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Abstract

This paper empirically assesses the link between demographics, pension
systems, and current account (CA) balances using the IMF External
Balance Assessment (EBA) model. We propose two refinements to the
EBA model. We first refine the existing demographic variables to bet-
ter account for the entire population age structure of countries. Com-
pared to the EBA specification, we find a more robust, smoother, and
economically intuitive effect of demographics on CA balances across
countries. We then introduce new indicators to account for pension
systems. We find a positive and statistically significant relationship
between the generosity and coverage of fully funded pension systems
and CA balances. Our refinements broadly improve the EBA model
fit, especially for advanced economies with a fully funded pension sys-
tem.
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1 Introduction

Since the global financial crisis, global current account (CA) surpluses and
deficits have remained broadly stable, at approximately 3% of world GDP
(IMF, 2019). Nonetheless, they remain a significant source of concern for
economists (Obstfeld, 2018). The main question regarding global CA bal-
ances is whether rebalancing is warranted. Answering this question, how-
ever, is not straightforward. On the one hand, CA surpluses or deficits may
be warranted by macroeconomic fundamentals and policies, reflecting coun-
tries’ intertemporal optimal resource allocation. On the other hand, they
may reflect an accumulation of risks, driven by macroeconomic distortions.
When determining whether adjustment is warranted, the difficulty is thus to
distinguish ‘healthy’ from ‘excessive’ CA balances (Lane & Milesi-Ferretti,
2011).

The International Monetary Fund (IMF) developed the External Bal-
ance Assessment (EBA) methodology to support this policy objective. The
methodology centres on a CA model, which empirically examines CA de-
terminants through the lens of the absorption approach and estimates the
‘optimal’ level of CA balances across countries that is warranted by macroe-
conomic fundamentals. Using this EBA model, the IMF estimates that 35 to
45% of overall CA balances were ‘excessive’ in 2018 and recommends policy
adjustments to reduce them (IMF, 2019). However, a significant share of
these ‘excessive’ CA balances cannot be traced back to identified distortions
but reflects the model residuals, which are treated as distortions. Articulat-
ing policy recommendations on the basis of model residuals may be difficult,
especially if those residuals could be explained by fundamentals outside the
EBA empirical framework.

Understanding the determinants of CA balances is thus essential to pro-
vide sound policy advice. The IMF’s EBA model builds on the empirical
literature that examines CA determinants using large cross-country panel
data sets (Chinn & Prasad, 2003; Gruber & Kamin, 2007, 2009; Chinn & Ito,
2008; Ca’Zorzi et al., 2012; Chinn et al., 2014). Our paper contributes to this
literature by introducing new drivers of the CA balance to the EBA model.
We show that within the EBA framework, accounting for countries’ entire
population age structure and specific aspects of pension systems — fund-
ing, generosity, and coverage — matters for CA balances across countries.
Taken together, our refinements broadly reduce the EBA model’s residuals,
especially for small advanced economies with a fully funded pension system.

Our first refinement introduces an alternative demographic measure to
the EBA model following Fair & Dominguez (1991), which accounts for
a country’s entire population age structure. To do so, their approach re-
stricts age-group coefficients to lie on a polynomial, thereby minimizing the
number of estimated coefficients, while still identifying the full demographic
effect. Within the EBA framework, this new modelling approach gener-



ates statistically and economically significant demographic effects, consistent
with the ‘hump’-shaped saving pattern of the life-cycle hypothesis (Ando &
Modigliani, 1963).

Modelling demographics following Fair & Dominguez (1991) attenuates
limitations of the EBA model’s current demographic variables (the popu-
lation growth, the prime savers share, and the old-age dependency ratio).
First, we reduce the dependence on the researcher’s modelling choice, as
we do not restrict demographics to certain age groups and instead account
for the entire population age structure. Second, our refinement generates
smoother predictions of the contribution of countries’ population age struc-
ture to the CA balance over time, consistent with slow-moving demograph-
ics. It finally yields economically intuitive predictions of the contribution
of countries’ population age structure to CA balances. For instance, demo-
graphics are associated with a lower CA balance in countries with a young
population, and with a higher CA balance in countries with a large working
age population. Moreover, countries with a similar population age structure
have a similar demographic contribution to their CA balance.

Our second refinement introduces indicators for pension systems to the
EBA model. A large literature argues that the design of pension systems
may influence the level of aggregate saving, and thus the CA (Samuelson,
1958; Auerbach & Kotlikoff, 1987; Feldstein, 1996; Poterba et al., 1996;
Loayza et al., 2000; Samwick, 2000; Orszag & Stiglitz, 2001; Borsch-Supan et
al., 2005; Engelhardt & Kumar, 2007; Gelber, 2011; Eugeni, 2015; Keuschnigg
et al., 2015; Davoine, 2019). Finding adequate indicators to assess this re-
lationship, however, is not straightforward given the complexity of pension
systems across the world and the high data requirements in the EBA frame-
work. In this paper, we focus on three aspects of pension systems: funding,
generosity, and coverage. We follow Bloom et al. (2007), who construct re-
placement rates for pay-as-you-go (PAYG) and fully funded pension systems
and an indicator for de jure universal coverage.! Following their methodol-
ogy, we extend their data to match the EBA coverage over time and across
countries. We complement their de jure coverage measure with two de facto
coverage measures from the World Bank (WB) and the International Labour
Organization (ILO), which better account for the cross-sectional variation
in coverage.

In a first empirical test, we find a positive and statistically significant
relationship between the replacement rate of fully funded systems and the
CA balance. In contrast, we find no such relationship for PAYG systems.

!The replacement rate is the ratio of the annual pension to the annual salary of a
representative worker. Under a PAYG system, the government taxes the current working
population to pay the pensions of current retirees. Under a fully funded system, each
individual has a personal retirement account into which funds are deposited during working
years that will finance the worker’s retirement. PAYG systems thus generally rely on
intergenerational transfers, while fully funded systems do not.



We then allow for interactions between funding-specific replacement rates
and coverage. Across our three coverage measures, we find a positive and
statistically significant relationship between the interaction of coverage with
the fully funded replacement rate and the CA balance. We thus find that the
CA balance increase with the replacement rate and coverage of fully funded
pension systems, but find no such effect for PAYG systems. These empirical
findings are in line with Davoine (2019) and suggest that a fully funded
pension system forces agents to save and increases aggregate savings, while
a PAYG system does not affect total savings. Both results contradict the
rational agent view (Auerbach & Kotlikoff, 1987) and are consistent with the
presence of some frictions, such as myopic agents or borrowing constraints
(Feldstein, 1974; Samwick, 2000).

Introducing both refinements into the EBA model broadly improves the
model fit. In particular, our refinements reduce residuals for most countries
with a fully funded pension system but perform best for small advanced
economies, such as Denmark, the Netherlands, Switzerland, and Sweden.
Accounting for these countries’ fully funded pension systems, which are
characterized by high replacement rates and broad coverage, significantly
reduces the model residuals.

The remainder of this paper is structured as follows. Section 2 provides
a brief review of the EBA model. Section 3 introduces the new demographic
measure and quantifies its impact on countries’ CA balances. Section 4 in-
troduces the new pension indicators and examines their impact on countries’
CA balances. In Section 5, we include both refinements in the EBA model
and examine how they perform in terms of model fit. Section 6 concludes.

2 The EBA model

This paper focuses on the IMF’s External Balance Assessment current ac-
count (CA) model (Phillips et al., 2013), which we denote as the EBA model
for the rest of this paper. Because of its surveillance mandate, the IMF has
a long tradition of analysing the determinants of CA balances. Since the
mid-1990s, the IMF has proposed several generations of models providing
theory-based assessments of CA drivers. These models build on the absorp-
tion approach, namely on the identity between the CA balance and the gap
between saving and investment. The EBA model, introduced in 2012, is the
newest generation of these models.

The EBA model builds not only on the IMF’s expertise but also on
a wide literature examining the determinants of CA balances (Chinn &
Prasad, 2003; Gruber & Kamin, 2007, 2009; Chinn & Ito, 2008; Ca’Zorzi
et al., 2012; Chinn et al., 2014; Moral-Benito & Roehn, 2016). Since its
introduction, the IMF has refined the EBA model specification twice, in
2015 and in 2018, to reflect the latest advances in the analysis of CA drivers.



As a state-of-the-art model for the assessment of CA balances, the EBA
model is used for the external sector assessment of IMF membership coun-
tries as part of their Article IV consultations, and in the annual IMF Ex-
ternal Sector Report (ESR), which assesses the external sector positions of
the world’s largest economies. Beyond the IMF, the EBA model is widely
used by policymakers and academics for various research topics. For exam-
ple, Brumm et al. (2019) study the impact of global value chains on CA
balances. Joy et al. (2018) analyze how countries’ specialization in goods or
services trade shapes global CA balances.

The EBA model serves a policy agenda: it aims to identify ‘excessive’ CA
balances, requiring external adjustment, and their associated risks. To do
so, the EBA model has three distinct steps. The first step is the estimation
of the relationship between the CA balance and its drivers using a regression
analysis. Based on this estimated relationship, the second step constructs
the ‘optimal’ CA balance, namely the CA balance that a country should run
based on its current fundamentals. The third step compares the ‘optimal’
CA balance to the observed CA balance and detects ‘excessive’ CA balances.
In this paper, we focus on the EBA model’s first step, namely the regression
analysis.

The EBA model estimates a reduced-form equation between the CA
balance and a set of determinants:

Yit = 0Dy + BX + i, (1)

where ¢ indexes the country and t the year, y;; is the CA balance as a ratio
to GDP, D is a vector of static demographic variables, which we single out
from the vector of other fundamental drivers X given the focus of this paper.
Static demographic variables D are population growth, the old-age depen-
dency ratio, and the share of prime savers, which we examine in greater
detail in the next section. Fundamentals include CA drivers such as the
fiscal balance, output per worker, public health spending, and institutional
quality.? The EBA model also includes two dynamic demographic variables:
the life expectancy of a current prime-aged saver and the interaction between
life expectancy and the future old-age dependency ratio. In this paper, we
focus exclusively on refining the static demographic variables and therefore
allocate the dynamic demographic variables to the main vector of funda-
mental drivers X. Table Al in the Appendix lists the static demographic
variables and the fundamentals, and their definitions. While we refer to
Phillips et al. (2013) and Cubeddu et al. (2019) for a detailed analysis, we

2The IMF further distinguishes policy variables (e.g., the fiscal balance) from funda-
mentals (e.g., output per worker). This distinction serves the policy agenda by allowing the
identification of policy distortions, which may underlie ’excessive’ CA balances. For the
purpose of this paper, this distinction is unnecessary. We therefore treat policy variables
as fundamentals and include them in the vector X.



now highlight three important features of the EBA model.

The EBA sample provides a broad coverage both in terms of countries
and time. It covers 49 countries, which include most advanced economies
and the largest emerging market economies, and accounts for more than
90% of world GDP. The sample spans the period 1986-2016. Table Al in
the Appendix lists the sample.

The EBA model assesses countries’ external positions in a multilaterally
consistent framework, meaning that it estimates the impact of a country’s
fundamentals on its own CA balance, while also taking into account how
fundamentals of other countries affect that country’s CA balance. Formally,
the explanatory variables are defined as deviations from the yearly GDP-
weighted world average. Constructing the variables in this way captures
two theoretical features. First, a change in any fundamental, say the fiscal
balance, may only affect the CA balance to the extent that the fiscal balance
in other countries does not change by the same amount. Intuitively, if all
countries run the same fiscal balance, then fiscal balances around the world
cannot have a net impact on CA balances across countries. Second, defining
variables as deviations from the world average captures a country’s size rel-
ative to the rest of the world. Intuitively, the fundamentals of a small, open
economy may have a large impact on its own CA balance but a relatively
small impact on other countries’” CA balances. Conversely, fundamentals of
a large economy may significantly drive both its own CA balance, and other
countries’ CA balances.

The objective of the EBA model is to determine the CA balance that
is consistent with fundamentals and to detect ‘excessive’ CA balances. The
nature of this exercise precludes using country and time fixed effects since
they could rationalize long-run CA distortions and would be counterproduc-
tive to the IMF’s policy objective. Therefore, the EBA model is estimated
using pooled GLS with a panel-wide AR(1) correction. Table A2 in the
Appendix reports the EBA baseline estimation.

This paper makes two refinements to the EBA model. It first proposes
a new specification for the static demographic variables. It then proposes
to include pension indicators in the EBA model. The following sections
examine each refinement in turn.

3 Demographics

Since people at different ages save at different rates (Ando & Modigliani,
1963), demographics affect aggregate saving behaviour. Accordingly, if coun-
tries differ in their population age structure, they should also differ in their
saving behaviour. Countries with a youthful population will tend to save
less than countries with a large working age population. The variation in
population age structures across countries thus matters for global CA bal-



ances.
This section presents the first refinement to the EBA specification, which
focuses on demographics. It first examines the limitations of the EBA demo-
graphic variables, then introduces our approach to measuring demographics,
and finally examines how our refinement performs in the EBA framework.

3.1 The EBA demographic variables

The EBA model’s demographic variables—population growth, the old-age
dependency ratio, and the share of prime savers—aim to capture the effect
of the population age structure on the CA balance. Population growth is
the annual growth rate of the total population. The old-age dependency
ratio is defined as the ratio of the population over 65 years of age to the
population between 20 and 64 years of age. These two variables account for
the fact that countries with a growing population, i.e., larger young cohorts,
or with larger old cohorts tend to dissave. An increase in population growth
or in the old-age dependency ratio is associated with a lower CA balance.
The share of prime savers is defined as the share of the population between
45 and 64 years of age in the total working age population (ages 30-64).
It accounts for the fact that countries with a larger share of prime savers
tend to save more. An increase in the prime savers share is associated with
a higher CA balance. Overall, each static demographic variable accounts
for a specific group of a country’s population and their age-specific saving
behaviour.?

While accounting for demographics is necessary, finding a suitable mea-
sure is not straightforward. This difficulty stems from the strong non-linear
effects of demographics as people of different ages save at different rates
(Deaton & Paxson, 1997; Attanasio et al., 2016). The modelling of de-
mographics within the EBA model has also encountered some difficulties.
Unlike other aspects of the EBA model, the specification of demographics
was changed after each revision (Phillips et al., 2013; IMF, 2015; Cubeddu
et al., 2019). These revisions were motivated by limitations in the mod-
elling approach or the difficulty in interpreting the results. Although each
revision has attenuated some concerns regarding the specification of demo-
graphics, some shortcomings remain. In this paper, using country cases, we
examine three of them: the large volatility of country-level predictions over
time, the contradicting predictions for countries with similar population age
structures, and the dependence on the researcher’s modelling choice.

30ne can easily show that population growth is positively correlated with the share
of young cohorts in the total population and negatively correlated with the share of old
cohorts. In a model that accounts for the prime savers and the old-age dependency ratio,
population growth thus informs on the share of young cohorts. Conversely, if one includes
a measure of young cohorts in the EBA model, such as the young-age dependency ratio, the
coefficient on population growth is no longer significant while the young-age dependency
ratio is statistically significant and negative.



At the country level, the contribution of the EBA demographic variables
to the CA balance can be quite volatile over time. Such volatility is at odds
with the presumed slow-moving demographic evolution. To illustrate this
pattern, Figure 1a plots the contribution of the EBA demographic variables
to the CA balance of selected countries over the sample period. Consider-
ing the Swiss case, Figure la shows that the contribution of demographics
has been quite volatile, alternating between negative and positive contri-
butions within short periods of time. For example, the contribution went
from —0.2% of GDP in 1993 to +0.2% of GDP in 1997, then back to —0.2%
of GDP in 2004. This large volatility is not unique to Switzerland. Fig-
ure la also reports the Austrian case, which shows large fluctuations of the
contribution over time. These predictions suggest rapid shifts in Swiss and
Austrian demographics or population shocks, which are difficult to rational-
ize based on the data.

Figure 1: Contribution of the EBA demographic variables to the CA balance
and population age structure of selected countries
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Notes: Figure (a) reports the contribution of the EBA demographic variables (population
growth, old-age dependency ratio, and the share of prime savers) to the CA balance of
selected countries. Estimates refer to the EBA baseline regression, as in equation (1).
Figure (b) reports the 2016 population age structure of selected countries.

Sources: IMF, UN, own calculations.

The predictions of the EBA demographic variables can further be quite
different for countries with similar population age structures. To illustrate
this pattern, Figure 1b reports the 2016 population age structures of Switzer-
land, Austria, and Brazil. In 2016, Switzerland and Austria had strikingly
similar population age structures, with relatively few young cohorts and a
large late working age population. In contrast, Brazil had a much different



population age structure, with many young cohorts and a relatively small
late working age population. Based on the population age structure of these
three countries, one would expect the EBA demographic variables to con-
tribute positively and in similar amounts to the 2016 Swiss and Austrian
CA balances, while predicting a lower contribution to the 2016 Brazilian
CA balance. Figure la shows that this is not the case. In 2016, the EBA
demographic variables contributed —0.3% of GDP to the Swiss CA balance
but +0.2% of GDP to the Austrian CA balance. The 0.5 percentage points
of GDP discrepancy in the contribution is thus difficult to reconcile with the
data because the population age structures of these two countries are very
similar. Furthermore, the EBA demographic variables contributed to —0.3%
of GDP to the Brazilian CA balance, almost exactly the same amount as
for Switzerland. Based on their population age structures, however, one
would expect Brazilian demographics to contribute more negatively to the
CA balance than Swiss demographics. The EBA demographic variables thus
generate some puzzling results across countries.

These first two limitations can broadly be traced back to the third lim-
itation: the dependence on the researcher’s modelling choice, which shapes
the EBA demographic variables and their predictions. In particular, certain
age groups (prime savers, or cohorts above 64) are singled out, while others
(the younger cohorts) are not explicitly taken into account. This choice may
not give a complete picture of a country’s population age structure, while
proxying for younger cohorts with population growth may induce counter-
intuitive volatility in the estimates. Furthermore, the sharp age cut-offs,
which underly the old-age dependency ratio and the prime savers share,
may induce some bias in the estimated coefficients given the large coun-
try sample. IMF staff notes this difficulty and has considered shifting the
definition of working age population and prime-age savers by five years to
account for country-specific characteristics (IMF, 2018). Because of these
aspects, the EBA demographic variables may produce puzzling estimates of
their impact on CA balances, especially when one more closely examines
country-level predictions. Given these shortcomings, we see continued scope
for improvement in modelling demographics within the EBA model.

3.2 An alternative approach to modelling demographics

Following Fair & Dominguez (1991), we propose using a polynomial com-
bination of the population age distribution. A number of different studies
model demographics following their approach. For example, similar to our
paper, Higgins (1998) and Gerigk et al. (2018) use a polynomial to investi-
gate the relationship between population age distributions, national saving,
and the CA balance. The polynomial approach is also used to study the
impact of demographics on capital flows (Higgins & Williamson, 1997; Lane
& Milesi-Ferretti, 2001), financial markets (Arnott & Chaves, 2012), and



inflation and monetary policy (Juselius & Takats, 2015).

Fair & Dominguez (1991) argue that a demographic measure should
account for all population age groups. Doing so allows the researcher to
remain agnostic in terms of defining the age ranges of old-age or prime-age
individuals. A naive approach would be to split the population of country
i at time ¢ into G age groups, construct the share of each age group in the
total population, ng; = ]X}’_?, and estimate a coefficient for each age group.
Within the EBA frameworzk, one would thus estimate:

G
Yit = Z agngit + BXi + i, (2)
g=1

where, consistent with the EBA framework, age-group shares ny;; are defined
as deviations from the GDP-weighted world average, and a4 is the age-group
coefficient to be estimated.

However, this naive approach raises two main issues. First, it would
yield imprecise estimates because of the substantial multicollinearity of the
many demographic variables. The finer the division of the total population
is, the larger the correlation between consecutive age groups. Second, the
unconstrained coefficients may jump back and forth between close age groups
in an economically puzzling fashion.

To address these issues, Fair & Dominguez (1991) introduce a polynomial
combination of individual age groups that fully accounts for a country’s
population. Their idea is to limit the differences between the estimated
effects of consecutive age groups by restricting the age-group coefficients
to lie on a polynomial. This approach minimizes the number of estimated
parameters while still allowing the identification of the full demographic
effect. Following Fair & Dominguez (1991), we impose two restrictions.

We first restrict the age-group coefficients ay in equation (2) to follow a
polynomial combination. Formally, we define « as:

P
ag =Y W (3)
p=0

for g =1,...,G and where P is the degree of the polynomial.
We further require a zero constraint on the age-group coefficients. For-
mally, we impose:

G
Z ag = 0. (4)
g=1

Intuitively, this zero-sum constraint implies that demographics do not enter
our estimation equation if there is (i) no effect of demographics on the CA or

10



(ii) the population of a country is uniformly distributed across age groups.*

Instead of estimating G' age-group coefficients a4, these two restrictions
allow us to estimate P polynomial-specific coefficients v,. We assume that
P = 3. This is consistent with age-group coefficients following a ‘hump’-
shaped pattern as predicted by the life-cycle hypothesis (Ando & Modigliani,
1963).

Using equations (3) and (4), we can rearrange the expression Z?:l QgNgit
to isolate the polynomial-specific coefficient to be estimated. We construct
a new demographic polynomial variable,

G

Zpit = Z <ngitgp - égp), (5)

g=1
such that the refined EBA estimation equation boils down to:

P
Yit = Z Vo Lpit + BXit + Ut (6)
p=1

Based on equation (6), one can estimate the polynomial-specific coefficient
vp- Note that we only estimate 7y, for p = 1,...,3, while ~g is identified
from the zero constraint of equation (4).

From the estimated +, coefficients, we simply recover the age-group coef-
ficients a4 using equations (3) and (4). Because the relationship in equation
(3) is linear, it is straightforward to recover the standard errors for the age-
group estimates from the covariance matrix associated of the v, estimates.

3.3 Testing the demographic polynomial in the EBA model

We now take the demographic polynomial to the data. We construct the
polynomial terms using UN population data for the 49 EBA countries be-
tween 1986 and 2016. These data provide yearly observations for G = 17
five-year age groups ng;;, spanning from ages 0-4 to 80+. Following the EBA
methodology, we construct age groups as deviations from the GDP-weighted
yearly average shares in the sample.

We estimate equation 6. Namely, we replicate the EBA model and re-
place the static demographic variables, i.e., the old-age dependency ratio,
population growth, and the share of prime savers, with the demographic
polynomial, i.e., the three Zs of equation (5).

“For a detailed explanation of this restriction, see Almon (1965) and Smith & Giles
(1976).
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3.3.1 Regression results

Given the construction of the demographic polynomial, we cannot directly
interpret the size, sign or significance of the Z coefficients as they appear in
the regression results. Rather, we have to solve for the implied age-group
coefficients ay. Figure 2 shows these age-group coefficients with their 90%
confidence intervals, which reflect the marginal effect of the relative size of
an age group on the CA balance. We report the detailed regression results
in Tables A2 and A3 in the Appendix.

The estimates point to statistically significant and economically powerful
demographic effects, describing the ‘hump’-shaped pattern predicted by the
life-cycle hypothesis.® The age-group coefficients are negative for the young
and become positive at approximately 35 years of age. They reach a peak in
the mid-50s, decline sharply after retirement, and become negative shortly
thereafter. The coefficients are statistically significant for the cohorts aged
between 5 and 24, and those aged between 45 and 69.

Our results thus suggest that an increase in the relative size of cohorts
aged between 45 and 64 has a positive and economically significant effect on
the CA balance. This result is consistent with the positive and significant
coefficient of the prime savers share in the baseline EBA model. Among
these age groups, the 55-59 cohort contributes the most to an increase in
the CA balance: all else equal, a 1% increase in a country’s share of the 55-59
cohort (relative to the world average) is associated with an increase in the CA
balance by 0.16% of GDP. Conversely, cohorts aged between 5 and 24 have
a significantly negative impact on the CA balance, consistent with the life-
cycle hypothesis. While the impact of this cohort is not directly accounted
for by the EBA demographic variables, our refinement finds that having a
relatively large share of young cohorts in the population is associated with
a lower CA balance. Among these age groups, the 15-19 cohort contributes
the most to a decrease in the CA balance: all else equal, a 1% increase
in a country’s share of the 15-19 cohort (relative to the world average) is
associated with a decrease in the CA balance by 0.12% of GDP.

>The ‘hump’-shaped pattern is also due to the assumption of a third-degree polynomial
structure. Had we chosen a second-degree configuration as Fair & Dominguez (1991), we
would have obtained a parabolic shape. Please view Smith & Giles (1976) for the different
polynomial structures and the resulting shape of the coefficient diagram. We thus base the
choice of the degree of the polynomial on economic theory, which is prioritized by Smith &
Giles (1976) and is at the core of the EBA model. In an unpublished robustness check, we
reject that a second-degree polynomial performs better than a third-degree polynomial,
but cannot reject that a third-degree polynomial performs better than a fourth-degree
polynomial. However, even if we use a fourth-degree polynomial, the main conclusions of
our paper are unchanged.
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Figure 2: Regression results — demographics
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Notes: This figure reports the estimated age-group coefficients aq, consistent with equation
(6). Full regression results are reported in Tables A2 and A3. The 90% confidence interval
is depicted in grey. *** p<0.01, ** p<0.05, * p<0.1

3.3.2 Country cases

The advantage of including the polynomial becomes more visible once one
considers single countries. Again, we take the cases of Switzerland, Austria,
and Brazil to compare our results with those of the EBA baseline specifica-
tion. We also take the example of Japan, which offers the insightful case of
a country in a very late stage of its demographic transition.

The contribution of our refined demographic specification to the Swiss
CA balance is more stable and economically intuitive than the EBA baseline.
Figure 3a plots the contribution of the static demographic variables in the
EBA baseline vs our refined specification for Switzerland. As examined in
the previous section, the baseline contribution is quite volatile, alternating
between negative and positive contributions in short periods of time. In the
refined specification, the variation is much smaller: the contribution remains
almost constant over time, at approximately +0.5% of GDP. Furthermore,
it is in line with economic intuition: Switzerland, having a large late working
age population, should save more relative to the rest of the world.

Similar to Switzerland, the contribution of our refined demographic spec-
ification to the Austrian CA balance is more in line with economic intuition.
As shown in Figure 3b, the volatility of the demographic contribution is
lower based on our refined specification. Over the sample period, it hovers
around +0.5% of GDP. This contribution is thus very close to the predictions
for Switzerland, as one would expect based on the data. Taking the example
of 2016, the contribution of the demographic polynomial is +0.45% of GDP
for Austria and 4+0.47% of GDP for Switzerland. Our refined demographic
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measure thus produces similar predictions of the demographic contribution
to the CA balance for countries with similar population age structures.

Figure 3: Contribution of demographics to the CA balances of selected

countries
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Notes: This figure reports the contribution of demographic variables under the baseline
EBA regression — consistent with equation (1)— and of our refined specification using a

demographic polynomial — consistent with equation (6)— to the CA balances of selected
countries over the sample period.

Brazil offers the interesting case of a relatively young country in an early
stage of its demographic transition. Figure 3c plots the demographic con-
tribution for Brazil. Consistent with Brazil’s low median age, the static
contribution of demographics to the CA balance has been negative since the
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start of the observation period. However, Brazil is aging. Accordingly, the
negative contribution has halved, from —1.8% of GDP in 1986 to approxi-
mately —0.9% of GDP in 2016. Compared to the EBA demographics, our
measure predicts a more negative contribution to the Brazilian CA balance,
suggesting that the EBA specification could underestimate the youthfulness
of the Brazilian population compared to the rest of the world. Our mea-
sure further shows a larger shift in the demographic contribution to the CA
balance, suggesting that the EBA demographic specification could underes-
timate how shifts in a country’s population structure over time may matter
for total savings. Nevertheless, the trend of the contribution is consistent
across both measures, capturing the fact that Brazil is aging.

Finally, Japan is another valuable case that shows the demographic con-
tribution to the CA balance of a country in a late stage of its demographic
transition. Figure 3d shows that Japan already reached the peak of its
demographic contribution approximately 20 years ago. The demographic
contribution has been slowly but steadily declining since, becoming slightly
negative in 2016. This pattern is consistent with the shrinking workforce in
Japan. Compared to the EBA demographics, our measure suggests a slower
shift in the contribution to the Japanese CA balance, becoming negative
only in 2016. As for the Brazilian case, the trend of the demographic contri-
bution to the Japanese CA balance is nevertheless broadly consistent across
both measures.

These country cases nicely illustrate several distinguishing patterns of
the demographic contribution to the CA balance under our refined speci-
fication compared to the baseline. First, the volatility is reduced. This is
particularly visible for advanced economies. Table 1 shows that the stan-
dard deviation of the demographic contribution across advanced economies
declines in the refined specification compared to the baseline, from 0.59 to
0.54. Across emerging markets, the standard deviation increases in the re-
fined specification to the baseline. This does not mean that the demographic
contribution is more volatile from year to year, but reflects that the refined
specification better captures the change in those countries’ population age
structures and how it affects total savings. The case of Brazil illustrates this
pattern.

Second, demographic contributions to the CA balance are more het-
erogeneous in the refined than in the baseline specification. Demographic
contributions are higher in advanced, relatively older countries. The av-
erage contribution is 0.18% of GDP in the refined specification, compared
—0.05% of GDP in the baseline. Conversely, emerging market economies,
which are relatively younger, exhibit lower demographic contributions to
their CA balance in the refined specification than in the EBA baseline. The
average contribution is —1.41% of GDP in the refined specification, com-
pared to —0.49% of GDP in the baseline.

Overall, these results suggest that our refined specification is able to
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Table 1: Summary statistics: demographic contribution

All countries Min Max Mean St. Dev.
Baseline -2.53 1.53 -0.29 0.72
Refined -3.62 1.33 -0.66 1.18
Advanced Economies Min Max Mean St. Dev.
Baseline -2.53 1.53 -0.05 0.59
Refined -1.53  1.33 0.18 0.54

Emerging market economies Min Max Mean St. Dev.
Baseline -2.22 146 -0.49 0.77
Refined -3.62 1.01 -1.41 1.09

Notes: This table reports the summary statistics of the de-
mographic contribution to the CA balance (as a percentage
of GDP) in the baseline EBA model and in the refined spec-
ification for the full sample, for advanced economies, and for
emerging market economies.

mitigate the identified limitations of the EBA demographic specification.
Namely, our refinement produces smoother, economically intuitive predic-
tions of the demographic impact on CA balances in a multilaterally consis-
tent manner, while reducing the impact of the researcher’s modelling choice.

4 Pension systems

In the atomistic life-cycle model, individuals save during their working lives
and dissave during retirement (Ando & Modigliani, 1963). This behaviour
can be institutionalized through pension systems that reduce income during
working years and provide retirement benefits.

The potential impact of pension systems on aggregate saving has been
widely discussed in the literature, starting with Samuelson (1958) and largely
relying on Auerbach & Kotlikoff (1987). Differences in the design of pension
systems may lead individuals to differently adjust their economic behaviour,
therefore affecting saving and the CA balance differently. An extensive lit-
erature has shown how pension system policies affect aggregate saving and
the CA (Feldstein, 1996; Poterba et al., 1996; Loayza et al., 2000; Samwick,
2000; Orszag & Stiglitz, 2001; Boérsch-Supan et al., 2005; Engelhardt & Ku-
mar, 2007; Gelber, 2011). Eugeni (2015) builds an OLG model allowing for
PAYG systems and finds cross-sectional evidence that the CA balance de-
creases with the coverage of a PAYG system. Davoine (2019) builds on the
theoretical framework of Keuschnigg et al. (2015), which allows for PAYG

16



and fully funded pension systems in an OLG model, and finds cross-sectional
evidence that a fully funded system is associated with a higher CA balance,
while he finds no relationship between PAYG pension systems and the CA
balance.

This section presents the second refinement to the EBA specification,
which focuses on pension systems. It first introduces our approach to mea-
suring pension systems across countries, then examines how these pension
indicators perform in the EBA framework.

4.1 Measuring pensions

Accounting for pension systems in an empirical framework is not straight-
forward. A first difficulty stems from the complexity of pension systems
across countries. A second one stems from data requirements. To match the
EBA framework, we require data for 49 countries between 1986 and 2016.
Keeping these difficulties in mind, we propose to include indicators for three
aspects of pension systems: funding, generosity, and coverage. This section
examines how these indicators are constructed, then illustrates their main
features.

4.1.1 Data

Our main data source is Bloom et al. (2007), who construct funding-specific
replacement rates and coverage indicators to study how increased longevity
influences saving rates across countries depending on the characteristics of
their pension systems. Bloom et al. (2007) account for the funding, gen-
erosity, and coverage of pension systems. To construct these three indica-
tors, they use reports from the US Social Security Administration (SSA),
which rely on information from the Social Security Programs Throughout
the World surveys and on statements from countries’ social security officers,
and data from the OECD, the World Bank, and the IMF.

Regarding funding, Bloom et al. (2007) differentiate between two set-
ups: pay-as-you-go (PAYG) and fully funded pension systems. Generally,
under a PAYG system, the government taxes the current working population
to pay for the pensions of current retirees. In the context of their paper,
Bloom et al. (2007) define PAYG systems as those where the pension fund
is limited to hold only government debt. In contrast, under a fully funded
system, each individual has a personal retirement account into which funds
are deposited during working years. Upon retirement, the pension fund
will be holding the individual’s contributions and the interest and dividends
earned on them. This accumulated wealth then finances the individual’s
consumption in retirement. Bloom et al. (2007) define fully funded systems
as those where pension assets are held either by independent provident funds
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or by freely investing private firms.%

Regarding generosity, Bloom et al. (2007) use the replacement rate,
namely the ratio of the annual pension to the annual salary of a representa-
tive worker. They construct two replacement rates, one for PAYG systems
and one for fully funded systems.

Regarding coverage, Bloom et al. (2007) construct a dummy variable
indicating universal coverage. This dummy is a de jure measure, reflecting a
country’s existing legal framework. A system is considered to be universal if
all workers are covered by law. A system would be classified as non-universal
if some groups of workers are excluded from it. Commonly excluded groups
are workers in small businesses, the self-employed, and agricultural workers.

Their dataset covers 61 countries for the years 1960 to 2002. To match
the EBA coverage over time, we expand their indicators following the same
definitions and underlying data sources, namely SSA reports for the years
2002 to 2016. Only 40 EBA countries are present in the original Bloom
et al. (2007) dataset. To match the EBA coverage across countries, we
further construct the pension indicators for nine missing countries (China,
Costa Rica, the Czech Republic, Guatemala, Hungary, Pakistan, Poland,
Russia, and Thailand). For these countries, we typically have data from
2002 onwards only and impute data for early years from 2002 values.”

We make two departures from the approach of Bloom et al. (2007).
First, Bloom et al. (2007) focus on mandatory pension systems as the SSA
only covers mandatory schemes. However, they make an exception for the
Danish quasi-mandatory fully funded pension system, which they include
in their indicators, although it is not, per se, mandatory. In our dataset,
we further account for the quasi-mandatory fully funded pension systems
of the Netherlands and Sweden. These systems are compulsory for those
working in specific activities and have wide coverage. For example, there is
no statutory obligation in the Netherlands for employers to offer a pension
scheme to their employees, but industrial-relations agreements mean that
over 90% of employees are covered. To construct the relevant replacement
rates for these systems, we use OECD reports and governmental sources.
Note that fully funded but voluntary schemes in countries such as Germany
and the United States remain excluded from the analysis.

Second, while the coverage dummy of Bloom et al. (2007) varies over time
and thus captures changes in the institutional setup of pension systems, it
lacks, by construction, variation across countries in the extent of de facto

5We do not rely on the defined contribution or defined benefit aspect of pension
systems. There can be an accumulation of assets, consistent with fully funded schemes,
in both defined contribution and defined benefit schemes.

" Aside from these nine countries, there are generally only a few missing values in the
data, which we impute based on the closest available year. In a robustness check not
reported in the paper, we run regressions on the reduced sample only, without imputing
earlier years. Results are largely unaffected.
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coverage. To attenuate this issue, we propose two alternative measures of
coverage, which account for the cross-country variation.

The first cross-country coverage measure is proxied by the percentage
of total contributors to pensions in the total working age population based
on World Bank data.® This measure is available for all EBA countries ex-
cept for New Zealand, but for a single year per country only, ranging from
2005 to 2012. As a means of comparison, we construct a similar coverage
measure based on data from the International Labour Organization (ILO),
which publishes the percentage of active contributors to an old age contrib-
utory scheme to the working age population. Data are available for all EBA
countries, except for New Zealand, and for a single year per country only,
from 2005 to 2013.7

The main advantage of the World Bank and ILO coverage measures is
that they capture variation in de facto coverage across countries. However,
because they are available only on a cross-sectional basis, we have to make
the strong assumption that coverage shares remain constant over time. In
the empirical analysis, we therefore rely on the coverage measures from
Bloom et al. (2007), the World Bank, and the ILO to account for variation
in coverage over time and across countries.

4.1.2 Descriptive statistics

The funding and generosity of pension systems differs significantly across
EBA countries. Figure 4 provides a snapshot, for 2016, of the data on fund-
ing and generosity across EBA countries. As shown in Figure 4a, almost
two-thirds of countries operate exclusively a PAYG system in 2016. This is
the case for many of the world’s largest economies, e.g., Germany, Japan,
and the United States. In contrast, 14% of countries operated only a fully
funded system. These countries are mainly emerging market economies (in-
cluding India, Indonesia, and Mexico). Finally, 20% of countries operate
both systems. These include many small advanced economies, such as Den-
mark, the Netherlands, Switzerland, and Sweden.

Replacement rates, irrespective of funding, also show substantial varia-
tion across EBA countries in 2016. As shown in Figure 4b, 14% of countries
guarantee a replacement rate below 40% of a representative worker’s wage.
This is the case for countries with a PAYG system, such as Canada or
Ireland, and for those with a fully funded system, such as Indonesia or Mex-
ico. In contrast, 31% of countries guarantee a replacement between 40%

8The dataset draws on administrative data provided by country authorities and is
supplemented with information from household surveys.

9As New Zealand’s mandatory pension system is exclusively financed by tax revenues,
we consider every worker in New Zealand as a contributor to the pension scheme and
impute the coverage share by using the number of individuals in the labour force as a
share of the 2015 working age population, published by Statistics New Zealand.
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Figure 4: Funding and generosity of pension systems in EBA countries

PAYG only Fully funded only Below 40% Between 40 to 80%
Both systems I Between 80 and 100% [N Above 100%

(a) Funding (b) Generosity

Notes: This figure provides a snapshot, for 2016, of the funding and generosity of pension
systems across EBA countries. Figure (a) shows the proportion of EBA countries that
exclusively operate a PAYG pension system, exclusively operate a fully funded pension
system, or operate both systems. Figure (b) reports the distribution of replacement rates,
i.e., the ratio of the annual pension to the annual salary of a representative worker, here
reported as a percentage across EBA countries.

Sources: Bloom et al. (2007), SSA, OECD, national authorities, own calculations.

and 80% of a representative worker’s wage. Japan and the United States
belong to this group. In 41% of countries, replacement rates are between
80% and 100% of a representative worker’s wage. Denmark, Germany, the
Netherlands, and Switzerland belong to this group. Finally, among the most
generous, 14% of countries promise a replacement rate above 100% of a rep-
resentative worker’s wage. Greece’s PAYG system guarantees the highest
replacement rate, at 125% of a representative worker’s wage.

Based on the de jure measure, most EBA countries have a pension sys-
tem with universal coverage. As shown in Figure 5a, 80% of countries have
a pension system with universal coverage at the beginning of the sample
period. This share increases over time. Figure 5b shows that 92% of coun-
tries have a pension system with universal coverage at the end of the sample
period.

The two cross-sectional measures show that de facto coverage differs
substantially across EBA countries. Figure 6a first shows the World Bank
coverage measure. In one-fourth of countries, coverage is below 25% of all
workers. This is the case for India, Indonesia, and Sri Lanka. Coverage varies
between 25% and 50% of workers in a fifth of countries, including Brazil,
China, and Spain. The pension systems of 41% of countries have coverage
between 25% and 50% of workers. This is the case for many European
countries, such as France, Germany, and the Netherlands, but also other
major economies such as the United States. Finally, only 12% of countries
have a pension system with coverage above 75% of workers. This is for
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Figure 5: De jure coverage of pension systems in EBA countries

[0 Not universal [N Universal | [0 Not universal N Universal |

(a) Start of the sample period (b) End of the sample period

Notes: This figure reports the proportion of countries with and without a pension system
with de jure universal coverage based on Bloom et al. (2007) data at the beginning of
the sample period (1986, or earliest available year) and at the end of the sample period
(2016).

Sources: Bloom et al. (2007), SSA, own calculations.

example the case in Denmark, Japan, and Switzerland. Overall, coverage
thus tends to be lowest in emerging market economies and the highest in
advanced economies.

Figure 6: De facto coverage of pension systems in EBA countries

///
Less than 25% of workers 25% to 50% workers Less than 25% of workers 25% to 50% workers
[ 50% to 75% workers I 75% to 100% workers [ 50% to 75% workers I 75% to 100% workers.
(a) World Bank (b) ILO

Notes: Figures (a) and (b) show the distribution of de facto coverage rates in EBA coun-
tries based on the World Bank and the ILO data, respectively.
Sources: World Bank, ILO.

The ILO coverage is very close to the World Bank coverage, with a
correlation of 0.93. As shown in Figure 6b, coverage is below 25% of all
workers in 22% of countries, between 25% and 50% of workers in 22% of
countries, between 50% and 75% of workers in 39% of countries, and above
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75% of countries in 16% of countries. Again, coverage tends to be lowest in
emerging market economies and highest in advanced economies.

4.2 Augmenting the EBA model with pension indicators

We now take our pension indicators to the EBA model. We first present
the regression results, then examine country cases, which illustrate how the
pension indicators matter for the CA balance of selected countries.

4.2.1 Estimation equation

We augment the EBA model with our pension indicators. Formally, we
evaluate the following relationship

Yit = 0Dyt + Xt + (Pt + wit, (7)

where P is a vector of the pension indicators, D are the EBA static demo-
graphic variables and X are the EBA fundamental drivers. Consistent with
the EBA framework, the pension indicators are constructed as deviations
from the GDP-weighted world average.

4.2.2 Regression results

Table 2 presents the regression results. Table A2 in the Appendix reports
the detailed results for all EBA variables.

We find a positive and statistically significant relationship between the
replacement rate of fully funded pension systems and the CA balance. As
shown in Columns (1) through (3), the magnitude and statistical significance
of the estimated coefficient on the fully funded replacement rate are robust
across the different data sources we use. All else equal, a 1% increase in the
replacement rate under a fully funded system, relative to the world average,
is associated with an increase in the CA balance by 0.029 to 0.031% of GDP.
In contrast, we find no relationship between the replacement rate of PAYG
systems and the CA balance.

We further find suggestive evidence of a positive and statistically sig-
nificant relationship between coverage and the CA balance. As shown in
Columns (2) and (3), the World Bank and ILO coverage measures suggest
that a 1% increase in coverage of the pension system is associated with an
increase in the CA balance by 0.041 to 0.056% of GDP. Nevertheless, as
shown in Column (1), we find no economically or statistically significant re-
lationship between coverage from Bloom et al. (2007) and the CA balance.
We therefore remain cautious regarding the robustness of the empirical link
between coverage and the CA balance, although the lack of statistical sig-
nificance for the de jure coverage could be explained by its limited variation.
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As a next step, we consider the interaction between replacement rates
per funding type and coverage. Columns (4) to (6) of Table 2 show the
results. We find a statistically significant and positive relationship between
the interaction of the fully funded replacement rate with coverage and the
CA balance. This holds across all data sources for coverage. Intuitively, this
suggests that CA balances increase with the generosity and coverage of fully
funded pension systems. For example, a generous fully funded system would
have a limited impact on the CA balance if it is restricted to a small share
of the population. Similarly, an ungenerous fully funded system, requiring
only little asset accumulation, would have a limited impact on total saving
and the CA balance, even with high coverage. Thus, the impact on the CA
balance is highest when both coverage and generosity are high. In contrast
to fully funded pension systems, we find no relationship between generosity,
coverage, and the CA balance under PAYG systems.

Our results suggest that the presence of a fully funded pension system
forces the population to save, increasing aggregate saving, and thus the CA.
Our results are thus in line with the findings of Davoine (2019). They are also
in line with studies finding that introducing a fully funded system increases
total household saving (Feldstein, 1974; Poterba et al., 1996; Madrian &
Shea, 2001; Benartzi & Thaler, 2013; Chetty et al., 2014). One explanation
for this finding could be that agents are myopic (Feldstein, 1974; Samwick,
2000).

Conversely, our results contradict the view that in the presence of a fully
funded pension system total saving will remain unaffected as there will be
perfect substitution between mandatory and voluntary saving (Auerbach &
Kotlikoff, 1987; Kotlikoff, 1996; Mitchell & Zeldes, 1996). Our results thus
contrast with the assumption of perfectly rational agents, who fully offset
the tax burden with a reduction in savings. A number of studies have found
such evidence of imperfect substitution (Feldstein, 1974, 1996; Bernheim,
2002; Feldstein & Liebman, 2002; Holzmann & Hinz, 2005).

Further, our results do not support the conclusions of Eugeni (2015),
who shows cross-sectional evidence that countries with high coverage under
a PAYG system exhibit a lower CA balance. Davoine (2019) also fails to
support those conclusions.

4.2.3 Country cases

Another useful way to illustrate our results is to consider country cases.
Based on our estimates, we show how the pension indicators contribute to
the CA balances of four countries: Switzerland, the Netherlands, Chile, and
the United States. These countries have different institutional setups for
their pension systems and thus provide contrasting predictions of our pen-
sions indicators. For each country, we report the minimum and maximum
contributions of the pension indicators across the specifications of Table 2.
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Table 2: Regression results — pensions

Bloom WB ILO Bloom WB ILO

1 ) (3) (4) (5) (6)

Replacement rate PAYG # 0.005 0.006 0.007 -0.006 -0.003 0.004
(0.006) (0.006) (0.006) (0.017) (0.013) (0.013)

Replacement rate FF # 0.029***  0.029***  0.031"** 0.002 0.000 0.012
(0.008) (0.008) (0.008) (0.016) (0.014) (0.014)
Coverage # -0.003 0.041**  0.056*** -0.015 0.024 0.046**
(0.005) (0.016) (0.016) (0.014) (0.020) (0.020)

Replacement rate PAYG * coverage # 0.012 0.010 0.001
(0.018) (0.023) (0.020)
Replacement rate FF * coverage # 0.034* 0.069***  0.047**
(0.019) (0.023) (0.021)

EBA fundamentals Yes Yes Yes Yes Yes Yes

EBA static demographics Yes Yes Yes Yes Yes Yes
Observations(Countries) 1367(49) 1367(49) 1367(49) 1367(49) 1367(49) 1367(49)

R-squared 0.583 0.584 0.597 0.589 0.589 0.600

Notes: The dependent variable is the CA balance as a ratio to GDP. Replacement rates for PAYG and
fully funded (FF) systems come from Bloom et al. (2007). Coverage comes from Bloom et al. (2007)
(Bloom, columns 1/4), the World Bank (WB, columns 2/5), and ILO (columns 3/6). Table A2 in the
Appendix reports the detailed regression results for all EBA variables. # indicates demeaning relative to
the GDP-weighted world average. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Switzerland is one of 14 EBA countries that operate a mixed pension
system, with both a mandatory PAYG and a mandatory fully funded pension
pillar in place. Based on the Bloom et al. (2007) data, the Swiss fully funded
replacement rate becomes positive in 1996. Prior to 1996, Figure 7a shows
that the total contribution of the pension indicators to the Swiss CA balance
is relatively small, between —0.2 and 4+0.5% of GDP. After 1996, the total
contribution of the pension indicators to the Swiss CA balance increases
sharply and remains relatively constant over time. We estimate that in
2016, the Swiss pension system contributed between 1.1 and 3.4% of GDP
to the Swiss CA balance.

The Netherlands is another valuable case to discuss. In addition to
having a mandatory PAYG system, the Netherlands operate a large quasi-
mandatory fully funded system. Bloom et al. (2007) classify the Dutch
pension system as having a mandatory PAYG pillar only. Therefore, Figure
7b shows a limited pension contribution to the Dutch CA balance up until
2002, which is relatively stable, with our estimates ranging between 0 and
1.8% of GDP. Note that even if the quasi-mandatory fully funded pension
system is not accounted for prior to 2002, the upper bound of our estimates
is relatively high because of the high coverage in the Netherlands. From 2002
onwards, we account for the Dutch quasi-mandatory fully funded pension
system. The contribution of the pension indicators increases significantly.
We estimate that in 2016, the Dutch pension system contributed between
1.1 and 4.6% of GDP to the Dutch CA balance. The high fully funded
replacement rate and the high coverage both add to this large contribution
to the CA balance.
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Figure 7: Contribution of the pension indicators to the CA balance of se-

lected countries
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Notes: This figure reports the contribution of the pension indicators to the CA balance
of selected countries over the sample period. It reports the minimum and maximum
contributions across all specifications of our pension indicators, consistent with the results
of Table 2.

Not all countries with a fully funded pension system show such signifi-
cant positive contributions of the pension indicators to their CA balances.
Consider the example of Chile, which exclusively operates a fully funded
system pension. As shown in Figure 7c, we estimate that in 2016, the pen-
sion indicators contributed between —0.3 and +1.2% of GDP to the Chilean
CA balance. Unlike Switzerland or the Netherlands, coverage in Chile is rel-
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atively low, at approximately 40%, while the replacement rate is relatively
high (57% in 2016). Thus, the lower contribution of our pension indicators
to the Chilean CA balance can be traced back to the relatively low coverage.

Finally, compared to countries with a fully funded system, Figure 7d
shows that the US paints a different picture. Over the sample period, the
total contribution of the pension indicators to the US CA balance remains
relatively small. In 2016, we estimate that the pension indicators contribute
between —0.5 and +0.5% of GDP to the US CA balance. It is important to
underline two mechanisms that explain these estimates. First, the US ex-
clusively operates a mandatory PAYG pension system. Since we find a sta-
tistically insignificant, and economically small relationship between PAYG
systems and the CA balance, the contribution of the pension indicators has
a limited impact on the CA balance of countries with PAYG systems only.
However, the US has relatively high coverage, which may explain some pos-
itive contribution of the pension indicators. Second, consistent with the
EBA framework, the pension indicators are defined as deviations from the
world average. A positive contribution of pension indicators in countries
with a fully funded pension system must be compensated by a negative con-
tribution in other countries. This is the case for the US and other countries
without fully funded pension systems.

These cases illustrate the significant heterogeneity across countries. To
offer a more comprehensive view, Table 3 shows summary statistics of the
pension contributions to the CA balance across the model specifications of
Table 2. Based on the coverage measure of Bloom et al. (2007), pension
contributions to the CA balance range from —0.7 to 4% of GDP, with an
average contribution of 0.2% of GDP. The average pension contribution is
thus close to zero, but overall pension contributions are skewed towards
positive contributions. The specification thus captures the positive impact
of fully funded systems.

Allowing for an interaction yields similar results. Accounting for de facto
coverage significantly increases the heterogeneity of the results. Based on
World Bank data, pension contributions to the CA balance range from —2.8
to 2.6% of GDP, with an average contribution of —0.3% of GDP. Based
on ILO data, pension contributions to the CA balance range from —4.1 to
3.9% of GDP, with an average contribution of —0.7% of GDP. Allowing for
interactions reflects the multiplicative effect of countries with high coverage
and generous fully funded pension systems. Maximum contributions to the
CA balance are the highest, 4.5 and 5.7% of GDP under the World Bank
and ILO measures, respectively. Minimum contributions also increase, —2.1
and —3.4% of GDP under the World Bank and ILO measures, respectively.
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Table 3: Summary statistics: pension contribution

Model Min Max Mean St.Dev

(1) Bloom et al. (2007) -0.69 4.01 021  0.76

Without interactions (2) World Bank -2.81 262 -0.31 1.10
(3) ILO -4.10 391 -0.65 1.51

(4) Bloom et al. (2007) -0.79 4.06 0.30  0.81

With interactions (5) World Bank -2.09 447 -0.17 1.15
(6) ILO -3.44 574 -0.52 1.48

Notes: This table reports summary statistics of the estimated pension contri-
bution to the CA balance (as a percentage of GDP). The model specifications
correspond to the regression results of Table 2. Models (1) to (3) include the
replacement rate for PAYG and fully funded pension systems and the coverage
variable—without interactions—to the baseline EBA model. Models (4) to (6)
additionally include interaction terms between funding-specific replacement rates
and the coverage variable. Models (1)/(4) use coverage following Bloom et al.
(2007), models (2)/(5) use World Bank coverage, and models (3)/(6) use ILO
coverage.

5 Introducing both refinements to the EBA model

In the final step of this paper, we simultaneously introduce both refinements

to the EBA model and examine the robustness of the results and the model
fit.

5.1 Estimation equation

We introduce both refinements to the EBA framework. Formally, we evalu-

ate:
P

Yit = Z YoLpit + BXit + (P + gy, (8)
p=1
where Z,;; is the demographic polynomial, as introduced in Section 3, P
are the pension indicators, as described in Section 4, and X are the EBA
fundamentals.

5.2 Regression results

Introducing both refinements to the EBA model does not alter our main
findings. Table 4 shows the relevant regression results, while Table A3 in
the Appendix reports the corresponding age-group coefficients and Table A2
gives the detailed results.

On the one hand, including the pension indicators does not change our
findings regarding the demographic polynomial. The magnitude of each
polynomial coefficient remains broadly robust across all specifications of the
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pension indicators. When backing out the corresponding age-group coeffi-
cients, we still find a significant and positive effect for cohorts between 45
and 69 of age, and a negative and significant effect for those between 5 and
19 of age.

On the other hand, including the demographic polynomial does not
change our findings regarding the pension indicators. As shown in Table
4, the magnitude and significance of the coefficients of the pension indica-
tors are broadly in line with the results of Table 2. We find a positive and
significant effect of the generosity of fully funded pension systems across all
data sources and a positive and significant coefficient for the World Bank
and ILO coverage measures. Finally, we find a statistically significant and
positive coefficient on the interaction between the fully funded replacement
rate and the three coverage measures. We find no statistically significant
relationship for PAYG pension systems.

Table 4: Regression results — demographics and pensions

Bloom WB 1LO Bloom WB ILO
(1) (2) (3) (4) (5) (6)
Demographics 1 # -0.110 -0.101 -0.104 -0.118 -0.099 -0.093
(0.101) (0.101) (0.101) (0.099) (0.099) (0.100)
Demographics 2 # 0.019 0.018 0.018 0.021 0.018 0.017
(0.015) (0.015) (0.015) (0.014) (0.014) (0.014)
Demographics 3 # -0.001 -0.001 -0.001 -0.001 -0.001 -0.001
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Replacement rate PAYG # 0.006 0.006 0.007 -0.001 -0.000 0.008
(0.006) (0.006) (0.006) (0.017) (0.013) (0.013)
Replacement rate FF # 0.029"*  0.029™*  0.030*** 0.001 0.000 0.013
(0.008) (0.008) (0.008) (0.016) (0.014) (0.014)
Coverage # -0.004 0.028* 0.048*** -0.015 0.014 0.040**
(0.005) (0.016) (0.016) (0.014) (0.020) (0.020)
Replacement rate PAYG * coverage # 0.008 0.004 -0.007
(0.018) (0.023) (0.021)
Replacement rate FF * coverage # 0.036* 0.070**  0.048**
(0.018) (0.023) (0.021)
EBA static demographics No No No No No No
EBA fundamentals Yes Yes Yes Yes Yes Yes
Observations(Countries) 1367(49) 1367(49) 1367(49) 1367(49) 1367(49) 1367(49)
R-squared 0.583 0.583 0.593 0.590 0.589 0.597

Notes: The dependent variable is the CA balance as a ratio to GDP. Demographics 1/2/3 refer to the
demographic polynomial Z, defined in equation (5). Replacement rates for PAYG and fully funded (FF)
systems come from Bloom et al. (2007). Coverage comes from Bloom et al. (2007) (Bloom, columns 1/4),
the World Bank (WB, columns 2/5), and ILO (columns 3/6). Full results for the EBA specification are
reported in Table A2. Corresponding estimates of age-group coefficients are reported in Table A3. #
indicates demeaning relative to the GDP-weighted world average. Standard errors in parentheses. ***
p<0.01, ** p<0.05, * p<0.1

Furthermore, the core EBA results are largely unchanged by the intro-
duction of our refinements. Namely, the magnitude and statistical signifi-
cance of EBA fundamentals are broadly unaffected. This suggests that our
refinements, in particular the pension indicators, capture additional drivers
of CA balances rather than singling out an effect that is indirectly already
accounted for in the EBA model.
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5.3 Model fit

Our refinements improve the EBA model fit. As shown in Table A2, the R?
is 0.55 under the baseline specification. Our refinements increase the R? by
up to 10.9%, from 0.55 to 0.60.

Given the policy agenda underlying the EBA model, another useful way
of evaluating model fit is to examine country-specific residuals. Figure 8
plots the observed and fitted CA balances in the baseline EBA model and
across the specifications of Table 4 for countries with a fully funded pension
system and ESR countries with a PAYG system only. We further focus on
the end of the sample period and take averages of the observed and fitted CA
balances between 2010 and 2016. Doing so smoothes out undue volatility in
CA balances and reduces potential data issues. As in the previous section, we
report a band representing the minimum and maximum fitted CA balances
across all our specifications of Table 4.

Our refinements reduce residuals for most countries with a fully funded
pension system, but perform best for small advanced economies, such as
Denmark, the Netherlands, Sweden, and Switzerland. Figure 8a reports the
model fit for these countries. For example, the ‘optimal’ Swiss CA balance
ranges from 5.7% to 7.1% of GDP based on our refinements, while the EBA
baseline suggests a 4.6% of GDP ‘optimal’ CA balance. Our refinements
bring the fitted Swiss CA balance closer to the observed 10.8% of GDP
Swiss CA balance. Similarly, the ‘optimal’ Dutch CA balance ranges from
3.8% to 6.5% of GDP based on our refinements, while the EBA baseline
suggests a 2.7% of GDP ‘optimal’ CA balance. As in the Swiss case, our
refinements bring the fitted Dutch CA balance closer to the observed 9% of
GDP Dutch CA balance.

Our refinements tend to perform worse for emerging market economies
with a fully funded pension system. They predict ‘optimal’ CA balances
for countries, such as Indonesia and Sri Lanka, that fit the observed CA
balances less well than the EBA baseline. For instance, the ‘optimal’ Sri
Lankan CA balance ranges from —3.1% to —0.4% of GDP based on our
refinements, while the EBA baseline suggests a —3% of GDP ‘optimal’ CA
balance, broadly in line with the observed —3.6% of GDP CA balance.

These patterns suggest that some of our specifications overestimate the
CA balance for emerging market economies with a fully funded pension sys-
tem. However, this overestimation largely disappears if we consider only
the specifications with an interaction between the replacement rate and the
cross-sectional coverage measures (either from the World Bank or ILO). For
example, consider Sri Lanka, where coverage is among the lowest in our
sample (15% and 7% of workers based on the World Bank and ILO data, re-
spectively), but the fully funded replacement rate among the highest (115%
of a representative worker’s wage). Without an interaction, the fully funded
replacement drives a significant increase in the Sri Lankan ‘optimal’ CA

29



Figure 8: Model fit
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Notes: This figure reports observed and fitted CA balances, averaged for the period be-
tween 2010 and 2016. Fitted CA balances include the IMF EBA baseline, and those
predicted by our refinements, which are reported as a band representing the minimum
and maximum fitted CA balances for each country across all model specifications of Table
4. Figure (a) reports values for countries with a fully funded pension system. Figure (b)
reports values for ESR countries with a PAYG system only.

balance. Interacting the replacement rates with the cross-sectional cover-
age attenuates this effect. Considering the specification with interactions,
we find that our refinements more closely fit the observed CA balances of
emerging market economies, while they still generate a better fit for ad-
vanced economies. This gives some support that specifications with an in-
teraction between replacement rates and coverage measures, which account
for cross-sectional variation, should be our preferred estimates.!”

Countries without a fully funded pension system experience smaller, but
sometimes non-negligible adjustments to their ‘optimal’ CA balance. Figure
8b reports the model fit for ESR countries exclusively operating a PAYG
pension system. Our refinements reduce residuals for some of these coun-
tries, such as Canada, South Africa, and the United States. For instance,
the ‘optimal’ US CA balance ranges from —0.5% to —0.9% of GDP based
on our refinements, while the IMF baseline suggests a 0.2% of GDP ‘op-
timal” CA balance. Our refinements thus bring the fitted US CA balance
closer to the observed —2.5% of GDP US CA balance. This better fit for
countries without a fully funded pension system is partly driven by the mul-

OTnteracting replacement rates and the de jure coverage measure from Bloom et al.
(2007) does not improve the fit because most countries are classified as having universal
coverage.
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tilaterally consistent framework underlying the EBA model. Larger fitted
CA surpluses in some countries must be compensated by lower CA balances
in other countries.

6 Conclusion

This paper proposes two refinements to the empirical specification of the
EBA model by including new demographic variables and pension indica-
tors. First, to account for the fact that individuals at different ages save at
different rates, we replace the demographic variables of the EBA model with
a polynomial combination of a country’s entire population age structure fol-
lowing Fair & Dominguez (1991). Within the EBA model, we find robust
evidence that the demographic polynomial is able to reduce the counterintu-
itive volatility of the current static demographic variables while generating
robust and economically intuitive predictions of the demographic contribu-
tion to the CA balance.

We then propose introducing pension indicators into the EBA model.
We find a positive relationship between the generosity and coverage of fully
funded pension systems and the CA balance, while we find no such relation-
ship for PAYG systems. These results imply significantly different predic-
tions of the contribution of our pension indicators at the country level.

Introducing both refinements to the EBA model broadly improves the
model fit. In particular, our refinements reduce residuals for most countries
with a fully funded pension system, but perform best for small advanced
economies, such as Denmark, the Netherlands, Sweden, and Switzerland.
These countries’ fully funded pension systems, which are characterized by
high replacement rates and broad coverage, contribute to their CA balance
and significantly reduce the unexplained model residual.

The EBA methodology, in particular the EBA model, is an integral part
of the IMF’s toolkit for the assessment of countries’ external sector posi-
tions. This paper suggests two new avenues that could support more consis-
tent policy advice across countries and over time. Nevertheless, evaluating
the impact of demographics and of pension systems on CA balances across
countries is a complex endeavour, to which this paper makes only a tentative
contribution. Further work might need to improve on the data underlying
the pension indicators, consider other aspects of pension systems, such as
their sustainability, and evaluate the interaction of demographics with the
pension indicators.

31



References

Almon, S. (1965). The distributed lag between capital appropriations and
expenditures. Econometrica, 33(1), 178-196.

Ando, A., & Modigliani, F. (1963). The “life cycle” hypothesis of saving:
Aggregate implications and tests. American Economic Review, 53(1),
55-84.

Arnott, R. D., & Chaves, D. B. (2012). Demographic changes, financial
markets, and the economy. Financial Analysts Journal, 68(1), 23-46.

Attanasio, O., Bonfatti, A., Kitao, S., & Weber, G. (2016). Global de-
mographic trends: Consumption, saving, and international capital flows.
Handbook of the Economics of Population Aging, 1A, 179-235.

Auerbach, A. J., & Kotlikoff, L. J. (1987). Dynamic fiscal policy. Cambridge:
Cambridge University Press.

Benartzi, S., & Thaler, R. H. (2013). Behavioral economics and the retire-
ment savings crisis. Science, 339(6124), 1152-1153.

Bernheim, B. D. (2002). Taxation and saving. In Handbook of Public
Economics (Vol. 3, pp. 1173-1249). Elsevier.

Bloom, D. E., Canning, D., Mansfield, R. K., & Moore, M. (2007). Demo-
graphic change, social security systems, and savings. Journal of Monetary
Economics, 54(1), 92-114.

Borsch-Supan, A. H., Kéke, F. J., & Winter, J. K. (2005). Pension reform,
savings behavior, and capital market performance. Journal of Pension
Economics and Finance, 4 (1), 87-107.

Brumm, J., Georgiadis, G., Grab, J., & Trottner, F. (2019). Global value
chain participation and current account imbalances. Journal of Interna-
tional Money and Finance, 97, 111 - 124.

Ca’Zorzi, M., Chudik, A., & Dieppe, A. (2012). Thousands of models, one
story: Current account imbalances in the global economy. Journal Of
International Money and Finance, 31(6), 1319-1338.

Chetty, R., Friedman, J. N., Leth-Petersen, S., Nielsen, T. H., & Olsen, T.
(2014). Active vs. passive decisions and crowd-out in retirement savings

accounts: Evidence from Denmark. Quarterly Journal of Economics,
129(3), 1141-1219.

Chinn, M. D., Eichengreen, B., & Ito, H. (2014). A forensic analysis of
global imbalances. Ozford Economic Papers, 66(2), 465-490.

32



Chinn, M. D., & Tto, H. (2008). Global current account imbalances: Amer-
ican fiscal policy versus east asian savings. Review of International Eco-
nomics, 16(3), 479-498.

Chinn, M. D., & Prasad, E. S. (2003). Medium-term determinants of current
accounts in industrial and developing countries: An empirical exploration.
Journal of International Economics, 59 (1), 47-76.

Cubeddu, L. M., Krogstrup, S., Adler, G., Rabanal, P., Dao, M. C., Hannan,
S. A., ... Li, N. (2019). The External Balance Assessment Methodology:
2018 Update. IMF Working Paper No.19/65.

Davoine, T. (2019). The long run influence of pension systems on the current
account. Journal of Pension Economics and Finance, 1-35.

Deaton, A. S., & Paxson, C. H. (1997). The effects of economic and pop-
ulation growth on national saving and inequality. Demography, 34 (1),
97-114.

Engelhardt, G. V., & Kumar, A. (2007). Employer matching and 401 (k)
saving: Evidence from the health and retirement study. Journal of Public
Economics, 91(10), 1920-1943.

Eugeni, S. (2015). An olg model of global imbalances. Journal of Interna-
tional Economics, 95(1), 83-97.

Fair, R. C., & Dominguez, K. M. (1991). Effects of the changing U.S. age
distribution on macroeconomic equations. American Economic Review,
81(5), 1276-1294.

Feldstein, M. (1974). Social security, induced retirement, and aggregate
capital accumulation. Journal of Political Economy, 82(5), 905-926.

Feldstein, M. (1996). Social security and saving: New time series evidence.
National Tazx Journal, 49(2), 151-164.

Feldstein, M., & Liebman, J. B. (2002). Social security. Handbook of Public
FEconomics, 4, 2245-2324.

Gelber, A. M. (2011). How do 401(k)s affect saving? Evidence from changes
in 401(k) eligibility. American Economic Journal: Economic Policy, 3(4),
103-22.

Gerigk, J., Rinawi, M., & Wicht, A. (2018). Demographics and the current
account. Aussenwirtschaft, 69(1), 45-76.

Gruber, J. W., & Kamin, S. B. (2007). Explaining the global pattern of
current account imbalances. Journal of International Money and Finance,
26, 500-522.

33



Gruber, J. W., & Kamin, S. B. (2009). Do differences in financial develop-
ment explain the global pattern of current account imbalances? Review
of International Economics, 17(4), 667-688.

Higgins, M. (1998). Demography, national savings and international capital
flows. International Economic Review, 39(2), 343-369.

Higgins, M., & Williamson, J. G. (1997). Age structure dynamics in Asia
and dependence on foreign capital. Population and Development Review,
23(2), 261-93.

Holzmann, R., & Hinz, R. (2005). Old-age income support in the 21st
century: An international perspective on pension systems and reform. The
World Bank.

IMF. (2015). Technical supplement to the 2015 External Sector Report
(Tech. Rep.). (Washington).

IMF. (2018). Euzternal Sector Report - refinements to the external balance
assessment methodology - technical supplement (Tech. Rep.). (Washing-
ton).

IMF. (2019). Ezternal Sector Report: The dynamics of external adjustment
(Tech. Rep.). (Washington).

Joy, M., Lisack, N., Lloyd, S., Reinhardt, D., Sajedi, R., & Whitaker, S.
(2018). Mind the (current account) gap. Bank of England Financial
Stability Paper, No 43, 2018.

Juselius, M., & Takats, E. (2015). Can demography affect inflation and
monetary policy? BIS Working Papers(485).

Keuschnigg, C., Davoine, T., & Schuster, P. (2015). Aging, pension reform
and the current account (Tech. Rep.). Institute for Advanced Studies,
Vienna.

Kotlikoff, L. J. (1996). Privatization of social security: How it works and
why it matters. Tax Policy and the Economy, 10, 1-32.

Lane, P. R., & Milesi-Ferretti, G. M. (2001). Long-term capital movements.
NBER Macroeconomics Annual, 16, 73-116.

Lane, P. R., & Milesi-Ferretti, G. M. (2011). The cross-country incidence
of the global crisis. IMF Economic Review, 59(1), 77-110.

Loayza, N., Schmidt-Hebbel, K., & Servén, L. (2000). What drives private
saving across the world?  Review of Economics and Statistics, 82(2),
165-181.

34



Madrian, B. C., & Shea, D. F. (2001). The power of suggestion: Iner-
tia in 401(k) participation and savings behavior. Quarterly Journal of
Economics, 116(4), 1149-1187.

Mitchell, O. S., & Zeldes, S. P. (1996). Social security privatization: A
structure for analysis. American Economic Review, 86(2), 363—-367.

Moral-Benito, E., & Roehn, O. (2016). The impact of financial regulation on
current account balances. European Economic Review, 81(C), 148-166.

Obstfeld, M. (2018). Twenty five years of global imbalances. CEPR Dis-
cussion Paper No. DP13066.

Orszag, P. R., & Stiglitz, J. E. (2001). Rethinking pension reform: Ten
myths about social security systems. New Ideas about Old Age Security,
17-56.

Phillips, S., Catao, L., Ricci, L. A., Bems, R., Das, M., di Giovanni, J., ...
Vargas, M. (2013). The External Balance Assessment (EBA) methodol-
ogy. IMF Working Papers 13/272.

Poterba, J. M., Venti, S. F., & Wise, D. A. (1996). How retirement saving
programs increase saving. Journal of Economic Perspectives, 10(4), 91—
112.

Samuelson, P. A. (1958). An exact consumption-loan model of interest with
or without the social contrivance of money. Journal of Political Economy,
66(6), 467-482.

Samwick, A. A. (2000). Is pension reform conducive to higher saving?
Review of Economics and Statistics, 82(2), 264-272.

Smith, R. G., & Giles, D. E. A. (1976). The Almon estimator: Methodology
and users’ guide. Reserve Bank of New Zealand Discussion Paper, 76(3).

35



Appendix

36



Table Al: Description of the EBA sample and variables

Country sample

Argentina, Australia, Austria, Belgium, Brazil, Canada, Chile, China, Colombia, Costa Rica, the Czech
Republic, Denmark, Egypt, Finland, France, Germany, Greece, Guatemala, Hungary, India, Indonesia,
Ireland, Israel, Italy, Japan, Korea, Malaysia, Mexico, Morocco, the Netherlands, New Zealand, Norway,
Pakistan, Peru, the Philippines, Poland, Russia, South Africa, Spain, Sri Lanka, Sweden, Switzerland,
Thailand, Tunisia, Turkey, the United Kingdom, the United States, and Uruguay.

Static demographic variables

Prime savers share #
Population growth #
Old-age dependency ratio #

Fundamentals

Share of prime-aged savers (ages 45-64) as a proportion of the total working
age population (ages 30-64)

Annual growth rate of the total population, taken from the UN World Popu-
lation Prospects

Ratio of population over 65 to the population between 20 and 64 years of age

Prime age life expectancy
Prime age life expectancy # *
future OADR

L. NFA/GDP
L.NFA/GDP*(dummy if
NFA/GDP< —60%)
L.Relative output per worker

L.Relative output per
worker*K openness
Oil/gas balance*resource

temporariness #

Expected GDP growth #
Own currency’s share in world
reserves
L.VOX(#)*K-openness

L.VOX(#)*K-openness
*world reserves share

Output Gap #

Commodity ToT gap*trade
openness

Detrended
credit/GDP #
Cyclically adjusted fiscal bal-
ance, inst. #

(A reserves)/GDP*K
trols, inst. #

private

con-

Institutional quality (ICGR-
12) #

L.Public
ing/GDP #

health spend-

Life expectancy of a current prime-aged saver

Life expectancy of a current prime-aged saver interacted with future (20 years
ahead) old-age dependency ratio

Lagged net foreign asset as a ratio to GDP

Lagged NFA/GDP interacted with a dummy for countries with a NFA position
below -60% of GDP

Ratio of PPP GDP to working age population relative to average of Germany,
Japan, and U.S., lagged

Lagged relative output per worker interacted with the Quinn index of capital
openness

Oil and natural gas trade balance (as a % of GDP) interacted with the degree
of temporariness (ratio of current extraction to proven reserves). Enters only
if the oil and natural trade balance is positive.

5-year forecast of real GDP growth from the WEO

Share of the country’s own currency in total stock of world reserves proxies
for the “exorbitant privilege”

Lagged VOX Index (deviations from historical average) interacted with Quinn
index of capital account openness

Lagged VOX index interacted with capital account openness and share of a
country’s currency in world reserves

Estimates of the output gap

Ratio of a geometric weighted-average price of commodity export categories
to the correspond import price, each relative to manufactured goods prices in
advanced economies, weighted by share in the countries trade. HP filtered to
produce cyclical component.

Total credit (bank and nonbank) provided to the non-financial private sector,
excluding non-bank cross-border flows from the BIS. HP-filtered.

General government fiscal balance, cyclically adjusted following staff esti-
mates, instrumented with lagged global and country-specific factors variables
Change in central bank foreign exchange reserves including off-balance sheet
foreign exchange intervention during the year, scaled by nominal GDP. Instru-
mented and interacted with capital controls index.

12 sub-indicators from the International Country Risk Guide (government sta-
bility; internal conflict; external conflict; military in politics; law; ethnic ten-
sions; bureaucracy quality; socioeconomic conditions; investment; corruption;
religious tensions; and democratic accountability)

Lagged level of public health spending relative to GDP

This table gives the country sample covered by the EBA model and a brief description of the EBA model’s
baseline variables. # indicates that the variables is defined as the deviation from the GDP-weighted world
average. Cubeddu et al. (2019) gives detailed information on the construction of the variables and the data
source.
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Table A2: Regression results: demographics

and pensions

i _ Pensions Demographics & pensions
Baseline Demographics
loom WB 1LO Bloom  WB L0 Bloom  WB L0 Bloom  WB 1LO
) 2 (3) 4 (5) (6) U] (8 (9) (10) (11) (12) (13) (14)
Demographics 1 # 0.150 0110 0101 -0.104 0118 -0.099  -0.093
(0.101) (0.101)  (0.101)  (0.101)  (0.099)  (0.099)  (0.100)
Demographics 2 # 0.025° 0.019 0.018 0018 0021 0.018 0.017
(0.015) (0.015)  (0.015)  (0.015)  (0.014)  (0.014)  (0.014)
Demographics 3 # -0.001* 20.001  -0.001  -0.001  -0.001  -0.001  -0.001
(0.001) (0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)
Replacement rate PAYG # 0.005 0.006 0.007  -0.006  -0.003  0.004 0.006 0.006 0007 -0.001  -0.000  0.008
(0.006)  (0.006)  (0.006)  (0.017)  (0.013)  (0.013)  (0.006)  (0.006)  (0.006)  (0.017)  (0.013)  (0.013)
Replacement rate FF # 0,020 0.020"*  0.031**  0.002 0.000 0012 0.029%°  0.029°*  0.030**  0.001 0.000 0.013
(0.008)  (0.008)  (0.008)  (0.016)  (0.014)  (0.014)  (0.008)  (0.008)  (0.008)  (0.016)  (0.014)  (0.014)
Coverage # 0.003 0041 0.056™*  -0.015  0.024  0.046™  -0.004  0.028°  0.048"*  -0.015 0014  0.040"
(0.005)  (0.016)  (0.016)  (0.014)  (0.020)  (0.020)  (0.005)  (0.016)  (0.016)  (0.014)  (0.020)  (0.020)
Replacement rate PAYG * coverage # 0.012 0.010 0.001 0.008 0004 -0.007
(0.018)  (0.023)  (0.020) (0.018)  (0.023)  (0.021)
Replacement rate FF * coverage # 0034 0.069**  0.047 0.036*  0.070°*  0.048*
(0.019)  (0.023)  (0.021) (0.018)  (0.023)  (0.021)
Prime savers share # 0.138" 0.116"  0.086 0.081  0.119"  0.092 0.084
(0.056) (0.056)  (0.057)  (0.056)  (0.055)  (0.056)  (0.055)
Population growth # -0.692* L0784 0877 0758 08127 -0.900%  -0.780"
(0.369) (0.363)  (0.360) (0.359)  (0.359)  (0.357)
Old-age dependency ratio # -0.069 -0.059  -0.086" 20.060  -0.080*  -0.090*
(0.043) 0.043)  (0.043)  (0.042)  (0.042)  (0.042)  (0.042)
Prime age life expectancy # 20.005°  -0.006**  -0.005" 0007 -0.007*** -0.006"* -0.006** -0.007*** -0.006"* -0.007*** -0.008** -0.007*** -0.007* -0.008"
(0.001) (0.001) (0.001)  (0.002)  (0.002)  (0.001)  (0.002)  (0.002)  (0.001)  (0.002)  (0.002)  (0.002)  (0.002)  (0.002)
Prime age life expectancy # *future OADR ~ 0.013*** 0.014* 0013 0.017**  0.018"*  0.015*  0.016** 0.017"*  0.014™  0.016™* 0.017"*  0.016™* 0.016™*  0.018"*
(0.005) (0.005) (0.005)  (0.005)  (0.005)  (0.005)  (0.005)  (0.005)  (0.005)  (0.005)  (0.005)  (0.005)  (0.005)  (0.005)
L. NFA/GDP 0.023°* 0024+ 0,022 0.022%  0.024"*  0.023°°  0.022° 0024 0.0237°  0.023%% 0,024 0.024" 00237 0.023"*
(0.006) (0.006) (0.006)  (0.006)  (0.006)  (0.006)  (0.006)  (0.006)  (0.006)  (0.006)  (0.006)  (0.006)  (0.006)  (0.006)
L.NFA/GDP*(dummy if NFA/GDP < -60%)  -0.006 -0.007 -0.006  -0.005  -0.005  -0.009  -0.007  -0.007  -0.007  -0.006  -0.005  -0.009  -0.008  -0.007
(0.012) (0.012) (0.012)  (0.012)  (0.012)  (0.012)  (0.012)  (0.012)  (0.012)  (0.012)  (0.012)  (0.012)  (0.012)  (0.012)
L.Relative output per worker 0.023 0.017 0.032 0016 0014 0.028 0.014 0016 0027 0014 0010 0023 0.012 0.013
(0.020) (0.020) (0.021)  (0.021)  (0.021)  (0.021)  (0.021)  (0.021)  (0.021)  (0.021)  (0.021)  (0.021)  (0.021)  (0.021)
L.Relative output per worker*K openness 0.041° 0.035° 0032 0.038  0.037° 0036  0.039° 0035 0025 0.033 0034 0.030 0.032 0.030
(0.021) (0.021) 0.021)  (0.021)  (0.021)  (0.021)  (0.021)  (0.021)  (0.021)  (0.021)  (0.021)  (0.021)  (0.021)  (0.021)
Oil/gas balance * resource temporariness #  0.310° 0.336" 0303 0.316™*  0.3267"  0.202°°  0.327° 033" 032677 0.335°° 0.347°F 0319 0349 0.360"
(0.089) (0.089) (0.088)  (0.087)  (0.086)  (0.086)  (0.085)  (0.085)  (0.088)  (0.087)  (0.087)  (0.086)  (0.085)  (0.086)
Expected GDP growth # 20.302° L0272 L0343 0345 -0.370° -0.337° -0.320°% -0.353%%  -0.318° 0.320° -0.341°" -0.308"* -0.203"* -0.323"
(0.104) (0.104) (0.104)  (0.103)  (0.103)  (0.104)  (0.104)  (0.103)  (0.104)  (0.104)  (0.104)  (0.105)  (0.104)  (0.104)
L.VIX(#)*K openness 0.020 0.022 0.019 0.020 0.022 0.019 0.022 0023 0021 0.021 0.022 0.021 0.023 0.024
(0.015) (0.015) (0.015)  (0.015)  (0.015)  (0.015)  (0.015)  (0.015)  (0.015)  (0.015)  (0.015)  (0.015)  (0.015)  (0.015)
L.VIX(#)*K openness*world reserves share 0,002 -0.002 0004  -0.000  -0.003  -0.00L  -0.009  -0.010  0.000 0000  -0.003  -0.008  -0.010  -0.011
(0.067) (0.066) (0.066)  (0.066)  (0.066)  (0.066)  (0.066)  (0.066)  (0.065)  (0.065)  (0.065)  (0.065)  (0.065)  (0.065)
Own currency’s share in world reserves ©0.030° -0.031%* 0,027 <0024 -0.028%  -0.027  -0.019  -0.024*  -0.028%  -0.025  -0.027"*  -0.027*  -0.020*  -0.023"*
(0.012) (0.011) (0.011)  (0012)  (0.011)  (0.011)  (0.012)  (0.011)  (0.011)  (0.011)  (0.011)  (0.011)  (0.011)  (0.011)
Output gap # H0.356"° -0.358F <0360 0355 -0.352°% -0.359"°  -0.354%%° 0351 03627 -0.360°"° -0.357°° -0.361°* -0.358"* -0.355°
(0.032) (0.032) (0.032)  (0.032)  (0.032)  (0.032)  (0.031)  (0.031)  (0.031)  (0.031)  (0.031)  (0.031)  (0.031)  (0.031)
Commodity ToT gap*trade openness 0.161%* 0.160" 0061 0.165™* 0165 0.165"*  0.171°**  0.170"*  0.160™" 0161  0.162**  0.165™  0.168™*  0.167"*
(0.036) (0.036) (0.036)  (0.035)  (0.035)  (0.036)  (0.035)  (0.035)  (0.036)  (0.036)  (0.035)  (0.036)  (0.036)  (0.035)
Detrended private credit/GDP # Q0.004% L0106 -0.104 01017 -0.102°**  -0.103**  -0.100** -0.101*** -0.107** -0.105*** -0.105** -0.105** -0.105"* -0.105"
(0.013) (0.013) (0.013)  (0.013)  (0.013)  (0.013)  (0.013)  (0.013)  (0.013)  (0.013)  (0.013)  (0.013)  (0.013)  (0.013)
Cyel. adjusted fiscal balance, inst. # 0.329° 0327+ 03307 0316 0311 0.302"  0.267°*  0.272°° 0331 0.333"  0.325"%  0.205"° 0279 0.284°"*
(0.087) (0.086) (0.087)  (0.087)  (0.086)  (0.088)  (0.088)  (0.087)  (0.086)  (0.085)  (0.086)  (0.088)  (0.086)  (0.087)
(A reserves)/GDP* K controls, inst. # 0.754% 0712+ 0.650°  0.680™*  0.665""  0.633"°  0.687°  0.672""  0.609™°  0.643°  0.632°*  0.584" 065" 0.633"
(0.236) (0.234) (0.232)  (0232)  (0.231)  (0.231)  (0.231)  (0.231)  (0.230)  (0.231)  (0.230)  (0.228)  (0.229)  (0.229)
Institutional quality (ICGR-12) # -0.047 -0.050* S0.050°  -0.058%  -0.064"*  -0.046%  -0.054"  -0.059** -0.053"* -0.059°* -0.065"* -0.049"* -0.055"* -0.060"*
(0.019) (0.020) (0.019)  (0.019)  (0.019)  (0.019)  (0.019)  (0.019)  (0.020)  (0.020)  (0.020)  (0.020)  (0.019)  (0.020)
L.Public health spending/GDP # 03007 -0436" -0.343% -0.3727 L0417 -0.3327 04107 0456 -0.375"" 04037 0449 -0.363"  -0.449™"  -0.487°
(0.134) (0.134) (0.132)  (0.132)  (0.130)  (0.131)  (0.131)  (0.130)  (0.131)  (0.131)  (0.131)  (0.130)  (0.130)  (0.130)
Constant ©0.000°0.007 -0.011%% -0.010%*  -0.008™  -0.011***  -0.011%** -0.009%* -0.008"** -0.008"  -0.006" -0.009** -0.009°**  -0.007"*
(0.003) (0.003) (0.003)  (0.003)  (0.003)  (0.003)  (0.003)  (0.003)  (0.003)  (0.003)  (0.003)  (0.003)  (0.003)  (0.003)
Observations(Countrics) 1367(49)  1367(49)  1367(49) 1367(49) 1367(49) 1367(49) 1367(49) 1367(49) 1367(49) 1367(49) 1: 1367(49) 1367(49) 1367(49)
Resquared 0550 0552 0583 0584 0597 0.589 0580 0600 0583 0583 0. 590 0589 0597
Notes: Demographics 1/2/3 refer to the demographic polynomial Z, defined in equation (5). Replacement rates for PAYG and fully funded (FF) systems come from Bloom et al. (2007). Coverage comes

from three data sourc

: Bloom et al. (2007), the World Bank (WB), and ILO. Corresponding

imates of age-group coefficients

re reported in Table A3. Column (1) is the EBA baseline. Column (2)

is consistent with the results of Figure 2, which correspond to our first refinement to the EBA static demographic variables only. Columns (3) through (8) correspond to Table 4 across specifications with
the pension indicators only. Columns (9) through (14) correspond to Table 4 across specifications with the demographic polynomial and the pension indicators. Standard errors reported in parentheses. #
indicates demeaning relative to the GDP-weighted world average. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table A3: Regression results: age-group coefficients

No pensions

Without interactions

With interactions

Bloom WB 1ILO Bloom WB ILO
(1) (2) (3) (4) (5) (6) (7)

0-4 0.022 -0.010 -0.003 0.012 -0.013 -0.015 -0.009
(0.083) (0.082) (0.082) (0.082) (0.082) (0.081) (0.083)

5-9 -0.059* -0.068**  -0.055* -0.042 -0.074**  -0.065**  -0.056*
(0.029) (0.029) (0.029) (0.030) (0.029) (0.029) (0.031)
10-14  -0.103*** -0.096***  -0.081** -0.070** -0.104*** _0.089*** _0.078**
(0.030) (0.030) (0.031) (0.031) (0.030) (0.031) (0.031)

15-19 -0.116** -0.101**  -0.085* -0.075 -0.108** -0.091* -0.079
(0.046) (0.046) (0.047) (0.047) (0.046) (0.047) (0.047)

20-24 -0.103* -0.086 -0.071 -0.062 -0.091%* -0.076 -0.063
(0.052) (0.052) (0.053) (0.053) (0.051) (0.052) (0.052)

25-29 -0.071 -0.057 -0.044 -0.037 -0.059 -0.048 -0.036
(0.048) (0.048) (0.049) (0.048) (0.047) (0.048) (0.048)

30-34 -0.027 -0.019 -0.010 -0.003 -0.017 -0.011 -0.001
(0.040) (0.040) (0.040) (0.040) (0.040) (0.040) (0.040)

35-39 0.024 0.023 0.029 0.034 0.029 0.029 0.036
(0.037) (0.037) (0.037) (0.036) (0.037) (0.036) (0.036)

40-44 0.074 0.065 0.067 0.070 0.075* 0.068 0.072
(0.043) (0.044) (0.044) (0.043) (0.044) (0.043) (0.043)

45-49 0.119** 0.102* 0.099* 0.101* 0.114* 0.101* 0.102*
(0.056) (0.057) (0.056) (0.056) (0.056) (0.055) (0.055)

50-54 0.151** 0.128* 0.121* 0.120* 0.142** 0.124* 0.122*
(0.067) (0.067) (0.067) (0.067) (0.066) (0.066) (0.066)

55-59 0.164** 0.139* 0.128* 0.125* 0.152%* 0.132* 0.126*
(0.070) (0.070) (0.071) (0.071) (0.069) (0.069) (0.070)

60-64 0.153** 0.130* 0.116* 0.109* 0.141%* 0.121* 0.111%*
(0.063) (0.063) (0.064) (0.064) (0.062) (0.063) (0.063)

65-69 0.110%* 0.095** 0.079 0.069 0.102%* 0.086* 0.073
(0.045) (0.045) (0.046) (0.046) (0.045) (0.046) (0.046)

70-74 0.029 0.031 0.014 -0.000 0.029 0.022 0.005
(0.040) (0.040) (0.041) (0.041) (0.040) (0.040) (0.040)

75-79 -0.096 -0.068 -0.084 -0.104 -0.081 -0.076 -0.095
(0.091) (0.092) (0.091) (0.091) (0.091) (0.090) (0.090)

80+ -0.271 -0.208 -0.219 -0.247 -0.235 -0.211 -0.232
(0.181) (0.182) (0.181) (0.180) (0.179) (0.177) (0.178)

Notes: This table reports the estimated age-group coefficients oy, backed out from the
estimated polynomial-specific coefficient 7,. Column (1) is consistent with the results
of Figure 2, which correspond to our first refinement to the EBA static demographic
variables only. Columns (2) through (7) correspond to Table 4 across specifications with
the pension indicators. Standard errors reported in parentheses. *** p<0.01, ** p<0.05,
* p<0.1
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