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Model sistemske dinamike Kanarskih otokov za strateske odlocitve v javhem sektorju

Prispevek obravnava probleme na podrocju podpore odlo€anja ter samih odlo€itvenih procesov na nivoju odlo€anja v javhem
sektorju. Opisan je razvoj metodoloSkega pristopa k podpori odlo¢anju v primerih, ko so odlo€evalci soo€eni z nepri¢akova-
nimi dogodki. Metodologija obravnava dejstvo, da je strateSko odlo¢anje povezano z velkim naborom spremenljivk, kvantita-
tivnih in kvalitativnih ter, da le-te implicirajo interakcije med razli¢nimi subjekti. Metodologija je zasnovana na izgradnji kvanti-
tativnih modelov ter aplikaciji sistemske dinamike pri razvoju simulacijskega modela. Identificirane so bile spremenljivke, ki
vplivajo na trajnostni razvoj ter izboljSavo kvalitete Zivljenja na Kanarskih otokih. Relacije med spremenljivkami so podane s
kvadratno matriko vplivov M z dimenzijo n=53. Mozne vrednosti elementov M so med 0 in 3. Ce je ai =0, sprememba vred-
nosti spremenljivke Vi ne vpliva na V. Ce je vrednost ai med 1 in 3, sprememba spremenljivke »i« povzroi spremembo spre-
menljivke »j« proporcionalno s predpisano ojacitvijo. Prestavljena metoda je bila uporabljena pri reSevanju problema analize
vzro€no posledi¢nih sil in razvoju modela sistemske dinamike.

Kljuéne besede: kvalitativno modeliranje, sistemska dinamika, strateSko odlo¢anje v javhem sektorju

1 Introduction

Public decisions, particularly ones related to strategic is-
sues, involve qualitative and quantitative aspects of social
systems. Quantitative variables are often crucial for stra-
tegic decisions. In addition, qualitative information is pro-
vided by a social actor and decision-maker (DM) with an
implicit character of uncertainty. The DM has to take de-
cisions in respect to problems that are softly defined in an
uncertain and volatile world. In this paper, our efforts are
oriented to build a methodological approach that may be
useful to improve the public strategic decision-making
processes related to sustainable development. This ap-
proach needs to allow the integration of quantitative and
qualitative information; to treat indetermination of social
systems and the uncertainty about the behavior of the va-
riables; and to take into account the implicit knowledge of
social actors and decision-makers. The main pillars of our
approach are the following: the building of qualitative
models that integrate qualitative and quantitative infor-
mation; the application of Systems Dynamics that is par-
ticularly useful in determining the interrelations between
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the subsystems, to build scenarios and to do strategic si-
mulations; the analysis of the leading forces that help to
identify the role of the variables, their leverage potential
and, consequently, to highlight key areas of the social sys-
tem to implement policies. At present, we are working on
the identification and interaction of main variables as well
as a causal loop diagram (CLD) necessary for building the
simulation model for strategic decisions in the Canary Is-
lands. We are also working on structural model validation.

2 The qualitative model of the Canary
Islands and the role of variables

The qualitative models and the methodology presented in
this paper are useful to help Public Decision-Makers
(PDM) in the comprehension of strategic problems and in
the preparation and implementation of their decisions.
The complexity of the system involved and the uncer-
tainty about key forces and events are at the core of the-
se problems. They involve aspects of different nature;
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some of them may be treated in quantified terms and ot-
hers not. Therefore, to improve the Strategic Decision-
Making Process (SDMP), a holistic approach is necessary,
which is capable of managing a non-deterministic context
at the same time. This is the essential nature of the public
decision-makers’ problems in respect to the strategy.
Being conscious of this nature, the main target of the pa-
per is to develop a model and a methodology to tackle it,
in order to improve the SDMP.

As has been stated, an important aspect of the nature
of the public decision-makers’ problems is that the strate-
gic decisions need a holistic vision, either for the compre-
hension of the problems, the definition of the strategy or
their implementation. However, the public sector tends to
think and act in separated compartments, constituted by
its different branches. As has been pointed out by Allison
(1988), the public sector may be understood as a conglo-
merate of independent organizations, that have programs
established in the functions of their past experiences.
When a problem comes about, the organization reacts ac-
cording to these programs. This deciding process may be
useful to face repetitive circumstances that appear in the
limits of the decision area of each public organization.
However, it is incapable of producing good results at the
level of the strategic decisions when the problems are
new, involve different areas of the public sector or when it
is necessary to cope with long term trends in their general
socio-political, economic, ecological and technological en-
vironment. In these cases, the qualitative models, combi-
ned with the building of scenarios, as the approach deve-
loped in this paper proposes, help the decision-makers in
their selection of the strategy and the main policies. In
fact, not only is the qualitative model treated in this pa-
per, but also the: a) methodological approach to help the
DM in respect to their strategic decisions. This is impor-
tant because it is a system thinking approach, that allows
a holistic vision and the transcendence into restrictive
areas of each public organization; b) permits the selection
of the trends and variables that are relevant and to dis-
card those which are not; c) allows treatment of the uncer-
tain in respect to future trends and other events; d) and,
finally, because it makes it possible to concentrate
thoughts and decisions on aspects and solutions that are
critical in respect to the main problems.

In the Canary Island case, the global vision result of
the model was discussed with Government officials as
well as with Trade Union Leaders; and the team is pre-
sently working on the elaboration of strategies and poli-
cies. Thus, the work on the Canary Employment Plan,
which is being carried out at present, is particularly im-
portant. More details of these processes will be explained
in the following paragraphs.

2.1 How the values in the matrices were
derived

The Canarian qualitative model is a result of research
made for the Islands’ government and for the European

Trade Union Confederation (ETUC), as part of projects
to identify strategies and policies for the Ultra-Peripheral
European Regions (Legna & Rivero, 2001; Legna 2002).
The bibliography in respect to these models and their uti-
lization to elaborate strategic decisions is extensive. See,
for instance, Schlange & lJiittner, (1997). The Canarian
Model identifies the principal variables from the perspec-
tive of the Sustainable Improvement of the Quality of
Life of its population (SIQL) and the implementation of
the European Strategy for Employment (ESE): this is the
Desired Scenario, the target, of the strategy. It has 53 va-
riables, from which 12 are exogenous. Consequently, it has
41 functions. To build the model, it was necessary to ex-
press the Desired Scenario in operational terms. Conse-
quently, a list of indicators of the advances in the direction
of the SIQL and the ESE was determined. These indica-
tors constitute the independent variables of Function 1
(column 1 of the matrix that will be explained later on).
This function expresses value judgments and is concep-
tually different from the others in the model. Conse-
quently, in the specific case of this function, the improve-
ment in respect to Vector (column) 1 components means
advances in respect to the SIQL and the implementation
of the ESE in the Canarian Social System (CSS). For in-
stance, an increase of the real wages and a decrease of the
social marginality imply an improvement in respect to the
SIQL and the ESE. The model identifies the dealing for-
ces in respect to Vector 1 variables. It gives answers to
questions such as: Which are the leading forces of the CSS
that shape its future path? Which roles do they play?
Which are relevant and which are not for the SDMP?

The qualitative model establishes the relationships
between different variables that directly or indirectly af-
fect the Function 1 independent variables. These rela-
tionships are represented as: v7 = f(vi; 3vzy 3vs; -2vs5 2vs;
3vs). This function means that changes in the variables vi
(i=1...6), will produce changes in the variable “v;”. In
some cases these impacts may be quantified and in others
it is not possible. In these last ones, it was necessary to
work with indicators. In this paper, the functions are ex-
pressed in a Matrix “M”, where each column represents a
function. It reveals the Direct cross impacts or Effects
between the variables. A function as vz = f(vi; 3vz; 3vs; -2vs;
2vs; 3vs) and a vector (column) of M have an identical
meaning. If we were to build a matrix M with this func-
tion, Column 7 would have the following values in its ca-
ses: vir=1; vor=3; vir=3; ver=-2; vsi=2; ver=3; and all the other
cases equal to “0”. A minus sign in a case or in a function
means that there is an inverse relationship between the
independent and dependent variable: an increase (decrea-
se) of the former implies a decrease (increase) of the last
one.

The impacts of the independent variables where esti-
mated with a rank between 0 and 3. A “0” in a case “vij”,
means that there is no impact from “i” to “j”. On the con-
trary, there is a “3” when the change in an independent va-
riable “i” is capable of producing, by itself, a relevant im-
pact on the dependent variable “j”. This is the case of x3
in the former function. It is possible that in a function (co-
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lumn of the matrix) there can be more than one indepen-
dent variable weighted with a 3, as is the case of column
V21 (Agricultural Production) of the model. This is be-
cause the agricultural production may be substantially af-
fected by the Public Policies (V41) or the endowment of
Natural Resources (V36). If there is a “2” in a case, it
means that the impact of a change in the independent va-
riable may be important if it is reinforced with changes in
other variable(s). For example, the decrease of mortality
and birth rates and the increase of immigration, which
reinforce each other, affect the Canary Islands’ popula-
tion growth rate (see column V2 of the matrix). For this
reason, no column of the matrix has only one 2. The diffe-
rence between the variables that have a “3” and a “2”in a
column (function) is that a change in the former is capab-
le of producing important changes in the depending va-
riable without needing feedback from others: acting inde-
pendently, it can produce important impacts. On the con-
trary, the variables that have a “2” need to work together
(at least two) to produce significant effects. A variable vi
is included in a column with a value equal to “1” when
there is a situation similar to the preceding case (weight
equal to “2”), but the impact is weaker. It helps to under-
stand these criteria and to evaluate the impacts if we put
them in terms of questions, as follow:

B A case vij will have a “3” if the answer to the follo-
wing questions is “yes”: a) the power of “i” over “j” is
so essential that these changes are capable of produ-
cing a significant impact over “j”; b) Can it produce
the effect by itself?

B A “2” will be assigned to a set of cases vi (i=1,2....n)
when the answer is affirmative to the following first
question and negative to the second one: a change of
one variable of the set, interacting with others (any
one of the three categories) is capable of producing
important changes in the depending variable “j”? Is it
capable to produce significant changes in “j” if just it
changes?

m Finally, the same questions and answers are applicab-
le to the third category of variables, but taking into
account that the impacts are weaker.

2.2 Foundations of the forms of causal
relationships

The foundations of the relationships (matrix M) may be
explained by means of a description of how the model was
built. Throughout their experiences in building these qua-
litative models, the authors of this paper followed a met-
hodology whose main steps were the following: The first
step consisted of an open discussion with the leaders inte-
rested in the work in order to establish an initial defini-
tion of the problem: for instance, the implementation of
the European Strategy for Employment. Keeping in mind
the results of the first step (which “did not permit the lea-
ders to sleep”), a brainstorming session was carried out
next. Its target was to identify a first list of variables that
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could be important in respect to the key problem recogni-
zed and agreed on during the first step. The members of
the team, as well as those in charge of constructing the
model, and other specialists and leaders all participated in
the brainstorming sessions. At this stage, it was important
not to “kill the imagination” by discarding variables that
could be crucial. The third step centered on the construc-
tion of the functions of the model, that is to say, the ma-
trix M. It was based on the results of research made pre-
viously or ad hoc for the model. We will explain these pro-
cesses with an example. For instance, a conclusion made
based on the research conducted by Dirk GODENAU
and Sebastidn J. ARTEAGA HERRERA, was the follo-
wing: “..the aging of the (Canarian) population is due
more to the reduction of the fecundity than to the diminu-
tion of mortality” (Godneau & Artaga, 1997). This conclu-
sion may be expressed as a relationship: env = f (tnat),
where env = aging rate and tnat = birth rate. This would
be the function if we were to build a model to reflect past
tendencies. Nevertheless, we were interested in the esti-
mation of future impacts. Our vision was dynamic. There-
fore, in order to build a function we always had to answer
the next question: How will the independent variables im-
pact the depending one? After additional studies, the
function adopted was env = f (2tnat; 2tmort), where tmort
= mortality rate (see column 11 of the matrix). Finally, we
have to emphasize that the process is iterative; it is neces-
sary to repeat the step, going back over and over.

Another aspect has to be explained in order to under-
stand the meaning of functions that imply behaviors, for
instance, the Canarian entrepreneurs’ low propensity to
innovate. They have to be understood in probabilistic
terms. As has been pointed out by Yager:

“The environment in which people make decisions in
many cases consists of a milieu in which the decision-ma-
ker has information as to the “usual” value of certain va-
riable and/or the “usual” course of action in a given situa-
tion. In addition, these usual rules of thumb involve granu-
lar types of knowledge. Examples of these types of decision
rules are “John usually takes his car if the weather is nasty”
and “We usually invest in companies with good growth po-
tential”. These types of rules are characterized by various
forms of uncertainty and imprecision.” (Yager, 1986).

Table 1 and Table 2 present the variables that were
identified, whose relationships are in the matrix M. They
were grouped in blocks, as follows:
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Table 1: Grouping blocks of identified variables I-V

Blocks | Variables

I Variable 1. Its column is a vector that expresses the "Desired Scenario”, in order to im-
prove the quality of life and to ad vance in the direction of the EES in a sustainable
way.

II Demographic variables, labor market, employment and rate of em ployment (V2-V17):

V2, Total population residing in the Canary Islands; V3, Birth Rate = (quan tity of
births by year/total population residing in the Canary Islands)x1000; V4, Mor tality
Rate=(quantity of people that die by year/total population residing in the Canary Is-
lands)x1000; V5, Immigration Rate=quantity of immigrants that arrive to the Canary
Islands in one year/Canarian Population; V6, Female activity rate=(Employed female
population + Non-employed female population looking for employment/feminine po-
pulation between 16 and 65 years old)x100; V7, Male ac tivity rate=(Employed male
population + Non-employed male population looking for employment/male popula-
tion between 16 and 65 years 01d)x100;V8, the Canary Islands' population rate of acti-
vity = [(employed population + population looking for employment)/population who is
between 16 and 65 years old) ]x100; V9, Active population = Employed population +
non-employed population that is looking for work; V10, Population employed; V11,
Population aging index = (population residing in the Canary Islands aged 65 years or
more/total population residing in the Canary Islands)x100; V12, Labor productivity =
Value of the production of the sector/employment in the sector; V13, real wage;V14,
Unemployment rate; V15, Internal markets of work; V16, Labor market Primary Seg-
ment; V17, Probability to be unemployed.

III Sectors' production, GDP (Gross Domestic Product) and the effects of the distance of
the Canary to central areas (V18-V29): V18, Services Sector Production Value; V19,
Construction Sector Production Value; V20, Industry Sector Production Value; V21,
Primary Sector Production Value; V22, the Canary Islands’ Gross Domestic Product
(GDP) -It is also an indicator of the Size of the Market; V23, the Canary Islands’ me-
dium propensity to import = Total Imports/GDP; V24, Value of the Annual exports of
goods and services value; V25, Annual imports of goods and ser vices value; V26, Me-
dium dimension of the Canary Islands' firms; V27, Costs of wa ter; V28, Costs derived
of the insularity, the double insularity and the distance; V29 Subsidies to some Canary
Islands imports .

Iv R&D, Human Capital and the effects of Values and Culture (V30-V34): V30, Density
of the innovation = quantity of innovative companies /quantity of region or sector com-
panies; V31, Canarian Entrepreneurs Propensity to innovate (general values that pre-
vails in Canarian Entrepreneurs in respect to the role of innovation); V32, Human Ca-
pital (the set of abilities, dexterities, qualifications, aptitudes and the population's atti-
tudes that favor the economic and social development); V33, R&D Services produced
by Canarian Universities and R&D institutions; V34, General values that prevails in
Canarian population.

A" Environment (physical and social) and related variables (V35-V39). V35, Urban, rural
and marine environment, including that of the beaches. Indicators of its state are the
following, among others: the quantity of urban and non-urban residuals that remain
without processing in the cities and in the rural areas; the levels of sonic contamina-
tion; the contamination either of the air, the sea and the beac hes; traffic congestion
(measured, for example, by displacement times), and the visual effects of the urbaniza-
tion pattern and of the extraction of solids that are carried out by the construction sec-
tor; V36, Endowment of natural resources; V37, Demographic density=(quantity of
population residing in the Canary Islands + V29)/square km. of the Canary Islands ter-
ritory; V38, Techniques applied in agriculture that produces negative impacts on the
environment;V39, Urban violence, drugs, social unrest.
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Table 2: Grouping blocks of identified variables VI-VIII

VI

Only one variable, tourism, V40=Total of daily tourists that the Canary Islands receive
in a year = tourists that arrive in one year mul tiplied by the average days that they stay
in the Islands. It was treated separately due to the fact that it is a cru cial variable.

VII

Political System, only one variable, V41=Public Policies= norms and policy instruments
+ decision criteria -that produce effects on the population, the companies and the so-
cial actors of the Canary Islands. This block needed a special research.

VIII

All the exogenous variables, (V42-V53) -Some of them are external to the Canary
System, as the GDP of other countries (V42 and V53); others, as Social Marginality
(V51), are internal, but they were trea ted as exogenous to not extend the model: V42,
GDP of countries where immigrants come from; V 43, Percentage of female population
aged between 20 and 49 years in res pect to the total female population between 16 and
65 years (the women in this stratum have a higher activity rate); V44, Per centage of
male population aged between 25 and 54 years in res pect to the total male population
between 16 and 65 years (the men in this stra tum have the higher activity rate); V45,
Female; V46, Young active population; V47, European policies (the norms and policy
instruments, such as the Structural Fund, the Community Initiatives, etc., that produce
effects on the Canary Islands); V48, Supply of Financial Services for the Canary Is-
lands Entrepreneurs’ R&D activities; V49, Relative prices of the Canarian tourist ser-
vices, in respect to the price of the same services in the regions that compete with it;
V50, Social Marginality; V51, Revenue distribution between the social groups; V52,
Relative rate of inflation of the Canary Islands in respect to the countries that compete
with their tourist sector = rate of inflation in the Canary Islands/rate of inflation in the
countries that compete with the Canary Islands tourist sector (in the model it is an exo-
genous variable); V53, GDP of the countries that are market for Canarian exports and
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of those where tourists come from.

In order to build scenarios and to elaborate strategies
it is important to know the role that these variables play
in the system. We used two methods to do this: the Analy-
sis of the Driving and Dependent forces that we explain
in the next sections and Systems Dynamics.

2.3 The results of the Analysis of the Driving
and Dependent forces

Matrix M gives important information about the Cana-
rian Island social and economic system. For instance, if
the sum of the values of column “}” is high, it means that
the problem “j” has a high level of dependency in the sys-
tems: the changes in the other variables affect it strongly.
On the contrary, if the sum is low, its dependency is also
low. If the sum of a line “i” is high, its changes produce
strong impacts in the system. If its sum is low, its effects
are not important. But, it only detects the direct effects
between the problems. Nevertheless, in social systems the
indirect relationships are important: if “A” changes, its
change impacts over “B” and “B” affects “C”. In addition,
variables play different roles in the social game. We will
apply the analysis of “Motricité et Dépendance” to iden-
tify both the indirect effects and the roles. The literature
about this analysis is extensive, especially in France. For
instance, see Roubelat, (1993).

Multiplication of the matrix permits the detection of
indirect effects. For instance, if M is elevated at two, each
case aij of the new matrix includes the effects that pass
through one variable: Xi— Xu— Xi, Xu being in this case
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the intermediate variable. If the matrix is elevated at four,
it will reveal the effects that pass through 3 intermediate
variables, and so on. In the case of our work, we elevated
M at two, three and four and afterwards, we built a new
matrix MS, which is the sum of M, M?, M? and M*. Conse-
quently, each case a; of MS is the sum of the a; cases of M,
M?, M? and M* and includes the direct effect of “i” over “j”
and the ones that pass through the 1,2 and 3 intermedia-
ries. With the information provided by M* or MS it is pos-
sible to detect the role of the variables: a) Active Variab-
les” or “Driving Forces” (AV) that strongly affect other
variables but at the same time are not affected (or weak-
ly affected) by them; b) “Passive” or “Reactivates Variab-
les” (RV), that are more affected by the system than they
themselves affect the other variables; and c) “Critical Va-
riables” (CV), that have strong feedback effects with the
others. Their changes powerfully impact the system and at
the same time they are strongly affected by the changes in
the other variables. They are strongly interactive and de-
termine the direction the system will take in the future. If
a change is produced in a leading variable, it produces
feedback loops between the critical variables that may be
positives or negatives. If they are negatives the system will
return to the previous state. It is the “Equilibrium Po-
verty” case that development theories have studied. Ho-
wever, if the positive feedback predominates, the system
will be pushed out of its present state moving to new ones.
Due to these facts, a strategy has to be designed in order
to produce changes in the AV and the CV forces that may
lead the system to a desirable scenario. If some of these
variables are external and there is no capacity to act over
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them, it is crucial to prevent their possible evolution. We
will appreciate these conclusions in the Canary Islands
case.

Using the MS matrix of the Canary Islands we built
the Graphic of leading and depending forces, which is
shown in Figure 1. For each variable, the vertical axle ex-
presses the value of the sum of its line in MS, that is its le-
verage potential; and the horizontal axle expresses the
sum of the column, its dependency. The dependency re-
veals the level of “steering potential” of a variable. The
graphic classifies the variables in four categories: AV, in
quadrant I; CV, in quadrant II; RV, in quadrant III; and fi-
nally, the variables that are not important due to their low
level of leverage and steering potential in quadrant IV. We
will concentrate the analysis to the first three quadrants.

The key variables to advance toward the Desired Sce-
nario are in the quadrants I and II. Those in the third qua-
drant are mainly the results of the structure of the system.
The Tourism drives the Services Sector and this one im-
pacts the Construction. These two sectors have multipl-
ying effects over the employment and the GDP; and, con-
sequently, an increased of the final demand is produced
that newly stimulates these two sectors: a positive feed-
back loop is induced by the tourism. In fact, there is a cas-
cade of effects that elevate the demand addressed to all
the sectors. The Production of Services is the Economic
Base of the Canary Islands. The fluctuations of this base
depend on a variable (Tourism) with a very strong levera-
ge potential; and so, all the economic activity and the em-
ployment are very sensitive to this variable. It is a society
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Figure 1: Graphic of leading and depending forces

with a high risk. The Economic Base depends on the En-
vironment State, which, in turn, is a result of the Canarian
Development Model (quadrant III). This is another cru-
cial feedback loop: the development model impacts over
the environment and, if this is destroyed, it will ruin the
Economic Base. At present, this base and its effects are
producing negative consequences over the environment,
via three main processes: a) the pressure over the terri-
tory derived from tourism, urbanization and construction
persistently reduces scarce agricultural lands and, at the
same time, spoils the urban environment; b) an important
part of the techniques adopted in the agricultural sector
pollute the lands and the water sources; and c) the high
rate of growth of construction has ruined some rural en-
vironments, by means of the extraction of minerals. Con-
sequently, the Canary Islands are destroying the source of

its own economic base and its quality of life: They need to
change their development model.

Other sets of variables also play important roles. The
GDP (which is at the same time an indicator of the size of
the market) is another center of feedback impacts. Its in-
crease is either a condition to elevate employment and
the real salary or to permit the development of activities
that need scale economies; and, in turn, is the result of the
sector activities, mainly of those of the Base. Its increase
reduces the general costs of the system by taking advan-
tage of scale economies. The empirical evidence shows
that the increase of the market size reduces the weight of
the cost of insularity and the distance over the system.

The state of the variables related to the R&D sub-sys-
tem (Innovation Intensity, Human Capital, Values and
Research Institutions’ Services, in quadrant III) is the
consequence of the behavior of the system but, at the
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same time, it determines the path that the Canary Islands
will take in the future. The culture and the human capital
are a result of the Canary Islands’ history and of the poli-
cies implemented by the Canarian governments. They
have improved steadily during the last decades. However,
in spite of this fact, in some sectors of society values pre-
dominate that do not impulse the propensity to innovate,
especially in small enterprises.

The agricultural (quadrant III) and industrial (low
part of quadrant III) sectors have low leverage effects.
The first depends strongly on the natural resources (scar-
ce, save the ones related to tourism); and the second is
conditioned by the size of the market. They produce posi-
tive impacts over employment and revenue, but not as im-
portant as those of the services and construction sectors.
The entrepreneurs’ propensity to innovate (quadrant III)
clearly reveals a characteristic of this system: it is highly
dependent on the cultural level and the values that predo-
minate in the enterprises; and, at the same time, it has low
effects over the competitiveness of the Canarian firms.

Due to the fact of this low tendency to innovate, the eco-
nomic growth has been based on an increase of employ-
ment with low productivity and wages. These facts pose a
strategic dilemma to the Canary Islands: the development
model that has been implanted during the past decades is
producing a degradation in the environment; and this de-
gradation is more and more becoming a barrier that will
stop the economic growth and the improvement in the
quality of life.

With this knowledge of the Canarian Islands system
we can build scenarios. To do so, we classify the studied
variables in function of the predictability of their beha-
vior during the next five years. We distinguish two sets.
The first one consists of the variables in which behavior
may be reasonably forecast. The second set includes tho-
se that may carry on different paths in the future. In Tab-
le 5 we specify the behavior that may be foreseen as va-
riables of set one, and the most important factors that may
condition the evolution of set II variables during the next
five years.

Table 3: Behavior of the variables in the future

SET1 SETII
Variables Behaviour Variables Its behaviour depends on
V47, European Policies = V40, Total of tourists EF +V49+V52+V53+V35
V28, Costs the insularity |= V18, Services Production | V40+V27+V22+V11
V32, Human Capital =~ 7T V19, Construction Prod. V41+V47+V27+V22+V18
V34, Values = T V22, Market Size V18+V19+V20+V21
V4, Rate of mor tality ~ T V10, Employment V18+V19+V20+V21+V12
V33, Production of R&D |~ T V12, Labour productivity | V18+V19+V20+V21
V20, Industrial Production|~ 7T V6, Female rate of activ. | V5+V32+V41+V43
V21, Primary Production |= T V36, Available natural res.| V19+V37+V38
=~ 1 V35, Environment V32+V34+V40+V4l

V38, Agric. technologies | V34+V41

V27, Water costs V41+V36

V30, Innovation density | V22+V28+V31+V32+33+

V48

Meanings of the signs and abbreviations: = = more or
less the same; =~ T = more or less the same or slightly in-
creasing; = | = more or less the same or slightly decrea-
sing; EF = External or non controllable Factors, as natural
catastrophes or terrorists attacks that increase the fear to
travel; PubPol = Canarian Public Policies; V = variable of
the qualitative model.

Set I contains characteristics that probably will have
or accentuate the Canarian Society during the next five
years. Therefore, in the Canarian society the weight of the
elderly will probably become more important and at the
same time the proportion of youth will be reduced. Com-
bined with characteristics, the cultural general level and
the human capital will probably be more important. The-
se features will be present in the different scenarios that
depend on the path of the set II variables. Some key sce-
narios are the following:
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B Scenario I, “Auto-destructive Growth with reces-
sion”. This scenario is Auto-destructive because it
supposes the same model of growth of the Economic
Base that will lead to the destruction of the environ-
ment, so, it will destroy its own basis. The recession is
due to the fact that tourism may suffer an important
contraction, due especially to external factors (such as
the fear of traveling) and internal factors (such as the
increase of violence and the contamination of the
beaches).

B Scenario II, “Auto-destructive Growth with reces-
sion”. This is Scenario I but with an increase of tou-
rism. It will accelerate its auto-destruction.

B Scenario III, “Desired Scenario”. The main features
of this scenario are the following: a) continuation of
economic growth and reduction of unemployment; b)
but this economic growth is combined with more qua-
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lified services provided to tourists, increase in salaries
and labor productivity and with a preservation of the
environment, in order to ensure the sustainability of
the model.

3 The relationship between influence
matrix and CLD suitable for SD
Modeling

In the previous section the main variables and their inter-
connection with the Canary Islands, suitable for qualitati-
ve analysis of future development, are defined. To move
to a quantitative model capable for cause-consequence
analysis of decision-maker impact on the long-term beha-
vior influence matrix, they have to be transformed to SD
methodology. In this way it is possible for a direct connec-
tion between scenario planning (as a consequence of
DM) and variable behavior. 53 variables are a rather de-
manding problem especially in the frame of model valida-
tion. In this case it is necessary to specify the initial value
of variables, parameters and other functions necessary for
model implementation. Therefore, we will develop a pro-
cedure of influence matrix transformation to Causal Loop
Diagram CLD. The influence diagram is obtained from
the influence matrix. The variables in influence matrix M
represent vertex i.e. the node of the graph and the value
represents a gain of a certain branch. Here we suppose
that the vertex value represents a directed branch. A dif-
ferent weight in the coefficient matrix represents gain of
the certain element in the system. By definition, it is assu-
med that the vertex or variables belong to a certain entity
in the system. Variable relevance in the systems will be es-
timated with matrix. From this point, the transformation
to SD methodology is only the next step. Variables, which
represent entities, have cumulative or flow property sui-
table for system dynamics modeling. To perform the
transformation, the influence matrix M could be decom-
posed. In our case we split the influence matrix into seve-
ral sub-matrixes. In order to facilitate matrix decomposi-
tion it is desirable to aggregate variables in natural order.
Several similar variables were mapped in one, for exam-
ple: population, ecology, industry etc. Subjective mapping
defined by an aggregation function

f(v):V — X give us the following subsets:

X, = {/48 ’Vsoivss}

Xy= {/36 Va7, Vag ’V35}

Xy= {/8 Vi1 V10, Vip, Ve Vi V3, Vs, Ve, Va, V, ’Ve}
Xy= {/22 Va81V29, Va1 Vs Vs ’Vsz}

Xs = {/26 V18:V10: V20, V51, Va0 Vi 1V53}

As a result of mapping we obtained aggregated con-
nection matrix C:

X1 Xo X3 Xz Xg
X1 _0 0 Ciz Cis C15_
X210 0 0 Cy Cps
C = X3|Cs1 C32 0 Cas Csgs

X4|Cs1 Ca2 Cy3 0 Cys

X5|Cs1 Cs2 Cs3 Cs4 0O

In matrix C the variables describe the following
subsystems: X: = R&D, X>= Ecology, X5 = Population, X
= GDP, X5 = Economy. Cj represent the sub-matrix of the
connection between sub-systems X: and X;. The elements
of the matrix under the main diagonal represent the feed-
back connections. If sub-systems Xi ;i =,2,...5 are repre-
sented as the nodes of the graph (vertex) and Cj ;
i=.2,..5;j=72,..5;i#jrepresent the branch of the di-
rected graph, we can represent the matrix C as the inf-
luence diagram or influence graph, see Figure 2.

Figure 2: Graph of the aggregated system

Interconnections Cs and Cz could be neglected be-
cause of the small impact on the subsystem which is deri-
ved from the original matrix M. Although the intercon-
nections exist in the matrix they are not significant on the
top level of the influence diagram. This graph is identical
to matrix M but yet convenient for modeling in SD. The
diagram represents a high level of abstraction convenient
for further decentralized modeling. At this moment we
will analyze the interconnection between main variables
relevant for the causal loop diagram CLD as shown in Fi-
gure 3. Feedback loops and interactions of particular
subsystem are shown in the causal loop diagram. The lo-
cations, which are defined with variables, represent the
system state element while arrows show the direction of
influence between a particular pair of elements. The sym-
bol at the arrowhead in the input and output of a particu-
lar element shows the trend of change. For example, if
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Gross Domestic Product increases, the Investments in
Education and R&D production increases above what it
would have been and vice versa, therefore the arrowhead
is marked with the “+” symbol. If the Investments in Edu-
cation and R&D production increases, the Economic vo-
lume increases above what it would have been, which is
also marked with the “+” symbol. If the Population in-
creases, the Quality of Environment decreases and the
cause effect is marked with the “-” symbol. All other cau-
sal connections are marked in the same manner. In the si-
mulation process, an expert group in the form of a sugge-
sted policy determines key parameters heuristically. The
causal loop diagram in Figure 3 represents interactions in
the context of regional development and its influence on
the regional prosperity and quality of life. The structural
analysis of the system is of great significance since mental
models of various kinds can be captured using the propo-

sed methodology.

GDP
+ /
Infrastructure * +

Investments Investments

in Education Tourism
+ / and R&D +
Quality of
Life
+
Culture and Industry

y

Regional

Literacy Level )
Attractiveness

Emigration \
+
+ e + ) /
Population Employment + )
Quality of
Environment Agriculture

Figure 3: Causal Loop Diagram of The Canary Islands case

After the aggregation of variables i.e. the joining of si-
milarities, the next step is the determination of levels and
rates according to system dynamics methodology. Figure 4
represents the population sub-model i.e. X ;from matrix
C. Variables are represented by circles and denoted by Vi
as defined in matrix M, which are interconnected in the
form of a directed graph. According to data in matrix M,
each arrow has its influence marked by a sign +/-. The va-
riables are determined according to System Dynamics
methodology as the Levels and the Rates or Auxiliaries
marked with L, R or A respectively.

The output from the Population sub-model X is con-
nected to the input of the Ecology subsystem Xz, Finance
sub-model X and Economy Xs. In the input, the subsy-
stems of X1: R&D, X>: Ecology, X« GDP and Xs: Economy
influence the Population sub-model.

Figure 5 represents the Finance sub-model, which in-
corporates the main financial factors for the studied case.
The Finance sub-model has an influence on all the other
sub-models, which indicates the importance of this sector.

With the proposed methodology the system can be
entirely determined by the System Dynamics models,
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Xy

X4

Xs

X5

X5

Figure 5: Finance sub-model influence diagram

which form the general simulation model for the regional
development of the considered case. Such decomposition
allows for a multilevel approach in modeling, which faci-
litates the process of model validation. System Dynamics
simulation models provide a basis for designing more ef-
fective industrial and economic systems in terms of mate-
rial, energy and other aspects such as ecology (Forrester,
1973). The combination of System Dynamics, expert sys-
tems and interactive experimentation based on business
scenarios aids in the process of creating a regional policy.

A preliminary sub-model was developed for popula-
tion dynamics, which incorporated 150 parameters. The
model enables changes for different population variables,
which are relevant for decision makers. Users have the
opportunity to actively participate in the decision process
by defining relevant criteria and their importance, in spi-
te of the large number of different simulation scenarios.
The decision process is clear and creative. The user-friend-
ly interface of the developed simulator in the early stages
of the development cycle allows the user to perform the
tests easily. Later developments in the field consider
group model building (Vennix, 1996) and the application
of System Dynamics models (Kljajic et al., 2000b; 2000a).
The preliminary model is built using the simulation tool
Powersim (www.powersim.com), which provides results
for the real application of the organizational strategy. The
completed simulation model should enable the testing of



Organizacija, Volume 38

Scientific Papers

Number 9, November 2005

different simulation scenarios and alternatives i.e. policies
considering certain effects of actions on the environment
and population. Simulation also enables the inner view of
system behavior for the selected scenario. The System ma-
kes it possible to analyze different situations, which is the
basis for achieving the consistent formulation of a policy.
The building of the model is still in progress.

4 Conclusion and discussion

This contribution describes the concept of using dynamic
model building for decision assessment of sustainable de-
velopment in the Canary Islands. Model development is
based on the influence matrix and SD methodology. No-
wadays, a strategic and public decision-making model for
political planning in the global market is ultimate. Rapid
development of information technology and the Internet
significantly contribute to the globalization of markets
and idea sharing. A typical branch of economy that is inf-
luenced by such changes is tourism. Tourism subsystems
are strongly inter-connected enabling them on one hand
to smoothly obtain the world market while on the other
hand to create turbulence in the world market with the
demand for flexibility and quick reactions from the entire
service industry. Tourism organizations, which are of signi-
ficant importance in our case, belong to inter-organizatio-
nal systems with global and local properties. Problems are
softly defined and phenomena uncertain. Policy makers,
who have the task of providing sustainable development,
are requested to make fast and integral decisions and are
responsible for the satisfaction of citizens. Thus, there is
an urgent need for a methodology approach for the pre-
sented problem (Kljaji¢ 2000b; Kljaji¢ & Lazanski, 2001).
There are many different methodologies and methods,
which try to master soft-structured problems. Here we
meet the methods and tools of System Dynamics and sys-
tem thinking, which became common tools of manage-
ment in the 90s. These tools were first brought into force
in the learning and training area in the form of different
computer games and later as tools for decision-making
and systems re-engineering. Decisions, which include
wide financial, technical, logistic and environmental re-
sources, demand the decisions' simulation before they go
into action in a form of policy realization (Kljaji¢, et al.,
2000a). With all organizational systems, human skills and
creativity play an important role in efficient problem sol-
ving. Therefore, teamwork has to be included in the deci-
sion process for achieving the satisfactory solution. Imple-
mentation of a group decision support system enables
participants the testing of different simulation scenarios
and the sharing of common views regarding a problem.
Following this, the indirect effect of testing policies is un-
derstood in an environment, which is less risky prior to
the actual implementation of regional policy (Legna,
2000). On the outline one can find the polarity of the loop
and estimate the qualitative trend of system behavior. The
business system simulator will be the base for the asses-
sment of strategy development. The simulator will be con-

nected to a Group Support System (GSS) as well as the
database so that an expert group can analyze each scena-
rio. In this way the dynamics of a business system can be
better understood. Simulation results are evaluated with
the help of group decision support systems and with ex-
pert systems. The model and its sub-models are in the pha-
se of structural validation and relevant parameter values
determination.
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