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Since the last half of the twentieth century, population ageing has increasingly become a 

problem for countries all over the world. The literature on population ageing is very well-

established, however, it is lacking in one significant respect. That is, hardly any research has 

been done on how population ageing may affect international trade. Therefore, this thesis seeks 

to establish this effect. As populations age, their old-age demographic dependency ratios 

increase. Furthermore, following life-cycle theory, the private consumption of the elderly 

decreases. With these facts in mind, an extensive gravity model of international trade is 

estimated, to gauge the effect of ageing on international trade, both through the use of 

dependency ratios, as well as self-constructed consumption ratios. Data from the NTA and 

AGENTA projects are used for these. I find support for my hypotheses that bilateral trade 

decreases as the dependency ratio of the importer, or the consumption ratio of the importer 

increases, but I find only partial support for my hypothesis that bilateral trade decreases in 

categories where the elderly are expected to consume less. Still, I find that the population age 

structure, and thus population ageing, influences bilateral trade, which is highly relevant for 

our ageing world. 
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1. INTRODUCTION 

Worldwide, countries are witnessing rapid rates of population ageing. This process, which 

entails a shift in a population’s age distribution to older ages, is troubling policymakers not 

only in developed countries, but increasingly so in developing countries, too (Bengtsson, 2010; 

Jafrin, Mahi, Masud & Gosh, 2021). This can be seen in Figure 1. Nearly all the world’s regions 

are experiencing a shift towards higher shares of people aged 65 years and over. As can be seen 

in the figure, this shift is most pronounced in Europe and North America, as well as Australia 

and New Zealand, and Eastern and South-Eastern Asia (United Nations, 2019). Still, virtually 

all countries are seeing their population’s shares of elderly increase, and this increase is 

predicted to continue (Bengtsson, 2010; United Nations, 2015). For example, Sweden saw its 

share of people aged 65 years and over increase from 8% to 17% between 1900 and 2000, and 

the prediction is that it will rise even further, to reach 24% in 2050 (Bengtsson & Scott, 2010). 

A similar picture can be painted for, for example, Japan, Puerto Rico, and South Korea (United 

Nations, 2022).  

 

 
Figure 1. Share of population aged 65 years or over, over time, varying by SDG region 

Source: United Nations (2022). 

 

Population ageing is not a new phenomenon, however, as some developed countries already 

started experiencing ageing in the early 20th century (United Nations, 2015). It is only recently 

that it has started to become a problem, hence its policy importance. Namely, population ageing 

can be divided into two stages (Bengtsson & Scott, 2011). In the first stage, the increasing share 

of elderly is still compensated for by the fast decline in fertility. This fertility decline led to a 

decrease in the share of youth, which more than compensated for the increase in the share of 
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elderly, even leading to a decline in the demographic dependency ratio. In this stage, the 

working ages are thus strengthened, and population ageing is thus beneficial (Ehmer, 2017; 

Bengtsson & Scott, 2011). However, in the second stage, the current stage, ageing starts to 

become a problem. In this stage, fertility levels have stabilised at low levels and ageing 

becomes driven by a decline in old-age mortality rates, which pushes dependency ratios 

upwards (Bengtsson & Scott, 2011). The increase in life expectancy leads people to spend more 

time outside the labour force than in it, contrary to the increased time spent in the labour force 

during the first stage (Bengtsson, 2010; Lee, 1994; Rau, 2017). Therefore, ageing in the second 

stage puts pressure on how consumption of the elderly is funded, leading it to affect economic 

growth, and therefore potentially trade, too.  

 

It can thus clearly be stated that population ageing will have far-reaching economic effects. 

Indeed, much attention has been devoted to how population ageing may influence pension 

systems. Namely, with an increasingly higher number of retirees relative to the number of 

people in the labour force, the budgetary pressure on pensions rises (Lindert, 2004). For 

example, Blake and Mayhew (2006) research the viability of the pension system of the United 

Kingdom. Similar analyses have also been done for other countries, such as China (Li & 

Mérette, 2005) or Belarus (Lisenkova & Bornukova, 2017).  

 Another part of the population ageing literature is aimed at the effect of population 

ageing on inequality, where a positive effect is often found (Deaton & Paxson, 1994). The 

channel through which population ageing leads to rising inequality is still heavily debated, 

though, as not all explanations seem to be complete (Wang, Wan, Luo & Zhang, 2017).  

 Research has also considered the effect of ageing on economic growth. Bloom, Canning 

& Fink (2011) have researched this effect and have considered the channels of labour-force 

participation as well as savings rates. An ageing population will have lower labour-force 

participation rates and savings rates. Consequently, less labour and less capital flow into ageing 

economies, which could have strong effects on economic growth as the ability to expand 

production decreases. However, this effect is different for every country, as economic 

behaviour and policies are of high importance in its mitigation (Bloom et al., 2011). Maestas, 

Mullen and Powell (2016) estimate the effect of population ageing on GDP growth in the 

United States. They, too, find that the size of the labour force is an important channel, but even 

more so is the slower growth in labour productivity of workers over the age distribution. 

 The effect of population ageing on consumption has also been reviewed. Specifically, 

according to the life-cycle hypothesis, consumption expenditures differ over the life cycle 
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(Modigliani & Brumberg, 1954). Stöver (2012) considers the link between population ageing 

and consumption in Germany, whereas Lefèbvre (2006) has done so for Belgium. Both 

consider the sectoral composition of consumption and find that there are indeed effects of a 

changing population age structure on the structure of aggregate consumption.  

 

There is thus no lack of research on the economic effects of population ageing. Nonetheless, 

there is one area that has been widely overlooked, namely, the effect of population ageing and 

international trade (Tian, Yao, Yu & Zhou, 2011). Given the numerous effects of ageing that 

are found on economic factors relevant to trade, such as economic growth and consumption, it 

comes as a surprise that this effect has not been given proper attention.  

Where research has been done on the relationship between population and trade, 

population is given a very rudimentary role. For example, Maddison (1995) considers the effect 

of population growth on trade. However, this view is very simplistic, as it disregards many 

important qualities of the population, such as its age structure. As the changes visible in Figure 

1 point out, this characteristic should not be omitted. One needs to consider, for example, which 

share of the population might be productive, to draw meaningful conclusions about population 

growth and trade growth.  

The research that does exist on population age structures and trade only examines topics 

related to trade, not necessarily international trade itself. Examples of this research are the 

influence of age structure on comparative advantages and trade openness (see Cai & Stoyanov, 

2013, and Fukumoto & Kinugasa, 2017). Significant effects are found between population 

ageing and these trade-related constructs. Still, the only paper that, as of yet, considers the 

relationship between age structure and international trade directly, is that of Tian et al. (2011). 

They contend that demographic structure has both a scale and a structural effect on trade, where 

the scale effect refers to how a low demographic dependency ratio of the exporter allows them 

to produce and thus export more, and where the structure effect refers to how the export 

composition changes as factor endowments change (Tian et al., 2011). They analyse a gravity 

model of international trade on a panel dataset with 176 countries from 1970 to 2006. The 

evidence they find is consistent with their predictions, as both the dependency ratios of the 

exporter, as well as the importer, show a significant negative effect. However, the gravity 

model that they utilise is rather narrow; many of the gravity variables that the literature deems 

required, are missing (Tian et al., 2011; Yotov, Piermartini, Monteiro & Larch, 2016).  
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Therefore, this research will analyse how a population’s age structure influences international 

trade by utilising a more widely accepted specification of the gravity model of international 

trade, augmented with several variables to proxy for population age structure. This research is 

a continuation of my previous thesis, where I also considered the impact of population ageing 

on international trade through the use of demographic dependency ratios (Meijer, 2022). Still, 

I make a clear contribution to the literature. Namely, this research contributes to the literature 

on population ageing, in particular, the strand focusing on international trade, which is heavily 

underdeveloped. As elaborated upon above, no research focuses directly on the effect of ageing 

on international trade, apart from the analyses by Tian et al. (2011). The model specified in this 

research is, therefore, a wider specification of the gravity model than theirs, taking into account 

more relevant variables (Tian et al., 2011, see also Meijer, 2022). What this research seeks to 

add above all, and what it expands upon relative to my previous work, is the consideration of 

the effect of the changing consumption structure of ageing populations, following the life-cycle 

theory (Modigliani & Brumberg, 1954). Namely, the level of private consumption throughout 

the life course is expected to affect import demand. To that end, this research focuses on the 

population age structure of the importing country. Therefore, the following research question 

is defined: 

 “Does the age structure of the importer’s population influence the level of bilateral trade?” 

To aid in answering this research question, three sub-research questions can be defined. First, 

“Does the dependency ratio of the importer influence the level of bilateral trade?”, and second, 

“Does the change in consumption over the life course influence the level of bilateral trade as 

populations age?”, and third, “How does bilateral trade change as populations age?” These 

research questions are answered using three datasets. The first is a panel dataset considering 

38 importing countries and 199 exporting countries in multiple years between 1980 and 2019, 

the second is a cross-sectional dataset considering 25 European importing countries and 199 

exporting countries in the year 2010, the third is a disaggregated version of the same cross-

sectional dataset considering 25 European importing countries and 199 exporting countries in 

the year 2010. The first sub-research question shall be answered using old-age demographic 

dependency ratios based on data from the United Nations (2022). I find support for my 

hypothesis that the importer’s dependency ratio has a significant negative effect on bilateral 

trade. The second sub-research question shall be answered using newly calculated consumption 

ratios based on data from the NTA project and the AGENTA project, and as such will take into 

account both changing age structures, as well as changing private consumption levels 

throughout the life course. I again find support for my hypothesis that the importer’s 
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consumption ratio has a significant negative effect on bilateral trade. To further dive into the 

reason behind these effects, I also estimate several models where trade is disaggregated into 

different industries, to see which industries might be driving this negative effect. These models 

shall be used to answer the third sub-research question, through which I find only partial 

support for my hypothesis that the importer’s consumption ratio has a significant negative 

effect on trade categories of which the elderly are expected to consume relatively little.  

 

In Section 2, I will elaborate upon the literature. I examine the literature on population ageing 

and its economic consequences, international trade, and life cycle theory, respectively. This 

section gives a good view of the gap in the literature that this research intends to fill. Section 3 

shall discuss the methodology of the gravity model that is to be estimated, as well as the 

characteristics of the datasets that are used to estimate the models. Section 4 carefully examines 

all estimations. It will first review the estimations with the old-age demographic dependency 

ratios and the estimations with the consumption ratios, then turn to some sensitivity analyses, 

and then consider the disaggregated estimations with the consumption ratios. Finally, Section 

5 discusses the implications of the results, the limitations of this research, as well as the 

recommendations for future research, and concludes. As this research is a continuation of my 

previous work, there may be some overlap in several sections. This is the case for Section 2, 

which considers some of the same sources, and Section 3, as the parts of the methodology and 

data are similar.   
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2. LITERATURE REVIEW 

Population ageing has gained much attention since the second half of the 20th century. Though 

theories about the population’s age distributions have already been around for quite some time, 

the world’s population still had a very young age structure. Population ageing was thus not an 

issue, even though many Western countries were already well into their demographic transition 

(Goldstein, 2009). This has changed drastically since the 1960s, as fertility decreased and life 

expectancy rose (Bengtsson, 2010; Goldstein, 2009).  

The process of population ageing started in Western Europe, where it was driven 

primarily by fertility declines (Bengtsson & Scott, 2010). It is often assumed that longevity 

increases are the main cause of population ageing, however, the process is unmistakably more 

complicated than that. Indeed, individual ageing is not the same as population ageing. Coale 

(1957) demonstrated the importance of fertility decline by showing that the age structure would 

have remained unchanged were it not for the decreasing fertility rates. Specifically, fewer births 

reduce the share of young persons in society and ultimately lead to a higher share of the elderly. 

It was only when fertility rates stabilised at low levels, therefore, that increased life expectancy 

started to propel population ageing. Videlicet, up until then, increases in longevity were driven 

by reductions in infant and child mortality, which only resulted in a rejuvenation of the 

population as more people in younger age groups remained. However, when longevity 

increases started to be driven by old-age mortality decreases, as fewer people were taken out 

of older age groups, it started to contribute to population ageing (Bengtsson, 2010; Bengtsson 

& Scott, 2011; Goldstein, 2009; United Nations, 2015).  

 As hinted at in the introduction, population ageing has widespread effects. This section 

seeks to review research in several strands of ageing literature, and proposes hypotheses to aid 

in this research. First, a closer look will be taken at several economic consequences of 

population ageing, to highlight the interconnectedness of demography and the economy. Then, 

the sparse literature on population ageing and international trade will be further elaborated 

upon, which demonstrates a clear gap in the literature. There is some degree of overlap between 

this section and my previous work (Meijer, 2022). Finally, the literature on population ageing 

and consumption life-cycle theory will be reviewed. This aids in the explanation of how this 

thesis intends to expand the demography and trade literature.  
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2.1. Population Ageing and its Economic Consequences 

The effects of population ageing are already far-reaching. Ageing is a result of the worldwide 

progression in health and well-being, which reduces the mortality risks worldwide and allows 

people to live longer and healthier (United Nations, 2015). This undoubtedly has many positive 

effects, for example as individuals have better opportunities to pursue new interests or new 

careers later in life, as families receive support from the elderly both financially as well as with 

household work, and as societies benefit from civic contributions of the elderly (Ehmer, 2017; 

United Nations, 2015). Nevertheless, population ageing is plagued by many negative effects, 

as the advancement of health and well-being are leading to concerns (Rowland, 2009).  

 

Namely, as Ehmer (2017) expresses, as a result of ageing, we now see the very institutions that 

were meant to promote health and well-being under pressure. Unarguably the most attention in 

the literature is devoted to the effects of population ageing on pension systems. It is a prime 

example of an institution under pressure by population ageing (Ehmer, 2017; United Nations, 

2015). That is, in many countries, old-age demographic dependency ratios are on the rise. 

These countries are experiencing a starkly increasing number of older persons, whereas the 

number of people supporting these older persons, in essence, those of working ages, is 

decreasing (Bloom et al., 2011; United Nations, 2015). Many countries in Europe and Latin 

America have pension systems with a high share of public transfers. Population ageing for 

these systems is highly problematic, as ageing increases the fiscal pressure on these systems, 

reducing their viability (United Nations, 2019). Specifically, the support ratio decreases as 

there are increasingly fewer workers for every elderly person, and the amount of pension pay-

out sums rise as life expectancy increases (Lindert, 2004; United Nations, 2019). Contrastingly, 

in systems where more weight is put on support from within the family, a lot of uncertainty 

arises as to how the elderly can finance their consumption (United Nations, 2019). Ageing 

namely reduces the number of familial caregivers, be it for monetary or other support, and 

increased life expectancy may lead to a higher demand for those caregivers (Kohli, 2017). The 

complex contrast in the pressures that arise in both systems illustrates the need for sustainable 

support systems (United Nations, 2019).  

 Unsurprisingly, therefore, the pressure that pension systems face has been researched 

in many contexts. An example is research by Li and Mérette (2005), who examine the effect 

of ageing on China’s social security system, as well as economic well-being and living 

standards. They contend that the threefold increase in China’s old-age population could have a 
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detrimental effect on living standards. They compare several alternative scenarios where they 

alter the benefit rates, retirement age, and technological progress. They find that it is possible 

to maintain living standards for both workers and retirees by having a combined reform on all 

three fronts. Namely, reducing the benefit rates, increasing the retirement age from 60 to 65, 

and sustaining total factor productivity growth increases the potential for GDP growth, among 

other things, which will ensure stable living standards for all age groups. This, however, may 

prove difficult in China’s political environment. Similar research is done by Blake and Mayhew 

(2006), but they consider the United Kingdom. They, too, simulate a model where they alter 

key concepts, such as pension age, contribution rates and economic activity rates. With 

immigration not truly being a viable solution to revitalise the pension system (see Coleman, 

2002), they search for alternative solutions. They find that continued economic growth and 

other economic contributions from the current working-age generation, such as cuts in real 

pensions or contributing more while working, can greatly aid the situation. Another example 

is research by Lisenkova and Bornukova (2017), who examine the generous pay-as-you-go 

pension system in Belarus. They show that ageing and the generosity of the system make it 

unsustainable, and continue by estimating the effects of several reforms, including those that 

started in 2017. They find that both a reduction of pension benefits as well as an increase in the 

retirement age to 65 for both genders will make the system much more sustainable.  

  

Related to the effect of ageing on pension systems is the effect that ageing has on inequality. 

This effect has been widely researched, as a larger group of older persons relative to the 

working-age population has, as discussed above, often led to reduced coverage as well as lower 

adequacy of pension systems (United Nations, 2015). This in turn has the potential to widen 

inequality, both for developed as well as for developing countries (Deaton & Paxson, 1994; 

Wang et al., 2017). This same conclusion is drawn by Razin, Sadka and Swagel (2002), as they 

find that ageing leads to smaller social transfers, especially in democratic countries, despite the 

increasing weight that elderly have in voting.  

Though pension systems and reduced labour income have often been put forward as 

channels through which inequality could increase in ageing populations, there is no real 

consensus (Wang et al., 2017). Wang et al. (2017) find that ageing is indeed positively 

associated with inequality, and is also negatively correlated with labour income. They narrow 

it down further by considering the two components of labour income, namely, employment and 

wage. Even though the relationship between age and wage is negative and insignificant, there 
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is a negative and significant relationship between ageing and employment, indicating that 

reduced employment is the real driver of inequality (Wang et al. 2017).  

 

Finally, much research has also been done on the effect of population ageing and opportunities 

for economic growth. In the first stage of population ageing, when ageing is driven by a decline 

in fertility, the growth of the working-age population compensates for population ageing. 

Namely, the number of young and old people decreases relative to the number of working-age 

people (Bengtsson, 2010). With the appropriate policies in place, there are considerable 

opportunities for economic growth. Therefore, this phenomenon of enhanced economic 

opportunity is termed the demographic dividend (Bloom, Canning & Sevilla, 2003). As the 

ageing process continues when fertility rates stabilise at low levels and old-age mortality rates 

decrease, however, the dividend turns into a demographic burden. Videlicet, the share of the 

elderly in the population rises, whereas a stable level of young persons is added to the 

population, and thus the dependency ratio rises (Bengtsson & Scott, 2010).  

 There are two channels through which ageing can have a detrimental effect on 

economic growth opportunities. Firstly, the decrease in labour supply hampers economic 

growth (Jafrin et al., 2021). Both consumption and, especially, production levels are age-

specific (Bengtsson, 2010). As populations age, a larger share is in their non-productive 

retirement stage, leading to a reduction in labour-force participation (Lee, 1994). Bloom and 

Williamson (1998) research the economic miracle of East Asia, where the demographic 

transition resulted in a significant drop in the dependency ratio between 1965 and 1990. They 

find that the changing age structures towards younger ages are the vessel through which 

demography influences growth, as the labour force grows. Bloom et al. (2003) share these 

findings. In addition to arguing that a younger population has a larger labour supply, they also 

find that due to the demographic transition, family size declines, and more women enter the 

labour force, leading to further labour supply increases and economic growth. Like Bloom et 

al. (2003), Maestas et al. (2016) find that labour supply decreases as populations age and that 

this is an important channel of reduced growth opportunities. However, they find that this 

channel is not as important as another, namely the slower growth in labour productivity of 

workers further ahead in the age distribution. Bosworth, Bryant, and Burtless (2004) also reach 

the effects of population ageing, but they focus on developing countries. They, too, find that 

Europe and Japan experience a shrinking workforce due to population ageing and that this is 

why economic growth may be hampered. 
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 Secondly, a decreased savings and investment rate in old age hampers economic 

growth. Bloom et al. (2003) and Jafrin et al. (2021) find that the dependent share of the 

population saves less than the working-age population, as people of working age tend to earn 

more than they consume. Furthermore, Bosworth et al. (2004) argue that there are reduced 

investment opportunities in ageing populations, and they find that this is indeed the case, as 

there will be fewer workers for which to provide equipment. This reduced investment 

opportunity in combination with lower savings and investment rates will have detrimental 

economic effects in ageing populations (Bloom et al., 2003; Jafrin et al., 2021).  

 

2.2. Population Ageing and International Trade 

From the previous sub-section, it becomes clear that population ageing thus has many 

detrimental economic effects. One of these effects is a reduced opportunity for economic 

growth. Economic growth relates very closely to another concept, namely that of international 

trade. Specifically, this well-established relationship between the two concepts is the reason 

that economic growth is so entrenched in the gravity model of international trade (Head & 

Mayer, 2014; Yotov et al. 2016). Considering the evidence that population ageing influences 

economic growth and that economic growth influences trade, it would only make sense for 

there to be an effect of ageing on international trade (Tian et al., 2011). Still, there is an extreme 

lack of research on this link. The research that does exist, however, focuses on trade-related 

subjects, such as comparative advantage and trade openness. These could be considered the 

channels through which population ageing might influence international trade. 

 

Firstly, some research has been done on how demographic change influences countries’ 

comparative advantage (World Trade Organization, 2013). Cai and Stoyanov (2016) highlight 

that variations in demographic structure between countries serve as sources for comparative 

advantage in trade. They go deeper than merely labour supply and argue that changes in 

population age structure affect the relative supply and price of skills, since skills are age 

dependent. When countries then experience an increase in the age of their labour force, they 

will gain a comparative advantage in industries in which the older group is more efficient, 

resulting in higher exports for that industry (Cai & Stoyanov, 2016). This is similar to the 

Rybczynski (1955) theorem, which posits that as a factor of production expands, the industry 

that uses it relatively intensively will see a more than proportional increase in output, whereas 

the industry that does not use it intensively will see its output decline. Contrastingly, Gu and 
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Stoyanov (2019) explore the loss of competitive advantage as populations age. Namely, as a 

person ages, their ability to keep their skills up to date decreases. An ageing population can 

then experience a loss in comparative advantage in industries that require up-to-date skills, 

reducing exports for that industry (Gu & Stoyanov, 2019).  

 Secondly, there has also been some research on the influence of a population’s age 

structure on capital flows and the trade balance (World Trade Organization, 2013). Higgins 

(1998), for example, considers the effect of a population’s age structure on aggregate savings 

and the current account balance. Like Bosworth et al. (2004), he finds that a younger population 

will have a low savings rate as the dependency burden is high, and an investment rate that starts 

to increase as more people become of working age. As a result, an ageing, open economy will 

have a current account deficit; a lot of capital flows into the country due to the investment 

opportunities, as the lack of own capital prevents them from seizing that opportunity (Higgins, 

1998).  

 Thirdly, another important part of the literature is the research on the link between a 

population’s age structure and trade openness, the ratio of trade to GDP. Fukumoto and 

Kinugasa (2017) explored this link, hypothesising that dependants consume more non-tradable 

goods, and that working-age persons consume more tradable goods. Their findings indeed 

reflect this assumption of age-dependent preferences for tradable and non-tradable goods; 

ageing populations have reduced trade openness. Building upon this, Fukumoto and Kinugasa 

(2021) analyse different regions in the world to see whether this hypothesis holds, and they 

indeed find evidence for this link in all regions but Africa.  

 These are some examples of trade-related subjects that are influenced by a population’s 

age structure. This points to a significant influence of age structure on trade, even though the 

research on this relationship directly is very sparse.  

 

Namely, the only paper that truly focuses on international trade and age structures is that of 

Tian et al. (2011). With a panel dataset, containing 176 countries between 1970 and 2006, they 

estimate a gravity model augmented with demographic dependency ratios to gauge whether a 

population’s age structure influences its bilateral trade. They hypothesise two channels through 

which this influence may arise. Firstly, the scale effect suggests a low dependency ratio of an 

exporter enables production and thus increased exports, as the labour force grows. On the 

importer side, the low dependency ratio and larger labour force lead to higher income, and 

therefore, increased imports. Secondly, the structural effect suggests that export compositions 

change relative to the factor endowments of the country. A relatively young population, which 
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is labour abundant, will be able to export more labour-intensive products, whereas a capital-

abundant country with an ageing population will experience an increase in the capital-labour 

intensity, and thus export more capital-intensive products (Tian et al., 2011). This, too, is in 

line with the Rybczynski (1955) theorem and the line of thought by Cai and Stoyanov (2016). 

With their gravity model, Tian et al. (2011) find support for both effects, thus deeming the age 

structure of a population important in determining bilateral trade. 

 

As becomes clear from the previous discussion, there is a clear effect of a population’s age 

structure and international trade. However, the only paper that directly considers the effect of 

age structure on international trade levels is that of Tian et al. (2011). This relation is strongly 

overlooked in the literature, and therefore, this thesis shall attempt to shed light on it. I 

hypothesise that age structure, captured with old-age demographic dependency ratios, will 

affect trade. As the view of the importer is, in the sparse literature that does exist, mostly 

disregarded, it will have a more central role in this thesis. In line with Fukumoto and Kinugasa 

(2017), I hypothesise that the non-working age population has a tendency to consume more 

non-tradable goods, and, in line with Tian et al. (2011), that the non-working age population 

generates lower incomes to fund their consumption. Therefore, I hypothesise that as the 

dependency ratio of the importer increases and thus the population ages, bilateral trade will 

decrease. My first hypothesis can thus be phrased as follows: 

H1: “Bilateral trade decreases as the old-age demographic dependency ratio of the 

importer increases.” 

This hypothesis, though, has already been confirmed in the research of Tian et al. (2011). 

However, a piece of criticism of their research is that they utilise a rather narrow specification 

of the gravity model of international trade. Several variables that are essential in the gravity 

model, according to Head and Mayer (2014), are missing. Examples of this are GDP, whether 

countries are contiguous, in essence, whether they share a border, and whether they have a 

regional trade agreement (RTA) at that time. Given that these are factors that need to be 

controlled for, as their effect has been proven in countless other gravity model estimations, the 

true effect of population ageing becomes difficult to disentangle (Spector & Brannink, 2011). 

Therefore, to accurately estimate the effect of population ageing on international trade, this 

thesis will estimate a gravity model that takes all the important gravity-model variables into 

account and is thus a more widely accepted specification.  
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2.3. Population Ageing and Life Cycle Theory 

Though it already becomes clear from the above discussion that population ageing is not 

without repercussions, it is often said that the actual extent to which population ageing is of 

influence on the economy depends on age-specific patterns of production and consumption 

(United Nations, 2019). For this reason, as well as the fact that consumption is proven to affect 

trade, consumption needs to be considered in determining the effect of population ageing on 

international trade (World Trade Organization, 2013). Specifically, changes in the age structure 

of a population can influence the level, as well as the composition of consumption (Aigner-

Walder & Döring, 2012; Bengtsson, 2010; World Trade Organization, 2013). For example, 

after retirement, private consumption declines (see for example Battistin, Brugiavini, Rettore 

& Weber, 2009; Haider & Stephens Jr., 2007), whereas public consumption, constituting 

consumption of health care, for example, increases steeply (see for example Lee & Mason, 

2011a). Thus, as populations age, the aggregate level of private consumption decreases. This 

is referred to as the retirement-consumption puzzle (Lefèbvre, 2006; World Trade 

Organization, 2013). This is then likely to impact trade flows, as the composition of import 

demand changes. To understand how this ageing and consumption affect trade, it is useful to 

first consider the theory, as well as the literature on life-cycle trends of consumption (World 

Trade Organization, 2013). 

 

An important theory that links consumption to ageing is the consumption life-cycle theory, also 

termed the life-cycle hypothesis (Modigliani & Brumberg, 1954; Modigliani & Brumberg, 

1990). Modigliani and Brumberg (1954; 1990) formulated the life-cycle hypothesis, and they 

theorise that individuals prefer to smooth their lifetime consumption patterns. Therefore, 

individuals can save when they are of working age as their income exceeds their consumption, 

and then they expend those savings when they enter retirement as consumption exceeds income 

(Modigliani & Brumberg, 1954; 1990).  

At the time of formulating this hypothesis, however, empirical analysis was not 

possible. Therefore, by now, the theory has gained empirical support but has also been 

contested on several accounts (Deaton, 2005; World Trade Organization, 2013). An example 

of such criticism is how savings are not as rapidly expended by the elderly as assumed, since 

elderly persons are motivated to keep some of those savings for bequests or precaution in the 

case of an unexpected health or economic shock. However, each of those pieces of criticism 

has been carefully rebutted, and the consumption life-cycle theory remains an influential theory 
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that allows for the estimation of how consumption influences many important societal aspects, 

such as pensions and living standards (Deaton, 2005).  

 

Unsurprisingly, much research has been done concerning population ageing and the life-cycle 

hypothesis. An example is the research of Aigner-Walder and Döring (2012). They contend 

that both the level as well as the composition of private consumption changes with the age 

structure of the population, following the life-cycle hypothesis. They use Austrian household-

level data and find support for this. Furthermore, they use these results to make inferences 

about the future, as Austria is experiencing severe population ageing, to determine which 

consumption categories will see their shares increase. They find that there will be a decrease 

in the consumption of transport goods, whereas there will be increased consumption 

expenditures for housing, water, electricity, gas, and other fuels, as well as for food and non-

alcoholic beverages (Aigner-Walder & Döring, 2012).  

 A similar analysis is executed by Stöver (2012), but she considers Germany. By 

including age-group coefficients for eight different age groups in her estimation, she attempts 

to estimate how consumption changes for every age group. With this, she draws inferences on 

the effects of population ageing on different consumption categories. She finds that food and 

non-alcoholic beverage consumption expenditures decrease as populations age, whereas health 

consumption expenditures increase as populations age (Stöver, 2012).  

 A final example of research that estimates the effect of population ageing on 

consumption is that of Lefèbvre (2006). He performs a similar study to those of Aigner-Walder 

and Döring (2012) and Stöver (2012) but considers Belgium. He, too, argues that consumption 

expenditures change over the life cycle, and thus the level and structure of aggregate 

consumption will change as Belgium’s population ages. Like Aigner-Walder and Döring 

(2012) he uses household survey data to estimate the effect of age on expenditures of several 

consumption categories, and then forecasts consumption composition until 2050. Lefèbvre 

(2006) also finds that expenditures in health, housing and leisure increase, whereas those in 

equipment, clothing, and transport decrease.  

 

All these studies on consumption life-cycle theory demonstrate that the population’s age 

composition is a non-negligible factor when considering consumption. Ageing thus clearly 

influences both the level of consumption, as well as the composition of this consumption 

(Stöver, 2012). It thus comes as no surprise that this alters import demand (World Trade 

Organization, 2013). However, analyses that directly incorporate population ageing, 
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consumption, and international trade are lacking. As one can reasonably expect there to be an 

influence between the three factors, this thesis shall attempt to establish this effect to fill the 

gap in the literature.  

 To that end, consumption ratios shall be calculated. These ratios function similarly to 

demographic dependency ratios, in that they consider changing population age structures. 

However, instead of solely considering the age structure, consumption ratios also take the 

changing private consumption levels of different age groups into account. Their calculation 

shall be further elaborated upon in Section 3. The following two hypotheses are proposed based 

on the discussion above: 

H2: “Bilateral trade decreases as the consumption ratio of the importer increases.” 

H3: “Bilateral trade decreases (increases) in categories where the elderly are expected 

to consume relatively little (much), as the consumption ratio of the importer increases.” 

Hypothesis 2 is similar to hypothesis 1, however, it does not take demographic dependency 

ratios into account, but rather consumption ratios. Therefore, here, too, I expect to find a 

negative effect between population ageing and bilateral trade. I expect that, as individuals 

retire, their private consumption decreases, following the retirement-consumption puzzle. As 

the elderly share in the population grows, aggregate private consumption decreases, resulting 

in reduced import demand and thus a lower level of trade (World Trade Organization, 2013). 

Hypothesis 3 goes even more in-depth. Similar to the research by Aigner-Walder and Döring 

(2012), Lefèbvre (2006), and Stöver (2012), I then consider disaggregated trade. This is in an 

attempt to see whether, like consumption, we see trade categories increase or decrease as a 

result of population ageing. As contended by the above authors, not all consumption categories 

behave the same as a result of population ageing; some categories experience an increase as 

the population ages, whereas others experience a decrease (Aigner-Walder & Döring, 2012; 

Lefèbvre, 2006; Stöver, 2012). As the population ages, the consumption categories in which 

elderly persons expend more will gain greater weight in the aggregate consumption structure, 

and thus in import demand. Therefore, I expect to see that, as a result of an ageing population 

of the importer, trade in those categories increases, whereas trade in other categories decreases.  
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3. METHODOLOGY AND DATA 

To research the effect of population ageing on international trade, a gravity model will be 

employed. The gravity model of international trade was pioneered by Tinbergen (1962). It is 

one of the first applications of Newton’s Law of Universal Gravitation on economic principles. 

Over time, the model has gained a very robust theoretical foundation, which led to its wide 

application in trade research. It provides an excellent explanation for the level of bilateral trade 

between the exporting country, the origin, and the importing country, the destination (Yotov 

et al., 2016). This makes it incredibly suitable for the analysis in this thesis.  

 In its simplest form, the gravity model of international trade shows that bilateral trade 

increases with economic size, measured through gross domestic product (GDP), of both the 

exporting and importing countries, and decreases with a higher distance, which functions as a 

proxy for trade costs, between the two countries (Tinbergen, 1962; Yotov et al., 2016). The 

gravity model utilised in this thesis shall be based on that of Tian et al. (2011), however, it shall 

be an extended version, such that it accounts for missing but required control variables (Head 

& Mayer, 2014; Spector & Brannick, 2011). 

 This section provides the basis upon which the analysis of this thesis will be executed. 

Firstly, the methodology is considered, where the gravity model applicable to this thesis is 

explained a little more elaborately, after which the different estimation techniques will be 

highlighted. To correctly estimate the gravity model, many techniques are possible, each with 

its advantages and disadvantages, and the choice of estimation techniques in this thesis will be 

elaborated upon. Secondly, the data used to estimate the gravity model is explained. I discuss 

the data used in the baseline estimations, as well as the data used for the sensitivity analyses 

and the disaggregated analyses. I also shed light on the regression assumption checks that are 

completed before the start of the analyses. Note, that as parts of the model and the data used 

are similar to my earlier work, there is some degree of overlap (Meijer, 2022). The approach is 

not wholly the same, though, as I take an importer-centred view in this thesis, and add the NTA 

approach by considering the effect of consumption in combination with ageing on trade.  

 

3.1. Methodology 

3.1.1. The gravity model of international trade 

In the gravity model of international trade, the dependent variable is bilateral trade between 

the origin and the destination at time t. The independent variables for the estimations in this 
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thesis are the old-age demographic dependency ratio of the importer, the consumption ratio of 

the importer, the GDP of the exporter, the GDP of the importer, and the distance between the 

exporter and importer. 

For the initial models, the dependency ratio of the importer is the measure that captures 

the population age structure of the importer. Following hypothesis 1, I expect to find a 

significant negative coefficient for this variable. Namely, as the population ages, the age group 

that generates lower incomes and that consumes relatively more non-tradable goods increases 

in size, which will lead to a reduction in trade (Fukumoto & Kinugasa, 2017; Tian et al., 2011).  

 GDP of the exporter and GDP of the importer are measures of the economic size of the 

country. These two variables are part of the ‘typical gravity variables’-list provided by Head 

and Mayer (2014) and are proxies for the economic size of the trading partners. Bilateral trade 

increases with economic size, and therefore, I expect the coefficients of both these variables to 

be significant and positive (Head & Mayer, 2014; Shepherd, 2012; Tinbergen, 1962).  

Another variable that is part of the ‘typical gravity variables’-list, is distance between 

the exporter and importer. Distance serves as a proxy for trade costs, as these are often difficult 

to estimate (Yotov et al., 2016). Higher costs and thus a larger distance hampers trade, and, 

therefore, I expect trade to decrease with distance; the coefficient of distance is expected to be 

significant and negative (Head & Mayer, 2014; Shepherd, 2012; Tinbergen, 1962). The 

importance of distance has of course decreased in recent years, as countries become more 

interconnected. Therefore, I expect the size of the coefficient to become smaller when 

introducing time-fixed effects, as these fixed effects pick this difference up. 

 The other control variables added to the model are those of whether the countries have 

contiguity and thus whether they share a border, whether they have a common official language, 

whether they have ever had a colonial or dependency relationship, whether they have ever had 

a sibling relationship, whether they are both GATT or WTO members at that time, whether they 

are both EU members at that time, and whether they share a regional trade agreement (RTA) 

at that time. These control variables are thus bilateral, in the sense that they utilise information 

from both countries at the same time, and are taken from the ‘typical gravity variables’-list of 

Head and Mayer (2014). All these variables, like distance, represent trade costs. Trade costs 

are very important in determining trade levels, as they have the distinct ability to reduce the 

level of trade both economically as well as statistically significantly (Anderson & Van 

Wincoop, 2004). For each of these variables, it holds that if they are true, so if they for example 

do share a common official language, trade is enabled. Therefore, for each of these control 

variables, I expect to find a positive and significant relationship to bilateral trade (Anderson & 
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Van Wincoop, 2004; Head, Mayer & Ries, 2010; Tian et al., 2011). The model is then as 

follows: 

(1) ln 𝑏𝑖𝑙𝑎𝑡𝑒𝑟𝑎𝑙 𝑡𝑟𝑎𝑑𝑒𝑜𝑑𝑡

= 𝛽0 + 𝛽1 ln 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑐𝑦 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑟𝑑𝑡 + 𝛽2 ln 𝐺𝐷𝑃 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑥𝑝𝑜𝑟𝑡𝑒𝑟𝑜𝑡

+ 𝛽3 ln 𝐺𝐷𝑃 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑟𝑑𝑡 + 𝛽4 ln 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑜𝑑 + 𝛽5  𝑐𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑜𝑑

+ 𝛽6 𝑐𝑜𝑚𝑚𝑜𝑛 𝑜𝑓𝑓𝑖𝑐𝑖𝑎𝑙 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒𝑜𝑑𝑡 + 𝛽7 𝑐𝑜𝑙𝑜𝑛𝑖𝑎𝑙 𝑜𝑟 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑐𝑦 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝𝑜𝑑𝑡

+ 𝛽8 𝑠𝑖𝑏𝑙𝑖𝑛𝑔 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝𝑜𝑑𝑡 + 𝛽9 𝑏𝑜𝑡ℎ 𝐺𝐴𝑇𝑇/𝑊𝑇𝑂 𝑚𝑒𝑚𝑏𝑒𝑟𝑠𝑜𝑑𝑡

+ 𝛽10 𝑏𝑜𝑡ℎ 𝐸𝑈 𝑚𝑒𝑚𝑏𝑒𝑟𝑠𝑜𝑑𝑡 + 𝛽11  𝑅𝑇𝐴𝑜𝑑𝑡 + 𝑒𝑜𝑑𝑡 

The subscript o refers to the exporting country, or the origin country. The subscript d refers to 

the importing country, or the destination country. The subscript t refers to the time dimension. 

The most intuitive version of the gravity model, which is also the most-used version, is the log-

linearised form. Therefore, this thesis shall also consider the log-linearised form of the model 

(Shepherd, 2012; Yotov et al., 2016). The model shall be estimated incrementally. As such, I 

start with the most reduced version, using only the GDP and distance variables as determinants 

of bilateral trade. For every estimation, I add variables incrementally, to see whether the new 

variables pick up any effects (Shepherd, 2012).  

 The aim of this research, however, is to not only incorporate the effect of ageing 

populations, but its contribution is twofold, as the aim is to also include the changing 

consumption habits of these populations. Therefore, instead of using the demographic old-age 

dependency ratios, which only capture age, I also estimate the model with the consumption 

ratios of the importer. Like the dependency ratio of the importer, the consumption ratio of the 

importer captures the population age structure, however, it also considers the changing private 

consumption pattern throughout the life cycle. Therefore, I expect to find a negative coefficient, 

conform with hypothesis 2, as older individuals consume less, and when their group grows 

relative to the rest of the population as the population ages, trade will decrease (World Trade 

Organization, 2013). The second form in which the model is estimated is then as follows: 

(2) ln 𝑏𝑖𝑙𝑎𝑡𝑒𝑟𝑎𝑙 𝑡𝑟𝑎𝑑𝑒𝑜𝑑𝑡

= 𝛽0 + 𝛽1 ln 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑟𝑑𝑡 + 𝛽2 ln 𝐺𝐷𝑃 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑥𝑝𝑜𝑟𝑡𝑒𝑟𝑜𝑡

+ 𝛽3 ln 𝐺𝐷𝑃 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑟𝑑𝑡 + 𝛽4 ln 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑜𝑑 + 𝛽5  𝑐𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑜𝑑

+ 𝛽6 𝑐𝑜𝑚𝑚𝑜𝑛 𝑜𝑓𝑓𝑖𝑐𝑖𝑎𝑙 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒𝑜𝑑𝑡 + 𝛽7 𝑐𝑜𝑙𝑜𝑛𝑖𝑎𝑙 𝑜𝑟 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑐𝑦 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝𝑜𝑑𝑡

+ 𝛽8 𝑠𝑖𝑏𝑙𝑖𝑛𝑔 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝𝑜𝑑𝑡 + 𝛽9 𝑏𝑜𝑡ℎ 𝐺𝐴𝑇𝑇/𝑊𝑇𝑂 𝑚𝑒𝑚𝑏𝑒𝑟𝑠𝑜𝑑𝑡

+ 𝛽10 𝑏𝑜𝑡ℎ 𝐸𝑈 𝑚𝑒𝑚𝑏𝑒𝑟𝑠𝑜𝑑𝑡 + 𝛽11  𝑅𝑇𝐴𝑜𝑑𝑡 + 𝑒𝑜𝑑𝑡 

Here, too, the subscript o refers to the exporting country, or the origin country. The subscript 

d refers to the importing country, or the destination country. The subscript t refers to the time 

dimension.  

 To further disentangle the effect of both population ageing and changing consumption 

patterns, the second model shall also be estimated with disaggregated versions of bilateral 
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trade. The variables shall be based on several Standard International Trade Classification 

(SITC) sectors, but their composition shall be further highlighted in Section 3.2. Thirteen of 

such sectors will be utilised, and therefore, the following model will be estimated thirteen 

times, each with a different dependent variable for bilateral trade: 

(3) ln 𝑏𝑖𝑙𝑎𝑡𝑒𝑟𝑎𝑙 𝑡𝑟𝑎𝑑𝑒 𝑖𝑛 𝑠𝑒𝑐𝑡𝑜𝑟 i𝑜𝑑𝑡

= 𝛽0 + 𝛽1 ln 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑟𝑑𝑡 + 𝛽2 ln 𝐺𝐷𝑃 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑥𝑝𝑜𝑟𝑡𝑒𝑟𝑜𝑡

+ 𝛽3 ln 𝐺𝐷𝑃 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑟𝑑𝑡 + 𝛽4 ln 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑜𝑑 + 𝛽5  𝑐𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑜𝑑

+ 𝛽6 𝑐𝑜𝑚𝑚𝑜𝑛 𝑜𝑓𝑓𝑖𝑐𝑖𝑎𝑙 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒𝑜𝑑𝑡 + 𝛽7 𝑐𝑜𝑙𝑜𝑛𝑖𝑎𝑙 𝑜𝑟 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑐𝑦 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝𝑜𝑑𝑡

+ 𝛽8 𝑠𝑖𝑏𝑙𝑖𝑛𝑔 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝𝑜𝑑𝑡 + 𝛽9 𝑏𝑜𝑡ℎ 𝐺𝐴𝑇𝑇/𝑊𝑇𝑂 𝑚𝑒𝑚𝑏𝑒𝑟𝑠𝑜𝑑𝑡

+ 𝛽10 𝑏𝑜𝑡ℎ 𝐸𝑈 𝑚𝑒𝑚𝑏𝑒𝑟𝑠𝑜𝑑𝑡 + 𝛽11  𝑅𝑇𝐴𝑜𝑑𝑡 + 𝑒𝑜𝑑𝑡 

Again, the subscript o refers to the exporting country, or the origin country. The subscript d 

refers to the importing country, or the destination country. The subscript t refers to the time 

dimension.  

 

3.1.2. Econometric challenges and estimation techniques 

A known fact about gravity models is that their estimation is plagued by econometric problems. 

However, their widespread use in research and their sound theoretical base have also brought 

about many solutions. This sub-section is devoted to a brief discussion of these econometric 

problems, as well as which estimation techniques are suited to address them. The estimation 

techniques that are possible for gravity models, and that help in combating these econometric 

problems, include pooled OLS regression, fixed-effects regressions, which can take many 

forms, and Poisson Pseudo-Maximum Likelihood (PPML) estimations with or without fixed 

effects (Head & Mayer, 2014; Shepherd, 2012; Yotov et al., 2016). I will conclude this sub-

section by explaining the estimation techniques used in this research. 

 The first econometric challenge is the issue of zero trade flows. This issue occurs 

specifically in the log-linearised version of the gravity model. Namely, when the variables are 

transformed into their logarithmic forms, observations where the trade flow takes a value of 

zero are dropped from the sample. The typical solution for this is to use a PPML estimation 

technique, since it allows for trade to be used in its multiplicative form (Shepherd, 2012; Yotov 

et al., 2016). For this reason, the gravity models in this analysis will also be estimated using a 

PPML estimator.  

 The second econometric challenge is heteroskedasticity. As will be explained in Section 

3.2, trade data is generally very heteroskedastic, resulting in biased and inconsistent estimations 

when estimating the model in its multiplicative form. Therefore, a typical solution for this is 

again to use the PPML estimator, as it allows for the avoidance of the multiplicative form. 
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Furthermore, the use of robust standard errors also reduces heteroskedasticity. In the analyses, 

the standard errors are also clustered on distance, so that each pair of trading partners is 

uniquely identified to allow for correlation of the error term (Shepherd, 2012; Yotov et al., 

2016).  

 The third econometric challenge arises because of the multilateral resistance terms. 

Multilateral trade resistance refers to trade barriers that every country faces with all its trading 

partners. These terms are mostly theoretical constructs, which are difficult to estimate as they 

are mostly unobservable (Adam & Cobham, 2007; Yotov et al., 2016). For example, trade 

between France and Italy is also dependent on how costly it is for both to trade with other 

countries. As the trade costs between France and the United Kingdom decline, the multilateral 

trade resistance of France will decrease, as it becomes less costly to trade with another country 

(Adam & Cobham, 2007). To control for multilateral trade resistance, exporter-fixed effects 

and importer-fixed effects will be used. These exporter- and importer-fixed effects also control 

for country-specific characteristics that are not included in the other variables, as well as the 

country’s overall level of trade. With their inclusion, I thus expect the coefficients to change in 

size, as I then no longer assume coefficients to be the same for every importer or exporter. I 

also expect the intercepts to decrease, as all individual heterogeneity of the importers and 

exporters is no longer captured in the intercept, but in the fixed effects. In a similar manner, 

time-fixed effects are also introduced, which control for economic shocks that all countries 

experience in that year (Adam & Cobham, 2007; Feenstra, 2016; Hummels, 2001; Yotov et al., 

2016).  

 The final econometric challenge can be found in the endogeneity concerns that arise 

when estimating the gravity model. For example, issues of reverse causality can easily arise in 

gravity models, but may be solved through the use of interval data, and by including multiple 

types of fixed effects. Another endogeneity issue is omitted variable bias, but a considerable 

share of this issue can be resolved through the use of fixed effects, as time-invariant omitted 

variables can, for example, be subsumed into the fixed effects (Shepherd, 2012; Yotov et al., 

2016).  

 

Thus, four main econometric challenges arise in the estimation of gravity models. Zero-level 

trade flows, heteroskedasticity, multilateral resistance terms, and endogeneity concerns may 

result in the inaccurate estimation of the model. However, as the above discussion proves, many 

of these concerns can be, at least partially, addressed through the use of different types of 

estimation techniques. To that end, a (pooled) OLS regression model will be estimated, as well 



 25 

as a model with time-fixed effects, and a model with both time and exporter- and importer-

fixed effects, all with robust clustered standard errors. The combination of these models already 

results in a very robust estimation (Yotov et al., 2016). Even though the use of multiple types 

of fixed effects and robust clustered standard errors already solves most of these econometric 

issues, PPML models are also estimated to account for zero trade flows, and can be found in 

the appendices. A PPML model with fixed effects was also estimated, as well as a regression 

model with exporter-time and importer-time fixed effects, however, all important variables are 

subsumed into these fixed effects, and as they can thus not be interpreted, they will not be 

included in the results.  

  

3.2. Data 

After having elaborated upon the econometric issues and methods, I now turn to a discussion 

of the data used for the estimation of the effect of ageing on international trade. In this research, 

three datasets are used. The first dataset, used for the baseline estimations, only considers 

gravity variables at the aggregated country level. This is also true for the second dataset, which 

is used for the sensitivity analyses. The third dataset is highly similar to the second, but 

considers industry-level trade data. This sub-section highlights the characteristics of all 

datasets. All variables, as well as their explanations and sources are also combined in a list, 

which can be found in Appendix A (see also Meijer, 2022).  

 

3.2.1. NTA gravity dataset used for baseline analyses 

The first dataset used to estimate the models that were put forward in the previous sub-section 

is a large panel dataset with gaps. The years included range from 1981-2019, and contain data 

from 66 importing countries, and 199 exporting countries. The sample of importing countries 

consists of all countries for which data is available in the National Transfer Accounts (NTA) 

database. The data from this database is used to calculate the consumption ratios. As data for 

the consumption ratios were not available for all 66 countries in all years, as many years as 

possible are included in the sample. This does mean, however, that there is high variability in 

the years included. To keep the sample as constant as possible, data for the analyses with old-

age demographic dependency ratios is gathered only for these importing countries in their 

respective years. A list of the importing countries included, and their respective years, can be 

found in Appendix B. Initially, the dataset included 248 exporting countries, however, as for 

many countries the data quality and availability were low, these countries were dropped from 
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the sample. Countries that were dropped include small island nations, city-states, or territories 

that were accounted for by being included in other territories. A few examples of such instances 

are the Faroe Islands, the Cook Islands, and Monaco. After this correction, the dataset contains 

31,044 observations, each consisting of a combination of one of the 66 importing countries, 

and one of the 199 exporting countries, in a certain year.  

 

The data for the gravity model variables are obtained from the CEPII Gravity Database (Head 

& Mayer, 2014). This database is widely used, as it contains data to estimate gravity equations 

for any country pair between the years 1948 and 2019. The data is compiled from a wide array 

of sources, as will now be described. For the dependent variable bilateral trade, importer-

reported data from the IMF were used. Importer-reported data are often deemed more accurate 

than exporter-reported data, as importers have incentives to correctly report data for example 

to ensure the correct income earned from tariffs. The data is divided by the CPI to obtain real 

values (Eurostat, 2023b; OECD, 2023; World Bank, 2023a). Following the discussion in the 

previous sub-section, the data for bilateral trade was transformed into its logarithmic form in 

all non-PPML estimations, as it is used in its multiplicative form in those.  

 Data for both GDP variables were obtained from the World Bank’s Development 

Indicators (WDI) and are also divided by the CPI to obtain real values (Eurostat, 2023b; OECD, 

2023; World Bank, 2023a; World Bank, 2023b). This data was also log-transformed, as it 

allows for a more straightforward interpretation of the coefficients. 

 Data for the distance, the contiguity, and the presence of a common official language 

between the origin and destination countries, were derived from the CEPII GeoDist Database 

(Mayer & Zignago, 2011). The distance is as measured between the capitals of the two trading 

partners, and is also log-transformed following literature. This transformation, however, results 

in more skewed data. When performing the estimations, a check is done where distance is used 

in the model in its multiplicative form, however, the difference in results is very limited (see 

also Meijer, 2022). Contiguity is a dummy variable equal to 1 when the two trading partners 

are contingent and thus share a border. Common official language is also a dummy variable, 

which takes a value of 1 when the two trading partners share an (official) language.  

 Data for the colonial or dependency relationship and whether there has ever been a 

sibling relationship between the trading partners is taken from the Colonial Ties Dataset (Head, 

Mayer & Ries, 2010). Both these variables are dummy variables that take a value of 1 when 

the trading partners have ever been in such a relationship.  
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 Finally, three dummies represent trade agreements or similar institutions, namely 

whether the trading partners are both GATT/WTO members, whether they are both EU 

members, and whether they have an RTA at that time. Both GATT/WTO members was compiled 

from four variables in the CEPII Gravity Database. Initially, they were unilateral variables, 

where there was a variable for exporter membership of the GATT, one for importer 

membership of the GATT, one for exporter membership of the WTO, and one for importer 

membership of the WTO. The information from these variables was used to create one bilateral 

variable, which takes a value of 1 when both the trading partners are a member of the GATT 

or the WTO at that point. The same was done for both EU members; it, too, was compiled 

based on two unilateral variables indicating membership of the exporter and importer 

separately. This variable also takes a value of 1 if both trading partners are EU members at that 

point. The variable for the presence of an RTA also takes a value of 1 if the trading partners are 

in a regional trade agreement at that point (Head & Mayer, 2014). 

 

In the category of the population age structure variables, there are two groups. The first group 

consists of the old-age demographic dependency ratios. The dependency ratios are used in the 

estimation to determine the effect of population ageing on international trade, without regard 

for changing consumption patterns. The dependency ratios are calculated based on data from 

the United Nations World Population Prospects (United Nations, 2022). The UN provides data 

of one-year age groups, separate for every sex or a total, which allows for the calculations of 

dependency ratios for the same age groups as for the consumption ratios. The dependency ratios 

are constructed as the number of people in a certain age group, relative to the number of people 

of working age, i.e., those in the ages of 20 to 64. Using the total data for every one-year age 

group, the totals for different age groups are calculated. For example, the dependency ratio for 

ages 65-69 is calculated as the number of people aged 65-69, relative to the number of people 

aged 20-64. The baseline model includes only the 65+ dependency ratio, however, for 

comparability to the consumption ratio models, and to extract additional information, this age 

group is split. The age groups for which the ratios are calculated are 65+, 65-69, 70+, 70-74, 

75-79, and 80+, and are used in a variety of combinations in the estimations.  

 The second group consists of the consumption ratios. The consumption ratios are 

calculated based on private consumption data from the NTA database (Lee & Mason, 2011b). 

The NTA project aims to construct data that can help in understanding how population growth 

and changing population age structures influence constructs such as pensions, economic 

growth, the contribution of women, and public finances, among others (Lee & Mason, 2011b). 
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Consumption ratios are constructed to capture not only the changing population age structure, 

as when populations age, older age groups grow relative to younger age groups in the 

population, but also the changing consumption pattern at older ages. They thus contain more 

information than the dependency ratios. For example, Italy has an old-age 65+ dependency 

ratio of 0.33 in 2008, whereas its 65+ consumption ratio is lower at a value of 0.22 in that year. 

The consumption ratio takes the age structure into account, but also demonstrates that the 

elderly consume less, reducing the ratio. An elaborate discussion of this is provided in Sections 

2.1 and 2.3. The NTA database provides data on the aggregate private consumption level for 

every one-year age group. It should be noted, however, that the data on consumption is not as 

accurate as their data on income. Namely, the NTA income data is based on income tax reports, 

for example, whereas consumption data is based mostly on surveys (Lee & Mason, 2011a; Lee 

& Mason, 2011b). This may reduce the accuracy of the consumption ratios. The consumption 

ratios are constructed as the private consumption of the relevant age group, relative to the 

private consumption of the total population. The age groups for which the ratios are calculated 

are again 65+, 65-69, 70+, 70-74, 75-79, and 80+. For example, the consumption ratio of ages 

65-69 is calculated as the aggregate consumption of everyone in this age group, divided by the 

aggregate consumption of everyone in the population. The baseline model includes only the 

65+ consumption ratio. However, as even after age 65, consumption patterns still change, 

splitting this age group up provides more information. To that end, consumption ratios for the 

five-year age groups, the 70+ age group, and the 80+ age group are estimated. The models will 

be estimated with a wide variety of combinations, to gain as much information as possible from 

these ratios. 

The descriptive statistics for this dataset are shown in Table 1. Of note is that for all 

continuous variables, normality is approached. The skewness is in all instances relatively close 

to zero, and the kurtosis relatively close to three. This cannot be said for distance. However, as 

mentioned above, using the multiplicative form of distance does not change the results of the 

estimations notably. It is also important to note that there is quite a high variability in some 

cases, for example when looking at bilateral trade, GDP of the exporter, and GDP of the 

importer. This, however, is easily explained by the high diversity of the countries present in 

the dataset.  
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Table 1. Descriptive statistics NTA gravity dataset 

 
 

An important step before turning to the analyses is determining if the regression assumptions 

are satisfied. Firstly, I check for the presence of heteroscedastic errors. After checking the data 

visually by plotting the residuals of the regression against the fitted values, it becomes clear 

that there is indeed a high level of heteroskedasticity, which is confirmed by the modified Wald 

test for groupwise heteroskedasticity. The null hypothesis of this test is a constant variance for 

all cross-sectional units, which is rejected with a Chi-squared value of 6.0e+8 (p-value = 

0.0000) (Baum, 2000). As mentioned in Section 3.1, the PPML estimator and the use of robust 

standard errors address heteroskedastic errors (Head & Mayer, 2014; Shepherd, 2012).   

 Secondly, I test for the presence of multicollinearity. I find relatively high correlations 

between the four old-age demographic dependency ratios, and the four consumption ratios (age 

categories 65-69, 70-74, 75-79, and 80+) when they are present in the same model. For 

example, between the 65-69 consumption ratio and the 70-74 consumption ratio, the correlation 

coefficient takes a value of  = -0.65. To formally check whether any action is required against 

these multicollinearity levels, the Variance Inflation Factor is checked against a value of 10 

(Hair, Anders, Tatham, & Black, 1995). If the VIF is higher than the threshold value, action 

has to be taken. The VIF reaches very high levels when all consumption or dependency ratios 

are entered in the same model, and therefore, several shall be omitted; not much information is 

lost if they correlate so highly. They shall therefore be entered in separate models, in a variety 

of combinations. 

 Finally, I check for the presence of serial correlation. The Woolridge test for serial 

correlation in panel data performs a Wald test, with the null hypothesis that there is no first-

order autocorrelation (Woolridge, 2001). The null hypothesis is rejected (F = 72.576, p-value 
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= 0.0000) and thus there is first-order autocorrelation in the data. However, this can be aided 

by opting for clustered standard errors (Cameron & Miller, 2015).  

 

3.2.2. AGENTA gravity dataset used for sensitivity analyses 

The second dataset, used for the sensitivity estimations in this thesis, is a large cross-sectional 

dataset. The dataset contains data for the year 2010, for 25 importing countries, and again 199 

exporting countries. The year 2010 was chosen as that was the only year for which data for the 

consumption ratios was available. Therefore, this sample, too, is based on all importing 

countries for which data is available in the European National Transfer Accounts (AGENTA) 

database. Again, this data is used to calculate the consumption ratios, and to keep the sample 

as constant as possible, data for the old-age demographic dependency ratios is also only 

gathered for these importers in 2010. A list of all included importing countries can be found in 

Appendix C. Here, too, the dataset initially included 248 exporting countries, however, the 

same instances (i.e., small island nations, city-states, and territories that were otherwise 

accounted for) were dropped from the sample, leaving 199 exporting countries. After this 

correction, the dataset contains 4,975 observations, where each observation is a combination 

of one of the 25 importing countries and one of the 199 exporting countries in 2010.  

 The gravity-model variables for this dataset are the same as those obtained and 

calculated for the NTA gravity dataset, as explained in Section 3.2.1 (Head & Mayer, 2014). 

The old-age demographic dependency ratios are also calculated in the same way as for the NTA 

gravity dataset, and based on the same UN data (United Nations, 2022). The big difference, 

however, between the datasets is the source of the data for the consumption ratios. Specifically, 

for this dataset, the data is obtained from the AGENTA database. The AGENTA project is a 

European version of the NTA project and aims at supplying data to accurately estimate age-

specific economic behaviour (Istenič et al., 2016).  

 The AGENTA database supplies data in per capita terms. Therefore, to calculate the 

consumption ratios, first, all the private consumption levels of the age groups will be calculated. 

The same age groups as in the NTA gravity dataset are used, namely, 65+, 65-69, 70+, 70-74, 

75-79, and 80+, as this allows for comparability to the NTA results, as well as the estimation 

of a wide variety of models. After calculating the levels of private consumption for each of the 

age groups, the levels are multiplied by the size of each relevant age group, based on data from 

the United Nations World Population Prospects (United Nations, 2022). The same is done for 

aggregate private consumption, of all ages, which is multiplied by the entire population. 

Finally, the consumption ratios are calculated, again, as the consumption level of the relevant 
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age group relative to the entire consumption level of the population, similar to the NTA gravity 

dataset.  

 The descriptive statistics of the AGENTA gravity dataset can be found in Table 2. We 

again see that many continuous variables approach normality, but that the variability is in most 

instances smaller than in the NTA gravity dataset, especially in the case of the importer-

characteristic variables, as we consider only European countries in this dataset, which are much 

more similar to one another than if we compare a developed to a developing country. For 

example, we see that the 65+ consumption ratio has a larger mean here, but that the variability 

is much smaller than for the NTA gravity dataset.  

 

Table 2. Descriptive statistics AGENTA gravity dataset 

 
 

Finally, regression assumption checks for this dataset will also be done. Firstly, I check for the 

presence of heteroscedastic errors through both a visual check and by using a Breusch-Pagan 

test for heteroskedasticity. Visually, there appears to be heteroskedasticity, and indeed, the null 

hypothesis of constant variance is rejected with a Chi-squared value of 831.13 (p-value = 

0.0000) (Breusch & Pagan, 1979). Again, to combat this, the PPML estimator as well as robust 

standard errors will be used (Head & Mayer, 2014; Shepherd, 2012).  

 Secondly, I check for the presence of multicollinearity. There is again multicollinearity 

when all old-age demographic dependency ratios or all consumption ratios are entered in the 

same model, though in most cases to a lesser extent than in the case of the NTA gravity dataset. 

For example, between the 65-69 consumption ratio and the 70-74 consumption ratio, the 

correlation coefficient takes a value of  = -0.60, which is slightly lower than in the previous 

dataset. When evaluating the multicollinearity with all the dependency ratios, and all the 



 32 

consumption ratios, however, the VIF rises slightly above 10. Therefore, again, a wide variety 

of models will be estimated, such that it can be avoided to have all consumption ratios in the 

same model together without much loss of information (Hair et al., 1995).  

 

3.2.3. AGENTA disaggregated gravity dataset used for disaggregated analyses 

The final dataset which will be used to estimate the effect of ageing and changing consumption 

patterns on international trade is the AGENTA disaggregated gravity dataset. The same 25 

importing countries that are used in the AGENTA gravity dataset will be used, and again only 

in the year 2010, due to data availability (Istenič et al., 2016). The difference between this 

dataset and the AGENTA gravity dataset is that there are thirteen dependent variables included, 

and only 25 exporting countries, rather than the single dependent variable and 199 exporting 

countries. Specifically, I calculate bilateral trade for thirteen SITC industries based on Eurostat 

data (2023a; United Nations, 2006). Eurostat data was chosen as it is very reliable and easily 

accessible. However, as it does not cover countries outside Europe, I opted for a reduction in 

the number of exporting countries, and as a result, the 25 countries in the AGENTA database 

are in the dataset as both importers and exporters. 

 The thirteen bilateral trade variables are thus calculated based on Eurostat (2023a) data. 

They are transformed into real values by deflating them with their respective industry CPI, also 

gathered from Eurostat (2023b). The industries that are used as dependent variables are selected 

for their resemblance to consumption categories in studies like those of Stöver (2012). The 

following categories are used: 

 

Table 3. SITC industries used for bilateral trade dependent variables 
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It should be noted, however, that these categories could never wholly line up with the categories 

of the different consumption purposes. The reason is that consumption purposes look at goods 

from a demand perspective, whereas the SITC industry classification looks at goods from a 

supply perspective. However, a careful revision shows that these categories come close, and 

though not all consumption purpose categories can be included (housing, for example, cannot 

be internationally traded), there is at least overlap for several categories.  

 The data for the other gravity-model variables, as well as the consumption and 

dependency ratios, is the same as for the AGENTA gravity database, but now for a smaller 

category of exporting countries. The descriptive statistics for this disaggregated database are 

depicted in Table 4. Notably, the descriptives for the GDP of the exporter and the GDP of the 

importer are the same, as the same countries are used in both cases. Furthermore, as all 

exporting and importing countries are EU members and WTO members, these two dummy 

variables have both a minimum and a maximum value of 1, and no distribution among them.  

 

Table 4. Descriptive statistics disaggregated AGENTA gravity dataset 

 
 

For all models, I check whether the relevant regression assumptions hold in the same way as 

was done for the AGENTA gravity dataset. The presence of heteroskedastic errors is found for 

all models, first visually, but also through the Breusch-Pagan test for heteroskedasticity. For 
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all models, the null hypothesis of constant variance is rejected with a Chi-squared value ranging 

between 41.26 and 174.92 (p = 0.000) (Breusch & Pagan, 1979). Again, to combat this, the 

PPML estimator as well as robust standard errors will be used (Head & Mayer, 2014; Shepherd, 

2012). There is also some multicollinearity in the data. Again, this only arises when all 

dependency ratios and all consumption ratios are estimated in the same model. Then, their VIF 

rises above 10, and the correlation coefficients are larger. To minimise this effect, the models 

will be estimated in a myriad of ways, with different combinations of dependency and 

consumption ratios (Hair et al., 1995).  
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4. EMPIRICAL RESULTS 

After having carefully explained the models, estimation techniques, and data, this section turns 

to the estimation results. Section 4.1 considers the results of the estimation of equations (1) and 

(2), with the NTA gravity dataset. Section 4.2 then explains the results of the estimation of 

equations (1) and (2), but then with the AGENTA gravity dataset, as a sensitivity analysis. 

Finally, Section 4.3 highlights the results of the estimation of equation (3) with the AGENTA 

disaggregated gravity dataset.  

 

4.1. Baseline Analyses 

4.1.1. Old-age demographic dependency ratios and trade 

The first set of models to evaluate, concerns the incremental estimations of equation (1), to see 

whether I can find support for hypothesis 1. I determine the effect of population ageing, 

measured with old-age demographic dependency ratios on trade, based on the NTA gravity 

dataset. The results of these estimations are depicted in Table 5, and the full results including 

coefficients and significance levels for the controls are shown in Table D1 of Appendix D. The 

model is estimated incrementally to see which variables relate to each other, and to preserve 

the number of observations. Model 1 depicts the most basic version of the gravity model, 

without any fixed effects. The variables are all significant at the 1% level, as is the model, and 

the model has an adjusted R-squared of 0.696. Therefore, almost 70% of the variation in 

bilateral trade is explained by the model.  

Model 2 adds the variable for the 65+ dependency ratio of the importer. The 

coefficients and significance levels of the other variables do not change much, and neither does 

the adjusted R-squared. The model is still significant at the 1% level.  

Model 3 adds variables for whether the trading partners are contiguous and whether 

they share a common (official) language. Both these variables are positive and significant, as 

hypothesised. Compared to Model 2, the 65+ dependency ratio of the importer is now 

insignificant. The adjusted R-squared slightly increases with this, the model is still significant 

at the 1% level. 

Model 4 adds variables for colonial and sibling relationships. As expected, both are 

positive and significant. The other variables change slightly in size, though their sign and 

significance remain the same. The adjusted R-squared again slightly increases, and the model 

is still highly significant. 
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Model 5 adds the final variables, namely those depicting trade-facilitating agreements. 

Still, the 65+ dependency ratio of the importer is insignificant. The influences of both 

GATT/WTO member and both EU member are insignificant, and the both EU member variable 

is negative, contrary to what was hypothesised. The RTA variable is, however, positive and 

significant, as was expected. The adjusted R-squared again increases slightly, and the model is 

still significant at the 1% level. 

 Model 6 is the complete model with all previous variables, and adds time-fixed effects. 

With the inclusion of these effects, all other previous variables become highly significant, and 

apart from the EU membership variable, they follow their hypothesised signs. As expected, 

with the declining importance of distance over time, the inclusion of time-fixed effects leads 

to a smaller coefficient for the distance variable. The dependency ratio variable, however, is 

still insignificant. The model is still highly significant, and the adjusted R-squared increases 

slightly.  

Finally, model 7 adds importer- and exporter-fixed effects. As a result, all variables, 

apart from both GATT/WTO member, are significant. The 65+ dependency ratio of the 

importer, however, as well as both EU member, are not following their hypothesised signs. 

Furthermore, many variables decrease greatly in size, such as the GDP of the exporter and the 

GDP of the importer, as parts of their effects are now subsumed into the importer and exporter 

fixed effects. The R-squared did increase again, and the model is still highly significant.  

Overall, it can be said that many variables line up with the expectations. This is not the 

case, however, for the main independent variable, the 65+ dependency ratio of the importer. I 

only find support for hypothesis 1 in Model 2, though this model is missing many important 

variables and is thus not complete. In Model 2, the 65+ dependency ratio of the importer has a 

5%-significant value of -0.1491, and thus as the 65+ dependency ratio of the importer increases 

by 1%, bilateral trade decreases with 0.15%, ceteris paribus. 

 

Overall, the results display very constant effects throughout the estimations, though they are 

very variable for the old-age demographic dependency ratio. Therefore, to perhaps gather more 

information about the age structure of the importer populations, the models are estimated again, 

but this time with the 65-69 dependency ratio of the importer and the 70+ dependency ratio of 

the importer. This is done both to take an alternative version of the old age dependency ratio, 

as 70+ is also often used as a cut-off point, rather than 65+, but also to facilitate comparability 

to the consumption ratio models. The results are depicted in Table 6. The adjusted R-squared 

values and model significance levels are highly similar to the results with only the 65+ 
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dependency ratio of the importer. Though the other variables included in the model hardly 

change in their sign, size, and significance, more support is found for hypothesis 1. Namely, in 

all models but Model 7, the 70+ dependency ratio of the importer returns negative and highly 

significant, meaning that bilateral trade indeed decreases as populations age. 

 

As described in Section 3, estimations using the Poisson Pseudo-Maximum Likelihood 

(PPML) estimator will also be done, the results of which can be found in Appendix D, in 

Models 1 and 2 of Table D2. The size of the coefficients decreases strongly in both cases, and 

support for hypothesis 1 is found in the case of the 65+ dependency ratio of the importer. A 

PPML model with fixed effects was also estimated, however, many of the variables are 

subsumed in the fixed effects, meaning that the true effect of ageing cannot be interpreted. 

These results are thus not shown in this thesis. 

 

4.1.2. Consumption ratios and trade 

The next set of models to evaluate, concerns the incremental estimations of equation (2), to see 

whether support for hypothesis 2 can be found. With these models, I determine the effect of 

population ageing and changing consumption expenditures, measured with consumption ratios, 

on trade, based on the NTA gravity dataset. The models are set up in the same incremental 

steps as previously, in Tables 5 and 6.  

The results of the estimations with the 65+ consumption ratio of the importer 

estimations are depicted in Table 7. The significance of all seven models is again of the highest 

level, and the adjusted R-squared is very similar to the estimations with the dependency ratios, 

too. The signs, sizes, and significance levels of the variables are nearly the same as with the 

65+ dependency ratio of the importer analyses in Table 5.  

 Again, only in Model 2 is support for hypothesis 2 found. Namely, in Model 2, the 65+ 

consumption ratio of the importer takes a value of -0.1101 at the 5%-significance level. 

Therefore, as the consumption ratio of the importer increases by 1%, bilateral trade decreases 

by 0.11%, ceteris paribus. From this model, we can thus conclude that as populations age, and 

as their consumption patterns thus change, bilateral trade will change. 

 

The results of the consumption ratio are again very variable. Therefore, to draw even more 

information from the data, the 65+ consumption ratio of the importer is split up. The results of 
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Table 5. NTA gravity dataset analyses with 65+ demographic dependency ratio 
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Table 6. NTA gravity dataset analyses with 65-69 and 70+ demographic dependency ratio 

 
 



 40 

Table 7. NTA gravity dataset analyses with 65+ consumption ratio 
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Table 8. NTA gravity dataset analyses with 65-69 and 70+ consumption ratio 
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these analyses can be found in Table 8. The model significance does not change between Tables 

7 and 8, and the adjusted R-squared is also nearly constant. Again, compared to the analyses 

with the 65+ consumption ratio of the importer, the signs, sizes, and significance levels of most 

variables are constant. There are changes in the effects found for the consumption ratios, 

though. Namely, again in all models but Model 7, I find support for hypothesis 2. Ageing, as 

well as a change in consumption, is captured to a larger extent in the 70+ consumption ratio of 

the importer. This makes sense, as private consumption starts to decrease more heavily for 

most countries between ages 70 and 80. All coefficients of that variable, apart from those in 

Model 7, are negative and significant at the 1% level. Therefore, as posited in hypothesis 2, as 

the importer population ages, and thus changes its consumption patterns, bilateral trade 

decreases.  

 

Equation (2) was also estimated using the PPML estimator, of which the results can also be 

found in Appendix D, in Models 3 and 4 of Table D2. The size of the coefficients is again 

lower than what was depicted in Tables 7 and 8, and no support is found for hypothesis 2, as 

all consumption ratios are insignificant.  

Several additional analyses have been done with the NTA gravity dataset, by way of 

early sensitivity checks. The results of these analyses can be found in Appendix D, Table D3. 

Support for hypotheses 1 and 2 is found in all four models. Care should be taken in interpreting 

Models 1 and 3, however, as the independent variables exhibit high multicollinearity, following 

the explanation given in Section 3.2. 

 

4.2. Sensitivity Analyses 

4.2.1. Old-age demographic dependency ratios and trade 

Further sensitivity analyses are done with the AGENTA gravity dataset. Namely, the previous 

results for the dependency and consumption ratios were somewhat variable between the 

different models. However, this variance could also be the consequence of a highly diverse 

importer country sample. As explained in Section 3.2, however, the AGENTA database 

considers only European countries, and thus considers countries that are much more similar in 

levels of ageing and development. Again, the first set of models concerns incremental 

estimations of equation (1), and I attempt to find support for hypothesis 1. The results are 

presented in Table 9, and the full results including coefficients and their significance levels for 

the controls are depicted in Table D4 of Appendix D. 
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Model 1 depicts the most basic version of the gravity model, without any fixed effects. 

The variables are all significant at the 1%-level, as is the model, and the model has an adjusted 

R-squared of 0.706. Therefore, 70% of the variation in bilateral trade is explained by the 

model.  

Model 2 again adds the variable for the 65+ dependency ratio of the importer. The 

coefficients and significance levels of the other variables do not change much, and neither do 

the adjusted R-squared or the model significance level. The old-age demographic dependency 

ratio is significant, however, it is positive, contrary to what was hypothesised.  

Model 3 adds variables for contiguity and sharing a common (official) language. Both 

these variables are positive and significant, as hypothesised. The other coefficients hardly 

change. The adjusted R-squared slightly increases as a result, the model still being highly 

significant. 

Model 4 adds variables for colonial relationships. As expected, both are positive and 

significant. The other variables change only slightly in size, though their sign and significance 

remain the same. The adjusted R-squared and the model significance are constant. 

Model 5 adds the variables for trade-facilitating agreements. All three variables are 

positive, as hypothesised, and significant. The adjusted R-squared increases and the model 

significance is still stable.   

Model 6 is the complete model but adds importer- and exporter-fixed effects. Time-

fixed effects cannot be added in this case, as the observations are all from the same year. The 

adjusted R-squared increases greatly, though many coefficients now display a different size, 

but also different signs and significance levels. The same holds for the dependency ratio 

variable. Still, the model is significant at the 1% level.  

Thus, many coefficients line up with the expectations, however, not the main 

independent variable, the 65+ dependency ratio of the importer. I do not find support for 

hypothesis 1, as all coefficients are positive. This means that, for example, according to Model 

2, as the 65+ dependency ratio of the importer increases by 1%, bilateral trade will increase by 

0.51%, ceteris paribus. This is not what was hypothesised. 

 

Therefore, I again attempt to draw more information from the dependency ratios by splitting 

them up, and estimating the model again with the 65-69 dependency ratio of the importer and 

the 70+ dependency ratio of the importer. These results are depicted in Table 10. Relative to 

Table 9, the model significance and the adjusted R-squared hardly change for any of the 

models. The same goes for the sign, sizes, and significance levels for many coefficients, except 
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for those in Model 6, which introduces the fixed effects. The dependency ratios, however, 

become mostly insignificant. The only significance that is found for the old-age demographic 

dependency ratios is in Model 2, where the 65-69 dependency ratio of the importer displays a 

negative effect, supporting hypothesis 1. This is counterintuitive, as one would expect it to be 

positive for this age category, and then negative in the 70+ category, like in Table 6.  

 

Again, some estimations using the PPML estimator have also been done, of which the results 

are found in Appendix D, in Models 1 and 2 of Table D5. The size of the coefficients is lower 

compared to Tables 9 and 10, and again, no support is found for hypothesis 1.  

 

4.2.2. Consumption ratios and trade 

The next set of models estimates equation (2) incrementally, but now with data from the 

AGENTA gravity dataset, to determine whether there is support for hypothesis 2. The effect 

of both population ageing and changing consumption expenditures on trade is estimated, 

through the utilisation of consumption ratios. The results are depicted in Table 11. 

 As before, the models are estimated in the same incremental steps. All eight models 

display a high level of significance, as well as a similar adjusted R-squared as in Table 9. Of 

all variables, the signs, sizes, and significance levels are very similar to those depicted in Table 

9. However, the coefficients for the 65+ consumption ratio of the importer are now much more 

significant and negative, except for Model 6, which introduces the importer and exporter fixed 

effects. This means that in Models 2-5, support for hypothesis 2 is found, and that as the 

consumption ratio of the importer increases, bilateral trade decreases; ageing populations and 

their ageing consumption patterns will influence trade. For example, according to Model 5, as 

the 65+ consumption ratio of the importer increases by 1%, bilateral trade decreases by 0.96%, 

ceteris paribus. 

 

Perhaps additional information can be drawn from the variables again by splitting up the 65+ 

consumption ratio of the importer, as was done for the baseline analyses. The results of these 

estimations are depicted in Table 12. Between Tables 11 and 12, the model significance and 

adjusted R-squared are nearly constant. The signs, sizes, and significance levels of most 

variables do not change, either. In these analyses, too, support is found for hypothesis 2, as the 

70+ consumption ratio of the importer is negative and significant at the 1%-level in Models 2-

5 again, like in Table 11, albeit at slightly lower values. For example, following Model 5, as 

the 70+ consumption ratio of the importer increases by 1%, bilateral trade decreases by 0.70%, 
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Table 9. AGENTA gravity dataset analyses with 65+ demographic dependency ratio 

 



 46 

Table 10. AGENTA gravity dataset analyses with 65-69 and 70+ demographic dependency ratio 

 
  



 47 

Table 11. AGENTA gravity dataset analyses with 65+ consumption ratio 
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Table 12. AGENTA gravity dataset analyses with 65-69 and 70+ consumption ratio 
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ceteris paribus. The variable is insignificant in Model 6, as is the 65-69 consumption ratio of 

the importer in all models but Model 6, where it displays a very strong negative value. 

However, there is still support for hypothesis 2, and thus as the importer population ages, and 

as its consumption patterns change as a result, bilateral trade decreases. 

 

Like with the baseline analyses, some estimations using the PPML estimator have also been 

done, of which the results are found in Appendix D, in Models 3 and 4 of Table D5. The size 

of the coefficients is lower compared to Tables 11 and 12, and again, no support is found for 

hypothesis 1.  

Similar to the NTA gravity dataset, several additional analyses have been done with the 

AGENTA gravity dataset, to provide some further final sensitivity checks on these estimations. 

The results of these estimations are depicted in Appendix D, Table D6. Support for hypothesis 

2 is found with the consumption ratios, and only partially found with the dependency ratios. 

Nevertheless, again, care should be taken in interpreting Models 1 and 3, however, as the 

independent variables exhibit slight multicollinearity, following the explanation given in 

Section 3.2. 

 

4.3. Consumption Ratios and Disaggregated Trade 

The final estimations of this thesis go even deeper into how population ageing influences trade, 

as the goal now is to determine how trade changes. In this sub-section, I attempt to discover 

whether, as a result of population ageing and changing consumption behaviour, trade decreases 

in goods of which the elderly are expected to consume relatively little, and trade increases in 

goods of which the elderly are expected to consume relatively much. If that is the case, then I 

find support for hypothesis 3.  

For these estimations, I use the disaggregated AGENTA gravity dataset. The best-

practice model from the previous estimations shall be used for these estimations. This model 

is Model 5 from Tables 11 and 12, i.e., the model that includes all relevant control variables, 

but that does not control for the exporter and importer fixed effects. This model gave the most 

reliable and constant results and is therefore estimated twenty-six times. The first thirteen 

instances use the 65+ consumption ratio of the importer as the independent variable, where the 

dependent variable is a different SITC industry every time, and the last thirteen instances use 

the 65-69 consumption ratio of the importer and the 70+ consumption ratio of the importer as 
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independent variables, and here, too, every model has a different SITC industry as its dependent 

variable. The results of these estimations can be found in Tables 13 and 14, respectively.  

The first thing to note when looking at Table 13 is that the adjusted R-squared has very 

high variability in these models and that the model significance is very high for all of them. 

The gravity variables take on the correct signs when they are significant, though their sizes 

differ greatly. When considering the 65+ consumption ratio of the importer, the coefficient is 

significant in Models 4, 7, 9, 11, and 13, and all are positive, though with different sizes. 

Therefore, as populations age, their trade in tobacco, appliances, medicine, vehicles, and 

telecommunications equipment increases.  

 When comparing these results to findings from Stöver (2012), they are unexpected. 

Namely, following her results in changing consumption patterns, it was to be expected that 

trade in tobacco and vehicles decrease. These are things which people in older age groups 

generally consume less, and thus one could expect that to affect import demand. This is not the 

case, however. The only industry category that does line up with expectations is trade in 

medicine. Very little support for hypothesis 3 is thus found.  

 

As these results are not lining up with the expectations, it may prove insightful to again split 

up the consumption ratio. Therefore, in the next set of analyses, of which the results are 

displayed in Table 14, the 65-69 consumption ratio of the importer and the 70+ consumption 

ratio of the importer are the independent variables. For Table 14, too, the adjusted R-squared 

exhibits a very high variability, but the model is very significant. Significant coefficients for 

the consumption ratio variables are found in Models 2, 4, 7, 8, 11, and 13.  

 Following the expectations of Stöver (2012), I again find support for hypothesis 3 in 

Model 2, for trade in non-alcoholic beverages. Namely, the 70+ consumption ratio of the 

importer is very negative and significant at the 5% level. As populations age, they trade less in 

non-alcoholic beverages. I also find partial support in Model 4, Model 8, and Model 11, for 

trade in tobacco, furniture, and vehicles respectively, as the 65-69 consumption ratio of the 

importer is strongly negative in those instances, however, the 70+ consumption ratio of the 

importer then turns positive. No support is found in Models 7 and 13, as following Stöver, 

trade in appliances and telecommunications equipment is expected to decrease as populations 

age, since the elderly are expected to consume less of these products. 

 

Some alternative estimations were done with the disaggregated AGENTA gravity datasets, of 

which the results are depicted in Appendix D, in Tables D7 and D8. The results in Table D7 
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should be interpreted with caution, as these data present some multicollinearity. In both tables, 

the adjusted R-squared values fluctuate quite a bit, as was the case in Tables 13 and 14, but the 

models all present high significance levels. Here, too, the gravity variables mostly line up with 

the hypothesised effects. In these models, further support for hypothesis 3 is found, but again 

not for all SITC industry categories.
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Table 13. Disaggregated AGENTA gravity dataset analyses with 65+ consumption ratio 
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Table 14. Disaggregated AGENTA gravity dataset analyses with 65-69 and 70+ consumption ratio 
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5. DISCUSSION AND CONCLUSION 

In this section, I conclude this thesis. I first turn to an evaluation of the results and put their 

implications into perspective. Then I evaluate several limitations of this research, while also 

putting forward some recommendations for future research. I conclude by answering the 

research questions.  

 

5.1. Implications 

Having conducted all the analyses, in this section, I turn to the implications of the results. 

Overall, I have found consistent support for both my first and second hypotheses. Bilateral 

trade thus decreased following increasing old-age demographic dependency ratios and 

consumption ratios. However, support for the third hypothesis is lacking. The models did not 

return many significant consumption ratios, and thus the effect that I sought to establish seems 

to be absent. Overall, the effect of the gravity variables stayed very constant throughout all the 

analyses. This was not the case when introducing importer- and exporter-fixed effects, as these 

effects likely subsume much of the variation in these variables. In addition, there was quite a 

big difference between models with just the 65+ dependency and consumption ratios, and those 

with 65-69 and 70+ ratios. This is because the distribution in both ageing and consumption 

changes heavily even after age 65. Splitting up these ratios thus provides much more 

information, changing the coefficients between the different models. Furthermore, the PPML 

estimations that were depicted in Appendix D show changes in all coefficients relative to the 

earlier estimations. PPML with robust clustered standard errors tends to be considerably 

downward biased (Pfaffermayr, 2023). Still, it is useful to consider the results, as the estimator 

aids in addressing some of the econometric issues discussed in Section 3.  

 This link that has been found between ageing and trade can be considered a multiplier 

effect. Namely, there is the effect of increases in the actual size of the elderly which is 

detrimental. For example, the old-age demographic dependency ratios may influence trade for 

example through the shrinking of the labour supply of a country, which reduces income and 

thus import demand (Jafrin et al., 2021; Tian et al., 2011). However, there is also the added 

effect of changing consumption structures. Specifically, as people age, their private 

consumption decreases, following life-cycle theory and the retirement-consumption puzzle 

(Lefèbvre, 2006; Modigliani & Brumberg, 1954, 1990; World Trade Organization, 2013). This 
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decrease in private consumption as a person ages, combined with the increased share of the 

elderly in the population, is thus found to be detrimental to international trade. 

The reason that these found effects are so important, is that they demonstrate that 

population ageing can affect the economy in yet another way than once thought. Specifically, 

as populations age and their consumption patterns change, trade changes according to this, and 

this may induce sectoral shifts (Lefèbvre, 2006). Therefore, beyond pressuring the pension 

system and inequality and the like, population ageing influences not only international trade 

relations, but the sectoral make-up of the economy. This effect is further pressured by 

population shrinking. The decline in the absolute size of populations, another phenomenon of 

recent decades, namely leads to a reduced ability to provide goods and services both regionally 

and nationally, and we thus turn to trade to save this problem. This makes the effect that ageing 

has on the economy through changes in consumption and trade even more detrimental, and that 

also makes this strand of literature so important.  

This discussion indicates that there is high policy relevance for these effects. The 

detrimental effect of population ageing on trade needs to be limited, through the use of policies 

that stimulate consumption in older ages, too, or that facilitate higher levels of trade even as 

consumption in some industries falters. As such, the detrimental effect that ageing has on trade 

will have limited repercussions for the domestic economy (Singh, 2010).  

 

5.2. Limitations and Recommendations for Future Studies 

Despite the extensive analyses estimated, there are several limitations to this thesis. Firstly, as 

mentioned already in Section 3, the income data that both the NTA and the AGENTA supply 

are very accurate, as they are based on income tax reports (Lee & Mason, 2011a; Lee & Mason, 

2011b). However, the same cannot be said for their consumption data. Namely, the 

consumption data is often based on household surveys, and are thus far less accurate. Secondly, 

the data that the NTA and the AGENTA supply may not be entirely comparable. Namely, the 

NTA project uses local, country-specific research teams, which can thus take country-specific 

details into account. The AGENTA project does not rely on such country-specific teams, 

meaning that its data does not take to these country-specific details so well. However, as it uses 

a more widespread research team, its accounts serve better for easy comparisons between 

countries, in addition to distinguishing between genders (Istenič et al., 2016; Lee & Mason, 

2017). Thirdly, the level of trade costs over time has declined. Trade costs are difficult to 

estimate, however, and to that end, distance is used, as well as other trade-facilitating 
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characteristics, such as contiguity, common language, and EU membership. Nevertheless, 

these factors do not always accurately display the decrease in trade costs, as most of them are 

time-invariant (Yotov et al., 2016). For example, once a country has a common border with 

another country, this is highly unlikely to change. A limitation of gravity models to thus always 

be mindful of is that trade costs are not always very accurate and may thus be overestimated.  

 Several recommendations can also be put forward, as avenues for further research while 

taking the above limitations into account. A first recommendation is to enhance the analysis of 

the disaggregated trade models by computing consumption ratios that are based on age-specific 

consumption in consumption purposes related to that trade industry. However, this data is, as 

of yet, unavailable, but this extension might prove very insightful and much more accurate for 

the disaggregated analyses should the data become available. A second extension is to use 

economic dependency ratios instead of consumption ratios. In an earlier version of the analyses 

these were used, however, as they are mainly a proxy for how consumption is financed, they 

are not extremely relevant in this particular research. Should one be interested in the effect of 

sustainability of the pension system on trade, for example, these dependency ratios might be 

of use. Finally, an extension that might prove to be very insightful is splitting the sample in the 

disaggregated trade analyses. Namely, as consumption after age 65 changes in different ways 

for different countries, results may be very mixed. Dividing countries over three different 

samples, such as ‘fairly flat consumption’, ‘small decrease in consumption’, and ‘large 

decrease in consumption’ after age 65, might make the results more significant, both 

statistically and economically.  

 

5.3. Conclusion 

This thesis has attempted to estimate the effect of ageing populations on international trade, by 

continuing upon my previous work (Meijer, 2022). By adding to the analysis through the 

introduction of the consumption ratios, I use the NTA approach, and thus take a big step 

forward. Namely, this strategy allows me to distinguish the multiplier effect that population 

ageing has on international trade. Specifically, as populations age, there is not only a change 

in the size of elderly people, which influences the level of trade, but there is also the decrease 

in private consumption patterns in the elderly ages that amplifies this effect. To estimate this 

effect, the analysis was split up into three parts. Firstly, I estimated the effect of ageing on 

international trade through the use of various old-age demographic dependency ratios of the 

importer. In both my baseline and sensitivity analyses, evidence was found that as the 
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dependency ratio increases, bilateral trade decreases. Therefore, to answer my first sub-

research question “Does the dependency ratio of the importer influence the level of bilateral 

trade?”, I indeed find this influence. Secondly, I estimated the effect of ageing on international 

trade by using consumption ratios as proxies for both population ageing and changing 

consumption behaviour in older ages. Again, in both my baseline and sensitivity analyses, I 

find that the various combinations of consumption ratios of the importer demonstrate a negative 

effect; as the consumption ratio increases, bilateral trade decreases. Thus, my second sub-

research question, “Does the change in consumption over the life course influence the level of 

bilateral trade as populations age?” can also be answered in the affirmative. Finally, I take 

the analysis one step further by disaggregating trade, to see how trade might change as 

populations age. These analyses are inconclusive, as the industries for which I expected to see 

a decline, often witness an increase in trade as populations age. Therefore, to answer my third 

sub-research question “How does bilateral trade change as populations age?”, I posit that 

trade decreases in some industries where the elderly are expected to consume less, and that 

trade increases in some industries where the elderly are expected to consume more, as 

hypothesised, however, the evidence is not conclusive for many sectors. This warrants further 

research. The research question of this thesis is: 

“Does the age structure of the importer’s population influence the level of bilateral 

trade?” 

Based on the sub-research questions, the hypotheses, and all the analyses, I conclude that the 

structure of the importer’s population indeed influences the level of bilateral trade. The 

extensive estimations have demonstrated a somewhat robust effect. Namely, when taking 

solely the age structure of the importer into account, I already find negative effects of ageing 

on bilateral trade. By taking the step towards including age-specific consumption patterns, I 

strengthen my findings even more, as the change in the population age structure of the importer 

influences trade not only through changes in sizes of the elderly population, but also certainly 

by their levels of private consumption, which changes throughout the life course. Though there 

is certainly still room for future research, this research has established the importance of 

considering the effect of population ageing on international trade. Namely, as consumption 

patterns and thus trade change, they can bring about sectoral shifts (Lefèbvre, 2006). These 

shifts may have further effects on international trade relations, but most certainly on the 

domestic economy, further extending the effect that population ageing can have.   
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APPENDICES  

Appendix A. List of Included Variables 

Table A 1. List of included variables 
Variable name Description Source 

Bilateral trade Importer-reported bilateral trade values, either 

aggregate or at the SITC industry level. The 

value is reported in real values. This variable 

was based on CEPII’s Gravity Database. 

Head & Mayer, 2014 

Dependency ratio of the 

importer 

Dependency ratio of the importer, calculated 

as the number of persons in the relevant age 

group, divided by the number of people 

between ages 20 and 64. This variable was 

based on the United Nations World 

Population Prospects Indicators. 

United Nations, 2022 

Consumption ratio of the 

importer 

Consumption ratio of the importer, calculated 

as the aggregate consumption of all persons in 

the relevant age group, relative to the 

aggregate consumption of the total 

population. This variable was based on the 

NTA project and AGENTA project data.  

Lee & Mason, 2011b 

(NTA) 

 

Istenič et al., 2016 

(AGENTA) 

GDP of the exporter GDP per capita of the exporter, reported in 

real values. This variable was based on 

CEPII’s Gravity Database, which in turn 

obtained it from the World Bank 

Development Indicators. 

Head & Mayer, 2014 

GDP of the importer GDP per capita of the importer, reported in 

real values. This variable was based on 

CEPII’s Gravity Database, which in turn 

obtained it from the World Bank 

Development Indicators. 

Head & Mayer, 2014 

Distance The distance between the capitals of the 

exporter and the importer, measured in 

kilometres. This variable was taken from 

CEPII’s Gravity Database, where it was in 

turn taken from CEPII’s GeoDist Database. 

Head & Mayer, 2014 
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Contiguity A dummy equal to 1 if the exporter and 

importer are contiguous to one another. This 

variable was taken from CEPII’s Gravity 

Database, which in turn obtained it from 

CEPII’s GeoDist Database. 

Head & Mayer, 2014 

Common official 

language 

A dummy equal to 1 if the exporter and the 

importer share an official or primary 

language. This variable was taken from 

CEPII’s Gravity Database, which in turn 

obtained it from CEPII’s GeoDist Database. 

Head & Mayer, 2014 

Colonial or dependency 

relationship between the 

trading partners 

A dummy equal to 1 if the exporter and the 

importer were ever in a colonial or 

dependency relationship. This variable was 

taken from CEPII’s Gravity Database, which 

in turn derived it from the Colonial Ties 

Database. 

Head & Mayer, 2014 

Sibling relationship 

between the trading 

partners 

A dummy equal to 1 if the exporter and the 

importer were ever in a sibling relationship, 

meaning that they ever had the same 

hegemon. This variable was taken from 

CEPII’s Gravity Database, which in turn 

derived it from the Colonial Ties Database.  

Head & Mayer, 2014 

Trading partners are both 

(GATT/) WTO members 

A dummy equal to 1 if the exporter and the 

importer are both members of the GATT 

and/or WTO in a certain year. This variable 

was based on the exporter and importer GATT 

and WTO membership dummies, obtained 

from CEPII’s Gravity Database, which in turn 

obtained it from the WTO. 

Head & Mayer, 2014 

Trading partners are both 

EU members 

A dummy equal to 1 if the exporter and the 

importer are both members of the European 

Union in a certain year. This variable was 

based on the exporter and importer EU 

membership dummies, obtained from CEPII’s 

Gravity Database, which in turn obtained it 

from the European Union. 

Head & Mayer, 2014 
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Share a regional trade 

agreement 

A dummy equal to 1 if the exporter and the 

importer share a regional trade agreement of 

any type in a certain year. This variable was 

obtained from CEPII’s Gravity Database, 

which in turn obtained it from the WTO. 

Head & Mayer, 2014 
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Appendix B. List of Included Observations in NTA Gravity Dataset 

Table B 1. List of included importing country observations in the NTA gravity dataset 
Alpha-3 code Country Years included 

ARG Argentina 1997, 2010, 2016 

AUS Australia 2004, 2010 

AUT Austria 1995, 2000, 2005, 2010 

BEN Benin 2007 

BWA Botswana 2010 

BRA Brazil 1996, 2002, 2008 

BFA Burkina Faso 2014 

KHM Cambodia 2009 

CMR Cameroon 2014 

CAN Canada 2006, 2011 

CAF Central African Republic 2008 

TCD Chad 2011 

CHL Chile 1987, 1997, 2018 

CHN China 1995, 2002, 2009, 2014 

COL Colombia 2008, 2014 

CRI Costa Rica 2004, 2013 

SLV El Salvador 2010 

ETH Ethiopia 2005 

FIN Finland 2004, 2006 

FRA France 2001, 2005, 2011 

GAB Gabon 2005 

GMB Gambia 2015 

DEU Germany 2003, 2008 

GHA Ghana 2005 

GIN Guinea 2012 

GNB Guinea-Bissau 2010 

HUN Hungary 1995, 2000, 2005 

IND India 2004 

IDN Indonesia 2005 

ITA Italy 2008 

JAM Jamaica 2002 

JPN Japan 2004 

KEN Kenya 1994, 2005 
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LAO Laos 2012 

MDV Maldives 2010 

MLI Mali 2015 

MRT Mauritania 2014 

MEX Mexico 2004, 2010, 2014 

MDA Moldova 2014 

MNG Mongolia 2014 

MOZ Mozambique 2008 

NAM Namibia 2012 

NER Niger 2014 

NGA Nigeria 2004, 2009, 2016 

PRY Paraguay 2012 

PER Peru 2007, 2014 

PHL Philippines 1990, 1995, 1999, 2000, 2004, 2005, 2007, 2010, 

2011, 2015 

POL Poland 2012 

RUS Russia 2013, 2016 

STP Sao Tome and Principe 2012 

SEN Senegal 2005, 2011 

SLE Sierra Leone 2011 

SGP Singapore 2013 

SVN Slovenia 2004, 2010 

ZAF South Africa 2005 

KOR South Korea 2000, 2010-2019 

ESP Spain 2000 

SWZ Eswatini 2011 

SWE Sweden 2000, 2002-2006 

TWN Taiwan 1993, 1998, 2015 

THA Thailand 1996, 2004, 2011, 2017 

TLS Timor-Leste 2011 

TUR Türkiye 2006 

URY Uruguay 1994, 2006, 2013 

USA United States of America 1981-2003, 2006-2011 

VNM Vietnam 2008 
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Appendix C. List of Included Observations in AGENTA Gravity Dataset 

Table C 1. List of included importing country observations in the AGENTA gravity 

dataset 
Alpha-3 code Country 

AUT Austria 

BEL Belgium 

BGR Bulgaria 

CYP Cyprus 

CZE Czech Republic 

DNK Denmark 

EST Estonia 

FIN Finland 

FRA France 

DEU Germany 

GRC Greece 

HUN Hungary 

IRL Ireland 

ITA Italy 

LVA Latvia 

LTU Lithuania 

LUX Luxembourg 

POL Poland 

PRT Portugal 

ROU Romania 

SVK Slovakia 

SVN Slovenia 

ESP Spain 

SWE Sweden 

GBR United Kingdom 
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Appendix D. Alternative Estimations 

Table D 1. Complete NTA gravity dataset analyses with 65+ demographic dependency ratio 
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Table D 2. NTA gravity dataset analyses with PPML estimator 
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Table D 3. NTA gravity dataset analyses with alternative IV combinations 
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Table D 4. Complete AGENTA gravity dataset analyses with 65+ demographic dependency ratio 
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Table D 5. AGENTA gravity dataset analyses with PPML estimator 
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Table D 6. AGENTA gravity dataset analyses with alternative IV combinations 

 
  



 78 

 

Table D 7. Alternative disaggregated analyses with all consumption ratios 
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Table D 8. Alternative disaggregated analyses with 65-69 and 80+ consumption ratios 

 
 


