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Abstract: Population aging in Europe and other parts of the industrialized world will have 

significant effects on labor supplies, saving rates, and by extension investment and 

interest rates. This thesis examines a number of economic studies that attempt to project 

the impacts of population aging to European economies. A number of theories and 

assumptions concerning private, government, and national saving behavior are 

incorporated in these studies, and some conflicting conclusions are drawn. This paper 

attempts to synthesize the findings of the current literature into a directed acyclic graph 

(DAG) illustrating a theory of the impacts of population aging to European economies 

through the mechanisms of shrinking labor supplies and increasing dependency ratios. 

OLS regression models from the literature are then compared to causal chains drawn in 

the DAG to determine where these models may have improperly specified causal 

relationships. 
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“Such an unprecedented phenomenon raises serious questions as to its implications for 

the public finances . . . for private savings behaviour, for the evolution of labour 

productivity and for the outlook for potential growth and living standards in general.” 

 – K. McMorrow and W. Roeger 

 

“Despite an extensive literature on saving behavior, there remain a number of empirical 

issues which have not been conclusively resolved, including the effects of real interest 

rates, demographic factors, and per capita income on private saving, the relationship 

between growth and saving, and the extent to which private saving offsets movements in 

public (dis)saving.” 

 – Paul R. Masson et al. 
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Introduction 

 The ‗graying‘ of many industrialized nations, including most of Europe, is a well-

documented phenomenon. The global population growth rate has been declining since the 

early 1980s, and dependency ratios are rising in many developed countries (Turner et al., 

9). Two long-term trends have emerged worldwide: declining fertility rates and 

increasing life expectancies. This demographic combination leads to population aging. 

For Europe, the situation is particularly dire: already, 19 of the world‘s 20 oldest 

countries are in Europe (Harper, 117). Twenty-nine percent of the European population is 

projected to be over the age of 65 by 2050 (Rowland, 42). By 2050, Austria, Germany, 

Greece, Italy, and Spain are projected to have 30 percent or more of their populations 

aged 65 and over, while the populations of France, the Netherlands, and the United 

Kingdom will have 25-29.9 percent in this age group (Rowland, 45). 

 The worldwide total fertility rate—the number of children a woman is expected to 

have in her lifetime—has fallen from 5.0 to 2.7 since the 1970s (CIA, 21). A fertility rate 

of 2.1 children per woman on average—the replacement level—is necessary for a country 

to sustain its current population, excluding immigration. According to Daniel Hamilton, 

―not a single EU country has replacement [level] fertility‖ (107). The Pew Forum on 

Religion & Public Life estimates the current non-Muslim fertility rate for Europe to be 

only 1.5; by 2030 it is projected to increase only to 1.6 (131). Largely as a result of these 

low levels, Europe‘s population is projected to begin shrinking after 2035 (Hamilton, 

107). This means a smaller labor force in decades to come: Sarah Harper reports that 

Europe‘s working-age population will decrease by 48 million people by 2050, leading to 
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a demographic deficit ―whereby the population of working-age adults is insufficient to 

support the increasing proportion of older dependents‖ (119).  

 Concurrent with declining fertility, global life expectancy has risen dramatically 

since World War II, from 45 to 65 years (and even higher in many developed nations), ―a 

greater gain over the past 50 years than over the previous 5,000‖ (CIA, 21). Longer life 

expectancies will complicate matters for many EU countries, as larger elderly populations 

will increase government expenditures (and reduce government savings) for both 

healthcare and pension benefits. Examining projections for 20 OECD countries, Deborah 

Roseveare et al. found that, barring policy changes, ―ageing [will] have a major impact 

on government budgets and on national savings‖ (5).   

 European pension plans‘ strong incentives toward early retirement will make 

population aging a particularly significant problem for this region (McMorrow and 

Roeger, 23-24). As the average European can now expect to live 15-20 years beyond 

retirement (Ekerdt, 471), there is an increasing burden on public and private retirement 

plans to provide for older citizens. Further, as the labor force shrinks and the number of 

dependents rises, global living standards could decline as less output must be spread 

among a larger population (Turner et al., 10, 16).  

 A number of studies conducted throughout the 1990s conclude that developed 

nations will see slowing economic growth and growing burdens on their working-age 

populations beginning as early as 2010 due to population aging. McMorrow and Roeger 

calculate that increases in pension and health care expenditures are already ―the main 

culprits in explaining the inexorable rise in the share of government expenditure in 

GDP,‖ and as populations age they will place additional pressure on government 
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spending in these areas (16). More disturbing, Ketil Hviding and Marcel Mérette 

conclude that increasing income taxes and decreasing national savings and returns on 

investment are ―inevitable‖ even with policy reforms (28).  

 Increased immigration is sometimes suggested as a potential offset to shrinking 

native workforces. However, as Willi Leibfritz et al. point out, in regions where the 

outlook for the working age population is most dire, ―it is difficult to see how these 

countries could absorb the cumulative number of immigrants . . . necessary to keep the 

working-age population from falling‖ (19). A number of other studies agree that while 

replacement migration could mitigate some effects of population aging, ―migration as a 

single, ‗silver bullet‘ solution is often beyond the pale‖ and ―politically unfeasible‖ 

(Keely, 397, 401).  

 While numerous studies have tried to project the economic conditions of aging 

countries into the future, disagreement remains as to what the impact on saving rates will 

be and how this will interact with interest rates. Empirical data show that saving and 

investment levels in the OECD have already declined significantly, from approximately 

15 percent of net domestic product in the 1960s to only 7 to 8 percent by the mid-1990s 

(Bosworth, 20-21). Several competing theories exist, with varying levels of empirical 

support, to explain and predict the interaction between private, national, and government 

saving and interest rates as a population ages and retires.  

 This thesis will examine these arguments and the economic models they have 

used in an attempt to build a directed acyclic graph (DAG) to answer the question: what 

will happen to public and private saving and interest rates in Europe as the population 

ages? I argue that the empirical evidence is inconclusive to date because existing studies 
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have improperly specified their models, either by failing to incorporate all relevant 

variables, or by including more variables than are truly necessary. My thesis offers a 

different approach to building a theory of the impacts of aging on economic variables (by 

creating a DAG), which I contend more clearly illustrates causal processes and relevant 

relationships between variables. 

 An OLS regression model or economic simulation model that incorporates a 

variety of independent variables, without a clear theory as to which variable(s) actually 

affect the dependent variable, can produce incorrect findings and may be contributing to 

conflicting conclusions across studies. OLS regressions also cannot account for the 

sequence of events in a causal process. The graph I build incorporates most of the 

relevant variables identified in the literature and allows for a more thorough mapping of 

the causal mechanisms by which population aging affects saving and interest rates in 

European countries, and the order in which they occur. This will allow me to identify 

where the OLS regressions have improperly specified causal relationships. 

 This paper first provides a review of the relevant literature and research to date 

regarding the issue of population aging and its affects on saving and interest rates across 

Europe. I then identify the arguments and assumptions made by each study and explain 

the method used to bring them all together into one comprehensive DAG that illustrates 

the impact of population aging to European economies. After a thorough examination of 

the arguments made in the literature to build the DAG, I compare the findings drawn 

from OLS regressions to the causal arguments laid out in the DAG, to determine where 

previous studies may have incorrectly specified their models.  
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Literature Review 

 This section focuses on the literature that discusses population aging and its 

economic impacts. As all of the studies in my analysis take population aging as a given, I 

will not focus on the literature that attempts to explain why it is occurring. In short, 

theorists tend to agree that population aging is a reality in much of the developed world, 

and that it is a result of two factors discussed in the introduction: declining fertility rates 

and increasing life expectancies. There are numerous theories to explain these two 

phenomena, but they are less relevant for this analysis. As population aging is a reality, 

and as it is generally agreed the trend is not likely to be reversed, some researchers have 

turned to explaining the problems this trend will cause, such as impacts to national 

spending and saving. 

 Researchers tend to agree that increased demands on government budgets for 

items such as pension and healthcare benefits mean the aging phenomenon ―is a force 

toward government dissaving,‖ (emphasis added) however the impact on private saving 

and thus on national saving is less clear (Roseveare et al., 10). As Andrew Dean et al. 

observe: ―the effect of interest rates on saving [also] is ambiguous‖ (19). Even where 

general agreement exists, there are often still debates over the assumptions that should be 

made to model a certain economic relationship (England, 2).  

 Beginning in the late 1980s, researchers from various international organizations 

began conducting studies that attempted to project the impacts of population aging in 

developed economies. Each study uses a slightly different economic model and set of 

assumptions, and most acknowledge a lack of understanding of the influence of aging on 

saving. As Dean et al. observe, a variety of factors affect private saving rates, including 
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―demographic factors, current and expected wealth, and institutional or structural 

characteristics, such as . . . pension schemes and tax systems‖ (17). 

 A core statistic used in many of these analyses is the dependency ratio, which 

compares the portion of the population that is dependent on the labor force (those below 

the age of 15 (or 18, in some calculations) and those past the age of 65) versus the portion 

that is in the labor force (the group between the ages of 15 (or 18) and 64). Ideally in a 

stationary, stable population, roughly 60 percent of the members would be between the 

ages of 18-64 and thus in the labor force (Clark and Spengler, 153). However, if fertility 

levels decline below replacement, the percentage of the population under 18 will decrease 

and the percentage over 64 will grow, raising the cost per dependent borne by the 

working population (Clark and Spengler, 153).  

 Various studies have found that increases in the dependency ratio cause an 

―increase in consumption relative to wealth and income,‖ (and by extension a decrease in 

private saving relative to income) (England, 12-13). Dave Turner et al. present a variety 

of empirical findings illustrating the ongoing debate over the relationship between 

dependency ratios and saving rates. Some researchers have found that a one percent 

increase in the dependency ratio reduces private saving by as little as 0.14 percent (a 

minor relationship) to as much as one percent (a significant negative correlation) (Turner 

et al., 12). Paul Masson et al. find that a seven percent jump in the dependency ratio 

translates to a one percent decrease in private saving (10). McMorrow and Roeger 

estimate dependency ratios in the EU could increase dramatically by 2050: in 1985 the 

EU15 ratio was 1 elderly dependent to 5 workers, or 20 percent; by 2050 that ratio is 

expected to be closer to 50 percent (4).  
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Theories of the Affect of Population Aging on Private Saving Behavior 

 While economists tend to agree that dependency ratios will increase significantly 

as Europe ages and that this will have significant impacts on its labor supplies and 

government spending dynamics, the direction and degree of such effects is still in 

contention, as is the impact to private spending and saving behavior. As Leibfritz et al. 

observe: ―empirical evidence of the effect of demographic factors on private saving in the 

past is inconclusive‖ (6). This section summarizes some of the core theoretical arguments 

for aging‘s impact on private saving behavior. 

 McMorrow and Roeger argue all motives for saving can essentially be grouped 

under one of three theories: the life-cycle hypothesis, the bequest or dynasty model, or 

the precautionary or ‗buffer stock‘ model (20). 

 In the life-cycle hypothesis (LCH), first proposed by Franco Modigliani, an 

individual‘s economic life is divided into three stages: the period prior to joining the 

labor force (youth), the period actively in the labor force (the most critical stage), and the 

period of retirement (Clark and Spengler, 70-1). Essentially the theory argues: ―people 

save for retirement when they are working and then, when they retire, draw down those 

savings to maintain consumption of goods and services‖ (England, 9). Thus, the LCH 

―assumes that an individual‘s time horizon is their own lifetime and that their utility 

hinges solely on their own consumption‖ (McMorrow and Roeger, 20). Further, it 

assumes a positive correlation between income growth and saving (Masson et al., 3). As 

Masson et al. suggest, this correlation means initially, as a population ages and a large 

proportion is in the peak-earning years, private saving rates should be high, and then in 

the longer term as this older cohort moves into retirement, private saving rates will be 
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negatively impacted (5). The life-cycle hypothesis is employed in ―virtually all 

mainstream models‖ (McMorrow and Roeger, 20). 

 However, some researchers argue the LCH‘s projected dissaving does not occur. 

The bequest or dynasty model suggests the elderly continue to save in order to leave 

bequests to their children (Leibfritz et al., 7). In this theory, individuals‘ time horizons are 

multigenerational and they strive to maximize not only their own utility but also that of 

their descendents (McMorrow and Roeger, 20). While bequests are not universal, 

empirical research does indicate ―the intergenerational transmission of status‖ is strong in 

many countries (Hardy, 517). Also, as Masson et al. suggest: ―bequests may lower the 

saving of the young, and hence aggregate saving, even if the elderly do not themselves 

dissave‖ (5). Börsch-Supan also observes this tendency (110).  

 Lastly, the precautionary or “buffer stock” theory assumes ―a major motive‖ 

for saving is to ―shield one‘s consumption against future uncertainties‖ (McMorrow and 

Roeger, 20). This argues against a core assumption of the LCH: that consumers are 

rational, forward thinking, and operate in a system of perfectly functioning markets 

which allows them ‗perfect foresight‘ to smooth out future consumption (McMorrow and 

Roeger, 21). McMorrow and Roeger find that most recent research, while it relies on the 

life-cycle hypothesis, must try to account for the argument of the buffer-stock theory 

(21). Alternatively, Bosworth suggests precautionary saving could be motivated by 

―anticipation of a specific major purchase such as a home‖ and that ―expansion of 

household access to credit markets . . . reduc[es] the need for precautionary balances, and 

thus rates of saving‖ (28). 
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 Another argument against the life-cycle hypothesis contends that while dissaving 

does occur, it does not begin until ―sometime after age 70 or 75‖ (England, xii). Perhaps 

this is because individuals save in the hope of leaving a bequest, or as a precaution 

against uncertainties, but eventually must begin to consume their savings. Alternatively, 

Börsch-Supan suggests: ―generous public pensions create high savings among the elderly 

because consumption decreases faster with age than income, opposing the predictions of 

the simple life-cycle hypothesis‖ (110). Börsch-Supan also presents evidence from the 

1990s that casts doubt on the LCH model and shows savings past age 65 are actually 

positive and in some countries (Italy, Germany, Canada, and the UK) the saving rate 

increased, though eventually it did decline (England, 76-7). Saving rates may also decline 

among younger age cohorts in anticipation of public pension benefits or intergenerational 

transfers, and then pick up later in life (England, 78).  

 On the one hand, Hviding and Mérette observe: some ―predictions of the life-

cycle hypothesis, such as the non-neutrality of government debt policies and negative 

saving effects of the introduction of a [pay-as-you-go (PAYGO)] pension [system], are 

largely supported by the empirical evidence‖ (5). Dean et al. also note: ―empirical 

evidence of the depressing effect of social security on saving has been found‖ (18). On 

the other hand, Roseveare et al. point out that the LCH also ―predicts savings will grow if 

the number of people of working age is growing relative to the number of children and 

retirees‖ and that ―savings should also grow in anticipation of longer periods of time 

spent in retirement. Yet the opposite has happened‖ (10). Roseveare et al. contend that 

when the baby boom generation entered the work force and fertility levels declined there 

was an increase in the active, working-age population compared to the population of 
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children and retired persons, and the average length of retirement increased, however 

private saving rates still ―tended to fall in most countries‖ (10-11), contrary to what the 

LCH would predict. 

Theories of the Affect of Population Aging on Government and National Saving 

 Population aging also impacts government and national saving. National saving 

incorporates both private and government saving behaviors. The following discussion 

addresses theories that attempt to explain population aging‘s impact on macro-level 

saving rates.  

 According to Leibfritz et al., economists differ on ―the extent to which 

government saving affects private saving‖ (26). The theory of Ricardian equivalence 

(also known as the debt neutrality hypothesis) argues the private sector can ―anticipate 

the future tax burden associated with government debt service and adjust its savings 

accordingly‖ (in other words, there will be a one-for-one relationship between decreases 

in government saving and increases in private saving to compensate) (Dean et al., 13). 

However, several studies find only limited empirical support for this theory (see: Dean et 

al., 13; England, 12). Masson et al. observe that approximately 60 percent of changes in 

government saving are offset by private saving adjustments, indicating there could still be 

significant impacts to national savings from government spending changes (iii).  

 Leibfritz et al. argue that government saving levels are ―a major determinant of 

national savings‖ and are likely to decrease with an aging population (7, 26). Further, 

England points out that if benefits have to be cut going forward, the elderly will have 

fewer resources in retirement and ―will be less able to avoid dissaving‖ even as 

government saving may also decline (85). John Martin and Edward Whitehouse agree, 
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contending that when public pension benefits are cut, ―[private] saving through voluntary 

plans might not be sufficient‖ to make up the difference, suggesting less than rational 

behavior by individuals planning for retirement (and indicating a weaker relationship 

between government and private saving levels) (21). 

 As a final point on impacts to government spending and saving, it has been 

suggested in various studies that increased costs for elderly dependents may be offset by 

decreased costs for younger dependents (for example: spending on education) as fertility 

rates decline. However, a number of researchers have argued convincingly this is not the 

case. Juanita Kreps finds that the costs of public support to the population aged 64 and 

higher will be greater than the decline in costs for public support to the population 18 and 

younger, resulting in increasingly higher payroll taxes (Kreps, 1429, 1432). Paul Masson 

and Ralph Tryon‘s model projects that declines in education spending for the young will 

largely offset increases in medical spending for the elderly, but cannot offset increased 

spending for pension benefits (6). McMorrow and Roeger find that changes in education 

spending will not provide significant government savings to offset either pension or 

healthcare costs (37). Thus, most researchers agree population aging and subsequent 

increased dependency ratios will drive government spending up (and government saving 

down). As private saving has not been shown to compensate for decreases in government 

saving, national saving can also be expected to fall. 

Theories of the Affect of Population Aging on Interest Rates and Investment 

 Impacts of aging to saving rates naturally translate to impacts to interest rates as 

well, as the amount of money available for investment is affected by changes in saving. 

In addition, the changing population structure impacts the labor supply as the working 
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age population shrinks, driving the cost of labor up and the cost of capital down. Börsch-

Supan contends, in keeping with macroeconomic theory, that as the aging population 

leads to fewer workers per consumer, an economy will become relatively capital-

abundant and labor-scarce, thus wages will increase relative to capital costs, decreasing 

incentives to save as interest rates on investment will decline (103). Further, the shrinking 

labor force may render some capital obsolete or unnecessary, ―making the accumulation 

of [additional] capital even less attractive‖ (further decreasing demand for investment) 

(Börsch-Supan, 103). This basic argument is generally accepted, however the degree to 

which the saving rate is impacted remains in dispute.   

 McMorrow and Roeger argue that, per the life-cycle hypothesis, the ―most likely 

outcome‖ of population aging ―is a fall in national savings‖ which directly (and 

negatively) impacts national investment. However, Roseveare et al. acknowledge two 

competing theories on this point: the ―conventional view‖ is that held by McMorrow and 

Roeger, in which a fall in national saving decreases investment and thus long-term 

growth (12). The other theory argues: ―less investment will be needed because there [will 

be] fewer workers to equip‖ with a shrinking labor force (Roseveare et al., 12). As 

Börsch-Supan observes, population aging definitely affects demand for investment, ―but 

in conflicting directions and in magnitudes difficult to quantify,‖ as it alters a number of 

factors: capital intensity, rates of technological change and innovation, and consumption 

patterns (118). 

 There is also the issue of correlation versus causation regarding saving and 

interest rates. Some of the above theories suggest that changes to saving rates cause 

changes to interest rates. However, Masson et al. contend that increases to the interest 
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rate cause increases in private saving, not the other way around (10). Börsch-Supan 

argues, per neoclassical economic theory, that as population aging causes shrinking of the 

labor force, there will be a decline in capital accumulated per worker and thus a decline 

in investment demand (and interest rates) (118). Declining interest rates and demand for 

capital then decrease the motivation to save in favor of consumption, rather than 

declining saving causing reduced investment and capital demand (Börsch-Supan, 124).  

 However, the role of the rate of technological change and of changes in 

consumption as the population ages (from demand for capital-intensive goods such as 

housing toward more service-intensive goods) could go either way, thus ―there is little 

guidance for modeling the reaction of the private demand for funds to population ageing‖ 

(Börsch-Supan, 121). As Börsch-Supan and others observe, the ability of technological 

progress to mitigate the impacts of reduced saving and smaller labor forces is another 

topic of debate. However, that discussion is beyond the scope of this paper. Changes in 

consumption patterns and their impact on demands for capital as the population ages are 

also an open question not fully addressed here. 

 

Discussion of My Argument and Construction of the Directed Acyclic Graph 

 I argue that disagreement exists on the relationship between population aging, 

saving, investment, and interest rates because scholars have yet to identify all of the 

relevant causal variables in their proper theoretical and temporal connections to one 

another. Rather, scholars have generally approached the issue by adding more variables 

(or ignoring others) in their economic simulations or regression models. I attempt to map 

the effect of population aging on saving and interest rates in order to uncover 
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inconsistencies in the arguments of current theories; particularly those built using 

regression models. This approach will both focus on these theoretical inconsistencies and 

permit the development of a more complete picture of the impact of population aging on 

private, government, and national saving and on interest rates and investment. By 

drawing causal ―paths‖ in a directed acyclic graph (DAG), the sequence of the variables‘ 

effects is also incorporated, illustrating how aging‘s effects flow through the impacted 

variables over time.  

 To determine the relationship between population aging, saving, investment, and 

interest rates, I first conduct ―proposition inventories‖ on eight studies from the literature 

in order to isolate the main causal relationships determined from their respective models. 

Proposition inventories are completed for the following studies (the types of analyses 

conducted in each study are provided in sub-bullets): 

 Börsch-Supan  

o Regression, partial economic analysis, and general equilibrium model 

 Dean et al.  

o No model, discussion and analysis of empirical data and trends 

 Hviding and Mérette  

o General equilibrium model with an overlapping generations structure 

 Leibfritz et al.  

o OECD Secretariat‘s Medium-Term Reference Scenario modeling, 

generational accounting 

 Masson and Tryon  

o IMF MULTIMOD multi-country macroeconomic model 
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 Masson et al.  

o Regression models using time series and cross-sectional data  

 Roseveare et al.  

o Simulations using World Bank demographic projections, sensitivity analysis 

 Turner et al.  

o OECD Secretariat‘s international dynamic general equilibrium 

macroeconomic model (MINILINK) 

 

 I identify all of the causal arguments or statements proposed in each study, for 

example: ‗If a population is aging, its labor supply will shrink.‘ All of these propositions 

are summarized as ―If . . . then . . .‖ statements to clearly identify the causal relationship 

(and the direction of causality) being argued. The core proposition statements from each 

study are presented in Appendix A.  

 I also examine the assumptions and simplifications the authors employ in their 

models to attempt to confirm my suspicion that omitting or discounting the impact of 

specific variables affects the conclusions drawn from the models and is a source of much 

of the disagreement found in the current literature. The core assumptions and limitations 

of the various models are listed in Appendix B. 

 Working from the list of proposition statements, I make an initial attempt to draw 

a directed acyclic graph linking the statements. A DAG contains ‗vertices‘ or ‗nodes‘ that 

represent the variables in question, and ‗edges‘ or ‗links‘ that indicate relationships 

between those variables (Pearl, 12). The goal of my graph is to link all variables with 

directed edges, indicating the direction or path of causality from one node to another. As 

Judea Pearl explains: ―a path is any unbroken, nonintersecting route traced out along the 
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edges in a graph, which may go either along or against the arrows‖ (12). The goal of an 

acyclic graph is to arrive at a diagram ―that contains no directed cycles‖ (x  y, y  x) 

(Pearl, 12). 

 In creating the DAG, where proposition statements make a distinction between 

short-term and long-term affects I only include the long-term impact for simplicity. I also 

elect to omit propositions related to the impacts of policy changes or reforms (i.e.: 

changes to retirement ages or pension benefits, or tax incentives to encourage private 

saving funds), as these changes are exogenous to the ―natural‖ relationship between aging 

and its effects on the economy I am trying to isolate.  

 Thus only propositions arising from modeling/simulating the effects of aging on 

economic variables holding current pension plans and retirement ages constant are 

included here. I argue it is important to first build a DAG illustrating the expected 

impacts of aging and to clarify the relationships between the variables. Future research 

can then layer on the effects of attempted reforms. 

 The initial DAG, shown in Appendix C, includes all propositions found in the 

literature. This process of analyzing each variable that emerges, indicating what other 

variables it affects, and which other variables have an effect on it, permits a straight -

forward means of identifying inconsistencies in arguments across the studies. For 

example, one study argues population aging leads to increased interest rates, while 

another argues it causes decreased interest rates. In such cases, I go back to the literature 

and the assumptions made to attempt to explain the inconsistency. My goal is to arrive at 

a logically consistent theory (represented by a DAG) explaining the causal chain relating 

population aging to saving, investment, and interest rates. I conclude by illustrating this 
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theory with a final DAG and placing arguments made in the literature derived from OLS 

regression models into the DAG to determine if they have been properly specified 

according to the theory I propose.   

Accepted Causal Relationships 

 While inconsistencies are a large focus of this thesis, there are some areas of 

agreement in the literature. I discuss these first. The use of the arrow () indicates that 

the preceding variable ―leads to‖ the following variable. Thus it is an indicator of 

causality, not merely correlation. A string of variables linked by arrows also then implies 

temporality—the causal chain occurs in sequential order. Propositions that appear in two 

or more of the studies are listed below: 

It is generally accepted in the literature that a combination of decreasing fertility rates and 

increasing life expectancy leads to population aging. 

 Decreasing fertility; increasing life expectancy  aging population 

Population aging leads to decreased private saving (Börsch-Supan; Leibfritz et al.; 

Masson et al.; Turner et al.). 

 Aging population  decreased private saving  

Population aging leads to decreased government saving (Roseveare et al.; Leibfritz et al.). 

 Aging population  decreased government saving  

Population aging leads to decreased national saving (Hviding and Mérette; Leibfritz et 

al.; Turner et al.). 

 Aging population  decreased national saving  

Decreased government saving leads to decreased national saving (Dean et al.; Leibfritz et 

al.). 
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 Decreased government saving  decreased national saving 

Population aging leads to decreased labor supply (Hviding and Mérette; Masson and 

Tryon; Turner et al.). 

 Aging population  decreased labor supply  

An increased dependency ratio leads to decreased government saving (Börsch-Supan; 

Roseveare et al.). 

 Increased dependency ratio  decreased government saving  

An increased dependency ratio leads to decreased private saving (Masson and Tryon; 

Masson et al.; Roseveare et al.). 

 Increased dependency ratio  decreased private saving  

Increased interest rates lead to decreased consumption (Börsch-Supan; Dean et al.; 

Masson and Tryon). 

 Increased interest rates  decreased consumption  

Increased interest rates lead to increased private saving (Börsch-Supan; Dean et al.; 

Masson et al.). 

 Increased interest rates  increased private saving  

Finally, I argue it should be accepted that population aging leads to an increased 

dependency ratio. Most of the studies do not explicitly state this link, but it is implied, 

and it is also implied in the literature discussing the demographic implications of aging 

and its causes. I contend that, holding policy constant, it can be assumed that if the 

population is aging, then the dependency ratio is increasing. 

 Aging population  increasing dependency ratio   



 19 

 After completion of the initial graph including all propositions (Appendix C), I 

next create a version that includes only these accepted propositions (Appendix D). This 

graph helps me begin to organize the layout of the final DAG (positioning of the nodes, 

logical flow of the theory through the variables, etc). Drawing this graph also makes 

some of the potential mechanisms of the relationship between population aging and the 

other variables clearer, providing a starting point for constructing the final DAG. I 

discuss these mechanisms below: 

 Either an aging population causes decreased government saving and decreased 

national saving (aging  decreased government saving; decreasing national saving), or 

an aging population causes decreased government saving, which in turn causes decreased 

national saving (aging  decreased government saving  decreased national saving). In 

this case, I argue the second proposition is more accurate: national saving is indirectly 

affected by population aging via government saving. National saving is comprised of 

both private and government saving, and thus it changes as aging (or other variables) 

influence these two components (Roseveare et al., 10). Leibfritz et al. suggest that as the 

population ages, government debt increases and primary balances decrease (causing 

government dissaving) (17). This decline in government saving is then the primary driver 

of decreased national saving (Leibfritz et al, 17, 26). Turner et al. agree that government 

saving is the primary driver of national saving, arguing that as government saving 

declines, national saving will decline (19).  

 To be complete in my analysis I must point out that Börsch-Supan disagrees, 

arguing that ―households are the primary savers in the economy‖ and thus private saving 

plays the biggest role in national saving (104). However, both private and government 
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saving factor into national saving so it is logical that changes in either could affect 

national saving. I do not argue that Börsch-Supan is wrong to say private saving also 

affects national saving, but the greater consensus in the literature points to a stronger link 

between government saving and national saving. I conclude that an aging population 

causes decreased government saving which in turn causes decreased national saving 

(aging population  decreased government saving  decreased national saving). 

This path is included in the next version of the DAG.  

 Either an aging population causes an increased dependency ratio and decreased 

government saving (aging  increased dependency ratio; decreased government saving), 

or an aging population causes an increased dependency ratio which in turn causes 

decreased government saving (aging  increased dependency ratio  decreased 

government saving). I argue above that aging population  increased dependency ratio 

should be taken as an accepted proposition. Further, I gather that some authors accept this 

path as a given and begin their propositions with the increased dependency ratio. For 

example, Börsch-Supan states that as the dependency ratio increases, demand for public 

funds (i.e.: pension and health care benefits) will drive government spending up and by 

extension government saving down. But he clearly implies in the background of this 

argument that this increase in the dependency ratio is a product of population aging. 

Roseveare et al. also imply that both aging and ensuing increased dependency ratios drive 

government saving down: in discussing negative affects to both private and government 

(and by extension national) saving, they use aging and increasing dependency ratios 

interchangeably when discussing effects on saving rates (11).  
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 It is established above that populating aging leads to decreased government 

saving which in turn leads to decreased national saving, but I now argue that an even 

more accurate representation of the causal chain is: population aging  increased 

dependency ratio  decreased government saving  decreased national saving. 

This path is included in the next version of the DAG. 

 Either an aging population leads to an increased dependency ratio and decreased 

private saving (aging  increased dependency ratio; decreased private saving) or an 

aging population leads to an increased dependency ratio which in turn leads to decreased 

private saving (aging  increased dependency ratio  decreased private saving). The 

argument for this set of proposition statements is naturally very similar to the above 

discussion of government saving and the dependency ratio. A number of studies argue 

that population aging leads to decreased private saving. However, Börsch-Supan‘s 

explanation of this process implies changes to the dependency ratio as well: he contends 

that aging eventually places more of the population in the low-saving (retired) bracket 

(―dependent‖ status in the dependency ratio) and thus private saving declines as the 

population ages (106, 112). Leibfritz et al. also imply impacts to the dependency ratio in 

their discussion, highlighting differences in saving rates for the elderly versus the 

working age population (dependents versus laborers) in their suggestion that aging will 

drive private saving down (26).  

 Masson et al. draw both conclusions: that aging causes decreased private saving 

(20), and that an increased dependency ratio causes decreased private saving (5, 10-11, 

15-17). Their discussion focuses on the proportion of the population of working age 

versus the proportion of retirement age: as more of the population retires, driving the 
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dependency ratio up, private saving declines (5). Stating that aging causes private saving 

to decline is just a general summary of this more detailed discussion. Masson and Tryon 

make the argument more plainly, finding ―a powerful effect on [private] saving of an 

increase in the elderly as a proportion of the working age population‖ (9). Thus, as I 

suggest above with regard to government saving, I contend the more accurate/complete 

causal chain shows that an aging population leads to an increased dependency ratio, 

which in turn leads to decreased private saving. This path is included in the next 

version of the DAG.  

Direct Inconsistencies from the Initial DAG 

 The creation of the initial DAG (Appendix C) reveals some direct conflicts in the 

causal statements (i.e.: if A, then B versus: if A, then not B). Two significant conflicting 

arguments emerge, which I discuss and attempt to reconcile here. 

 Either increased government spending leads to decreased private saving or 

increased government saving leads to decreased private saving. Both propositions are 

found in Masson et al. They hypothesize that if government spending is increased by 

productive investment, then additional taxes should not be required and thus private 

saving should be relatively unaffected (Masson et al., 2). However, if government 

spending increases on items that ―do not generate revenues for the government‖ then 

such consumption will require increased taxes, thus private saving can be expected to fall 

(Masson et al., 2). Masson et al. find that ―increases in the general government budget 

surplus (the fiscal position) [government saving], [and] government current and capital 

expenditure . . . lower private saving‖ (10).   
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 As Masson et al.‘s research does not focus solely on population aging they do not 

delve into what type of government spending would be more likely in an aging society 

(the type that pays for itself or the type that requires increased taxes). I argue based on the 

literature that the reason government saving declines as the population ages (and the 

dependency ratio increases) is because government spending on items like pension 

benefits and healthcare increases. This type of government spending is non-productive 

and clearly would not generate revenues for the government, thus per Masson et al.‘s 

argument, income taxes will have to increase (causing private saving to decrease). 

 Hviding and Mérette find that in aging populations income taxes do indeed 

increase (8, 15). Further, Masson et al. find that population aging (and the resulting 

increased dependency ratio) creates ―significant downward pressure on private saving 

rates‖ (20). I thus conclude that aging leads to an increased dependency ratio which 

causes increased government spending, which leads to increased income taxes, 

leading to decreased private saving. This path (population aging  increased 

dependency ratio  increased government spending  increased income taxes  

decreased private saving) is included in the next version of the DAG. 

 The second conflict concerns investment. Either increased investment leads to 

increased national saving, or increased national saving increases national investment. 

Leibfritz et al. find a ―close‖ and ―positive‖ correlation between national saving and 

investment in their simulations, observing that both variables evolve similarly across the 

OECD countries (80). However, they do not make an argument for which direction the 

causal arrow should point: is the increase in national saving driving the increased 

investment? Or do returns on investment allow for greater saving? As stated above, the 
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goal of the final DAG is to avoid cycles or feedback loops such as ―national saving  

investment, investment  national saving.‖ 

 Turner et al. suggest that as national saving declines (due to population aging), 

interest rates increase, slowing down accumulation of capital (investment) (19). The path 

of this argument suggests that while saving appears to influence investment, rather than 

the other way around, there is a third variable acting on this relationship (the interest 

rate). Given this potential interaction, I am hesitant to draw a causal arrow in either 

direction between national saving and investment. No arrow between national saving 

and investment will be included in the DAG. 

 Appendix E presents the DAG built from the above analysis of the accepted 

propositions and reconciliation of the two conflicting propositions. This intermediate 

graph is much clearer to follow and interpret. However, there are still some remaining 

proposition statements to be assessed and incorporated to completely illustrate the 

relationship between all of the variables. 

 One observation that emerges from this intermediate DAG concerns interest rates. 

The graph indicates a number of interrelationships between aging, labor supply, and 

saving rates, with causal links that are fairly clear. However, interest rates are so far only 

linked to these other variables through private saving, and act as a ‗parent node‘ to this 

variable (and also to consumption and investment). There is no ‗parent node‘ for interest 

rates. I use the remaining propositions to attempt to determine the mechanism of 

population aging that acts on interest rates and link them more closely to the DAG. 
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Fitting the Remaining Propositions into the DAG  

 The remaining propositions are arguments that were each made in only one of the 

included studies. I now examine these statements, in light of the conclusions already 

drawn above, and attempt to place them into the final DAG.  

 Hviding and Mérette propose that population aging leads to increased wages. 

They find the aging effect produces a ―large increase‖ in wages in their baseline scenario 

and that this affect is ―inevitable‖ (15, 28). However, it is likely a more detailed path 

between aging and wages exists. I have already included a negative relationship between 

aging and the labor supply, and a positive relationship between aging and the dependency 

ratio. In explaining the baseline model they built, Hviding and Mérette indicate their 

simulation reflects a ―demographic shock‖ from ―changes in the birth rate‖ of an aging 

population, causing an increase in the dependency ratio (15). Thus, it seems logical to 

conclude that Hviding and Mérette‘s wage increase is somehow related to this ―shock‖ 

that drives the labor supply down and the dependency ratio up. Börsch-Supan agrees, 

citing macroeconomic theory: as the demographic composition of aging populations 

changes, the labor supply will decline, which will in turn ―drive up wages‖ (103). I thus 

contend that population aging causes a decreased labor supply, which in turn drives 

up wages. This path (population aging  decreased labor supply  increased wages) is 

reflected in the final DAG. 

 Dean et al. argue that decreased government saving causes some degree of 

decreased private saving. They cite an OECD study in which some offset to declining 

government saving by increased private saving is found, though the relationship is not 

one-to-one (as Ricardian equivalence would suggest) (Dean et al., 13). Dean et al. 
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conclude that Ricardian equivalence ―does not appear to have occurred‖ (25). On the 

basis of Dean et al.‘s analysis, and other references in the literature to empirical evidence 

that Ricardian equivalence does not hold (for example, see Masson et al.), I propose no 

causal link between government and private saving should be drawn in the DAG. I 

suggest that evidence is not found because there are other variables influencing both 

government and private saving. Thus while there is a somewhat negative correlation 

between the two, changes in government saving do not cause private saving or dissaving. 

No direct relationship between government and private saving is reflected in the 

final DAG. 

 Masson and Tryon argue that an increased dependency ratio leads to increased 

consumption (relative to income). They find that an increasing dependency ratio has a 

―marginally significant positive effect on consumption‖ relative to income (8). Masson 

and Tryon compare their findings to another study that looks at the effect of dependency 

ratio increases on private saving behavior. This study finds a negative relationship 

between the dependency ratio and the private saving rate. By calculating private saving as 

a function of consumption and income (private saving = 1 – consumption/income), 

Masson and Tryon rework their model to estimate the effect of the increased dependency 

ratio on private saving (instead of consumption) and find a negative relationship (9).   

 Thus, Masson and Tryon are really arguing that as the population ages and the 

dependency ratio increases, individuals consume a larger portion of their income, and by 

extension their private saving declines. Presumably this is because as incomes decrease 

with retirement, a greater portion of income must be spent to maintain the same level of 

consumption, which would have negative implications for saving. Masson and Tryon also 
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acknowledge that ―other studies . . . have failed to find a significant effect‖ of aging or 

dependency ratios on consumption (10). Thus, I am inclined to conclude what is more 

important is the decrease to private saving as a result of increased dependency 

ratios, while the change in consumption is ambiguous. This path (increased 

dependency ratio  decreased private saving) is already reflected in the DAG. 

 Turner et al. suggest that an increased dependency ratio also leads to 

decreased GDP, decreased output, and decreased living standards. As these three 

variables are closely related I will address them together. Turner et al. seem to use output 

and GDP interchangeably, arguing that as labor forces shrink due to aging, output 

declines, and as a result OECD economies will become a smaller contributor to world 

GDP by 2050 (10, 14). The decreased labor force drives decreased output and thus 

decreased GDP, while the increased dependency ratio drives decreased living standards, 

by requiring the lower output to be shared among a larger group of dependents (Turner et 

al. 14-16). I choose to use output (as a proxy for GDP) as a variable in the DAG, as I 

know there are other propositions concerning output. Further, I argue that to be more 

accurate, the relationships should be split out: labor and output are related, and 

dependency ratios and living standards are related. I place the following arguments into 

the final DAG: aging leads to a decreased labor supply, which in turn leads to 

decreased output (aging  decreased labor supply  decreased output). Aging also 

causes an increased dependency ratio, which leads to decreased living standards 

(aging  increased dependency ratio  decreased living standards).  

 Börsch-Supan suggests increased interest rates lead to increased government 

spending and decreased government saving. He includes ―interest payments on 
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government debt‖ as a component of government spending and observes that higher 

interest rates ―raise budget deficits and speed up the accumulation of government debt‖ 

(in other words, higher interest rates require more government spending and less saving) 

(Börsch-Supan, 116-18). This argument seems logical, though Börsch-Supan does not 

discuss it with data or simulations beyond his initial observation. I have added these two 

propositions (increased interest rates  increased government spending; decreased 

government saving) to the DAG.  

 Hviding and Mérette argue that decreased demand for investment leads to 

decreased interest rates. This proposition is part of a longer causal chain. The complete 

argument is that a smaller labor force (due to aging) requires less capital, and thus 

demand for investment declines. Further, they argue this decline in investment demand 

exceeds the decline in national saving, thus interest rates fall, as even with decreased 

national saving there is still excess funding available for investment (Hviding and 

Mérette, 16). Börsch-Supan seems to agree: he finds the declining labor force renders 

some existing capital obsolete, ―making the accumulation of capital . . . less attractive‖ 

and thus decreasing both saving and investment (103, 126). Further, he contends: ―the 

obsolescence of the capital stock will also reduce the interest rate‖ (because investment 

and demand for investment is declining) (Börsch-Supan, 128). 

 Thus, it appears Hviding and Mérette and Börsch-Supan‘s propositions can be 

consolidated into one consistent argument: aging shrinks the labor force, which renders 

current capital obsolete and makes investment in new capital unnecessary and 

unattractive, driving investment down, which in turn drives interest rates down (aging  

decreased labor supply  obsolete capital  decreased investment  decreased interest 
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rates). This argument also seems consistent with the above proposition that a shrinking 

labor force will cause wages to increase: the decreasing labor supply will make the 

economy relatively more capital-abundant, driving the cost of capital (interest rates) 

down and the cost of labor (wages) up.  

 However, this consolidated argument presents a conflict with another proposition 

I have not yet incorporated from Turner et al., which argues that as the effects of aging 

drive national saving (and the availability of funds for investment) downward, 

interest rates increase, which will then lead to decreased investment (aging  

decreased national saving  increased interest rates  decreased investment). Therefore 

I go back to the arguments to attempt to identify the source of the conflict and determine 

which proposition to include in the final DAG.  

 To find potential drivers of the difference between Hviding and Mérette and 

Börsch-Supan‘s outcomes versus Turner et al.‘s, I look at the assumptions made in their 

respective simulation models. Hviding and Mérette‘s scenario holds the ―public sector 

debt-GDP ratio‖ constant by forcing income taxes to ―adjust [increase, presumably] in 

order to balance government accounts‖ (15). Thus, while they acknowledge a decline in 

national saving due to aging, I am not confident they are fully incorporating the impact of 

aging on government spending or saving by holding the debt-to-GDP ratio constant.  

 Börsch-Supan assumes decreasing labor supply implies decreasing capital per 

worker (and thus decreasing demand for investment) (118). Turner et al. point out that 

Börsch-Supan‘s model does not allow for downward pressure on private saving due to 

aging (per the LCH) or for upward pressure on government spending (18). They argue 

this is why Börsch-Supan sees a decline in interest rates (as he is only looking at the 
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economic relationship between labor and capital availability in an aging economy, not 

incorporating the impact that aging simultaneously has on availability of funds for 

investment due to decreased saving and increased government spending) (Turner et al., 

18). This likely also helps explain why Hviding and Mérette return the results they do; by 

holding the debt-to-GDP ratio constant they do not fully allow the effects of aging to 

flow through and affect the amount of government funding available for investment.  

 A ―higher-savings scenario‖ conducted by Turner et al. in which the negative 

effects of aging on saving behaviors are excluded also finds that interest rates fall, 

however this study‘s baseline reference scenario, which does incorporate aging effects, 

finds ―downward pressures on saving slightly exceed those on investment [contrary to 

Hviding and Mérette], as reflected in a gradual rise in world interest rates‖ by 2050 (14-

15). The authors conclude that continued declines in both private and national saving due 

to the impacts of population aging are likely to push interest rates upward, which will in 

turn tend to decrease investment (Turner et al., 19).  

 Based on the above analysis of the various studies and their assumptions, I 

surmise that conflicting findings regarding the impact of aging on the interest rate (and 

investment) stem from differences in the incorporation of aging‘s affects on saving 

behaviors in the simulations. The most complete simulation should allow for not only 

effects on labor supplies, wages versus investment returns, and capital demand, but also 

for effects on government spending and saving levels, private saving, and ultimately 

national saving and in turn their impacts on the availability of funding for investment. 

Turner et al. appear to most completely incorporate these competing effects. Thus I am 

inclined to accept their finding that downward pressure on national saving due to aging 
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will reduce the availability of funds for investment, driving interest rates up and capital 

accumulation (investment) down. This finding also allows me to revisit the relationship 

discussed above between national saving and investment and incorporate a third variable, 

interest rates. I conclude that decreased national saving leads to increased interest 

rates, which then leads to decreased investment (decreased national saving  

increased interest rates  decreased investment). This path is included in the DAG. 

 As I discuss above, Börsch-Supan argues that as labor supplies shrink, the 

obsolescence of capital makes accumulation of capital (investment) unattractive 

(103). He contends: ―the mechanism by which saving falls is the anticipation of a falling 

rate of return on capital‖ but also acknowledges that the empirical evidence to support 

this point is ―highly controversial‖ (Börsch-Supan, 124).  While I agree with his 

argument that some capital will become obsolete and by extension investment demand 

may decline, I am not inclined to agree this is the mechanism through which saving 

decreases. Börsch-Supan‘s model focuses heavily on the ―logic of a neoclassical growth 

model‖ (namely the interaction between labor and capital supplies as the main variables 

affecting saving and consumption behaviors) (118). Further, his model ―ignores 

feedback‖ and ―abstracts from details‖ (Börsch-Supan, 104). Given these limitations, I do 

not think all potential variables that could impact saving rates in an aging economy are 

being considered in his analysis. I am more inclined to accept the arguments already put 

forth to explain downward pressures on saving behavior in the DAG. I thus add the 

proposition about the impact to capital (decreased labor supply  obsolete capital 

 decreased investment) to the DAG, but do not add the relationship between obsolete 

capital and saving behavior.  



 32 

 Masson et al. suggest that if output increases, then private saving increases. 

They find that ―higher output growth is generally associated with higher [private] saving 

rates‖ (Masson et al., 17). This observation stems from a regression model incorporating 

a variety of independent variables (including output) in an attempt to explain private 

saving. While they argue that a correlation exists between the two, I am not inclined to 

accept the argument that increased output causes increased private saving, or to 

introduce this path into the DAG. As Masson et al. themselves concede, ―saving may 

be determined simultaneously with some of the other variables‖ in their model (12).  

 Examining the DAG as is currently stands (see Appendix F), one can observe 

paths that explain why output and private saving are positively correlated with each other. 

I argue that population aging directly acts on two variables: the labor supply (a negative 

impact) and the dependency ratio (a positive impact). The decreasing labor supply then 

has a negative impact on output. The increasing dependency ratio has a negative impact 

on private saving. As aging acts on both the labor supply and the dependency ratio 

simultaneously, the ensuing negative effects on output and private saving will tend to 

occur together. Thus, I argue that output and private saving are correlated, but do 

not have a direct causal relationship to each other. Further, given the entirety of the 

discussion above regarding the impacts of population aging, a situation in which output 

(or private saving, for that matter) would increase in an aging society is highly unlikely 

(unless production technology is significantly improved, which is an unknown and 

beyond the scope of this paper). This proposition is not included in the DAG. 

 Masson and Tryon suggest that if output decreases, then exchange rates and 

demand for output will increase. They theorize that as population aging reduces the 
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labor force and by extension reduces output, there will be ―excess demand for domestic 

output‖ and an increase in the exchange rate (15). As it is difficult to produce a measure 

of increased demand for output (and Masson and Tryon‘s model makes no attempt to 

measure this variable), I am disinclined to include this variable in the DAG.  

 Masson and Tryon‘s model does find an appreciation of the exchange rate in two 

cases, but a more ambiguous result in their other two cases. Turner et al. also look at 

effects to the exchange rate in their reference case, and find the ―declining weight of the 

OECD in world output‖ does produce ―an appreciation of OECD exchange rates‖ (15). 

Given the additional support from Turner et al., I am inclined to include the exchange 

rate as a node in the DAG. In summary, a path between output and demand for output 

is not included in the DAG, but a path between output and the exchange rate 

(decreasing output  increasing exchange rate) is included. 

 Turner et al. hypothesize that as output growth slows (due to aging and 

shrinking labor supplies), the need to grow the capital stock or devote funds to 

investment will decline (14). This argument is similar to Börsch-Supan‘s contention that 

a shrinking labor force leads to obsolete capital, thus decreasing demand for investment. I 

am not inclined to also draw a path from output to investment in the DAG, as one already 

exists between obsolete capital and investment. I think Turner et al.‘s argument 

essentially echoes Börsch-Supan: declining labor forces mean decreasing output, which 

in turn means less capital is needed to produce output (and some existing capital is 

already obsolete), and thus less investment is necessary. I contend the current DAG 

already incorporates this relationship sufficiently.  
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 Now that all proposition statements have been examined, a final DAG is included 

in Appendix F. This graph adds the conclusions from the above analysis of the remaining 

propositions into the DAG begun in Appendix E. From this DAG the relationships are 

much clearer than in the initial DAG (Appendix C), and more linkages between all 

variables become apparent.  

Comparing Regression Equations from the Literature to Theorized Paths in the DAG 

 The final step of my analysis is to compare the arguments derived from OLS 

regression models in the included studies versus the paths in the final DAG. Placing the 

causal arguments from the regressions into the DAG will make it easy to identify where 

incorrect estimations and conclusions have been made in the current research.  

 A key difference between an OLS regression and a DAG is that a regression will 

treat all potential independent variables as independent of each other and only consider 

their impact on the dependent variable, while a DAG allows for delineation of a causal 

path in which several independent variables may be related in a sequential process 

leading to the outcome of the dependent variable. A simple example of this is the effect 

of aging on the labor force and output: if these three variables were put into a regression 

model, it would likely return that both aging and decreased labor supplies cause (or 

rather, are correlated with) decreased output, while the DAG indicates that aging first 

causes a decrease in the labor supply, which in turn causes output to decrease (aging  

decreased labor supply  decreased output), thus these two causal variables are related 

and a regression model including both of them would be improperly specified. According 

to Pearl, in this causal path: 
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  . . . the two extreme variables [aging and output] are marginally dependent 

  but become independent of each other (i.e., blocked) once we condition on 

  (i.e., know the value of) the middle variable [labor supply]. Figuratively,  

  conditioning on [labor supply] appears to ‗block‘ the flow of information  

  along the path, since learning about [aging] has no effect on the   

  probability of [decreased output], given [decreased labor supply]. (17) 

The same ―blocking‖ argument is true for a causal ―fork‖ in the DAG, where two arrows 

come out of one node into other nodes, for example: labor supply  population aging  

dependency ratio. In this case, conditioning on population aging ―blocks‖ (stops ―the 

flow of information (or of dependency)‖) the path between labor supply and the 

dependency ratio (Pearl, 16).  

 In an ―inverted fork‖ or ―collider,‖ two arrows come into the same node, such as 

fertility  aging  life expectancy. In this situation, Pearl explains: ―if the two extreme 

variables [fertility and life expectancy] are (marginally) independent, they will become 

dependent (i.e., connected through [an] unblocked path) once we condition on the middle 

variable [aging] . . . or any of its descendants‖ (17). In other words, to condition on a 

collider variable (i.e., aging) will render the two variables coming into that node (i.e.: 

fertility and life expectancy) dependent on each other, unblocking the path. The 

respective effects of fertility and life expectancy on aging now cannot be considered in 

isolation, as setting a value for aging requires both variables connected to it to align with 

each other in order to produce the value measured in the aging node.  

 I analyze below the four studies that employ OLS regression modeling in their 

analysis and the arguments made in each versus the theory laid out in my DAG.  
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Börsch-Supan 

 To test the validity of the LCH, Börsch-Supan conducts a regression ―of saving 

rates on age and cohort‖ in order to separate out a ―pure age effect and a pure cohort 

effect‖ on private saving rates in Germany, Japan, and the United States (106). I focus on 

his estimates of the age affect (specifically in Germany), as the cohort effect (i.e.: being 

part of the ‗baby boom‘ generation) is not addressed in this paper. While Börsch-Supan 

does not provide the exact regression equation he derives, his regression essentially 

argues that private saving rates grow with age (because income tends to increase with 

age) to a certain point (approximately age 40, in Germany) and then begin to decline, 

particularly past age 50-52, though they never become negative (dissaving) (109). This 

suggests a quadratic relationship between age and private saving. 

 This simple argument presents no conflict with the DAG as I have drawn it. There 

is a clear path from aging to private saving through the dependency ratio. As Börsch-

Supan has not conditioned on the dependency ratio, the path is not blocked. Further, the 

only ―back doors‖ (arrows coming into a causal node that have a path back to the 

dependent variable) into the aging population node are life expectancy and fertility, and 

these are both ―root‖ nodes with no other paths coming into (or out of) them. Thus this 

does not create a problem. 

Dean et al.  

 Dean et al. do not conduct any simulations of their own. However, they include 

the results of a regression conducted by the OECD on 23 countries examining the 

relationship between national saving and investment. The equation presented is:  

Ii/Yi  =  + [Si/Yi] 
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Where Ii = domestic investment in country i, Si = domestic [national] saving in country i, 

and Yi = domestic income in country I (Dean et al., 37). Dividing by Yi on both sides 

appears to be a means of controlling for the size of the country‘s economy. The constant 

 increases from 0.033 in 1963-1967 to 0.094 in 1983-1987, while the coefficient  

declines from 0.91 in 1963-1967 to 0.58 in 1983-1987. The R
2 

of the equation also 

decreases over time, from 0.90 in 1963-1967 to 0.61 in 1983-1987 (Dean et al., 37). 

Thus, the model suggests investment is a function of national saving but the relationship 

is weakening over time.   

 This equation presents a conflict with the DAG as I have drawn it. Dean et al.‘s 

proposed path is national saving  investment. The most direct path between these two 

variables in my DAG is national saving  interest rates  investment. Dean et al.‘s 

regression does not appear to condition on the interest rate, so this variable is not 

blocking the path. However, there are several back door paths that must be considered. I 

identify four back doors into national saving that tie back to investment:  

1) National saving  government saving  interest rate  investment 

2) National saving government saving  dependency ratio  private saving          

interest rate  investment 

3) National saving  government saving  dependency ratio  government spending 

 income taxes  private saving  interest rate  investment 

4) National saving  government saving  dependency ratio  government         

spending  interest rates  investment 

 Paths 2 through 4 are not a concern because they are all blocked by collider 

nodes: paths 2 and 3 hit a collider at the private saving node, and in path 4 government 
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spending is the collider (neither of these variables is included (measured) in Dean et al.‘s 

model). However, path 1 has no collider. Government saving and interest rates both fall 

along this backdoor path into national saving, so in order to properly measure the 

relationship between national saving and investment, the model would have to 

measure/control for either government saving or the interest rate in order to block path 1. 

 Measuring the interest rate would also block the original proposed path of 

national saving  investment, indicating that the more accurate approach would be to 

simply regress investment on the interest rate instead of on national saving. By not 

conditioning on this variable, the regression model has improperly estimated the 

relationship between national saving and investment (according to my DAG), and has 

likely overestimated the impact of national saving.  

Masson and Tryon 

 Masson and Tryon use a regression to create the consumption equation employed 

in their MULTIMOD simulations. The regression ―makes consumption a function of 

financial and ‗human‘ wealth, that is, the expected value of lifetime [earnings] discounted 

to the present‖ (Masson and Tryon, 6). While Masson and Tryon acknowledge that this 

model does not include ―adjustment for future demographic changes‖ they do build in the 

dependency ratio (6). Their equation uses data from 1969-1987 for the G7 countries and a 

smaller industrial country block. The equation is: 

∆ logC = country constants + 0.113 log(W-1/C-1) – 0.473 RLR + 0.408 ∆ logYD +     

          (3.5)      (4.0)    (5.5)   

0.124 DEM3 + 0.032 DEM3*DUM80 

         (1.3)        (2.2) 
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Where C = real consumption expenditure, W = real wealth, RLR = real long-term interest 

rate, YD = real after-tax NDP, DEM3 = overall dependency ratio, and DUM80 = a 

dummy variable equal to 1.0 after 1980. The numbers in parentheses below the equation 

are t-statistics. The R
2 

= 0.641. 

 This equation incorporates four variables present in my DAG: consumption = 

f(interest rate, output (my proxy for national product), dependency ratio). My DAG does 

not include a node for wealth. According to my DAG, interest rates  consumption. 

There is no plausible causal path between output and consumption in my DAG, so I argue 

this variable should not be included in the regression model. There are ―back doors‖ into 

the interest rate node through national saving that include the dependency ratio (interest 

rate  national saving  government saving  dependency ratio  aging  etc.). By 

conditioning on the interest rate, the path from the dependency ratio is blocked. Thus, 

measuring the dependency ratio and the interest rate improperly specifies Masson and 

Tryon‘s model. Based on the theory presented in my DAG, they only needed to condition 

on the interest rate to estimate consumption.  

Masson et al.  

 Masson et al. conduct regression analyses of private saving rates for developed/ 

industrial (likely aging) and developing countries. The data for the industrial set include 

21 countries covering the period 1971-1993 (Masson et al., 6). A set of regressions is run 

using time-series panel data and another is run with cross-sectional data (an average of 

the data from 1971-1993 for each of the 21 countries) (Masson et al., 17). I focus only on 

the results from the industrial countries data set, as this is the area of the world likely to 

include European countries and by extension to include aging countries. I only include 
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the regression using the time-series data, as it is presented and discussed in more detail 

than the cross-sectional equation in Masson et al.‘s study.  

 A number of potential independent variables are incorporated to attempt to 

explain private saving behavior, including ―fiscal variables, demographics, GDP per 

capita and GDP growth; and interest rates, inflation and changes in the terms of trade‖ 

(Masson et al., 9). Three versions of the model are run: a ―general model‖ with all of the 

proposed variables, a ―restricted model‖ with the GDP growth rate and wealth/GDP 

variables removed, and an ―instrumental variables‖ model that factors in the possibility 

that ―saving may be determined simultaneously with some of the other variables, in 

particular the real interest rate and fiscal variables‖ and thus attempts to test for ―biases in 

the coefficients on the fiscal deficit, government current expenditure, and the real interest 

rate‖ (Masson et al., 12).  

 I include the equation resulting from the ―instrumental variables‖ model here, as 

this model generates the highest R
2  

(0.25) of the three. Based on the coefficients given in 

the article, the regression equation would look like this (numbers in parentheses are t-

statistics for each variable): 

Private saving = – 0.53 (general government budget surplus/GDP) – 0.42 (general  

   (4.8)              (7.2) 

government current expenditure/GDP) + 0.24 (real interest rate) + 0.17 (inflation rate)   

        (2.8)          (3.1)   

 + 0.05 (% change in terms of trade) – 0.05 (per capita GDP relative to U.S.)                      

    (3.2)     (1.3) 

– 0.14 (dependency ratio) +  

        (4.4)    
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 I assume the ‗general government budget surplus‘ variable is synonymous with 

government saving, and ‗per capita GDP‘ is represented by output in my model. Two of 

the independent variables included are not present in my DAG: inflation and the terms of 

trade. Thus, compared to my theory as presented in the DAG, Masson et al. argue private 

saving is a function of: government saving, government spending, interest rates, output, 

and the dependency ratio. Based on the theory in my DAG, there is no logical causal path 

between private saving and output. Therefore, I contend this variable should be excluded 

from Masson et al.‘s model. This leaves the following model to compare versus the 

DAG: private saving = f(government saving, government spending, interest rates, 

dependency ratio). 

 In the DAG I have drawn, private saving has only three parents: income taxes (a 

descendent of government spending), the dependency ratio, and interest rates. The easiest 

way to estimate the causes of private saving would thus be to conduct a regression on 

only these three variables. However, Masson et al.‘s attempt to include both government 

spending and government saving introduces complications. Based on the DAG, it seems 

logical to exclude government saving and include government spending in the model, as 

it is the parent of income taxes (and as Masson et al. do not include income taxes in their 

model, nothing would block the path from government spending to private saving). I will 

examine the back door paths into these two variables to make this case more completely. 

 Interest rates block the direct path to private saving from government saving, so 

one of these independent variables would have to be removed from the equation. If 

interest rates were removed and government saving kept, there would be three back door 

paths into government saving that must be addressed:  
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 1) Government saving  dependency ratio  private saving 

 2) Government saving  dependency ratio  government spending  income    

 taxes  private saving 

 3) Government saving  dependency ratio  government spending  interest 

 rates  private saving 

Measuring on the dependency ratio would block all three paths. There are also three back 

door paths into government spending to be addressed: 

 1) Government spending  dependency ratio  private saving 

 2) Government spending  dependency ratio  government saving  interest 

 rates  private saving 

 3) Government spending  interest rates  private saving 

The dependency ratio again blocks paths 1 and 2. However, interest rates would have to 

be included to block path 3. Therefore, it makes the most sense to include government 

spending, interest rates, and the dependency ratio, and exclude government saving.  

 Thus, private saving = f(dependency ratio, government spending, interest rates) is 

the equation Masson et al. should have arrived at from the variables they considered. 

There are no back doors that do not pass through the dependency ratio or the interest rate, 

which are included in the equation. Either government spending or income taxes could be 

the third variable (and per my DAG, income taxes would be a better choice than 

government spending), but to include any other variables would be superfluous.   
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Conclusions and Implications 

 The literature generally agrees that population aging in Europe (and much of the 

developed world) in coming decades is inevitable. Fertility rates in European countries 

are well below replacement level and are not expected to recover, and scholars find no 

reason to expect decreases in life expectancy (there may even be further increases). 

Therefore, population aging, its effects on labor force participation and the dependency 

ratio, and these factors‘ negative impacts to savings and investment will have significant 

consequences for European economies. Thus it is increasingly important to understand 

the dynamics of this phenomenon.  

 This thesis attempts to contribute to that dialogue in two ways. First, I have used 

the existing literature to build a theory, illustrated via a directed acyclic graph, which 

attempts to more completely incorporate relevant economic variables affected by 

population aging, and to determine more comprehensive causal paths which include 

temporal effects. This research contributes to building a specific theory to answer the 

question: what will happen to public and private saving rates and interest rates in Europe 

as the population ages? My analysis of the existing literature and development of the 

DAG leads me to conclude that all forms of saving (government, private, and national) 

and interest rates are likely to be negatively impacted by continued population aging, as 

increasing dependency ratios drive government spending (and in turn income taxes) up 

and government and private saving down. Further, decreasing labor supplies in Europe as 

the population ages will drive wages up and make investment less attractive by rendering 

existing capital obsolete.  
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 Second, I have sought to present a clearer picture of causality, and to show where 

past research has gone astray by improperly specifying its models. The DAG clearly 

illustrates theorized, sequential relationships between variables, as opposed to an OLS 

regression or economic simulation model in which a number of potential causal variables 

are included, but their relationships to each other, the order of their effects, and their 

actual relevance to the outcome measured are difficult to tease apart. Developing a 

specific theory of the order of effects and illustrating it via a DAG allows for clearer 

specification of regression or economic models, making it easy to identify which 

variables should be included in empirical testing, and which are unnecessary.  

 The clearest example of how the DAG can provide a clearer picture of how aging 

impacts a variety of economic variables is the last example discussed above, the 

regression used by Masson et al. Their model incorporates a number of independent 

variables in an attempt to explain private saving, yet only manages to explain 25 percent 

of the variation (based on the R
2
). It cannot account for interrelationships between these 

variables, even as Masson et al. acknowledge that such dependencies may exist. Further, 

no clear theory is articulated to explain why all of these variables are included (or why 

others are excluded), and no attempt is made to determine whether their effects occur in 

any sort of sequence, rather than simultaneously. The DAG illustrates a theorized 

sequence of events which help to determine which of Masson et al.‘s variables actually 

should be included in a model (the dependency ratio, government spending or income 

taxes, and interest rates).  

 This research can also contribute to the work of theory development in general, by 

demonstrating the process involved in building a DAG and in using it to assess the 
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findings of research conducted via other methods (i.e.: OLS regression). The DAG I have 

created lends itself to future empirical testing to assess its validity and refine its causal 

paths. There is also potential to expand the DAG to incorporate theorized effects of 

proposed policy changes or reforms in response to population aging.  

 Understanding the dynamics of population aging‘s effects on the economy is a 

crucial first step toward determining how to address them. Hopefully this thesis 

contributes new insight into how to model and project the economic effects of population 

aging and brings to light more clearly the relationships between affected variables.  
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Appendix A: Proposition Inventories 

Axel Börsch-Supan 1996 

If a population is aging, then there will (initially) be more people in the high saving and 

income age bracket (45-64) and fewer people in the low saving age brackets, thus private 

saving will increase in the short-term, until this group moves into the low saving bracket 

(65+) at which point private saving will begin to decline (pp. 106, 112). 

 Aging population → decreased long-term private saving 

If the dependency ratio increases, then demand for public funds (government spending) 

will increase (for pension benefits and health care) and government deficits will increase 

(government saving will decline) (p. 116). 

 Increased dependency ratio → increased government spending; decreased 

government saving 

If there are higher interest rates, then government deficits and accumulation of 

government debt will increase (implying government saving must decrease and 

government spending increases to make higher interest payments) (p. 118). 

 Increased interest rates → increased government spending; decreased government 

saving 

If the labor force shrinks, then some capital will become obsolete, which will cause 

aggregate saving, investment, and interest rates to decline (p. 126, 128). 

 Decreased labor supply → obsolete capital → decreased aggregate saving; 

decreased investment; decreased interest rates 
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Andrew Dean et al. 1989 

If government saving decreases, then national saving and investment will decrease (pp. 7, 

25). 

 Decreased government saving → decreased national saving; decreased investment 

Though Ricardian equivalence does not hold, if government saving decreases, then 

private saving will increase somewhat (but not one-for-one) (pp. 13, 25). 

 Decreased government saving → increased private saving 

If interest rates are high, then consumers will defer some consumption and save more 

however, the impact of high interest rates is stronger on the young than the elderly in this 

regard (p. 19).  

 Increased interest rates → decreased consumption; increased private saving  

 

Ketil Hviding and Marcel Mérette  

If the population ages, then income taxes will increase (pp. 8, 15). 

 Aging population → increased income taxes 

If the population ages, then national saving will decline (pp. 8, 16). 

 Aging population → decreased national saving 

If the population ages, then the labor force will decline, leading to decreased demand for 

capital investment, thus decreased interest rates/returns on investment (p. 16). 

 Aging population → decreased labor force → decreased demand for capital/ 

investment → decreased ROI/interest rates 

If the population ages, then wages will increase (pp. 15, 28). 

 Aging population → increased wages 



 48 

Willi Leibfritz et al.  

If the population ages, then government debt will increase and primary balances will 

deteriorate (government spending will increase, government saving will decrease) (p. 17). 

 Aging population → increased government spending; decreased government 

saving 

If government saving decreases, then national saving will decrease (p. 17). 

 Decreased government saving → decreased national saving 

If the population is aging, then private saving will decline (p. 26). 

 Aging population → decreased private saving 

If the population ages, then national saving will decline, largely because government 

saving will decline (pp. 26, 75). 

 Aging population → decreased national saving; decreased government saving 

National saving and investment are positively correlated: if one increases, so will the 

other, and vice versa (p. 80). 

 Increased national saving → increased investment 

 Increased investment → increased national saving 

 

Paul Masson and Ralph Tryon 

If the dependency ratio increases, then aggregate consumption relative to income will 

increase (pp. 2, 8, 9, 11). 

 Increased dependency ratio → increased consumption 

If the dependency ratio increases, then the labor force will decrease, which will then lead 

to declining output. (p. 2). 
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 Increased dependency ratio → decreased labor supply → decreased output 

If the dependency ratio declines, then private saving will increase (pp. 9, 11-14). 

 Decreased dependency ratio → increased private saving 

If there is population aging, then the labor supply will decrease, which will decrease 

output, leading to excess demand for output, causing interest rates to rise (pp. 15-17). 

 Aging population → decreased labor supply → decreased output → increased 

demand for output → increased interest rates  

If there is a decreased labor supply, then there will be a long-term decrease in capital 

stock and output (p. 15). 

 Decreased labor supply → decreased capital stock; decreased output 

If the labor force shrinks, then real GNP (output) will decrease (p. 20). 

 Decreased labor supply → decreased GNP/ouput 

 

Paul Masson, et al. 

If income increases, then (private) saving increases (p. 3) 

 Increased income → increased private saving 

If government spending increases, then private saving decreases (pp. 10-11). 

 Increased government spending → decreased private saving 

If government saving (the budget surplus) increases, then private saving decreases (pp. 

10-11). 

 Increased government saving → decreased private saving  

If the real interest rate increases, then private saving increases (pp. 10-11, 15-17). 

 Increased interest rates → increased private saving 



 50 

If the dependency ratio increases, then private saving decreases (pp. 5, 10-11, 15-17). 

 Increased dependency ratio → decreased private saving 

If the government budget surplus (government saving) increases due to increased taxes, 

then private saving will decline (pp. 10-11). 

 Increased taxes → decreased private saving 

If the government budget surplus (government saving) increases due to productive 

government investment or reduced government spending, then private savings will not 

decline very much (but will still decrease) (pp. 10-11). 

 Decreased government spending → decreased private saving 

If output increases, then private saving increases (p. 17) 

 Increased output → increased private saving 

If the population is aging, then private saving will decrease (p. 20). 

 Aging population → decreased private saving (via an increased dependency ratio) 

 

Deborah Roseveare, et al. 

If the population ages, then government dissaving will increase (p. 10-11). 

 Aging population → decreased government saving 

If the dependency ratio increases, then private saving will decrease (p. 11). 

 Increased dependency ratio → decreased private saving 

 

Dave Turner, et al. 

If the dependency ratio increases, then GDP per capita decreases, as do living standards 

(p. 6, 10, 16). 
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 Increased dependency ratio → decreased GDP; decreased living standards 

If output growth slows, then there is less need for growth in capital stocks and thus less 

output needs to be devoted to investment (p. 14, 48). 

 Decreased output → decreased demand for capital 

If the population is aging, then private and public (national) saving will decrease (p. 14). 

 Aging population  decreased private saving; decreased national saving 
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Appendix B: Assumptions and Limitations of Models 

Börsch-Supan 1996 (Partial economic analyses and general equilibrium model) 

 The partial economic analyses ―ignore feedback‖ (p. 104). 

 The general equilibrium analysis ―abstracts from details‖ (p. 104). 

 Uses cross-national household survey data (instead of the LCH) to forecast how 

aging will affect private saving (p. 104-05). 

 Using survey data, the author conducts a ―regression of saving rates on age and 

cohort‖ assuming that ―year effects influence all cohorts equally‖ (p. 106). 

 The assumption of ―stability of the age-saving profiles throughout the ageing 

process‖ ignores the possibility of adaptations to pension benefits and bequest/ 

transfer behaviors as the population ages and cohort sizes change (p. 110). 

o This assumption of stability is also employed in the projections of supplies 

of funds in the partial economic analysis (p. 112). 

 The projection of demand for private funds assumes neoclassical growth theory, 

namely that a shrinking work force implies declining accumulation of capital per 

worker (declining investment/demand for funds) (p. 118). 

 Author contends assumptions regarding the effect of population aging on 

technological change/innovation and changes in consumption that could 

necessitate changes in production machinery are difficult to make, as conflicting 

theories exist (pp. 120-21). 

 The projection of demand for private funds ignores supply and demand of funds 

from outside the OECD, and also ignores ―all the feedback that generates a capital 
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market equilibrium, and all behavioural changes in response to population 

ageing‖ (p. 122). 

 The general equilibrium analysis assumes that decreasing interest rates cause 

decreasing saving (not the other way around) (p. 124). 

o It also assumes saving rates adjust to maximize ―present discounted utility 

from current and future consumption‖ and capital mobility is uninhibited 

across countries (p. 125). 

 

Hviding and Mérette 1998 (General equilibrium model with an overlapping 

generations (OLG) structure) 

 Four types of pension reforms are simulated across seven OECD countries in 

addition to a baseline scenario (the only simulation included here). 

 To simplify the model, pension systems are ―consolidated with general 

government and financed by general taxation‖ (p. 5). 

 Assumes individuals are rational, have perfect foresight, and embody the LCH for 

consumption, but allows for bequest motives (pp. 5, 9). 

 Assumes a fixed individual labor supply and a closed economy (p. 5). 

 Assumes a standard Cobb-Douglas production technology function (Y = KL) and 

a one-good economy (pp. 9, 11). 

 Assumes working life begins at 17 and retirement occurs at 64 (p. 10). 

 Calibrated using macroeconomic variables for the 1950s and 1960s, OECD data, 

and empirical studies (p. 13). 

 Ignores other macroeconomic shocks (other than the influence of aging) (p. 16). 
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Leibfritz et al. 1995 (OECD Secretariat’s Medium-Term Reference Scenario 

(MTRS) modeling, generational accounting) 

 The MTRS projection through 2000 is used as the starting point for Leibfritz et 

al.‘s scenarios (p. 7). 

 Uses World Bank population projections through the year 2050 (p. 9). 

 Assumes no impacts to structural unemployment or labor force participation rates 

from aging populations (i.e.: the same percentage of the working-age population 

will be in the workforce throughout the projections) (p. 11). 

 Models three different labor productivity growth rates (1 percent, 1 ½ percent, 2 

percent) (p. 11). 

 Models three different discount rates (3, 5, and 7 percent) (p. 12). 

 Assumes per capita health spending and per capita education spending grow in 

line with productivity growth (pp. 13-14). 

 Four scenarios are conducted using different assumptions about changes to the 

real interest rate over time (pp. 15-16). 

 

Masson and Tryon 1990 (IMF MULTIMOD multi-country macroeconomic model) 

 The multi-country model allows for incorporating effects of aging in countries 

relative to each other and allows for understanding global macroeconomic 

impacts of aging (p. 1). 

 Aging in the model affects three channels: aggregate consumption relative to 

income; dependency ratios; and government expenditures (p. 2). 

 The model does not incorporate intergenerational transfers (bequests) (p. 2). 
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 The model does not account for changes to labor force participation or retirement 

age changes or population growth rate changes (pp. 2-3). 

 Uses a tax rate reaction function for estimating government spending/debt in the 

simulations (p. 5). 

 Estimates consumption as a ―function of financial and ‗human‘ wealth, that is, the 

expected value of lifetime ernings (sic), discounted to the present‖ an approach 

that allows for effects of government bond stocks on interest rates (p. 6). 

 Assumes the probability of death ―is the same for individuals of all ages‖ (p. 6). 

 The model does not allow for rigorous testing of private saving behavior and does 

not incorporate constraints on borrowing (p. 6). 

 Incorporates a dependency ratio to capture effects of ―differences in age structure 

on consumption and saving‖ (p. 6). 

 Model uses an OLS regression equation estimated using data from 1969 to 1987 

for the G-7 countries and a ‗smaller industrial country block‘ incorporating: real 

consumption, real wealth, real long-term interest rates, real after-tax net domestic 

product, and the overall dependency ratio (p. 8). 

 MULTIMOD simulations project a time horizon from 1995 to 2025 using the 

World Economic Outlook projections for 1995 as a baseline (p. 10). 

 MULTIMOD assumes a constant (exogenous) dependency ratio and labor force 

participation rate in its baseline simulations (p. 10). 

 MULTIMOD assumes an exogenous birth rate and zero productivity growth (p. 

23). 
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 The alternative MULTIMOD scenario allows the dependency ratio to evolve but 

keeps the labor force participation ratio constant at the baseline level (p. 11). 

 

Masson et al. 1995 (Regression models using time series and cross-sectional data)  

 Private saving rates for industrial and developing countries are the dependent 

variable. Data from 21 industrial countries covering the time period 1971 to 1993 

(p. 6) and from 40 developing countries covering 1982 to 1993 are used (p. 7). 

 Independent variables included in the regressions: ratio of private saving to GDP, 

the general government budget surplus, current government spending, 

government investment, beginning-of-period private sector wealth; growth rates 

of real output, consumer prices, and terms of trade; real short-term interest rates; 

GDP per capita relative to that of the United States; and the dependency ratio (pp. 

6-7). 

 Variables are regressed for the industrial country and developed country data sets 

both separately and together, using both time-series and cross-sectional data (pp. 

15, 17). 

 

Roseveare et al. 1996 (Simulations using World Bank demographic projections, 

sensitivity analysis)  

 Construct scenarios for 20 OECD countries projecting through 2070 (pp. 5-6) 

using short and medium-term scenarios from the OECD Economic Outlook 59 as 

a starting point (p. 9). 
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 All scenarios assume: economies are following a medium-term growth path and 

have no cyclical unemployment; medium-term economic growth is determined by 

the projected annual growth of both working-age population and labor 

productivity of 1 ½ percent; constant participation rates (p. 6). 

 Baselines are created using national sources‘ data on contribution and benefit 

rates, retirement ages, and eligibility criteria for each country (p. 6). 

 Different assumptions about health care expenditures are run for each scenario, as 

effects of life expectancy increases are difficult to assess on these costs (p. 8) 

 

Turner et al. 1998 (OECD Secretariat’s international dynamic general equilibrium 

macroeconomic model (MINILINK)) 

 The main channels through which aging affects the economy in the MINILINK 

model are: changes in the labor supply; impacts to public finances from increased 

public health and pension spending; life-cycle effects on private saving; and 

―possible effects on productivity‖ (p. 8). 

 Projections are conducted through the end of the century to allow sufficient time 

for changes in asset stocks in response to aging (p. 8). 

 The model uses United Nations projections for population growth rates through 

2050, afterward it assumes population growth rates across regions eventually 

converge to just below ½ percent annually (the UN‘s projected level for 2050 for 

world population growth) (p. 10). 

 Dependency ratios are assumed to converge beyond 2050 at 67 percent (p. 10). 
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 Projections for labor force growth rates are based on growth rates for the 

working-age population and assume age-specific labor force participation rates 

remain constant and unemployment rates are maintained at NAIRU levels (9 ½ 

percent for the EU) (p. 10). 

 The projections assume health care costs and public education expenditures for 

children under the age of 15 ―rise in line with real wages costs‖ (p. 11). 

 The model assumes that ―increases in net government debt as a per cent of GDP 

are limited to six times any increase in net flows of expenditures‖ to limit the 

increase of debt as a portion of GDP (p. 12). 

 Based on previous studies estimating the sensitivity of the saving rate to the 

dependency ratio, the model assumes a mid-range estimate based on recent 

evidence: a one percent increase in the dependency ratio translates to a 0.3 percent 

decrease in the private savings rate (p. 12). 

 No specific assumption regarding productivity trends is made given mixed 

empirical evidence on the direction of the effect of aging on productivity (p. 13). 

 Growth rates for labor efficiency are assumed to gradually converge around 1 ½ 

percent annually, based on recent history in the regions included (p. 13). 
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Appendix D: DAG Including Only Accepted Propositions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dashed lines indicate negative/inverse relationships (i.e.: as aging increases, saving decreases) 

Solid lines indicate positive relationships (i.e.: as aging increases, the dependency ratio increases) 
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Appendix E: Intermediate DAG Including Accepted and Reconciled Propositions 
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Appendix F: Final DAG Adding Remaining Propositions 
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