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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?) Lasts cop

!. 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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Fig. 2: The estimated trend of the technology level for Iran's economy
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Fig. 3: Sensitivity analysis diagram of the optimal population growth rate based on the

sensitivity parameter of the desirability of the population (—100 < ® <100).
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parameter of the Utility to the population (—1<® <1).
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