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Evidence from Panel Data‖
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December 11, 2008

Abstract

Our study represents a first attempt to single out the effects of aging on the entire structure of the economy

that is approximated by employment shares in different sectors. We find that even after controlling for the

effects of other relevant factors—e.g. income per capita, share of trade in GDP, government consumption

share in GDP, population size—aging does have a statistically significant differentiated impact on the

employment shares. In particular, we find that an increase in the aging proxies exerts a statistically

significant adverse effect on the employment shares in agriculture, manufacturing, construction, and

mining and quarrying industries. At the same time, increasing share of the elderly people in the society

positively affects employment shares in community, social, and personal services as well as in the financial

sector. In the simulation exercise, we illustrate the effects of aging on the employment structure within

the next 45 years.
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1 Introduction

The phenomenon of aging plays an important role in shaping the modern society. It is no longer limited to

a handful of rich countries but increasingly extends to the developing world. Moreover, in the last years, the

aging process has intensified. Demographic projections for the next decades depict a society dominated by

the gray-heads.

Acknowledging the ongoing process of population aging a still limited but growing literature investigating

its effects on various economic processes emerged. One branch of the literature addresses the question

whether aging increases the size of the welfare state (e.g. Shelton, 2008; Razin et al., 2002). Another strand

concentrates not only on the effects of aging on aggregate economic performance (e.g. Oliveira Martins et al.,

2005; Börsch-Supan, 2003b; McMorrow and Roeger, 2003, 1999; Bös and von Weizsäcker, 1988; Denton and

Spencer, 1998) but also investigates particular channels through which aging affects the economy including

savings and capital flows (e.g. Börsch-Supan et al., 2006; Börsch-Supan, 2001), productivity (e.g. Börsch-

Supan et al., 2005; Prskawetz et al., 2005), labour demand and supply (e.g. Sapozhnikov and Triest, 2007;

Prskawetz et al., 2005; Börsch-Supan, 2003a), for example. There is also a branch that investigates changes

in consumption patterns induced by a growing share of elderly people in society (e.g. Buslei et al., 2007;

Lührmann, 2005; Oliveira Martins et al., 2005; Börsch-Supan, 2003a,b; Serow and Sly, 1988).

The latter branch of research is of most relevance to our paper as it attempts to indirectly infer the extent

to which aging affects the structure of the economy through assessing changes in private consumption caused

by aging in first place. But this is obviously a limited approach and hence there is a need to estimate the

effects of aging on the structure of the economy directly. As the associated re-allocation of resources among

different sectors—brought about by rapid senescing of modern societies, among other things—is likely to

result in considerable economic and social costs. Therefore, it is important already now to provide estimates

of the potential scale and directions of this process.

To the best of our knowledge, direct assessment of the potential effects of aging on the whole economic

structure and, in particular, on sectoral employment shares, attended rather little, if any, attention in the

literature. The present paper intends to fill this gap by analyzing the impact of aging on the employment

shares in different economic industries. In doing so, we intend to single out the effects of aging from other

factors that are typically suggested in the literature which also tend to shape structure of the economy. To

this end, we employ dynamic panel data analysis based on 51 countries and covering a time period from

1970 till 2004. Our results suggest that the aging variable—approximated by the ratio of elderly either to

the total population or to the labor force—does exert a statistically significant differentiated impact on the

employment shares when controlling for other relevant factors, e.g., income per capita, share of trade in

GDP, government consumption share in GDP, population size, etc. In particular, we find that an increase

in the aging proxies exerts a statistically significant adverse effect on the employment shares in agriculture,
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manufacturing, construction, and mining and quarrying industries. At the same time, increasing share of

elderly people in the society positively affects employment shares in community, social, and personal services

as well as in the financial sector.

An additional contribution of the paper is the prediction of sectoral employment change up to 2050, which

is made based on the econometric estimation results. Two scenarios are compared: a base scenario with a

constant rate of change of all the variables and an alternative scenario with population growth declining and

aging rate increasing over time. The comparison of both scenarios provides a net effect of aging upon the

structural change. It appears that the share of employment in community, personal, and social services as

well as finance services will increase, while that of manufacturing, construction, and agriculture will decrease

by 2050.

The paper is structured as follows: Section 2 describes the aging process in selected OECD countries in

the past, present as well as its possible development in the future, given the demographic projections. Section

3 considers the data set employed in this study. Section 4 discusses the empirical model and econometric

estimation method and the results of our analysis of the effects of aging on structural change. Finally, section

5 concludes.

2 Aging process over the last 150 years

It should be noted that in most industrialized countries the increase in “dependency ratio” (as measured

by the ratio between of persons not involved in the working and income-generating process relative to those

that are involved) has a far longer history than usually assumed. In many industrial countries it started

already several centuries ago. It is difficult, however, to illustrate this in a graph using the conventional

dependency ratios, i.e., the ratios of young and/or old persons to those of 20-65 year old people. The reason

is that in such ratios the only criterion used to distinguish between those involved and not involved in the

income-generating process is the age. However, in the former times, a larger share of the persons younger

than 20 years were working, i.e., had a gainful occupation, than today. Moreover, in many countries the share

of young people enrolled in higher education has been steadily growing and the average age, at which gainful

employment starts, has been correspondingly increasing. In addition, there may be persons in the age group

of the commonly defined labor force (people of 20-65 years) that are, in fact, not participating. Finally,

detailed population statistics are starting only in the second half of the 19th century. Therefore, taking

all these factors into account, one may conclude that in many industrialized countries the conventional

young-age dependency ratio underestimates the scale of the long-term phenomenon of increasing young

dependency. This also implies that the rising long-term trend of the total dependency ratio may be somewhat

underestimated. Hence, the statistical indicators of dependency, at least those covering the late 19th century
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and early 20th century as well as the projected1. dependency ratios, have to be interpreted with a great

care.

As an example of the aging process in a typical industrialized country a case of Germany is considered

in Figure 1. It shows three dependency ratios and the ratios of the old and young to the whole population

over the period 1871-2050. One can observe that the whole period was characterized by two demographic

changes going in the opposite directions. Firstly, the ratio of the young to the total population (young age

dependency ratio) has been steadily decreasing from about 44% (84%) in the end of 19th century to 20%

(33%) in 2005. For 2050, a further decrease up to 15% (29%) is projected. Secondly, the ratio of the elderly

to the total population (old age dependency ratio) has been almost uninterruptedly increasing from around

9% (5%) in the late 19th century to 19% (32%) in 2005. According to demographic projections, in 2050 it

should achieve 33% (62%). From the beginning of the sample and up to the early 1930s, dependency ratio

experienced a dramatic decrease from 93% to about 65%, at which level it stabilized for about 80 years.

The main contributor to this tendency was a decreasing share of the young people. However, due to the

growth of the elderly ratio accelerated in the recent years the dependency ratio is projected to increase in

the forecast period and attain 94% by 2050.

In the recent decades, the increase of the elderly ratio has been a characteristic feature of the majority

of the industrialized countries. Figure 2 illustrates this for the selected OECD countries and an average

of EU15 members. For the sake of readability of the graph we divided it in two panels: one showing

the countries where the ratio of elderly is projected to stabilize in the period after 2030 and another one

displaying countries where it is projected to increase further. Notice that the Asian countries, such as Japan

and South Korea are experiencing the largest increase in the ratio of elderly to total population among all

OECD countries. In 2050 the elderly ratio in Japan and South Korea should be respectively 8 and 12 times

bigger than it was in 1950. The smallest increase is projected in France, Norway, Sweden, Ireland, and USA

where the elderly ratio will be 2.3-2.5 times larger than in 1950. It is slightly less than the average of EU15,

which is about 3 times. In 2050, the highest elderly ratio among the selected countries, is expected to be

achieved in Japan, South Korea and Spain (39.6%, 38.2%, and 35.7%, correspondingly), whereas the lowest

elderly ratio is expected for Turkey, USA, and Mexico (17.0%, 20.6%, 21.1%, correspondingly).

1Population forecasts should be treated carefully because they can only extrapolate the current state. Neither wars, nor
deep changes in fertility ratios (such as the so-called German baby boom) nor technical progress (for instance, the invention of
the anti baby pill) are predictable.
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3 Data

Our data set includes a maximum of 54 selected developing and developed economies2. We use the ILO

employment data for nine sectors and all other data were drawn from the World Development Indicators

data base of the World Bank. The longest time period covered was 1970-2004.

Since this paper concentrates on analyzing effects of aging on the employment structure, we use sectoral

employment shares as the dependent variable in our regressions. In our analysis we use employment shares in

the following nine sectors: agriculture (lfa), manufacturing (lfm), mining and quarrying (lfmq), electricity, gas

and water (lfe), construction (lfc), wholesale, retail trade, restaurants and hotels (lfw), transport, storage,

communication (lft), financial services, real estate and related services (lff), and community, social, and

personal services (lfcs).3 It is rather well documented in the literature that rise in the per capita income

is typically accompanied by the following changes of relative employment shares in the nine sectors in

question. First, one observes a continuous decline in the primary and secondary sectors here represented by

agriculture, manufacturing, mining and quarrying, energy, and construction. Second, employment shares are

continuously rising with increasing per capita income in the tertiary sector represented by wholesale, retail

trade, restaurants and hotels, transport, storage, communication, financial services, real estate and related

services, and community, social, and personal services4.

The explanatory variables include per capita income (gdppc), measured in purchasing power parities,

the size of the economies proxied by population (pop). We also include proxies for “openness” (tr), i.e.,

the sum of exports and imports as a ratio to GDP, a variable to capture the effect of government policies,

namely the government consumption expenditure share (gcogdp), share of exports of agricultural products

in exports of merchandise goods (xaxme). However, our variable of primary interest is aging, represented

by the two proxies already described, namely the ratio of elderly either to the total population (age) or to

the labor force (odep). In the following analysis, we use the logarithmic transformation of the per capita

income and of the total population variables. The rest of the variables, including dependent variables, are

left intact since these are already expressed as percentage shares.

2Only market economies were included that do not have unusual characteristics, such as, for instance, a very small population
(less than one million) or an extremely large share of GDP derived from extraction of natural resources. The chosen countries
were: Argentina, Australia, Austria, Belgium, Bolivia, Brazil, Canada, Chile, Colombia, Costa Rica, Cyprus, Denmark, Do-
minican Republic, Ecuador, Egypt, El Salvador, Finland, France, Germany, Greece, Honduras, India, Indonesia, Ireland, Israel,
Italy, Jamaica, Japan, Korea, Malaysia, Mauritius, Mexico, Morocco, Netherlands, New Zealand, Nicaragua, Norway, Pakistan,
Panama, Peru, Philippines, Portugal, South Africa, Spain, Sri Lanka, Sweden, Switzerland, Thailand, Trinidad and Tobago,
Turkey, United Kingdom, USA, Uruguay, and Venezuela.

3The employment data have a residual due to unexplained employment (”activities not adequately defined”), i.e., the shares
do not always add up to one and hence our dataset does not fulfill this aggregation constraint. At the same time, using this
dataset we are able to track changes for most of the employment in the economy as the unexplained portion is relatively small
(below 5%). This also holds with regard to our simulations reported below in Section 4.3.

4The latter sector includes government.
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4 Empirical findings

4.1 Econometric model

In the following, we estimate the parameters of the following dynamic panel data model

empit = δempi,t−1 + β′Xit + λagingit + θ′Dit + uit (1)

where empit is an employment share in either of the nine industries in question, Xit is a K × 1 vector of the

explanatory variables which were discussed in Section 3 above. The variable agingit represents our variable

of interest and the corresponding coefficient measures the impact of changing proportion of the elderly people

in the society on the employment shares in different industries. As usual, a vector of the cross-sectional fixed

effects, represented by Dit, can be added to the regression model (1). Note that in order to account for

temporal correlation of the dependent variable, we include its first lag in the model. Since we use yearly

data, such lag length proved to be appropriate for our empirical modelling.

It is well-known that in the presence of the fixed effects, estimation of the parameters of the dynamic

panel data model is subject to estimation bias, which can be quite severe if the panel time dimension is

rather small (Nickell, 1981; Kiviet, 1995). As the solution to the estimation bias, a number of panel data

estimators have been proposed including the instrumental estimator of Anderson and Hsiao (1982) that uses

the first-differences of the data in order to eliminate the fixed effects. Expanding on the Anderson and Hsiao

(1982) estimator, Arellano and Bond (1991) show that there are many more instruments available within

the GMM framework than used by conventional instrumental variable estimation. The GMM estimator of

Arellano and Bond (1991) is the two-step estimator. In the first step, the parameters are estimated using the

identity matrix for weighting the moment conditions. In the second step, an asymptotically more efficient

estimation is conducted by optimal weighting of the moment condition using the first-step estimation results.

As a consequence, the efficiency of GMM-based estimators is greatly enhanced when compared to that of

the Anderson and Hsiao (1982) estimator.

However, as Baltagi et al. (2000) point out, the estimators of Anderson and Hsiao (1982) and Arellano

and Bond (1991) may eliminate the estimation bias, but with a large loss of information. The application of

the first-difference transformation destroys the economic structure formed between the levels of the variables

across the time series dimension. Fortunately, the two-step GMM estimator developed by Arellano and Bover

(1995) addresses this issue by employing both the first differences as well as the levels of the variables by

specifying the appropriate sets of instruments for both types of equations. Below, we estimate the parameters

of equation (1) by means of the two-step GMM estimator suggested in Arellano and Bover (1995). Observe

that our inference on the significance of the estimated parameters is based on small sample correction of

Windmeijer (2000) applied to the estimated covariance matrix in the second step of the corresponding GMM

5



procedure.

As noted in Phillips and Sul (2007), performance of the GMM estimators can be unsatisfactory in

situations where time series exhibit high persistence. Hence, in order to obtain sensible results we need to

check how persistent is the dependent variable. In order to check this, we have estimated the first-order

panel autoregressive model for each of the nine industrial sectors using the Arellano and Bover (1995) GMM

estimator. The results of our exercise provide very strong evidence that our dependent variable is highly

persistent: the estimated value of the autoregressive parameter is within the range from 0.971 till 0.995 for

employment shares in eight sectors, and for the ‘financial service’ sector its value is 1.005, indicating non-

stationarity of our data. A similar pattern of high temporal persistence is also observed for the explanatory

variables collected in Xit.

Given our findings, one may consider testing for the presence of unit roots in the variables of interest and,

subsequently, to test for presence of cointegration. However, given very unbalanced nature of our data and

the significant share of countries where the time dimension either is smaller or of a comparable magnitude

to the number of the explanatory variables, testing for cointegration in our data set would involve omission

of substantial number of countries (i.e., observations) and hence it may bias our results. Instead, we have

chosen to transform the variable in question by taking first differences. Hence the estimated model takes

the following form

∆empit = δ∆empi,t−1 + β′
∆Xit + λ∆agingit + ϑit (2)

where ∆ is the first-difference operator. Observe that such transformation implies that application of the

GMM estimator of Arellano and Bover (1995) involves the moment conditions among the first-differences

of the levels of the original variables as well as among their second-differences. An additional advantage

of estimating model in the first differences is that in doing so we avoid spurious regression caused by non-

stationarity of the modelled variables. As usual, the validity of the moment conditions and of the model

assumptions is checked with the Sargan over-identification test as well as with the Arellano-Bond first-and

second-order residual autocorrelation tests.

4.2 Estimation results

Tables 1 and 2 contain the estimation results of our panel data regressions using the share of elderly in

total population and in the labor force, respectively. First, one observes that both set of regressions yield

very similar results, i.e., the coefficient values and their significance for all explanatory variables except our

proxies for the aging variable match each other quite closely. The difference in the values of the estimated

coefficients of our aging proxies is due to different scaling, i.e., we scale the same variable (number of elderly)

either by total population or by labor force. Second, according to the model specification tests, the estimated

regressions do not deviate from model assumptions: we cannot reject the null hypothesis of the validity of
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moment conditions according to the Sargan test and, as expected, the Arellano-Bond autocorrelation tests

indicate the presence of the first-order autocorrelation in the panel regression residuals. At the same time

no second-order autocorrelation is detected in the regression residuals.

The own lag of the dependent variable is significant in five out of nine sectors and it takes negative

values for all sectors. Thus, the absolute value of the autoregressive parameter is much less than unity

indicating that by taking the first-difference transformation of our data we have solved the problem of

extremely high persistence and/or of non-stationarity. We also find that our estimation results suggest

that changes in employment shares in agriculture are negatively correlated with changes in the per capita

income, whereas there is a positive association between changes in employment shares in manufacturing,

construction, and financial sector on the one hand and changes in the per capita income on the other hand.

As the coefficient estimate corresponding to the square of the per capita income variable turned out to

be insignificantly different from zero in all sectors but construction, we find no statistical evidence for the

presence of nonlinear effects between changes in the per capita income and in employment shares for these

eight sectors. It is also interesting to note that neither changes in trade share nor in government consumption

share have significant effects on the changes of the sectoral employment shares.

Next, we assess the impact of our aging variables on the employment shares in the different sectors. Since,

the both sets of the estimation results are very similar we restrict our discussion to the results presented in

Table 1, i.e., for the share of elderly to the total population. First, we notice that the corresponding variable

is significant for six sectors out of nine. We find that the corresponding parameter estimate is not significantly

different from zero for electricity, gas and water (lfe), wholesale and retail trade, restaurants and hotels (lfw)

and transport, storage, and communication (lft) sectors. At the same time, we find that the increase in

proportion of elderly people has a statistically significant negative impact on employment shares in such

sectors as agriculture, manufacturing, mining and quarrying, and in construction. The strongest effect is

realized in the former two sectors. In two sectors, financial and related services and community, social, and

personal services, we find that changes in share of the elderly people positively affects employment shares.

Thus, aging appears to have a statistically significant differentiated effect on employment shares in various

sectors. The overall impact of aging is that it promotes ongoing structural change by contributing further

to shrinking agricultural and manufacturing shares in the economy and, at the same time, to enhancing

employment in service and financial industry. This result holds for both proxies that we use in order to

measure aging, i.e., the share of elderly in total population as well as in the labor force.

It instructive to consider the effect of one standard deviation change in the aging proxies on the sectoral

employment shares expressed in terms of the standard deviation of the dependent variable5. In doing so,

we are able to assess the relative importance of aging for employment shares in each industry. As seen

5Observe that due to the non-stationarity of the variables of interest in levels (recall that the sample variance of the
nonstationary variable increases without limit) such exercise is only possible after performing a stationarity transformation of
these variables by taking first differences.
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from Table 3, the effect of aging is mostly pronounced for financial, real estate and related services (lff).

One standard deviation in ∆age variable results in increase of about 0.163 (0.173) standard deviations in

the employment share in financial, real estate and related services, depending on the aging proxy. The

community, social, and personal services (lfcs) sector is second in line with the corresponding impact being

about 0.113 (0.097) standard deviations. Population aging had also a comparatively larger impact on the

employment shares in the manufacturing sector (lfm) — −0.090 (−0.083). For the remaining three sectors,

for which we found the significant coefficient estimates (i.e., lfa, lfmq, and lfc), the impact of aging is about

of the same magnitude, in the range of −0.050 — −0.064, depending on the aging proxy and the industry.

4.3 Simulation results

In this subsection, we use the estimation results of the previous section in order to predict the effects of aging

upon the structural change until 2050. The simulation is carried out using two alternative scenarios, which

differ only in their assumptions concerning demographic developments. The simulations are performed for

both aging variables: share of elderly in the total population (age) and share of elderly in the labor force

(odep).

Specifically, the base scenario assumes that all regressors including the respective aging variable are

evolving during the forecast period 2005-2050 at the average growth rate they had in the estimation period

1970-2004. In the alternative scenario, the demographic variables, which are population growth and the

respective aging variable, are assumed to evolve according to the medium variant projections taken from the

World Population Prospects: The 2006 Revision6.

Figure 3 compares the actual demographic trends (population growth and the change in two aging

variables) observed on average over the estimation period to the projected by the UN demographic trends

over the forecast period. As can be seen, the population growth rate is expected to be substantially lower in

all of the sample countries7 during the forecast period (about 0.6% on median) compared to the estimation

period (1.4% on median), whereas just the opposite is true for both aging variables. Thus, the median

growth rate of elderly to total population ratio is 0.073% in 1970-2004 and 0.248% in 2005-2050, while the

median growth rate of elderly to labor force ratio is 0.072% in 1970-2004 and 0.433% in 2005-2050. It means

that the alternative scenario is based upon lower population growth rates and higher aging growth rates

than the base scenario. Hence, the difference between the sectoral employment shares predicted under these

two scenarios measure the net effect of aging.

The predicted net effect of aging upon the sectoral employment structure is summarized in Figure 4. For

each sector, a boxplot is depicted that shows the distribution of difference between the alternative and the

6See http://www.un.org/esa/population/unpop.htm. The data in this database are available at 5-year frequency and had
therefore to be interpolated to the yearly frequency using the natural cubic spline, which is a standard interpolation technique
in demographics.

7Due to the lack of the balanced data Dominican Republic was left out from the sample.
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base scenario across 50 countries. Thus, the negative (positive) difference implies that the corresponding

sector’s share declined (increased) stronger under the alternative than under the base scenario. The upper

panel corresponds to the “age” variable, while the lower panel corresponds to the “odep” variable. The

results are very similar for both variables, which is no surprise, given similar estimation results. Firstly, two

sectors are expected to benefit from the aging process, namely: “community, social, and personal services”

and “financial services”. The employment shares in these two services sectors are strongly positively affected

by aging: the median differences in 2050 in the former sector are between 8.7 for “age” variable and 9.5

percentage points for “odep” variable, while those for the latter sector are between 6.3 and 8.0 percentage

points and very few observations are below zero. Secondly, there are three sectors that can be denoted

as losers of aging process, namely “agriculture” (a median aging effect between -1.6 and -2.2 percentage

point), “construction” (between -2.8 and -3.4 percentage points) and “manufacturing” (between -4.8 and

-5.0 percentage points). Thirdly, the employment shares of other four sectors are expected to be on average

unaffected by aging. These sectors include “wholesale trade”, “electricity” as well as “mining and quarrying”.

Thus, our simulations show that virtually all countries (since our sample includes both rich and poor

economies) are expected to go through substantial structural changes in the next 45 years, provided the

aging will evolve as predicted in the UN World Population Prospect. Therefore, these countries have to

adjust their economies if they want to face as smooth transition process as possible. In particular, a due

attention is to be paid to the loser sectors such as manufacturing, construction, and agriculture. There might

be needed active structural policy measures aimed at facilitating the transfer of the working force from these

sectors to the sectors that are expected to win in the course of aging process. In some cases, a question must

be raised, whether it really makes sense to keep the industries without the future wasting huge amounts on

maintaining them alive.

5 Conclusion

In this paper, we investigated the relationship between the changes in the demographic structure of the

population and the employment shares in the various industries based on the unbalanced panel of 54 countries

covering the longest time period from 1970 till 2004.

Our results suggest that the aging variable approximated by the ratio of elderly either to the total

population or to the labor force does have a statistically significant differentiated impact on the employment

shares when controlling for other relevant factors, e.g., income per capita, share of trade in GDP, government

consumption share in GDP, population size, etc. In particular, we find that an increase in the aging proxies

exerts a statistically significant adverse effect on the employment shares in agriculture, manufacturing,

construction, and mining and quarrying industries. At the same time, increasing share of the elderly people

in the society positively affects employment shares in community, social, and personal services as well as
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in the financial sector. Moreover, we also find that the effect of aging has been mostly pronounced in the

financial, real estate, and related services as well as in the community, social, and personal services, followed

by the manufacturing sector. Hence we conclude that aging further accelerates the ongoing structural change

usually associated with an ever increasing role of the services sector at the expense of traditional sectors like

agriculture and manufacturing.

This result may appear unsurprising but so far our study represents the first attempt to document and,

moreover, to quantify the effects of aging on the whole economic structure of the economy approximated here

by the employment shares in various industries. For example, this paper makes predictions of the scale and

direction of the effects of aging on sectoral structure. It is shown that solely due to aging—under the ceteris

paribus conditions—such sectors as “manufacturing”, “construction”, and “agriculture” will shrink in terms

of their employment shares relative to the “personal and communal services” and “financial services”. The

negative effects of aging can be on median as large as -5.5 percentage points, whereas the positive effects can

attain on median 9.5 percentage points by 2050. These are very considerable when it comes to the absolute

employment figures. Moreover, they concern both rich as well as poor countries. Therefore, such structural

change, albeit extended over several decades, may imply enormous social and economic costs. In order to

minimize them and make the transition process as smooth as possible structural policy measures on behalf

of the governments might be needed.
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Table 1: Estimation results: the aging proxy — the share of elderly in total population

∆lfa ∆lfm ∆lfmq ∆lfe ∆lfc ∆lfw ∆lft ∆lff ∆lfcs

Own lag -0.146 *** -0.010 -0.025 -0.176 *** 0.022 -0.090 * -0.158 ** -0.250 ** -0.128
(0.055) (0.037) (0.049) (0.052) (0.054) (0.050) (0.073) (0.118) (0.104)

∆lgdppc -8.024 *** 3.087 * 0.209 -0.102 3.951 *** 0.780 0.382 0.934 -1.413
(1.790) (1.610) (0.150) (0.127) (0.830) (1.126) (0.472) (0.602) (2.083)

(∆lgdppc)2 3.774 -28.693 -1.588 0.257 -32.434 * 11.024 4.013 -7.355
(13.590) (36.680) (1.960) (3.392) (17.310) (26.580) (10.660) (22.830)

∆tr 0.018 * 0.004 0.001 0.000 -0.001 -0.006 -0.001 0.002 0.003
(0.009) (0.008) (0.001) (0.001) (0.003) (0.005) (0.001) (0.003) (0.007)

∆lpop -10.154 *** -2.674 0.055 0.017 4.169 * 5.771 0.695 3.677 ** -1.588
(2.873) (3.317) (0.431) (0.115) (2.256) (4.488) (1.044) (1.702) (5.435)

∆gcogdp -0.052 -0.002 0.009 0.001 -0.015 0.021 0.018 0.016 0.048
(0.039) (0.073) (0.006) (0.004) (0.025) (0.030) (0.015) (0.022) (0.047)

∆xaxme 0.046
(0.037)

∆age -0.688 ** -0.805 ** -0.063 *** -0.024 -0.239 ** 0.321 0.032 0.831 *** 1.077 ***
(0.314) (0.336) (0.020) (0.025) (0.115) (0.253) (0.066) (0.174) (0.399)

σ̂ 1.332 1.020 0.139 0.198 0.460 0.693 0.290 0.498 1.050
N 50 51 51 51 51 51 51 51 51
Tmax 28 28 28 28 28 28 28 27 28
Tmin 3 3 3 3 3 3 3 3 3
Obs 825 862 861 862 862 862 862 852 862

Sargan 46.43 [1.000] 43.21 [1.000] 41.15 [1.000] 46.58 [1.000] 42.65 [1.000] 44.33 [1.000] 48.39 [1.000] 46.32 [1.000] 46.61 [1.000]
AR(1) -2.38 [0.017]** -2.15 [0.032]** -2.67 [0.008]*** -3.90 [0.000]*** -4.00 [0.000]*** -3.54 [0.000]*** -3.58 [0.000]*** -1.97 [0.049]** -2.26 [0.024]**
AR(2) 0.13 [0.900] 1.18 [0.239] -0.43 [0.668] -0.50 [0.619] 1.62 [0.105] -1.01 [0.312] 0.61 [0.541] -1.31 [0.189] -1.02 [0.307]

The sectors are named as follows: agriculture (lfa), manufacturing (lfm), mining and quarrying (lfmq), electricity, gas and water (lfe), construction (lfc), wholesale, retail trade, restaurants and hotels (lfw),
transport, storage, communication (lft), financial services, real estate and related services (lff), and community, social, and personal services (lfcs).
Table entries are estimated coefficients with the corresponding standard errors in parentheses.
‘***’, ‘**’, and ‘*’ denote 1%, 5%, and 10% significance levels, respectively.
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Table 2: Estimation results: the aging proxy — the share of elderly in the labor force

∆lfa ∆lfm ∆lfmq ∆lfe ∆lfc ∆lfw ∆lft ∆lff ∆lfcs

Own lag -0.148 *** -0.010 -0.025 -0.184 *** 0.019 -0.089 * -0.166 ** -0.249 ** -0.127
(0.056) (0.040) (0.049) (0.051) (0.055) (0.050) (0.077) (0.119) (0.105)

∆lgdppc -8.135 *** 2.887 * 0.196 -0.099 4.023 *** 0.846 0.331 1.093 * -1.306
(1.802) (1.578) (0.159) (0.136) (0.836) (1.083) (0.518) (0.628) (2.112)

(∆lgdppc)2 -0.670 -27.789 -1.942 0.337 -34.016 * 19.987 5.197 -5.120
(14.230) (32.550) (2.508) (4.365) (18.790) (27.970) (11.140) (23.560)

∆tr 0.018 * 0.003 0.001 0.000 -0.002 -0.007 -0.001 0.002 0.003
(0.010) (0.009) (0.001) (0.001) (0.003) (0.006) (0.001) (0.003) (0.007)

∆lpop -10.301 *** -3.608 0.015 0.082 3.800 5.613 0.867 4.013 ** 0.089
(3.026) 3.734) (0.355) (0.200) (2.770) (4.019) (1.121) (1.797) (6.620)

∆gcogdp -0.063 * -0.008 0.008 0.003 -0.016 0.024 0.020 0.018 0.055
(0.036) (0.071) (0.007) (0.004) (0.024) (0.030) (0.016) (0.023) (0.046)

∆xaxme 0.049
(0.038)

∆odep -0.394 ** -0.451 ** -0.042 *** -0.017 -0.168 ** 0.146 0.007 0.533 *** 0.560 **
(0.181) (0.190) (0.014) (0.013) (0.074) (0.135) (0.037) (0.109) (0.247)

σ̂ 1.332 1.021 0.139 0.198 0.460 0.693 0.290 0.499 1.053
N 50 51 51 51 51 51 51 51 51
Tmax 28 28 28 28 28 28 28 27 28
Tmin 3 3 3 3 3 3 3 3 3
Obs 825 862 861 862 862 862 862 852 862

Sargan 46.9 [1.000] 44.39 [1.000] 43.64 [1.000] 46.78 [1.000] 43.35 [1.000] 42.68 [1.000] 49.18 [1.000] 46.43 [1.000] 46.92 [1.000]
AR(1) -2.37 [0.018]** -2.14 [0.033]** -2.70 [0.007]*** -3.90 [0.000]*** -3.97 [0.000]*** -3.58 [0.000]*** -3.48 [0.000]*** -1.97 [0.049]** -2.25 [0.024]**
AR(2) 0.12 [0.902] 1.17 [0.240] -0.43 [0.664] -0.63 [0.530] 1.59 [0.112] -1.01 [0.315] 0.53 [0.597] -1.31 [0.190] -1.00 [0.319]

The sectors are named as follows: agriculture (lfa), manufacturing (lfm), mining and quarrying (lfmq), electricity, gas and water (lfe), construction (lfc), wholesale, retail trade, restaurants and hotels (lfw),
transport, storage, communication (lft), financial services, real estate and related services (lff), and community, social, and personal services (lfcs).
Table entries are estimated coefficients with the corresponding standard errors in parentheses.
‘***’, ‘**’, and ‘*’ denote 1%, 5%, and 10% significance levels, respectively.
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Table 3: Estimated effect of one standard deviation change in aging proxies (Row 5) in terms of standard
deviations of the dependent variable

Row ∆lfa ∆lfm ∆lfmq ∆lfe ∆lfc ∆lfw ∆lft ∆lff ∆lfcs

1 coef. ∆age -0.688 -0.805 -0.063 -0.024 -0.239 0.321 0.032 0.831 1.077
2 st.dev. ∆age 0.113 0.113 0.113 0.113 0.113 0.113 0.113 0.113 0.113
3 product (row2*row3) -0.078 -0.091 -0.007 -0.003 -0.027 0.036 0.004 0.094 0.122
4 st.dev. of dep. var. 1.481 1.017 0.141 0.186 0.491 0.728 0.299 0.577 1.085

5 ratio (row3/row4) -0.053 -0.090 -0.051 -0.015 -0.055 0.050 0.012 0.163 0.113

Row ∆lfa ∆lfm ∆lfmq ∆lfe ∆lfc ∆lfw ∆lft ∆lff ∆lfcs

1 coef. ∆odep -0.394 -0.451 -0.042 -0.017 -0.168 0.146 0.007 0.533 0.560
2 st.dev. ∆odep 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188
3 product (row2*row3) -0.074 -0.085 -0.008 -0.003 -0.032 0.027 0.001 0.100 0.105
4 st.dev. of dep. var. 1.481 1.017 0.141 0.186 0.491 0.728 0.299 0.577 1.085

5 ratio (row3/row4) -0.050 -0.083 -0.056 -0.017 -0.064 0.038 0.004 0.173 0.097

The upper (lower) panel contains the estimated effect of one standard deviation change in the share of elderly in total population (in the labour
force) on the sectoral employment shares as expressed in terms of standard deviation, see the row 5 in the respective panel. Both aging proxies
and sectoral employment shares have been transformed to stationarity by taking first difference.
For description of the sectors see notes in Tables 1 or 2.
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Figure 1: Population structure in Germany 1871 - 2050
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Figure 2: Ratio of population aged 65 and above to total population for selected OECD countries 1950 -
2050. Source: World Development Indicators.

(a) Countries with stabilization of aging in the forecast period
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(b) Countries with continuation of aging in the forecast period
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Figure 4: Difference between the base and alternative scenarios (percentage points) 2050

(a) Share of elderly in total population (age) is used as predictor
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(b) Share of elderly in the labor force (odep) is used as predictor
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