficient of variation, the smaller the dispersion in 
the industry's effects. In the case of the coal sector, its 
coefficient of variation with a value of .884597 , is compar

able to values found in the rest of the economy.
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Output Forward Linkages

Output forward linkages for the coal sector measure the 

potential output changes due to changes in final demand for 
coal. This potential stimulus to the economy could be 
translated into real economic growth if the increased avail
ability of coal were used by the coal-user industries.

The coal sector is ranked third in terms of forward 
linkages, with a normalized value of .7662. The forward 
linkage of the coal sector indicates that coal should 
increase its output by 5.052 units to satisfy the increased 
demand resulting from a unit change in the final demand of 
every sector. The dependence of the economy on the mining 
and energy sectors is evident ; those sectors are in the 
first four places when ranked by their forward linkages.
The dependence of the economy on the oil industry is shown 
by the extremely high value of its normalized forward 
linkage, 17.0657. The next sectors on which the economy 
most relies are the metal mines, coal mines and non metallic 
mine sectors.

Import Requirements and Import Substitution
Coal output in Spain has been growing since 19 73 with 

13 million tons produced in its lowest year. In 1983, coal 
output reached 40 million tons ; this increase in national
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coal production allowed Spain to eliminate the same amount 
of imported fuels, thus decreasing the country's traditional 
balance-of-trade deficit.

The input-output analysis on imports quantifies the 
needs of imported products derived from each interindustry 
sector. The production of one million pesetas worth of 
Spanish coal requires only 1,630 pesetas of direct imported 
products (Table C .4); this small proportion of import 
requirements to output production makes coal one of the best 
sectors for putting into practice import substitution poli
cies. Indirect import requirements are 25,199 pts, which 
places coal in the 20th position, only behind sectors such 
as oil production, distribution, communications, financing, 
and service industries. An interesting datum is the 18th 
position of government services, with 32,000 pts of indirect 
imports, as opposed to only 15,000 pesetas needed in private 

services.
The coal industry saves 973,170 pesetas for each 

million pesetas of coal produced in Spain that substitutes 
one million pesetas of imported coal (Table C.5). Based on 

net savings of foreign currency, revitalizing the coal 
sector would be a good course of action for a government 
favoring policies of import substitution, only surpassed by 
the oil production, distribution and private industry
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services sectors. The underground mines are unprofitable, 
supported by heavy government subsidies. Nonetheless, the 
government receives a benefit through substantial foreign 
exchange savings. In 1982 coal subsidies amounted to 26,233 
million pesetas and low interest credits were 10,000 million 
pesetas (NEP, 1983); underground production was 7.147 mil
lion tons of coal equivalent (Table 1.4), worth 54,412 
million pesetas on foreign exchange savings (7.147 Mtce x 
$69.3/Tce x 109.86 pts/$ = 54,412, $69.3/Tce is the European 
GIF value for imported coal in 1982, 109.86 is the daily 
averaged value of exchange rates peseta-dollar in 1982).
From the input-output analysis on import substitution we 
know that further import needs represent 2.7% of the value 
of the new domestic coal production, thus net foreign 
exchange savings attributable to the coal sector are only 
54,412 x .973 = 52.943 million pesetas, almost twice the 

amount of government subsidies to the coal sector.

Employment Generation
The elements of the second column of the matrix of 

employment generation (Table C.6) give the effects induced 
in each sector when final demand for coal changes one 

unit. Agriculture, with the creation of one person-year job 
for every 20 units of final coal demand increase, and
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manufacturing, which needs only an increase of 10 units in 
coal final demand to produce a person-year job, are the 
sectors with the highest linkages to the coal sector. In 
the same manner, coal mining would require an addition of 
almost two jobs per each million (unit) increase in its 
final demand.

The sum of the columns of the employment generation 
matrix give the total effect on employment caused by changes 
in final demand for the sector numbered at the head of the 
column (Table C .8), i.e., the employment backward link
ages. The sum of the rows gives the employment forward 

linkages that represent the employment increase in each 
sector when all final demands increase by one unit (Table 

C .9). The employment backward and forward linkage values 
for the coal sector are 2.1 and 2.06, with a 5th and 4th 
ranking, respectively. The associated coefficients of 
variation are 1.26367 and 1.28132, respectively, which are 

quite high; this means that employment effects due to the 
coal sector would not be very well distributed among the 
industrial sectors.

The sectors with highest values in employment genera
tion are agriculture (sector No. 1) and services (sector No. 
10). The agriculture sector generates almost 4 jobs per 
each mi 11ion-peseta change in its final demand, and needs
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5.2 jobs to supply needed inputs for a unit increase in 
final demand in the remaining sectors.

Measures of employment by origin (physical employment 
generation) are misleading. Industrial sectors, although 
they constitute a relatively small share of the employment 
in the economy, generate many dependent jobs in the rest of 
the economy. The different results obtained measuring 
employment by origin (physical employment), or by destina
tion (employment dependency), are presented in Table C.10.

The negative values in employment by destination found 

for the coal and oil production sectors are due to high 
Spanish import dependence on energy, and thus to the nega
tive values of the final demand, net of imports, for those 
sectors. The economic interpretation of the negative value 
for the coal industry (-.27%) is that .27% of the employment 
generation ability in the Spanish economy is lost due to 
coal imports.

It is interesting to note that the agriculture sector 
employs 22.4 2% of the work force, but actually only 7.12% of 
the jobs are directly created by agriculture itself. The 

sectors that create the most jobs are manufacturing (No. 4) 
and restaurants and hotels (No. 6). Manufacturing employs 
27.7 2% of the working population, but produces 35% of the 
jobs in the economy; restaurants and hotels employ only 10%
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of the working population, but produce 16% of the employment 
opportunities.

In 1975, coal production in Spain was approximately 
9.74 million tons of coal equivalent, with a value of 28,832 
million pesetas. That year the coal sector employed 52,200 

workers. From these data, we can obtain the value of direct 
employment requirements in the coal sector : 1.83 jobs per
million pesetas (52,700/28,832) equivalent to 5.4 jobs per 
1 ,000 tons of coal equivalent (52,700/9 ,740 ). The value of 
k 2 2  (Table C.7) is also 1.83, which proves that the employ
ment analysis was correctly undertaken. The values obtained 
for coal employment coincide in gross terms with the data 
given by the government in the NEP 198 3-199 2; 4.6 jobs per 
1,000 tons of coal equivalent. This value taken in 1982 is 
smaller than the one obtained in 1975 and shows the 
increased productivity of the coal sector from 1975 to 1982 
(due mainly to new open-pit production). But the NEP 1983- 

1992 also states that total employment generated by the coal 
industry in the rest of the economy has a value of 3.5 jobs 
per each thousand tons of coal equivalent produced; this 
clearly differs from the result obtained here from the 
input-output analysis : 0.74 jobs/1 ,000 tee (this value is
derived by subtracting total employment generation in the 
coal sector from the value of backward linkages for the coal
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sector, i.e., 2.1 - 1.86 = 0.25 jobs/million pesetas = .74 

jobs/1,000 tee).
The difference in results can be explained in two 

w a y s . First the analysis here only accounts for inter
industry relationships; to have a better idea of total 

employment generation, a study of the social accounting 
matrix of Spain should be undertaken and its results for 
Spain computed. Resulting values would be undoubtedly 
higher ; they could even be more than three times the values 
found in the input-output analysis (Bulmer-Thomas, 198 2), 
but that still would give 2.2 jobs/1,000 tee, well below the 
3.5 given in the NEP 198 3-1992. Second, the data given in 
the NEP 1983-199 2 could be inaccurate ; there is no informa
tion on how those values were computed. From the present 
analysis it seems reasonable to conclude that the values 
given by the National Energy Plan 1983-1992 for employment 
generation of the coal sector are overstated.

If Spanish coal production is maintained or even 
increased in the belief that coal mining is a good employ
ment generator, those policies should be reconsidered in 
light of the results of this study.
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Output Multipliers
The values of the output multipliers are obtained by 

adding the columns of the Leontief inverse. They represent 
the total impact on gross output when final domestic demand 
for each sector increases by unity. The value for the coal 
output multiplier is 1.25431 (Table C .3); it is ranked 19th 
among the 26 sectors of the interindustry division. Spanish 
gross output would increase 1.25 million pesetas per each 
million-pesetas increase in final demand for domestic 
coal. Coal is a basic industry and consequently has a low 
output multiplier; for this reason the coal sector would not 
be considered of primary interest if a rise in income is the 
actual social goal. Instead, sectors like food manufacture, 
which has an output multiplier of 2.33, would be considered 
the best choice.

Factor Income Multipliers
Factor income multipliers for the coal sector give the 

direct and indirect requirements of primary inputs when 
final demand for domestically produced coal is increased by 

unity. The values obtained (Table C.ll) are as follows :
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Sector

Consumption of fixed capital 

Indirect taxes
Compensation to employees, inc. 
Other incomes

Imports in purchaser values

Mult ipler Rank

0.102263 7

-0.221664 26
0.924980 2
0.165324 23
0.029100 22

Total 1 .000003

The sum of the coal income multipliers is one, indicat
ing that (a) one unit change in final demand is translated 
into a unit change in value added (basic national accounting 
identity demonstrated in Chapter 3), and (b) the analysis of 
the factor income multipliers is internally consistent.

Coal mining, in the 7th position as consumer of fixed 

capital, is one of the industries with a larger effect on 
this factor income. To obtain a one unit change in final 

coal demand, a national industry investment of 10 2,000 
pesetas needs to be made. For each increase in coal final 
demand of one million pesetas, 925,000 pesetas are spent in 
wages and social security. This makes the coal sector the 
prime candidate for industry promotion, if governmental 
policy goals are aimed at increasing worker benefits and/or 
social security revenues.
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The coal sector is heavily subsidized, a fact that is 
reflected by the negative value of its tax multiplier. Coal 

is the sector in which a unit increase in final demand 
contributes least to fiscal revenues ; as a matter of fact, 
it decreases them by 222,000 pesetas. The government subsi
dizes 22% of each new increase in coal output.

The multiplier value of "other incomes" is low. Coal 
has the 23rd position, only ahead of sectors 25 (government 
services) and 11 (petroleum refineries).

Finally, the small dependence that the industry has on 
imports, due to changes in final demand of coal, is shown by 
the import multiplier for the coal sector : 29 ,100 pesetas.
For every million pesetas of coal consumed, 29,100 pesetas 
in imported commodities are required. The value of the 
import multiplier is 2,271 pesetas higher than the results 
obtained in the import substitution analysis (26,829 pts). 
This difference occurs because in the import substitution 
analysis, imported items were valued at CI F prices, while in 
the input multiplier analysis, taxes on imports were 
included. The 2,271 represents the value of import taxes,

i.e., 8.5% of the CIF price of imports.
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Primary Input Composition of Final Expenditures

98

Table C.12 presented this analysis in which the reper

cussions of changes in final demands on primary inputs are 
studied. The columns in this table show how changes in 
final demand for the sector named at the head of the column 
influence primary inputs. Some of the more interesting con
clusions that can be drawn from these figures are as 
follows :

1. Exports is the sector that depends the most on
imports. Any policy aimed at revitalizing the
economy by increasing exports and diminishing 
imports will run into the following paradox : 
import barriers have a negative effect on the 

competitiveness of exports, because 21% of their 
composition— the highest share of any sector of 
final demand— is derived from imports.

2. The sector that has the highest proportion of wages
and social security in its composition is the
formation of fixed capital sector. However, in 
Spain, wages and social security represent the 
highest share of all final demand, with an average 
value of 48%, reflecting the intensive use of
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labor; consumption of capital has an average value 
of 7.7 2%, much smaller than the labor share.

3. a) Stock increases highly reduce tax revenues. 
Taxes represent 2% of the composition of total 
final demand. Increasing stocks produces net 
losses of 5.68% in tax revenues to the government, 

besides raising the expenses of the private 
sector. All these are factors weighing against 
stock accumulation.

b ) Stocks is the sector of final demand that has 
the largest percentage composition of capital 
consumption. Besides representing an undesirable 
accumulation of nonmarketed production, stocks have 
the highest capital consumption, diminishing 
already scarce capital resources.
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CHAPTER 5 
CONCLUSIONS AND RECOMMENDATIONS

Conclusions
The objective of this study was to determine the 

macroeconomic effects of changes in demand on the Spanish 
coal sector. The analysis has pointed out some unique 
characteristics inherent in the coal sector.

Coal is very efficient in saving foreign exchange and 
thus suitable for achieving policies of import substitution.

The circular relationship between coal mining and 

electricity generation is shown by means of the Leontief 
inverse. Not only is the electricity sector the main 
consumer of coal, but it is also its main supplier. This 
helps us understand the electricity sector's interest in the 

further development of domestic coal production, and the 
dependence of coal demand on electricity consumption.

From the analysis of the factor income multipliers, it 
is apparent that coal miners receive a higher percentage 
share of the investment realized than does any other sector 
of the labor force.

The employment generation analysis shows that, contrary 

to expectations, coal has a rather average effect on employ
ment generation. Even though the underground coal sector
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itself has high employment needs, its low productivity and 
extremely high subsidization are not conducive to any 

employment increase.
Forward linkages show that coal production, and mining 

in general, are highly sensitive to economic cycles, and are 
lagging behind the economy.

According to the analysis of the primary input composi
tion of final expenditures, stocks are the sector of final 
demand with the highest capital consumption in the Spanish 
economy. Since stocks are also unproductive, the expendi
ture of capital on stock formation is a waste of an already 
scarce resource. Furthermore, stocks are detrimental to the 
government because they diminish tax revenues.

The price analysis of Chapter 2 showed how government 
price policies for steam coal seem to favor open-pit mining, 
to the disadvantage of underground mining. This is a para
doxical contradiction on the part of a government which 
heavily subsidizes underground mining. Thus, it seems reas
onable to recommend a re-evaluation of coal pricing policies 
aimed at balancing prices of both coal types.

The import substitution analysis demonstrated that the 

coal sector is an excellent source for saving foreign 
exchange. As stated earlier, one of the main goals of the 

latest economic plan is to reduce import dependence in order
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to equilibrate the balance of trade. The actual govern
mental position of fostering national coal production can be 
seen as directly derived from its desire to equilibrate the 
balance of trade.

Employment is also one of the main economic problems 
that Spain currently faces? national coal production employs 
almost 50,000 miners. If employment is viewed by the 
government as a benefit rather than as a cost, domestic coal 
production is a fair employment generator, even when it is 
not as good as presented in the NEP 1983-1992.

However, in order to produce any domestic coal, the 
government must subsidize 22% of the coal produced. This is 
in direct contradiction to another of the government's 
primary goals: the limiting of the public sector to 3.3% of
the GDP.

Summarizing: (1) Government subsidization is indis
pensable for Spanish underground coal mining survival.
(2) Employment generation and foreign exchange savings are 
good reasons for supporting domestic coal production.
(3) Government subsidization cannot be maintained as a long

term policy. (4) Excessive coal stocks are a direct conse
quence of government economic and energy policies. (5) Coal 
demand substantially depends on the economic situation of 

Spain.



T-3045 103

The alternatives that the government has in dealing 
with the coal mining sector are to (1) stop its involvement 

with the coal sector immediately; (2) maintain its present 
set of policies; and (3) gradually withdraw government 

intervention.
The first alternative seems politically unfeasible. 

Laying off 50,000 miners would produce a social instability 
that the government probably would not withstand.

The second alternative is economically unfeasible 
because government subsidization of coal production is one 
of the causes of the government deficit, a major concern, 
and producing coal in Spain is highly inefficient. Labor 
and capital resources can be used in a more effective way 
outside coal mining. Current policies in the coal sector 

are impoverishing Spain.
The third alternative seems to be the best one, since 

in the short term it will help to equilibrate the balance of 
payments and maintain employment levels. Finding new mar
kets for coal should be a priority, and strict measures 
aimed at increasing underground mining productivity should 
be enforced. The government should end its involvement in 
the coal sector as soon as the economic conditions of Spain 
improve, making it easier to absorb the resulting unemploy

ment at both the economic and social levels.
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Further Research
Further research using input-output analysis could be 

undertaken to study the contribution of each industrial 
sector to different social goals. This would be achieved by 
creating several welfare functions and inputting the results 
of the various analyses undertaken in this thesis. Such 
research would help to identify those sectors which are most 
effective in achieving independent social goals.

While the input-output methodology is based on the 
assumption that the technical coefficients are constant, in 
reality this is not so. Therefore, it would also be inter
esting to study the variation of the technical coefficients 
due to input substitution, new technologies or increased 
process efficiency using input-output tables for consecutive 
years. This could prove valuable in examining the changes 
caused by the 1973 and 1979 oil crises in the energy sector.

This thesis uses the simplest input-output model that 
implies constant returns to scale ; if tables for consecutive 
years are available, other linear or nonlinear models could 
be employed and the new results compared to those obtained 
here.

Input-output techniques can also be applied to Social 
Accounting Matrices (SAM) obtaining what could be called an 
"extended input-output analysis." This analysis would
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include more information about the economy, making possible 
studies of income distribution or other types of social 
oriented research.

Furthermore, the simplest input-output model doesn't 
take into account changes in prices or include any con
straint. Sensitivity to price changes and/or constraints 
can be included in the model, making more sophisticated 
studies viable.

Finally, using standardized input-output tables, 
international comparisons of economic structures can be 
m a d e , and differences among the structures of various 
countries can be analyzed.



T-3045 106

REFERENCES CITED

Bulmer-Thomas, V., 1982. Input-Output Analysis in Develop
ing Countries, N.Y.: John Wiley and Sons.

Carbounion, 1984. Annual Report, 1983, Madrid: Garcia
Blanco.

Carelec, 1984. Carbon de Importacion (Boletin Informative), 
March, Madrid.

Epsilon Consulteras, 1984. El Carbon En Espana, October, 
Madrid.

Hirschman, A., 1958. The Strategy of Economic Development, 
New Haven: Yale University Press.

International Labor Organization, 1978. Yearbook of Labor 
Statistics, 1977, Rome: ILO.

Leontief, Wassily W . , 1951. The Structure of the American 
Economy 1919-1939, New York: Oxford University
Press.

Miller, Ronald E. and Blair, Peter D . , 1985. Input-Output 
Analysis: Foundations and Extensions, Englewood
Cliffs: Prentice-Hall.

OECD, 1984. Economic Surveys 1983-1984, Spain, May,
Paris: OECD.

Rasmussen, P., 1957. Studies in Intersectoral Relations, 
Amsterdam: North-Holland.

Todaro, P. Michael, 1981. Economic Development in the Third 
World, New York: Longman, Inc.

Spain, Ministry of Industry and Energy, 1983. Plan 
Energetico Nacional (NEP 1983-1992), Madrid:
Ministry of Industry and Energy.

United Nations, 1982. Standardized Input-Output Tables of 
ECE Countries for Years around 1975, N.Y.: United
Nations.



T-3045 107

APPENDIX A

Conversion Factors and Units Used in 
the Thesis; Official Exchange Rates, 

1975-1985
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CONVERSION FACTORS AND UNITS USED 
IN THE THESIS

Heat Values
1 ton of coal 1 = .7 toe
equivalent (tee)
1 ton of oil 1 toe = 7.57 barrels (bbl)
equivalent (toe)

1 toe = 40 10& British
termal unit (Btu)

1 Btu = 252 Calories ( cal)
1 termia (t h ) = 10& Cal (Meal)

1 tee = 7056 th

Weight Values
Through the thesis Tn , means metric tons.

1 pound = .45 Kilograms (Kg)
1 short ton = 2 0 0 0  pounds
1 metric ton = 1000 Kg
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The monetary unit used through the thesis is the 
Spanish coin— peseta or pts. The official exchange rates 
from 1975-1985 are given below (values are daily averages ; 
except for 1985 , which uses November value).

Year Pesetas/S
1975 57 .407

1976 66.903
1977 75 .962
1978 76.670

1979 67.130
1980 71.100
1981 92.310
1982 109 .860
1983 143.650
1984 160 .760

Nov. 1985 160 . 0 0 0
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APPENDIX B

The Technical Coefficients and Leontief Inverse 

Matrices for Spain, 197 5
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Table B.l
Technical Coefficients Matrix (A)

1 2 3 4 5 6
1 0.207460 0.000555 0.000000 0.001327 0.002252 0.468884
2 0.000070 0.012451 0.000000 0.005386 0.000215 0.000245
3 0.000000 0.000000 0.000602 0.000000 0.000000 0.000000
4 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
5 0.000644 0.000590 0.000000 0.000000 0.008447 0.000754
6 0.094602 0.000069 0.000000 0.000156 0.000134 0.207789
7 0.003522 0.000624 0.000402 0.005229 0.001957 0.001340
8 0.002484 0.004613 0.000000 0.002420 0.002118 0.002552
9 0.001297 0.001457 0.000201 0.001483 0.001582 0.009655

10 0.049485 0.014949 0.001004 0.049017 0.047167 0.011231
11 0.046049 0.003746 0.001205 0.031065 0.040356 0.006372
12 0.000297 0.000555 0.000000 0.000000 0.000000 0.006718
13 0.000123 0.010995 0.000000 0.005620 0.002494 0.004712
14 0.010092 0.032880 0.002410 0.020215 0.016571 0.007670
15 0.000056 0.000382 0.000000 0.000546 0.000349 0.000109
16 0.002909 0.040406 0.000402 0.050656 0.028826 0.004356
17 0.004870 0.000520 0.000201 0.000702 0.003915 0.000543
18 0.003818 0.001769 0.003213 0.001171 0.001931 0.001039
19 0.016332 0.007700 0.002008 0.010381 0.014292 0.010766
20 0.000252 0.000173 0.000000 0.000390 0.000215 0.000341
21 0.012468 0.006521 0.004618 0.020372 0.016518 0.021141
22 0.000444 0.001145 0.000402 0.002576 0.002440 0.000672
23 0.007590 0.015504 0.044378 0.019669 0.013783 0.012879
24 0.001050 0.000624 0.000000 0.001483 0.002065 0.000883
25 0.001825 0.007804 0.003614 0.005308 0.006543 0.001697
26 0.000000 0.000000 0.000201 0.000078 0.000000 0.000000

(Continued)
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Table B.l (Continued)
7 8 9 1 0 1 1 1 2

1 0.017635 0.112505 0.030110 0.006911 0.000017 0.002710
2 0.000342 0.000188 0.000599 0.037745 0.000225 0.006385
3 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0.000328 0.599972 0.000151
4 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0.002056 0 . 0 0 0 1 0 1 0.000668
5 0.000024 0 . 0 0 0 0 0 0 0.000782 0.024947 0.000193 0.059139
6 0.021797 0.001108 0.000410 0.018244 0.000046 0.001722
7 0.312924 0.011018 0.001083 0.014030 0.000063 0.001332
8 0.002209 0.167731 0.000336 0 . 0 0 1 2 2 0 0.000058 0.002386
9 0.006918 0.003222 0.390383 0.017618 0.000219 0.021566

1 0 0.079759 0.033691 0.030923 0.348262 0.007312 0.019683
1 1 0.002183 0.002574 0.011429 0.034437 0.036301 0.071275
1 2 0.000471 0.008705 0.000214 0.006594 0.000023 0.192518
13 0 . 0 0 0 2 0 2 0.002489 0.001717 0.006815 0.001878 0.014211
14 0.007293 0.019081 0.003645 0.011281 0.003718 0.008969
15 0.003540 0.000318 0.000512 0.000427 0 . 0 0 0 0 1 2 0.000409
16 0.007980 0.010615 0.011899 0.018625 0.002019 0.035941
17 0.000622 0 . 0 0 0 2 1 0 0.001574 0.001735 0 . 0 0 0 2 6 0 0.001336
18 0.000957 0.001744 0.000428 0.002025 0.000635 0.003035
19 0.048600 0.019229 0.031985 0.019859 0.002405 0.018032
2 0 0.001174 0.000949 0.000904 0.002882 0.000144 0.001972
2 1 0.016834 0.063563 0.023619 0.027168 0.006461 0.060476
2 2 0.001370 0.001517 0.000708 0.001754 0.000369 0.001670
23 0.020116 0.019706 0.016771 0.040976 0.004626 0.019622
24 0.000585 0.001438 0.009831 0.000540 0.000046 0.001670
25 0.002514 0 .004040 0.002481 0.002427 0.000629 0.003910
26 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 8 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0

(Continued)



T-3045 113

Table B.l (Continued)

13 14 15 16 17 18
1 0.000065 0.000034 0.009670 0.000090 0.000043 0.000263
2 0.003476 0.000413 0.000595 0.069610 0.000300 0 . 0 0 0 1 0 1
3 0 .0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 .0 0 0 0 0 0 0.012187 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
4 0.061951 0.000017 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
5 0.004908 0.000068 0.001144 0.002289 0.001631 0.014188
6 0.000060 0.000080 0.004042 0.000058 0.000172 0.000355
7 0.000351 0.004257 0.020271 0.000191 0.000258 0.000587
8 0.000300 0.007472 0.021568 0.000435 0.000558 0.034972
9 0.001019 0.004551 0.018868 0.003566 0.001803 0.003600

1 0 0.072107 0.031007 0.106435 0.001325 0.025410 0.025672
1 1 0.012682 0.004497 0.000991 0.164528 0.054683 0.008189
1 2 0.006069 0.004469 0.008770 0.002432 0.020646 0.126677
13 0.358653 0.182906 0.160415 0.001876 0.001245 0.110634
14 0.014059 0.239703 0.050655 0.006311 0.012104 0.085772
15 0.000341 0.001884 0.047116 0.000223 0.000172 0.000195
16 0.030978 0.012332 0.008694 0.073537 0.032106 0.002786
17 0.000912 0.000579 0.000366 0.000456 0.060091 0.000804
18 0.001578 0.001438 0.001541 0.002745 0.003949 0.000999
19 0.093942 0.018153 0.021369 0.012357 0.012362 0.023382
2 0 0.001097 0.001687 0.001922 0.001510 0.002017 0.000861
2 1 0.024990 0.014740 0.016946 0.025810 0.010731 0.036592
2 2 0.001080 0.001643 0.000793 0.001457 0 . 0 0 1 2 0 2 0.001149
23 0.011783 0.020973 0.018746 0.013809 0.009271 0.027101
24 0.000552 0.001086 0.001159 0.001065 0.000901 0.001399
25 0.002332 0.002691 0.002593 0.005150 0.004593 0.006333
26 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0

(Continued)
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Table B.l (Continued)

19 20 21 22 23 24

1 0.000253 0. 101250 0.000875 0.000077 0.000747 0.003470
2 0.000224 0.000682 0.000434 0.000155 0.001272 0.000829
3 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
4 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
5 0.000026 0.000009 0.000002 0.000000 0.000000 0.000007
6 0.000047 0.258992 0.004391 0.000026 0.000010 0.002352
7 0.001878 0.009076 0.001058 0.000335 0.000304 0.001669
8 0.003177 0.001068 0.000809 0.000206 0.000277 0.000879
9 0.015708 0.002876 0.001984 0.011037 0.021756 0.004578

10 0.005998 0.007822 0.011738 0.000850 0.002127 0.018491
11 0.000700 0.003511 0.154817 0.005448 0.003726 0.001290
12 0.000181 0.004370 0.000417 0.000064 0.000133 0.000703
1 3 0.000108 0.000000 0.000000 0.000000 0.000010 0.001532
14 0.004342 0.005364 0.038223 0.013059 0.002505 0.023399
15 0.000748 0.000288 0.000124 0.000373 0.000454 0.002104
16 0.007231 0.018893 0.003808 0.006053 0.009037 0.007109
17 0.000376 0.004819 0.000311 0.000335 0.000919 0.000594
18 0.008400 0.006419 0.005368 0.005306 0.024803 0.007408
19 0.043571 0.029999 0.022573 0.001661 0.003827 0.011301
20 0.004659 0.001014 0.001400 0.002550 0.002121 0.002717
21 0.017535 0.010848 0.068207 0.034308 0.003856 0.004251
22 0.008452 0.005960 0.007662 0.020554 0.010209 0.001294
23 0.030091 0.012318 0.036531 0.007560 0.061195 0.007232
24 0.005587 0.014027 0.065414 0.001159 0.009691 0.027233
25 0.004929 0.007173 0.004608 0.002189 0.003221 0.003742
26 0.000000 0 .000000 0.000000 0.000000 0.000001 0.000002

(Continued)
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Table B.l (Continued)

25 26
1 0.010853 0 . 0 0 0 0 0 0
2 0.001075 0 . 0 0 0 0 0 0
3 0 .0 0 0 0 0 0 0 . 0 0 0 0 0 0
4 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
5 0.000005 0 . 0 0 0 0 0 0
6 0.007941 0 . 0 0 0 0 0 0
7 0.000924 0 . 0 0 0 0 0 0
8 0.000936 0 .0 0 0 0 0 0
9 0.015944 0 . 0 0 0 0 0 0

1 0 0.024366 0 . 0 0 0 0 0 0
1 1 0.007150 0 . 0 0 0 0 0 0
1 2 0.000910 0 . 0 0 0 0 0 0
13 0.000784 0 . 0 0 0 0 0 0
14 0.026124 0 . 0 0 0 0 0 0
15 0.001146 0 . 0 0 0 0 0 0
16 0.013807 0 . 0 0 0 0 0 0
17 0.000933 0 . 0 0 0 0 0 0
18 0.029152 0 . 0 0 0 0 0 0
19 0.014408 0 . 0 0 0 0 0 0
2 0 0.006615 0 . 0 0 0 0 0 0
2 1 0.019239 0 . 0 0 0 0 0 0
2 2 0.009345 0 . 0 0 0 0 0 0
23 0.044860 0 . 0 0 0 0 0 0
24 0.013001 0 . 0 0 0 0 0 0
25 0.000509 0 . 0 0 0 0 0 0
26 0 . 0 0 0 0 0 2 0 . 0 0 0 0 2 1
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Table B .2

Leontief Inverse Matrix (R )

1 2 3 4 5 6

1 1.36295 0.00350 0.00050 0.00607 0.00685 0.80980
2 0.00542 1.01743 0.00030 0.01307 0.00595 0.00546
3 0.04734 0.01071 1.00244 0.03179 0.03449 0.03907
4 0.00099 0.00208 0.00014 1.00145 0.00103 0.00161
5 0.00439 0.00188 0.00021 0.00255 1.01089 0.00513
6 0.16632 0.00174 0.00030 0.00377 0.00352 1.36241
7 0.01019 0.00219 0.00075 0.00990 0.00502 0.00951
8 0.00557 0.00644 0.00029 0.00379 0.00335 0.00770
9 0.01158 0.00582 0.00250 0.00786 0.00749 0.02999

10 0.11447 0.03213 0.00305 0.08422 0.08030 0.09619
11 0.07859 0.01685 0.00303 0.05171 0.05669 0.06471
12 0.00453 0.00227 0.00083 0.00187 0.00184 0.01420
13 0.01203 0.03242 0.00220 0.02042 0.01383 0.02249
14 0.02605 0.04763 0.00455 0.03265 0.02720 0.03213
15 0.00032 0.00060 0.00005 0.00080 0.00056 0.00047
16 0.01024 0.04784 0.00137 0.05949 0.03550 0.01508
17 0.00756 0.00081 0.00030 0.00114 0.00455 0.00543
18 0.00722 0.00327 0.00465 0.00316 0.00370 0.00689
19 0.03209 0.01492 0.00319 0.01850 0.02119 0.03828
20 0.00117 0.00069 0.00019 0.00111 0.00087 0.00154
21 0.02971 0.01291 0.00599 0.02958 0.02450 0.05075
22 0.00196 0.00204 0.00106 0.00384 0.00357 0.00292
23 0.02535 0.02299 0.04847 0.03136 0.02437 0.03804
24 0.00442 0.00220 0.00101 0.00433 0.00452 0.00672
25 0.00408 0.00886 0.00392 0.00670 0.00776 0.00535
26 0.00001 0 . 0 0 0 0 0 0.00020 0.00008 0.00001 0.00001

(Continued)
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Table B .2 (Continued)

7 8 9 1 0 1 1 1 2

1 0.06888 0.19014 0.07205 0.04439 0.00097 0.01288
2 0.00961 0.00545 0.00651 0.06299 0.00119 0.01462
3 0.01565 0.02229 0.02434 0.04879 0.62570 0.07542
4 0.00118 0.00142 0.00090 0.00512 0.00054 0.00335
5 0.00547 0.00357 0.00397 0.04065 0.00074 0.07600
6 0.05425 0.02845 0.01292 0.04439 0.00079 0.00750
7 1.46075 0.02288 0.00543 0.03322 0.00093 0.00472
8 0.00560 1.20340 0.00181 0.00414 0.00042 0.00490
9 0.02828 0.01424 1.64754 0.05236 0.00284 0.04993

1 0 0.19353 0.08938 0.09068 1.55942 0.01507 0.05830
1 1 0.02554 0.03667 0.03996 0.07958 1.04217 0.12414
1 2 0.00421 0.01548 0.00235 0.01511 0.00092 1.24092
13 0.01255 0.01978 0.01142 0.03060 0.00655 0.03860
14 0.02386 0.04230 0.01600 0.03511 0.00900 0.02707
15 0.00572 0.00075 0.00113 0 . 0 0 1 1 1 0.00008 0.00082
16 0.02064 0.02044 0.02613 0.04111 0.00394 0.05675
17 0.00197 0.00170 0.00350 0.00374 0.00053 0.00262
18 0.00476 0.00551 0.00362 0.00713 0.00390 0.00695
19 0.08505 0.03764 0.06267 0.04539 0.00595 0.03662
2 0 0.00308 0.00214 0.00244 0.00539 0.00039 0.00338
2 1 0.03974 0.09341 0.04976 0.05680 0.01199 0.09164
2 2 0.00427 0.00394 0.00300 0.00516 0.00129 0.00434
23 0.04882 0.04055 0.04137 0.08170 0.03683 0.04281
24 0.00528 0.00938 0 . 0 2 1 1 1 0.00686 0.00138 0.00996
25 0.00573 0.00692 0.00571 0.00651 0.00329 0.00749
26 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 1 0 . 0 0 0 0 1 0.00013 0 . 0 0 0 0 2

(Cont i nued)
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Table B.2 (Continued)

13 14 15 16 17 18
1 0.00845 0.00820 0.03260 0.00235 0.00339 0.01317
2 0.01848 0.00931 0.01284 0.07714 0.00538 0.00721
3 0.03398 0.01950 0.01904 0.12916 0.04582 0.02751
4 0.09811 0.02403 0.01857 0.00075 0.00081 0.01365
5 0.01387 0.00585 0.00960 0.00329 0.00496 0.02736
6 0.00746 0.00574 0.01721 0.00165 0.00295 0.00597
7 0.00669 0.01180 0.03759 0.00107 0.00187 0.00526
8 0.00285 0.01318 0.02947 0.00158 0.00153 0.04465
9 0.01650 0.01908 0.04579 0.00929 0.00767 0.02015

1 0 0.19288 0.11554 0.22464 0.01134 0.04837 0.08599
1 1 0.05513 0.03165 0.03096 0.19309 0.07546 0.04524
1 2 0.01521 0.01252 0.01749 0.00451 0.02893 0.16149
13 1.57698 0.38345 0.29205 0.01131 0.01104 0.21561
14 0.04277 1.33062 0.08645 0.01740 0.02178 0.12852
15 0.00105 0.00302 1.05014 0.00040 0.00034 0.00083
16 0.06721 0.03740 0.03081 1.08535 0.04103 0.02444
17 0.00238 0.00171 0.00168 0.00082 1.06426 0.00194
18 0.00668 0.00540 0.00541 0.00509 0.00577 1.00512
19 0.16578 0.06997 0.06621 0.01900 0.01912 0.05844
2 0 0.00362 0.00372 0.00390 0.00205 0.00270 0.00259
2 1 0.05955 0.04157 0.04449 0.03528 0.01959 0.06797
2 2 0.00513 0.00463 0.00356 0.00275 0.00224 0.00403
23 0.04393 0.04775 0.04616 0.02832 0.01936 0.05116
24 0.00709 0.00595 0.00632 0.00430 0.00300 0.00803
25 0.00703 0.00628 0.00596 0.00739 0.00607 0.00973
26 0 . 0 0 0 0 1 0 . 0 0 0 0 1 0 . 0 0 0 0 1 0.00003 0 . 0 0 0 0 1 0 . 0 0 0 0 1

(Continued)
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Table B.2 (Continued)

19 20 21 22 23 24

1 0.00505 0.35038 0.00832 0.00258 0.00443 0.00992
2 0.00170 0.00512 0.00268 0.00109 0.00275 0.00315
3 0.00508 0.02264 0.10729 0.00895 0.00601 0.00469
4 0.00038 0.00089 0.00135 0.00048 0.00051 0.00102
5 0.00078 0.00289 0.00131 0.00041 0.00103 0.00136
6 0.00308 0.37157 0.00891 0.00173 0.00181 0.00636
7 0.00361 0.01747 0.00329 0.00100 0.00103 0.00380
8 0.00472 0.00461 0.00239 0.00085 0.00175 0.00208
9 0.02978 0.01705 0.00918 0.01989 0.03969 0.01066

10 0.01528 0.05472 0.03225 0.00627 0.00971 0.03629
11 0.00825 0.03711 0.17852 0.01474 0.00975 0.00757
12 0.00230 0.01135 0.00299 0.00141 0.00478 0.00305
13 0.00557 0.01236 0.02044 0.00756 0.00787 0.01524
14 0.01021 0.02218 0.06114 0.02130 0.00886 0.03515
15 0.00094 0.00065 0.00054 0.00050 0.00062 0.00242
16 0.01040 0.02785 0.00923 0.00831 0.01247 0.01075
17 0.00065 0.00749 0.00077 0.00051 0.00125 0.00090
18 0.01038 0.01042 0.00898 0.00628 0.02713 0.00859
19 1.04961 0.04835 0.03254 0.00541 0.00847 0.01691
20 0.00524 1.00205 0.00235 0.00285 0.00256 0.00319
21 0.02351 0.03223 1.08079 0.04001 0.00895 0.00908
22 0.00987 0.00793 0.00983 1.02163 0.01151 0.00199
23 0.03766 0.03080 0.05412 0.01233 1.06926 0.01302
24 0.00853 0.01839 0.07380 0.00440 0.01191 1.02918
25 0.00587 0.00982 0.00665 0.00283 0.00412 0.00453
26 0.00000 0.00000 0.00002 0.00000 0.00000 0.00000

(Continued)
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25

1 0.02731 0 .
2 0.00471 0 .
3 0.01288 0 .
4 0.00139 0 .
5 0.00238 0 .
6 0.01724 0 .
7 0.00333 0 .
8 0.00336 0 .
9 0.03215 0 .

1 0 0,05024 0 .
1 1 0.02103 0 .
1 2 0.00732 0 .
13 0.02061 0 .
14 0.04330 0 .
15 0.00147 0 .
16 0.01992 0 .
17 0.00154 0 .
18 0.03174 0 .
19 0.02371 0 .
2 0 0.00735 0 .
2 1 0.02913 0 .
2 2 0 . 0 1 1 0 1 0 .
23 0.05694 0 .
24 0.01673 0 .
25 1 . 0 0 2 0 1 0 .
26 0 . 0 0 0 0 0 1 .

le B.2 (Continued)Tab

26
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000 00
00000
00000
00000
00000
00000
00000
00000
0 0 0 0 0
00000
000 00
000 00
000 00
000 00
00000
00000
000 00
00000
000 00
000 00
000 00
000 00
000 0 0
000 00
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APPENDIX C

Results of Various Input-Output Analyses 
for Spain, 1975
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Table C . 1

Out put Backward Linkages

Direct Total Normali zed Coe f f i c ient
Sec . 1 inkaees Rank linkages 1 inkages Rank Var i ati on

1 0.467739 13 1.97454 1 .13182 11 0.963041
2 0.166031 20 1 . 30023 0.74530 20 0.884597
3 0.064859 25 1.09148 0.62564 25 0.957182
4 0.235248 18 1.43121 0.82038 18 0.827618
5 0.214169 19 1.38954 0.79649 19 0.848818
6 0.782347 1 2.67188 1.53154 1 0.938130
7 0.556050 7 2.13443 1 .22347 7 0.991622
8 0.485641 12 1.91786 1.09933 12 0.861631
9 0.572346 5 2.15632 1.23602 5 1.11142

10 0.648905 4 2.31678 1.32799 3 1.00807
11 0.667731 3 1.77752 1.01889 13 0.891389
12 0.550789 8 2.00173 1.14741 10 0.863840
13 0.705283 2 2.45883 1.40942 2 0.996143
1 4 0.556679 6 2.21788 1.27131 4 0.907216
15 0.524672 9 2.13894 1.22606 6 0.727196
16 0.403016 15 1.65470 0.94849 15 0.844907
17 0.256245 16 1.44345 0.82740 1 7 0.876840
18 0.512614 10 2.03606 1.16709 9 0.702138
19 0.164220 21 1.25845 0.72135 21 0.929131
20 0.506776 11 2.12632 1.21882 8 0.734532
21 0.430758 14 1.71970 0.98574 14 0.820405
22 0. 113305 24 1.19334 0.68403 24 0.929873
23 0.162202 22 1.25823 0.72123 22 0.947342
24 0. 134185 23 1.24092 0.71130 23 0.917260
25 0.250025 17 1.44879 0.83046 16 0.820320
26 0.000021 26 1.00002 0.57322 26 1.00001
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Table C.2
Outout Forward Linkages (Ex-ante)

Sec.
Di rect 

L inkaaes Rank
Total 

Linkaaes
Normalized 
L 1nkaaes Rank

Coeffic i ent 
V a r 1 ation

1 0.7897 7 2.532 0.3840 9 0.392867
2 1.5474 3 5.052 0.7662 3 0.514529
3 42.2813 1 1 12.519 17.0657 1 4.152960
4 2.3606 2 8.539 1.2952 2 0.875796
5 1.2639 4 3.780 0.5732 4 0.411266
6 0.4376 16 1 .776 0.2694 15 0.270541
7 0.3707 19 1 .628 0.2468 19 0.313569
8 0.4879 13 1 .740 0.2639 16 0.266401
9 0.6981 10 2.54 1 0.3853 8 0.335325
10 0.7772 8 2.853 0.4327 6 0.321797
1 1 0.7382 9 2.639 0.4002 7 0.288318
12 0.8896 6 2.337 0.3545 12 0.431722
13 1.0578 5 3.215 0.4876 5 0.396982
14 0.4228 17 1 .694 0.2570 18 0.271525
15 0.1689 22 1.262 0.1913 22 0.201661
16 0.6462 12 2.378 0.3606 1 1 0.238470
17 0.6793 1 1 2.417 0.3666 10 0.268895
18 0.0685 23 1.110 0.1683 23 0.199242
19 0.2925 20 1 .586 0.2405 20 0.212644
20 0.0438 25 1 .073 0.1628 25 0.199154
21 0.4568 15 1 .866 0.2829 13 0.218310
22 0.4841 14 1.791 0.2716 14 0.223785
23 0.3747 18 1 .703 0.2583 17 0.214286
24 0.1819 21 1 .298 0.1969 21 0.208138
25 0.0533 24 1 .097 0.1664 24 0.199582
26 0.0001 26 1 .003 0.1521 26 0.200240
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Table C.3 

Output Multipliers

Sector Multipliers Rank

1 1.79825 10
2 1.25431 19
3 1.08424 25
4 1.35354 17
5 1.31135 18
6 2.32856 1
7 1.86719 5
8 1.67001 12
9 1.90008 3

10 1.79500 11
11 1.08699 24
12 1.82078 9
13 1.87126 4
14 1.83558 7
15 1.82779 8
16 1.47455 13
1 7 1.36150 16
18 1.85947 6
19 1.23166 20
20 1.95738 2
21 1.46898 14
22 1.14856 23
23 1.20210 21
24 1.19383 22
25 1.38726 15
26 1.00000 26
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20
25
16
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8

12
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Table C . 4
Direct and Indirect Imports Requirements

Di rect Rank Indi rect

0.020945 14 0.084384
0.001630 23 0.025199
0.000201 24 0.004707
0.000078 25 0.051970
0.002252 22 0.051495
0.081939 5 0.092339
0.059674 9 0.069076
0.076632 6 0.056804
0.063575 8 0.073566
0.162814 3 0.105808
0.597174 1 0.025792
0.027372 13 0.102013
0.184440 2 0.119083
0.082811 4 0.103496
0.052974 10 0.102743
0.029175 11 0.117997
0.002919 20 0.057465
0.007344 18 0.091507
0.002909 21 0.013354
0.017936 15 0.068140
0.074287 7 0.095233
0.017231 16 0.015746
0.027429 12 0.013349
0.010350 17 0.015083
0.003301 19 0.032257
0.000021 26 0.000000
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Table C . 5

Total Import Requirements and

Savings of Foreign Currency in Pesetas

lank Total Rank Savings Rank

1 0.105329 13 0.89467 14
2 0.026829 2 2 0.97317 5
3 0.004908 25 0.99509 2
4 0.052048 18 0.94795 9
5 0.053748 17 0.94625 10
6 0.174278 5 0.82572 22
7 0.128750 12 0.87125 15
8 0.133436 10 0.86656 17
9 0.137141 9 0.86286 18

10 0.268622 3 0.73138 24
11 0.622966 1 0.37703 26
12 0.129385 11 0.87061 16
13 0.303523 2 0.69648 25
14 0.186308 4 0.81369 23
15 0.155717 7 0.84428 20
16 0.147172 8 0.85283 19
17 0.060383 16 0.93962 11
18 0.098850 14 0.90115 13
19 0.016263 24 0.98374 3
20 0.086076 15 0.91392 12
21 0.169520 6 0.83048 21
22 0.032977 21 0.96702 6
23 0.040778 19 0.95922 8
24 0.025433 23 0.97457 4
25 0.035558 20 0.96444 7
26 0.000021 26 0.99998 1
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Table C .6 
Matrix of Employment Generation (K)

1 2 3 4 5
1 3.45281 0.05915 0.08712 0.66186 0.13909
2 0.00772 1 .85804 0.00971 0.02276 0.12943
3 0.02404 0.00821 0.88154 0.08458 0.02985
4 0.33294 0.10274 0.14544 1.21693 0.25049
5 0.00821 0.01951 0.01694 0.01344 0.44290
6 0.00834 0.00346 0.00385 0.00589 0.00608
7 0.04804 0.01794 0.02667 0.07315 0.03673
8 0.03652 0.01616 0.03105 0.05830 0.04663
9 0.00185 0.00084 0.00169 0.00270 0.00192
10 0.00904 0.01864 0.01522 0.01266 0.01623

6 7 8 9 10
1 0.27722 0.21999 0.15028 0.05880 0.10684
2 0.01027 0.00603 0.00658 0.00420 0.00618
3 0.04730 0.01307 0.01852 0.00598 0.00959
4 0.50162 0.18332 0.26424 0.08303 0.13021
5 0.00764 0.00839 0.00544 0.00458 0.00785

6 1.29140 0.01210 0.00982 0.01063 0.03643
7 0.06325 1.30314 0.04744 0.02443 0.03576

8 0.07013 0.03884 1.19515 0.01199 0.04044

9 0.00286 0.00486 0.02664 0.41995 0.00625

10 0.01967 0.01539 0.01360 0.00954 2.12383
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Table C. 7
Mat rix of Indirect Employment Effects (K' )
1 2 3 4 5

1 0.862037 0.059150 0.087122 0.661856 0.139091
2 0.007719 0.030209 0.009711 0.022762 0.129427
3 0.024043 0.008208 0.015602 0.084583 0.029855
4 0.332942 0.102738 0.145440 0.516856 0.250489
5 0.008214 0.019514 0.016941 0.013438 0.037749
6 0.008342 0.003459 0.003847 0.005893 0.006084
7 0.048045 0.017939 0.026667 0.073155 0.036726
8 0.036515 0.016158 0.031049 0.058296 0.046628
9 0.001849 0.000839 0.001692 0.002701 0.001919
10 0.009038 0.018640 0.015221 0.012662 0.016228

6 7 8 9 10
1 0.277220 0.219993 0.150278 0.058798 0.106841
2 0.010271 0.006030 0.006580 0.004197 0.006182
3 0.047304 0.013074 0.018523 0.005982 0.009588
4 0.501620 0.183325 0.264242 0.083032 0.130214
B 0.007637 0.008391 0.005439 0.004581 0.007854
6 0.004617 0.012097 0.009822 0.010631 0.036427
7 0.063249 0.068247 0.047438 0.024432 0.035765

8 0.070134 0.038845 0.100871 0.011991 0.040437

9 0.002857 0.004860 0.026644 0.011873 0.006246
10 0.019671 0.015394 0.013603 0.009539 0.003678
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Table C .8 
Employment Backward Linkages

Sector
Backward Normalized Coefficient 
L i nkaaes L 1nkaaes Var1 at 1 on Rank

1 3.92952 2.01764 1.722510 1
2 2.10468 1.08067 1.263670 5
3 1 .21923 0.62602 0.775255 8
4 2. 15227 1.10510 0.871895 4

5 1.09934 0.56447 0.425181 9
6 2.29136 1.17652 0.847974 3

7 1.80515 0.92687 0.946846 6

8 1.73772 0.89225 0.884119 7

9 0.63313 0.32509 0.509022 10

10 2.50338 1.28538 1.318500 2
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Table C.9 
Employment Forward LI

Forward NormalIzed
linkages linkages

5.21316 
2.06092 
1 . 12270 
3.21097 
0.53491 
1.38800 
1.67655 
1 .54521 
0.46955 
2.25382

2.67674 
1.05819 
0.57646 
1.64870 
0.27465 
0.71268 
0.86084 
0.79340 
0.24110 
1.15724

nkages

Coefficient 
variation

1.44785 
1.28132 

0.809811 
0.598190 
0.591973 
1.08733 

0.975291 
0.931220 
0.605831 
I.40508
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Table C . 10 
Structure of Employment

Measured Employment Structure of Employment
Sector E m o 1ovment by Origin bv Destinât. 

(X)

by Origii 
(X)

1 2,764.579 877,575 22.42 7.12
2 51,633 -33,218 .42 (-) .27
3 48.017 -283.903 .39 (-)2.30
4 3,418,977 4,356,547 27.71 35.32
5 85.101 81,624 .69 . 66
6 1.228.459 2,054,405 9.97 16.65
7 1.659.389 1.919,277 13.45 15.56
8 664,220 570,039 5.38 4.62
9 210,468 274.548 1.71 2.23
10 2.202.716 2.516,667 17.86 20.41

Tota 1 12.333,559 12,333.561 100.00 100.00
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Table C.ll
Factor Income Mult ipliers

lector Column 1 Rank Column 2 Rank

1 0.057861 24 -0.004381 22
2 0.102263 7 -0.221664 26
3 0.597824 1 0.006702 19
4 0.188291 3 0.026844 8
5 0.087644 11 0.024873 11
6 0.063678 20 0.046118 2
7 0.069061 17 0.013758 15
8 0.061924 21 0.012950 16
9 0.092985 10 0.045268 3

10 0.094285 9 0.027036 7
11 0.033874 25 0.280742 1
12 0.100187 8 0.041999 4
13 0.087539 12 0.005549 20
14 0,072953 15 0.012839 17
15 0.065581 19 0.039595 5
16 0.199735 2 0.019445 13
17 0.163451 4 0.030733 6
18 0.065804 18 0.025193 9
19 0.058685 22 -0.004976 23
20 0.078817 13 0.016088 14
21 0.150826 5 -0.012553 25
22 0.072032 16 0.025132 10
23 0.128764 6 0.022559 12
24 0.058494 23 -0.007696 24
25 0.073080 14 0.007678 18
26 0.000000 26 0.000000 26

olumn 1 : Consumption of Fixed Capital

Column 2: Indirect T a x e s , N e t , Other Than Commodity Taxes

(Continued)
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Table C.ll (Continued)

Sector Column 3 Rank Column A Rank

1 0.28876 23 0.546548 2
2 0.92498 2 0. 165324 23
3 0.10352 25 0.287058 11
4 0.43165 17 0.298707 9
5 0.46811 15 0.363246 6
6 0.30060 22 0.406428 3
7 0.49217 12 0.279109 1 2
8 0.51386 7 0.266320 14
9 0.47289 14 0.239030 19

10 0.34029 20 0.239832 18
11 0.02517 26 0.036485 25
12 0.45484 16 0.268390 13
13 0.33811 21 0.244592 16
14 0.51005 8 0.188075 22
15 0.47999 13 0.245047 15
16 0.28375 24 0.348603 7
17 0.49995 10 0.243094 17
18 0.58921 4 0.212924 20
19 0.34356 19 0.585632 1
20 0.42519 18 0.387963 4
21 0.49293 11 0.197087 21
22 0.57697 5 0.292162 10
23 0.50130 9 0.305862 8
24 0.53448 6 0.385636 5
25 0.80900 3 0.072293 24
26 1.00000 1 0.000000 26

Column 3 : Compensation to E m p l o y e e s , Including Social
Secur i ty

Column 4 : Other Incomes

(Continued)
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Table C.ll (Continued)

Sector Column 5 Rank

1 0.111215 13
2 0.029100 22
3 0.004900 25
4 0.054511 18
5 0.056128 17
6 0.183177 5
7 0.145897 10
8 0.144949 11
9 0.149825 8

10 0.298560 3
11 0.623735 1
12 0.134558 12
13 0.324215 2
14 0.216082 4
15 0.169786 7
16 0.148466 9
17 0.062777 16
18 0.106864 14
19 0.017092 24
20 0.091939 15
21 0.171714 6
22 0.033710 21
23 0.041512 19
24 0.029086 23
25 0.037953 20
26 0.000000 26

Column 5: Imports in Purchaser Values
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Table C . 12
Primary Inout Composition of Final Expenditures (7.)

Final Expenditures

Con
( 1 ) 

Final 
sumotion

(2)
Stocks

(3)
F i xed 

Cap ita 1
(4)

Exports
(5) 

Tota 1

Pr imary 
1nouts

(7.) (7.) (7.) (7.) (7.)

Consumotion 
of Fixed Capital 7.86 9.25 6.99 8.60 7.72
Indirect Taxes,Net.other 
than Commodity Taxes 2.10 -5.68 2.03 2.86 1 .95
Compensation of 
Employees (inc. SS) 41 .75 51.32 55.42 41 . 18 48.01
Other Incomes 36.02 39.21 22.37 26.52 29.94
Imports 12.27 5.90 13.20 20.84 12.39
Tota1s 100.00 100.00 100.01 100.00 100.01


