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ABSTRACT 

 
Demographic composition is changing rapidly throughout the world. While aging is a 

global phenomenon, the speed of aging varies according to economic development: the speed of 

aging in developed economies by far exceeds that of developing economies. Since the population 

naturally affects labor composition, many concern that the reducing proportion of incoming labor 

and ageing labor force may harm the productivity of developed economies. 

This paper examines the age composition of the labor force from 67 economies between 

1992 and 2007 in order to gain a greater understanding of its relationship to the total factor 

productivity (TFP). The study concludes that 1) age composition of the labor force is strongly 

related to productivity, and 2) the contribution to productivity by the relative size of age groups 

is U-shaped, peaking at the age group between 50-59 in both advanced economies and emerging 

and developing economies. Labor force over 60 is more productive than age groups below 50 in 

advanced economies, while the group is less productive in emerging and developing economies. 

The contribution to productivity of older age groups is apparent when analyzing female 

labor only, especially in developed economies. Given that female labor participation is generally 

U-shaped, due to leaving the labor force during the child bearing and raising period, this pattern 

emphasizes the importance of bringing female labor back to the labor force after this period. 
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INTRODUCTION 

World demographics have changed dramatically in the last 50 years, a phenomenon often 

referred to as population explosion. The world population reached 7 billion in 2011, which is 

more than double the number of 3 billion in 1960. The United Nations predicts that the world 

population will add 1 billion approximately every 15 years until it reaches 9 billion in 2050.  

Unlike the much highlighted population growth, less attention has been paid to its 

compositional change. However, population composition change is as dramatic and extensive as 

population growth, if not more. The most visible trend of recent compositional change is aging: 

the increasing median age and the non-increasing number of newborns. The trend dominates 

most of the world, but the speed and degree of aging varies by economic development stage as 

well as region. Europe has slowly gone through demographic transition since the mid-20th 

century, and many Asian economies follow the pattern, but at a compressed pace (Figure 1).a  

Population has not only been attributed to the main factors of environmental challenges 

including food and energy supply, but also economic development. Many economic 

development models include population (growth) as one of the main determinants along with 

capital, labor force and savings. Productivity models also look into population by looking into 

labor supply. 

                                                 
 
a This study proposes a new index, Kern-Lee index, to describe the demographic composition of a population. The 
index is named after the Thesis advisor, Andreas Kern, and the author of the Thesis, Yoon Jung Lee.  
Smaller index depicts more even distribution across age groups, while larger index describes uneven distribution. 
For instance, a population with expanding population pyramid has a large index, while population with stationary 
population pyramid has a small index.  
More detailed explanation about the index is introduced in Appendix A. 
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Nevertheless, most economic models focus on population size and its growth, but overlook 

demographic composition. These models may have been sufficient in an era when population 

compositions stayed alike across economies and times. However, now most developed 

economies observe stagnant population growth but rapid composition change, while many 

developing economies see population growth accompanied by stagnant or shrinking newborns. 

Such an appreciable change is rarely seen in history, and therefore the impact on the economy 

should not be disregarded.  

The conventional development models do not reflect the impact of rapid and extensive 

compositional transition, such as aging, which would impact the society on a different front. In 

order to fill in the gap of missing information, this paper studies and analyzes the impact of 

demographic composition change on productivity, following the research of Feyrer (2007) and 
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Figure 1Kern-Lee Index: The Changes of Demographic Composition, 1950-2010 

Data Source: the United Nations, World Population Prospects, the 2010 Revision 
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Werding (2008) that labor force demographics are strongly linked to total factor productivity 

(TFP). More specifically, this paper looks into the trend of demographic change and productivity 

between 1992 and 2007 to analyze whether 1) the age structure of a workforce is related to 

productivity and 2) if it is, then in which direction and to what degree. Factors such as female 

employment will also be considered in the analysis. The economies at interest are largely divided 

into developed and developing economies to compare and contrast in more detail, because the 

labor compositions of the two groups are distinct.  

This paper uses the framework of Feyrer (2007) and Werding (2008), but is different in 

two aspects: first, this paper uses annual data between 1992 and 2007, a relatively stable and 

homogeneous economic environment; second, this paper looks into the role that female labor 

demographic structures play in TFP. In doing so, this paper aims to 1) challenge the conventional 

belief that an aging population will cause for a decrease in  its productivity, 2) analyze the 

dynamic between and within developed and developing economies in coping with demographic 

change, and 3) suggest strategies to cope with a demographic transition from the perspective of 

productivity. 

This paper is organized as follows: after the literature review in Chapter 1, the 

methodology and data are presented in Chapter 2. Chapter 3 examines the results. Finally, policy 

implications are discussed in Chapter 4. 
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CHAPTER 1 LITERATURE REVIEW 

Population has often been considered an important factor in economic development 

literature. Between the 16th and 18th century, Mercantilists viewed population as a driver for 

wealth. Malthus is one of the scholars who had a doomsday view on population growth and 

development over a century ago (1798), challenging Mercantilist beliefs. The pessimistic 

prediction of Malthus, which is often referred to as the Malthusian trap, had not been realized 

thanks to technological development that supported the exponentially growing population. 

However, new light was shed upon Malthus’ claim 160 years later by Ehrlich (1971) and the 

Club of Rome (Meadows, 1972; Meadows, Randers, & Meadows, 2004), when the population 

growth was accelerated once again. Additional technological development and changes in 

fertility pattern made the new worries a missed omen. 

Literature on fertility is a way of assessing the economic impact of population change. 

Barro (1991, 1996) finds significant positive effects of low fertility on the growth rate by 

analyzing 98 and 100 countries between 1960-1985 and 1960-1990, respectively. Pritchett (1994) 

and Miller (2010) focus on the effect of lowering fertility on development to conclude that lower 

fertility has a positive effect on economic development in the sense that it is related to higher 

female education and employment. 

Population is also a basic component of labor. The classical model of growth theory, or 

Solow-Swan growth model, is an expansion of a long-term growth model of Harrod-Domar by 

including labor in addition to savings and capital (Domar, 1946; Harrod, 1939; Solow, 1956). 

The Harrod-Domar model predicts population growth to have a negative impact on economic 

development by lowering GDP per capita. On the other hand, the Solow-Swan model has an 
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ambiguous view because population growth also adds to labor. Kelley and Schmidt (1995) also 

analyze the relationship between changes in total population and economic development. 

However, as the research of Hall and Jones (1999) among others has pointed out, physical 

and human capital, the main predictors of the classical growth model, explains only part of the 

income differences across countries. They argue that productivity and infrastructure such as 

institutions and government policy also play an important role. 

Bloom and Canning(2008) and Bloom and Williamson (1998) are among the first 

researchers who focused on the population composition and its effects on the economic 

development. By comparing the trend of dependency ratio or the proportion of working age 

population with economic development in the world and Asia, respectively, the authors conclude 

that a high working population proportion positively affects economic growth. 

Feyrer (2007), and Werding (2008) scrutinize the relationship between productivity and 

demographic composition of laborers. The authors group laborers in 10-year age groups to 

conclude that the labor composition by age is significantly correlated with output and country 

productivity, or TFP.  The two research studies show that labor force demographics are strongly 

linked to TFP, and relatively older age labor groups, especially over 40, are positively correlated 

with productivity, while large cohorts aged 15-39 demonstrate significantly lower productivity. 

The effects of the female labor force are another focus of this paper. Pampel and Tanaka 

(1986) argue that development initially forces women out of the labor force, but as the economy 

advances, female participation is increased. Goldin (1994) discusses U-shaped female labor force 

participation, a pattern that differs significantly from male labor participation.  
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CHAPTER 2 METHODOLOGY AND DATA 

Conceptual Model 

The core hypothesis of this research is that the age structure of the labor force affects 

productivity, especially the middle-aged labor force, which is more likely to be professionally 

skilled. Borrowing the framework of Feyrer (2007), this study assumes that per capita log output 

yi,t in country i at time tis a function of a time invariant country fixed fi, a time trend common to 

all countries μt, and a vector of explanatory variables xi,t.. 

yi,t = fi + μt +βxi,t+ ui,t        (1) 

In order to deal with a possible serial correlation in the error term, the panel structure of the data 

was exploited, and standard errors are clustered by country.  

Explanatory variables used are labor force by 10-year age groups, such as the age group of 

20-29, labeled as 20L. For the purposes of assessing the demographic structure, age groups are 

compared in relative size or in proportion. All labor force over 60 is grouped in one group as 

L60+. L15 is the only group with a 5-year age gap (between 15 and 19), as those under 14 are 

generally not considered as part of a labor force. L40 is excluded, as the sum of all labor force 

groups is 1, and also because it is a strongly correlated group with high productivity in the 

models. 

The dependent variable of productivity is calculated as a Solow residual as in the studies of 

Feyrer (2007), and Werding (2008). In an attempt to assess the channels of output that 

demographic composition of labor functions, this paper follows Feyrer (2007) and Werding 

(2008) who divided output contribution into categories of physical capital, human capital, and 

productivity using the framework of Hall and Jones (1999). 
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Using the Cobb-Douglas production function with output per worker 𝑞𝑖𝑡, capital per 

worker 𝑘𝑖𝑡, human capital per worker ℎ𝑖𝑡, TFP 𝐴𝑖𝑡, and 𝜅𝑖𝑡=k/q output per worker can be 

described as follows: 

𝑞𝑖𝑡 = 𝑘𝑖𝑡𝛼(𝐴𝑖𝑡ℎ𝑖𝑡)1−𝛼 = 𝜅𝑖𝑡
𝛼/(1−𝛼)𝐴𝑖𝑡ℎ𝑖𝑡.      (2) 

Its logged function leads to an output function  

ln 𝑞𝑖𝑡 = ln𝐴𝑖𝑡 + 𝛼
1−𝛼

ln 𝜅𝑖𝑡 + ln ℎ𝑖𝑡.       (3) 

This formula allows for composing the contribution of the three channels of output, namely, 

physical capital, human capital, and TFP, in the function of output per capita. 

To separate productivity, (3) can be rewritten as a TFP function of  

ln𝐴𝑖𝑡 = ln 𝑞𝑖𝑡 −
𝛼

1−𝛼
ln 𝜅𝑖𝑡 − ln ℎ𝑖𝑡.       (4) 

A value of 1/3 is used for the value of capital share of output α , which Gollin (2002) assumes to 

be similar across countries.  

Following Feyrer (2007), and Werding (2008), the output q is assumed to be a function of 

the labor force. Indexing the labor force composition with 𝐿𝑠𝑖𝑡by Λ, which denotes the share of 

labor force in the age group s, would lead to 

Λ𝑖𝑡 = 𝑒∑ 𝛽𝑠𝐿𝑠𝑖𝑡𝑛
𝑠=1 .         (5) 

Adding (5) to (4) yields a productivity function as follows 

ln𝐴𝑖𝑡 = ln 𝛾𝑖𝑡 + lnΛ𝑖𝑡 = ln 𝛾𝑖𝑡 + ∑ 𝛽𝑠𝐿𝑠𝑖𝑡𝑛
𝑠=1       (6) 

which are expressed in the composition of an age-specific labor force. The function of physical 

capital and human capital from (3) can be rewritten in a similar fashion, which allows them to be 

assessed with demographic composition of labor. 
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The research of Feyrer (2007), and Werding (2008) assess the model with productivity 

growth in addition to productivity level, but this paper only looks into productivity level because 

the growth rate of productivity is very small. It is because 1) the years being examined are 

relatively smaller at15 years, and 2) this paper uses annual data unlike the 5-year interval data 

used for the previous papers. 

Data 

This thesis tracks productivity and demographic composition of labor in developed and 

developing countries between 1992 and 2007.  

The main sources of data are the International Labor Organization (ILO) and the Penn 

World Tables (PWT). ILO data is used for data on labor demographic composition. LABORSTA 

from ILO comprises cross-country data on the number of workers by 5- or 10-year age groups 

between 10 and 65 from 113 countries.  

The data are collapsed to ten-year age groups to reduce the number of coefficients in the 

model, with an exception of the 15-19 age group, L15, and over 60 group, L60p. Labor force 

below 14 is excluded because those in this age group are usually considered outside the labor 

force. The age group over 60 is categorized in one group, because formal and informal 

retirement age varies.  

When some labor groups are reported in overlapping age groups only in ILO data, such as 

25-34 and 35-44, the age group is decomposed to be regrouped to match 10-year age groups 

starting at 20 and 30. In doing so, population ratios from national statistical offices are used 

instead of labor force ratios due to lack of data. Japan, Switzerland and the United Kingdom are 
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the countries that are adjusted. The labor force data for the United States are from the Current 

Population Survey of the Bureau of Labor Statistics, because ILO data was unavailable.  

Productivity and output measures, except human capital, are from Pen World Tables (PWT) 

version 7.0, 2011. PWT combines data from World Bank, OECD, and EU data, and provides the 

data for 189 countries. The list of variables used from PWT is as follows: Output per laborer or 

GDP per worker; capital per capita or investment share of GDP per capita.  

One of the three channels of output, human capital (or quality of labor) is measured by 

average years of education for adults, from UNDP HDI. Data were reported 5-year interval until 

2000, and annually after then. Missing years are filled in with data from the most recent previous 

years, and if the data does not exist, from the most recent following years. The adjustment was 

possible because the changes in average education for adults are minimal within a 15-year 

interval. 

To compare the productivity gap between advanced economies and emerging and 

developing economies, IMF classification from World Economic Outlook 2011 is used (2011). 

The report classifies 35 economies as advanced economies, and 150 economies as emerging and 

developing economies. IMF classification includes non-state economies, such as Hong Kong and 

Macau. 35 economies among the data analyzed are classified as advanced economies, and 32 

were categorized as emerging and developing economies according to IMF category (Appendix 

C). 
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CHAPTER 3 RESULTS 

Demographics and Output 

Table 1 compares the relationship between labor age structure and three channels of output 

using panel data analysis with fixed effect. The channels of output in each column are as follows: 

logged GDP per worker or output for column 1; logged TFP per worker or productivity for 

column 2; logged investment share of GDP per capital, or physical capital for column 3; and 

logged average adult education, or human capital for column 4. The results from the first two 

columns show that age composition of the labor force is highly related to output and productivity.  

Table 1Effect of Labor Force Composition on Output – Channels 

 (1) (2) (3) (4) 
 log(q) log(A) Log(κ) log(h) 

L15 -1.05125** -1.47624** 0.16855 0.30599 
 (0.37037) (0.46248) (0.23982) (0.23584) 

L20 -0.90383** -0.81876** 0.44405** -0.58714** 
 (0.20792) (0.25982) (0.13463) (0.13058) 

L30 -0.99321** -1.04030** 0.18112 -0.16780 
 (0.18575) (0.23936) (0.12028) (0.11934) 

L50 3.746485** 4.01281** -1.17290** 1.00566** 
 (0.18880) (0.24849) (0.12225) (0.12342) 

L60+ -1.80837** -2.31308** 0.561253* -0.05227 
 (0.32180) (0.40080) (0.20837) (0.19915) 

Constant 10.49825** 11.98540** -3.68897** 2.21732** 
 (0.02284) (0.02829) (0.01479) (0.01450) 

Observations 558 536 558 541 
Economies 67 64 67 64 
Within R2 0.5064 0.4235 0.1996 0.1680 

Between R2 0.2972 0.2194 0.3376 0.3347 
Overall R2 0.2627 0.1793 0.2822 0.3014 

 

Standard errors in parenthesis 
+ significant at 10%; * significant at 5%; ** significant at 1% 



11 
 

The contribution of higher age groups of laborers is clearly shown. The contribution to output 

and productivity are in a roughly inverse U-shape, peaking at the age group of 50-59 in the labor 

force.  

The peaking point from the analysis above is older than the results from previous studies 

by Feyrer (2007) and Werding (2008), whose peaks are the age group of 40-49. Given that the 

previous studies look into data dating back to 1965, different peaking points suggest that the 

productive group has been pushed back or elongated as population aging intensified. 

The relationship between labor force composition and output channels of physical capital 

and human capital in columns (3) and (4) are less apparent. The only statistically significant 

groups are L20 and L50 and the direction of contribution is the inverse of columns (1) and (2) for 

physical capital. 

Following this result, this paper uses logged TFP per worker as the dependent variable for 

all models in following sections.  

Advanced and Emerging Economies  

Table 2 compares the effect of labor force composition on TFP by economic development 

level. While L20 is insignificant in all three groups, the inverse U-shape correlation between age 

groups and productivity is observed. The coefficient in the all countries model in column (1) and 

Advanced Economies in column (2) peak at L50 as shown in the previous section. 

The model for emerging and developing economies only has a few statistically significant 

age groups, L50 and L60+, but the direction of coefficients follow the pattern of all countries and 

advanced economies models. It is worth noting that the magnitude of the coefficient is higher for 

emerging and developing economies compared to advanced economies.  
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Table 2 Effect of Labor Force Composition on TFP by Economic Level 

 (1) (2) (3) 
 Log(A) Log(A) Log(A) 
 All  

Countries 
Advanced  
Economies 

Emerging and 
Developing 
Economies 

L15 -1.17773** -0.96888+ -0.37876 
 (0.44712) (0.54912) (0.79142) 

L20 -0.23178 -0.96888 -1.35976* 
 (0.26261) (0.54912) (0.55002) 

L30 -0.6967** -1.35288** 0.101939 
 (0.23984) (0.26024) (0.43260) 

L50 2.357424** 1.973264** 3.611908** 
 (0.32762) (0.35320) (0.68291) 

L60+ -2.00568 1.241362+ -3.28281** 
 (0.38742) (0.70526) (0.53109) 

Constant 11.89083** 12.23517** 11.29284** 
 (0.05692) (0.06703) (0.10276) 

Observations 558 336 200 
Economies 67 32 32 
Within R2 0.5064 0.5529 0.6238 

Between R2 0.2972 0.0169 0.0736 
Overall R2 0.2627 0.0006 0.1022 

 

Another pattern to be noted is that in advanced economies, the labor group L60+ shows a 

positive coefficient unlike all countries (1) and emerging and developing economies (2), even 

though the coefficient still peaks at L50. 

Gender and Output 

Table 3 compares the correlation between female labor force composition and productivity 

by economic development level. Female labor force composition is known to be distinct from  

Standard errors in parenthesis 
+ significant at 10%; * significant at 5%; ** significant at 1% 
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Table 3 Effect of Female Labor Force Composition on TFP by Economic Level 

 (1) (2) (3) 
 Log(A) Log(A) Log(A) 
 All  

countries 
Advanced  
Economies 

Emerging and 
Developing 
Economies 

L15 -1.40241** -1.38453* -0.57349 
(0.43992) (0.54646) (0.78427) 

L20 0.329643 0.324172 -0.58787 
(0.22413) (0.25587) (0.49534) 

L30 -0.59119** -1.18819** -0.16737 
(0.22700) (0.24695) (0.41520) 

L50 1.430576** 1.006371** 3.110156** 
(0.27201) (0.27568) (0.60273) 

L60+ -1.67388** 2.113446** -3.45541** 
(0.37586) (0.71900) (0.52936) 

Constant 11.87172** 12.22142** 11.3193 
(0.05876) (0.07037) (0.10656) 

Observations 525 335 190 
Countries 62 32 30 
Within R2 0.4668 0.5353 0.6119 

Between R2 0.1051 0.0572 0.0498 
Overall R2 0.0632 0.0122 0.0971 

 
 

male labor force composition in that labor participation in middle aged groups is relatively lower 

than other groups because many female workers leave work during the average child-raising age. 

The pattern is described as U-shaped labor participation (Goldin, 1994), showing a relatively 

small proportion in the middle-aged labor force, usually in age group between 30-39. 

Given the U-shaped female labor composition, the analysis on female labor only by age 

and productivity gives some interesting comparison with the all gender model. In more detail, it 

is because the relative size of the more productive group in U-shaped pattern is larger in female 

Standard errors in parenthesis 
+ significant at 10%; * significant at 5%; ** significant at 1% 



14 
 

labor composition than in all gender model, for the relative size of the labor age group between 

30-39 is smaller for female labor force.  

The significance of the models and coefficients follow a similar pattern across economic 

groups in that the demographic composition of labor explains productivity better for all countries 

(1) and advanced economies (2) relative to emerging and developing economies (3). Moreover, 

the size of coefficients of L50 and L60+ is also larger for emerging and developing economies 

than advanced economies.  

Another pattern to be noted is that labor groups by age in advanced economies show a 

perfectly inverse contribution to productivity because it peaks at L60+ instead of peaking at L50 

in the all countries model. However, the contribution in L60+ for emerging and developing 

economies are completely opposite, as the age group is the most strongly negatively correlated 

with productivity. Nevertheless, L50 and L60+ are the only two statistically significant age 

groups in the model for emerging and developing economies, and may have distorted the 

magnitude of the coefficients.  
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CONCLUSION AND PUBLIC POLICY IMPLICATIONS 

This paper examines the age composition of the labor force of 67 economies between 1992 

and 2007 and its relationship to TFP. The empirical result shows that the age composition of the 

labor force is strongly related to productivity, and the high ratio of a relatively older labor force, 

which generally peaks at the age group between 50-59, adds to productivity.  

The study confirms previous studies of Feyrer (2007) and Werding (2008) that age 

structure of the labor force is highly correlated with productivity, showing an inverse U-shape 

pattern. The empirical results show that unlike the conventional belief that an aging population 

will cause for a decrease in productivity, a larger proportion of older working population is 

correlated with a high TFP of a country. 

Unlike the previous studies, the age group that has highest correlation with productivity is 

older, at the age group of 50-59, than shown in previous studies at the age group 40-49. One 

possible explanation is that the previous studies track data from 1960s to 1990 or 2000 while this 

paper uses a more recent timeframe at 1992 and 2007.  

Grouping the economies by economic development level shows that the patterns are 

clearly distinct in the older age groups. In advanced economies, the age group of workers over 60 

is more productive than age groups below 50, while the same group is the least productive group 

in the emerging and developing economies.  

This may explain the widening productivity gap between advanced and emerging 

economies, along with a faster aging pace in advanced economies in comparison to emerging 

economies.  
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Assessing the model with female labor force only, the starkest contrast also comes in the 

age group over 60: the contribution to productivity is the highest in the age group for advanced 

economies, while the same age group shows strong negative relation in the emerging and 

developing economies. Given that female labor participation is generally inverse U-shaped, the 

high productivity of female workers after they are returned to the workforce suggests a few 

policy implications. 

The above empirical results suggest a few policy implications. First, because the results 

show that skilled older labor groups contribute to TFP more than young laborers, measures for 

workers to stay in labor force longer will lead to higher productivity in the economy. Giving 

incentive to workers to work longer, possibly after the retirement age can be considered. 

Second, institutions to help female labor back to the labor force after their child bearing 

and raising period should be provided to increase productivity. These measures would contribute 

to both developed economies and emerging and developing economies, though the contribution 

by specific age groups would differ: all age groups over 50 are related with high productivity in 

developing economies, while the labor force in developing economies between 50-59 are nearly 

three times productive than that of developing economies, the labor force over 60 is substantially 

unproductive. 

Third, investment in job training and in-service training, to expand the skilled period in 

both in advanced economies and emerging and developing economies should be considered. The 

empirical results shows that smaller proportion of younger labor force are much less productive 

than older and skilled labor force. Therefore, measures to raise skillfulness of the younger 

laborer may be more effective than measures to increase inflows of the new labor force in 
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increasing productivity. This may be extended to the claim that the measures to raise fertility 

may not be more effective in terms of productivity than measures to train labor force better. 

The scope of the study only extends to understand the correlation between labor force 

composition and productivity, but has not stretched to analyze the causes for inverse U-shaped 

productivity pattern by the labor force composition. This should be left to the further research. 

Differences in industry sector that are associated with each age group may be a possible 

explanation, especially to explain the difference in pattern between developed economies and 

emerging and developing economies. For instance, the differences in the working age between 

white and blue collar workers may suggest a possible explanation: white collar workers are more 

likely to start working later in their life and keep working for extended period in comparison 

with blue collar workers. 

The demographic patterns of a population by age, as well as labor force composition, 

changes very slow over time. In addition, once a pattern is set, the trend is hard to change in the 

short run. This paper suggests the positive correlation between older labor groups and 

productivity, and may imply that existing productivity gap between the countries are likely to 

persist in the near future, as long as the aging pattern maintains.  

This may be discouraging for developing countries, in the sense that demographic pattern 

is resistant in the short run. However, this paper also suggests ways to improve productivity 

without changing the age composition of the labor: by increasing highly skilled labor force 

through training and female labor in older age groups. Further research to understand the 

contributors to productivity in older labor force will suggest more applicable measures. 
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APPENDIX A KERN-LEE INDEX: A NEW DEMOGRAPHIC INDEX 

This paper proposes a new demography index, Kern-Lee index, to describe the 

demographic composition of a population. The index is constructed by substituting income with 

age in the formula of GINI Coefficient, which compares the areas on the Lorenz curve diagram 

with the line of perfect equality. Borrowing the formula with a discrete probability function f(y), 

the formula for the new index is as follows: where points yi, i = 1 to n are indexed in increasing 

order (0<yi < yi+1), which has non-zero probabilities,  

D = 1 −
∑ 𝑓(𝑦𝑖)(𝑆𝑖−1 + 𝑆𝑖)𝑛
𝑖=1

𝑆𝑛
 

Where 𝑆𝑖 = ∑ 𝑓(𝑦𝑖)𝑦𝑖𝑖
𝑗=1  and 𝑆0 = 0 

 
Just as interpreting the Gini coefficient, lower index level shows more even distribution in 

the age structure, while higher index level describes relatively uneven distribution. In other 

words, countries with expansive population pyramid would have low values of the demography 

index, while countries with stationary or constrictive pyramid would have high values of the 

index. 

Figure 1 graphs calculated result by using 5 year age groups from the United Nations 

World Population Prospects, the 2010 Revision data. While the index generally shows 

decreasing trend in last half a century, the gap between more developed regions and least 

developed regions are widening. It also reflects the progress of demographic transition in the 

world, and faster rate of ageing in more developed region.  
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APPENDIX B DESCRIPTIVE STATISTICS 

  Variables      
Economic 
Developme
nt Level 

Gender Labor 
Force by 
Age 
Groups 

Observati
ons 

Mean Std Min. Max. 

All 
countries 

Men 
and 
Women 

L15 563 0.041001 0.032387 0 0.140985 
L20 563 0.220402 0.05908 0 0.35597 
L30 563 0.249316 0.063334 0 0.38748 
L40 563 0.229674 0.062477 0 0.328837 
L50 563 0.148697 0.050047 0 0.252427 
L60+ 563 0.041001 0.032387 0 0.140985 

Advanced 
Economies 

Men 
and 
Women 

L15 352 0.035065 0.024641 0 0.085088 
L20 352 0.211936 0.049919 0 0.309219 
L30 352 0.253617 0.060083 0 0.347332 
L40 352 0.240673 0.05628 0 0.328837 
L50 352 0.161964 0.045928 0 0.252427 
L60+ 352 0.053152 0.034286 0 0.239137 

All 
countries 

Female L15 552 0.041596 0.03407 0 0.175299 
L20 552 0.229516 0.066795 0 0.472148 
L30 552 0.252711 0.063627 0 0.358714 
L40 552 0.233973 0.066583 0 0.330874 
L50 552 0.141789 0.05463 0 0.254331 
L60+ 552 0.045008 0.035777 0 0.264038 

Advanced 
Economies 

Female L15 351 0.037164 0.026877 0 0.110442 
L20 351 0.226032 0.057935 0 0.387738 
L30 351 0.256757 0.059132 0 0.348892 
L40 351 0.242729 0.059039 0 0.327516 
L50 351 0.153185 0.051687 0 0.254331 
L60+ 351 0.043068 0.035841 0 0.264038 

All 
countries 

Men 
and 
Women 

log(q) 559 10.46462 0.706295 7.288135 11.6898 

log(A) 537 11.95934 0.915289 7.923553 13.64833 
Advanced 
Economies 

Men 
and 
Women 

log(q) 348 10.9013 0.32066 9.661418 11.6898 

log(A) 336 12.48203 0.532555 10.63358 13.64833 
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APPENDIX C LIST OF ECONOMIES ANALYZED BY IMF CATEGORY 

Advanced Economies Emerging and Developing Economies 

Australia 
Austria 
Belgium 
Canada 
Cyprus 
Czech Republic 
Denmark 
Estonia 
Finland 
France 
Germany 
Greece 
Hong Kong, China 
Macau, China 
Iceland 
Ireland 
Israel 
Italy 
Japan 
Korea, Republic of 
Luxembourg 
Malta 
Netherlands 
New Zealand 
Norway 
Portugal 
Singapore 
Slovakia 
Slovenia 
Spain 
Sweden 
Switzerland 
Taiwan 
United Kingdom 
United States 

Albania 
Argentina 
Barbados 
Bolivia 
Botswana 
Brazil 
Bulgaria 
Chile 
Colombia 
Costa Rica 
Croatia 
Cuba* 
Dominican Republic 
Ecuador 
Georgia 
Hungary 
Indonesia 
Kyrgyzstan 
Latvia 
Lithuania 
Madagascar 
Mauritius 
Mexico 
Pakistan 
Panama 
Peru 
Poland 
Romania 
Russian Federation 
Turkey 
United Arab Emirates 
Uruguay 

Source: IMF. (2011). World Economic Outlook: Slowing Growth, Rising Risks. Washington, 
D.C.: International Monetary Fund. 
Note: Cuba was not in the IMF list, but this study categorized Cuba as emerging and developing 
economies. 
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