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ABSTRACT: This document aims to introduce a total productivity index to measure the economic sustainability of
the mining industry. This index will take into account any technical developments, means of use of productive
factors (i.e. inefficiencies and scale effects) and the effects on the growth of the geological properties in the resources
to be exploited (particularly the effects of resource reduction or reserves depletion). This new index will then be
applied to the example of the Spanish mining industry, with some interesting findings regarding the configuration of
sustainable mining policies.
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RESUMEN: En este trabajo se propone un indice de productividad total para medir la sostenibilidad econdémica en
las industrias mineras. En este indice se tiene en cuenta los avances técnicos, el modo de utilizacion de los factores
productivos (ineficiencias y efectos de escala) y los efectos sobre el crecimiento de los cambios en las
caracteristicas geologicas de los recursos a extraer (en particular, los efectos de la reduccion de recursos o
agotamiento de reservas). Este nuevo indice lo aplicamos al caso de le la mineria espafiola, deduciendo de los
resultados interesantes conclusiones en cuanto a la configuracion de una politica minera sostenible.

PALABRAS CLAVE: sostenibilidad econémica, indice de productividad, cambio tecnoldgico, agotamiento de
reservas.

1. INTRODUCTION the effects on the growth of the geological
properties in the resources to be exploited
(particularly the effects of reserves depletion).
Therefore, this index will act as a complete
indicator to measure the economic sustainability
of the mining industry, given that:

-Productivity is an adequate indicator to gauge
economical development, and this growth can be
limited by the effects of changes in the
geological characteristics of resources to be
exploited.

According to Munasinghe [1], any alternative
means of sustainable development needs to
adhere to the following three sustainability
criterions: economic, environmental and social.
The criteria regarding economic sustainability
aims to maintain the highest possible rate of
economical growth, using the available resources
in an optimal manner from the point of view of
the market.

This document aims to introduce a total
productivity index that measures the economic
sustainability of the mining industry. This index
will take into account any technical
developments, means of use of productive
factors (i.e. inefficiencies and scale effects) and

-The index takes into account the way in which
productive potentialities are employed: for
instance, whether there are any scale effects,
whether there are inefficiencies, or whether the
degree of usage capacity of these factors is
appropriate.
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-The index allows us to analyze the dynamics
between the effects of technical developments
(which tend to reduce costs) and the effects of
resource depletion (which tend to increase costs).
According to Tilton and Lagos [2], such
dynamics could determine the future availability
of mining resources.

-In addition to this, this index offers an estimate
of technological developments, which allows us
to anticipate whether the conditions are optimal
for the replacement of natural capital with
artificial capital. Indeed, according to Romer [3],
only new technologies can enable such a
replacement and generate extraction processes
that contribute to saving natural resources. If
such a replacement takes place, it is then also
possible to fulfil the criteria of social
sustainability (inter-generational equity) from a
perspective of weak sustainability [4].

This work is divided into three main sections.
Section 2 describes the methodological
development in the elaboration of the index of
decomposition of productivity growth, and
section 3 applies the aforementioned index to the
example of the Spanish mining industry. The
document then concludes with the most relevant
conclusions.

2. INDEX ELABORATION

The starting point is the traditional Divia index
of Total Factor Productivity (TFP). Solow [5]
proves that under constant returns to scale in a
long run competitive equilibrium the index

(TFP= Q- F) can be interpreted as a measure

of technical change. In the index TFP, (Q) is a
index of aggregate output and can be written as:

Q= Z PJOJ (1)

where, Q;is the quantlty of the j-th output, P;is
the price of the j-th output, R= z PO ), 18 total
-
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th output.. Likewise, (F ) is a index of aggregate
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cost and /YI =

is the growth rate of the 7-th

input.

This index 7FP= Q—F , referred to in the

literature as the Solow residual [6,7], measures
the changes in the output aggregate not
explained by changes in the input aggregate.

The starting point is a primal representation of
technology such as

Q= f(X,, X,,..
dual cost function C'= g(W,, W,,..., W,,Q, t)

Under constant returns to scale in a competitive
equilibrium in the product and factor markets, it
can be shown that:,

Oln £ Oln
--2£ ()
ot ot

where, the X ’s are input, ¢ denotes technology ,
Q output, C'is total cost and the W/s are input
prices.

o X, f) or alternatively their

TFP =

The result in (3) shows that the Solow Residual
can be interpreted as a shift of the production
function, not attributable to changes in inputs but
to technical change or can also be interpreted as
well as a shift of the cost function, not
attributable to changes in input prices or output
quantity but to technical change.

The use of the Solow Residual as a measure of
technical change relies on a number of
simplifying assumptions. If these assumptions do
not hold, the residual has to be corrected
accordingly. The effects of non-constant returns
to scale and the violation of the various
conditions of a long run competitive equilibrium
have been analyzed empirically [8-11].
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In this paper we derive a multi-decomposition of
the Total Factor Productivity (TFP) index that
explicitly takes into account the distinguishing
productive characteristics of mining industries.
Our alternative decomposition simultaneously
introduces the possible effects on productivity
growth of non constant returns to scale, mark-up
pricing, inefficiencies and sub-equilibrium due
to quasi-fixed factors, and the influence of
geological factors.

A measure of productivity in mining industries
starts with the production function:

Q,: f(XVa XFa ta G) (4)

where Q=( Q,,...,Qy) is a vector of m outputs
obtained with r variable inputs, X;=(Xj,...,. X)), n-
r quasi-fixed inputs, Xe=(X-.,...X,); the
technology (#); and a set of s geological
characteristics (such as level of reserves, quality
of deposits...) of the natural resource denoted
by G=(G;...Gy).

Under certain regularity conditions of the
production function [12] and wunder the
assumption of cost-minimizing behaviour, there
is a dual variable cost function that contains all
relevant information about the technology and
which can be represented as:

VC: h (WVa XFa Qla"'ana ta G) (5)

where W denotes variable cost and
Wi=(W,..,W,) is a vector of prices of the
variable inputs (Xj). The total cost function can
be written as:

C=h (Wy, Xp, QeeesQu. . G D, X W (6)
I=r+l

where W, is the price of the j-th quasi-fixed

input.

Next, we extend previous results [8-11] to take

into account the productive characteristics of

mining industries.

Using the index TFP = Q—F and totally

differentiating the function (6) with respect to
time and rearranging, we obtain:

TFP = —l%+ Z (6cx — S)F +

n X aC m . C
+ L - — X +(1- & -
I=r+l C ( ! &le ( Z‘T Coj)o
- &0, Gy (7)
k=1
where TFP* is the corrected index of Total
Factor Productivit owth, ¢., = OlnC 1S
y gl' ] CX; ah’lXI

the elasticity of cost with respect to input i,
S =XW/C is the cost shares of input i

€= Z( Ecx, z Ecx,) X, denotes aggregate

=1 =1
input growth using cost elasticities, rather that

. oh .
cost shares, as weights, Z =——— is the
. . . 0C |
shadow value of quasi-fixed input 7, — is the
marginal cost of quasi-fixed input 7 X; is the
rate of change of quasi-fixed input j
. = olnC
cQ;, —
0ln Q,

. - C -
respect to output j, Q = Z(g co, / Z gmj) Q;
J J

is the index of aggregate output, but using cost
elasticities, rather than revenue shares, as
) olnC . .
weights, ¢.. =——— is the elasticity of cost
“ 0lnG,

is the elasticity of cost with

with respect to geological characteristic & (for
example, level of reserves) and G, is the rate of
change of geological characteristic &

Following De la Fuente [13] the global cost

m
elasticity (28001 ) can be written in terms of
J=1
Capacity of Utilization (CU) and returns to scale
(RS) and which can be represented as:

u cU
> o =—c 8
7% RS ®)
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Therefore, substituting (8) into equation (7) the
corrected index can be written as:

TFP’ ——l%+2( Eox — S)F +

X, oC
+ Z—-—— | X+ =Y o0 -
I=r+l C( ' an ( )Q
=Y &0, G, )
k=1

Equation (9) provides a decomposition of the
corrected index of Total Factor Productivity

growth (TFIka ) into five components. The first
1oh, . .
component (———) is commonly interpreted
C ot
as a measure of technical change. The second
(D (ecx,—S)F)  can  be
=1

interpreted as a measure of allocative
inefficiency: it measures the effects of non-
optimal allocation of factors on TFP. If the
industry is  allocatively  efficient, then

E =W, i=1,2...,n, and this term is equal to
o0X

;

Zero. The third

(X

I=r+l

component

component

" oX
on Total Factor Productivity of sub-equilibrium

due to quasi-fixed factors. This term vanishes in
a competitive equilibrium when the shadow

{Z.—Ej X ) measures the effects

value of the fixed factors (Z)) is equal to its
marginal cost (0C/3 X, ). The fourth component

cU) .
[1 ——j QC measures the effects of
RS

changes in the scale of production on Total
Factor Productivity. Firms might find it difficult
to change some inputs and, as result, they do not
necessarily operate at the optimum level of
capacity utilization. This term vanishes when
there are constant returns to scale (RS=1) and the
capacity is fully utilized (CU=1). The last term

(zgmk Gk) measures the effects of changes in

geological characteristics on Total Factor

Productivity. This term vanishes only if the
geological characteristics do not change.

If the geological characteristics do not change,
under constant returns to scale and at a
competitive equilibrium in the product and factor
markets, it can be easily shown that:

1 oh
TFP* =TFP=Q-F=——— 10
Q- C ot (10)
3. APLICATION TO THE SPANISH

MINING INDUSTRY

In this section, the corrected measure of TFP
(described in expression 9) is applied to Spanish
mining during the period 1974-2004. The
starting point is the following production
function:

Q’: f(XLa XEa XMa XKa ta D) (1 1)

where Q=( Q., On On @, ) is a vector of

outputs —energy mining output (Q.), metal
mining output (Q,), non-metal mining output
(@) and quarry mining output ((Q,)— obtained
with three variable inputs: employment (Xp),
energy (Xg and materials (Xy); a quasi-fixed
input, capital (Xy); the technology (#); and the
depletion of mineral reserves denoted by D (the
geological characteristic is the level of reserves).

The dual variable cost function of (11) can be
represented as:

VC=h(Wr,Wg, Wy, Xk, Qe,QuQn,Qq> t, D) (12)

where VC denotes variable cost and W;, Wy and
Wj, are the input prices of labour, energy and
materials. The total cost function can be written
as:

C: h (WLa WEa WMa XKa Qea Qma Qna Qq ’ ta D) +
Xk Wk (13)
where Wg is the user cost of capital.

Therefore, differentiating with respect to time
the function (13) and rearranging, we obtain a
decomposition of the corrected index similar to

9):



Dyna 161, 2010 15

CU\ .¢ .. DG&h ;
- | +Z‘(8CX’ = 5,.)FC—25—D D(14)

where x=————is the shadow value of

Xk
Capital, X, 1s the rate of change of Capital, D

is the rate of change of mineral reserves and

D oh .
———D measures the effects of reserves

CoD
depletion on Total Factor Productivity.

The estimation of (14) requires the estimation of
a Variable Cost Function in which the mineral
reserves depletion is included as an explanatory
variable. A central issue of this empirical
analysis is the definition of a variable that
measures the quantity of mineral depletion
available for extraction at each period of time.
To the best of our knowledge, there is no annual

Estimation of mineral reserves in Spain.

However, we have data on the quantities of
mineral extracted from 1974 to 2004. For this
reason, we estimate a proxy variable of mineral

reserves depletion in year t ([) using data on
mineral extracted as:

D=0, (15)

where (Q;, ... , (Q:;) are the aggregated
quantities of mineral extracted in previous
periods of time. The basic simplifying
assumption contained in expression (15) is that
minerals extraction is the main force in the
evolution of reserves depletion while new
discoveries are mnot very relevant. This
assumption is not unrealistic in the case of
Spanish mining (in fact, the number of active
mines went from 4443 in 1974 to 4226 in 2004).
We estimate a variable cost function using data
on minerals production, input prices and
quantities reported in Mining Statistics
(Estadistica Minera) an annual publication of the
Spanish Ministry of Economy [14]. The dataset
contains data of mining industries operation in
Spain aggregated by the four big industries
(energy mining, metal mining, non-metal mining
and quarry mining) from 1974 to 2004. The
mining industries include government and
privately-owned firms carrying out both surface
and underground mining. Some descriptive
statistics of the variables used for the estimation
are shown in Table 1.

Table 1. Descriptive statistics (1974-2004)

Variables Units Maximum Minimum Mean Std. Dev.
Labor (X) Hours (thousands) 164127 60816 109292 34706
Price of Labor ( W}) Euros/hour 12,05 5,50 9,65 1,61
Capital (Xx) Hours (thousands) 98866 72278 84912 6503
Price of Capital ( Wk) Euros/hour 7,17 4,20 5,68 0,79
Materials (Xj) Tons 75808 33822 54540 11207
Price of Materials (W) Euros (thousands)/Ton 7,19 2,75 531 1,52
Energy (Xg) Tons of coal equivalent (TEC) 868328 365267 642673 142770
Price of Energy (Wg) Euros/ TEC 433,32 207,76 310,14 72,47
Energy Mining Output (Q.) Tons (thousands) 42930 15197 29219 8268
Metal Mining Output (Qn,) Tons (thousands) 12406 17 6530 4494
Non-Metal Mining Output (Q,) Tons (thousands) 10001 2850 5707 2617
Quarry Mining Output (Q,) Tons (thousands) 519521 132500 240485 110687
Price of Energy Mining Output (P) Euros/Ton 54,20 16,97 35,82 10,64
Price of Metal Mining Output (P,,) Euros/Ton 153,10 31,12 59,47 41,08
Price of Non-Metal Mining Output (P,) Euros/Ton 70,95 18,42 44,40 18,26
Price of Quarry Mining Output (P) Euros/Ton 2,76 1,95 2,41 0,21
Variable cost (CV) Euros (Millions) 1875 966 1482 301
Total Cost (C) Euros (Millions) 2440 1376 1963 335
Reserves Depletion (D) Tons (Millions) 8348 158 3525 2341
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Some clarifications on the construction of the
variables are needed. Firstly, the hours of Labor
(Xp) are weighted by the cost share of each labor
qualification. The tons of Materials (X, are
weighted by the cost share of each type of
material. Capital is measured as hours of
machinery use. In this case, the hours are
weighted by the power of each type of
machinery. The user cost of Capital (W) is
defined as:

We

t

= Weod, (16)

where Wk is the user cost of Capital in the
base year reported in Gomez [15] and /;is an

Index of price of machinery. Finally, output
1s measured in Tons of mineral extracted.
The output of each big industry is weighted by
the values of the different minerals included in
the industry. Similarly, the aggregated quantities
of mineral extracted used in estimation of
Reserves Depletion (D) are weighted by the
value of the different minerals

The Translog functional form has been used in
the estimation. This is a flexible function form
used previously by Brown and Christensen [16]
and Berndt and Hesse [17]. The variable cost
function can be written as:

InCV=q, +Za In Q, +Za InW+p8,In X +at+a,D+

+/ZZO{ 1nW1nW++ZZa In Win Q, +Z§ In Win X, +

(17)

+Z§s,1n0t+2a ant+Za 1nWD+Z§lenQD+25 In Q. In X, +

/ZZ“ InQInQ, +//3kk(1nX) +/a t2+/o:DDD2

where 7,7 refer to the three variable inputs, Labor
(L), Energy (£) and Materials (M); s,v refer to
the four outputs, energy mining (e), metal
mining (z77), non-metal mining (z7) and quarry
mining (g) while D is the measure of reserves
depletion in expression (15). All variables in the
translog cost function are in natural logarithms
with the exception of the time trend (7) and the
measure of reserves depletion (D).

In addition to the variable cost function we
estimate the input equations for the variable
factors and the price equations. Using
Shephard’s lemma in equation (17) we have that:

alnCV
. a+Ya.InW+>» a nO +
' aan “ 2 v 4 2 sInQ
+o,In X +a,t+a,D 18)

where 7= 1, E, M, and S; denotes the variable
cost share of input 7.

The price equations are derived using expression
17. Under imperfect competition, which typifies

the mining industries, market power leads firms
to set prices above (or under) marginal costs:

_(a%/) —[F(a +Za In Q,+

+z a,InW+6,In X, +5, t+65,D)n, (19)

where s=emn,q, and 7, denotes the

markups on marginal costs.

However, price markups over marginal costs are
not directly observable. Various approaches to
their indirect estimation are suggested in the
literature. For example, Dobringsky et al. [18]
propose a direct relationship between the markup
and the returns to scale index as:

£Q (20)

C.

s

=

where PQ,/C.is the industry’s average profit
margin and A, =(C,/Q)/(6C,/0Q) is a
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returns to scale index of the s-t4 industry.
Substituting equation (20) into equation (19), the
index A can be estimated as an additional

parameter of the s-#4 industry production
technology.

The system of equations (17), (18) and (19) is
estimated after imposing parametric restrictions
of symmetry and homogeneity of degree one on
input prices. The share equation of materials is
dropped to avoid singularity of the system.
Prices and Variable Cost have been divided by
the price of Materials to impose homogeneity of
degree one on input prices of the cost function.
The resulting system of equations is estimated by
Iterative Three-Stage Least Squares (/3SLS).

I3SLS is an appropriate technique when right-
hand side variables are endogenous. We use this
method since the possible endogenously of the
outputs. As instruments of outputs we use their
lagged values. Furthermore, we adjust the

ISURE estimates to account for serial correlation
by adding AR(1) terms to the price equations.
The estimation produced a number of
coefficients not significantly different from zero.
Moreover, we could not reject the null
hypothesis that the non significant coefficients
were jointly different from zero. Therefore, in
order to deal with what looks like a
multicollinearity problem, we decided to re-
estimate the cost function without the terms
whose coefficients were jointly non significant.
The final results of the estimation are show in
Table 2.

The findings suggest that the model is robust.
The R-squared of the estimated equations
indicated good explanatory power. The values of
the Durbin-Watson test indicated that
autocorrelation is corrected. The coefficients
have the expected signs and are significantly
different from zero at conventional levels of
significance.

Table 2: Restricted Translog Variable Cost Function

Parameters Estimate Std. Error Parameters Estimate Std. Error

7 -0.0057* 0.0009 Qpm 0.0376 0.0333
Q. 0.1877* 0.0424 a, -0.1376** 0.0574
y 0.0193** 0.0083 Qg 0.0672 0.0498
a 0.0356* 0.0089 a, -0.4062* 0.0981
a, 0.8657* 0.1179 Qg 0.3308* 0.1267
ap 0.6083* 0.0504 Ok 0.3033*** 0.1822
ag 0.3123* 0.0392 Oek -0.4245* 0.1519
L -0.1270* 0.0304 o 0.0331 0.0321
o -0.0254* 0.0066 g -0.0181 0.0271
ap 0.0136* 0.0025 SeD 0.2687* 0.0695
(1793 0.1045%* 0.0477 Omb 0.0428* 0.0161
Qrp 0.8089* 0.0790 Snp 0.0215 0.0205
are -0.4990* 0.0388 dqp 0.4279* 0.0601
Qe -0.1928* 0.0517 arp -0.0676 0.1496
Qe 0.2109* 0.0486 (1755 0.1633 0.1306
QL -0.0171 0.0390

Equation R Durbin-Watson P& A7

Variable Cost Equation 0.9019 2.0807

L-Share Equation 0.8018 2.0343

E-Share Equation 0.9883 1.8774

P.Equation 0.8671 1.6841 0.9209* 1.1258*

P.,Equation 0.9329 1.8787 0.8211* 0.9104*

P, Equation 0.9825 1.8665 0.7304* 1.0981*

P, Equation 0.9965 1.7495 0.6710* 0.8041*

Estimation Method: Iterative Three-Stage Least Squares (I3SLS) using Eviews 5.0
(a) p refers to the autocorrelation coefficient used to adjust the equation.

(b) A refers to a returns to scale index included in the equation.
(*) Significant at the 1% level; (**) Idem, 5%; (***) Idem, 10%.
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The decomposition of the corrected TFP growth
rate following equation (14) is shown in Table 3.

The five components of TFP" in equation (14)
are shown in the first five columns of Table 3

while the estimated value of 7FP" appears in the
sixth column. The result’s that TFP grew at an
average annual rate of 1.75%, although there was
a great deal of variation across years (for
example, TFP growth has been negative in some
years). The Technical Change (column 1) was a
main source of TFP growth gains (this
component grew at an average annual rate of
2.49%). The other four components had jointly a
negative contribution to TFP growth (-0.74%),
although the particular effect of each component
was different. The component that measures the
subequilibrium due to quasi-fixed capital factor
present a average value positive but quite small
(0.09%). This value is positive since the shadow
value of capital is generally larger than its

marginal cost (Z >0C ). The average
K 0X

value of the scale effect is positive but also small
(0.66%). The small average value is driven by
the existence of positive values that are partially
balanced by negative values. In most years of the
sample the elasticity of scale (RS) is larger than
the index of Capacity Utilization (CU), with
average values of 0.96 and (.79 respectively.
The average value of the effect of non-optimal
allocation of factors is negative (-0.71%). This
result is driven mainly by the existence of
negative values that are partially balanced by
positive values.

Finally, the average value of the component that
measures the effect of the reserves depletion has
a negative contribution to the average TFP
growth (-0.78%), which might indicate that the
reserves depletion are likely to increase the cost
of extraction.

Table 3: Total Factor Productivity growth and its components

Technical Allocative Reserves .
Year Change Subequilibrium Scale Inefliciency Depletion TF Pk
1975 0,0442 0,0017 0,0092 -0,0327 0,0002 0,0221
1976 0,0417 0,0004 0,0103 -0,0071 0,0003 0,0449
1977 0,0356 0,0007 0,0287 -0,0327 0,0003 0,0321
1978 0,0286 -0,0024 0,0336 0,0129 0,0008 0,0719
1979 0,0281 0,0059 0,0402 0,0589 0,0007 0,1323
1980 0,0348 -0,0008 0,0328 0,0182 0,0010 0,0840
1981 0,0395 0,0026 0,0148 -0,0537 0,0010 0,0022
1982 0,0386 0,0057 0,0072 0,0533 0,0019 0,1030
1983 0,0377 -0,0015 0,0035 -0,0173 0,0026 0,0197
1984 0,0388 -0,0016 -0,0018 -0,0997 0,0008 -0,0651
1985 0,0377 0,0055 -0,0003 0,0393 0,0021 0,0801
1986 0,0333 -0,0016 0,0003 0,0089 0,0021 0,0387
1987 0,0326 -0,0001 -0,0094 0,0704 0,0008 0,0926
1988 0,0332 0,0082 -0,0006 0,0245 0,0032 0,0622
1989 0,0292 0,0010 0,0191 -0,0631 0,0089 -0,0227
1990 0,0272 -0,0097 -0,0043 -0,0706 0,0139 -0,0713
1991 0,0219 0,0009 -0,0117 0,0158 0,0124 0,0145
1992 0,0201 0,0048 -0,0064 -0,0617 0,0139 -0,0571
1993 0,0198 0,0033 -0,0099 0,0685 0,0091 0,0725
1994 0,0176 -0,0002 -0,0074 0,0093 0,0083 0,0111
1995 0,0158 -0,0008 -0,0004 0,0069 0,0100 0,0114
1996 0,0133 0,0023 -0,0092 -0,0231 0,0097 -0,0264
1997 0,0108 0,0005 -0,0168 -0,0707 0,0095 -0,0857
1998 0,0094 0,0003 -0,0071 -0,0193 0,0118 -0,0286
1999 0,0090 0,0002 -0,0081 -0,0072 0,0167 -0,0228
2000 0,0100 0,0017 -0,0009 -0,0535 0,0203 -0,0628
2001 0,0097 0,0005 0,0044 -0,0087 0,0216 -0,0157
2002 0,0100 0,0008 0,0188 0,0299 0,0212 0,0384
2003 0,0095 0,0007 0,0496 -0,0435 0,0153 0,0010
2004 0,0088 -0,0005 0,0200 0,0350 0,0143 0,0490
Average 0,0249 0,0009 0,0066 -0,0071 0,0078 0,0175
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4. CONCLUSIONS

To take into account the productive
characteristics of mining industries we present a
decomposition of the corrected TFP growth into
five components: technical change,
subequilibrium, scale, allocative inefficiency and
resource depletion. This index can be used as an
indicator of economic sustainability for mining,
and its application to the example of Spain’s
mining industry has brought us to the following
conclusions:

-The economic growth of the sector for the
suggested period (in terms of productivity) has
proved to be moderate (an average per annum
growth rate of 1.75%). This growth was partly
undermined (by about 0.78%) by the effect
caused by reduction in reserves (this is known as
the “depletion effect”).

-The use of production potential has not proved
to be optimal, given that scale economics have
not been used to their full advantage, production
capacity has been under-used, and production
factors have not been efficiently assigned.

-The component of technological change has
shown the best behaviour, anticipating that it is
possible to generate a process of replacement of
natural capital with artificial capital in the
Spanish mining industry. Should this process
take place, it would help lay out some good
groundwork to improve the criteria of inter-
generational equity, a hitherto hard-to-achieve
goal in this type of industry.

-In addition to this, the effects of technological
change on this growth have amply compensated
for the effects of reserves depletion on said
growth, which is akin to what occurs with other
minerals [2].

Because of these results, and with view to
establishing some policies to maintain
sustainability in Spain’s mining industry, we
suggest the following;

-To improve knowledge of mineral reserves, in
order to more accurately measure the effects of
its reduction in economic growth and to enable
some planning to optimize its use.

-To continue favouring technological progress,
as this is a safe way to guaranteeing the growth

of artificial capital (given the evident reduction
in natural capital) and to compensate for the
possible effects of resource reduction (and in this
way guarantee their better availability in the
future).

-To improve the human capital that intervenes in
the management and production processes within
the mining industry. This seems like the safest
alternative to enable its efficient management
and, by default, an optimal use of its productive
capabilities.
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