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Population Aging and Financial Stability: An
Empirical Analysis

This study empirically examines the impact of population aging on financial sta-
bility. Constructing an unbalanced panel of 7,148 banks across 38 OECD countries
over 27 years, we find that deeper demographic aging undermines banks’ capital
adequacy and lowers their Z-Scores, thereby exerting a negative effect on financial
stability. These adverse effects arise because slower growth, higher interest-expense
burdens, and compressed net interest margins erode profitability, prompting banks to
loosen risk standards in an effort to offset mounting losses. The impact is especially
pronounced for smaller banks and those with greater exposures to property-secured
mortgages. Our findings imply that policymakers should address underlying struc-
tural challenges, chiefly by boosting productivity and raising fertility, while sys-
temically assessing aging-related risks, establishing tailored supervisory standards
and support measures for vulnerable banks, and developing financial products and
services that enhance liquidity for older households.

Keywords: Population aging, Financial stability

JEL Classification: J11, G21
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I. Introduction

The global population is rapidly entering a so-called “super-aged society,” in
which individuals aged 65 and older account for over 20% of the total population.
This phenomenon is driven by low fertility rates and increased life expectancy. In
particular, several advanced economies—including Japan, Germany, and South
Korea—have already reached the super-aged threshold, and according to the UN
World Population Prospects (2024), countries such as Canada are expected to
follow suit by 2025. Given that labor productivity and economic behavior shift
over one’s life cycle, population aging can have significant economic repercus-
sions; consequently, this topic has emerged as a central theme among economists.
Discussions on the effects of population aging are not limted in a specific subject.
It can affect economic growth (Liu and Hu, 2013; Emerson and Knabb, 2020;
Park and Shin, 2023), inflation (Yoon et al., 2018), house prices (Takats, 2012;
Sun et al., 2024), cause a change in employment structure (Siliverstovs et al.,
2011; Maestas et al., 2023), and even increase carbon emissions by households
(Fan et al., 2021).

Despite the importance of understanding aging’s ramifications, its potential
influence on financial stability has thus far received relatively limited atten-
tion, resulting in insufficient empirical evidence. Although some previous studies
have been conducted, their findings are not consistent. For instance, Doerr et al.
(2024), employing U.S. state-level data, reveal that an increase in banks’ expo-
sure to aging populations prompts banks to relax lending standards to offset
declining profitability—thereby exacerbating non-performing loans during eco-
nomic downturns. In a related vein, Imam and Schmieder (2024) use panel data
from 28 advanced economies to show that, while aging may reduce the traditional
maturity-transformation role of banks (thus lowering their risk of insolvency), it
also spurs banks to invest more heavily in high-risk assets to recoup lost returns,
increasing tail risk. Likewise, studies based on Korean financial-institution panel
data (Noh and Lim, 2014; Kim and Park, 2019) suggest that aging has a detri-
mental effect on profitability metrics such as the net interest margin and ROA.

In the work of Jiang and Zhang (2024), the primary focus is on the likelihood
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of an asset market crash in China. The authors argue that aging-induced reduc-
tions in labor employment adversely affect firm performance, thereby increasing
the crash risk of firms’ stock prices. In contrast, two other studies suggest that
population aging may be beneficial for financial stability. Specifically, Li et al.
(2023) present evidence that the lower risk appetite of the elderly population can
improve a country’s financial stability. Meanwhile, Li et al. (2024), using provin-
cial data from China, find that aging prompts banks to reduce both deposits and

loans while also curtailing the riskiness of their loan portfolios.

Although these works are meaningful, prior investigations face several limi-
tations. First, many studies focus on a single country (e.g., the United States,
China, or Korea), which restricts the external validity of their findings. Because
population aging is a global phenomenon, as noted above, a more comprehensive
analysis is necessary to ensure wider relevance.!) Second, using up-to-date data
is crucial, given that the past decade has witnessed rapid global aging. Yet most
existing studies rely on data predating 2020, rendering them somewhat outdated.
Third, studies examining financial stability in conjunction with financial institu-
tions’ soundness often overlook heterogeneous effects across different institution
types—that is, they do not fully capture how banks with varying characteris-
tics respond differently to population aging. In light of these gaps, the present
study investigates how population aging influences individual banks’ soundness
indicators, aiming to provide broader insights into the relationship between pop-
ulation aging and financial stability. Specifically, this paper contributes to the
existing literature by (1) offering additional empirical evidence on how aging
shapes financial stability, (2) addressing the limitations of previous research to
yield new insights, and (3) deriving policy implications for monetary policy and

macroprudential regulation in the context of demographic change.

To achieve these objectives, this research constructs a bank-level panel dataset

1) In 2015, the average share of the population aged 65 and older in OECD countries was 16.3%,
and only six member states—Finland, Portugal, Germany, Greece, Italy, and Japan—had
reached the threshold of a super-aging society. As of 2025, however, the average proportion of
those aged 65 and older in OECD countries has risen to 19.5%, while the number of member
states classified as super-aging societies has grown to 25 (UN Population Prospects, 2024
revision).
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incorporating aging indices for OECD countries, macroeconomic indicators, and
balance sheet data from Moody’s BankFocus. By estimating empirical models
that properly account for heterogeneity at both the bank and country levels, the
study examines how population aging influences two key measures of financial
stability—banks’ capital adequacy ratios and Z-Scores—and thereby enhances
our understanding of the interplay between demographic changes and financial
institutions’ soundness. Specifically, the paper develops hypotheses on the im-
pact of aging by reviewing existing literature that discusses how demographic
shifts affect macroeconomic variables such as economic growth, real interest
rates, and house prices. To test these hypotheses, the study employs a fixed-
effects regression model, drawing on the dataset described above. Furthermore,
by incorporating interaction terms between the aging indices and various bank
characteristics, the analysis investigates the heterogeneous effects of aging across
banks in OECD countries.

The main findings of this paper are as follows. First, population aging ex-
erts a negative influence on banks’ capital adequacy ratios and Z-Scores, thereby
undermining financial stability. This result is consistent with the findings of Do-
err et al. (2024) and Imam and Schmieder (2024). Second, the negative effects
primarily stem from a decline in bank profitability, which motivates banks to
pursue greater risk-taking in order to compensate for reduced returns. In partic-
ular, lower interest rates compress interest margins, while economic stagnation
—arising from a shrinking labor force due to aging—further diminishes loan
demand. Third, these adverse effects are heterogeneous across banks. Specifi-
cally, smaller banks (as measured by total assets) and banks that rely heavily on
mortgage lending are more vulnerable to aging-related risks, given their limited

capacity to develop alternative business opportunities.

The rest of the paper is organized as follows. Section II reviews the literature
on how population aging affects the macroeconomy and develops the hypotheses
to be tested. Section III describes the data and main methodology, while Section
IV presents the empirical results, assesses their robustness, and discusses policy

implications. Finally, Section V concludes.
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II. Hypothesis development: Mechanisms linking popula-
tion aging and financial stability

1. The definition of financial stability

Due to its complexity, financial stability is difficult to define precisely. How-
ever, drawing on central bank definitions (Bank of Korea, 2025; European Cen-
tral Bank, 2025), we view it as a condition in which the three main components
of the financial system—{financial intermediaries, financial infrastructure, and fi-
nancial markets—remain resilient and can withstand external shocks that might
otherwise lead to financial distress. In this study, we concentrate on the first
component, the stability of financial intermediaries. Accordingly, our primary
focus is on how population aging affects the soundness of financial institutions.
We adopt this scope to connect our research with previous studies, which, despite
being few in number, generally investigate the impact of demographic aging on
individual banks. By building on these works, we seek to advance this line of in-
quiry. Among the various types of financial institutions, we specifically examine
banks, which represent the majority of the sector in many countries, recognizing

that banks often play the most significant role in the financial system.

As measures of banking stability, we use two primary indicators: (i) the capi-
tal adequacy ratio and (ii) the Z-Score. The former is widely employed to assess a
bank’s capacity to absorb unexpected losses. Indeed, recent studies (e.g., Cao and
Chou (2022) and Anani and Owusu (2023)) have shown that more highly capi-
talized banks are better able to withstand severe turmoil, such as the COVID-19
crisis. Accordingly, capital adequacy ratios are closely regulated by financial au-
thorities in each country. We obtain data on capital adequacy ratios directly

from BankFocus, which defines them as:

Tier 1 Capital + Tier 2 Capital
Risk-weighted asset

(IL1)

Our second measure, the Z-Score, reflects a bank’s default risk by indicating how

much earnings volatility can be absorbed by its capital. We compute it using the
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formula:
ROA + Equity[Asset

o (ROA)

(IL.2)

The relevant variables ROA and % are obtained from BankFocus. A lower
(higher) Z-Score implies a higher (lower) probability of default.?) Following Hesse
and Cihak (2007) and Beck and Laeven (2006), we calculate the standard devia-
tion of ROA over the entire sample period using annual data. This methodology
is also endorsed by Lepetit and Strobel (2013) because it uses the full sample
rather than rolling windows, thereby mitigating the loss of observations that

would otherwise be inevitable.

2. Hypothesis development

Building on a comprehensive review of prior studies that address the macroe-
conomic implications of an aging population, we propose the following expecta-

tions regarding how aging may influence financial stability.

Reduction in borrower’s repayment capacity Several previous studies
have found that population aging is projected to substantially lower economic
growth. Because a shrinking workforce due to lower fertility not only exerts a
negative impact on economic growth but also diminishes labor productivity by
constraining innovation and entrepreneurship (Liu and Hu, 2013; Maestas et al.,
2023). These effects are closely aligned with recent findings by Tan et al. (2024),
which suggest that an aging population can dampen exports in high-technology
industries. The resultant slowdown in growth and decline in income may weaken
borrowers’ ability to repay their debts, potentially leading to diminished prof-

itability and increased credit risk for financial institutions.

2) As noted by Lepetit and Strobel (2013), one can define a state of bank insolvency when
%’g +ROA < 0. By the Bienaymé—Chebyshev inequality, the probability that ROA < %:e’:y
is bounded above by Z72, where Z is the Z-Score aforementioned. Accordingly, a smaller Z

raise the upper bound, implying an increased probability of insolvency.
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Rising interest-expense burden The slowdown in economic growth brought
about by population aging suppresses the demand for new investment funds,
which is an essential source of return for financial institutions, while the seniors’
heightened preference for safe assets increases interest-bearing liabilities (Suh,
2015). These developments elevate funding costs and impair profitability. Such
deterioration in profitability reduces retained earnings, an essential source of

capital reinforcement, and ultimately compromises capital adequacy.

Shrinking interest margins A decline in real interest rates attributable to
population aging may likewise exert an adverse impact on banks’ profitability.
Rising life expectancy induces households to accumulate assets for retirement,
prompting an increase in savings. It places downward pressure on real interest
rates (Carvalho et al., 2016; Sudo and Takizuka, 2020). As noted by Claessens
et al. (2018), falling interest rates compress the spread between deposit and lend-
ing rates, thereby directly undermining banks’ profitability. This occurs because
deposit rates cannot be lowered below the nominal zero-lower-bound level, while
lending rates continue to face downward pressure. Consistent with these findings,
prior studies on Korea (Noh and Lim, 2014; Kim and Park, 2019) have presented
evidence that population aging exerts a negative impact on bank profitability.
Meanwhile, profitability losses attributable to population aging are expected
to be more pronounced for institutions whose loan portfolios are heavily tilted
toward long-term credits, most notably mortgage lending, because the economy-
wide surge in demand for long-duration assets to finance retirement is likely to
depress long-term yields more sharply than short-term rates (Yoon et al., 2017;
Suh, 2015). Should this downward trend in long-term rates trigger widespread
mortgage prepayments or refinancing, the attendant compression of interest mar-

gins would further aggravate the profitability squeeze such institutions are facing,.

Collateral-asset value effects The soundness of secured loans hinges on how
population aging reshape the value of real assets such as housing. Because mul-
tiple demographic forces create offsetting influences on asset values, for exam-

ple, declining birth rates curb demand whereas rising life expectancy sustain
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it, the eventual asset price trajectory depends on which factor dominates (Sun
et al., 2024). Should the combined effects of fewer households, widespread hous-
ing downsizing among the elderly, distress-motivated property sales, and weaker
demand for commercial real estate under slower growth prevail, downward pres-
sure on property prices is likely to intensify. Such a drop in asset prices would
reduce the value of collateral assets held by financial institutions, thereby height-
ening banks’ default risk, often measured by the Z-score. If collateral values fall
sharply and a protracted decline appears probable, borrowers have a height-
ened incentive to default so as to limit losses, opening an additional channel
through which profitability deteriorates for financial institutions. Conversely, in
economies with a growing proportion of older individuals, a heightened risk aver-
sion may encourage households to shift toward relatively safer assets (Li et al.,
2023). As a result, trading volumes and abrupt price swings in riskier assets
diminish, reducing overall asset-price volatility. This, in turn, can bolster the

Z-Score by stabilizing banks’ balance sheets.

Heightened risk-taking by banks due to deteriorating profitability If
the narrowing interest margin and reduced demand for funds caused by popula-
tion aging lead to lower profitability, financial institutions may relax their risk
standards in order to maintain a certain level of returns. This, in turn, can erode
asset quality and increase earnings volatility. Indeed, Doerr et al. (2024) and
Imam and Schmieder (2024) provide empirical evidence that an aging popula-
tion may prompt banks to ease lending standards or increase their exposure to

high tail-risk assets.

In this regard, we conducted a preliminary examination of the correlation
between aging indicators and macroeconomic variables relevant to financial sta-
bility, and it suggests that deeper aging may increase the likelihood of threats
to financial stability. Drawing on data from 1960 through 2023 for 38 OECD
countries, we analyze the relationships between two measures of aging (the old-
age dependency ratio and the share of the population aged 65 and older) and

per capita income growth, gross saving rate, real interest rates, and real housing
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price growth. The results show that more pronounced aging generally exhibits
a negative correlation with these four variables, corroborating earlier findings
Kang et al. (2012), Yoon et al. (2017) and Yoon et al. (2018).%) In more specific
terms, a 1 percentage-point increase in the old-age dependency ratio is associated
with decreases of 0.08 percentage points in per capita income growth, 0.20 per-
centage points in real interest rates, 0.05 percentage points in real housing price
growth, and increase of 0.10 percentage points in gross saving rate. Similarly,
when the proportion of individuals aged 65 and older increases by 1 percent-
age point, per capita income growth, real interest rates, and real housing price
growth decline by 0.12 percentage points, 0.29 percentage points, and 0.09 per-
centage points, respectively, and gross saving rate rises by 0.16 percentage point.
Statistical significance tests further indicate that the effects on income growth,
real interest rates and gross saving rate are significant at the 1% level (using
robust standard errors), while the effect on housing price growth is significant at
the 10% level. These findings suggest that all channels (reduction in borrower’s
repayment capacity, shrinking interest margins, heightened risk-taking, and in-
stability in house prices) through which an aging population can affect financial

stability, discussed earlier in this paper, remain valid.

Overall, from the discussion, we derive the following testable hypotheses:
Hypothesis 1: An increase in population aging leads to a decline in capital
adequacy ratios.

Hypothesis 2: An increase in population aging leads to a decline in the

7Z-Score.

In what follows, we examine these hypotheses by employing banking sector

data and an appropriate empirical methodology.

3) In this paper, we extend these previous analyses by updating the dataset through 2023 and
expanding the sample size from 27-30 to 38 countries.
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Figure 1. Population aging and macroeconomic variables
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Notes: Red circles represent old-age dependency ratios and blue circles refer to proportions of
individuals aged 65 and older. Using robust standard errors, the effects on per capita income
growth and real interest rates are statistically significant at the 1% level, while the effect on
housing price growth is significant at the 10% level.

III. Empirical methodology

1. Data

For this study, we utilize Moody’s Analytics BankFocus, which provides com-
prehensive financial statement data on banks worldwide. Our analysis focuses on
OECD countries, drawing on balance sheet information from commercial banks,
cooperative banks, and savings banks operating in these jurisdictions. The sam-
ple period runs from 1995 to 2023, representing the longest available timespan
in BankFocus. It should be noted, however, that data availability is not uni-
form across all banks, and the majority of observations are only available from

2013 onwards, resulting in an unbalanced panel of 7,148 banks. To minimize the
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effects of outliers, we winsorize the top and bottom 1% of the bank-related vari-
ables. The data include each bank’s capital adequacy ratio and variables used
to compute Z-Score—both key indicators of banking stability—as well as time-
varying, bank-specific control variables such as size (total assets), profitability
(net interest income relative to total assets), liquidity (liquid assets relative to
interest-bearing liabilities), and the deposit ratio (deposits as a share of total as-
sets). Additionally, we incorporate macro-level variables as part of our analysis.
Specifically, we employ population aging (measured by the old-age dependency
ratio or the proportion of the population aged 65 and above) as the main ex-
planatory variable, along with economic growth and the inflation rate as control
variables. These indicators are primarily sourced from the World Bank database.
Table 1 presents descriptive statistics for the variables employed in this study.

Additional details on any variables not yet discussed will be provided later.

Table 1. Descriptive statistics

Mean Std Min Max

Dev
Old-age dependency ratio (%) 27.9 7.1 9.1 51.4
Proportion of the population aged 65+ (%) 18.1 4.0 5.7 30.1
Capital adequacy ratio (%) 19.8 18.0 8.0 379.6
Z-Score (in log) 3.6 0.9 0.5 5.9
Total assets (in log) 13.3 1.7 7.2 18.2
Net interest income to total assets (%) 2.8 1.1 0.3 8.8
Liquid assets to total deposits and other IBLs (%) 29.0 18.4 2.5 114.0
Total deposits to total assets (%) 85.7 7.4 13.7 95.0
Net non-interest income to total assets (%) 0.2 0.8 -2.7 8.3
Loans to equity (%) 6.8 2.9 0.1 23.3
RWA-Asset growth gap (%p) -0.3 7.6 -28.7 24.9
Ratio of mortgage loans 0.5 0.4 0.0 1.0
Ratio of consumer loans 0.1 0.2 0.0 1.0
Ratio of corporate loans 0.1 0.2 0.0 1.0
Earnings concentration index 0.7 0.1 0.5 1.0
GDP growth rate (%) 1.9 2.3 112 245
Inflation rate (CPI, %) 2.3 2.8 -4.4 72.3

Notes: An unbalanced panel data set with repeated observations at the bank level over the

1997-2023 period. The analysis covers 50,354 observations spanning over the sample period.
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2. Empirical specification

To test the hypotheses which investigate the effects of populatiuon aging on

financial stability, we estimate the following model:

Yies =0+ BiXes +PoXey xINT; comi + Y MiZicjos—p+ 0i+ T + iy (II1.1)
x

The dependent variable Y; . ; represents each bank’s soundness indicator for bank
i in country ¢ during year t. Specifically, we use both the bank’s capital ade-
quacy ratio and the log-transformed Z-Score. For the Z-Score, we multiply its
log-transformed value by 100 to make the estimated coefficient easier to interpret.
The variable X.; denotes the aging index in country ¢ at time . We use the old-
age dependency ratio as the main proxy, and also employ the share of the popu-
lation aged 65 and over to verify the robustness of our findings. This approach of
using year-t aging indices is consistent with several previous studies on the im-
pact of population aging, such as Li et al. (2024), Tan et al. (2024), and Fan et al.
(2021). To address potential endogeneity in this method and mitigate its effects,
we also present results using instrumental variables and use year-z — 1 indices in
the robustness checks, as discussed later. The vector of control variables Z; . x ;-
includes bank-specific control variables as introduced above. As discussed, we
also incorporate country-level control variables, such as annual economic growth
and inflation, that could affect banks’ soundness indicators. Following Li et al.
(2024), we used lagged control variables at the bank level (p=1), and contem-
poraneous macro-level control variables (p = 0). Where necessary, to analyze
heterogeneous effects driven by bank-specific characteristics, we add interaction
terms (Xc; xINT;.,-1) between the aging indicators and bank-level management
variables (e.g., share of interest income, proportion of mortgage loans, total as-
sets) to the above model. Lastly, 6; and 7, capture bank fixed effects and year
fixed effects, respectively. Notably, by controlling for bank heterogeneity (6;), we
effectively account for time-invariant, country-specific characteristics, given that
banks in country ¢ do not relocate across borders in our sample. This approach
helps mitigate omitted variable bias stemming from shared factors—such as so-

cial norms, cultural traditions, or religious beliefs—that could jointly influence
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population aging and banks’ financial soundness. For example, in certain Islamic
contexts, religious and ethical values that prohibit interest-based lending and
promote larger family structures may simultaneously affect banks’ profitability
and its population aging trend. Because these characteristics tend to remain sta-
ble over time, they could be effectively captured by controlling for the bank fixed

effects.

IV. Results

1. Main analysis

Table 2 presents within-group estimation results of Eq.(IT1.1). Tt indicates
that population aging can undermine bank soundness—by lowering capital ade-
quacy and increasing default risk—and thereby adversely affect financial stabil-
ity. Tabe 2 shows that a 1 percentage-point increase in the old-age dependency
ratio reduces banks’ capital adequacy by 0.64 percentage points (Column (1))
and also decreases their Z-Score by 1.98% (Column (4)). These findings are in
line with previous studies, Doerr et al. (2024) and Imam and Schmieder (2024),
who suggest that an aging demographic structure poses a threat to financial sta-
bility.*) In other words, as the proportion of older adults in a country increases,
banks may find it more difficult to build sufficient capital buffers against poten-
tial losses, while a growing share of risky assets may also deteriorate overall asset
quality. It is unlikely that a single bank’s business index would exert a reverse
effect on the population aging trend in any given country. One possible mecha-
nism is that deteriorating business conditions at banks lead to a reduction in the
supply of financial services. This, in turn, may undermine the financial standing

of economic agents, thereby discouraging them from having children. To address

4) However, Imam and Schmieder (2024) interpret the decline in Z-Score associated with aging
as a reduction in default risk, which appears to be a misinterpretation. As noted above, a
lower Z-Score signifies a higher risk of default.
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this potential reverse causality and mitigate endogeneity concerns, we adopt an
instrumental variable approach using the old-age dependency ratio from 20 years
earlier (Columns (2) and (5)).”) As presented, the results are sustained and these
are also robust when employing the proportion of the population aged 65 and
older (Column (3) and (6)).

The estimated coefficient of —0.64 is admittedly sizable relative to the aver-
age capital-adequacy ratio of banks—for instance, South Korean banks currently
report a ratio of 15.85 percent. Nevertheless, the results send a clear message:
countries experiencing rapid population aging may struggle to meet regulatory
capital requirements. All three estimation results in Columns (1)—(3) are consis-
tent, indicating possible downward pressure on capital ratios due to population
aging. Turning to the Z-score, a projected 1.98 percent decline attributable to
aging should not be overlooked. For comparison, Chiaramonte et al. (2015) doc-
ument that European banks’ Z-scores were roughly 9 percent lower than normal
during the financial crisis. One caveat remains: because these estimates reflect
average tendencies across OECD countries, applying them directly to a single

country or region may entail important limitations.

2. Inspecting mechanism

To examine more closely the transmission channels through which population
aging negatively affects financial stability, we conduct additional analyses. First,
we replace the dependent variables in the previously introduced fixed-effects
model with interest income and non-interest income (both divided by total bank
assets).ﬁ) Through this approach, we investigate whether population aging has

adversely impacted banks’ proﬁtability.7) Next, to determine whether banks re-

5) Following Doerr et al. (2024), this approach assumes that the old-age dependency ratio from
20 years prior, treated as a predetermined variable, is exogenous to contemporaneous con-
founding factors. However, this resulted in a reduced number of observations because data
on the old-age dependency ratio from 20 years ago were unavailable for certain countries.

6) Non-interest income includes fees and commissions, gains from securities and derivatives
transactions, miscellaneous trading gains and valuation adjustments, insurance-related in-
come, real estate-related income, and other operating profits.

7) However, using interest income as the dependent variable can introduce bias in within-
group estimation, owing to the presence of lagged dependent variables among the regressors
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Table 2. Effects of population aging on bank stability

Dependent variables Capital adequacy ratio Z-Score (in log)

(1) (2) 3) (4) (5) (6)
FE-OLS FEIV FEOLS FE-OLS FE-IV FE-OLS

Old-age dep. ratio (%) -0.64*** _0.36%** -1.98%** ] 3pHAk
(0.04)  (0.06) (0.17)  (0.25)
Prop. of +65 (%) -1.23%%* -4.95%H*
(0.09) (0.35)
Total assets (in log) S2.4TRRE L 3R¥HK D 33FKK 1. 73FK* _10.53*FF -10.37F**
(0.32) (0.25) (0.32) (0.85) (0.64) (0.85)
Net int. inc. to Assets (%) 0.08 0.06 0.12 6.147%F*  6.09%*F*  6.36%**
(0.19)  (0.15)  (0.20)  (0.41)  (0.33)  (0.41)
Liquid assets to IBLs (%)  0.04%**  0.04***  0.04%** 0.02 0.02 0.03
(0.01)  (0.01)  (0.01)  (0.02)  (0.01)  (0.02)
Deposits to Assets (%) -0.07*FF _0.06%FF  -0.06%**  -0.96%**  -0.94%FFF  _0.96%**
(0.01) (0.01) (0.01) (0.06) (0.04) (0.06)
GDP growth rate (%) 0.21%%%  0.22%%%  (23F%% (78K (8IFKF (82X
(0.03)  (0.03)  (0.03)  (0.08)  (0.08)  (0.08)
Inflation rate (CPI, %) 0.03 0.04** 0.04 0.18 0.21%* 0.19
(0.03)  (0.02)  (0.03)  (0.13)  (0.10)  (0.14)
Bank Fixed Effects Yes Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes Yes
N. of observations 50,354 50,119 50,354 50,354 50,119 50,354
N. of banks 7,148 6,913 7,148 7,148 6,913 7,148
Adj. R-squared 0.05 - 0.04 0.23 - 0.24

Notes: Fixed-effect estimations of Eq. (III.1). Columns (1)-(3) examine the effects of popula-
tion aging on banks’ capital adequacy ratio. Columns (4)-(6) examine the effects of population
aging on bank’s Z-Score. ‘IBL’ refers to the interest-bearing liabilities including bank deposits.
Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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sponded to declining profitability by loosening lending standards or otherwise
increasing risk-taking, we estimate the aforementioned fixed-effects model using
the ratio of loans to equity as the dependent variable. Since risk-prone banks
may expand loans excessively relative to their equity base (Kim and Yun, 2009),
such indiscriminate lending could imply that potential losses on distressed loans
may be difficult to absorb using existing capital. In this step, we include in-
teraction terms between the shares of interest and non-interest income in total
assets and the aging indicators, to test whether low profitability amplifies the
risk-taking incentives triggered by aging. Furthermore, we investigate whether
heightened risk-taking manifests as a faster increase in risk-weighted assets rel-
ative to total assets. To do so, we use the ‘Risk-weighted asset and total asset
growth gap (RWA-Asset growth gap)’, the difference between the log-change of
risk-weighted assets and the log-change of total assets, as the dependent variable

in an additional estimation.

Declines in banks’ profitability The analyses confirm that the negative
transmission channels affecting financial stability, as previously discussed, are
operating quite distinctly. Table 3 indicates that as population aging intensifies
(i.e., a one-percentage-point rise in the old-age dependency ratio), a bank’s in-
terest income relative to total assets declines by 0.05 percentage points. Factors
such as declining real interest rates, narrowing interest margins, and reduced
demand for additional lending stemming from slower economic growth appear to
have negatively affected banks’ profitability. On the other hand, the estimated
negative effect of aging on non-interest income is not statistically significant. Al-
though population aging may broadly dampen financial transactions and thereby
curtail intermediation fees, this potential adverse effect seems to be offset by in-
creased demand for financial services, such as asset management, trust products,

and insurance, aimed at the elderly population.

(Nickell, 1981). Consequently, we adopt the System GMM technique proposed by Blundell
and Bond (1998) to mitigate Nickell bias, and for consistency, we apply the same method
to non-interest income.
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Table 3. Effects of population aging on banks’ profitability

Dependent variables Net interest income Net non-interest
to total assets income to total assets
(1) 2)
Old-age dependency ratio (%) -0.05*** -0.01
(0.01) (0.04)
Constant -0.53 -8.95
(2.99) (10.93)
Controls Yes Yes
Bank Fixed Effects Yes Yes
Year Fixed Effects Yes Yes
N. of observations 50,353 50,342
N. of banks 7,148 7,148
N. of Instruments 34 37
AR(1) p-value 0.00 0.08
AR(2) p-value 0.74 0.27
Hansen J p-value 0.60 0.54

Notes: System GMM estimation of Eq. (III.1). Estimated coefficients for other control vari-
ables are omitted for brevity. Robust standard errors in parentheses. *** p<0.01, ** p<0.05,
*

p<0.1.

Risk-taking increases as profitability reduced The connection between
reduced bank profitability and the easing of banks’ risk standards is demon-
strated in Table 4. Note that Columns (1) and (3) use the old-age dependency
ratio as the population aging index, whereas Columns (2) and (4) employ the
proportion of the population aged 65 and above. As population aging progresses,
banks tend to expand lending relative to the capital buffer available to absorb
potential losses. This risk-taking behavior appears to intensify (diminish) when
banks’ interest and non-interest income is lower (higher). Focusing on the results
in column (1), a 1 percentage-point increase in the aging index raises the ratio of
loans to equity by 0.1 percentage points, and this ratio rises by an additional 0.01
percentage points as bank profitability declines. Column (3) provides further evi-
dence that lower bank profitability due to population aging boosts risk-taking: as
aging advances, the growth rate of risk-weighted assets increases by 0.4 percent-

age points relative to total asset growth, and this effect amplifies by an additional
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0.05 percentage points as interest income falls.®) However, the interaction term
between non-interest income and the aging index is not statistically significant.
Taken together with the earlier finding that the relationship between aging and
non-interest income is statistically insignificant, these results suggest that the
decline in profitability—leading to the loosening of risk standards—is primarily

driven by a reduction in interest income.

Table 4. Effects of population aging on banks’ risk-taking

Dependent variable Loans-to-Equity RWA-Asset
growth gap
€9) (2) (3) 4)
Population aging index (%) 0.10%*** 0.29%** 0.40%*** 0.47*
(0.02) (0.04) (0.12) (0.26)
Population aging index (%) sk . sk sk
x Net int. income to total assets -0.01 -0.02 -0.05 -0.08
(0.00) (0.01) (0.02) (0.03)
Population aging index (%) sk .
x Net non-int. income to total assets -0.01 -0.02 0.01 0.02
(0.00) (0.00) (0.02) (0.03)
Controls Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes
N. of observations 50,342 50,342 39,183 39,183
N. of banks 7,148 7,148 6,562 6,562
Adj. R-squared 0.24 0.25 0.23 0.23

Notes: Fixed-effect estimations of Eq.III1.1. ‘RWA’ refers to the ‘risk-weighted assets’. Columns
(1) and (3) use the old-age dependency ratio and Columns (2) and (4) use the proportion of
population aged 65 and above as the population aging index, respectively. Estimated coeffi-
cients for other control variables are omitted for brevity. Robust standard errors in parenthe-
ses. ¥** p<0.01, ** p<0.05, * p<0.1.

3. Further analysis - Heterogeneous effects

We now investigate whether the impact of population aging on bank sound-
ness varies according to bank characteristics, particularly bank size. This ap-
proach accords with the predictions of Imam and Schmieder (2024), who argue

that smaller banks are more susceptible to the adverse effects of population ag-

8) As shown in Table 4, this approach reduces the number of observations by 10,000 because
risk-weighted asset data are not reported for some banks in BankFocus.
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ing because they depend more heavily on specific loan assets and face greater
obstacles in diversifying their revenue base. Indeed, a binscatter analysis (Figure
2) reveals a negative relationship between the proxy for bank size (total assets)
and two variables: the share of mortgage loans in a bank’s total lending portfolio
and its revenue concentration.”) In other words, smaller banks tend to rely heav-
ily on a single income source (mainly interest income), often tied to mortgage
lending. As discussed in Section II, population aging is likely to depress long-
term interest rates, the benchmark for mortgage lending, which typically entails
longer maturities than other forms of credit. This compression of long-term rates
narrows net interest margins and thereby undermines the profitability of institu-
tions with substantial mortgage exposures. Moreover, if an asset-price downturn
materializes, declining collateral values would impair asset quality and heighten
the probability of borrower default. Consequently, banks whose business models
are centered on mortgage lending are poised to experience disproportionately

greater adverse effects.

9) Revenue concentration is calculated by dividing total bank income into interest income

(denoted I) and non-interest income (denoted N). We then derive the respective shares,
Si= ﬁ and S, =1-S;, and square each, and sum the results. Hence, if a bank’s total revenue

comes solely from either interest income or non-interest income, its revenue concentration is
1. If interest and non-interest income shares are equal, the value is 0.5. This method aligns
with the Herfindahl-Hirschman Index.
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Figure 2. Banks’ size, mortgage share and earning concentration
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To capture the heterogeneous effects of population aging on bank stability, we
incorporate interaction terms between the aging indicators and the log of banks’
total assets into Eq. I11.1, and subsequently estimate the relevant coefficients. Ta-
ble 5 reports the estimation results. The findings demonstrate that the negative
effects of population aging on banks’ capital adequacy and Z-Score intensify (di-
minish) as total assets decrease (increase).lo) Focusing on the interaction terms
between banks’ total assets and the old-age dependency ratio, Column (1) shows
that the negative impact of population aging on banks’ capital adequacy ratios
intensifies by an additional 0.02 percentage points. The effect on Z-Score is even
more pronounced, as smaller banks experience a further 0.17% decline in their
Z-Scores as aging progresses (Column (2)). In addition, we examine whether
smaller banks are exposed to heightened credit risk—measured by the ratio of
impaired loans to total loans—under increasing old-age dependency. The results
in Column (3) indicate that population aging raises the impaired loan ratio by
0.52 percentage points, and this effect becomes more severe for smaller banks,

increasing it by 0.04%p. This suggests that smaller banks are more directly ex-

10) The results using the proportion of the population aged 65 and older are presented in Table
A.1 in the Appendix.
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posed to asset price downturns through their reliance on mortgage lending and
have a weaker ability to mitigate aging-related risks by diversifying their revenue

sources—such as through non-interest income.

Table 5. Heterogenous effects of population aging on bank stability

Dependent variables Capital Z-Score Impaired loans
adequacy ratio (in log) to total loans
(1) (2 3)
Old-age dependency ratio (%) -1.00%** -4.62%%* 0.52%**
(0.14) (0.57) (0.07)

Old-age dependency ratio (%)

x Total asset (in log) 0.02** 0.7 -0.04%
(0.01) (0.04) (0.00)
Controls Yes Yes Yes
Bank Fixed Effects Yes Yes Yes
Year Fixed Effects Yes Yes Yes
N. of observations 50,354 50,354 50,354
N. of banks 7,148 7,148 7,148
Adj. R-squared 0.06 0.24 0.19

Notes: Fixed-effect estimations of Eq.III.1. Estimated coefficients for other control variables
are omitted for brevity. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

As noted earlier, population aging can inflict more pronounced adverse effects
on banks whose business models are concentrated in property-backed mortgage
lending through two principal channels: (i) yield-curve flattening, a decline in
long-term interest rates, and (ii) fluctuations in collateral-asset prices. Now we
examine whether reliance on mortgage lending amplifies the adverse effects of
population aging on bank stability. To this end, we include interaction terms
between aging indicators and the share of each loan type—mortgages, con-
sumer loans, and corporate loans—in Equation III.1. Table 6 shows that a 10
percentage-point increase in the mortgage share of total loans reduces the capi-
tal adequacy ratio by 0.04 percentage points and the Z-Score by 0.14%, respec-
tively.'!) By contrast, increases in the share of consumer or corporate loans do
not exhibit negative effects. Overall, these results reveal heterogeneous effects of

population aging on bank stability, indicating that (i) smaller banks are more

11) The results using the proportion of the population aged 65 and older are presented in Table
A.2 in the Appendix.
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susceptible, and (ii) banks heavily reliant on mortgage lending are particularly

vulnerable to the adverse impact of aging.

Table 6. Effects of population aging on bank stability: Role of mortgage

Dependent variable Capital adequacy Z-Score (in log)
ratio
1 (2
Old-age dependency ratio (%) -0.60%*** -1.86%**
(0.04) (0.17)
Old-age dependency ratio (%)
x Mortgage share of total loans -0.04%*** -0.14%%*
(0.01) (0.02)
Old-age dependency ratio (%)
x Consumer loan share of total loans 0.01 -0.02
(0.01) (0.02)
Old-age dependency ratio (%)
x Corporate loan share of total loans 0.00 -0.03
(0.01) (0.03)
Controls Yes Yes
Bank Fixed Effects Yes Yes
Year Fixed Effects Yes Yes
N. of observations 50,354 50,354
N. of banks 7,148 7,148
Adj. R-squared 0.06 0.24

Notes: Fixed-effect estimations of Eq.III.1. Estimated coefficients for other control variables
are omitted for brevity. All loan-share variables are multiplied by 10; coefficients therefore
represent the effect of a 10 percentage-point increases. Robust standard errors in parentheses.
*H* p<0.01, ** p<0.05, * p<0.1.

4. Robustness checks

We verify the robustness of our main results in Table 2. Before discussing
the motivation behind each robustness check, note that Columns (1) and (3) of
Table 7 present estimation results using the old-age dependency ratio, whereas
Columns (2) and (4) provide those employing the proportion of the population

aged 65 and over.

Exclusion of banks located in the United States Since more than half of
the banks in our sample are based in the United States, a concern arises that the

results could be disproportionately driven by observations from a single country,
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thereby limiting their external validity. To address this issue, we re-estimated
our model after excluding all U.S. banks. Although the coefficient magnitudes
are slightly smaller, Panel (a) of Table 7 confirms that the main findings remain

intact. 12

Lagged dependent variable as a control variable and GMM estimation
One of the key predictors of a bank’s capital adequacy ratio and Z-Score is its
prior-year value. Intuitively, a bank’s stable business indicators in the current
year may stem from last year’s efforts to bolster its soundness. To account for
this possibility, we include the lagged dependent variable in Equation III.1 as an
additional regressor and employ the System GMM approach to address potential
endogeneity caused by the lagged dependent variable. As shown in Panel (b) of

Table 7, our main results remain robust under this specification.

Lagged population aging index as the explanatory variable Our pri-
mary analysis used the population aging index at time t. However, as previously
discussed, there may be endogeneity concerns, including potential reverse causal-
ity. To mitigate these issues, we replace the contemporaneous aging index with
its one-year lag, r— 1, and re-estimate the main equation. Panel (c¢) of Table 7
shows that the results are nearly identical to those in Table 2, reinforcing the

robustness of our primary findings.

Alternative measure of banks’ Z-Score Lepetit and Strobel (2013) demon-
strate that substituting the current return on assets with its mean over the entire
sample period yields smaller forecast errors, measured by the average root mean
squared error (RMSE). Using data on G20 banks from 1992 to 2009, they show
that this alternative Z-Score measure can be most appropriate in this context

because it not only generates the lowest RMSE but also employs the full sam-

12) For brevity, we do not report results using the instrumental variable based on the 20-year
lagged population aging index under this robustness check. The outcomes remain robust
even after excluding all U.S. observations, and these additional findings are available upon
request.
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ple of annual data. Building on this approach, we adopt the same method for
computing the Z-Score, using the mean of return on assets instead of its cur-
rent value. Panel (d) of Table 7 confirms that constructing the Z-Score in this

way produces results consistent with our main analysis, thereby reinforcing its

robustness.
Table 7. Robustness checks
Dependent variables Capital adequacy ratio Z-Score (in log)
1) (2) 3) (4)

(a) Exclusion of banks located in the United States
Population aging index -0.56%** -1.07*** -1.68%** -3.98%**

(0.05) (0.10) (0.18) (0.39)
Observations 21,693 21,693 21,693 21,693
N. of banks 2,884 2,884 2,884 2,884
Adj. R-squared 0.05 0.05 0.23 0.23
(b) Lagged dependent variable as a control variable and GMM estimation
Population aging index -0.23%* -0.30%* -1.28%%%* -3.40%**

(0.10) (0.16) (0.42) (0.96)
Observations 45,427 45,427 50,343 50,343
N. of banks 7,099 7,099 7,148 7,148
N. of instruments 36 36 36 36
AR(1) p-value 0.01 0.00 0.00 0.01
AR(2) p-value 0.16 0.20 0.68 0.77
Hansen J p-value 0.60 0.59 0.41 0.32
(c) Lagged population aging index as the explanatory variable
Population aging index -0.59%%* -1.22%%% -1.91%%* -4.82%%*

(0.04) (0.08) (0.15) (0.32)
Observations 50,354 50,354 50,354 50,354
N. of banks 7,148 7,148 7,148 7,148
Adj. R-squared 0.05 0.04 0.24 0.24
(d) Alternative measures of banks’ Z-Score
Population aging index - - -2.05%*** -5.05%%*

- - (0.16) (0.32)

Observations - - 50,354 50,354
N. of banks - - 7,148 7,148
Adj. R-squared - - 0.28 0.28
Controls Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes

Notes: Fixed-effect estimations of variants of Eq.III.1. Columns (1) and (3) use the old-age
dependency ratio and Columns (2) and (4) use the proportion of population aged 65 and above
as the population aging index, respectively. Estimated coefficients for other control variables
are omitted for brevity. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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5. Policy implications

From the above discussion, several policy implications emerge. First, regula-
tory authorities should rigorously manage the risks associated with population
aging. In this regard, it is essential to incorporate aging-related risk factors into
various stress tests. In addition, they should craft tailored guidance for insti-
tutions that are particularly exposed to the adverse effects of population aging
—small banks and those specializing in mortgage lending. For example, it may be
advisable to apply differentiated capital requirements to such institutions or to
offer incentives that promote revenue diversification. Second, policymakers could
encourage co-operative agreements and strategic alliances among smaller finan-
cial institutions so they can leverage economies of scale to better cope with the
challenges posed by an aging population. Third, steps must be taken to prevent
abrupt fire sales in asset markets. In property-centric economies such as Korea,
instruments such as reverse mortgages could be utilized to mitigate the sudden
liquidation of assets by older individuals seeking liquidity. Also, complementary
housing policies that facilitate a soft landing in the real estate sector, and thereby
mitigate the excessive concentration of credit in property markets, should like-
wise be taken into consideration. Fourth, structural reforms that bolster potential
growth must be accompanied, notably productivity-enhancing measures. This is
because financial stability is inseparably tied to the real-sector’s resilience, man-
ifested in borrowers’ repayment capacity and a steady demand for new credit.
Finally, from a more fundamental standpoint, the single most important prior-
ity is to proactively implement every feasible policy to sustain adequate fertility

rates, thereby addressing the broader socioeconomic dimensions of aging.

V. Concluding remarks

Population aging is a global phenomenon whose macroeconomic consequences
are far from negligible. Although numerous studies address various dimensions
of this topic, its implications for financial stability have been surprisingly under-

studied, resulting in significant gaps in the literature. By bridging these gaps,
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this paper contributes to existing research through a more comprehensive ap-
proach, employing an extensive bank-level panel dataset to analyze the impact
of population aging on two key indicators of bank soundness—namely, the cap-
ital adequacy ratio and the Z-Score—while paying close attention to heteroge-
neous effects. The findings indicate that aging has a markedly negative influence
on financial stability, eroding banks’ capital bases and elevating their probabil-
ity of insolvency. Moreover, smaller banks and those heavily invested in mort-
gage lending are particularly susceptible to these risks. This study thus lays the
groundwork for further investigations into population aging’s effects on financial
infrastructure and financial markets, the other two pillars of financial stability,

areas that we leave to future research.
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Appendix

Table A.1. Heterogenous effects of population aging on bank stability

Impaired loans

Dependent variables Capital ) Z-Score (in log) to total loans
adequacy ratio
(1) (2) 3)
Prop. of +65 (%) -1.32%%* -8.61%%* 1.09%**
(0.29) (1.44) (0.17)
Prop. of 65+ (%)
x Total asset (in log) 0.01 0.24%** -0.07%**
(0.02) (0.07) (0.01)
Controls Yes Yes Yes
Bank Fixed Effects Yes Yes Yes
Year Fixed Effects Yes Yes Yes
N. of observations 50,354 50,354 50,354
N. of banks 7,148 7,148 7,148
Adj. R-squared 0.04 0.24 0.19

Notes: Fixed-effect estimations of Eq.III.1. Estimated coefficients for other control variables
are omitted for brevity. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table A.2. Effects of population aging on bank stability: Role of mortgage

Dependent variable Capital adequacy ratio Z-Score (in log)
1) (2)
Prop. of 654+ (%) -1.07*** -4.45%**
(0.09) (0.36)
Prop. of 65+ (%)
x Mortgage share -0.05*** -0.19%**
(0.01) (0.03)
Prop. of 65+ (%)
x Consumer loan share 0.02 -0.02
(0.02) (0.04)
Prop. of 65+ (%)
x Corporate loan share 0.01 -0.04
(0.02) (0.06)
Controls Yes Yes
Bank Fixed Effects Yes Yes
Year Fixed Effects Yes Yes
N. of observations 50,354 50,354
N. of banks 7,148 7,148
Adj. R-squared 0.05 0.24

Notes: Fixed-effect estimations of Eq.III.1. Estimated coefficients for other control variables

are omitted for brevity. All loan-share variables are multiplied by 10; coefficients therefore
represent the effect of a 10 percentage-point increases. Robust standard errors in parentheses.
5% p<0.01, ** p<0.05, * p<0.1.
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