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1. Introduction

One of the fundamental tasks that have the governments and institutions is taking
care of the welfare of its citizens. Catalonia, as an autonomous community
belonging to Spain has some delegated powers, and therefore has the task of
managing the wellbeing of its citizens in the best way possible.

One of the main problems of the Catalan government and institutions is the
imbalance between its different regions. These institutions have to carry out some
actions in order to manage well the imbalances between regions and rebalance the
whole territory which will allow its all citizens to enjoy a similar standard of
living,. In order to carry out this task, we present a methodology that relates in
general terms how the economy of a region determines the quality of life of the
population in relation to all others.

The study is based on data obtained mainly from IDESCAT, but we also consulted
some information that we had access in the Research Institute of Applied
Economics IREA-University of Barcelona.

At the end of the study, we present the connection between the main economic
activity of regions and the quality of life of its inhabitants, within the whole
Catalonia.

2. Theoretical Background

Catalonia is located in the northeast of the Iberian Peninsula, in the southern part of
French and, therefore, is the transition territory to the rest of Europe. Its privileged
geographical location has fostered the development of its territorial success thanks
to being the gateway of tourism from Europe, among other strengths. Furthermore,
the appeal of Barcelona (cosmopolitan, open-minded, and scientific and
technological edge) allowed it to develop a well-built infrastructure which makes it
one of the most important cities of southern Europe. On the other hand, the more
peripheral regions of Catalonia, with a less privileged geographical location, have
been shaping themselves with the development of other economic activities
(agriculture, livestock, fisheries, mining, etc.).

In our research we discuss, first, the main economic activities in each of the
regions of Catalonia. We consider four main economic activities grouped together
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by the similarity of different tasks and jobs, as same as several subsectors. We will
work on the following economic activities:

Primary sector: In this sector, jobs are grouped that involve primary sector
activities such as: farming in general and fishing in any of its aspects. In the
databases consulted we found a large dispersion of activities in Catalonia mainly
because there are a lot of small business’ and small business owners. This task
obstructed the individualized treatment of each of the sub-activities that shape the
primary sector. To facilitate the collection of statistical data, we decided to treat the
whole of the primary sector, regardless of the region that may have, taking into
account different weights in its sub-activities.

Industry: This sector has a relative importance in different regions of Catalonia.
However we analyzed jointly two different sub-activities: light industry and heavy
industry. This sector includes all economic activities related to the process and
treatment of both raw materials and semi-finished products at different stages.

Construction: Although this is a specific tertiary sector, we decided to analyze it
separately due to its importance in Catalonia, especially in the years before the
economic crisis.

Service: In this section we grouped the entire service sector except construction.
This broad economic sector is by far the one that most contributes to the GDP of
Catalonia incorporating all activities related to services, such as: education, health,
trade, transportation, public administration, food and beverage, etc. It is a very
diverse and heterogeneous sector. Each of the Catalan regions, depending on their
location, has different activities related to the service sector.

3. Description of the Model

All events and activities around us, including ourselves, are a part, one way or
another, some kind of a system or subsystem, that is, we could say that almost all
activities are a consequence of a cause-effect impact. Despite the establishment of
good control systems, it is always possible to set aside or ignore some causal
relationships which are not always explicit, evident or visible, and usually not
perceived directly. It is common that those relations remain hidden because they
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are effects over effects, and thus the accumulation of causes that are provoked by
them. Human Intelligence need to rely on models and tools which are able to create
a technical foundation that can enable the creation of all comparisons from the
information obtained from the environment and bring out all the possible direct and
indirect causal relationships.

The underlying idea behind the model we apply is based on the so-called "butterfly
effect” that we have heard often. Popularly it is said that when a butterfly beats its
wings in Mexico it causes a typhoon in Philippines. The idea of direct and indirect
causal relationships is an accumulated evident. The direct relationship can be
exampled such as: the beat of butterfly wing would cause the typhoon. The indirect
relationship would be the accumulation of the elements that boost the movement of
the air, from the beat of butterfly wings to typhoon.

In 1988, Kaufmann and Gil Aluja established the "Theory of the Forgotten
Effects.”" This theory allows obtaining all direct and indirect relations, with no
possibility of errors, recovering the effects as it is called: “Forgotten Effects".
According to the authors, all happenings that surround us are part of a system or
subsystem. It means we could almost ensure that any activity is subject to a
problem is a result of “causes” and “effects”. Despite a good system control, there
is always the possibility of leaving voluntarily or involuntarily some causal
relationships that are not always explicit, obvious or visible, and usually they are
not directly perceived. It is common that there are some hidden reasons of the
problems that we encounter due to effects of incidence effects on outcomes. The
forgotten effects theory is an innovative and efficient approach taking into account
many aspects of the relations, and which enables minimizing the errors that may
occur in many processes. For this study, we have two sets of elements (causes and
effects):

A={a,/i=12,...,n} :economic activities
B= {bj /] =l,2,...,m} : welfare variables

We assume that there is an occurrence of a; over bj if the value of the membership
functions of the feature pair (a; bj) is estimated at [0, 1] (the value of each cell in
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the array cannot be smaller than O or greater than 1 as if we had valued from 0 to
10 but in decimals):

V(ai,bj):> ,u(ai,bj)e [0, 1]

The set of rated pair elements define the "direct relationship matrix”, which shows
the cause relationships - effect on different levels that occur between the joint
elements of the A set (causes-economic activities) and the joint elements of the B
set (effects - welfare variables):

24 b, b, b, b, 1 b,

ay | Map, | Hap, | Mapy | Hap, | ! Hypp,

ay| Hap, | Hagp, | Haspy | Hayp, | ! Hap,

as| Map, | Hap, | Magp, | Hap, | " Hasp,
M = a,| o | B, | Hap, | Hagp, | My,

as| Moy, | Hagp, | Masp, | Hagp, | " Hap,

N \ \ \ N N

a; | Mo, | Hap, | Mapy | Hap, | " Hyp,

This matrix can also be represented by its associated relationship graph. In the case
where the characteristic function of the property is null, the hoop that connects the
elements of the sets A and B would be deleted:
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a e ® b
a, e ® b,
a, e ® b,
a e o b

n n

The accumulation process:

To continue with the explanation of the model, below we show how the effects can
accumulate. If we suppose now the appearance of a third set of elements, different
from the previous two:

C={c,/k=12,...z}

which consists of the elements that are the effects of the B set:

? cl CZ ! cz
b2 IlelCl /lel ¢y ! ﬂblcz
N = b2 /lezcl Ilezc2 ! ﬂbzcz
1 1 1 |
bm llemcl ’ubm‘fz ! ’ubmcz

and having the common elements of the B set:
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(4

S

bl b2 bm
/ualb1 /’la]bz /ualbm
ll’lazbl ILllebz ﬂazbm
1 1 |
:l’la”b1 /l’lbmc2 /’lbmcz
¢ ) C.
'ub1"1 ’ublcz ’ublcz
ll'lbzc1 /’lbzcz lubzcz
1 1 |
ll'lbmcl /’lbmcz :‘ubmcZ

The incident graphs associated to each of the two matrices would be as following:

o b,

a, e L4 bm
b e ®C,
b, e °c,

b e °C.
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We can therefore say that the matrix P defines the causal relationships between the
first of elements A set and the elements of the third C set, with the intensity or
degree that leads to consider the elements belonging to set B.

McAxB i NcBxC.
The mathematical operator to find out the effect of A on C is the max-min

composition (least of all, we are left with the most). In fact, when there are three
impact relationships we would have:

McAxB, NcBxC, PcAdAxC

And the Kaufmann (1977) equation is induced to:

Mo N=P

Where theo symbol represents precisely the max-min composition. The
composition of two relations is uncertain such that:

‘v’(ai,cz) € AxC:
Hase Jwon="V (u(ayb;) A n(b;.c.)

We, therefore, affirm the relationship of impact P defines the causal relationships
between the elements of the A set and the C set in the intensity or degree implying
the elements belonging to the B set.

4, Development of the Model

Below we present two tables that include all the obtained statistical information,
and have been normalized which means we divided all values of the column by the
largest value. The aim is that all column values refer to the highest value which
takes the value 1. We need normalized values on base 1 because, as you can see,
Tables 1 and 2 include, respectively, the variables that meet for each of the regions
of Catalonia, values between 0 and 1. Table 1 shows the importance of each
welfare indicator for each region compared to the best position.
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Table 1. Welfare indicators per regions of Catalonia

Social

price GDP High Human Capital Participation Enviorme Disposable Health
work per per Education Capital in ntal household
sgm capita Level (Population) T associations  Quality incom e )
Connection}
atcamp 0853 0401 0.376 0007 0.020 0.570 0.021 0.760 0.870 0.850
at emporda 0.853 0.502 0.370 n.020 0.062 0.900 0.067 0.5600 0.880 0.950
alt penedes  0.879 0466 0.460 0017 0.047 0.570 0.056 0.650 0.850 0.840
alturgell 0.817 0400 0.356 0.004 0.009 0.850 0.012 0.850 0.810 0.210
altta ribagorca 0.885 0380 0.511 0.0m 0.001 0510 0.004 0.750 0.910 0.830
anoia 0.8%2 0413 0.334 0.018 0.052 1.000 0.055 0.340 0.790 0.750
bages 0.858 0398 0.354 0.035 0.082 0.950 0.076 0.730 0.840 0.2800
baixcamp 0.859 0442 0.379 0034 0.085 0.940 0.070 0.780 0.850 0.920
bamebre 0.785 0375 0.341 0012 0.036 0510 0.037 0.540 0.840 0.850
baix emporda 0.850 0483 0.362 0.022 0.053 0.900 0.062 0.580 0.280 0.940
baix lobregat 0.899 0666 0.423 017 0.357 0.530 0222 0570 0.800 0.720
baix penedés 0848 0500 0.278 0.011 0.044 0.220 0.034 0.400 0.850 0.920
barcelenes 0.306 1.000 0.505 1.000 1.000 0.520 1.000 0.630 0.920 0.750
bergueda 0.773 0.390 0.347 0.007 0.012 0.930 0.026 0.430 0.850 0.750
cerdafia 0.926 0640 0477 0.004 0.o0o8 0.850 0.010 0.400 0.920 0.820
sonca de barbera  0.830 0272 0.425 0.003 0.008 0810 0.014 0.860 0.980 0.a70
garraf 0.876 0700 0.291 0033 0.065 0.5950 0.054 0.650 0.840 0.830
garrigues 0.752 0300 0.333 0.003 0.008 0.930 0.013 0.380 0.920 0.290
garrocha 0.8384 0450 0.427 0011 0.0z24 0.510 0.035 05870 0.910 0.730
gironés  0.928 0510 0.437 0.04% 0.081 0.390 0113 0.580 0.930 0240
maresme 0.834 0610 0.2%5 0112 0.153 0.520 0.151 0.730 0.850 0.830
montsia 0.504 0325 0.264 o002 0.031 o710 0.026 0.970 0.830 0.530
noguera 0.799 0.290 0.339 0.006 0.017 0.900 n.024 0.470 0.880 0.750
osona  0.916 0433 0.411 0.030 0.058 0.870 0.058 1.000 0.810 0.750
pallars jussa 0.755 0.330 0.377 0.003 0.006 0.210 0.010 0.750 0.940 0810
pallars sobirda 0.856 0425 0.453 n.ooz 0.003 0870 0.009 0.550 0.930 1.000
pladurgell 0.815 0255 0.405 0.005 0.016 0.940 0.016 0.230 0.240 0.950
pla d'estany 0.907 0500 0.322 0007 0.013 0.500 0.019 0.650 0.920 0.940
priorat 0.757 0400 0.231 0.002 0.004 0.250 0.010 0.270 0.900 0.900
ribera de Ffebre 0.716 0277 1.000 0.003 0.010 0.530 0012 0.860 0.920 0.830
ripoliés  0.872 0425 0.428 0.005 0.011 0.900 0.016 0.710 0.940 0.960
segarra  0.895 0300 0.397 0.003 0.010 0.530 0.016 0.900 0.870 0.850
segria  0.843 0403 0.387 0.051 0.093 0.970 0.094 0.480 0.900 0.850
selva 0.863 0500 0.354 0021 0.076 0.850 0.067 0.540 0.800 0.850
solsones  0.364 0.3%0 0.333 0.002 0.006 0.940 0.009 0.680 0.850 0.740
tarragones  0.842 049 0.485 0.056 0.111 0.950 0.099 0.5600 0.880 0.830
terra alta 0.708 0266 0.321 0.001 0.005 0.270 0.008 1.000 0.870 0.740
urgell 0.833 0368 0.364 0.005 0.0186 0.940 0.020 0.590 0.940 0.2a0
val d'aran  1.000 0.560 0.603 0.002 0.004 0.910 0.006 0.600 1.000 0.9%0
vallés occidental 0.902 0610 0.407 0232 0.398 0.930 0.270 0.650 0.870 0.210
valles oriental 0929 0557 0.431 0.075 0.178 0.920 0.14% 0670 0.810 0.200

Following, Table 2 shows the relative weight of economic sectors in each region,
including in relation to the best position. In this context the sum of the values of
the four economic sectors is not equal to 1, since the normalization has been done
on the basis of one regional indicator (per columns and not per rows):



Ana Maria Gil-Lafuente, Aras Keropyan, Jaume Balvey

Table 2. Weight of economic sectors, per region

Primary Sector Industry Construction Services

alt camp 0.155 0.476 0.495 0.633
alt emporda 0.215 0.108 0.653 0.525
alt penedeés 0.083 0.468 0.447 0.668
alt urgell 0.347 0.153 0.649 0.859
alta ribagorca 0.077 0.27 0.764 0773
anoia 0.071 0.375 0.682 0.656
bages 0.77 0.345 0.605 0.774
baix camp 0.065 0.331 0.581 0.767
baix ebre 0.419 0.277 0.461 0.775
baix emporda 0.143 0.134 0.854 0.855
baixx llobregat 0.011 0.323 0.495 0.811
baix penedés 0.029 0.225 0.644 0.828
barcelonés 0 0.149 0.389 1
bergueda 0.281 0.269 0.8%4 0.658
cerdanya 0.101 0.054 1 0.913
conca de barbera 0.155 0.653 0.49 0.458
garraf 0.035 0.182 0.658 0.851
garrigues 1 0.35 0.61 0.547
garrotxa 0.083 0.424 0.596 0.669
girones 0.053 0.22 0.509 0.851
maresme 0.119 0.193 0.6e39 0.868
montsia 0.419 0.269 0.6 0.746
noguera 0.844 0.321 0.639 0.589
osona 0.137 0.351 0.538 0.705
pallars jussa 0.269 0.378 0.639 0.664
pallars sobira 0.227 0.254 0.657 0.776
pla d'urgell 0.706 0.353 0.668 0.552
pla d'estany 0.157 0.365 0.653 0.688
prioret 0.323 0.249 0.98 0.688
riberade I'ebre 0.101 1 0.173 0.234
ripollés 0.173 0.415 0.466 0.654
segarra 0.253 0.646 0.355 0.485
segria 0.407 0.163 0.605 0.845
selva 0.071 0.369 0.649 0.711
solsonés 0.497 0.283 0.831 0.658
tarregones 0.029 0.288 0.519 0.828
terra alta 0.338 0.34 0.912 0.576
urgell 0.431 0.354 0.567 0.672
val d'aran 0.023 0.224 0.62 0.865
vallés occidental 0.005 0.35 0.466 0.79

vallés oriental 0.017 0.463 0.475 0.679
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These two tables provide us the extent of fulfillment level for analyzed variables of
each Catalan region in relation with the region that has the highest indicator. But
this information is not useful to make a global study. A part from that, we should
take into account the impact of economic activities over regions which will help us
to determine the welfare of the population in relation to the rest of indicators of the
other regions. Thus, we perform a max-min composition between tables 1 and 2, in
order to perform a combination of indicators based on the regions.

Below we present the max-min composition for each of the four sectors. In Table
3, the minimum values are taken between the columns, respectively, in the primary
sector and other welfare indicators (work-labor, price per sqm, GDP per capita,
etc.). At the end of each column we show the maximum of the all written
minimums along the column.
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Table 3. Max-min matrix taking into account primary sector, per region

Human S:x:?al Participa fio §
work price per GI}F"_per Edfa':ion Capial {E:ﬁilt n i!1 ; En'.'iormn_ant E.::T:f:; Healifh
sqm capits Level {Popl;la.mn Conneston asso;lamn al Qs ity ncome {+50)
)
01556 0.155 0.155 0.020 0.155 0.021 0.155 0.155
D215 0.215 0.215 0.082 0.215 0.087 0.215 0.215
0083 0.053 0.083 0.047 0.083 0.056 0.083 0.083
0.347 0.247 0.247 0,008 0.347 0.012 0.347 0.247
0oTT 0.077 0.077 0.00 0.077 0.004 0.077 0077
0oT 0.071 0.07 0.052 0.071 0.055 0.071 0.07
0770 0.238 0.364 0.082 0.770 0.076 0.770 0.770
0 D5 0.065 0.065 0.065 0.085 0.085 0.065 0.085
D418 0.375 0.24 0.028 0.418 0.027 0.41% 0.415
0143 0.143 0.142 0.053 0.143 0.082 0.142 0.143
o0 0.011 0.0 0.011 0.011 0.011 0.011 0.0
0023 0.0253 0.02% 0.023 0.025 0.025 0.023 0025
0000 0.0 0.000 0.00D 0.000 0.000 0.0 0,000
028 0.281 0.281 0.018 0.281 0.026 0.281 0.28
010 0.101 0.10 0.008 0.101 0.010 0.101 0.10
0185 0.155 0.155 0.005 0.155 0.014 0.158 0.185
0035 0.035 0.035 0.035 0.035 0.035 0.035 0.035
0752 0.200 0.332 0.008 0.530 0.013 0.520 0.830
0083 0.083 0.083 0.024 0.083 0.025 0.083 0.083
0053 0.053 0.053 0.053 0.053 0.053 0.053 0.053
0113 0.115 0.119 0.115 0.115 0.115 0.118 0.115
D418 0.325 0.254 0.3 0.418 0.026 0.413 0415
0788 0.250 0.33% 0.017 0.844 0.024 0.844 0.750
01T 0.137 0.137 0.068 0.137 0.088 0.137 0.137
0283 0.269 0.269 0.006 0.285 0.010 0.288 0.289
D227 0.227 0.227 0003 0.227 0.005 0227 0227
0706 0.255 0.405 0.018 0.706 0.016 0.706 0.706 0.706
0.157 0.197 0.197 0.012 0.157 0.019 0.157 0.187 0.187
0323 0.323 0.231 0.004 0.223 0.010 0323 0.323 0.323
0.101 0.101 0.101 0.010 0.101 0012 0.101 0.101 0.101
0173 0.173 0.173 0.011 0.173 0.016 0173 0173 01732
0253 0.253 0.293 0.010 0.253 0.016 0283 0.253 0.253
0407 0.403 0.387 0.053 0.407 0.094 0.407 0.407 0.407
0071 0.071 0.071 0.071 0.071 0.087 0071 0.071 0071
0457 0.230 0.333 0.008 0.457 0.008 0457 0.457 0457
0025 0.028 0.02% 0.025 0.028 0.02% 0025 0.02% 0.029
0538 0.266 0.321 0.005 0.538 0.008 0538 0.538 0.538
0431 0.368 0.364 0.018 0.421 0.020 0.431 0.431 0.431
0023 0.023 0.023 0.004 0.023 0.006 0023 0.023 0.023
0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0005
007 0.017 0.017 0.017 0.017 0.017 0017 0.7 0.017
Mazims 07 0.403 0.405 0112 0.119 0.920 0.119 0.730 0.920 0.850

We repeat the process for obtaining the max-min but this time taking the industry
sector per regions. The first step is finding the minimums between industry column
values in Table 2 and the values of each column (welfare indicators) of Table 1. At
the end of each column, as in Table 4, we seek the maximum value.
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Table 4. Max-min matrix taking into account industry sector, per region

Social

Human ) Parficipatio )
work price per GDF"_per £d :Ea':nn Capi‘a_l {ﬁ::'rr;lt n i_n _ En\.'iolm,ant ﬁ:upsﬁa:l:le Heslth
Sqm capita Level {Popl;lamn Connectan associaton 3l Quality income {+50)
E
0.476 0.401 02aTE 0007 002D 0478 0.021 0478 0A4TE 0.A4TE
0.108 0.108 0.108 0020 0082 0.108 0.087 0.108 0.108 0.108
0458 0.468 0480 0017 0047 0.452 0.056 0.488 0.468 0488
0.153 0.153 0153 0004 0002 0.153 0.012 0153 0.153 0.153
0.270 0270 0270 0001 0001 0.270 0.004 0.270 0270 0.270
0375 0378 0334 0018 0052 0378 0.085 0.240 0378 0378
0.345 0.345 0345 0035 0082 0.345 0.076 0.345 0.345 0.245
0,231 0.321 03 0034 0088 0.3 0.070 032 0.23
0277 0277 0277 0012 00328 0277 0.037 0277 0277
0.134 0.134 0134 0022 0052 0.134 0.062 0.134 0.134
0322 0322 gaz 0ATH 0az 0322 0.222 0322 0222
0.225 0225 0228 0011 0044 0228 0.034 0.228 0.225
0,149 0.143 0148 0143 0142 0143 0.149 0.148 0.143
0.289 0268 0288 0007 0018 0.269 0.028 0.268 0.289
0.054 0.054 0.054 0004 0008 0.054 0.010 0.054 0.054
0853 0272 0428 0003 0002 0653 0.014 0653 0853
0.182 0182 0182 0038 00885 0.182 0.054 0.182 0.182
0,250 0.200 gazz 0002 0008 0.350 0.012 0.350 0.250
0424 0424 0424 0011 0024 0.424 0.035 0.424 0.424
0.220 0.220 0220 0048 0081 0.220 0.112 0.220 0.220
0.152 0,122 0.192 0112 0152 0.192 0.151 0.192 0.152
0,289 0263 0284 0008 003 0.269 0.026 0269 0.289
032 0.280 03 0005 0017 0.321 0.024 032 0.221
0.2 0.28 03: 00320 0068 0.39 0.068 0.39 0.25
0.378 0330 0377 0003 0006 0.378 0.010 0378 0378
0.254 0.254 0254 0002 0002 0.254 0.00% 0.254 0.254
0,252 0255 0392 0008 0016 0.392 0.018 0392 0252
0,385 0.355 0azz 0007 0013 0.385 0.019 0385 0385
0.248 0242 023 0002 0004 0.248 0.010 0.248 0.24%8
076 0277 1.000 0002 0010 0.980 0.012 0520 0.280
0415 0415 04185 0005 0011 0418 0.018 0418 0415
0846 0.300 0387 0003 0010 0,646 0.018 0648 0846
0,163 0.163 0.162 0051 0092 0.162 0.054 0.162 0.162
03589 0383 0354 0021 0078 0.389 0.087 0.3583 0389 0.3589
0.283 0283 0283 0002 0008 0.283 0.009 0.283 0.283 0.283
0.288 0.288 0288 0058 0111 0.288 0.059 0.288 0.288 0.288
0.240 0.268 03 0.001 0005 0.240 0.008 0.240 0.340 0.240
0,354 0.354 0354 0008 0018 0.354 0.020 0.354 0.354 0.354
0,224 03224 0224 0002 0004 0324 0.008 0.224 0224 0.224
0,250 0.350 035D 0232 0350 0.350 0.270 0.350 0.350 0.250
0453 0453 043 0075 01TE 0453 0.148 0.483 0.463 0.453
Msims 0768 0.468 1000 0232 0350 0.980 0.270 0.880 0520 0.280

The same operation is realized by taking into account the other sectors;
construction and services of which we do not attach the min-max matrixes. Once
the max-min compositions between the regional economic welfare values (Table 1)
and economic activity sector indicators (Table 2) are calculated, we proceed to
gather the results; the maximums that appear for each table (Table 5):
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Table 5. Resume of the results obtained

Human socil Disposabl

price  GDP High Capital Capital  Participation Enviorme pe Health
work  per per Educatio | pria’ (Internet in ntal e
) (Populatio ) - ; househol  (+50)
sgm capita n Level Connectio associations Quality )

n) < d income
Primary Sector 0.799 0.403 0.405 0.112 0.119 0.930 0.119 0.730 0920 0.890
ndustry 0.716 0466 1.000 0.232 0.350 0.980 0270 0.860 0920 0.880
Construction  0.926 0658 0603 0.389 0.398 0.894 0.389 0912 0920 0.900
Services 0.913 1.000 0.603 1.000 1.000 0.920 1.000 0.850 0920 0.925
Maxims 0.926 1.000 1.000 1.000 1.000 0.980 1.000 0912 0920 0.925

Since this matrix is not normalized in basis 1, we proceed to divide each column
by the largest value, which will serve us as a reference to evaluate other levels,
obtaining the normalized matrix in Table 6. This matrix is the direct relationship
matrix, as the economy sectors effect the indicators of economic welfare, taking
into account all the information related to the Catalan regions which has been
absorbed in the max-min composition calculations above.

Table 6. Normalized relationship matrix

Social

price  GDP High Human Capital  Participation Enviorme Disposabl

§ i : . Capital o . e Health
work  per per Educatio | . (Internet in ntal .
) (Populatio ) L ; househol  (+50)
sgm capita n Level Connectio associations Quality )

n) n) d income
Primary Sector 0.862 0.403 0.405 0.112 0.119 0.948 0.119 0.800 1.000 0962
ndustry 0.773 0466 1.000 0.232 0.350 1.000 0.270 0.942 1.000 0951
Construction  1.000 0658 0.603 0.389 0.398 0912 0.389 1.000 1.000 0972
Services 0.985 1.000 0603 1.000 1.000 0938 1.000 0.932 1.000  1.000

As it has been justified in previous pages, the direct impacts are not enough to
make an overall analysis, given that causes (economic activity) are conditioned by
other causes, as well as the effects (welfare variables of the population) are
affected not only by the direct causes, but also by other cross effects. Therefore it
is necessary to construct two additional matrices. Table 7 shows the relations
between sectors. You can see that each sector is 100% related to itself, but in
relation to other sectors the impact is not symmetric, that is, for instance, the

construction sector is not equally affected by the industry sector that on the
construction industry.
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Table 7. Relationship matrix between sectors

Primary Sector Industry Construction Services

Primary Sector 1.000 0.600 0.000 0.300
Industry 0.000 1.000 0.900 0.700
Construction 0.100 0.100 1.000 0.800
Services 0.200 0.600 0.900 1.000

On the other hand, we build another matrix that relates each welfare economic
indicator between each other. In Table 8, we show an asymmetric matrix that
containing a maximum value (100%) when an indicator is related by itself:

Table 8. Relationship matrix between welfare indicators

Social

price GDP High Hurn_an Capital Paricipation Enviorme DErery

, . Capital : e Health

work per per Educatio B (Intemet in ntal o

. (P opulatio h L ; househol (=50}

sqm capita n Level . Connectio associations Quality )
nj = d income

work 1.000 0.750 1.000 0.600 1.000 0.850 0.250 0.450 1.000  0.800

price per sqm 0250 1.000 0.650 0.150 0.800 0.150 0.100 0.700 1.000 0.350

GDP per capita 0750 0.850 1.000 0.750 0.800 0.850 0.200 0.5850 1.000 0.850

H'ghE:v”:lﬂm" 0950 0100 0300 1000  0.200 0.500 0.250 0750  0.400 1.000

AumanCapial 450y 900 0400 0350  1.000  0.150 0.650 0500 0200 0250

(Population) : . : e - S B3 £ . 25
Social C apital

(Internet 0100 0200 0.000 0.000 0.000 1.000 0.750 0.100 0.000 0.200
Connection}
Participation in

R T 0500 0100 0.000 0200 0.100 0.200 1.000 0.250 0.100 0.300

E”‘g”ﬂ“”;?tﬂ' 0650 0400 0350 0300  0.150 0.000 0.000  1.000 0250  0.900
Disposable

household 0200 0350 0.700 0.200 0.150 0.100 0.000 0.300 1.000 0.850

incom e

Health (+50) 0.450 0.000 0.000 0.300 1.000 0.500 0.800 0.000 0700 1.000
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Finally, from matrices 6, 7 and 8 we calculate the final max-min composition
matrix. This cause-effect matrix includes the impact of economic activities on the
quality of life of the population; taking into account the possible effects of any
variable that may have a direct effect. The results of the cumulative effects matrix
are shown in Table 9:

Table 9. Final result matrix

Social

price GDP High ﬁim;ar; Capital Participation Enviorme _.|'~_~|::,'~:abl Health

work  per per Educatio -PUﬂpFLIatiﬂ (Internet in ntal h“u; ol (5 50)

sqm capita n Level Un" "~ Connectio associations  Quality ;}nc':m"‘ o

! nj S

Primary Sector (0.862 0.750 0.862 0.200 0.962 0.9428 0.200 0.200 1.000 0.982

Industry 0500 0350 1.000 0.300 0.951 1.000 0.300 0542 1.000 0951

Construction 1.000 0800 1.000 0.200 1.000 0.912 0.200 1.000 1.000 0.872

Services 1.000 1.000 0.985 1.000 1.000 0938 1.000 0.932 1.000 1.000
5. Results and Conclusions

Once the calculations and relationship matrices are analyzed, we observe that on
the cumulative basis any kind of economic activity affects the welfare of the
population of the Catalan regions. We can see that, either directly or indirectly, the
activity that has the minimum relation is 0.75 over 1 (in case of the primary sector
over the price of housing in sqm).

In the results we can see that the primary sector is the sector that has the least
influence over analyzed welfare indicators. Regarding to the influence of the
construction and industry sectors we observe that their impact on the quality of life
is positive. Finally, we see that the service sector is crucial to determine the quality
of life of the people of the Catalan regions.

For example, if we analyze the effect of the construction sector on human capital
(population) of a region, and if we only consider the direct effect (Table 6) we
observe that the impact is 0.398 over 1. When we look at the direct and indirect
cumulative effect the result increases to 1. The difference between the two values
0.602 (1-0.398) represents the isolated indirect effect. This means that the indirect
effect is more important than the direct effect. In this case it is possible to know
which variables are interjected, making the indirect effect more important. To find
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it out it is necessary to follow the max-min composition process in the calculations.
In this case we have:

. 0.398 Human Capital
Construction » (Population)

Work

The construction sector is fully (1) linked to the work variable on a maximum level
(1) with the human capital (population) variable. In this way, it is possible to find
out the more important indirect effects for each relationship.

To conclude the study the following considerations can be extracted from the entire
developed article:

The initial hypothesis that we pretended is valid. The economic activities of the
regions have a significant impact on the quality of life of its inhabitants. To verify
the initial hypothesis, data comparison and normalized max-min composition
processes have been realized. This operation allowed us to establish a benchmark
and presenting bounded data (between 0 and 1), which facilitates the consequent
analysis of the results.

It is shown that, despite all economic activities influence the welfare of the people,
the impact of each sector is singular with the following order from high to less:
service, construction, industry and primary sector. The regions with higher service
sector presence have higher quality of life indicators and they are more sensitive to
the developed economic activity. On the other hand it is possible to know the
elements or variables that increase the direct causal effects that will permit
performing certain actions at the institutional level.

Lastly, this methodology allows us to execute economic actions as it gives us ideas
about the relationships between different economic sectors and their effect on the
guality of life of citizens, being direct or indirect. This can allow managing

resources more efficiently on institutional and governmental levels.
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