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I: Introduction and Literature Review 
 
Population problems persist and are diverse among countries. The substantially high population 
growth is a common problem in many developing countries while some developed countries are 
concerned about the aging population. Many previous studies suggest that a high population is 
associated with low economic growth. However, in recent decades, the negative relationship 
seems contradictory to the fact. In some developing countries, both the population and per 
capita growth have slowed down from the 60s to the 90s (Easterly, 2002).  
 
It is hard to develop a causality between the population growth and economic growth because 
there are too many potential factors lying in the relationship, which are hard to study 
quantitatively. 
 
Previous studies suggested many possible ways that population growth can economic growth. 
For example, some studies suggest that lower fertility and population aging are positively 
associated with per capita income through the accumulation of human capital. Because lower 
fertility is associated with higher expenditure on human capital per child, which will in turn 
benefit the income growth (Lee and Mason, 2009). However, some suggest that excessively high 
population growth may be problematic because existing capital will be diluted, which in turn 
affects productivity and income (Weil, 2016).  
 
A few growth models consider that population or fertility would affect investments in physical 
capital. Some studies suggested that people may shift from savings in the form of children to 
other forms like physical capital (Barro, 1991). If considering fertility as a substitute for the 
investment in physical capital, this negative and indirect effect may reinforce the adverse effect 
of high fertility on economic growth (Barro, 1999).  
 
However, there is little study about the direction and magnitude of the indirect effect of 
population growth on economic growth by affecting investments. This topic can be important 
because when designing population policies, it is important to know how the mechanism that 
change in the population would affect the economy, to better evaluate the costs and benefits of 
policies and choose the most suitable policy for economies. Thus, this paper will try to explore 
the indirect effect of population growth through investments on income growth using simple 
mediation analysis. Limitations of the methodology will also be discussed for further exploration. 
 
 
II: Review of Classic Models of Growth 
 
Classic models for economic growth include the Harrod-Domar model and the Solow model. 
They both study the effect of investment in capital and population growth on economic growth 
and they both consider the population growth as exogenous to the investment in physical 
capital. 
In the simplest version of the Harrod-Domar model, all savings are assumed to be invested in 
capital, so the gross investment ratio is equivalent to the saving ratio (Todaro and Smith, 2015).  



 

As shown in Figure 1, the per capita growth is positively related to the saving ratio and negatively 
related to the capital-output ratio and population growth.  
However, this simple version of the Harrod-Domar model has simplified some complex factors 
like labor productivity and technology, while the Solow model relaxes some assumptions by 
considering these factors (Weil, 2016). 

 

In the Solow model, shown in Figure 2, economies will converge to the steady state, at which the 
investment ratio of output is equal to the depreciation of capital, and the change in the capital 
should be zero at the steady state. Higher population growth would dilute capital and lead to 
lower income at the steady state. 
 
Now, if we assume the population growth is endogenous to the investment ratio and write 
investment as a function of population growth, the effect of population on growth in both 
models can be uncertain. If the high population is a substitute for other investments, the 
function of the investment ratio should be decreasing in population, and the negative effect of 
population growth was underestimated in the models above. 
 
Intuitively, this indirect effect on the population may change with income levels. As income 
increases to the level at which people do not have to choose between more children and other 
investments, this negative indirect impact may disappear. The following sections will explore 
these questions using a simple empirical approach as well as discuss their limitations. 



III: Methodology 
 
This paper uses the basic mediation analysis model with one mediator (Hayes, 2009). As shown 
in Figure 3, M is the mediator between the independent variable (X) and dependent variable (Y), 
c is the total effect, a*b can be interpreted as the indirect effect of X on Y through M, and c’ is 
the direct effect or effects through other mediators. For a valid mediation effect, coefficients a, 
b, and c need to be statistically significant. If c’ is also significant, the effect of X on Y is partially 
mediated otherwise fully mediated.  
 

Figure 3: Model with One Mediator 

 
In this study, the investment ratio (% of GDP) is the mediator, and specifications are shown 
below: 
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Here, 𝑃𝑜𝑝!,# is the population of country i in year t. 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡	𝑟𝑎𝑡𝑖𝑜!,# is the sum of values 
of gross fixed capital formation, change in inventories, and net gain of valuables in current local 
currency.	𝐺𝐷𝑃	𝑝𝑒𝑟	𝑐𝑎𝑝𝑖𝑡𝑎!,# is calculated in current US dollar and adjusted by PPP. 𝑋! and 
𝑌#	capture the fixed effects for countries and years respectively.  
 
Reference to previous studies about investments and income growth (Blomström, Lipsey and 
Zejan, 1996), some control variables are included: 𝐸𝑛𝑟𝑜𝑙𝑚𝑒𝑛𝑡	𝑟𝑎𝑡𝑖𝑜!,# (gross enrolment ratio of 
population for secondary education), 𝑈𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡	𝑟𝑎𝑡𝑒!,#, 𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛!,# (percentage 



change of average consumer price), 𝐼𝑛𝑐𝑜𝑚𝑒	𝑆ℎ𝑎𝑟𝑒!,# (income share held by poorest 20%), and 
𝐺𝑜𝑣𝑒𝑟𝑛𝑚𝑒𝑛𝑡	𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒!,#. 
 
Moreover, considering the effect might vary across different income levels, the same 
specifications are run again only for observations with GDP per capita less than 9000 dollars for 
comparison.  
 
Data 
 
The sample includes 193 countries over the period from 2002 to 2016. Datasets for population, 
investment ratio, unemployment rate, inflation, and government expenditure are collected from 
IMF World Economic Outlook. Datasets for GDP per capita and income share are from The World 
Bank (World Development Indicator). The data for gross enrolment ratio is collected from 
UNESCO Institute for Statistics.  

Figure 4: Summery of Data 

 

IV: Results 
 
Results for the whole sample are shown in Figure 5, all the key coefficients for the validity of the 
mediation effect are significant. Here the total effect is -0.400, which suggests a 1% increase in 
population is associated with a 4.00% decrease in GDP per capita. The indirect effect is 
approximately 0.116*0.791=0.09176, which means population growth positively affects GDP per 
capita by positively affecting the investment ratio.  
 
However, this indirect effect is relatively small, referring to the coefficient of the population in 
the third regression, the direct effect, or effects through other channels of the population on per 
capita GDP is negative, larger, and significant. Thus, the total effect is still negative.  
 
Interestingly, as shown in Figure 6, the indirect effect becomes negative when the sample only 
includes observations with GDP per capita of fewer than 9000 dollars. This suggests when 
income is low, a higher population is likely to crowd out other capital investments. However, the 
coefficient of the population in the regression (2) becomes insignificant, which means the 
interpretation needs more caution. 



Figure 5: Result for Whole Sample 

 
Figure 6: Result for the Subsample

 

 



V: Discussion and Limitation 
 
Because of the methodology, the limitations of the study are also obvious. First, most mediation 
analyses used cross-sectional data, this simple model may not be suitable for panel data analysis. 
More complex models like the autoregressive model can be considered further (MacKinnon, 
Fairchild, and Fritz, 2007).  
 
Potential bias caused by both the nature of cross-country sampling and mediation analysis is also 
worth mentioning. Most studies about mediation effects control the same variables for different 
steps of regressions, but some variables may only be valid control variables only for some steps. 
Inappropriate control variables may affect the significance and consistency of key coefficients. 
Further tests for other potential controls like the debt-output ratio may be needed. 
 
Some may be concerned about the problems of endogeneity for regression (1) because 
compared with (3), obviously (1) omit the mediator. To study this problem, substituting (2) into 
(3) and transforming it into a form like (1). Looking at the result (4), its consistency depends on 
whether 𝛾&𝜀!,#		𝑎𝑛𝑑	𝜃!,#	 are uncorrelated with independent variables. Whether this strong 
assumption can be satisfied is questioned. Further studies can try to introduce instrumental 
variables to alleviate the problem. 
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(4) 
 
 
VI: Conclusion  
 
To conclude, the model and empirical evidence suggest that the population growth might have a 
positive indirect effect on income growth by positively affecting the investment ratios, but this 
effect might reverse if income is too low. Because of limitations of data structure and 
methodology, this result needs further testing, but it can give some insights into the possible 
mechanism of population policies in countries with different income levels.  
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