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Abstract

Demographic discussions as well as studies in the field of economic growth are among
the oldest economic topics. Despite a wide range of theoretical and empirical research,
economists and demographers have not yet reached a single point of view on the relationship
between economic growth and population. Countries with rapidly growing populations
tend to have low economic growth rates. This negative relationship is usually not shown in
different studies. What social welfare theory can argue that the population of Iran is under
or overhead of optimal value? In literature, most studies focus specifically on exogenous
population changes. Endogenous population changes in an endogenous growth model have
been hypothesized only in restricted studies. The production function in the Ramsey model
is generally a function of capital, labor and technology (knowledge level). In the developed
model, the population is assumed to be endogenous in the Ramsey model. Also we assumed
the technology level is a function of the population as a sigmoid function. So in this study,
technology is endogenous. The dynamic problem is solved (Bellman function formed and
optimal solution of this objective function was found) and optimal population growth rate
is calculated in extended Ramsey growth model with simultaneous endogenous population
growth rate and technology level. The optimal population growth rate for the Iranian
economy is 2%. However, according to the Iran Statistics Center, the population growth
rate was 1.1 percent in 2018. A lower population size than optimal can have negative effects
on social welfare in the long run. Therefore, the government should implement appropriate
population policies to achieve the optimal population growth rate of 2%.
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1. Introduction

Population growth rate in both developing and industrialized countries is
acknowledged as a vital factor influencing sustainable economic development.
Population issues and studies on economic growth are some of the oldest subjects
in economics. In order to explore the relationship between economic growth and
population growth, three main perspectives have been presented in this subject’s
literature: optimistic perspective, pessimistic perspective, and neutral perspective.
The optimistic perspective views population growth as a fuel for economic
performance. This may be the result of knowledge production or changes in
production technology. The optimistic perspective is also supported by theoretical
foundations. In contrast, the neutral perspective has empirical foundations. When
examining empirical models assessing the impact of population growth on
economic growth, additional factors are considered as well. Based on various
studies conducted across different nations, little evidence suggests that an increase
in population growth will Increase or decrease economic growth. In the majority of
empirical studies, population growth has no meaningful effect on economic growth.
The pessimistic perspective is likely the most perplexing one. It considers
population growth harmful to economic growth and predicts a slowdown in
economic development in case of population Increase. Based on examinations,
most research focuses on the impact of population growth on economic growth
established on empirical models. This is despite the fact that the subject’s literature
is completely limited when it comes to optimal population growth rate and
population changes and particularly focuses on exogenous Population changes.
Only a small number of examined studies focus on endogenous Population changes.

This research initially expanded on Ramsey's endogenous growth model while
incorporating endogenous population growth. Then by solving the dynamic
problem (the formulation of the Bellman function and finding its optimal solution),
the study calculated the optimal population growth rate in a steady state. Finally,
the effects of the endogenous population growth rate on the economic growth rate
have been examined. It is vital to note that among the innovations of this study is
the consideration of the technology level as a sigmoid function of the population,
meaning that in this study, the level of technology is assumed as dependent on
population size. Based on the traits of the sigmoid function, the technology growth
rate is initially increasing and eventually decreasing.

2. Purpose and Methodology

The inquiry of the research is based on a fundamental question within the literature
and issues of the subject of population. What is the optimal population size and
what effects does population growth have on economic growth? Based on which
theory of social welfare can it be argued that Iran's population is below or above
the optimal amount? To examine and calculate the optimal population, the research
has employed the Ramsey model structure. Additionally, the social welfare function
is implicitly considered a function of the population growth rate while
simultaneously being a direct function of the population. Based on conducted
examinations, most studies in the literature on this subject predominantly focus on
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exogenous population changes. In only a small number of studies, population
changes are assumed as endogenous. In Ramsey's model, production is generally a
function of labor, capital, and technology (level of knowledge). In the extended
model, in addition to the assumption of the population being endogenous in the
Ramsey model, the level of technology is a sigmoid function of the population.
Consequently, with these assumptions, technology becomes endogenous as well.
This research expands on Ramsey’s endogenous growth model. With both
population growth and technology being endogenous. The dynamic problem
(formulating the Bellman function and finding the optimal solution of this target
function) is solved and the optimal population growth rate in steady state was
calculated.

3. Conclusion

In accordance with economic theories, the principal feature of developed economies
is the continued increase in finished product production (constant economic growth
rate) which is driven by economic activities. Consequently, it can be stated that
increased labor force productivity is a feature of developed economies. Then the
inquiry regarding the effects of population growth on economic development will
be focused on subjects such as technological development and capital creation.

Therefore, it can be stated that the population growth rate in developing and
industrialized nations is recognized as a vital issue for sustainable economic
development. In order to examine the correlation between economic growth and
population growth, the literature on the subject has presented three main
perspectives. Optimistic perspective, pessimistic perspective and neutral
perspective. The optimistic perspective views population growth as a fuel for
economic performance. This may be the result of knowledge production or changes
in production technology. However, the findings of this research indicate that
population growth has not significantly influenced technology growth in Iran's
economy. Based on neutral perspectives’ regarding various countries around the
world, little evidence shows that an increase in population growth will result in an
increase or a decrease in economic growth. It could be stated that in most empirical
studies, population growth does not have a meaningful effect on economic growth.
The pessimistic perspective states that population growth has a negative impact on
economic growth and causes a slowdown in economic growth.

Based on the examinations, the majority of studies concentrate on the impact of
population growth on economic growth with an empirical model. This is despite the
fact that the subject’s literature is completely limited when it comes to optimal
population growth rate and population changes and particularly focuses on
exogenous population changes. Only a small number of examined studies focus on
endogenous population changes. It is important to note that among the innovations
of this study is the consideration of the technology level as a sigmoid function of
the population, meaning that in this study the level of technology is assumed as
dependent on population size. Based on the traits of the sigmoid function, the
technology growth rate is initially increasing and eventually decreasing.
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This research initially expanded on Ramsey's endogenous growth model while
incorporating endogenous population growth. Then by solving the dynamic
problem (the formulation of the Bellman function and finding its optimal solution),
the study calculated the optimal population growth rate in the steady state. The
optimal population growth rate for Iran's economy is identified as 2% while the
reported population growth rate for Iran in 2018 was recorded at 1.1% according to
the Iranian Center of Statistics. A population below the optimal level could have
negative effects on social welfare in the long run. A large economy can benefit from
specialism in various ways. This is not feasible in smaller and closed economies. A
high population could be of vital importance for Iran's economy and cause an
increase in production productivity. Therefore, the government must implement
appropriate population policies to achieve the optimal population growth rate of 2%
per year. Based on the experiences of other nations, financial incentive policies
could be employed to stimulate and increase the population growth rate.

Based on the data from 1967-2022, the average long-term realized economic
growth for Iran's economy has been calculated as 3.5% (based on GDP data at
constant prices of 2016) and the realized population growth has been 2%. With an
optimal long-term population growth rate of 2% per year, the optimal long-term
economic growth rate of 3.4% should be realized for Iran's economy. The variation
between optimal and realized economic growth rates could be attributed to the low
influence of population on technology which has decreased the labor force
efficiency and has resulted in disparities between optimal and realized economic
growth.
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Tab. 1: The results of estimating the nonlinear model of production

owd 359151 )l b
0.8436 a
0.0004 b
0.9851 r
0.9739 3
0.7079 P
0.6658 0
0.3243 ¢

9532 (R?) jaskts cops

!. Population Type: Double Vector
Population Size: 20
Creation Function: Uniform
Scaling Function: Rank
Selection Function: Stochastic Uniform
Crossover Fraction: 0.80
Mutation: Adaptive Feasible
Crossover Function: Heuristic
Ratio: 2
Migration Direction (Forward, Fraction:1.0, Interval: 20)
Algorithm Settings (Initial Penalty: 10, Penalty Factor: 100)
Hybrid Function: None
Stopping Criteria (Generations: 1000, Time Limit: Inf, Fitness Limit: Inf, Stall Generations: 1000,
Stall Time Limit: 20, Function Tolerance: 1e-006, Nonlinear Constraint Tolerance: 1e-006).
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Abstract

Investigating the investment trend of the past decade in the country shows that the
average growth of investment in those years has been decreasing. Factors such as the
high attractiveness of the country’s non-productive markets, the high cost of the business
environment, currency fluctuations, and the problems caused by the embargo, etc, have
led to a decrease in investment and created a volatile environment with uncertainties in
this variable. Due to the importance of investment in the macro economy, unfavorable
conditions of the country and resulting insecurities will lead to a decrease in investment
and economic growth. Therefore, this research aims to simulate the uncertainty variables
of private and government investment due to the base years of 1997 and 2011, from 1961
to 2021. we performed This simulation using the Vasichek mean reversion stochastic
differential equations method, which has an advantage due to the examination of the
assumptions of competing models (neural network, ARIMA, etc.) [1, 2]. According
to the simulation results, in all the years except 1963, Private investment uncertainties
were more than government investment uncertainties. Also, the highest amount of private
investment uncertainties are related to 2014, 2015, and 2013, respectively, and the lowest
amount is related to 1961, 1963, and 1962, respectively. Meanwhile, the highest amount of
government investment uncertainties are related to 1978, 1979, and 1980, respectively, and
the lowest amount is related to 1961, 1962, and 1964, respectively.
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1. Introduction

Investigating the investment trend in the last decade of the country shows that it
was not even able to cover the depreciation of previous investments, which had very
negative consequences on the country's economic conditions, employment, etc.

Based on this, in developing countries and especially in Iran, in terms of
geographical, political, and economic location, there is a high degree of
uncertainties that are very influential on the economy and macroeconomic
variables, and neglecting those leads to making wrong decisions and unacceptable
results. Investment, especially private and government investments, as one of the
important and influential variables on the economic growth and development of
countries, is affected by several factors, which will face uncertainties as a result.
Therefore, to simulate the uncertainties of the two mentioned variables, it is
appropriate to use stochastic processes; which, while considering the effects of
uncertainty, model the randomness of the variable with higher accuracy due to its
continuous and non-derivative Wiener component.

Therefore, identifying and simulating the uncertainty of private and public
investment variables will be a guide for policymakers and investors, based on this
and according to the importance of the topic, in this study, modeling and simulating
the uncertainties time series of private and government investments using the
method of Vasicek ‘s Mean Reverting Stochastic Differential Equation method from
1961 to 2021 based on the base years of 1997 and 2011 has been addressed.

2. Methodology

According to the characteristics of the data of this study, Vasicek ‘s Mean Reverting
Stochastic Differential Equation method has advantages over competing methods
to simulate the uncertainty variables of private and public investments. This model
was introduced in 1977 by Uldrich Vasicek and then, due to the slowness or
speediness of reaching the average, was modified as follows. In this model the
instantaneous interest rate follows the bottom stochastic differential equation:

(1) dx(t)= 0(u-x(t))dt+odw;

In it, x(t) is a random variable, 0 is the rate or speed at which the simulation
response approaches the long-term mean, p is the long-term mean, c is the standard
deviation; W is a risk-neutral Wiener process that models a continuous stochastic
flow into the system. That is the equation of motion that approaches the average
value of the random variable over time (Vasichek, 1977).

This model cannot be used in the MATLAB program in the same way because
to enter the information into the programming, the discretization and the solution
numerical method must first be determined for it. The solution numerical method
used in this study is Euler-Maruyama discretization which transforms the
information into vectors and updates them frequently in the simulation to provide
the best possible solution within the time limitation, which means that the
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simulation results will be close to the long-term average. It should be noted that the
basis for calculating the uncertainties of this study was the time-varying standard
deviation of the real data and the updating of their vectors during the simulation
process.

3. Data

The data in this research are the formation of public and private gross fixed capital
based on the base years of 1997 and 2011 from 1961 to 2021, whose we extracted
those statistics from the Central Bank website.

4. Discussion

In this study, we simulate the 4-time series of private and government investment
uncertainties based on the base years of 1997 and 2011 using the Vasichek mean
reversion stochastic differential equations method from 1961 to 2021. In addition, we
extract the random model based on Vasichek for two uncertainty variables of private
and public investment in the period under review as follows:

() dx(t) = 0.5(y; — x(t))dt + o;dw,

The simulation results of private and public investment uncertainties show that
in all the years except 1963, Private investment uncertainties were more than
government investment uncertainties. Also, the highest amount of private
investment uncertainties are related to 2014, 2015, and 2013, respectively, and the
lowest amount is related to 1961, 1963, and 1962, respectively. One of the main
reasons for the high uncertainty of private investment in the mentioned years is the
occurrence of severe currency fluctuations and its lag impact on economic
variables. On the other hand, the years 1963 and 1962, respectively, have had the
least uncertainty of private investment, and the events affecting them include the
expansion of economic cooperation between Iran and America; the granting of a
35-million-dollar loan to Iran by the American time president, as well as the sale of
state-owned factories and Privatization was mentioned to support the
implementation of the land reform plan. The sum of these factors has led to an
increase in private sector investment and a decrease in the uncertainty of this
investment in the two years mentioned. Meanwhile, the highest amount of
government investment uncertainties are related to 1978, 1979, and 1980,
respectively, and the lowest amount is related to 1961, 1962, and 1964, respectively.
One of the main reasons for the high uncertainty of government investment in the
mentioned years can be related to the enormous political and social transformation
or the change of the ruling regime of Iran and the victory of the Islamic Revolution,
as well as the occurrence of an imposed war. For the years 1962 and 1964, which
respectively had the least uncertainty of public sector investment, in addition to the
mentioned reasons for lowest private investment uncertainty, we can state the
granting of two hundred million dollars of credit for the sale of military weapons to
Iran by the American time president.
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5. Conclusion

The simulation results of private and public investment uncertainties show that in
all the years except 1963, Private investment uncertainties were more than
government investment uncertainties. Also, the highest amount of private
investment uncertainties are related to 2014, 2015, and 2013, respectively, and the
lowest amount is related to 1961, 1963, and 1962, respectively. One of the main
reasons for the high uncertainty of private investment in the mentioned years is the
occurrence of severe currency fluctuations and its lag impact on economic
variables. The highest amount of government investment uncertainties are related
to 1978, 1979, and 1980, respectively, and the lowest amount is related to 1961,
1962, and 1964, respectively. One of the main reasons for the high uncertainty of
government investment in the mentioned years can be related to the enormous
political and social transformation or the change of the ruling regime of Iran and
the victory of the Islamic Revolution, as well as the occurrence of an imposed war.
In the end, the policy recommendations include 1) attention to the important issue
of the uncertainty of private and government investments due to the importance of
the aforementioned variables on the country's growth and employment; 2) periodic
simulation of the uncertainties of these variables using Vasichek mean reversion
stochastic differential equations to analyze and investigate periodic differences and
identify the causes of their fluctuations and try to reduce them, 3) and also provide
public access to the periodic simulation statistics these variables for guidance of
domestic and foreign investors; we can present to policymakers.
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. Dynamic Model Averaging.
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. Panel Quantile Estimation

. Giiney, Pelin Oge.

. Error Correction Model.
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. Abbas, Ahsan, Ahmed, Eatzaz, & Husain, Fallah.
. Abiad, A., Furceri, D., & Topalova, P.
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Tab. 3: Simulated Uncertainties of Private and Government Investment Variables Based on

Vasicek‘S Mean Reverting Stochastic Differential Equation (Base Year 2011).
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Tab. 4: Simulated Uncertainties of Private and Government Investment Variables Based on

Vasicek‘S Mean Reverting Stochastic Differential Equation (Base Year 1997).
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Graph. 2: Simulated Uncertainty Variable Graphs of Government Investment Based on
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Abstract

The budget Imbalance can lead to the reduction of social and economic welfare programs such as
healthcare, education and social security. This can negatively affect the quality of life of citizens
and can lead to an increase in poverty and inequality. In this regard, the aim of the present study
is to investigate the role of budget imbalance on economic welfare in Iran for the period of 1978-
2021. For this purpose, the research model has been estimated using the non-linear (asymmetric)
Autoregressive Distributed lag method in two models. Also, IEWB comprehensive index has
been used to calculate economic welfare. The movement trend of the economic welfare index
shows that it fluctuated during the period under review; so that the average welfare index in the
first plan has decreased compared to the previous period; While it has had an upward trend in the
following periods and has an average of 128.89; Also, the trend of total Imbalance and operating
and capital Imbalance has a fluctuating trend. The long-term results in the first model indicate
that a decrease in the budget balance deficit has an inverse and significant effect on economic
welfare, and an increase in the budget Imbalance does not have a significant effect on economic
welfare. In the second model, the long-term results indicate that the increase and decrease in the
capital Imbalance has direct effects on welfare. An increase in the operating Imbalance has an
inverse effect on welfare, and a decrease in the operating Imbalance does not have a significant
effect on welfare. Also, in both models, per capita income and economic growth have a direct and
significant effect on welfare. According to the results, it is suggested that the government should
adopt similar policies in the financial foundations to improve the security of the society, create the
necessary infrastructure to maintain the total income tax, eliminate non-targeted tax exemptions
and credit priorities in order to reduce the imbalance budget. It is also recommended that the
government focus more on increasing the share of the capital component of the public budget and
reduce the operational imbalance of the budget in the long-run.
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1. Introduction

The government pursues goals such as economic growth, full employment and price
stabilization with allocation, distribution and economic stability. The budget is the main
instrument for achieving the goal of economic stability (Moulai & Abdulian, 2018). The
public budget deficit can be created for two reasons: an increase in current public
spending or the implementation of an active fiscal policy with an increase in investment
spending. In the first case, overall demand increases and inflation may occur. But in the
second case, fiscal policy becomes expansionary and leads the economy towards full
employment in the long run (Azizi, 2006).

In the field of budget deficit and its impact on the economy, there are three schools of
thought (positive Keynesian view, negative neoclassical approach and Ricardo's neutral
approach), which state that budget deficit can have positive, negative or neutral effects on
the economy. growth, respectively (Bernheim, 1989; Zota & Berisha, 2016), this analytical
difference is caused by factors such as time, country, type of government and the level and
type of budget deficit, and cannot be stated precisely that the Budget deficit has a positive
or negative effect on economic growth Accepting the view According to Keynes, the
budget deficit can create more opportunities to increase incomes and the economic welfare
of society by having a positive effect on economic growth and vice versa. Therefore, the
effects of budget deficit on economic growth and other macroeconomic variables on
economic welfare are very important (Zota & Berisha, 2016).

National research has demonstrated the inverse relationship between budget deficits and
economic growth, and therefore economic welfare. Through reduced investment, increased
financial governance, increased inflation and changes in the tax base (Mosvinik et al., 2018;
Sayadzadeh et al., 2019; Raghofer et al., 2019). Colleagues, 2016 and Izadi and Abbasian,
2022) in contrast with part of the foreign literature, have recognized the positive impact of
the relationship between budget deficit and welfare (Fasuranti and Akindele, 2015) and its
neutrality in the short term (Bukina, 2022). In the present study, an attempt was made to
explain the effect of government budget imbalance and to analyze the relationship between
budget deficit and economic welfare using the combined index of economic welfare in the
period between 1978- 2021. This research is important because of the importance of the
effects that the budget deficit can have on Iran's economic welfare.

2. Materials and Methods

The IEWB index measures economic welfare based on four components, which are the
flow of consumption (CF), the balance of productive activities (WS), the distribution of
individual income (ID) and the level of economic security (ES) (Bakhtiari et al., 2013). The
general form of this index is as follows:

IEWB=CF+WS+ID+ES (1

In line with the purpose of the research, the autoregressive approach with nonlinear
distribution breaks (NARDL) was chosen and explained in two formats (based on
government general budget imbalance; and government budget operating and capital
imbalance). Therefore, in the first model, the explanation of the effect of public budget
imbalance on economic welfare (relation 2) and in the second model, the explanation of
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the effect of operational and capital imbalance on the economic welfare (report 3) was
studied:
AIEWB, = pIEWB;_, + B*TBDR/}_, + B"TBDR;_; + YRGDPPC;_, + 6EG,_, +
P D AIEWB,_; + Yot B ATBDRY; + Y123t BT ATBDR;_; +

i20 ViARGDPPC,_; + X1 S;AEG,_; + e ()
AIEWB, = p[EWB;_, + B*CBDR}_, + B~ CBDR;_, + ytOBDR}_;, + y"OBDR;_; +
SRGDPPC,_y + 0EG,_1 + YV p,AIEWB,_; + Y1 3" B ACBDR}_; +
Y02 B ACBDR.; + Xty AOBDRY; + X323 v AOBDR_; +
YiZ0 6;ARGDPPCy_; + X155 0,AEG,_; + e, (3)

In both reports, IEWB is a dependent variable and represents a composite index of
economic welfare. TBDR, RGDPPC and EG Also, as the explanatory variables of the first
model, it shows the ratio of the government's general budget imbalance to production, real
per capita income and economic growth, respectively. In relation (3), Also, the explanatory
variables of the model are real per capita income (RGDPPC) and economic growth (EG).
Also, OBDR is the ratio of operational imbalance of government budget to production and
CBDR is the ratio of capital imbalance of government budget to production.

3. Data Description

The raw economic data of the study during the period from 1978 - 2021 was extracted from
the internal database and to explain the data, the main research variables were averaged
over the entire period and 7 sub-periods as described in Table 1. According to Table (1),
Iran's economic welfare experiences a fluctuating trend. From 1993-1989, the trend of
economic welfare decreased and in (1999-1994) the increasing trend was halted. However,
in 2000, it started to increase again and reached its highest level in (2015-2011). During
the examined period, the economic welfare rate averaged at 9.125. According to the
provided information, the minimum and maximum per capita income and economic growth
are 33.53 million Rials (1993-1989) and 66.05 million Rials (2010-2005), respectively. The
growth rate was 4% (1988-1978) and 8% (2000-2004). Additionally, the highest level of
imbalance was observed in 2010-2005, with a rate of 19.27%.

The relationship between the government budget and its discrepancy with the growth of
the volume of money, inflation and other factors related to welfare is not the same across
countries and depends on the economic, political and social conditions of each country. In
Iran after the revolution, due to various developments, the economic growth did not reach
the desired limits, so the moving trend of the welfare index indicates that from 1973 until
the end of the war, the welfare trend was downward and then an upward trend began. The
highest welfare index with a value of 170.6 is in 1396 and the lowest welfare index with a
value of 81.5 is in 1368. Furthermore, due to the increase in government spending relative
to income, the country's overall budget has faced a deficit imbalance for most years.
According to the calculations of the combined index of economic welfare, the results show
that Iran's economic welfare has a fluctuating trend over the period under review. In the
first development plan, the trend of economic welfare decreased and stopped increasing in
the second plan, but with the beginning of the third plan it started increasing again and
reached its maximum value in the sixth plan. Over the entire period, economic welfare
averaged 125.9.
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4. Discussion

In the first model, a decrease in the budget deficit in the long term has a significant and
inverse effect on economic welfare (-0.85). In the second model, both increases and
decreases in the government budget's capital imbalance have a direct effect on economic
welfare with coefficients of 1.48 and 0.91, respectively.

Furthermore, an increase in the operational budget imbalance of the government with a
coefficient of -4.33 has an inverse effect on economic welfare.

In other words; 1. The asymmetric effect of capital and operational budget imbalance
on long-term economic welfare is confirmed.

2. The desirable impact of increases in government budget's capital imbalance on
economic welfare is greater than the undesirable impact of decreases in it.

3. Only the undesirable impact of increases in operational budget imbalance on
economic welfare is statistically significant, and there is no significant effect of the
desirable impact of decreases in it on economic welfare.

Per capita income and economic growth also have a positive effect on welfare.

5. Conclusion

According to the results, it is shown that asymmetry in public budget, operational budget,
and capital budget has an asymmetric effect on economic welfare. Per capita income and
economic growth also have a direct effect on welfare; so, to improve the welfare of society,
the government should implement policies aimed at reducing the government budget
imbalance. To this end, the government can use policies such as expanding the tax base,
creating the infrastructure necessary to establish a total income tax, and removing
untargeted tax exemptions. Also, considering the direct impact of the capital imbalance of
the budget on economic welfare and its greater impact during increases, more focus should
be placed on increasing the share and weight of this component of the general budget, and
considering the favorable effect of reductions in The operational imbalance of the budget
on economic welfare, the reduction of this imbalance should be pursued purposefully and
in a long-rum plan.
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Tab. 2: Phillips-Perron unit root test.
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Graph. 2: Test CUSUM and CUSUMQ in the first format of the research model.
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Graph. 3: Test CUSUM and CUSUMAQ in the second format of the research model.
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Abstract

The unemployment rate and Gross Domestic Product (GDP) are among the most important
economic indicators that understanding their current and future trends can help policymakers
and decision-makers adopt appropriate solutions to prevent crises and improve the
country’s economic situation. Accurate prediction of these two indicators can be useful in
future planning and improving the country’s economy and people’s livelihoods. In recent
years, artificial intelligence techniques and tools, given their many capabilities, can play
a very important role in predicting important economic indicators. Therefore, given the
high importance of the two indicators of unemployment rate and GDP on the economy
of our country Iran, this article intends to first predict these two indicators separately
and then predict the rate of GDP growth based on the unemployment rate using artificial
intelligence techniques. For this purpose, in this research, seasonal data related to GDP and
its components and the unemployment rate for the years 1976-2022 have been used. Also,
machine learning models based on regression have been used for prediction. The results
show that the predictions of the mentioned models have an appropriate accuracy in terms
of evaluation criteria such as root mean square error, mean absolute error, mean absolute
percentage error, which indicates.
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1. Introduction

In recent years, Iran's economy has experienced conditions where unemployment
rates have increased simultaneously with economic growth, or a decrease in
production growth has been accompanied by a decrease in unemployment rates. In
macroeconomics, the Okun's law has long recognized the negative relationship
between the two important variables of economic growth and unemployment rates.
Therefore, the change in direction of these two important economic indicators has
been of interest to some economic experts. The relationship between economic
growth and unemployment rate or employment level is a topic that has recently
been discussed and studied among experts in the field of economics and
employment. Evidence suggests that the relationship between changes in economic
growth and unemployment rates has varied considerably over time and during
economic cycles and differs depending on the country or regions under study. This
relationship is not a constant one, but can vary depending on the time and conditions
of the countries. For example, increased productivity in an economy may lead to a
change in this relationship. The relationship between economic growth and
unemployment rates (or employment) is not a mathematical rule that is always valid
for every economy and every period of time, and there are counterexamples from
other countries indicating the absence of this rule. Although employing labor in
productive jobs and consequently increasing national production is an important
factor in the economic boom of a country and leads to an increase in its economic
growth, factors such as changes in labor productivity and the creation of new jobs

in low-productivity activities can reverse this effect.

Based on the importance of the two indicators of Gross Domestic Product (GDP)
and unemployment rate, this article predicts these two indicators and their impact
on each other using efficient artificial intelligence methods. To this end, the data
from the national accounts and population and employment statistics published by
the Statistical Center of Iran from 1976 to 2022 will be used. It should be noted that
the results of this research can be used by economic experts, the Ministry of

Economy and Finance, and the Ministry of Labor and Social Welfare.
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2. Methodology

In this current article, we aim to utilize important and widely-used machine learning
algorithms to predict the unemployment rate and Gross Domestic Product (GDP)
of Iran. The approach involves implementing each of the machine learning
algorithms in Python programming language. Next, the dataset is split into training
and testing subsets. The training dataset is used to create a machine learning model,
which is then evaluated using the testing dataset. The model predicts the output,
and various evaluation metrics are used to measure the accuracy of the model's
predictions compared to the actual values. In this article, we have employed widely-
used and popular machine learning algorithms that have high accuracy in
prediction. The algorithms used are as follows: Random Forest, GBR, XGBoost,
Decision Tree, KNN and HGBRT.

4. Results and Discussion
After applying the machine learning models to the seasonal dataset between the
years 1385 to 1401, the results of the predictions are obtained as shown in the

following tables (see: Table 1).

Note: Lower values of MAE, MSE, and RMSE indicate better performance of the
algorithm in predicting GDP (see: Table 2 & 3).

5. Conclusions

This article utilizes the capabilities of artificial intelligence, particularly machine
learning algorithms, to predict important economic indicators such as the
unemployment rate, GDP, and their impact on each other. The results of the
predictions in this study demonstrate that machine learning algorithms can
accurately predict these two economic indicators, with the XGBR algorithm
achieving the best results, predicting the GDP and unemployment rate with 99.29%
and 98.3% accuracy, respectively. Furthermore, this article attempts to predict the
GDP growth rate based on the unemployment rate, which machine learning

algorithms still perform with high accuracy, with the XGBR algorithm achieving
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the best results with 96.69% accuracy. The high efficiency of artificial intelligence
techniques in this study suggests that many economic indicators can be predicted
using these techniques, and their utilization by policymakers and economic officials

is necessary for future planning and forecasting.
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Fig. 1: Seasonal unemployment rate from 1385 to 1401 (in percentage).
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Fig. 1: Seasonal gross domestic product GDP from 1385 to 1401.
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Fig. 3: Rate of seasonal GDP growth from 1385 to 1401 (in percentage).
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Fig. 4: Prediction of the seasonal GDP from 1385 to 1401.
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Tab. 1: Performance of machine learning algorithms in predicting the GDP.

Random Forest KNN  GBR  XGBR ARIMA DT HGBRT
MAE 25228 36471 13133 12479  5277.5 16419 40723
RMSE 32231 45165 | 27163 | 29455 10944 38610 50812
R*2) 0.9466 0.8952 0.9621 0.9554 0.97 0.9234  0.8673
Score
Accuracy  98.56 97.88 99.26  99.29 92.9 99.06 97.64
MAPE 0.0144 0.021 0.0073 0.0072  1.90 0.0092  0.0233
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Fig. 5: Prediction of the seasonal unemployment rate from 1385 to 1401.
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Tab. 2: Performance of machine learning algorithms in predicting the unemployment rate.

Random Forest | KNN GBR XGBR DT HGBRT
MAE 0.43 0.7121 0.1538 0.1993 0.1824 0.8145
RMSE 0.6494 1.004 0.3889 0.4878 0.4533 1.0529
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A
(R"2) 0.7806 0.4758 0.9213 0.8763 0.8931 0.4234
Score
Accuracy 96.27 93.72 98.63 98.3 98.35 92.47
MAPE 0.0384 0.0646 0.0142 0.018 0.0178 0.0715
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Fig. 6: Prediction of the impact of the unemployment rate on GDP from 1385 to 1401

(seasonally).
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Tab. 3: Performance of machine learning algorithms in predicting the impact of the
unemployment rate on GDP growth rate.
Random Forest KNN GBR XGBR DT HGBRT
Accuracy 96.08 96.48 96.04 96.69  96.33 96.27

L)»L»“_):&Jb): | 0dg UM LS)J.)LQA d])'.) Lf‘bb ua."bb J.J}: RW )‘J.n.o chaB L?)J 0 46‘_5;“‘901 )l
OleMbl g Cuol gols 1 (5568 Bllas )38 Lojls MAPE g RMSE L 1)K sla jadls 5y douloe
s .l oads ST Accuracy (liue duoloee 4y Cuond (pl 3 il pe 1y 108 cad )l o2 (65 SLS

e 5586 it 0 osdle (£550k ot ysSl €8> a4 amd e LS O Jgd 95 S5 )3 39290



i |

L XGBR i,55) cpmizpen (ol Jo8 JB jlws laie oS 785 VU A3h LalBL aJe ad) &5 5955

el 03 )] Canndds gy polos cy 11y 3,80 oy yiao ZAS S lae
P Sgan Gher slagby) I odlitel 4 ST a5 cul (gy950 A5 cal 53 s ol el
0ol slacsgime (g3 Lo sba, cpl il oo VL €55 b Wl e (oolaidl slo sl (sla i i
ol s ol cpl (31 sla oyl oalais 390 S do yog) o) (slaudgiome dlosjl (ail o i 295
Sy (0B Hlade g e &S Wi endal ol )l (o0l olawd glyly oo ;o) cpl 51 S S0n ylea
(Sl st B> e s sl Comlin lyd 58,5 i lag] (sl ol 4cgena g5
oomiz s 5 o b et o501l B sl 39 3050 51 ()l 13 92,5 pasede o] (sl (ool (sonles
95l @Y (8 5l 4l slaet ;oS cul ol pogdle oy o)lily slayialil 4 2l B aigd 12
OIS s 5 I 5 3930 el el 52 i 5 o) 86 (591l S s
oo 31 oslizal ¢ Jlocpl b sl amils bles bl i cslagigy j) odlitel & jiiw ool
3lse el )3 g alb oo 1y (b sl o el 0L Jitus (sl puiito dluss & (63)l50 )3 (Lriwalaidl
Egan Shon (sla by, jleslitl el s 5 )3 54 ]y )l gl S ol sla Sz Sy
Mo )ik 856 (Jlomd slajyl (B8 9 25 9 Selre big> )3 (Sl ()l Blp 3 Sl 0jg el 8Ly
GBS 30 Slb i 9 Blodd g egian (isb 5 omdle (5550 sl Jse (redpulil g oy 5
oyl pogdle a8 o o3l aybgy oyl 5 48 39 o (63,81 3L Sgw el g ol 385 Hlows )] bawgs
by (sguan (hen lapi sl 5l oolitul sl oad o) LSl cynday ) 2 (53950 A5 53 45 pbo o
Ml yrize Mome 33 o] 5l Jols (sla gy o Cusl S )18 JU31 350 5 598 5l @) laiome

A5 a3y ol 5l B 4 a8 ol o Ol

& 745 4ot 0
$x5L ot )oSUl )> (ols jobdr 5 (egian (g ple 13 &S bl jl o pSos0 b ol a5
2 gl b g 3l (Al g o)l &5 1l (oolaBl pre sl pals (ingte @)l 39y owdle
OY ge & e wre Sadls dlonjl (adls 9 (ol SSepl 4 a2y b canl oud (gilwosly ;K3

(i b)f Amb& LS)I?. ]) OYW clﬁd—l (PBUM B 0 Lg)lﬂ Ol»bﬂbzs LS)&‘“‘” 2 |) )9»»5 L;;LA:.EI



ol 2 ol s i td D Ll’,, K o 53l b “

slrosly jloslatwl b cpusls yimgh 50 imd &Iyl jauiS (golasBl Cunsg dgups sliwly )3 (g0 slaolbal
dl-“’rvbn)ﬂl Do pliio dlo o O‘)‘ll )""—| }g)‘ bug &S oolaidl i Sl 9 C)ﬁl )‘>| sl
s oSl e slaodls bl s ¢ puosao $505 0313 5590l o Juad (claodls jl odlitwl b cgumn g
Syl bl ol iagh 5 bdnpia @ 05 W | bdngin (298 (Sskae Ui
@ bogrye o (uyie 9 Saled ot ) )eS3e (adld 93 (VL e €83 L il edle 500
6 5 g B LaIBL Wy polie ZAAY 4 72252 e b gy a5 counl XGBR iy,
L duslie 3 (ogian Shen (slagsbyy 45 ol sy ol 4 byye @l comaen (il 039ed (Snih
A graw e gy daldl )3 pl pegMe 5yl o i )0 (Jed LB jlaws 5,Sles ARIMA sciwdlasd] s,
5l (sl oSl &8 AL s 958 i ) 255 e g9 31 BB (AL ag iy 256
L XGBR 0,651 5l eolatnl b guls oy ping g A Sas i cpl 0 (095 sl 8 gl)b (ELS il
S cul ol e ey ool 3 egias i ST (YL LS gde Jobs TAESA e
gy onl S 84 piliue 5 039 gt JB LSESS ol S8 4 (oolatll slajadli 5l (gl
ol 0] (elace i yanbiy g bojlulodin mawy (sbioly )3 98 (oobasdl Ystme g o 138 Cunlw Lawg
P Bees x5 o9 Gy cole ) (ghas her sl YL (el 4 g b puizes
3 oaliasil aucto (sl ol 51 JSuite g s 31 Egarme bl gty b 09,0 sl oaz] (sla Jlo

85 050 g golaidl glayadls plo mpia 5 xS0k (8P slp ek ysS

d)’}i*"fw’

oo L) i85 Gl Glix et g 4l Wlidl olygh 51 45wl p5Y 568 52 (S5 (LY 5
Aoles 10,08 dlie e a4y ydudisn Le g Cas 4

OB Nuw g AL WKW SN

0353 Lo Je g ol Ku1d slail 09,5 13w )l Aol bl 5l dlie gl Scinl 4 dngi b aS” )y o pMel B i 5
ol 48 )5 Cjqun pad 515,155 @)llas o plasaly b Jol 515,55 suge p dllde 15,155 ccanl



i |

Q8ls dLas

Wy o pMel 1y x8lio dlay digS p olad dgd s M Cule ) yous Bl gl

aluls

K Sguan yogn Lbgy 5| odliwl b Sl caasd (ol objl g 3,0, (VFe+) cdnd e cgdmml —

OBl (bl 5 Cypte 9 plio wligo o g lo)Kal) g lo il (Moo JulhiS regd
https://civilica.com/doc/1244588

ol crejly Colul 6N 5 I g (sobaBBl 355, 80 ey (W) (o5 dSLI -
https://civilica.com/doc/1038347 . laen « clais/ pole 5 dlaid] ( g)lblus g pdo  Mod] 4o

dolilnd Kodis L;’].D) PIF 9 Pige (2T d)l.blmb- dgw d‘@l.n.‘o SleMb) ).54.‘54 l.» L;‘bb uajbb .A...Iy

DOL: 10.22108/FAR.2021.125653.1685 Y-\ :(¥) ¥ ¢ o o)lvlucs (clo jingsy

ol hal Jloo (o iils dolihad « S g0 a5 g (mas oaSs ARIMA (¢la Jso 5,8 151
https://sanad.iau.ir/Journal/jfksa/Article/803494 .\ ¥Y-\£Y :(Y¥) ¥

AL Mg b, p ey (oolail clacuwlw ¢ bedld 1wy (WYAY) (Ladllgl ¢ ooblolis —
M-V (V) ¥V oolats] doluingly doldas &y dlaiBl (60)90 ddllas)  dipe 3D

https://joer.atu.ac.ir/article 3245.html?lang=fa

Lol gla i yoSl 51 oolawl b )8 wiwawe 558" 9 (gjluylul» (WWAF) (gdpe (g yo —
https://karafan.tvu.ac.ir/article_100504.html .HA=YY :(FY :¥) V¥ ¢ 3],I8" doliladgs

ool KMLP, ARIMA 5,9, S5 (2L g s ia® (WYY s ¢ comld g ¢ 5 ¢ Blouo —
https:/civilica.com/doc/189856 &5 143 « Lo Lsi g (cy9ls sy ppto (Mol o yuilydiS

doi:  YYV-Y.¥ (WA L el dolidas K oS5 SNl s oolpidny

10.48301/kssa.2021.131058



ol 2 ol s i td D Ll’,, K o 53l b “

(sl (580 1 lpl 10 80 F 5 sildae® AYAR (gipe ¢ 118 g €565 ¢ bwgy {ledu iz —
NOY=YVY :(VA) Yo oolaid] doliing iy dolilas Ko cus i Jor Caolew g (sdse Jlidl &l puss
https://doi.org/10.22054/joer.2020.12365

s Ohlasl g e des i M 0lad] (VWA) uSlo «(5)655,5 —
o Ui 9 (il Jao» L(VWAF) cdosrs ¢ y855 g 6L pule ol udd € o ME ¢ gl Oloruw ¢ —

02 sl ying s Kol pae gl 00l Ly 9 ylhlee S sladgw jledlatul b (galadl sla yasls
DOI: 10.22051/JERA.2017.15739.1688 .V -=\V50 :(YF :\") Y sylulus

- Asadi, M., (1400), “Estimation and evaluation of real estate price index using artificial
intelligence method”. The second international conference on new challenges and

solutions in industrial engineering and management and accounting, Damghan,
https://civilica.com/doc/1244588 (in Persian).

- Athey, S., (2018). “The impact of machine learning on economics.” The economics of
artificial intelligence: An agenda. University of Chicago Press: 507-547.
https://www.nber.org/system/files/chapters/c14009/c14009.pdf

- Attfield, C. L. F. & Silverstone, B., (1997). “Okun’s coefficient: A comment. Review
of Economics and Statistics”, The Review of Economics and Statistics,79: 326-329.
https://direct.mit.edu/rest/article-abstract/79/2/326/56974/Okun-s-Coefficient-A-
Comment

- Bekhradi Nasab, V.; Kamali, E. & Ebrahimi Kohriz Sangi, Kh., (1400), “Examining
the accuracy test of GDP forecast based on the comparative information of inflated and

deflated cumulative accounting profit”. Journal of Financial Accounting Research, 13 (3):
1-34. DOI: 10.22108/FAR.2021.125653.1685 (in Persian).

- Celbig, M. G., (2022). “Unemployment in Rural Europe: A Machine Learning
Perspective”. Applied Spatial Analysis and Policy: 1-25.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9162380/

- Farajnia, S.; Yousefi, K. & Fadaei, M., (2021). “Modeling Unemployment Rate in
Iran: Structural Unemployment, Changes in Employment Status, and Unpredicted
Monetary Policy”. Quarterly Journal of Economic Research, 20 (78). 213-252.
https://doi.org/10.22054/joer.2020.12365 (in Persian).

- Husin, W. Z. W.; Abdullah, N. S. A.; Rockie, N. A. S. Y. & Sabri, S. S. M., (2023).
“Neural Network Model in Forecasting Malaysia’s Unemployment Rates”. ASM Science
Journa, 18. https://doi.org/10.32802/asmscj.2023.1062

- Ilka, N., (2018). “Study of the impact of economic recession and increase in
unemployment rate in Iran”. 4" International Conference on Management, Accounting,
Economics and Social Sciences, Hamadan, https://civilica.com/doc/1038347 (in Persian).

- Karahan, M. & Cetintas, F., (2022). “Forecasting Of Turkey's Unemployment Rate
For Future Periods With Artificial Neural Networks”. Erciyes Universitesi Iktisadi ve Idari



o i |

Bilimler Fakiiltesi Dergisi, (62): 163-184. https://dergipark.org.tr/en/download/article-

file/2187365

- Katris, Ch., (2020). “Prediction of unemployment rates with time series and machine
learning techniques”. Computational Economics: 55 (2): 673-706.
https://ideas.repec.org/a/kap/compec/v55y2020i2d10.1007_s10614-019-09908-9.html

- Ke, G.; Meng, Q.; Finley, T. et al., (2017), “LightGBM: a highly efficient gradient
boosting decision tree”. In: 31" Conference on Neural Information Processing Systems,
Long Beach, CA, USA, NIPS.
https://proceedings.neurips.cc/paper_files/paper/2017/file/6449f44a102fde848669bdd9eb
6b76fa-Paper.pdf

- Kramer, O. & Kramer, O., (2013). “K-nearest neighbors”. Dimensionality reduction

with unsupervised nearest neighbors: 13-23.
https://link.springer.com/chapter/10.1007/978-3-642-38652-7_2

- Kreiner, A. & Duca, J., (2020). “Can machine learning on economic data better
forecast the unemployment rate?”. Applied Economics Letters, 27(17): 1434-1437.
https://digitalcommons.oberlin.edu/cgi/viewcontent.cgi?article=1125&context=honors

- Maccarrone, G.; Morelli, G. & Spadaccini, S., (2021). “GDP forecasting: machine
learning, linear or autoregression?”’. Frontiers in Artificial Intelligence, 4: 757864.
https://www.frontiersin.org/articles/10.3389/frai.2021.757864/pdf

- Mankiw, N. G., (2012). “Macroeconomics”. (H. R. Arabpour, Trans.). Tehran: Ney
Publishing. (Original work published 2009). https://nashreney.com/product/ (in Persian).

- Naghdi, S.; Asadi, Gh.; Fazalzadeh, A.& Nofarsti, M., (2016), “Modeling and
forecasting of economic indicators using total accounting profits and forecasts by
managers”. Journal of Empirical Research in Accounting, 7 (4: 26): 165-190. DOIL:
10.22051/JERA.2017.15739.1688 (in Persian).

- Navada, Arundhati, et al., (2011). “Overview of use of decision tree algorithms in
machine learning”. [EEE control and system graduate research colloquium. 1EEE.
https://ieeexplore.ieee.org/document/5991826

- Sabri, M., (2017). “Stabilization and control of the power system using meta-heuristic
algorithms”. Karafan Quarterly Scientific Journal, 14(42), 33-55.
https://karafan.tvu.ac.ir/article _100504.html

- Safari Dehnavi, V. & Shafiee, M., (2021). “Stock Value Prediction Using Proposed
Fuzzy Neural Network and Hybrid Algorithm”. Karafan Scientific-Research Journal,
18(1): 203-221. doi: 10.48301/kssa.2021.131058 (in Persian)

- Sedaghati, N. & Ghasemi, N., (2013). “Forecasting gross domestic product using the
MLP approach, ARIMA”. The first international conference on management, innovation
and national production, Qom, https://civilica.com/doc/189856 (in Persian)

- Shahabadi, A., (2008). “Investigating the Effect of Government Economic Activities
and Policies on the Growth of Non-Oil Gross Domestic Product (A Case Study of the



sl 215 (s3baBl SolxSlao doliLiad d,'/lf’ {/5/ 1 22l uw,

Iranian Economy)”. Quarterly Journal of Economic Research, 7(26): 181-211.
https://joer.atu.ac.ir/article 3245.html (in Persian).

- Shayegani, B.; Salami, A. & Khouchian, R., (2014). “Proposed Model for Predicting
Gross Domestic Product Using ARIMA Models, Neural Networks, and Wavelet

Transform”. Journal of Financial Knowledge and Securities Analysis, 7 (24): 147-162.
https://sanad.iau.ir/Journal/jfksa/Article/803494 (in Persian).

- Svetnik, V. et al., (2003). “Random forest: a classification and regression tool for
compound classification and QSAR modeling”. Journal of chemical information and
computer sciences 43 (6): 1947-1958. https://www.ijstr.org/paper-
references.php?ref=IJSTR-0420-34297

- http://scikit-learn.org/stable/modules/

- https://mstpark.com/library/artificial-intelligence-economy

- https://raahbord.com/boosting-algorithm/

- https://scikit-learn.org/stable/

- https://scikit-learn.org/stable/

-https://scikit-
learn.org/stable/modules/generated/sklearn.ensemble.GradientBoostingRegressor.html

- https://scikit-learn.org/stable/modules/model_evaluation.html

- https://scikit-learn.org/stable/modules/model_evaluation.html

- https://www.amar.org.ir/statistical-information




»

0 J/Z{){/ 5/0’ P L/;”

Applied Economics Studies, Iran (AESI)

P. ISSN:2322-2530 & E. ISSN: 2322-472X

Journal Homepage: https://aes.basu.ac.ir/

Scientific Journal of Department of Economics, Faculty of Economic and Social
Sciences, Bu-Ali Sina University, Hamadan, Iran.

Publisher: Bu-Ali Sina University. All rights reserved.

Copyright©2022, The Authors. This open-access article is published under the terms of Bu-AliSin
the Creative Commons. University

Economic Valuation of Electricity Input in Iranian
Energy-Intensive Industries

Seyed Mahdi Nikzad-Hoseini', Mehdi Sadeghi-Shahdani’

Type of Article: Research
4% https://dx.doi.org/10.22084/AES.2023.28204.3622
Received: 2023.08.22; Accepted: 2023.10.26
Pp: 133-160

Abstract

Electric energy is one of the most significant production inputs in various industries,
especially energy-intensive industries. As an incentive for industrial activity, this input is
delivered to Iranian industries at prices below their cost. In one sense, this type of pricing
has made energy-intensive industries profitable, while on the other hand, it has reduced
investment in electricity generation industries. The current study uses published data from
2003 to 2019 of the country’s industries to identify energy-intensive industrial groups. Their
production function estimate using dynamic, per capita panel model. On the basis of the
marginal production value of these industries, the economic value of electric energy input
was calculated. This study indicates that in the energy-intensive industry of “Manufacture
of chemicals and chemical products”, the short-term and long-term economic value of
electric energy input is approximately 5.6 to 6.5 times the average price paid for it. This
ratio is approximately 1.8 to 2 in the “Manufacture of other non-metallic mineral products”
and 1.4 to 1.7 in the “Manufacture of basic metals” energy-intensive industries. The average
of this ratio is about 2.9 to 3.5 for entire Iranian industry ranges.
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1. Introduction

Industrial energy, including electrical energy, makes up a significant portion of the
Iranian energy consumption. Statistics from the energy balance sheet (Ministry of
Energy, 2010-2021) show that during 2003 to 2019, the industrial sector has seen an
increase in energy consumption from 20% to 25%. Statistics of energy consumption in
industrial manufacturing with 10 workers or more, published by the Iranian Statistical
Centre (2011-2019, 2022) among different industrial activities, show that "Division 20:
Production of chemicals and chemicals," "Division 23: Production of other non-metallic
mineral products" and "Division 24: Production of base metals" averaged 29.5%, 24.6%,
and 20.4%, respectively. So, these three groups of industries consume about 75% of the
country's industrial energy. As a result, these three industrial groups are the most energy-
intensive in the country (Azadeh et.al. 2008).

3. Method

In order to estimate "economic value", several methods are available. Production
function-based method of measuring economic value is appropriate for inputs that are
used in a production process and whose final output has a market value. In particular,
Cobb-Douglas production functions have been used to describe a wide range of
production processes and have proved useful for studies related to input productivity
(Besanko et.al. 2020).

The input of interest in this study is "electrical energy" in kilowatt-hours, indicated by
the symbolE. Other inputs for industrial production are "labor" denoted by the symbolL,
and "value of capital stock" indicated by the symbolKv. In addition, industrial activities
involve inputs such as "primary materials and raw materials", "used fuel" and so on. A
sum of the value of these inputs (except electricity) is termed "the value of other inputs to
industrial activities except electricity" and it is shown byMv. In addition, Qv indicates the
value of the outputs of industrial activities. The data of input and output values is
presented in Rials, which has been adjusted to the fixed price of 2013 using the producer
price index (Statistical Centre of Iran, 2021).

It should be noted that the input "capital stock value" (Kv) is not included in the
statistical tables. Capital stock can be estimated using a variety of methods. For this
research, the "net investment exponential trend" method is used. According to this
method, net investment increases over time with a constant rate of increase (Tahamipour,
2016).

Taking into account the above variables and utilizing Cobb-Douglas production
functions, the panel model can be derived as follows, where i represents the cross-section
(sub-industry) and ¢t represents the time series of data:

ln(Qvi,t) =g, + alln(Li_t) + azln(Ei‘t) + a3ln(Mvi‘t) + a4ln(Kvi,t) (6)
The model's intercept (ap;) represents the individual characteristics of each cross-

section. Relation (6) is considered as a per capita panel model in order to reduce the
collinearity and to increase the reliability of the desired model:

v; E; Mv; Kv;
In (Q M) = ay; + ayln <i> + a3ln< l't) + a4ln< m) @)
Lyt Lt Lt L

Production functions determine the maximum amount of output the company can

produce using the specified level of inputs. Based on the hypothesis of adaptive
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expectations, desired and optimal values of inputs may be expressed in terms of the actual
values of the inputs. As a consequence, the autoregressive dynamic per capita panel
model of the production function can be obtained as follows by assuming the influence of
the interruption from the previous period (Gujarati &Porter,2009), (Suri,2021):

Qv; t) (Eit> (Mvit> (Kvit> <Q17i t—l)
In =) =ay, +azin|—= |+ azln|{—=| + a,ln = +yln|{—— 8
( Lyt 0T T Ly : Ly U\ Ly Liey ®

The partial derivative of the product value with respect to the desired input is used to
determine the elasticity of the product value with respect to the electricity input (€qy,g):

_0Qu/Qu
€Que = W (10)

Therefore, the a, coefficient in the dynamic per capita production function model (9)
is equal to the elasticity of product value with respect to electricity input. Additionally,
the economic value of a desired input is equal to its marginal productivity within the
production process. Hence, the economic value of electricity input can be calculated
using the following relationship (Lim & Yoo, 2016):

EVE=%=%XEQU,E=%X% (11)
In the estimation of the panel model, inputs and outputs are used at the fixed price of a
base year, so the average economic value of electricity in each sub-group industry can be
calculated based on the average economic value in each year. Therefore, if the number of

years under study isT, we have:

T
1 v; 1%
= ¢ "X €gup =ETL><042 (12)

4. Discussion

Based on data related to 20 sub-industries as cross-sections and since 2003 to 2019 as
time series in the structure of a panel model, the coefficients of this model have been
estimated. A summary of the estimation results is presented in Table 1.

The elasticity of the product value with respect to the amount of electricity input
(€gv,g), 1s determined by Table 1 and equation (10), is 0.029741. As a result, by applying
equation (12), the short-run economic value of electric energy input can be calculated for
each of the subgroups of energy-intensive industries.

Based on these results, as shown in figure (1), the subgroup "Class 2021: Manufacture
of pesticides and other agrochemical products" has the highest economic value among the
20 subgroups of energy-intensive industries in the country during the studied years and is
equal to 6602 Rials. As well, the lowest economic value is associated with the subgroup
"Class 2394: Manufacture of cement, lime and plaster" equivalent to 345 Rials (all Rials
adjusted to the fixed price of 2011).

For the purpose of comparing the economic value of electricity input in energy-
intensive industries, the above procedure was conducted using data for the entire
country's industries as well as a dynamic per capita production function model. During 17
consecutive years from 2003 to 2019, a total of 122 sub-industries with four-digit ISIC
codes were considered as cross-sections in this estimate. According to these results, the
average short-run and long-run economic value of electric energy input in the country's
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industries was equal to 1945 Rials and 2380 Rials (adjusted to the fixed price of 2011),
respectively, from 2003 to 2019.

5. Conclusion

According to these results, the short-term and long-term economic values of electric
energy input in the energy-intensive industry and the average price paid for it shown in
figure 3. As shown, the economic value created by this input in "Division 20" industry
group is approximately 5.6 to 6.5 times that of the average price paid. In "Division 23"
this relation is approximately 1.8 to 2 and in "Division 24", is about 1.4 to 1.7
Furthermore, the average short-term and long-term economic value of electric energy in
the entire industry of the country is 1945 and 2380 rials, respectively, and the average
price paid is 682 rials. Consequently, the ratio of economic value to price paid in the
entire industry ranges from 2.9 to 3.5.

Therefore, the economic value generated by the input of electric energy in the energy-
intensive and average industry sectors of the country is greater than the price they pay for
this input. So, it is suggested that when determining the tariff for energy inputs,
particularly electric energy for industry and especially for energy-intensive industries, the
economic value of that input should be considered in each industry group. The pricing
based on its economic value makes both the electricity producer benefit from its income
and contribute to the growth and improvement of the electricity industry production, and
for the consumer industry, a fair price is generated based on their share of the final value.
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Tab. 1: Restricted F Test Results for Production Function Model.
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Tab. 2: Breusch-Pagan Lagrange Multiplier Test Results for Production Function Model.
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Tab. 3: Hausman Test Results for Production Function.
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Tab. 4: Coefficients Estimating Results of the Production Function Fixed Effect Panel Model
for Energy-Intensive Industries.
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Tab. 5: Coefficients Estimating Results of the Per Capita Production Function Fixed Effect
Panel Model for Energy-Intensive Industries.
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Tab. 6: Coefficients Estimating Results of the Dynamic Per Capita Production Function Model
for Energy-Intensive Industries by Instrument Variable.
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Graph. 1: The Average of Economic Value for each Kilowatt-Hour of Electrical Energy in 20
Subgroups of Energy-Intensive Industries During the Years 2003 to 2019.
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Graph. 2: The Average Economic Value of each Kilowatt-Hour of Electrical Energy Input in
Three Energy-Intensive Industries During the Years 2003 to 2019.
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Tab. 7: Coefficients Estimating Results of the Dynamic Per Capita Production Function Model
for Entire Country's Industries by Instrument Variable.
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Based on the close relationship between macroeconomic and asset pricing, a hot issue in
academic research is to use macroeconomic conditions to predict asset returns. First, the

1. Introduction

existing literatures demonstrate that mutual funds’ investment strategies and performance
are closely related to the macroeconomic changes in advanced countries (Bali et al,. 2011;

Ferson & Schadt, 1996; Racicot & Théoret, 2016a). In addition, macroeconomic factors
related to asset returns involve a large amount of economic and financial data, such as the
volatility index (VIX) and economic uncertainty index. Scholars have found that these
indices constructed by using big data analysis have significant predictive abilities

for stock and hedge fund returns in developed countries (Bali et al., 2014; Drechsler,
2013; Kang et al., 2011; Racicot and Théoret, 2019).

Iran's mutual investment fund industry has been developing and more than two decades
have passed since the formation of the first fund and it has made great achievements.
Looking at the past development process, Iran's mutual funds industry has become an
important tool of the country's financial system.

Iranian investment funds are relatively more radical, because managers of capital
market funds pursue high or extraordinary returns as a management goal, and the return of
Iranian mutual funds is almost equal to the return of mutual funds in developed countries.
Therefore, the Iranian mutual funds industry is developing rapidly. However, academic
research on the Iranian mutual fund industry is still insufficient. In addition, building a
financial risk prevention system, monitoring financial market risk, and predicting and
preventing systemic events effectively are very important research topics to maintain
national financial security.

Therefore, in this article, we examine the relationship between the returns of investment
funds (equity and mixed) of Iran's capital market and the financial stress of the economy,
and considering the importance of funds in the capital market and the attraction of small
funds and the need to be aware of the effects of financial stress Based on the capital market,
this research seeks to find answers to questions such as: How effective are funds from
financial stress? Is there a difference between the effect of financial stress on the
performance of equity funds and mixed funds? Whether exposure of mutual funds to
financial stress can reduce their future returns or not.

2. Materials and Methods

In this research, the impact of the financial stress index on the performance of mutual
investment funds (separately including equity investment funds and mixed investment
funds) in the Iranian capital market during the period of 2011-2021 on a monthly basis.
Done. For this purpose, the principal component analysis method was used to construct the
financial stress index, and the effect of financial stress on the returns of mutual funds in
two regimes of high return and low return was investigated using the Markov regime
change autoregression model. Has taken.

Since the standard models of the moving average autoregression process are based on
linear differential equations, new dynamic specifications are needed to model the nonlinear
behavior of variables. The Markov regime change model is one of the most famous
nonlinear time series models that explains the behavior of variables in different regimes.
This model was introduced by Hamilton in 1989 in order to extract business cycles. These
models are a special category of threshold regression models that measure the probability
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of stagnation or change of economic status from one regime to another based on the
Markovian characteristic of random processes. Estimation of the Markov regime change
model is done by methods such as maximum likelihood estimation, maximum expectation
and Gibbs sampling approach. The main feature of regime change models is that all or

some of the parameters of the model have the possibility of switching between different
regimes based on the Markov process.

3. Data

To capture the broad nature of financial stress, we must choose to identify the main aspects
of financial stress. In the current research, financial stress mainly consists of three channels.
First, financial stress has been measured in the banking sector, which is fundamentally
important for the stability of the payment system. The banking sector plays an important
role in advanced economies as it poses systemic risk to the entire financial system. Second,
financial stress has been measured in capital markets, which act as an alternative channel
for financing the real sector. This is mainly related to stock market, bond market and credit
expansion. Third, financial stress has been identified in the foreign exchange market, more
volatility in the exchange rate usually indicates greater uncertainty about the fundamental
value of the currency. So that companies may be exposed to higher risks for loans in foreign
currency and be tempted to postpone their investment decisions. After constructing the
financial stress index, using the Markov regime change model, the effect of financial stress
on investment funds (mixed and in stocks) has been investigated in high and low yield
regimes.

4. Discussions

The first step in analyzing time series data is to check the stationarity of variables. The
necessity of examining stationarity is that if the variables are not stationary, the problem of
spurious regression may occur. For this purpose, the generalized Dickey Fuller test was
used to check the significance of the variables and the results indicate that all the variables
are at the significance level. The Markov regime change model is a suitable model for
pattern estimation if the pattern of the investigated data is non-linear. Therefore, in this
section, in order to choose the optimal model from among the different models of regime
change, first the presence of nonlinear relationship in the data is investigated using the LR
test, and then considering the minimum Akaike value and the maximum likelihood. , the
appropriate model is selected.

The results of the above table show that the MSAIH model (2, 1, 0, 1) is selected as the
optimal model for the stock fund and the MSAIH (2, 2, 0, 1) model for the mixed fund.
Based on the values of the width of the origins estimated in each regime in table (1), it can
be seen that the value of the width of the origin in both models of the investigated fund is
greater for the zero regime than the value of the width of the origin in the one regime.
Therefore, regime zero can be interpreted as a regime with high efficiency and regime one
as a regime with low efficiency.

According to table 1, in the zero regime where the period of high return of investment
funds in stocks and mixed funds is located, the presence of stress in the financial market
causes a decrease in the return of the funds by 0.02 and 0.01 percent, respectively. Will be.
This issue indicates that the high yield of investment funds, on the one hand, is caused by
the increase in stock prices in the capital market and the increase in the total index of the
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Tehran Stock Exchange, and on the other hand, due to the high correlation between the
exchange rate market and the total index. There is a stock market, the high yield of funds
will be accompanied by severe financial stress. In this situation, the high financial stress in
the system makes the investors more sensitive to the turbulent conditions of the market and

therefore, with the smallest negative news, they decide to withdraw their resources from
the capital market. In this case, the withdrawal of resources from the market causes a
decrease in the price of assets in the stock market and a decrease in the yield of investment
funds in stocks and mixed funds.

5. Conclusion

In the first stage, the purpose of this article was to construct a composite financial stress
index based on the principal component analysis method, and then the effect of financial
stress was evaluated in high and low return regimes of investment funds in stocks and
mixed investments. The results generally showed that the financial stress in the situation of
high yield of the funds caused a decrease in the yield of the funds and on the other hand, in
the condition of low yield for the funds, the increase of the financial stress caused an
increase in their yield. Also, the results showed that the effect of increasing financial stress
on the yield of funds was asymmetric. These results are firstly a confirmation of the
asymmetric effectiveness of mutual investment funds in the Iranian capital market from
financial stress, and secondly, they emphasize the point that in the conditions of high
returns for investment funds, the strengthening of supervisory and precautionary measures
in the market is more important. It is felt. Because in the conditions of high returns,
increasing financial stress leads to a decrease in the performance of funds and as a result
money is withdrawn from these funds. Considering the fact that the resources in these funds
are managed by professional managers, therefore, the withdrawal of resources from these
funds is more likely to be managed by non-professional investors and emotional behaviors.
Increase in the market or the liquidity withdrawn from the funds will lead to an increase in
turbulence in other asset markets.
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Tab. 1: Descriptive Statistics Related to Research Variables.
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Tab. 2: The Results of Unit root test.
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Tab. 3: The Results of the Heterogeneity of Variance Test for the Average Equation of the
Return Series of the Total Index of the Tehran Stock Exchange.
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Tab. 4: GARCH Model Estimation Results (1, 1).
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Tab. 1: Estimation Results of the Markov Regime Change Model for Mutual Funds in Stocks
and Mixed.
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Tab. 6: The Matrix of Transfer Possibilities of Mutual Funds in Stocks and Mixed.
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Abstract

In recent years, the increasing significance of creative industries has made them a topic
of discussion in global economics. This has profound ramifications for the economic
structures and employment of societies as the creative industries swiftly emerge as potent
engines of economic growth and development. Creative industries utilize the creativity,
innovation, skills, and aptitude of individuals to generate employment and have a high
expansion potential. Using GMM the current study investigates the impact of creative
industries on employment in 98 selected countries from 2011 to 2020. The results of
this study indicate a positive and statistically significant effect of “creative industries”
on employment in our three different models. The coefficient of creative industries in
developed countries (0.3539) is greater than its value in developing countries (0.2992),
as indicated by the results obtained. Consequently, it is anticipated that the influence of
artistic, cultural, and creative productions on employment in these nations will be greater
than in developing nations. Also, the results has demonstrated that inflation has an adverse
effect on employment, while human capital, gross domestic product, investment, and the
level of economic openness all have a positive influence on employment.

Keywords: Creative Industries, Art, Cultural Industries, Employment, Sustainable
Development, Generalized Method of Moments (GMM).

JEL Classification: Z1, E24, C33.

1. Associate Professor of Economics, Department of Economic Sciences, Faculty of Economics and Administrative Sciences,
University of Mazandaran, Babolsar, Iran (Corresponding Author).

Email: h.zobeiri@umz.ac.ir

2. M.A in Economics, Department of Economic Sciences, Faculty of Economics and Administrative Sciences, University of
Mazandaran, Babolsar, Iran.

Citations: Zobeiri, H. & Ehsani, M., (2024). “The Impact of Creative Industries on Employment Rate Using the
Generalized Method of Moments (GMM)”. Journal of Applied Economics Studies in Iran, 12(48): 193-221. doi: 10.22084/
aes.2023.28218.3624

Homepage of this Article: https://aes.basu.ac.ir/article 5357.html?lang=en



|
Zobeiri & Ehsani: g "/L‘;,{/KU/JL/;;LLUW

1. Introduction

Employment is a key issue in economic discussions and plays a fundamental role
in how countries achieve growth and development, as human capital is the direct
driver of the economy and the creator of wealth in societies, and the amount of
production in each country depends on the knowledge and technical awareness of
its active population as well as its production capacities (Beier et al., 2022).
Today, modern societies are characterized as creative societies, whose propelling
force is the creative industries. The creative industries function as a driving force
for economic growth and development and have great potential for job creation
(Snowball & Mapuma, 2021). In many nations, the discussion surrounding
creative industries, particularly in terms of their concepts and classification, has
intensified substantially over the past few decades. There is a broad consensus
among international researchers that creative industries increasingly contribute to
the expansion of world trade and the global economy, particularly in developed
nations. According to the Global Database of the United Nations Conference on
Trade and Development (UNCTAD), over the past two decades, creative
industries have garnered the attention of an increasing number of scientists as one
of the fundamental characteristics of post-industrial economies and key drivers of
economic growth and development in countries. The creative industries have
become crucial to the modern economy. This growing impact on economic
performance has prompted governments and policymakers to make substantial
investments in creative industries in an effort to revitalize their respective
economies. Creative industries are productive economic sectors that emphasize
the production of knowledge and novel ideas (UNCTAD, 2018). The formation of
creative industries has resulted in a significant shift in economic activities and the
formation of diverse employment in the economy based on innovation and

creativity (White et al., 2014; Daubaraité & Startiené, 2015).

Economy based on knowledge and innovation, high turnover growth, job
creation, resistance to economic crisis, and the ability to profit from individual
creativity have transformed creative industries into an opportunity for private and
public investment and a subject of research and development (Flew, 2002).

Carvalho & Cruz (2017) found that creative industries increase economic growth,
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employment rates, social inclusion, and economic vitality. Recent reports from the

United Nations Conference on Trade and Development and the United Nations
Educational, Scientific, and Cultural Organization confirm that creative industries
are an effective concept for inclusive development (Bilan et al., 2019). The
guidelines for developing research and innovation strategies for smart
specialization (RIS3) in the European Union assert that creative industries have a
high potential for fostering and expanding creativity and innovation in the region,
as well as the capacity to foster economic growth and development. The
contribution of cultural and creative industries to the global economy and
employment continues to rise, based on statistical evidence. Culture and arts
professionals can gain insight into the nature of employment and livelihoods by

analyzing labor market data (UNCTAD, 2018).

According to Scott (2006), creative industries accelerate development and
innovation and result in the formation of a new economic sector that has spillover
effects on the economy. Creativity levels that surpass those of labor, capital, and
even traditional technologies are profoundly ingrained in the cultural fabric of
every nation, so it is not the exclusive domain of wealthy nations. With the
effective cultivation of these inventive resources, countries, particularly
developing nations, can increase their share of global trade and enter new fields of
wealth creation. Despite a growing interest among researchers over the past two
decades, creative industries-related research is still in its infancy. Due to the
significance of this issue in the economy and the lack of appropriate data in this
field, quantitative and experimental research has been conducted in this area to
evaluate the impact of creative industries on the employment of countries. The
majority of studies in this field are theoretical, and the econometric model has
been used to analyze the creative industries’ impact on employment less
frequently than other methods. In recent years, the publication of pertinent
indicators in this field has made quantitative research and in-depth investigation
more feasible. The statistical record demonstrates that the creative and cultural
sectors contribute substantially to the global economy. Cultural activities
contribute 3.1% to the GDP. Furthermore, cultural and creative sectors contribute

to approximately 50 million positions globally, or 6.2% of the total workforce
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(Outlook, 2022). The present study is guided by the research hypothesis that
creative industries have a positive impact on the employment rates of nations. The
purpose of this study is to investigate the impact of creative industries on
employment in selected developed and developing nations, using the new index of
“creative industries” which includes traditional cultural industries such as
publishing, media, television, film, performing arts, handicrafts, and cultural
industries, and contemporary and innovative services such as advertising,
architecture, design and photography. The primary contribution of this study is an
empirical quantitative analysis employing dynamic panel data regression to

investigate the role of creative industry in national employment.

The remainder of this paper is organized as follows. Section 2 discusses the
concept of the creative industry and the mechanism by which it effects
employment, as well as a brief summary of comparative studies to date. In Section
3, the research models and data are provided. Utilizing dynamic panel data
regression, Section 4 analyzes the estimated effect of the creative industry on
employment. Finally, Section 5 closes the paper with a summary of the results and

a conclusion.

2. Literature Review

Work and employment are among the aspects of a person’s existence that are
regarded as values and are the most important. Adam Smith considers work to be
the primary source of wealth production. “Work is a means of wealth production
and the basic source for man, which provides all the necessities for the individual
and which they consume,” Smith writes in The Wealth of Nations (1869). As
stated by Smith, the expansion of the industrial revolution is due to the existence
of competitive economic conditions. According to the classics, the labor market is
a competitive market and the equilibrium in the classical economy is always full
employment, unemployment is a short-term natural phenomenon, and involuntary
unemployment results from the disparity between price and wage levels. The
occurrence of large recessions and widespread unemployment, which could not be

termed natural unemployment, called into question the validity of classical
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theories and prompted numerous criticisms of the classical school; this marked the
start of a new economic theory (Melberg, 1992). Keynes believed that there is
always involuntary unemployment on the labor market and that full employment
equilibrium does not occur automatically on the labor market due to workers’
monetary delusion and inflexible monetary wages. Keynes, in contrast to the
classics, considers labor supply to be a direct function of monetary wages and
government intervention in economic affairs to be the only factor in achieving full

employment (Keynes, 1936).

The capitalist system has failed to provide motivated workers with
employment. Unlike Keynes, neoclassical view government intervention in the
economy as a source of disruption and emphasize the full employment
equilibrium’s automatic mechanism. According to neoclassical, there is no
involuntary unemployment in the economy, but frictional unemployment in
relation to the transition of labor force is acceptable. Neoclassical argue that there
is no room for involuntary unemployment, and the complete working population
is typically comprised of individuals of working age. In Lewis’ two-sector model,
a third world country is comprised of two traditional and modern sectors. This
model explains the development of developing countries as the transfer of labor
from the traditional sector to the industrial and capitalist sector (Lewis, 1954).
Todaro (1989) defines the two primary components of the Lewis model, namely
the distinction between urban and rural sectors and the transfer of labor between
these two sectors. There are three types of unemployment: frictional
unemployment, which is the result of natural changes in the labor market;
structural unemployment, which occurs when technological advances render the
skills of the labor force obsolete; and cyclical unemployment, which peaks during
economic downturns and is caused by a reduction in aggregate spending. A rise in
the labor supply results in a rise in employment. According to classical
economics, the combination of a greater supply of labor and a demand for lower-
than-average wages results in an increase in labor demand (Beaudry & Collard,

2002).

Adorno & Horkheimer (1997) proposed cultural industries. Bernard Miege

(1979) was the first to classify cultural industries according to their exchange
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value. Later, post-industrial nations such as the United Kingdom revised the
definition of cultural industries to become creative industries. The first creative
industries plan document was signed by the British government in 1998. The
origin of the term creative industries can be traced to the Creative Nation report,
published in Australia in 1994 (O’Connor, 2007). The Department for Culture,
Media, and Sport (DCMS) of the United Kingdom discovered a sector that was
not only expanding in terms of exports and job creation, but also positively
impacted the innovation capacity of other sectors. Numerous definitions of
creative industries have been proposed thus far, most frequently by the United
Kingdom’s Department for Culture, Media, and Sport (DCMS), the United
Nations Conference on Trade and Development (UNCTAD), and EU authorities.
The DCMS defines creative industries as those that derive from creativity, skill,
and talent and generate employment through the creation of intellectual property.
Creative industries are indicators of the development of cultural industries, and
through the use of new technologies, creativity and innovation cause structural

changes in the economy (Boix & Rausell, 2018).

UNCTAD defines creative industries as a cycle of creation, production, and
distribution in which creativity and intellectual capital are the primary inputs.
Therefore, it can be stated that creative industries consist of a collection of
knowledge-based activities that are not limited to art and have the capacity to
generate income through business and intellectual property use. These industries
produce tangible and intangible intellectual and artistic products with creative
content, monetary value, and market objectives. Creative industries are situated at
the intersection of artistic activities and industrial and service sectors, and they
constitute a new dynamic sector of international trade. In the following instances,
UNCTAD summarizes the most significant characteristics of creative industries:
Their production necessitates human creativity, the message they convey to
consumers is symbolic, and they are viewed as intellectual property by
manufacturers and service providers (UNCTAD, 2018). UNCTAD distinguishes
five conceptual definition models: DCMS, which is based on individual creativity
and illustrates the relationship between technology and innovation in creative

industries as opposed to traditional cultural industries; the symbolic texts model
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which distinguishes between cultural and creative industries and concentrates on
the dissemination and transmission processes of creativity; the concentric circles
model which implies that the creative capacity of each industry is distinct,
creative ideas are in the center, which is the main focus of creative industries, and
creativity decreases as we move away from the concentric circles model that are
the main focus of related industries; the copyright model which makes a
distinction between intellectual property in main and minor industries; the
UNCTAD model that attempts to classify creative industries into categories and
subsectors as well as differentiate between cultural heritage, art, media, and
applied creativity. However, the aforementioned models are structurally distinct
and have limited geographic adoption. UNCTAD provided a standard definition
and classification system that includes traditional cultural industries such as
publishing, media, television, film, performing arts, and handicrafts, as well as
modern and creative cultural and service industries such as advertising,
architecture, design, and photography, in order to rectify this discrepancy. Such a
classification favors innovation in an economy that has been primarily dominated

by the private sector and is associated with knowledge-intensive activities.

Some researchers contend that creative industries and cultural industries are
inseparable because creative industries are historically and conceptually rooted in
cultural industries (Flew, 2002). These two concepts are related, but the primary
distinction between them is that creative industries seek profit through the use of
creativity, whereas cultural industries seek to reduce social exclusion, define
national identity, or preserve cultural heritage, and target other non-economic
goals, but now are viewed as an integral part of the concept of creative industries.
The creative industries create new jobs, contribute to the gross domestic product,
increase turnover, and promote exports (Daubaraité & Startien¢, 2015). Creative
industries are the forward-thinking sector of any developed economy, with the
capacity to generate employment and boost economic growth and development. In
addition, since creativity and employment are available as strategic assets in any
nation, creative industries are gaining importance in the global economy, thereby
generating a competitive advantage on the international level. According to the

British Council, the creative and cultural industries at the intersection of culture,
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art, commerce, and technology are at the core of the creative economy (Chapain

& Stryjakiewicz, 2017).

The creative economy consists of businesses that prioritize continuous
learning, creativity, and innovation. Creative economy can be understood as the
intersection of culture and creativity, as well as the endeavor to identify creative
elements within the economic system. Since intellectual property is nearly an
integral part of these industries, the creative economy and the national economy
can be considered synonymous. It is the creative industries that define the creative
economy and have a significant impact on economic and social development,
despite the fact that their classification and definition may vary on a national scale
and over time (Thomassen, 2007). In recent decades, numerous nations around the
world have focused on the expanding impact of creative industries on the
economy, highlighting the connection between culture, creative industries, and
economic growth. Florida (2002) introduced creative industries as a catalyst for
national economic growth, and in the years that followed, numerous authors
identified creative industries as a powerful economic driver. One method for
balancing the supply and demand of labor is to encourage entrepreneurship and
self-employment. Significant numbers of self-employed individuals rely heavily
on creative industries. Creative industries are the subject of increasing theoretical
research and development, as countries place a greater emphasis on creative
production based on knowledge and creativity (Potts & Cunningham, 2008; White
et al., 2014). Employment structure and economic conditions can influence where
creative industries are located. Entrepreneurial climate and favorable culture
encourage individuals to seek out new opportunities to launch new businesses;
therefore, creative entrepreneurs are likely to be found in regions characterized by
creativity and innovation (Lee et al., 2004). Some researchers argue that creative
industries as a strategic asset in economic interactions can boost employment
(Stam et al., 2008) and entrepreneurship (Boschma & Fritsch, 2009). The creative
industries have a significant impact on productivity, employment, and economic
innovation. This positive external effect is a result of the relatively high
proportion of human capital in creative industries, which influences the

performance of economic innovation and contributes to the expansion of the labor
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force. In other words, the production of a country requires specialized human
resources in addition to capital and technology, that is, these positive multiplier
effects in creative industries are attributed to creative workers and the so-called
creative class (Innocenti & Lazzeretti, 2019). Florida (2002) introduces the
concept of the creative class, which distinguishes between those who are highly
creative and those who work in creative occupations by measuring the number of
people in creative occupations. According to him, the creative class is comprised
of educated individuals who work in creative industries and contribute to the
economic, social, and cultural vitality of urban areas. However, the primary
benefit of the creative class is its ability to attract creative employees who work in
industries other than the creative industries. Higgs & Cunningham (2007) were
the first to model the ‘creativity trident’ for Australia. They differentiate between
creative individuals working in creative industries, non-creative employees
working in creative industries, and creative individuals working in other
industries. Figure 1 depicts employment data for the creative industries as a two-

by-two matrix, with industries on one axis and employment on the other.

Creative class

Employed in creative
occupations within creative
industries

Employed in creative
occupations within other
industries

Employed in non-creative
occupations within creative
industries

Employed in non-creative
occupations within other
industries

U U g

)

Creative industries

Fig. 1: The creative trident (Source: Higgs & Cunningham, 2007).

Innovative industries are strongly influenced by creative industries with a
wealth of foreign knowledge. In the form of intellectual property, they provide a
variety of creative products and services that stimulate innovation in other

industries and provide new educational approaches that fully exploit the creative
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potential of the workforce. Creative work is one of the earliest forms of tangible

and intangible activities that disclose people’s abilities and promote human
growth. The 2015 Human Development Report indicates that creative work is
characterized by originality, innovation, and humanity. It allows people to earn a
livelihood, gives them the opportunity to participate, provides them with security,
and boosts their self-esteem. Participation in creative work is abridged in two
ways: by expanding human options as a result of expanding their capabilities, and
by expanding their opportunities. The instrumental component relates to direct
and indirect economic benefits, while the non-instrumental component expands
social aspects. These participations are not fixed and interact with one another,
whereas the latter play an indirect role by assisting in the selection of individuals
who contribute to creative work. This section begins with a discussion of

instrumental benefits (see Figure 2) (Kabanda, 2015).

Creative work

Human development
e E.g. expanding the richness and creative
capabilities of people

¢ Allowing people to do desirable things in
life

Fig. 2. Economic and social aspects interact in a dynamic manner (Source: Kabanda, 2015).

Creative work, workforce training, entrepreneurship, creation of desirable
infrastructure, type of culture, government policies, technological innovation, and
national classification of creative industries are among the determinants of
employment growth in creative industries, and these conditions can lead to
substantial differences between nations. Creative industries in developing nations

typically differ from those in developed nations in that they rely primarily on
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handicrafts and are frequently unrelated to intellectual property and innovation. In
general, developing countries are still in the industrialization stage, although the
function of the service sector is frequently expanding. Additionally, the
institutional settings and entrepreneurial environment in such nations are
markedly different; for in such nations, entrepreneurship is frequently viewed as a

necessity rather than an opportunity (White et al., 2014).

Potts & Cunningham (2008) examined the economic impact of creative
industries in terms of direct production participation, employment, productivity,
innovation, and entrepreneurship. Four models of welfare, competition, growth,
and innovation were proposed. In the welfare model, creative industries are
afflicted by Baumol’s disease, and even when creative industries are subsidized,
their productivity development is lower than that of other economic sectors. In the
competitive model, creative industries are viewed as an industry similar to other
industries, and their impact on technological change, innovation, and productivity
is comparable to that of other activities. In the growth model, creative industries
are the growth and development drivers, and their effect on the economy is a
result of the demand and supply effects. When production or income growth leads
to an increase in demand for creative services, which in turn alters production or
income and multiplies the bottom-line effects, this is an example of demand-side
effects. Supply-side effects are characterized by five fundamental mechanisms:
Effectiveness as a result of increased investment and institutional changes, value
chain linkages, technical productivity improvements, knowledge spillovers into
other sectors, and creating welfare value through which creative industries
function as growth drivers. In the innovation model, creative industries are viewed
as part of the process of economic evolution Marco-Serrano et al. (2014)
introduce a circular causal framework and believe that an increase in GDP per
capita increases the share of high-income and educated people and the
expenditure on creative goods and services, which results in an increase in
demand for creative goods and services and a rise in the proportion of workers in
different industries and has two effects: Increasing innovation and boosting the

productivity of the entire economy, presuming that creative industries are more
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productive than the average economy. The cycle continues as increased

innovation and productivity lead to a higher GDP per capita.

2-1. Empirical Studies

Since Max Horkheimer & Theodor W. Adorno examined the concept of cultural
industries in the context of the threats posed by the industrialization of culture,
interest in this topic has increased exponentially (Adorno & Horkheimer, 1997).
Moreover, sociologists of the French school, such as Bernard Mi¢ge, contributed
significantly to the development of the concept of cultural industries in the second
half of the 20™ century. He was the first individual to classify cultural industries
based on their exchange value in 1979 (Miege & Garnham, 1979). Later, post-
industrial nations such as the United Kingdom revised the definition of cultural
industries to become creative industries. The term creative industries originated in
Australia, and its origins can be traced to the Creative Nation report, which was
published in Australia in 1994; its use was then extended to Britain, and the
British government ratified the first creative industries plan document in 1998.
Then research continued in this field. The following works can be categorized into
four major groups: the first group consists of studies on the history and
characteristics of creative industries (Garnham, 2005; Higgs & Cunningham,
2007; Potts & Cunningham, 2008; Miller, 2009; Rozentale & Lavanga, 2014;
Hesmondhalgh, 2018; Herlina & Harianto, 2021). The second group consists of
studies that examine the role of creative industries in urban and regional
development (Florida, 2002; Scott, 2006; Ford, 2009; Bontje & Musterd, 2009;
Flew, 2010; Florida, 2014; He & Gebhardt, 2014; Oyekunle, 2017). The third
group consists of studies that emphasized the issue of creativity as a component of
the economic growth and development system within the framework of the
concept of creative industries (Howkins, 2001; Florida, 2002; Flew, 2002; Oakley,
2004; Boccella & Salerno, 2016; Zachorowska-Mazurkiewicz & Sierotowicz,
2017; Abisuga & Sirayi, 2018; Bilan et al., 2019; Zobeiri et al., 2022). The fourth
group includes studies focusing on the impact of creative industries on other

social and economic factors (Stam et al., 2008; Chapain et al., 2010; Lazzeretti et
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al., 2017; Innocenti & Lazzeretti, 2019; Campi et al., 2023). Despite extensive
research, the study of creative industries is still in its infancy, and ongoing

research is being conducted in this field.

Stam et al. (2008) investigated the positive influence of creative industries on
employment growth in the Netherlands and demonstrated that this effect
disappears when Amsterdam is eliminated from their study sample. Based on the
positive economic relationship between creative industries and the economy, Potts
& Cunningham (2008) placed creative industries in two growth and innovation
models. The authors argue that the expansion of creative industries aids in the
struggle against unemployment. The interaction between workers in creative
industries and workers in other industries, according to Chapain et al. (2010),
facilitates the exchange of ideas and the diffusion of knowledge and innovation in
the region. In their study, Daubaraité & Startiené (2015) demonstrated that gross
domestic product, foreign trade (exports), social participation, social and cultural
development, improving quality of life, and combating unemployment are among
the most significant areas in which creative industries influence the national
economy. Boccella & Salerno (2016) contend that creative and cultural industries
can be viewed as growth and development drivers. As stated by Boix & Soler
(2017), creative industries accounted for 7.8% of total production (GDP) and
7.9% of total employment in 24 European Union countries. They believe that a
significant portion of productivity should be allocated to inventive activities in
order to increase productivity. Lazzeretti et al. (2017) investigated the impact of
creative industries on employment development in Italy and concluded that the
impact of creative industries on the economy is contingent on the interaction
between creative industries and non-creative activities. By analyzing the function
of creative industries in the economy, Abisuga Oyekunle & Sirayi (2018)
demonstrated that creative industries have a positive impact on economic
development and sustainable economy of a country. Boix & Rausell (2018)
investigated the direct and indirect effects of creative industries in the EU and
demonstrated that creative industries not only have a direct impact on
employment, but also contribute to technological advancement and long-term

growth in the EU. Bilan et al. (2019) used the experiences of European nations to
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examine creative industries as a factor in economic growth and development,

demonstrating that creative industries have a positive impact on GDP and
employment levels. Zhou et al. (2020) examined the impact of cultural industries
in China and demonstrated that they affect economic growth and employment.
Using the generalized method of moments (GMM), Zobeiri et al. (2022)
examined the impact of creative industries on the GDP of 98 developed and
developing countries and concluded that creative industries have a positive
significant impact on GDP. In a study of micro and informal creative industries in
South Africa, Snowball & Mapuma (2021) found that micro enterprises operating
in the formal sector create more jobs. Using regional evidence from Colombia,
Campi et al. (2023) showed that, contrary to the analysis of high-income countries
from creative industries, these industries have no significant effect on the

employment growth of other industries.

3. Model and Data

The following methodology is specified, based on the research of Zhou et al.
(2020), in order to estimate the impact of creative industries on employment in

this study:

EMP; = a; + OEMP;;_y + 1Clyy + BHCy + B3GDPy + B4CPyy + BsTR;,
+ ﬂ6INFiL' + Eit

Where EMP;; represents employment (the percentage ratio of employed to the
population over the age of 15), Cl;; represents the creative industry index, HC;;
denotes the human capital index (primary school enrollment rate), GDP;
represents the gross domestic product (at constant 2015 prices), and CP;
represents investment (the ratio of investment to GDP), TR;, represents the
degree of economic openness (sum of exports and imports to GDP), and INF;;

denotes the inflation rate.
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The creative industries index ranges from 0 to 100. This index incorporates

both creative goods (handicrafts, audio-visual, design, digital production, media,
performing arts, publications, visual arts) and creative services (advertising,
research services, architectural services, engineering and other technical services,
personal services, cultural and entertainment, audio-visual and related services).

This index was compiled using data from the TCdata360 international bank
database'. Between 2011 and 2020, a total of 98 developing and developed
countries were examined. The information utilized is obtained from the World
Bank database.

Considering that econometric methodology has been utilized to model factors
influencing employment, all research variables have theoretical justification and
have been utilized in prior research. Alkhateeb et al. (2017) and Pindiriri et al.
(2020) provide support for incorporating the human capital variable into the
employment model. The investment variable is derived from Pindiriri (2020),
while the degree of economic openness is derived from Alexandre et al. (2011)
and Pindiriri (2020). The inflation variable is extracted from Pindiriri (2020),

providing theoretical support for the model specification.

Tab. 1: Variables of models by developed and developing countries

Independent variable De[{endent
variable
Inflation Trade Investment GDP Hul‘nan ?reanve . Developed countries
rate (%) openness (%) (USS$ millions) capital industry EMP (%)
(%) (%) (0-100)

2.45 113.93 0.2253 498522.9 101.73 33.67 56.85 Mean Central
1.70 98.42 02223 203597.3 101.07  31.90 57.22 Median | M9eX
59.21 379.09 0.5217 3596646 128.64 86.30 80.55 Maximum Dispersion
-2.31 40.82 0.1073 3720.96 84.13 2.20 37.72 Minimum indgx
4.25 65.31 0.0506 741226.7 5.47 13.44 7.78 Std. Dev
7.95 1.94 1.0095 225 0.84 0.07 0.18 Skewness | Relative
96.24 731 5.9754 7.82 7.99 3.15 335 Kurtosis | Jispersion

index
Independent variable De[{endent

variable
Inflation Trade Investment GDP Hur}lan preatlve . Developing countries
rate (%) openness (%) (US$ millions) capital industry EMP (%)
(%) () (0-100)

6.92 67.09 15.5175 227227.8 105.03 14.67 57.45 Mean Central
372 58.38 15.3293 41220.08 10482 1230 57.60 Median | M9X
557.20 164.70 19.8451 2685748 149.95 51.90 85.86 Maximum Dispersion
248 16.35 12.7999 3301.73 66.41 0.10 32.02 Minimum | 1 PE
29.66 29.79 1.4420 459029.9 1591 11.01 13.05 Std. Dev
16.27 0.92 0.5313 3.11 0.36 0.72 0.03 Skewness | Relative

!, tcdata360.worldbank.org/
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Dispersion

3.29 3.2339 12.83 3.64 2.82 2.26 .
index

Kurtosis

Source: Research findings

e Employment is expressed as a percentage. The gross domestic product is measured in
millions of dollars. The index for creative industries ranges from 0 to 100. Other variables
(human capital, investment, inflation rate, and degree of economic openness) are

expressed as percentages.

The descriptive statistics of research model variables for 55 developed
countries® and 43 developing countries® are displayed in Table 1. As can be seen,
there are significant differences between developing and developed nations in
terms of average employment, creative industries, and other model variables. The
average index of creative industries in developing countries is 14.67, while it is
33.67 in developed countries. The country with the highest creative industries
classification among developing countries is Mexico, with a score of 51.90, while
Malta’s score is 86.30. The average employment rate in developing countries is
57.45, while in developed countries it is 56.85. In the developing countries of
Madagascar, the highest employment rank was 85.86, while in the developed
countries of the United Arab Emirates, it was 80.55. Based on the central and
dispersion indices shown in Table 1 for all variables, additional descriptive

statistics can be derived.

Very little correlation coefficient has been observed between -creative
industries and employment. In some instances, a high rate of creative industries is
associated with a high employment rate, while in others the inverse is true. Figure
3 depicts reality more accurately, but its intensity and significance cannot be
inferred from such observations. Consequently, regression analysis is employed in

the following.

2. Australia, Austria, Bahrain, Belarus, Belgium, Bulgaria, Canada, Chile, China, Costa Rica,
Croatia, Cyprus, Czechia, Denmark, Estonia, Finland, France, Georgia, Germany, Greece,
Hungary, Iceland, Ireland, Israel, Italy, Kazakhstan, Korea, Latvia, Lithuania, Luxembourg,
Malaysia, Malta, Mauritius, Montenegro, Netherlands, New Zealand, Norway, Oman, Panama,
Poland, Portugal, Romania, Russian Federation, Saudi Arabia, Serbia, Singapore, Slovak
Republic, Slovenia, Spain, Sweden, Switzerland, Turkiye, United Arab Emirates, United
Kingdom, Uruguay.

3. Albania, Algeria, Armenia, Benin, Bolivia, Botswana, Brazil, Cambodia, Cameroon, Colombia,
Cote d'Ivoire, Dominican Republic, Ecuador, Ethiopia, Ghana, Guatemala, Guinea, India,
Indonesia, Iran, Jordan, Kyrgyz Republic, Madagascar, Mali, Mexico, Moldova, Mongolia,
Morocco, Namibia, Nepal, Niger, Nigeria, Pakistan, Peru, Rwanda, Senegal, South Africa,
Tanzania, Thailand, Togo, Tunisia, Vietnam, Zimbabwe.
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Fig. 3: Creative industries and employment in selected countries (Source: Research

findings).

4. Experimental Estimation Results

In order to investigate the impact of creative industries on employment, the
dynamic panel method with coefficients estimated using GMM is utilized in this
study. This estimator increases the estimation’s stability by decreasing sample
bias. In this method, the instrumental variables used for estimation must first be
determined. This model’s instrumental variables are the lagged values of the
dependent variable and explanatory variables. The consistency of GMM estimator
depends on the validity of the assumption of serial non-correlation between the
error terms and the means, which can be evaluated using the Sargan test. In
addition, Arellano & Bond (1991) proposed the Sargan test to validate the model;
failure to reject the null hypothesis indicates the assumption of no serial
correlation and the validity of the instruments. Non-correlation between the tools
and the error term is a requirement for the model’s validity. Using the first-order
difference of variables as an instrumental variable and solving the endogeneity
problem, reducing the multicollinearity in the model by using the dependent
variable lag, solving the problem of eliminating omitted variables, the proper
efficiency of fixed and random effects, and solving the problem of variance
heterogeneity due to the use of GMM estimators are among the benefits of this

method. (Bond, 2002; Baltagi, 2008). In the estimation of GMM, according to



|
Zobeiri & Ehsani: g ."/L‘;,{/E/U/JL/Q;L“«UW

Arellano and Bond, the terms have independent uniform distribution if the error
terms have serial autocorrelation of the first order but no serial autocorrelation of
the second order. The first model illustrates the effect of creative industries on
employment in each of the 98 developed and developing nations. As can be seen
in Table 2, there is serial autocorrelation of the first order with a probability less
than 0.05 in all three models of error terms, but there is no serial autocorrelation
of the second order with a probability greater than 0.05. The possibility of the
absence of autocorrelation among error terms is accepted based on the data in

Table 2.

Tab. 2: The estimation results of the models using two-step GMM

Model 1 Model 2 Model 3
Variable
Coef. Coef. Coef.
0.5261%* 0.4874* 0.7950*
EMP;_4 (0.0122) (0.0182) (0.0170)
[0.0000] [0.0000] [0.0000]
0.5003* 0.3539* 0.2992*
Cl;, (0.0213) (0.0435) (0.0194)
[0.0000] [0.0000] [0.0000]
6.9442%* 2.3594* 2.8982*
HC,, (0.8281) (0.9066) (0.2675)
[0.0000] [0.0119] [0.0000]
1.3421%* 5.1990* 5.1185*
GDP;; (0.3557) (0.3170) (0.3851)
[0.0003] [0.0000] [0.0000]
2.9110* 2.4859%* 0.6042*
CP;, (0.2297) (0.2350) (0.1749)
[0.0000] [0.0000] [0.0013]
5.7941%* 9.5439%* 5.6252%*
TR, (0.1990) (0.3952) (0.1260)
[0.0000] [0.0000] [0.0000]
-0.0496%* -0.1130%* -0.1585%*
INF;, (0.0199) (0.0092) (0.0236)
[0.0145] [0.0000] [0.0000]
Model diagnostics
AR (1) 0.0113 0.0431 0.0302
AR (2) 0.9444 0.6011 0.6672
SARGAN 0.2516 0.3277 0.4239
Prob > chi2 0.0000 0.0000 0.0000

Source: Research findings
Note: The standard error is denoted by (), the probability value is denoted by [], and the

symbol * represent significance levels of 1%.
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The estimation results of the research model are presented in Table 2 and are

summarized as follows.

Consistent with the estimated coefficients in all three models, the creative
industries coefficient is both positive and statistically significant. Positive and
statistically significant is the coefficient of creative industries in the first model
for 98 selected countries (first model); a 0.5003 unit increase/decrease in
employment corresponds to one unit increase/decrease in creative industries. The
creative industries in the economy convert culture and art into productive inputs,
and by employing creativity and knowledge, they foster innovation and
entrepreneurship, thereby contributing positively to the creation of jobs and
economic value. Developed countries have a coefficient of 0.3539 for creative
industries (second model), whereas developing countries have an estimated
coefficient of 0.2992 (third model), which is lesser than that of developed
countries. Lack of access to the most vital service markets, trade restrictions in the
realm of creative goods and services, and deficiencies in basic and institutional
infrastructure impede the participation of developing nations in creative services.
These barriers prevent developing economies from becoming competitive players
in production. In quantifying services, developing nations encounter numerous
obstacles. When data is collected, they frequently lack adequate statistical
infrastructure, such as business registration. Hence, it is anticipated that the
influence of artistic, cultural, and creative productions on employment in
developing nations will be comparatively diminished in magnitude than in

developed nations.

The first lag of employment has a positive significant effect on employment in
the current period. Specifically, a one-unit increase/decrease in employment
during the lag results in a 0.5261 units increase/decrease in employment during
the current period. At a significance level of 0.01, the coefficient of human capital
1s 6.9442, which signifies that human capital has a positive and statistically
significant impact on employment. Employment increases/decreases by 6.9442
units for every unit of human capital index that is increased/decreased.

Increasing the education, expertise, and productivity of the labor force as one

of the production inputs has provided the necessary background and platform for
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increasing economic growth, which leads to an increase in employment. The
coefficient of 1.3421 for GDP on employment is significant at the 0.01 level,
suggesting that GDP has a positive and statistically significant impact on
employment. Employment increases/decreases by 1.3421 units for every unit of
GDP growth. Clearly, a rise in GDP results in a rise in employment. At the 0.01
significance level, investment's coefficient of 2.9110 indicates that it has a
positive significant impact on employment. Employment increases/decreases by
29110 wunits for every unit that the ratio of investment to GDP
increases/decreases. According to the theoretical literature, the increase in
physical capital as a production input and factor of capital accumulation is the key
factor in increasing production, which has resulted in a rise in demand for
specialized labor and employment. The coefficient for the degree of economic
openness is 5.7941, which is statistically significant at the 0.01 level. On this
basis, it can be concluded that a 5.7941-unit increase/decrease in employment
corresponds to a one-unit change in the economic openness index. Based on the
theoretical literature, it is anticipated that the expansion of the scope of
commercial exchanges will play a significant role in the absorption of knowledge
and technology and the application of new and creative ideas, which can lead to
the improvement and increase in productivity of production factors, resulting in an
increase in labor demand and employment. The expansion of trade and interaction
with the global economy will have a positive impact on the development of labor
market variables and employment levels. The coefficient of inflation is -0.0496
and at the 0.01 significance level, it is significant. Based on the available data, it
can be concluded that a -0.0496 unit decrease in employment corresponds to a one
unit increase/decrease in the inflation rate. Consequently, a rise in inflation results
in a decline in employment. A high rate of inflation increases transaction costs
and diverts capital to non-productive endeavors. High inflation decreases the
efficacy of savings on the financial markets, resulting in a decline in investment,
production, and employment. As anticipated, the coefficient of creative industries
is positive and significant for both developed and developing countries (models 2
and 3). According to the information obtained from Table 2, all other coefficients

are estimates for developed and developing countries based on the obtained
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coefficients of the primary research model. In addition, Table 2 summarizes the
results of Sargan test. This test’s null hypothesis indicates that there is no serial
correlation between the utilized instruments and error terms. Based on Sargan test

with a margin of error of 5%, the estimated model has adequate validity.

5. Conclusion

One of the indicators of development in societies is the increase in employment
and decrease in unemployment, such that the loss of resources, particularly the
unemployment of human resources, transforms the period of transitional
development into a period of economic erosion and has far-reaching effects on the
economy. The expansive and undeniable significance of the creative industries
has made them an integral part of the economy. As generators of growth and
innovation, creative industries provide an excellent opportunity for
entrepreneurship and job creation. Various definitions of the creative industry
have already been presented. UNCTAD defines creative industries as a set of
knowledge-based activities that are not limited to art and have the ability to
generate income through trade and exploitation of intellectual property. The
classification and definition of creative industries may vary nationally and over
time, but it is the creative industries themselves that shape and define the creative
economy. Considering the significance of the fact that cultural creative industries
and employment are not static and that their relationship is dynamic, we decided
to investigate the impact of creative industries on the employment of the countries
under study. In this regard, GMM was used to investigate the impact of creative
industries on employment in 98 developed and developing nations between 2011
and 2020. Three econometric models were evaluated for this purpose, and the
results of all three models demonstrated a positive and statistically significant
effect of creative industries on employment in the countries under study. These
findings are consistent with Zhou et al.’s (2020) research. The current research
also revealed the negative impact of inflation on employment, as well as the
positive impact of human capital, gross domestic product, investment, and trade
openness. Positive and significant coefficients have been observed for creative

industries in 98 selected nations (first model). A 0.5003 unit increase/decrease in
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employment results from a one unit increase/decrease in creative industries.
Creative sectors within the economy transform artistic expression and culture into
productive inputs. They foster innovation and entrepreneurship through the
application of their expertise and creativity, thereby contributing positively to job
creation and economic growth. Developed countries have a coefficient of 0.3539
for creative industries (second model), whereas developing countries have an
estimated coefficient of 0.2992 (third model), which is lesser than that of
developed countries. Lack of fundamental and institutional infrastructure and
skills, trade restrictions on creative products and services, and inaccessibility to
the most vital service markets for developing nations are a few of the contributing
factors. At a significance level of 0.01, the coefficient of human capital is 6.9442,
which signifies that human capital has a positive and statistically significant
impact on employment. The coefficient of 1.3421 for GDP on employment is
significant at the 0.01% level, suggesting that GDP has a positive and statistically
significant impact on employment. The coefficient for investment on employment
1s 2.9110, which is statistically significant at the 0.01 level.

This suggests that investment has a positive significant impact on employment.
The coefficient for the degree of economic openness is 5.7941, which is
statistically significant at the 0.01 level. The coefficient of inflation is -0.0496 and
is significant at the 0.01 significance level. Today, creative industries are a global
phenomenon, and countries must take greater measures than in the past to
strengthen the requirements for measuring and promoting their creative products
in order to achieve greater economic growth and prosperity and increase
employment. Policies that bolster the creative sector of the economy include but
are not limited to the establishment and modernization of intellectual property
laws, the enhancement of institutional capacities within government agencies, the
development of suitable infrastructure, and the improvement of access to creative
markets in other nations to facilitate the transfer of knowledge and innovation.
Creative sectors that possess a substantial amount of foreign knowledge serve as a
powerful catalyst for the development of innovative industries. By means of
intellectual property, they provide an extensive array of inventive products and

services that foster innovation in other sectors and present novel pedagogical
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methodologies to effectively harness the creative capabilities of the workforce.
Iran possesses fundamental capabilities in the production of handicrafts, art, and
media, in addition to cultural assets including historical monuments, tourism
centers, and a wealth of literature and history. These capabilities collectively offer
the country the potential to generate employment. Consequently, it is imperative

to enact appropriate policies to enhance this potential.
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Abstract

The purpose of this article is to analyze the impact of open economy indicators including
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effect of the degree of economic openness on the Gini coefficient of income deciles is zero,
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1. Introduction

Today, international trade plays an essential role in economic life. The volume of
world trade has increased significantly in recent decades and it can be seen that the
countries that have gone ahead with the policy of export development instead of
import substitution have moved towards further industrialization and development,
so trade has a significant effect on progress and prosperity. Economic has an effect
on income inequality by increasing trade with other countries and increasing the
share of trade in GDP. The Gini index, or Gini coefficient (income inequality) is a
measure of the distribution of income across a population developed by the Italian
statistician Corrado Gini in 1912. Income inequality is one of the similarities
between developing countries and is a problem that most societies have faced in
different eras. Also income inequality is the cause of many other problems, such as
increased mortality, reduced fertility, and insecurity. Poverty in any country
depends on two factors: the average level of national income, the degree of
inequality in income distribution. It is clear that at any level of per capita national
income, the more unequal the distribution of income, the greater the poverty.

Unequal income distribution increases class gaps, reduces incentives to work,
widespread poverty, political conflict, and pervasive corruption Angeles (2011),
Chintrakarn (2012), Akmal (2007). Today, international trade plays an essential
role in economic life. The content of global trade has increased significantly in
recent decades. Trade has a great impact on economic development. Many factors
affect the level of income inequality. These factors are divided into five categories:
economic growth and development, demographic factors, political factors,
historical, cultural and natural factors and macroeconomic factors. One of the
factors that has recently been considered by researchers is globalization. In most
domestic studies, only the indicator of trade openness has been discussed. In
addition to foreign direct investment trade is also discussed Gemmell et al (2008),
Feenstra et al (1997), Nawazish et al (1998), Tsai et al (2007), Salvatore et al
(2007), Unctad et al (1996), Richardson et al (1995), Spencer et al (1986).

Fuzzy sets were introduced by L. A. Zadeh (2011). After introducing this notion

the use of fuzzy data for modeling uncertain information in databases were
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considered, and that is where the need to expand the Takagi-Sugeno-Kang (TSK)
model was felt. Most of the researchers in this area have been focused on the
development of the basic model and query language in order to display and retrieve
uncertain data. Since then, modeling and regression analysis in fuzzy environment
have been considered by theoretical and applied researchers Draeseke et al (2002),
John et al (2005), Lindstrom et al (1998), Ganjoei et at (2020) . Linear regression
with fuzzy coefficients was first introduced by Tanaka et al. In 1982. They
considered the linear regression model with fuzzy coefficients. Since then, many
researchers have studied its various aspects Asai et al (1982).

The main focus of this study is to present an application of the introduction of
fuzzy logic in regression discussions. For this purpose, the effect of open economy
indicators and the expansion of trade relations on the Gini coefficient of income
deciles is analyzed. This study is important in various ways, including examining
the trend of income distribution among income deciles. Therefore, economic
planners and government officials can make appropriate decisions to strengthen or
weaken trade relations, Tax collection rate or Payment of subsidies. The innovation
of this study is outstanding in that although many domestic and foreign studies have
examined economic openness and foreign direct investment on income distribution,
and by using econometric methods including classical regression, the relationship
and the degree of influence of the mentioned variables They have examined the
distribution of income. Including Elias et al. (2023), Fauzel (2022) and Pant (2021),
econometric methods have been used in all these studies. But in this study, using
fuzzy regression with symmetric coefficients, values for each parameter and output
variable, which is the Gini coefficient of each of the income deciles, have been
estimated. Also, with the help of fuzzy regression with asymmetric coefficients, the
non-linear behavior of the variables has been investigated. In each of the mentioned
estimations, the fuzzy center and width have been calculated, so it can be said that
fuzzy regression works more efficiently than normal regression, because in classical
regression, only one specific value is calculated for the variables. The rest of this
research continues in six sections as stated in the following. In section 2, we present

a literature review. Section 3, presents the data description. Section 4, presents the
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methodology of the research. Section 5, empirical results. In section 6, discussion

and conclusions.

2. Literature Review

World trade has dynamically transformed closed economies into open economic
systems. In this regard, we can refer to Adam Smith's theory of absolute advantage
in 1776, in which countries were encouraged to produce and export goods in which
they had an absolute advantage. After Adam Smith, Ricardo proposed the theory of
comparative advantage, known as the theory of comparative cost. In this view,
Ricardo proved that any country that has a comparative advantage in the production
of a good or service, even if it does not have an absolute advantage, will be
successful Spencer et al (1986). Its benefits will accrue to all countries that engage
in this exchange. Heckcher - Ohlin proposed the theory of abundance, and other
economists such as Johnson, Jonah, Stalper, and Samuelson completed it.
According to this theory, each country will export goods for the production of
which it has used its abundant resources in relatively large quantities, and will
import goods whose production factors are scarce in the country. Harberler
proposed the theory of imperfect division of labor, arguing that the division of
international labor and international trade gives any country that enters the world
economy the ability to specialize in the production of goods that are better produced
and exported. And it is cheaper possible. In terms of international labor sharing and
world trade, it leads to economic prosperity and increased national income Stepien

et al (2009).

On the other hand, the impact of trade on welfare and the reduction of poverty
and inequality can be expressed in such a way that the country's trade with the
outside world changes the price of tradable goods in countries. It also provides
better access to new goods and products. Trade also affects government revenues
from commercial taxes. If trade is free with low prices of imported goods and
competition with domestically produced goods and a decrease in the general level
of prices, people's real incomes will increase, especially in the lower income classes

of society, and will affect income inequality. Also, increasing exports is an
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incentive for more production and income, which will lead to more employment
and higher wage levels. Government policies to increase trade lead to increased
revenue. For example, the government reduces the perception of corruption and
smuggling by lowering high tariffs. Therefore, the impact of trade on welfare and
income inequality can be categorized as follows: First: changing the price of
tradable goods and their better and easier access to new products, Second: the
change in the relative wages of skilled and unskilled labor and the cost of capital
and thus the impact on the employment of poor people, Third, the impact of
government revenues from commercial taxes and its ability to finance programs for
the poor; Fourth: Changing investment and innovation incentives and impact on
economic growth, Fifth: The effect of economic vulnerability to negative external
shocks Basu et al (2007), Minhas et al (1986), Salvatore et al (2007). Regarding
the effect of foreign trade on income distribution (ID), the studies have evaluated
its commercial liberalization and globalization Meschi et al (2009), Muellbauer et

al (1974), Bhagwati et al (2002), Ravallion et al (2007).

Unemployment and inflation are used as an internal factor and the economic
openness index is used as an external the effective factor on ID Georgiou et al
(2010), Easterly et al (1999). Assuming that the economic openness to foreign trade
and investment are the most important indicators for economic globalization, in
recent years, the study of the relationship between poverty and globalization
process and the effect of such reforms on income distribution and poverty has been
considered by many economists as politicians Muellbauer et al (1974), Babazade et
al (2010). In fact, no general agreement has been yet made regarding the effect of
economic openness on poverty and it is become one of the controversial issues in
the globalization literature Lim et al (2014). The survey of foreign trade and income
distribution using the input-output model in Brazil showed that the effect of trade
expansion led to more equal income distribution than the alternative policies
Bhagwati et al (2002). Some researchers believe that the poor would benefit from
the trade liberalization Ravallion et al (2007) , where many others disagree with this
theory and believe that these benefits are achieved by wealthy individuals of the
society Lim et al (2014. Moreover, in other studies on the relationship between

trade openness and poverty, it is shown that there is an inverse relationship between
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trade openness and poverty, but it is difficult to confirm that trade openness works

as a powerful force in reducing poverty in developing countries Champernowne et
al (1974), Ravallion et al (2007). Meschi et al (2009) used a sample of 65
developing countries during 1980-1999 to study the effect of trade on income
inequality in developing countries and found that trade (either through imports or
exports) with high income countries led to worse income distribution. Gundlach et
al (2010), showed that trade improves the welfare, but its direct effect on income
distribution is low. This effect should be improved using appropriate policies;
however, if these policies were not made properly, the trade profit would be
neutralized or minimized. Martinez et al (2010), concluded that the per capita
income of people had a positive relationship with two-way trade flow and in
distribution. Once a two-way trade was formed between two countries, the country
with better income distribution would have higher exports and, if a country had
better income distribution by 10%, it would have higher export by about 4% Nixson
et al (2006). Pant et al. (2021) have investigated the dynamic effect of trade
openness on poverty in India. In this study, panel data method is used. The results
of this study show that the process of trade liberalization followed in India (which
led to an increase in the level of exports and imports) has helped to increase the
level of per capita income in the economy. This has had a significant impact on
poverty reduction, as it has led to a reduction in the incidence of poverty. Rezak et
al. (2022) investigated the impact of foreign direct investment (FDI) on income
inequality in Egypt during the period from 1975 to 2017. The results of this study
show that Egyptian policymakers should continue and strengthen the open-door

policy, because it has more benefits in improving income inequality.

Fazuel et al. (2022) have investigated the impact of trade on poverty reduction
in the period of 1990-2017. Vector error correction model (VECM) is used in this
study. Also, the differences of opinion about the impact of trade on poverty have
been analyzed because some emphasize that trade can create new jobs. The results
of this study show that poverty has no effect on reducing poverty in the short term,
but it will reduce poverty in the long term. Akios et al. (2022) have investigated the
long-term relationship between trade liberalization and income inequality. In this

study, the panel model is used for 15 EU countries in the period 1985-2017. The
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results show that there is no evidence that trade liberalization and income inequality
have a long-run cointegration relationship. Elias et al. (2023) have investigated the
impact of foreign direct investment and trade openness on poverty using annual
data for the period 1990 to 2021 in sub-Saharan African countries. ARDL model is
used in this study. The results of this study show that foreign direct investment in a
short period has no specific effect on poverty. The study suggests to government
officials, policy makers and investors to invest more in poor countries. As FDI is
very important in creating jobs for the unemployed population which leads to
increase in income. Taheri Far et al. (2023) have investigated the impact of
economic openness and international trade on income inequality. In this study, a
panel model consisting of 71 developing and developed countries for the years
1994-2017 has been used. The results of this study show that the openness of the
economy will reduce inequality up to a certain level and then it will increase

inequality.

2-1. A review of theoretical foundations

One of the significant topics in the literature of international economics is the study
of the relationship between international trade and income inequality. In this
section, the effects of trade liberalization on income distribution from the point of
view of commercial theories are considered. The Heckscher-Ohlin model, as the
standard model of international trade, considers the relative abundance of
production factors (land, natural resources, labor and capital) as the main factor
determining the relative advantage of countries. Therefore, a country that has a
relatively large amount of capital will specialize in the production of capital goods
and export them, and in contrast to a country that has a relatively abundant
workforce, it will export them, especially in the production of consumer goods.
According to the provisions of this theory, developed countries in their trade with
developing countries export goods and services that rely on skilled labor and import
goods and services that rely on low-skilled labor. Following the liberalization and
removal of trade barriers, the intensification of trade between these two groups of

countries will decrease the demand for unskilled workers in developed countries,
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and this decrease in demand, assuming the stability of other conditions, leads to a
decrease in their relative wages, the magnitude of this impact Wages depend on the
sensitivity of wages to changes in demand. In countries with flexible wages,
increasing trade with developing countries will lead to a decrease in the relative
wages of low-skilled workers, and in countries with more inflexible wages,
increasing trade with developing countries will mainly lead to more unemployment

of low-skilled workers. (Salvatore, 2004).

Another point of view, which was first expanded and developed by international
economists, results from the Stapler-Samuelson theorem, which will be discussed
briefly. According to the Stapler-Samuelson theory, the increase in the price of
domestic goods due to the imposition of higher tariffs or non-tariff protections (such
as the imposition of quotas) will increase the real price of institutions that have a
greater share in the production of that commodity. To put it more clearly, in a small
country, the tariff increases the price of imported goods compared to exported
goods to the amount of the tariff. As a result, the demand and, accordingly, the
relative wages of institutions that use more intensively in import substitution
industries will increase compared to those that use less intensively. Since import
substitute goods use more institutions, which are rarer in the country, therefore,
with the imposition of tariffs, the relative price of this institution increases.
Therefore, the liberalization of trade and the reduction of tariff support for factory
goods that use relatively more unskilled labor will cause the real wages of this group
of workers to decrease compared to the wages received by skilled workers.
According to the provisions of this case, the liberalization of trade in any country
will increase the demand for the production of institutions that are relatively more
abundant in that country, and as a result, the price of that input will also increase.
Since skilled labor is abundant in developed countries and unskilled labor is
abundant in developing countries, free trade between these two groups of countries
will increase the demand and wages of skilled workers in rich countries, but in
developing countries, demand will increase. And the wages of unskilled workers
will be increased. As a result, trade liberalization in developing countries, unlike

developed countries, will reduce inequality.
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On the other hand, according to the new theory of trade, in developed countries,
the production of factory goods is mainly in the form of imperfect competition, and
specialization in it leads to lower costs through economies of scale. Therefore, with
the removal of trade barriers, export incentives will increase. One of the predictions
of this theory is that trade between industries will be more among countries that
have similar income, taste and production structure, and in this case, trade will be
beneficial, because with the increase in production scale, production costs and
therefore The price of goods will decrease, but the prediction of this theory
regarding the effects of trade between industries on relative wages is vague, and the
change in demand and therefore the wages of the workforce with high or low skills
depends on how the production of some goods decreases and some increases. The
demand for unskilled workers depends on the type of technologies used in
enterprises and how these technologies change in response to changes in production
levels. Therefore, it is possible for developed countries to export goods based on
skilled labor, just as it is possible for them to export goods based on unskilled labor.
However, it is clear that society always benefits from lower prices and higher
consumption possibilities, and in this transfer of resources, a group will definitely

suffer losses (Salvatore, 2004).

3. Data Description

Economists divide the population of each society into ten ranks called deciles, in
terms of income and consumption. The first decile represents ten percent of the least
expensive households. Here we depict ten figures. The first to fourth income deciles
are represents in Figures 1-4. In Years 2011-2013 income inequality has increased
compared to other years. Figures 5-7 represents the fifth to seventh income deciles.
These deciles have many fluctuations. Figure 8 represent the eighth income decile,
as we can see, income inequality has decreased in 2009. The ninth and tenth deciles
are represents in Figures 9-10. The amount of inequality is rising in the tenth
deciles. Also open economy indicators include foreign direct investment (FDI) and
economic openness (OPEN). Figures 11-12 represents OPEN and FDI, where

OPEN is increasing over time and FDI has unstable behavior. Income decile
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analysis data during 1995 - 2018 is taken from the Central Bank of Iran website

(www.cbi.ir) and Statistical Center of Iran (www.amar.org.ir).
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4. Materials and Methods

Classical regression has strong assumptions for the establishment of statistical
features of regression models. For example, normality or non-existence of
autocorrelation and constancy of variance are part of the error of this assumption.
Violation of any of these assumptions invalidates the results of classical regression
analysis. In most cases, it is difficult to justify this assumption. Or in some cases
they cannot be used properly. For example, in the observations or definitions of a
system, inaccurate human estimates and judgments and insufficient information
may be effective in the use of variables. In general, although classical regression
has many uses, it will be misleading in the following conditions. 1- The number of
observational data is insufficient. 2- The errors do not follow the normal
distribution. 3- The relationship between independent and dependent variables is
unclear. 4- There is ambiguity in relation to an event. 5- The assumptions of
linearization are incorrect. In such situations where classical regression
methodology and justifying its assumptions is a difficult task, the use of fuzzy
regression, which provides a membership function with a possible distribution for
imprecise or ambiguous, can increase our understanding of the system and provide
better results. . On the other hand, in classical linear regression, for each series of
input variables, a specific value is calculated for the output variable, while fuzzy
regression estimates a range of possible values for the output variable. The
distribution of these values is defined as a membership function. In general, there

are three types of models to fit a fuzzy linear regression equation.
1- Possible fuzzy regression models
2- Least squares regression models
3- Regression models based on interval analysis

In this study, the fuzzy possibility regression model was used. This model
obtains the most favorable regression equation by minimizing the degree of
fuzziness. To achieve a good fit, an optimal model should be estimated.
Considering that the membership functions used to display fuzzy numbers are
triangular, fuzzy regression can be formulated in the form of a linear programming

problem. Fuzzy regression models were first presented by Tanaka et al. in (1982).
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These models obtain the best regression equation by minimizing the degree of
fuzziness. This is done by minimizing the total width of the membership functions
of the fuzzy coefficients of the regression equation. One of the possible fuzzy
regression models is a model in which the coefficients are fuzzy and the observation
input and output are non-fuzzy. In this section, we first give a brief description of
fuzzy regression and then we state how to estimate the asymmetric fuzzy
regression. Fuzzy regression analysis proposed by Tanaka et al (1982), where the

general form of its model with fuzzy coefficients is as in (1).

7 = f(x,A) = AO +/11x1 +Azx2 + .- +Anxn (1)

Fuzzy coefficients for variables x,can be indicated A, = (a,,s,). So, the
general form of the membership function A can be written as (2) with respect to
three parameters as center a, low width s’ and right width s® Tanaka et al

(1982):

a-sl<x<a (2)

This membership function can also be displayed in another way. That is, the high
width is expressed based on low width. Thus, s = k s® is placed in the above
membership function, in which k is a real and positive number known as the
kurtosis coefficients. Therefore, the asymmetric triangular fuzzy number 4 can also
be described by A = (a,s* k)r. In this case, the membership function A4 is

represented by (3).

a—-st<x<a (3)

a<x<a+ks®
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Generally any asymmetric triangular fuzzy coefficient A can be plotted by its

low, low width s, center a and right width s® depicted in Fig.13.
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Fig. 13. Asymmetric triangular fuzzy number

In (3) if the value k = 1, then the asymmetric fuzzy number reduce to a

symmetric fuzzy number depicted in Fig.14.
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Fig. 14. Symmetric triangular fuzzy coefficient

To estimate the parameters of the fuzzy regression model (2), we consider two
criterias. First, the membership value of each y; in Y; should be a large number.
Second, it is ensured that the fuzzy model has good fitting to the observations
Tanaka et al (1982). Thus, we are looking for a model that:

(i) fuzzy output, Y for all values Y; , has the membership degree as large as h,

that is
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Vi(y)=h , i=12...,m (4)

(ii) the fuzzy coefficients 4; , are such that ambiguity of the fuzzy output ¥; is

minimized.

We summarize the steps of estimating fuzzy regression with symmetric and
asymmetric coefficients in Sections 4.1and 4.2. See references Nawazish et al

(1998), for further reading on fuzzy regression.

4-1. Algorithm I: Steps of linear programming algorithm for estimating fuzzy

regression with symmetric coefficients.

1- First, we calculate the objective function according to Equation (5).

Z =2msy +
2 Xim1(8i 2= %) (5)

where x;; means the j™ observation of the i variable

2- For estimate the width of the right, we calculate the right constraint

according to Equation (6).

(1=h)so+ (1 —h) ZiZi(Soxji) + ao + Xita(Soxj) =+ ¥, Jj=
1,2,...m (6)

3- For estimate the left width, we calculate the left constraint according to

equation (7).

(1 —=h)so+ (1 —h) Xiz1(Soxji) — ap — Xiz1(SoXj) = —yi,
12,...m (1)
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4- We calculate the centers a; , the width of the right s? and the left s} for the

membership degree of 0.1 to 0.9 according to Equation (8).
fCx) =ag+ayx; + -+ ayx,
flx) = s + skx; + - + skx,

fR(x) = s& + sRxy +--- + skx,

®)

4-2. Algorithm II: Steps of linear programming algorithm for estimating fuzzy

regression with asymmetric coefficients
1- First, we calculate the objective function according to Equation (5).

2- For estimate the width of the right, we substitute s® = k;s! in the constraint

on the right according to Equation (9).

(1 —-h)s§ + (1 —h) T, (s{'x50) + ap + Tty (@oxji) = +yi, j =
1,2,.,m 9

3- For estimate the width of the left, we substitute s = k;s{ in the constraint

on the left according to Equation (10).

n n
(1= sk + (= h) D (s = a0 = ) (aosd) = = ¥,
i=1 i=1
ji=12.m  (10)

4- We calculate the centers a; , the width of the right s? and the left s} for the

membership degree of 0.1 to 0.9 according to Equation (8).
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5. Empirical Results

In this section, we first give a brief explanation of how to estimate fuzzy regression
with symmetric and asymmetric coefficients. In Algorithm I, the objective function
is minimized by considering constraints steps 1-3 in section 4.1. The values of s2, s1,
s0, a2, al, and a0 are calculated (step 4 in section 4.1). Algorithm II, the objective
function is minimized by considering constraints steps 1-3 in section 4.2. The values
of's2, s1, s0, a2, al, and a0 are calculated (step 4 in section 4.2). The observations
comprises 24 years (1995-2018). Which is 48 constraints and for estimation are used
GAMS software. In this study, foreign direct investment and the degree of economic
openness are represented by X1, X2, as well as fuzzy center al, a2 and fuzzy width

sl, s2, respectively.

The results of the coefficients in the symmetric fuzzy coefficient state are
represents in Tables A.1-A.10, (Estimation results are in appendix A). According to
the findings, the value of the objective functions (Z) and the MSE of different models
are the same for different values of h. We represent the MSE values, objective
function (Z), centers and spreads fuzzy regression for the first to tenth deciles of

income (for h =0.5) in Table 1.

Tab. 1: The results of the fuzzy symmetric regression for the first to tenth decile, h = 0.5

centers spreads

income decile h Z MSE
ao al az SO Sl SZ

first income decile 0.5 | 0.044 0 0.056 0 0.020 | 0.171 | 0.330 | 10.24

second income
) 0.5 | 0.019 0 0.146 0 0.011 | 0.182 | 0.210 | 11.35
decile
third income decile 0.5 | 0.068 | 0.710 0 0.005 | 0.061 0 0.284 | 10.38
fourth income decile | 0.5 0 0.087 | 0.092 | 0.012 0 043 | 0.194 | 12.92
fifth income decile 0.5 0 0.801 | 0.594 0 0.004 0 0.361 | 13.08

sixth income decile 0.5 ] 0.019 0 0.033 | 0.581 | 0.027 0 0.416 | 12.81

seventh income
0.5 | 0.022 | 0.050 0 0 0.002 | 0.093 | 0.44 | 12.66
decile
eighth income decile | 0.5 | 0.082 0 0.019 0 0.066 | 0.482 | 0.340 | 15.05

ninth income decile 0.5 | 0.160 0 0.138 0 0.091 | 0.084 | 0.351 | 14.07
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tenth income decile 0.5 0 0 0.099 | 0.018 | 0.076 0 0.230 | 13.48

One of the reasons for using fuzzy regression with asymmetric coefficients in
this study is its flexibility in analyzing the asymmetric effect of the investigated
variables on income deciles. Which is very important in terms of economic analysis.
Therefore, it is necessary to first give a brief explanation of fuzzy regression with
asymmetric coefficients. In this method, by using arbitrary coefficients of
elongation (kO, k1, k2), it is possible to check the asymmetric behavior of foreign
indirect investment and the degree of economic openness on income inequality.
This issue makes us identify the best model for each of the income deciles. For this
purpose, values for elongation coefficients have been chosen arbitrarily, which are
shown in Tables 2-11. In the asymmetric mode, to achieve a optimal model is solved
the model for different values of k. A model with a lower MSE is selected as the
optimal model. Assume that from the a priori information we select the following

values for k;:
ko=1.4, ki=1.6, ko, =1.9.

We find that in case of asymmetric membership functions, as the skew factor
increases, the variations of k; have not influence on the MSE values, objective
function (Z), centers and spreads. These results are shown in Tables B1-B10,
(Estimation results are in appendix B). Further analysis generates Tables 2-11
which shows the values of the spreads and centers at different settings of skew
factors. One of the important results of these analyzes is the different MSE values
for income deciles. Here, in each setting we have kept the values of two skew
factors fixed at 1 and changed the value of the third one. Analyzing the above
results, we conclude that &y is the dominant skew factor. Keeping kO constant then

changing either k; or k2 or both will not produce any variations in 4;.

Tab. 2: The results of the fuzzy asymmetric regression for first income decile

h Ko Ki K> So Si S2 a aj a Z MSE
051125 1 1 0 | 0.185 0 0.010 0.077 3.166 0.304 1.25
05| 14 1 1 0 |0.180| O 0.010 0.077 3.141 0.302 0.54
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051 1.9 1 1 0 |0.188 | O 0.014 | 0.077 | 3.130 | 0.300 2.36
05| 2.6 1 1 0 10184 | O 0.014 | 0.074 | 3.181 0.309 4.29
0.5 1 1.4 1 0 10183 | O 0.011 0.072 | 3.134 | 0.307 4.02
0.5 1 1.9 1 0 10186 | O 0.014 | 0.075 3.166 | 0.307 1.27
0.5 1 3.5 1 0 10181 O 0.017 | 0.071 3.137 | 0.300 2.54
0.5 1 1 14 | 0 |0187 | O 0.013 0.079 | 3.192 | 0.300 3.89
0.5 1 1 3.5 0 10187 | O 0.012 | 0.076 | 3.162 | 0.300 21.5
Tab. 3: The results of the fuzzy asymmetric regression for second income decile
h Ko Ki | K2 | So St Sz ag a1 a Z MSE
05 | 1.25 1 1 0 | 0244 | 0 | 0.032 | 0.052 | 0.094 | 0.191 2.40
0.5 1.4 1 1 0 | 0250 | O | 0.031 | 0.051 | 0.097 | 0.190 1.05
0.5 1.9 1 1 0 | 0.261 0 | 0.039 | 0.056 | 0.091 | 0.193 3.27
05| 26 1 1 0 | 0288 | 0 | 0.036 | 0.058 | 0.094 | 0.193 2.98
0.5 1 1.4 1 0 | 0269 | 0 | 0.033 | 0.054 | 0.095 | 0.195 2.06
0.5 1 1.9 1 0 | 0255 | 0 | 0.033 | 0.051 | 0.091 | 0.195 0.02
0.5 1 3.5 1 0 | 0270 | 0 | 0.033 | 0.050 | 0.099 | 0.187 1.04
0.5 1 1 14| 0 | 0270 | O | 0.030 | 0.058 | 0.095 | 0.193 2.84
0.5 1 1 3510 | 0270 | O | 0.030 | 0.050 | 0.090 | 0.199 1.99
Tab. 4: The results of the fuzzy asymmetric regression for third income decile

h Ko Ki | Kz So Si S ao a1 a2 V4 MSE
0.5 1.25 1 1 0 0.350 0 0.047 0 | 0.162 | 0.240 | 0.215
0.5 1.4 1 1 0 0.342 0 0.043 0 | 0.140 | 0.242 | 3.05
0.5 1.9 1 1 0 0.332 0 0.040 0 | 0.161 | 0.238 | 4.99
0.5 2.6 1 1 0 0.381 0 0.046 0 |0.137 | 0233 | 3.84
0.5 1 1.4 1 0 0.354 0 0.041 0 |0.107 | 0.230 | 2.63
0.5 1 1.9 1 0 0.382 0 0.049 0 |0.134 | 0.266 | 4.04
0.5 1 3.5 1 0 0.316 0 0.044 0 |0.162 | 0292 | 2.58
0.5 1 1 1.4 0 0.358 0 0.044 0 | 0.141 | 0.201 3.55
0.5 1 1 3.5 0 0.351 0 0.044 0 | 0.157 | 0.254 | 2.07
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Tab. 5: The results of the fuzzy asymmetric regression for fourth income decile

h Ko Ki | K2 | So Sz ao a1 az V4 MSE
0.5 | 1.25 1 1 0 0323 | 0 0.054 0.011 142 | 0217 | 3.55
0.5 1.4 1 1 0 | 0310 | O 0.054 0.011 1.42 | 0.265 3.66
0.5 1.9 1 1 0 | 0308 | O 0.054 0.014 | 1.41 | 0.247 | 2.88
0.5 2.6 1 1 0 | 0.301 0 0.0540 | 0.010 | 1.48 | 0.202 | 5.01
0.5 1 1.4 1 0 | 0308 | O 0.050 0.013 | 1.44 | 0.227 | 4.28
0.5 1 1.9 1 0 | 0302 ] 0 0.057 0.016 | 1.46 | 0.237 | 2.99
0.5 1 3.5 1 0 | 0303 | 0 0.057 0.013 | 1.49 | 0.211 1.27
0.5 1 1 14| 0 | 0309 | O 0.053 0.018 | 1.47 | 0.214 | 2.64
0.5 1 1 3.5 0 [ 0304 | O 0.051 0.012 | 1.42 | 0.215 | 4.02

Tab. 6: The results of the fuzzy asymmetric regression for fifth income decile

h | Ko | Ki | K2 So S1 S2 | ao a1 az Z MSE
05(125] 1 1 |10.004 0163 | 0| 0 |0.065]|3.97 | 0308 | 3.31
05| 14 1 1 10004 0163 | 0 | O | 0.065|3.97 | 0308 | 4.22
05| 1.9 1 1 [0.002 0163 | 0 | O | 0.065 | 3.97 | 0308 | 1.58
05| 2.6 1 1 [0.008 | 0.163 | O | O | 0.065 | 3.97 | 0.308 | 2.68
0.5 1 14| 1 |{0.0050163 |0 | 0 |0.065]|3.97]| 0308 | 3.79
0.5 1 1.9 1 |0.004|0.163 | 0 [ O | 0.065 | 3.97 | 0.308 | 2.94
0.5 1 350 1 10.004|0.163 | 0 | 0 | 0.065 | 3.97 | 0.308 | 4.33
0.5 1 1 | 1.4]0.004 0163 | 0 | 000653970308 | 4.09
0.5 1 I [3.5]0.004 0163 | 0 | 0 | 0.065 | 3.97 | 0308 | 4.88

Tab. 7: The results of the fuzzy asymmetric regression for sixth income decile

h Ko Ki | K2 | So S1 Sz ao a1 a2 V4 MSE
05 | 125 1 1 0 | 0300 | 0 | 0.078 | 0.090 | 9.59 | 0.220 2.01
0.5 1.4 1 1 0 | 0305 | 0 | 0.078 | 0.097 | 9.66 | 0.220 3.87
0.5 1.9 1 1 0 | 0.301 0 | 0.078 | 0.095 | 931 | 0.264 2.55
0.5 2.6 1 1 0 | 0304 | 0 | 0.075 | 0.092 | 9.20 | 0.220 4.81
0.5 1 1.4 1 0 | 0306 | 0 | 0.071 0.094 | 9.41 | 0.263 1.08
0.5 1 1.9 1 0 | 0303 | 0 | 0076 | 0.091 | 9.73 | 0.208 2.21
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0.5 1 35 1 0.307 0.072 | 0.090 | 9.46 | 0.291 3.61
0.5 1 1 1.4 0.305 0.078 | 0.095 | 9.08 | 0.288 0.52
0.5 1 1 3.5 0.305 0.074 | 0.096 | 9.27 | 0.234 4.55
Tab. 8: The results of the fuzzy asymmetric regression for seventh income decile

h Ko Ki K So S1 Sz ao a1 az V4 MSE
0.5 1.25 1 1 001 | O 0 0.099 | 0.042 | 1.58 | 0.446 | 3.45
0.5 1.4 1 1 001 | O 0 0.053 | 0.042 | 1.01 | 0.446 | 3.58
0.5 1.9 1 1 007 | 0 0 0.007 | 0.043 | 1.83 | 0.453 | 3.40
0.5 2.6 1 1 004 | 0 0 0.053 | 0.041 | 1.91 | 0.416 | 2.99
0.5 1 1.4 1 002 | 0 0 0.002 | 0.044 | 1.74 | 0.457 | 2.05
0.5 1 1.9 1 001 | O 0 0.044 | 0.040 | 1.91 | 0.411 | 1.66
0.5 1 3.5 1 009 | 0 0 0.043 | 0.047 | 1.38 | 0.466 | 4.08
0.5 1 1 14 | 002 | 0 0 0.060 | 0.047 | 1.86 | 0.407 | 3.88
0.5 1 1 35 1005 | 0 0 0.057 | 0.045 | 1.60 | 0.400 | 0.09

Tab. 9: The results of the fuzzy asymmetric regression for eighth income decile

h Ko Ki Kz So S1 Sa ao a a2 V4 MSE
0.5 1.25 1 1 0 1.939 0 | 0.321 0 2900 | 0338 | 1.25
0.5 1.4 1 1 0 1.652 0 | 0.321 0 2410 | 0302 | 1.67
0.5 1.9 1 1 0 1.530 0 | 0.301 0 2.128 | 0396 | 2.04
0.5 2.6 1 1 0 1.955 0 | 0.301 0 2.115 | 0330 | 0.61
0.5 1 1.4 1 0 1.438 0 | 0.301 0 2.642 | 0364 | 0.08
0.5 1 1.9 1 0 1.884 0 | 0.331 0 2.552 | 0337 | 1.82
0.5 1 3.5 1 0 1.722 0 | 0.331 0 2912 | 0338 | 2.92
0.5 1 1 1.4 0 1.095 0 | 0.381 0 2.632 | 0330 | 1.82
0.5 1 1 3.5 0 1.631 0 | 0.321 0 2.002 | 0.364 | 2.38
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Tab. 10: The results of the fuzzy asymmetric regression for ninth income decile

h Ko K, K> So S1 S2 a0 a1 a2 V4 MSE
05| L25 1 1 0.052 | 0.045 | 0 | 0350 | O 1.973 0.284 0.52
0.5 1.4 1 1 0.036 | 0.036 | 0 | 0.151 | O 1.350 0.426 1.36
0.5 1.9 1 1 0.049 | 0.020 | 0 | 0.192 | 0 1.973 0.421 2.55
0.5 2.6 1 1 0.066 | 0.012 | 0 | 0.163 | O 1.973 0.420 3.45
0.5 1 1.4 1 0.010 | 0.084 | 0 | 0.023 | 0 1.866 0.458 3.40
0.5 1 1.9 1 0.018 | 0.041 | 0 | 0934 | 0 1.530 0.552 2.87
0.5 1 3.5 1 0.092 | 0.036 | 0 | 0309 | O 0.973 0.501 4.61
0.5 1 1 1.4 | 0.001 | 0.091 | O | 0.203 | O 1.658 0.582 3.82
0.5 1 1 3.5 ] 0.094 | 0.068 | O | 0523 | 0 0.950 0.588 2.51

Tab. 11: The results of the fuzzy asymmetric regression for tenth income decile

h Ko Ki Kz So S1 Sz a0 ai a2 V4 MSE
05 | 1.25 1 1 0 0940 | 0 | 0.321 0 2.29 0.135 2.08
0.5 1.4 1 1 0 1.863 | 0 | 0.301 0 2.29 0.135 3.84
0.5 1.9 1 1 0 1.821 | 0 | 0.304 0 2.34 0.131 0.84
0.5 2.6 1 1 0 1.830 | 0 | 0.300 0 2.37 0.129 1.05
0.5 1 1.4 1 0 0911 | 0 | 0.318 0 2.37 0.129 5.10
0.5 1 1.9 1 0 1.801 | 0 | 0.311 0 2.04 0.118 2.90
0.5 1 3.5 1 0 1.721 | 0 | 0.331 0 2.39 0.115 0.01
0.5 1 1 1.4 0 1.763 | 0 | 0.321 0 2.39 0.127 1.73
0.5 1 1 3.5 0 1.731 | 0 | 0.321 0 2.39 0.127 0.013

As stated, the purpose of this type of analysis is to select a optimal model for
each of the income deciles. Therefore, according to the MSE values, the optimal
model can be selected and the impact of each of the open economy indicators on
income deciles can be determined. Models 11-20 show the optimal model for each
income deciles. Where Gini;, i= 1,2,...,10 is Gini coefficient the first to third
income. FDI is foreign direct investment, open is economic openness, MSE 1is
Mean Squared Error and z is the value of the objective function (Gini coefficient).In
fuzzy regression, a;represents the center of the fuzzy number used in the analysis

as the mean effectives of each of the coefficients, the s; parameter shows the fuzzy
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spread of a number and indicates that the higher the spread value, the impact is

greater.

First income decile: Gini; = (0.010,0) + (0.077,0.180) FDI +
(3.141,0)open (11)

MSE =0.54, z=0.302

Second income decile: Gini, = (0.033,0) + (0.051,0.255) FDI +
(0.091,0)open (12)

MSE = 0.02, z=0.195

Third income decile: Gini; = (0.047,0) + (0,0.350) FDI + (0.162, 0 )open
(13)

MSE = 0.215, z=0.240

Fourth income decile:  Gini, = (0.057,0) + (0.013,0.303) FDI +
(0.49,0)open (14)

MSE = 1.27, z=0.211

Fifth income decile: Ginis = (0,0.002) + (0.065, 0.163) FDI +
(3.97,0)open (15)

MSE = 1.58, z=0.308

Sixth income decile: Ginig = (0.78 , 0) + (0.095,0.305) FDI +
(9.08, 0)open (16)

MSE =0.52, z=0.288

Seventh income decile: Gini, = (0.057,0.05) + (0.045,0) FDI +
(1.6, 0)open (17)

MSE = 0.09, z=0.400

Eighth income decile: Ginig = (0.301,0) + (0 ,1.438) FDI + (2.642,0)open
(18)
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MSE = 0.08,  z=0.364

Ninth income decile: Ginig = (0.350,0.052) + (0,0.045) FDI +
(1.973,0)open (19)

MSE = 0.52, z=0.284

Tenth income decile: Giniyy = (0.331,0) + (0,1.721) FDI + (2.39 , 0)open
(20)

MSE =0.01, z=0.115

According to the results, the mean effect of foreign investment is 0.077 and the
maximum effect is 0.185, the average effect degree of economic openness is 3.141
and the maximum effect is 0 on the Gini coefficient of the first decile and the value
of the Gini coefficient is 0.304. the average effect of foreign investment is 0.051
and the maximum effect is 0.255, the average effect degree of economic openness
is 0.091 and the maximum effect is 0 on the Gini coefficient of the second income
decile and the value of the Gini coefficient is 0./95. The average effect of foreign
investment is 0 and the maximum effect is 0.350, the average effect degree of
economic openness is 0.162 and the maximum effect is 0 on the Gini coefficient

of the third income decile and the value of the Gini coefficient is 0.240.

The average effect of foreign investment is 0.013 and the maximum effect is
0.303, the average effect degree of economic openness is 1.49 and the maximum
effect is 0 on the Gini coefficient of the fourth income decile and the value of the
Gini coefficient is 0.211. The average effect of foreign investment is 0 and the
maximum effect is 0.581, the average effect degree of economic openness is 0.12
and the maximum effect is 0 on the Gini coefficient of the fifth income decile
income decile and the value of the Gini coefficient is 0.308.The average effect of
foreign investment is 0.095 and the maximum effect is 0.305, the average effect
degree of economic openness is 9.08 and the maximum effect is 0 on the Gini

coefficient of the sixth income decile and the value of the Gini coefficient is 0.288.
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The average effect of foreign investment is 0.045 and the maximum effect is 0, the
average effect degree of economic openness is 1.60 and the maximum effect is 0
on the Gini coefficient of the seventh income decile and the value of the Gini
coefficient is 0.400.The average effect of foreign investment is 0 and the maximum
effect is 1.438, the average effect degree of economic openness is 2.642 and the
maximum effect is 0 on the Gini coefficient of the eighth income decile and the
value of the Gini coefficient is 0.364.The average effect of foreign investment is
0 and the maximum effect is 0,045, the average effect degree of economic
openness is 1,973 and the maximum effect is 0 on the Gini coefficient of the eighth
income decile and the value of the Gini coefficient is 0.284.The average effect of
foreign investment is 0 and the maximum effect is 1.721, the average effect degree
of economic openness is 2.39 and the maximum effect is 0 on the Gini coefficient

of the eighth income decile and the value of the Gini coefficient is 0.115.

6. Discussion and Conclusions

In this study, the fuzzy regression model with symmetric and asymmetric
coefficients is used. The parameters calculated in fuzzy regression are triangular.
These triangular numbers consist of fuzzy center (a) and fuzzy width (s). that the
fuzzy center forms the vertex of the triangle and the fuzzy width expresses the
degree of fluctuation from the fuzzy center. The zero fuzzy center in each of the
tables of the present study indicates that the relevant variable is only able to affect
the dependent variable (income decile) as much as the fuzzy width. Now, if the
fuzzy center is a number other than zero and the fuzzy width is zero, it means that
the relevant variable affects the independent variable only as much as the fuzzy
center. Another situation that can be imagined is that the fuzzy center and width are
non-zero, which indicates that the average influence of the relevant variable was
equal to the size of the fuzzy center, but it can also be effective up to the size of the
fuzzy width. Finally, the last state is that for a variable, the fuzzy center and width
are equal to zero, which indicates that the corresponding income decile is not
affected by the said variable. According to these explanations, it can be stated that

the results of fuzzy regression with symmetrical coefficients show that the effect of
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the fuzzy center of foreign direct investment on the fifth, third, fourth, and seventh

deciles, respectively, has the greatest impact on the inequality between income
deciles. Also, the results of the fuzzy width of foreign direct investment have the
greatest impact on the inequality between the ninth, tenth, eighth, third, sixth, first,
second, fifth- and seventh-income deciles, respectively. The fuzzy center of the
degree of trade openness has the greatest impact on the inequality between the fifth,
second, ninth, tenth, fourth, first, sixth- and ninth-income deciles, respectively.
Also, the results of the fuzzy width of the degree of commercial openness have the
greatest impact on the inequality between the eighth, fourth, first, second, seventh-

and ninth-income deciles, respectively.

The general results of the current study indicate that trade openness and foreign
direct investment will increase inequality, although this measure is different for
different income deciles. which with the results of studies by Tayibi et al. (2011),
Azarbaijani et al. (2012), Ahmadzadeh et al. (2016), Jalai et al. (2020), Taherifar et
al. (2023), Moradi et al. (2023), Castro (2010) ), Basu and Georgia (2007), Herzer
and Nannekamp (2011), Fazol et al. (2022) are consistent.

According to the results of this study, the impact of foreign direct investment on
the Gini coefficient of income deciles is zero or very low. But the maximum (fuzzy
width) effect of foreign direct investment on the Gini coefficient of income deciles
has increased, which leads to inequality in income distribution. Therefore, the
government should adopt important policies and create appropriate infrastructure
to reduce inequality between income deciles. Since foreign direct investment
strengthens the dual economic structure by increasing the wages of workers in a
part of production, it also leads to the production of luxury and expensive goods
that are demanded by the wealthy part of society. Other reasons for increasing
income inequality include the production of inappropriate goods and designs that
are not socially desirable, as well as the use of inappropriate (capital-intensive)
production techniques. Also, the results show that the maximum effect of the degree
of economic openness on the Gini coefficient of income deciles is zero, which
means that the degree of economic openness does not increase inequality. All of
these cases provide strong evidence that economic planning should be of different

dimensions in order to properly absorb the effects of foreign trade.
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Appendix A
Tab. A. 1: The results of the fuzzy symmetric regression for first income decile
centers spreads

h a0 a1 az So S1 S2 Z VISE
0.1 0.044 0 0.056 0 0.020 0.171 0.330 10.24
0.2 0.044 0 0.056 0 0.020 0.171 0.330 10.24
0.3 0.044 0 0.056 0 0.020 0.171 0.330 10.24
0.4 0.044 0 0.056 0 0.020 0.171 0.330 10.24
0.5 0.044 0 0.056 0 0.020 0.171 0.330 10.24
0.6 0.044 0 0.056 0 0.020 0.171 0.330 10.24
0.7 0.044 0 0.056 0 0.020 0.171 0.330 10.24
0.8 0.044 0 0.056 0 0.020 0.171 0.330 10.24
0.9 0.044 0 0.056 0 0.020 0.171 0.330 10.24

Tab. A. 2: The results of the fuzzy symmetric regression for second income decile

centers spreads
h ao a1 az So S1 Sz 4 VISE
0.1 0.019 0 0.146 0 0.011 0.182 0.210 11.35
0.2 0.019 0 0.146 0 0.011 0.182 0.210 11.35
0.3 0.019 0 0.146 0 0.011 0.182 0.210 11.35
0.4 0.019 0 0.146 0 0.011 0.182 0.210 11.35
0.5 0.019 0 0.146 0 0.011 0.182 0.210 11.35
0.6 0.019 0 0.146 0 0.011 0.182 0.210 11.35
0.7 0.019 0 0.146 0 0.011 0.182 0.210 11.35
0.8 0.019 0 0.146 0 0.011 0.182 0.210 11.35
0.9 0.019 0 0.146 0 0.011 0.182 0.210 11.35

Tab. A. 3: The results of the fuzzy symmetric regression for third income decile

centers spreads
h MSE
ao a1 a2 So S Sz z
0.1 0.068 0.710 0 0.005 0.061 0 0.284 10.38
0.2 0.068 0.710 0 0.005 0.061 0 0.284 10.38
0.3 0.068 0.710 0 0.005 0.061 0 0.284 10.38
0.4 0.068 0.710 0 0.005 0.061 0 0.284 10.38
0.5 0.068 0.710 0 0.005 0.061 0 0.284 10.38
0.6 0.068 0.710 0 0.005 0.061 0 0.284 10.38
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0.7 0.068 0.710 0 0.005 0.061 0 0.284 10.38
0.8 0.068 0.710 0 0.005 0.061 0 0.284 10.38
0.9 0.068 0.710 0 0.005 0.061 0 0.284 10.38
Tab. A. 4: The results of the fuzzy symmetric regression for fourth income decile
centers spreads
h ap a a So S1 S2 Y/ MSE
0.1 0 0.087 0.092 0.012 0 0.43 0.194 12.92
0.2 0 0.087 0.092 0.012 0 0.43 0.194 12.92
0.3 0 0.087 0.092 0.012 0 0.43 0.194 12.92
0.4 0 0.087 0.092 0.012 0 0.43 0.194 12.92
0.5 0 0.087 0.092 0.012 0 0.43 0.194 12.92
0.6 0 0.087 0.092 0.012 0 0.43 0.194 12.92
0.7 0 0.087 0.092 0.012 0 0.43 0.194 12.92
0.8 0 0.087 0.092 0.012 0 0.43 0.194 12.92
0.9 0 0.087 0.092 0.012 0 0.43 0.194 12.92
Tab. A. 5: The results of the fuzzy symmetric regression for fifth income decile
centers spreads
h a0 a a2 So S S2 z MSE
0.1 0 0.801 0.594 0 0.004 0 0.361 13.08
0.2 0 0.801 0.594 0 0.004 0 0.361 13.08
0.3 0 0.801 0.594 0 0.004 0 0.361 13.08
0.4 0 0.801 0.594 0 0.004 0 0.361 13.08
0.5 0 0.801 0.594 0 0.004 0 0.361 13.08
0.6 0 0.801 0.594 0 0.004 0 0.361 13.08
0.7 0 0.801 0.594 0 0.004 0 0.361 13.08
0.8 0 0.801 0.594 0 0.004 0 0.361 13.08
0.9 0 0.801 0.594 0 0.004 0 0.361 13.08
Tab. A. 6: The results of the fuzzy symmetric regression for sixth income decile
centers spreads
h MSE
g ar a So S S2 Z

0.1 0.019 0 0.033 0.581 0.027 0 0.416 12.81
0.2 0.019 0 0.033 0.581 0.027 0 0.416 12.81
0.3 0.019 0 0.033 0.581 0.027 0 0.416 12.81
0.4 0.019 0 0.033 0.581 0.027 0 0.416 12.81




|
Ashraf Ganjoei: d’/&{,//b/o/ﬂ_/g;l_‘buuf

0.5 0.019 0 0.033 0.581 0.027 0 0.416 12.81
0.6 0.019 0 0.033 0.581 0.027 0 0.416 12.81
0.7 0.019 0 0.033 0.581 0.027 0 0.416 12.81
0.8 0.019 0 0.033 0.581 0.027 0 0.416 12.81
0.9 0.019 0 0.033 0.581 0.027 0 0.416 12.81

Tab. A. 7: The results of the fuzzy symmetric regression for seventh income decile

centers spreads

h ao a1 az So S1 S2 Z VISE
0.1 0.022 0.050 0 0 0.002 0.093 0.44 12.66
0.2 0.022 0.050 0 0 0.002 0.093 0.44 12.66
0.3 0.022 0.050 0 0 0.002 0.093 0.44 12.66
0.4 0.022 0.050 0 0 0.002 0.093 0.44 12.66
0.5 0.022 0.050 0 0 0.002 0.093 0.44 12.66
0.6 0.022 0.050 0 0 0.002 0.093 0.44 12.66
0.7 0.022 0.050 0 0 0.002 0.093 0.44 12.66
0.8 0.022 0.050 0 0 0.002 0.093 0.44 12.66
0.9 0.022 0.050 0 0 0.002 0.093 0.44 12.66

Table A. 8: The results of the fuzzy symmetric regression for eighth income decile

centers spreads
h a0 a1 a2 So Si Sz Z VISE
0.1 0.082 0 0.019 0 0.066 0.482 0.340 15.05
0.2 0.082 0 0.019 0 0.066 0.482 0.340 15.05
0.3 0.082 0 0.019 0 0.066 0.482 0.340 15.05
0.4 0.082 0 0.019 0 0.066 0.482 0.340 15.05
0.5 0.082 0 0.019 0 0.066 0.482 0.340 15.05
0.6 0.082 0 0.019 0 0.066 0.482 0.340 15.05
0.7 0.082 0 0.019 0 0.066 0.482 0.340 15.05
0.8 0.082 0 0.019 0 0.066 0.482 0.340 15.05
0.9 0.082 0 0.019 0 0.066 0.482 0.340 15.05

Tab. A. 9: The results of the fuzzy symmetric regression for ninth income decile

centers spreads
h MSE
a0 ai a So S1 Sz z
0.1 0.160 0 0.138 0 0.091 0.084 0.351 14.07

0.2 0.160 0 0.138 0 0.091 0.084 0.351 14.07
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0.3 0.160 0 0.138 0 0.091 0.084 0.351 14.07
0.4 0.160 0 0.138 0 0.091 0.084 0.351 14.07
0.5 0.160 0 0.138 0 0.091 0.084 0.351 14.07
0.6 0.160 0 0.138 0 0.091 0.084 0.351 14.07
0.7 0.160 0 0.138 0 0.091 0.084 0.351 14.07
0.8 0.160 0 0.138 0 0.091 0.084 0.351 14.07
0.9 0.160 0 0.138 0 0.091 0.084 0.351 14.07

Tab. A. 10: The results of the fuzzy symmetric regression for tenth income decile

centers spreads
h MSE
a9 a1 az So S1 Sz z
0.1 0 0 0.099 0.018 0.076 0 0.230 13.48
0.2 0 0 0.099 0.018 0.076 0 0.230 13.48
0.3 0 0 0.099 0.018 0.076 0 0.230 13.48
0.4 0 0 0.099 0.018 0.076 0 0.230 13.48
0.5 0 0 0.099 0.018 0.076 0 0.230 13.48
0.6 0 0 0.099 0.018 0.076 0 0.230 13.48
0.7 0 0 0.099 0.018 0.076 0 0.230 13.48
0.8 0 0 0.099 0.018 0.076 0 0.230 13.48
0.9 0 0 0.099 0.018 0.076 0 0.230 13.48
Appendix B

Tab. B. 1: The results of the fuzzy asymmetric regression for first income decile

h Ko Ky K> So S1 S2 a0 a1 a2 V4 MSE
05| 1.1 | 125 |14 | 0 | 0183 | 0 | 0.019 | 0.077 | 3.126 | 0.308 5.27
05| 14 1.6 1.9 0 | 0183 | 0 | 0.019 | 0.077 | 3.126 | 0.308 5.27
05| 19| 23 26 | 0 | 0183 | 0 | 0.019 | 0.077 | 3.126 | 0.308 5.27
05 | 27 2.9 321 0 | 0183 | 0 | 0.019 | 0.077 | 3.126 | 0.308 5.27
0.5 1 1 1 0 | 0183 | 0 | 0.019 | 0.077 | 3.126 | 0.308 5.27

Tab. B.2: The results of the fuzzy asymmetric regression for second income decile

h Ko K Ko | So S1 Sz ao ai a V4 MSE
05 |11 | 125 | 14| 0 | 0270 | O 0.033 0.056 | 0 | 0.193 5.27
05 | 14 1.6 19 (0 | 0270 | O 0.033 0.056 | 0 | 0.193 5.27
05 | 19 2.3 26 | 0 | 0270 | O 0.033 0.056 | 0 | 0.193 5.27
05 | 2.7 29 321 0 | 0270 | O 0.033 0.056 | 0 | 0.193 5.27
0.5 1 1 1 0 | 0270 | O 0.033 0.056 | 0 | 0.193 5.27
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Tab. B. 3: The results of the fuzzy asymmetric regression for third income decile
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h Ko Ki K So S1 Sz ao a1 | a2 zZ MSE
05 | 1.1 1.25 1410 0.350 0 0.044 0 0 0.250 5.27
05 | 14 1.6 19 |1 0 0.350 0 0.044 0 0 0.250 5.27
05 | 1.9 23 26 | 0 0.350 0 0.044 0 0 0.250 5.27
05 | 2.7 2.9 32 | 0 0.350 0 0.044 0 0 0.250 5.27
0.5 1 1 1 0 0.350 0 0.044 0 0 0.250 5.27

Tab. B.4: The results of the fuzzy asymmetric regression for fourth income decile

h Ko Ki K> So S1 Sz ao a1 az V4 MSE
05] 1.1 |125] 14 0 | 0.303 0 | 0.054| o0.11 1.42 | 0.217 5.27
05] 14 1.6 | 19 0 | 0.303 0 | 0.054| o0.11 1.42 | 0.217 5.27
05] 19 | 23 | 26 0 | 0.303 0 | 0.054| o0.11 1.42 | 0.217 5.27
05] 27 | 29| 32 0 | 0.303 0 | 0.054| o0.11 1.42 | 0.217 5.27
0.5 1 1 1 0 | 0.303 0 | 0.054| o0.11 1.42 | 0.217 5.27

Tab. B.5: The results of the fuzzy asymmetric regression for fifth income decile

h Ko Ki K So S1 S2 | ao a1 a2 Z MSE
05 ] 1.1 | 125 | 14 | 0004 | 0163 | O | O | 0.065 | 3.97 | 0.308 5.27
05| 14 1.6 19 | 0.004 | 0.163 | O | O | 0.065 | 3.97 | 0.308 5.27
05 ] 1.9 2.3 2.6 | 0.004 | 0163 | O | O | 0.065 | 3.97 | 0.308 5.27
0.5 | 2.7 29 32 | 0.004 | 0163 | O | O | 0.065 | 3.97 | 0.308 5.27
0.5 1 1 1 0.004 | 0.163 | O | O | 0.065 | 3.97 | 0.308 5.27

Tab. B.6: The results of the fuzzy asymmetric regression for sixth income decile

h Ko K Kz | So S1 S2 ag a1 a V/ MSE
05| 11| 125 | 14| 0 | 0308 | 0 | 0.078 | 0.090 | 9.59 | 0.220 5.27
05| 14 1.6 19| 0 | 0308 | O | 0.078 | 0.090 | 9.59 | 0.220 5.27
05|19 | 23 26 | 0 | 0308 | O | 0.078 | 0.090 | 9.59 | 0.220 5.27
05|27 29 321 0 | 0308 | O | 0.078 | 0.090 | 9.59 | 0.220 5.27
0.5 1 1 1 0 | 0308 | 0 | 0.078 | 0.090 | 9.59 | 0.220 5.27

Tab. B.7: The results of the fuzzy asymmetric regression for seventh income decile

h Ko K K> So S1 S2 ao a1 a2 V/ MSE
0.5 1.1 1.25 1.4 0.01 0 0 0.093 0 | 1.60 | 0.446 | 5.27
0.5 1.4 1.6 1.9 0.01 0 0 0.093 0 | 1.60 | 0.446 | 5.27
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0.5 1.9 23 2.6 0.01 0 0 0.093 0 | 1.60 | 0.446 | 5.27
0.5 2.7 2.9 3.2 0.01 0 0 0.093 0 | 1.60 | 0.446 | 5.27
0.5 1 1 1 0.01 0 0 0.093 0 | 1.60 | 0.446 | 5.27

Tab. B. 8: The results of the fuzzy asymmetric regression for eighth income decile

h Ko Ky Ko | So S1 Sz a0 a1 az V4 MSE
05 | 1.1 125 | 14 | 0 1.939 0 0.321 0 2.392 0.138 5.27
05 | 14 1.6 19 10 1.939 0 0.321 0 2.392 0.138 5.27
05 1] 19 23 26 | 0 1.939 0 0.321 0 2.392 0.138 5.27
0.5 | 2.7 2.9 32 1 0 1.939 0 0.321 0 2.392 0.138 5.27
0.5 1 1 1 0 1.939 0 0.321 0 2.392 0.138 5.27

Tab. B.9: The results of the fuzzy asymmetric regression for ninth income decile
h Ko Ki K> So Si S2 a0 a1 a V/ MSE

0.5 1.1 1.25 | 1.4 | 0012 | 0.045| 0 | 0.155| O | 1.973 | 0.588 | 5.27

0.5 1.4 1.6 1.9 [ 0.012 | 0.045 | O | 0.155| 0 | 1.973 | 0.588 | 5.27

0.5 1.9 23 2.6 | 0012|0045 | 0 |0.155| 0 | 1.973 | 0.588 | 5.27

0.5 2.7 2.9 32 [ 0.012 | 0.045| O | 0155 | 0 | 1.973 | 0.588 | 5.27

0.5 1 1 1 0.012 1 0045 | 0 | 0.155| 0 | 1.973 | 0.588 | 5.27

Tab. B. 10: The results of the fuzzy asymmetric regression for tenth income decile

h Ko Ki Ks So S1 Sz ao a az Z MSE
0.5 1.1 | 1.25 | 14 0 1.940 | 0 | 0.321 0 2.39 0.138 5.27
0.5 1.4 1.6 1.9 0 1.940 | 0 | 0.321 0 2.39 0.138 5.27
0.5 1.9 23 2.6 0 1.940 | 0 | 0.321 0 2.39 0.138 5.27
0.5 2.7 29 32 0 1.940 | 0 | 0.321 0 2.39 0.138 5.27
0.5 1 1 1 0 1.940 | 0 | 0.321 0 2.39 0.138 5.27
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