Appling System Thinking Methodology to Understand Dynamic of Economic Growth


Abstract
More recently, the field of System Thinking has been applied widely to economic modeling and problem solving. So, this paper is originated by the idea to investigate the contributions of System Thinking approaches to economic growth modeling for national planning. This paper first presents a brief overview of the reasons that a national planner creates macro-models for economic growth and development and how economic models and methods in the macro-level face with some challenges specially for developing economies. The issue has grown in the key concept of Systems thinking methodology that views a system holistically rather than partial analysis as it is common in most traditional analytic methods. In order to understand how the System Thinking approaches can be applied in the process of growth modeling, the structure of two basic growth models namely Harrod-Domar and Solow are translated in the System Dynamics language. Then by considering a wide variety of soft variables of social and environmental sectors the growth model was improved. This process showed that System Thinking approach and System Dynamics modeling can contribute to growth modeling and better understanding of economic complexity and dynamic and go beyond what traditional models are able to do.
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1. Introduction
In order to improve the quality of life, most of the countries seek to plan economic development strategies. However, from the beginning of this century, the world is experiencing a wide variety of increasingly complex, dynamic problems. So it gives rise to the dynamic complexity in growth and national planning too, which must take into account the interactive and integrated nature of economics, society, and environment. If planning does not consider the links between them, opportunities will be missed for yielding the desired results within a long time and in its turn,  it determines a growing need for improving analytical support tool, which allows policy makers to test the dynamic responses to policy making.
Traditionally, most applicable models in economic analyses often involve mathematical and statistical techniques, which had been applied to the problems (Serdar 2003). So far, however, there have been little discussions about limitations and challenges with each method for modeling an economy in national planning. Moreover, economists must remember that one of their missions is to reach out to growing methodological fields and bring them within the field’s community and toolkit (Benaroch 1996). The field of System Thinking is a potential methodology and System Dynamics modeling has been applied widely over recent decades as it has attracted great attention from universities to government organizations for growth modeling and national planning. This paper will focus on the System Thinking contribution in economic growth modeling and national development planning. 

2. The functions of economic model for macro policy and planning
Most of the macro level economic planning models such as Keynesian or neo-classical growth models, the social accounting matrix, the general equilibrium model and so forth deal with predicting and growth assignment. Howitt (2002) claimed that an economic planner can conduct three tasks with economic models:  interpreting the observed actions; forecasting economic phenomena; controlling or affecting certain economic outcomes. In such a way, economists and developmental planners create models to find out the result of change, to compute the growth impact and to predict the needed resource (Kooros & Badeaux, 2007). 
Although, macroeconomic models are a powerful tools for policy analyses because they are able to capture complex and dynamic interrelationships among economic variables, the main reasons that a planner creates macro-models for national or regional planning are: 
Understanding: In the macro level, the structure, because of large scale, non-linear and dynamic feedback, are too complex that easily to be understood by our natural insight. So if macroeconomic planners try to understand economic phenomena and how economic variables interact together, then they need models. By analyzing the results of a policy making at the macroeconomic level, where everything relates to everything else, applying a model is essential (Don and Verbruggen, 2006)
Forecasting: Forecasting future performance is an ordinary use of macroeconomic models.  A model needs to cover the most important peculiarities of an economy to forecast of future behavior. “ An economic forecast should provide information about (1) the economy’s direction of movement, (2) the timing of any turning point, (3) the magnitude of the change and (4) the length of time over which a movement is expected to persist “ (Fildes & Stekler, 2002, P.436).
Scenarios: The scenario designing allows national planners to ask ‘what if?’ questions. So,  evaluating the impact of quantitative policy scenarios is the aim of most planning models, which can be determined by its response to sensitivity analysis and changes on the limitations (Howitt, 2002). Thus, one of the most significant reasons for applying the macro model is that the policy maker use models for examining the policy proposals.

3. Some challenges with economic models and methods
Conventionally, the majority of applicable economic models are based on the theoretical foundation to understand economic behavior and mathematical equations for formulations of economic theories and/or use statistic method (econometrics) to explain economic phenomena and also to forecast economic variable changes or behavior based on policies. 
As all economists know, the economy is very complex; that is why they try to simplify that complexity as much as possible and make it understandable. In the conventional economics, a formal structural analytic model in one or set of equations (generally linear and mostly static deterministic solutions) is tested generally by using statistical techniques for comparing the prediction with the empirical data (Colander, 2008). On the side of theoretical foundation, economic theories mentioned in standard textbooks are quite normally under the neoclassical economic assumption that is a static model of free markets (McCauley & Küffner, 2004) through which individuals and firms act to optimize their utility or profit. “In this theory, markets all clear, unique prices for all goods is determined, and equilibrium is achieved. In fact, it is recognized that such an ideal world does not exist, but the assumed behavior does make sense” (Shilling, 2003).  In macro level where major concern on economic theorists has been economic growth, policy measures can only be discussed and understood accurately with the help of a model as an important instrument which sets out the key relationships between the macroeconomic variables. (Don and & Verbruggen, 2006).
The macroeconomic modeling method has two boundaries; one end refers to the ideas of economic theories, and the other one adhere to empirical data. Generally, for those modeling strategies located at the degree of theoretical coherence, economics has dominance whereas at the degree of empirical coherence statistics is principal (Adrian Pagan, 2003). For instance, Computable General Equilibrium (CGE) model is based on microeconomic laws - a demonstration of the demand and supply systems through competitive market mechanisms - to simulate an entire economic system to direct to macroeconomic analysis (Little 1995), while, Vector Autoregressive (VAR) models have been used widely in empirical studies for studying macroeconomic aggregates for predicting, policy analysis, and interpreting time series (Sargent and Sims, 2011).
These models helped us greatly to think about development and investigate the potential effects of various policy alternatives. Moreover, reasonable restrictions on the movement of different variables as well as their probable behavioral actions can be signified by them. However, these models have a number of limitations.
Initially, as development economists aware of the models at the degree of theoretical coherence, simply cannot apply in developing economies, since they are based on perfect market assumptions that can be found in developed economies just approximately. Thus, one common observation of growth in developing economies is that markets are rarely in equilibrium and there is no tendency to equilibria as well (Shilling, 2003). In this case, the equilibria are not ruled in their markets so it is difficult to use models based on pure theories. Thus, this in itself identifies a series of conflicts faced by development economists.
Furthermore, the empirical policy analysis models only become applicable when the behavioral relationships in them are practically quantified by applying econometric techniques based on real data. So, long time series of historical observations is necessary to do so. However, insufficient availability and quality of the required data in developing economies play a major role; it implies that the model will not be evaluated mainly on the properties of its statistic techniques, in addition. The model builder is faced to a trade –off between the policymakers’ desires,  theoretical economists and econometricians (Don & Verbruggen, 2006).
An additional limitation of economic modeling is the fact that some of them although are based on economics’ behavioral theories, are the results of a mathematical algorithm not a specific behavioral procedure, so these models tend to be ‘black boxes’ (Shilling, 2003). In the real world, as the complexity of economic is more than its constant feature to be reflected in a simple set of equations, a solution cannot be provided by more complex models and declines to a black box model when the why and what of the model’s outcomes are not understandable (Don and & Verbruggen, 2006).
Having said this, a lot of economists have recognized these problems to find proper ways to be advised to developing countries. But it is difficult to do so in the context of conventional models and theory (Shilling, 2003). Obviously, selection of the best model to do research is an art in order to balance the requirements of realism which complicate the model and pragmatic solution of the model based on its data and computational requirements. Economic policy models not only must be simple enough to what extent that the decision maker can recognize the model concept, but also be manageable and able to replicate the data (Howitt, 2002).
From a System Thinking point of view in limitation of economic modeling, forrester (1961  ), founder of the System Dynamics methodology,  and Sterman ( 2000) argued that variables are not only numerical data, but if ‘soft’ (unmeasured) variables are significant to the purpose should be included in our models. For instants, total production in the economic growth of a country would depend on many soft variables other than the traditional variables of capital and labor such as social and environmental factors. Although classical economics has addressed a majority of limiting factors in  political, social, demographic and environmental domains, have often been ignored in the mathematical tradition of neoclassical models, because this factor deals with soft variables that are not easy to quantify but at the same time have significant effect on behavior of the economy (Khalid Saeed 2005). Omitting important structures or variables due to unavailability of numerical data is, in fact, less scientific and precise than applying the best evaluation to estimate their values (Sterman, 2002).
The last not the least, in the most real-world decision for economic systems there are many unstructured problem situations and major challenge for the developing economy is better to understand dynamic progress of growth. Then, the need for solving unstructured and messy problems led researchers to search for flexible models, considering “softer” models would better signify various points of view to fulfill this need (Graeml, 2004). So, better understanding of complex systems may involve the models that focus on the dynamics of the system. Soft-systems approach is an alternative that concentrates on a better understanding of a system through an either iterative learning process or purposeful action based on this understanding. This approach is useful to engage human beings, and offers a conceptual model for existing structure in the real world (Wit, 2011).
In conclusion, the macroeconomists and growth model builders mostly have concentrated on mathematics applicable and statistical techniques for a series of restricted models. But that approach in complex and dynamic real-world with the recent fast changes does not work well. The present study deals with Systems thinking paradigm in both “hard” and “soft” approach that is capable to provide a different perspective on economic and development issues.

4. Systems thinking and its prevalent approaches for modeling complex system
The modern world in the 21th century is involving in a wide variety of growing complex, dynamic problems situation. System Thinking paradigm can contribute a better understanding and solving such dynamic problems. 
Generally speaking, the process of understanding how things interact with each other within a whole is the key concept of Systems thinking. “The core system concept is that an adaptive whole (system) can survive throughout time by adapting to the changing surrounding environment”  (Reynolds, Holwell, and Holwell, 2010, p 202).  Survival of system through time needs Communication processes, Control processes, a layered structure, Emergent properties of system as a whole (Checkland & Poulter, 2006).
When we look at all the different fields of system approach a similar picture has emerged (Rees, 2000). Among the popular system approaches are System Dynamics (forrester 1961), Viable Systems Model (Beer 1989), Soft Systems Metodology (checland 1993), Critical Systems Heuristics (Ulrich 1994) . However, Systems method is classified into 'hard' and 'soft' approach. Although, there are basic differences in the two (hard vs. soft) approaches, both Soft and hard systems methods are used to solve real-world problems (Ekasingh and Letcher, 2008). Often, there is confusion on the value or importance of hard and soft system approach in system thinking. Checkland (2000) provides interesting perspective of hard and soft systems in figure 1.
 Hard system is based on the assumption that the world is a collection of interacting systems, and we can engineer the one which do not work very well in order to work better.
Soft system is based on the assumptions that the world is taken to be very complex, problematical, and mysterious. However, by the process of inquiry into it, it can be organized exploration as a learning system. 
[image: Checkland]
Figure 1: The hard and soft system prespective ( Source: Checkland, 2000 )

For the more shed light, hard systems involve simulations often with computers and and very helpful in dealing with problems and objectives can be well defined. Soft systems on the other hand, deal with problems that cannot simply be defined and useful for engaging human beings and existence point of views in the real world. This approach focuses on a better understanding of complex systems by an iterative learning process (Wit, 2011).
In spite of the above mentioned definitions for hard and soft systems, there are different opinions to categorizing the methods in hard or soft group. In specific, for System Dynamics method some researchers (Rees 2000, Salerno et al., 2008) declared that it was used as a hard system method to define the functioning of key process in any system function. While, Morecroft, (2008, p.152) stated that besides an overlap between hard and soft system methods , “hard system modeling dressed in soft clothing”. In addition, Forrester (1994) claimed that System Dynamics moved from the hard concept to a much softer paradigm because of its inclusion in a number of more general System Thinking concepts and systems methods. 
In the world of System Thinking studies, there are some attempts to combine soft and hard System Thinking approach and create a multi methodology approach to overcome the limitations of each other. For example, soft systems dynamics methodology arose as a mixture of System Dynamics and soft systems methodology as two well-known methodologies in the systems movement: developed by Rodriguez-Ulloa and collogues (2005.., 2007, 2011). He believed that the systems dynamics methodology overcomes the pitfalls of soft systems methodology by including System Dynamics to its scaffold. 
System Dynamics modeling, as we accept as a hard or both soft and hard approach, is an effort to deal with increasingly complex, dynamic problems and appeared as a popular and powerful tool for understanding, simulating and analyzing real world.
System Dynamics models are the result of linking the relevant parts of a system’s structure and simulating the behavior created by that structure. Through an iterative process system’s problematic behavior can be identified and serve as a tool for policy design and testing (Radzicki, 2011). Even if the real world demonstrates a large amount of complexity, it can be verified in a System Dynamics model (Mildeová & Němcová, 2009). Today, System Dynamics modeling interest is growing quickly because it can address the basic structural causes of the long-term dynamic modern socio-economic problems (Barlas, 2002). Also this method provides cheaper learning and faster experiment on a virtual model with the effect of new policy making than on a real system with real society, processes, and equipment (Harris, 2000).
Putting all together, it can be concluded that the System Thinking approaches aims to understand and structure complex problem situations, to clarify point of views and stimulus, to deal with both qualitative and quantitative aspects of the situation, to solve real-world problems, to develop impact evaluation, to simulate the system behavior, and to design and test policy making. Also, to get better result we can integrate “soft” and “hard” systems methods to improve the significance and strength of the models to dynamic modern socio-economic problems, specially it is a powerful tool for economic growth and development modeling.

5. General structure of economic growth in System Dynamics language 
System Dynamics methodology, although, applies different protocol and language, it is compatible with conventional economic approaches with the aim of modeling dynamic phenomena (Smith& Ackere, 2002). So this method integrates features that make it useful for understanding dynamic of growth and is able to model the effect of information feedback on the future direction of growth model (Lechón and Torres 2010).
Forrester (1961) created a language to portray the dynamics of system which include four tips or blocks: Stock, Flow, Variable and information Arrow. Stocks accumulate (i.e., sum up) the information or material that flows into and out of them. Mathematically, stocks is called integration and a system’s flow equations are ordinary differential equations ( Radzicki, 2011 ). In simpel concept, Flows can be thought of as pipe and tap assemblies that fill or withdraw the stocks. Stocks can be thought of as bathtubs that accumulate or de-cumulate a system’s flows over time.  Auxiliary variables submit an application the computation between stocks, flows, constants and other variables. This is a very smart idea  for portraying structure of a system, not important how big it is, all we need to know is four building blocks or scripts and their simple language rules.
Meanwhile, the feedback concept, information loops and causal circular, is at the heart of the System Dynamics and it is an implement for conceptualizing the complex system structure (Meyers, 2009). Two fundamental type feedbacks exist in System Dynamics; reinforcing (exponential or positive) feedback which generates growth behavior and balancing (negative) feedback which generates decline behavior. From a System Dynamics prespective, reinforcing and balancing feedback loops fight to manage behavior of a system (Radzicki, 2011). The integration process creates all dynamic behavior in the world being in a any system such as a economic system. 
For general structure of growth, by referring to the exponential growth we find that:  a Stock K changes during the time in order to the amount of inflows and  outflows through feedbacks process of stock per time t; ∆K = K t – Kt-1. The exponential  growth path depends on a certain indicator multiplied so the net change of ∆K becomes: ∆K= Kt-1 * n  if n>0,  a certain share of the stock K causes an increase (Weber, 2007).
The basic structural growth in figure (1) represents the simplest growth structure which have two feedbacks simultaneously in System Dynamics language.

[image: basic]
Figure 2: Basic economic growth structure in System Dynamics language

As it is conceptually illustrated in Figure 2, the rectangle represents stock of capital which is determined by the changes in inflow of investment  and outflow of depreciation. Inflow and outflow indicates the change in the level of stock from t to t+1. In addition, in the middle of the loop sign of “+” shows the total effect of a loop reinforcing feedback and sign of “-“ within the total effect of the loop is balancing feedback. 
 Structurally, in the feedback stock-dependent relation, flow(s) itself is affected by the existing amount of stock which through a feedback loop can cause the next amount of flow. In other words flow is a function of stock as previously mentioned: ∆K = K t – Kt-1.
The left side of diagram illustrates the capital growing as long as positive inflow fraction rate and provide a process of exponential growth and the right side of diagram illustrates the capital diminishing as long as positive inflow fraction rate is identified by depreciation period and  provide a process of exponential decay. It is clear that when inflow fraction is larger than outflow fraction, the system generates growth behavior exponentially and vice versa.
In general, the growth model structure determines the behavior and same structures cause similar types of behavior. Yet we will see that the simple exponential basic structure can be retrieved in all introduced growth models.

6. Translating the economic growth models into System Dynamics protocol
For economic modeling, System Dynamics is applied through three ways: translating an existing economic model into a System Dynamics framework; generating an economic model by following the System Dynamics paradigm principles and rules; modeling as a “hybrid” approach to mix the advantages of the first two ways (Radzicki 2011)
Here, based on the simple basic structure of the growth model, we investigate the dynamic of two existing well-known economic growth model: Harrod-Domar and Solow models. These two basic Keynesian and Neocalasic models consider limited factors of production. While, by adding a wide variety of factors including more soft variables than traditional variables of capital and labor such as social and environmental factors in the growth model we can expand it. Although, it seems complexity of the system will increase dynamically, System Dynamics modeling can analyze it.
The Harrod-Domar model is the economic growth feature in the Keynesian macroeconomic approach. The major Keynesian equations for determining a macroeconomic equilibrium is given by Yt = Ct + St or Yt = Ct + It. The first equation shows us that national income Y is divided between consumption C and savings S. The second equation declares that total output is composed of both consumption and capital goods (investment I). Then in the simple macroeconomic equilibrium condition investment is equal savings It = St.
Savings are supposed to be a linear homogenous function of national income, so: St = sYt. Investment is function of the change in capital stock K so: It = ∆Kt = sYt	
As in the Harrod-Domar model, it is assumed capital-output ratio, k, is equal to total capital stock per total national income: k = Kt/Yt . , then: Kt = kYt or  ∆Kt = k∆Yt. 	
As mentioned above, the accumulation of capital stock K creates dynamics of the economic growth models, then changes in the capital stock comes from investments and the depreciation: K t+1 = (1-∂) Kt + It that ∂ is depreciation rate, then:
kYt+1 = (1-∂)kYt + sYt
∆Yt/Yt  is equal to the rate of growth of national income (the percentage change in national income): g =(Yt+1 – Yt )/Yt. Then: g=   
 Harrod-Domar model of economic growth states that: The rate of growth of national income, g, is determined by the national saving ratio, s, and the national capital-output ratio, k, and the national depreciation rate, ∂. 
Therefore:
1)	The growth rate of national income is positively related to the savings ratio, i.e., the higher an economy is able to save – and therefore invest, the greater will be the growth of that national income.
2)	The growth rate of national income is negatively related to the economy’s capital-output ratio, i.e., the more is capital-output ratio, the lower is the rate of national income growth.
Now let’s look at the Harrod-Domar model in System Dynamics method. The structure of the Harrod-Domar model in System Dynamics language is shown in Figure 3. The diagram represents three major features of the model that can be easily recognized: it shows the inflow of investment and outflow of depreciation and the stock of capital that alter by those flows; the economic growth rate is generated by the reinforcing feedback loop in the diagram; more stock of capital results in a higher production that leads to a more savings that leads to a higher inflow of investment, and finally boots the stock of capital. On the other hand, growth rate tends to be balanced by balancing feedback loop, so, more stock of capital leads to higher outflow of depreciation that descends the stock of capital.
[image: Slide2]
Figure 3: Harrod-Domar model in System Dynamics language

Although Harrod-Domar mathematical equations include all the data shown in the diagram, the dynamic is rarely understandable by equations, while existing capital stock and feedback loops in the model make it comprehensible. Now in order to analyze dynamic of the simple growth model one of the System Dynamics contributions is that we don’t need to know advanced mathematics and actually this visual model can help us to provide answers to a vast variety of "what-if" questions. To do this, we apply special software to stimulate economic growth model and compare the time path of economic growth under different conditions.
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   Figure4: The behavior of the model when diminish in rate of the capital-output-ratio because of enhancing in technology, lead to the annual growth rate to rise. (basic model in iThink software)

The neoclassical growth model is known Robert Solow (1956) model. Solow’s growth model shows that there are two factors that help to produce output: capital and labour. Technology is exogenous and represented by a production function (Solow, 1956):
Y = F(K,L)
If it is assumed that total output or production Y is a Cobb-Douglas function with the production elasticity Alpha, the equation consists of three key factors: the capital stock K, the supply of labor forces L, and finally the technical variable A.
F(K,L) = A
Figure 5 symbolizes the structure of the Solow-model in System Dynamics language to explain how capital accumulation growing, labor force growing based on population exponential growth pattern and technology progress interact and affect economy’s total production. Like the above mentioned basic growth model, the capital stock equation is the most significant equation that illustrates how capital accumulates. Where in a closed economy, investment is equal to saving and a constant share of income is saved, investments change the capital stock over time. The labor force and the technological grow exogenously but labor force includes population exponential growth patterns.
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Figure 5: Harrod-Domar model in System Dynamics language

System Dynamics modeling allows us to add soft variables in the formal models and understand the structure of the classical growth models easily (Saeed, 2005).

7. Improving the economic growth model with System Dynamics methodology
The Harrod-Domar and Solow models consider only limited factor of production. As we know the production is function of capital, labor, materials and technology but each one includes a wide variety of quantity and quality factors. In other words, an economy total production Y is:
Y = f (K, L, M, T)
Where K represents capital (including agriculture, industry and services capital), L represents labor (including labor productivity, health, education, population and social factors), M represents raw materials (including resources and environmental factors) and T represents technology (including investment, strategy and management).
This simple function shows that economic of a country can be explained by considering a wide variety of factors such as capital accumulation, level of education, population growth, level of investments in research, development and innovation in industries, good institutions, management of the public resources, initial conditions of the economy, fiscal policy, level of international trade, geographical factors, natural resources, governmental consumption, level of infrastructures, and so forth. Nevertheless, in spite of many factors which affect the total production, most of the models of economic growth and development, focus on just a limited number of factors. Adding each factor brings complexity and dynamic processes into growth model.
Traditionally, economists use mathematics often in the form of different equations to develop models of dynamic processes in economics model building, but they believe that the mathematical models in the area of complex dynamic economics are not easy to understand, and also they need to be taught in advanced mathematic level. In addition, they can’t enter quality components easily. In this way, System Dynamics methodology would contribute to deal with the growth model from other perspective than traditional one. 
The importance of System Dynamics for economics was recognized from the beginning by its founder Jay Forrester (1976). Forrester used System Dynamics modeling approach to create a national model which was designed to public policy analysis. The model was a computer simulation model of social and economic changes in the United States that include six principal sectors namely, production, financial, labor, demographic, household, and government.
Today, a famous comprehensive model of national planning in System Dynamics approach called Threshold 21 is a dynamic macroeconomic model designed to support comprehensive, integrated long-term economic growth and development. The main goal of the model has been to develop a practical model that incorporate a range of issues involved in sustainable development of a country (Barney and Pedercini, 2003). In fact, besides economy (investment, production, row material, technology, households and government); the model must include the social dimensions (population, gender, health, poverty, education, and income distribution) and environment (land, resource stocks, energy, sustainability, minerals) (Millennium Institute, 2007).
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Figure 6: Conceptual view of the cross-subsystem linkages

Form a simple viewpoint, a high level conceptual view of a dynamic macroeconomic model is illustrated in the figure 6 with the linkages among the economy, society, and environment subsystems. Within each sub-system are a number of sectors, modules, and structural relations that interact with each other and with factors in the other parts. The dynamic behavior as a simplest form with fewest factors of three subsystems illustrated in System Dynamics language (Figure 7) from which economic subsystem is based on  Harod-Domar and Solow models as mentioned  earlier.
The Economy sub-system contains major production sectors (agriculture, industry and services) which are characterized by production functions with inputs of capital, labor, technology, and resources. Capital stock that is grown through the investment flow leads to total production and income, in turn, some of which save and invest to generate more capital. Technology also contributes to production loop. This is the most important positive feedback loop that leads to economic growth.
 Other loops from the society and environment subsystems are also significant to influence the growth. In addition to production capital stock, the model contains both environmental and social capital stock that in turn have an impact on economy situations as a key and major part of the model. The social and environmental feedbacks through the magnitude of the quality of the labor force, resources and pollution control to influence labor productivity and total production.
[image: ]
Figure 7: linkages and dynamic behavior of three subsystems in System Dynamics language
The Social feedback loop is based on population dynamics, health and education challenges. Growing in social service capital in result of investment flow leads to health and education sectors which affect population growth. Population determines the labor force, which shapes employment as a key resource for all production activities. Education and health levels, together with other factors, influence labor productivity that affects total production from a given capital stock of production sectors. The health and education levels also increase life expectancy.
As a final point, by expanding the environment subsystem it is clear that how investment can be made in resource conservation and pollution control. Resource conservation determines the consumption of natural resources and can determine the impact of the depletion of these resources on production or other factors. Resource availability influence production. In turn, production influence pollution and pollution influences health. On the other hand, available advanced technologies apply resources in more efficient way thus it reduces generated pollution through production processes and affects labor productivity and life expectancy.
This process also deepens understanding of development challenges in the different sectors and how they interact, so that planners can explain better what is likely to happen, and why. This structure and behavior model might include more sectors and more detailed factors. In economy subsystem this model can contain government, household, foreign exchange, banks, and technology as endogenous sector in addition to production and investment sectors. In society subsystem, it can contain labor, population, health, education, poverty, and infrastructure. In environment subsystem it may contain energy, land, waste generation and products, emissions and so on.
At the end I would like to add that “System Dynamics models can represent phenomena in ways that go beyond what traditional models are able to do.” (Gonza´lez, Jablonski, and Legey 2006)

8. Conclusion
It was argued that policy maker and national planners apply macroeconomic models as a powerful tool for understanding dynamic economic phenomena, forecasting variables and future behavior, and examining the policy scenarios. However, each macroeconomic or growth model and method in two empirical and theoretical boundaries, face with some limitations and challenges. These challenges include: conflicts between theoretical assumptions and developing economies’ structures ; low quantity and quality of the required data in developing economies; Omitting soft’ (unmeasured) variables and structures like social and environmental in modeling process; weakness to solving unstructured and messy problem situations.
Systems thinking paradigm is an alternative approach and methodology for solving economics problems. Soft systems approaches are deal with problems that cannot simply be defined and useful for engaging human beings and better understanding of economic phenomena. on the other hand hard systems approaches involve modeling and simulating often with computers and is capable to provide a different perspective on economic and development issues.
From a System Dynamics view, the evolution of the economic growth would arise from the interrelationships arising between feedback loops across subsystems and factors. The dynamic behavior over time of economy can be understood as a fight for dominance between positive and negative feedback loops. As a result, System Dynamics models are created by identifying and linking the relevant pieces of a system’s structure and simulating the behavior generated by that structure. 
Having said that, this is not trying to weaken the importance of conventional methods in economics growth studies, but it is believed that systems thinking tools and System Dynamics modeling as a simulation techniques enable us to understand effectively about the complexity of economic dynamics without the need for high level analytical mathematics and statistics. That is why in economic growth and development studies System Dynamics methods are being to be used in a wide range.
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