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Abstract

This research seeks to answer this important managerial problem by using futuristic and systematic
approaches and relying on the design of a dynamic model of sustainable development. In this research,
first, a framework for sustainable development is presented and then, using the Mic Mac method, the
key drivers of sustainable development are identified. In the next step, by designing the scenario
portfolio, possible and possible future scenarios of sustainable development were determined. Finally,
by designing the sustainable development model, while simulating scenarios and managers' decisions, it
is possible to determine the desired scenarios from possible multidimensional and especially contrasting
scenarios. Makes. At first, 42 factors affecting the sustainable development of the province were
identified in the conceptual framework of sustainable development proposed in the research. In the
next stage, with the opinion of the experts of the province, 32 effective factors with higher importance
on the sustainable development of the province were determined. Out of 32 effective factors, 5 key
drivers were selected as a result of cross-impact analysis. Finally, 22 possible situations (by defining the
possible situations of each factor in the future facing the province) were designed. In the next step, by
analyzing the results of Wizard 4 scenario, strong scenarios facing the province in the future horizon are
identified and by designing a dynamic model of sustainable development of the province with a dynamic
system, scenarios are entered to determine its impact on key variables in the future. Determined. The
general results indicate that the current situation is unhealthy and the distance between the current
situation and the ideal situation of sustainable development in Isfahan province, so in this regard, some
suggestions are presented at the end of the study.

Keyword: Dynamic system, sustainable development, scenario writing, Isfahan province

DOI Number: 10.14704/nq.2022.20.6.NQ22809

NeuroQuantology 2022; 20(6): 8143-8164

Introduction

By the end of the twentieth century, the
inefficiency of conventional methods and
predictive measures was evident in that era.
This was due to the lack of attention to some
factors in quantitative and quasi-numerical
methods. In fact, the very rapid changes in the
world of business today and the
unresponsiveness of these methods have led to
the emergence of futurism in technology and
has led to serious changes in the type of view
and methods used to solve the problem.

Planning, especially long-term plans such as
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vision, strategies will be successful if they are
accompanied by a sufficient and accurate
knowledge of the future. Based on this, it can
be said that futurists are key players in the
process of creating national, sectoral and
organizational perspectives (AbbasiShahkooh et
al., 2008, 64).

Considering the importance of planning and
foresight of managers at different levels, this
research seeks to pay attention to planning
from another perspective and combine the
approach of dynamic system and foresight to
design a model appropriate to the future
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developments of sustainable development in
the horizon of 1414 N. And while compiling the
development scenarios of Isfahan province,
determine the status of possible scenarios and
desirable development scenarios of the
province.

In today's world, with the increase of
continuous changes and dynamics in the global
arena, classical planning no longer meets the
needs of managers and the existence of a wide
range of certainties and amazing events has
made managers' planning and decision-making
a serious challenge. It has always been the main
concern of managers how to have a correct idea
of the future or what scenarios may occur in the
future, given the changes and dynamics we face
today, and what impact each of our current
decisions and actions has on important
variables. Will develop. Isfahan province is very
important in development planning due to its
strategic and special position. This study intends
to use the new model of strategic planning for
sustainable development and design an
appropriate model of dynamic development
system, while identifying possible scenarios for
the development of the province in the coming
years, to determine the optimal development
scenarios.

The dynamic system model was proposed in
1957 by Geoffarster of MIT (Lane, 2000, 2006),
which applies to both quantitative and
gualitative approaches. It can also be said that
the dynamic system is suitable for identifying
and analyzing complex systems (Konak, 2017).

Saba analyzed a model that uses the energy and
operational power of the three meta-heuristic
algorithms GA, PSO & GSO that occur in natural
communities. Furthermore, we introduced four
Dos, D-dos, Wormhole, and Sinkhole attacks to
these algorithms, and thereafter examined their
latency, throughput, and energy. The findings
revealed that among these algorithms, the GA
algorithm has the highest energy and the PSO
algorithm has the highest throughput (Saba et
al, 2022).

The system dynamics modeling method has
three characteristics; The first is the concept of
information feedback loops, which involves
gathering information about the state of the
system and, consequently, some effective
actions that change the state of the system. The
second feature of computer simulation is that
humans can conceptualize such loops, but lack
the cognitive ability to deduce behavior.

They are dynamic, so computer simulations are
used accurately to infer the behavioral
consequences of the causal network over time.
The third feature of the dynamic system is the
need to interact with mental models, where the
most important information about social
situations is kept only as "mental models".
These mental models are complex and precise
and contain little information (Lane, 2000).

The dynamic system model is a representation
of a real-world system for studying system
behavior under various experimental
conditions.

The following table summarizes previous relevant research:

Table 1: Previous research

Achievements techniques

Target Researcher

capacities of regional | with

The main skills, abilities and | Approach to working | Assessment of skills | Rios Carmenado
people, | and competencies | et al. (2014)
development in Romania are | coordinating elements | affecting regional

concentrated in three | of social learning and | and rural
sections: technical- | planning and | development in
entrepreneurial and ethical- | management Romania
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social and political-textual.

Senior and middle managers | International  project | Investigate how a | Darko (2014)
want to follow a very | models forward-looking
appropriate way to help strategy
develop strategy in terms of development
ideas, data, time, resources approach can be
and analytical work. used to harness the
potential of middle
management.
The main driving force | Strategy development | Use of foresight | Forrester (2014)
behind the implementation | approach technology to
of cost-cutting identify
developments is the saving technologies and
of resources and energy processes in the
German
automotive
industry
Provide a descriptive model | Delphi survey with | A detailed | Constantine et al.
and improve innovation in | specialists approach to | (2015)
culture that is an effective combining
and efficient condition using foresight and an
futurism integrated
roadmap for
managing
corporate
innovation
Integrated companies Introduces the | Online  Foresight | Raford (2015)

methodology of a
combined approach to
integrated  corporate

foresight and routing

Operating System:

Outcomes were discussed in

Face-to-face

Evidence for their

Darst et al.

the context of emerging | screenwriting and | impact (2014)
issues and opportunities for | futuristic strategy
scenario planning, especially
for general scenario
projects.
The RAHS system is not only | Environmental In Scenario | Clare (2014)
a tool for foresight, but also | Scanning, Uncertainty | Planning and
provides the basis for future | Analysis,  Exploratory | Strategic Foresight
knowledge development Scenario Construction,

Strategic Options

Evaluation, Scenario

Writing, and Scenario
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Monitoring

he does

Delphi study

Demonstrate the
development and
implementation of
an appropriate
foresight support
system for the
German Federal

Armed Forces

Chen (2012)

Information and
communication technology
is effective in advancing and
improving futuristic

processes

Delphi technique and
dynamic simulation

The
information and

impact  of

communication

technology (ICT) on
the future and
foresight processes

Cullarz et al.
(2009)

There is a need to expand IP | Swot and Steep | Technology Saghafi and
network infrastructure to | analysis with the help | foresight in China | Ahmadi (2013)
support technology of MICMAC software ICT industry

Technology development | Fuzzy Topsis Technology Sardari et al.
scenarios in the energy and foresight for the | (2015)

fuel sector in Poland as well perspective of

as related maps energy

development in

Formulated to run Application of SWOT | Poland until 2030 Parsipour and
and AHP model Arabic (1393)
Value thinking approaches | Using order-size | A way to | Bakhtiari and
enable us to identify the | models determine the | Dehghanizadeh
tangible and intangible success factors of | (2013)
needs of stakeholders with government with a
an approach futuristic approach
Makes predictions Data-output method Planning of border | Khosravi et al.
areas with | (2012)
emphasis on
planning strategies
and priorities
Research findings showed in | With a scriptwriting | Marivan and Baneh | ') (1390)
the SWOT model. Defensive | approach border areas

strategy has been selected
as the main strategy and in
the  SWOT-AHP
offensive strategies with a

model,

score of 0.861 have been

selected as the main
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strategy and review
strategies with a score of
0.680 have been selected as
an alternative strategy.

resulting subregion does not
show much difference. Thus,
although political-
administrative divisions
alone can not be the way to
balance the system of
residential network
sometimes, but can create a
balance with the regional

planning system.

The unbalanced urban | With a scriptwriting | New land | Poor
network of Khorasan region | approach and script | management plan | Mohammadi et

after division and in the | wizard software

and urban network | al. (2010)
resulting from the
division of
Khorasan

2- Research method

Considering the types of research mentioned,
the type of research based on the purpose is
applied-developmental in terms of descriptive
data collection. Which is done wusing a
combination of quantitative and qualitative
models. Questionnaire, interview and panel of
experts were used to collect information. The
statistical population of the present study is the
experts of Isfahan province and the experts of
the province have been identified in various
dimensions of sustainable development.

Theoretical Foundations

In mathematics, a dynamical system is a system
in which a function describes the time
dependence of a point in an ambient space.
Examples include the mathematical models that
describe the swinging of a clock pendulum, the
flow of water in a pipe, and the number of fish
each springtime in a lake. The most general
definition  unifies several concepts in
mathematics such as ordinary differential
equations and ergodic theory by allowing
different choices of the space and how time is

measured. Time can be measured by integers,
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by real or complex numbers or can be a more
general algebraic object, losing the memory of
its physical origin, and the space may be a
manifold or simply a set, without the need of a
smooth space-time structure defined on it.

At any given time, a dynamical system has a
state representing a point in an appropriate
state space. This state is often given by a tuple
of real numbers or by a vector in a geometrical
manifold. The evolution rule of the dynamical
system is a function that describes what future
states follow from the current state. Often the
function is deterministic, that is, for a given
time interval only one future state follows from
the current state (Strogatz, 2001). However,
some systems are stochastic, in that random
events also affect the evolution of the state
variables.

In physics, a dynamical system is described as a
"particle or ensemble of particles whose state
varies over time and thus obeys differential
equations involving time derivatives".("Nature",
2001). In order to make a prediction about the
system's future behavior, an analytical solution
of such equations or their integration over time
through computer simulation is realized.
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The study of dynamical systems is the focus of
dynamical systems theory, which has
applications to a wide variety of fields such as
mathematics, physics (Gintautas et al. 2008),
biology,( Jackson, T.; Radunskaya,
2015),chemistry, engineering (Kreyszig,
2011)economics (Gandolfo, Giancarlo, 2009)
history, and medicine. Dynamical systems are a
fundamental part of chaos theory, logistic map
dynamics, bifurcation theory, the self-assembly
and self-organization processes, and the edge
of chaos concept.

In the most general sense, (Giunti and Mazzola,
2012, Mazzola and Giunti, 2012) a dynamical
system is a tuple (T, X, ®) where T is a monoid,
written additively, X is a non-empty set and @ is

a function

¢:UC(TxX)—=X
with

proj, (U) = X (where proj, is the 2nd projection 1

and for any x in X:

®(0,z) ==
O(ty, @(t1,2)) = @(t2 + 11, 2),

for ty, t,+ € I(x) and t, € I(D(t1,x))
where we have defined the set I(x):={t € T: (t,x)

€ U} forany xin X.

In particular, in the case that U=T X X} we have
for every x in X that I(x) = T and thus that ©
defines a monoid action of T on X.

The function O(t,x) is called the evolution
function of the dynamical system: it associates
to every point x in the set X a unique image,
depending on the variable t, called the
evolution parameter. X is called phase space or
state space, while the variable x represents an
initial state of the system.

We often write

., (t) = ®(t,z)
o' (z) = ®(t, z)
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if we take one of the variables as constant.
¢, :I(zx) = X

is called the flow through x and its
graphtrajectory through x. The set

v ={®(t,x) : t € I(z)}

is called the orbit through x. Note that the orbit
through x is the image of the flow through x. A
subset S of the state space X is called O-
invariant if forallxinSandalltinT

®(t,z) € S.

Thus, in particular, if S is ®-invariant, I(x)=T for
all x in S. That is, the flow through x must be
defined for all time for every element of S.

More commonly there are two classes of
definitions for a dynamical system: one is
motivated by ordinary differential equations
and is geometrical in flavor; and the other is
motivated by ergodic theory and is measure
theoretical in flavor.

Geometrical definition

In the geometrical definition, a dynamical
system is the tuple (T, M, f). T is the domain for
time - there are many choices, usually the reals
or the integers, possibly restricted to be non-
negative. M is a manifold, i.e. locally a Banach
space or Euclidean space, or in the discrete case
a graph. f is an evolution rule t > f' (with t € T)
such that f ' is a diffeomorphism of the manifold
to itself. So, f is a "smooth" mapping of the
time-domain T into the space of
diffeomorphisms of the manifold to itself. In
other terms, f(t) is a diffeomorphism, for every
time tin the domainT.
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Real dynamical system

A real dynamical system, real-time dynamical
system, continuous time dynamical system, or
flow is a tuple (T, M, ®) with T an open interval
in the real numbers R, M a manifold locally
diffeomorphic to a Banach space, and ® a
continuous function. If @ is continuously
differentiable we say the system is a
differentiable dynamical system. If the manifold
M is locally diffeomorphic to Rn, the dynamical
system is finite-dimensional; if not, the
dynamical system is infinite-dimensional. Note
that this does not assume a symplectic
structure. When T is taken to be the reals, the
dynamical system is called global or a flow; and
if T is restricted to the non-negative reals, then
the dynamical system is a semi-flow.

Discrete dynamical system

A discrete dynamical system, discrete-time
dynamical system is a tuple (T, M, @), where M
is a manifold locally diffeomorphic to a Banach
space, and @ is a function. When T is taken to
be the integers, it is a cascade or a map. If T is
restricted to the non-negative integers we call
the system a semi-cascade (Galor, 2010).
Cellular automaton

A cellular automaton is a tuple (T, M, ®), with T
a lattice such as the integers or a higher-
dimensional integer grid, M is a set of functions
from an integer lattice (again, with one or more
dimensions) to a finite set, and ® a (locally
defined) evolution function. As such cellular
automata are dynamical systems. The lattice in
M represents the "space" lattice, while the one
in T represents the "time" lattice.

Multidimensional generalization

Dynamical systems are usually defined over a
single independent variable, thought of as time.
A more general class of systems are defined
over multiple independent variables and are
therefore called multidimensional systems.
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Such systems are useful for modeling, for
example, image processing.

Compactification of a dynamical system

Given a global dynamical system (R, X, ®) on a
locally compact and Hausdorfftopological space
X, it is often useful to study the continuous
extension ®* of @ to the one-point
compactification X* of X. Although we lose the
differential structure of the original system we
can now use compactness arguments to analyze
the new system (R, X*, ©*).

In compact dynamical systems the limit set of
any orbit is non-empty, compact and simply
connected.

Measure theoretical definition

Main article: Measure-preserving dynamical
system

A dynamical system may be defined formally as
a measure-preserving transformation of a
measure space, the triplet (T, (X, Z, 1), ®). Here,
T is a monoid (usually the non-negative
integers), X is a set, and (X, Z, ) is a probability
space, meaning that X is a sigma-algebra on X
and p is a finite measure on (X, Z). A map ®: X
-> X is said to be Z-measurable if and only if, for
every gin Z, one has

‘1‘_10' € X A map @ is said to preserve the
measure if and only if, for every o in Z, one has
w(@ o) = u(o)

Combining the above, a map O is said to be a
measure-preserving transformation of X, if it is
a map from X to itself, it is Z-measurable, and is
measure-preserving. The triplet (T, (X, 2, y), ©),
for such a @, is then defined to be a dynamical
system.

The map ® embodies the time evolution of the
dynamical system. Thus, for discrete dynamical
systems the iterates®"=PoPo...o® for every
integer n are studied. For continuous dynamical
systems, the map @ is understood to be a finite
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time evolution map and the construction is
more complicated.

Construction of dynamical systems

The concept of evolution in time is central to
the theory of dynamical systems as seen in the
previous sections: the basic reason for this fact
is that the starting motivation of the theory was
the study of time behavior of classical
mechanical systems. But a system of ordinary
differential equations must be solved before it
becomes a dynamic system. For example
consider an initial value problem such as the
following:

& =v(t,x)
T,y = g

where
x represents the velocity of the material point X
M is a finite dimensional manifold

v: Tx M = TM is a vector field in R" or C" and
represents the change of velocity induced by
the known forces acting on the given material
point in the phase space M. The change is not a
vector in the phase space M, but is instead in
the tangent space TM.

There is no need for higher order derivatives in
the equation, nor for the parameter t in v(t,x),
because these can be eliminated by considering
systems of higher dimensions.

Depending on the properties of this vector field,
the mechanical system is called

autonomous, when v(t, x) = v(x)

homogeneous when v(t, 0) = 0 for all t

The solution can be found using standard ODE
techniques and is denoted as the evolution
function already introduced above

x(t) = ®(t, @)

The dynamical system is then (T, M, ®).

Some formal manipulation of the system of
differential equations shown above gives a
more general form of equations a dynamical
system must satisfy

@ —v(t,e)=0 =
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& (t, ®(t,xg)) =0

where ® : (T x M) — Ggs a functional from the
set of evolution functions to the field of the
complex numbers.

This equation is wuseful when modeling
mechanical  systems  with complicated
constraints.

Many of the concepts in dynamical systems can
be extended to infinite-dimensional
manifolds—those that are locally Banach
spaces—in which case the differential equations
are partial differential equations (Mehregan et
al, 2010).

3- Findings

3-1- Identifying the factors affecting the
sustainable development process of the
province and determining the key factors

At this stage, in order to identify the factors
affecting the sustainable development of
Isfahan province, a questionnaire was prepared
from the conceptual framework obtained from
stage two and distributed among provincial
experts.

By collecting the questionnaire and aggregating
the experts' opinions, the factors whose mean
importance was lower than the average for the
experts were removed and the rest of the
factors entered the next stage. At this stage, 10
factors were eliminated, and 32 key factors
advanced to the next stage, which are key
factors in the three systems of natural, support,
and human capital, as described in Tables 3 to
5:
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Table 2: Key factors affecting the sustainable development of the province (natural system)

under the criteria Criterion the part System Row
Climate change Atmosphere Environmental section | Natural 1
Air quality and resources system 2
Agricultural use the earth 3
Industrial use 4
Desertification 5
Urbanization 6
Quantity of water fresh water 7
water quality 8
Table 3: Key factors affecting the sustainable development of the province (support system)
under the criteria Criterion the part System Row
Economic performance Economic structure Economic system | Support 9
Trading section system 10
Financial situation 11
industrial production Production 12
Agricultural production 13
Production production 14
Energy use Production and | Infrastructure 15
Waste generation and | consumption patterns section 16
management
Implement a sustainable | Institutional framework 17
development strategy
International cooperation 18
Communication infrastructure Institutional capacity 19
science and technology 20
Disaster preparedness 21

Table 4 : Key factors affecting the sustainable development of the province (human capital system)

under the criteria Criterion the part System Row
Poverty Equality and | Social system section Human capital | 22
justice system

Nutrition status Health 23
Wastewater 24
Drinking water Security 25
Providing health | population 26
services

Crimes Education Individual Development 27
Population change Department 28
Level of training 29
Literacy 30
life conditions Housing 31
Public budget the budget Public sector 32
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3-2- Identifying key development drivers by
cross-matrix analysis method

As mentioned, 32 factors were identified as
effective  factors on the sustainable
development of Isfahan province and were
analyzed with Mikmak software to extract the
key drivers of development in the province. The
dimensions of the matrix were 32 * 32 which
were divided into three systems (natural,
support and human capital) and in 6 sections

(environment and resources, economic system,

a dynamic system approach (Isfahan province)

development, public government) and in 15

criteria (travel atom, earth, Freshwater,

economic structure, production, patterns of
production and consumption, institutional
framework, institutional capacity, equality and
justice, health, security, population, education,
housing and budget) are regulated.

As can be seen in the figure below, by analyzing
the Mikmak method of population, industrial

production, agricultural production, service

production and land use were identified as the

infrastructure, social  system, personal 5 key drivers of sustainable development.
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Figure 1: Distribution map of variables and their position in the impact-effectiveness axis in Mick Mac

3-3- Diagram of modeling the process of
sustainable development of the province

Although causal loop diagrams show the
feedback structure well, they are not suitable
for computer simulation. Therefore, we design

flow diagrams of subsystems. Therefore, flow
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method

diagrams were designed for 5 key propellants
extracted by Mick Mac method.

Population subsystem flow chart

The flow chart of the population subsystem is
shown in the figure below. The level variable in
this chart is population.
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Figure 2. Population subsystem flow chart

The flow diagram of the industrial production subsystem is shown in the figure below. The level
variables in this chart are the capital and value of GDP of the industrial sector.
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Figure 3: Flow diagram of industrial production subsystem
Flow chart of agricultural production subsystem

The flow diagram of the agricultural production subsystem is shown in the figure below. The level
variables in this chart are capital and GDP of the agricultural sector.
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Figure 4: Flow diagram of agricultural production subsystem

Flow diagram of service production subsystem
The flow chart of the service sector production subsystem is shown in the figure below. The level
variables in this chart are the capital and value of GDP of the service sector.
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Figure 5: Flow diagram of service production subsystem
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Land diagram of land use subsystem

The flow diagram of the land use subsystem is shown in the figure below. Surface variables in this forest

area, agricultural land, unused land (which includes deserts, pastures, etc.) and the value of industrial

and urban land.
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Figure 6: Land diagram of land use subsystem

According to the composition of the mentioned
subsystems, finally, the flow chart of the
sustainable development model of Isfahan
province is shown in the form of the above
figure. As shown in the figure below, in
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designing the flow chart of the final model,
water resources have been considered as a
level due to the elimination of the model's
problems during formulation and the

importance of the water issue for the province.
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Figure 7: Flow chart of Isfahan province sustainable development model

3-4-Model test

The most important tests that are performed to
ensure the validity of dynamic system models
are: (Azar and Khadivar, 2010, 10)

- Model boundary adequacy test: to ensure
that the model boundaries are selected
correctly

Limit state test: In this test, the behavior of the
main variables of the model in limit states (very
high and very low values) is investigated and
the sensitivity of the model to these changes is
studied. Non-negative state variables are also
among the items examined in this test.

- Dimension test: in order to determine the unit
of variables and coordinate their dimensions
with the reality of numerical function
compatibility test: In order to prevent irrational
behaviors of the model, in this section, the
results of the most important tests performed

elSSN 1303-5150

on the model are presented as a model validity
test. .

Behavior Reproduction: To perform this test,
the behavior of the model variables is tested
with behavioral patterns obtained using real
data.

In the following, each of the above tests is
performed on the model and the results are
presented:

1- Adequacy test of model boundaries

In connection with the design of sustainable
development model in this study, the key
drivers of sustainable development in the
province are the basis for selecting endogenous
variables. In the development of the model, an
attempt has been made to consider some
variables that cause empty expansion of the
model utility as exogenous.
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2. Limit state test: We zeroed the value of industrial variable,
Performing this test showed that no irrational which should definitely be zero value of
behavior of the model is observed. industrial products, which showed the behavior
of the model.
value of industrial products
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Figure 8: Model test under limit values of variable values of value of industrial products

And the capital of the industrial sector will soon be zero. (figure below)
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Figure 9: Model test under variable values of industrial capital
Also, if we put the same variable in maximum conditions, the capital variable of the industrial sector
must move to infinity. (figure below)
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Figure 10: Model test under variable values of industrial sector capital
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3- Dementia test

This test is performed in order to determine the units of variables and their coordination with reality,
which was checked using the units check by the software and the unit and after confirming the

problems. (figure below)
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Figure 11: Dimension test of the model under Units Check
4- Numerical function compatibility test

Numerical functions were used to calculate the values for the variables. In several studies on the model,
it was concluded that some values cause irrational behavior of the model, which were removed and the

relevant formula was revised.
4-1- Behavior reproduction test

As can be seen from Figure 12, agricultural land is rapidly disappearing and changing its use due to
numerous droughts and the migration of people from rural to urban areas, which is also similar to the

actual behavior.
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Figure 12: Reproduction test of model behavior under agricultural land variable

Finally, this model was formulated and in the form of the following figure, the model evaluation was

performed using Model Check, which confirms the accuracy of the model.
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Conclusion

This study was conducted to design a model of
sustainable development in Isfahan province
with a dynamic system approach and futurism
and to determine the status of possible
scenarios.  Theoretical  foundations  and
theoretical approach of this research is based
on the intellectual foundations of futurism and
systemic approach. The method of this research
has a unique complexity and innovation.
Because in addition to designing a dynamic
model of sustainable development in the
province, simulation of this model has been
used to determine and identify the desired
scenarios (which has been done qualitatively
and completely judiciously in studies so far).
Also in this research a conceptual framework of
sustainable development is presented. In this
study, the interview method, questionnaire and
panel of experts were used to collect expert
opinions. First, the effective factors in the
framework of sustainable development were
extracted and in the opinion of experts,
appropriate and important factors in the
development of the province were determined
in the framework of this framework. Then, key
drivers were extracted from the cross-impact
analysis method. Interaction equilibrium
analysis (CIB) method has been used to
determine and identify possible scenarios and
finally the dynamic system method has been
used to design a sustainable development
model of the province. Mick Mac, Scenario
Wizard and Vincim software were used to
analyze the data. Data were collected through
interviews, questionnaires and panel of experts
and analyzed by the above software. In this
article, the simultaneous use of Mick Mac,
Wizard and Wensim software for the first time
in sustainable development planning can be
considered as one of its innovations, which the
research results show. .

At first, 42 factors affecting the sustainable
development of the province were identified in
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the conceptual framework of sustainable
development proposed in the research. In the
next stage, with the opinion of the experts of
the province, 32 effective factors with higher
importance on the sustainable development of
the province were determined. Out of 32
effective factors, 5 key drivers were selected as
a result of cross-impact analysis. Finally, 22
possible situations (by defining the possible
situations of each factor in the future facing the
province) were designed.

In the next step, by analyzing the results of
Wizard 4 scenario, strong scenarios facing the
province in the future horizon are identified and
by designing a dynamic model of sustainable
development of the province with a dynamic
system, scenarios are entered to determine its
impact on key variables in the future.
Determined.

Since one of the innovations of this paper is the
use of simulation of the dynamic model of
sustainable development of the province in
order to determine the desirability of future
scenarios of the province, in this section to
present the behavior of the main variables of
the model of sustainable development of
Isfahan province (drivers Key) By entering any
of the future scenarios of the province in the
next 20 years, we will deal with the time period
for performing the simulation is arbitrary and
the model is applicable for any desired time
period, but to evaluate the results up to the 20-
year perspective of Horizon 1414 it's been
chosen. The titles of the future scenarios of the
province are given in the form of Table 6:
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Table 4: Titles of future scenarios of the province

Urbanization (urban | Production |Agricultural |industrial population scenario
land) of services | production production

Balanced growth pattern|Growth Growth Growth Population City
(traditional and | between between between stabilization and

indigenous growth migration

pattern of the city) balance

Balanced growth pattern|3-5% 3-5% 3-5% Population Loving
(traditional and stabilization and

indigenous growth

pattern of the city)

Very unfavorable and|Negative Negative Negative Immigration A city
inefficient growth | growth growth growth balance without
pattern of the city growth

Very unfavorable and|High growth |High growth |High growth |Demographic Growth
inefficient growth crisis without a
pattern of the city city

Lovely city scenario

Considering the inclusion of this scenario in the
model of sustainable development of the
province and the situation of key variables, in
the form of the following figures, it can be said
that in general, the desired scenario is
desirable. And the quality of life is improving.In
this scenario, migration has a fixed and
balanced rate and the population is stable and
has a balanced and low growth. In general, we
can say that the scenario of a friendly city is a
relatively favorable scenario because the
province has moderate growth in all three areas
of industry, agriculture and services, and at the
same time, a stable population and migration
have occurred in a balanced way. In terms of
urbanization, the province will have a favorable
situation, especially according to the proposed
conceptual model of sustainable development,
the changing status of quality of life in the
dynamic model of sustainable development is
relatively more favorable than other scenarios.
Regarding the devastated city scenario, it can
be said that this scenario is critical. Because due
to the population crisis, the negative economic

growth of the province and the very
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unfavorable urban growth, nothing will remain
but the ruins of the province, and also the
quality of life will be in an unfavorable situation.
The growth scenario without the city is also
relatively unfavorable, because it is true that
the province will experience an economic
growth of more than 10% in all sectors, but it
will also lead to a population crisis and very
unfavorable growth, because with studies It can
be seen that in areas of Iran (such as Tehran)
and the world where there is relatively good
economic growth compared to other places, the
population has invaded these areas from
around and since most of this population in
terms of expertise in The lower the level of
skills, the more they will live on the outskirts of
cities, and will lead to very unfavorable and
inefficient urban growth, and will reduce the
quality of life per capita. But we can not make a
definite judgment about the city scenario
without growth, because on the one hand, the
population is stable and there is an efficient
structure in terms of the city, but it can be risky
economically due to the negative growth, but
by importing This scenario in the sustainable
development model and examining the positive
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or negative change of the variable considered
by managers and policy makers judged whether
the scenario is desirable or critical, but
according to the model simulation that the
service sector will initially experience negative
growth, but in In the long run, it will have a
positive growth, and considering the added
value that this sector will play in the future of
Iran and the very potential capacity of the
province, this sector can bear the burden of
other sectors and orientations and It will attract

e
)

e e a0
[ Sy
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=

= \:!/—r

investments and in the long run, the quality of
life situation will move towards more
desirability, so this scenario can be ranked
second after the scenario of a lovely city, and
this scenario will be a relatively favorable
situation. Had. It is even possible to enter all
four scenarios into the model in Figure 14 and
classify them in terms of desirability according
to the value that the variable considered by
policy makers.

Figure 13: Dynamic model of sustainable development of Isfahan province

An important point about the combination of
strong future scenarios of the province and it
should be paid is that in the set of future
scenarios of the province there is a ruined city,
but we do not have an utopian scenario which
can be due to experts, policymakers and
managers in Drawing a desirable future is
challenging and they can not imagine the future
of the province at its best, which can also be
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due to the dire situation that makes it difficult
for experts to reach a desirable future.

Another important point that can be noted in
the composition of the scenarios is that the key
impulses are logically strongly interdependent.
In such a way that the existence of an influential
situation affects the situation of other factors
close to it and in none of the scenarios can the
inconsistency of the combination of situations
be observed. For example, in a situation where
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the province has economic growth above 10
percent, the  population has  grown
exponentially and the intensity of internal
migration has increased significantly. Which
indicates the exact design of the system.

In interpreting the current situation of
sustainable development of the province, it can
be said that there is a big gap between the
current situation of the province and the
aspirations of policymakers in the future.
Therefore, there is a long, ups and downs and
ups and downs for its realization in front of the
province, and in order to build the future, it
needs a wide change and transformation.

In general, it can be said that the main result of
this research is the use of sustainable
development model in determining and
identifying the desirability of scenarios as well
as reviewing and testing policies considered by
managers and policy makers in sustainable
development model in achieving the future
horizon of the province In this way, by
implementing different policies, it becomes
familiar with the consequences of different
policies, and finally adopts and implements a
policy that will reach the province in the desired
horizon, as well as the current situation of 5 key
drivers of sustainable development in the
province. Not very convenient. However, there
are hopes for favorable conditions in the
province in the face of possible scenarios facing
the province. But on the other hand, the
occurrence of critical situations will not be far
from expected, so it is better for policy makers
to have plans to improve the identified key
drivers, which will play a vital role in shaping
the future of the province.

Considering that during the research, in order
to access the information and indicators
required for the research, we have encountered
many difficulties, it is recommended to the
policymakers of the province to design a
comprehensive database in the province and
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with a The codified planning of this
comprehensive bank is updated annually.

Also, due to the fact that some managers in the
province do not have much faith in long-term
planning as well as futuristic approach, it is
recommended that courses be taken to explain
the importance and necessity of futurism and
presentation. The results of this research should
be done in the province to change the mentality
of these managers towards the future of the
province to get acquainted with the province's
progress scenarios on the horizon of 1414, and
to be able to make the right decisions by
considering all possible and strong scenarios of
the province. O desirable to adopt.

Research suggestions

In designing the sustainable development
model with an appropriate framework, we have
tried to identify the factors affecting the
sustainable development of the province and
include them in the model. However, if policy
variables other than the variables involved in
the model are considered by policy makers,
researchers can achieve the desired model by
developing the model and adding other
variables that affect the system, and by testing
policies and examining their consequences.
Achieve optimal politics.

In this study, in order to identify the factors
affecting the sustainable development of the
province from the desired conceptual
framework, the method of average importance
of factors with the opinion of experts was used
and in future research, multi-criteria decision-
making techniques can be used to measure
importance. These factors are used.

In this research, the model of sustainable
development in the field of regions has been
designed. And with a few changes, the desired
model can be developed for the national and
transnational sphere.

In the research process, a definite approach was
used in all stages and the fuzzy approach can
also be considered.
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In the stage of developing a conceptual
framework for sustainable development, the
available indicators for each sub-criterion can
be identified and by interviewing experts in this
field and approval of these indicators by
experts, the development of the desired
conceptual framework at the index level can be
achieved.
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