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The academic discourse on stress in the global economy and financial markets has ignited discussions regarding regulatory
oversight of pension fund management and investment strategies. This study investigates how pension funds (PF) respond
to short-term and long-term risks, as well as their recovery periods following market shocks. To address these inquiries, we
classify financial market stress, considering both short-term and long-term risks. Utilizing the change point detection
technique and Bayesian average (Zhao et al., 2019), we analyse shifts in the dynamics of PF values managed by SEB and
Swedbank from 2004 to 2023. The research explores not only timings and the number of change points but also their
likelihood over time. Drawdowns, recovery rates, and timing ratios are particularly insightful for assessing PF performance
during crises and market disturbances. These findings contribute to the understanding of PF behaviour in various market
conditions and underscore the significance of adaptive investment strategies in navigating financial uncertainties.
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Introduction

Pension funds (PFs), in their capacity as institutional
investors, oversee financial assets held for future retirement,
thereby assuming a pivotal role in future income assurance
(Autenne et al. 2021; Kopa et al. 2022). Given the long-term
of their liabilities, PFs must ensure a long-term horizon for
their investments in infrastructure and other assets (Bank of
England, 2014). With rapidly growing assets under
management, PFs have the potential to either stabilise or
amplify swings in financial markets and wider economy
(Duijm & Bisschop, 2015). An increase of assets managed
by PFs calls for a better understanding of their investment
strategies and performance (Gonzélez et al. 2020). Given
the vital role private pension systems play in financial
markets, the effective regulation and supervision of pension
funds is paramount. Regulating and supervising pension
funds is complicated due to the necessity of guaranteeing
their stability and sustainability over a prolonged timeframe.
There is a growing emphasis within pension regulations on
governance and risk management matters, designed to
pinpoint potential critical risks faced by individual pension
funds, evaluate the efficacy of risk management strategies
employed by these funds, and gauge their financial
resilience against diverse macroeconomic shocks (OECD,
2011). Shocks in world economy like the global financial
crisis in 2008, European debt crisis in 2010, Covid-19
pandemic, stock market crash in 2020, Russo-Ukrainian war
in 2022, sparks scientific debates and questions about how
and to what extent regulators and supervisors should

influence pension fund management and their investment
strategies. These discussions aim to ascertain how
regulators and supervisors can influence pension fund
activities and ensure profitability and stability over both
short and long terms. Most recent regulatory shift is targeted
at a more effective PF control, which would allow for
identifying uncertainties, focusing on the most problematic
areas, analysing the environment, timely detection and
assessment of warning signals (Angulo et al., 2018;
Lakstutiene et al., 2024). According to Duijm and Bisschop
(2015), theoretical studies show that during financial stress,
pension funds should act as shock absorbers as their long-
term investment horizon should allow them to endure short-
term price movements, but in practice PFs may act
differently. There is not enough research to provide a
definitive answer how pension funds respond to various
market shocks and how quickly pension fund performance
recovers. Following the global financial crisis, most OECD
countries embarked on pension system reforms between
2009 and 2013. These reforms allowed the participants an
opportunity to select their preferred investment strategies.
However, changes in both pension systems and regulatory
incentives exhibit variability across different countries.
(Kastelein & Romp, 2020). Since the establishment of
thethree pillar Lithuanian pension system in 2004, frequent
reforms have created distrust amongst its participants. With
participation in the second pillar being quasi-mandatory,
over 90 % of the eligible labour force opted to join the
pension scheme. By 2019, pension accumulation companies
began providing pension funds with varying risk levels,
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determined by the proportion of investments allocated to
stocks, ranging from 0 % (conservative) to 100 % (risky)
(Bank of Lithuania, 2018). Research conducted in
Lithuania (Lieksnis, 2010; Strumskis & Balkevicius, 2016;
Medaiskis & Gudaitis, 2017; Medaiskis et al., 2018;
Kabasinskas et al., 2020) has indicated that a significant
portion of pension fund participants made suboptimal
choices regarding their pension fund selection based on
investment strategy and risk fundamentals. In response to
the identified concerns and with the objective of
safeguarding the interests of pension fund participants and
their investments, regulatory measures mandated that all
pension funds transition to life cycle pension funds starting
from 2019 (Bank of Lithuania, 2018). External shocks
encourage scientific discussions about the suitable role of
regulators and supervisors in influencing pension fund
investment strategies and performance results. Therefore,
the equilibrium between regulatory intervention and
granting professional pension fund managers the authority
to make short-term decisions is a crucial consideration.
Evaluating the performance and profitability of pension
funds influenced by both short-term and long-term risks
becomes imperative.

Exploring how PFs, specifically life-cycle funds,
respond to both short-term and long-term risks, as well as
their recovery times following market shocks, motivates
significant considerations. By evaluating the response of
pension funds to various market stresses, it was found
(Lakstutiene et al., 2024) that pension funds generally react
in advance to already identified market events, however, it
becomes challenging to determine their behaviour when
multiple market stresses occur simultaneously. For that
reason, research should focus on specific events during
periods of market stress. Moreover, participants'
expectations regarding life-cycle funds' outcomes are of
paramount importance. Therefore, our article aims to
address these questions by initially categorizing financial
market stress, which includes both short-term and long-term
risks. Employing the change point detection technique and
by utilizing the Bayesian average (Zhao et al., 2019), we
seek to ascertain the shifts in the dynamics of PF values
managed by SEB and Swedbank during the period from
2004 to 2023. The study encompasses not only the timings
and number of change points but, more importantly, their
likelihood over any given time. To assess pension fund
performance during market stress, there were chosen
indicators that, while interrelated, measure different aspects
of pension fund behaviour, drawing on those used by other
researchers. Subsequently, we evaluate performance ratios
and analyse various measures such as Mean return, Average
Recovery, Appraisal ratio, Expected Shortfall, Information
Ratio, Timing Ratio, Total (market) risk, and Upside
Potential. Each of these measures are different aspects of
pension funds performance. Assessing the performance of
PFs during a crisis provides crucial insights into their
capacity for risk management, flexibility, and overall
competence in generating returns amidst challenging market
conditions. Drawdowns, recovery, and timing ratios are
particularly valuable for evaluating PF performance during
times of crises and market disturbances.

The following sections are covered in the paper:
literature review, research methodology, results and finding,
conclusions and discussion of the key points.

Literature Review

PF risks encompass factors such as longevity, domestic
economic performance, and wage growth. PFs seek
investment returns to mitigate the risk posed by these factors
on contribution rates and benefits paid (Basak & Schapiro,
2001; Menni et al., 2018; Hue et al., 2019). The PF
investment horizon can span 5, 10, 20 years, or even longer,
encompassing the entire economic cycle (Liu et al., 2021).
Changes in the economic cycle significantly influence the
investment returns and performance of pension funds, as
numerous market shocks occur over extended periods. The
characteristics of long-term returns hold particular
importance for investors seeking distant rewards. However,
it is essential to note, as highlighted by Fama et al. (2017),
that there are fewer observations and less knowledge
available regarding the distribution of long-term returns.
Evaluating fund performance requires the consideration of
return horizons, as a fund's relative performance can vary
significantly over different time spans, thereby influencing
investor decision-making (Bessembinder et al., 2022).
Given the medium-term and long-term nature of pension
investments and their sensitivity to economic cycles, it
becomes essential to align investment strategies with
prevailing economic trends and manage risks effectively in
PFs. To achieve this, employing suitable indicators for long-
term risk and performance is crucial (Liu et al., 2021;
Mantilla-Garcia et al., 2024). As emphasized by Hue et al.
(2019), global and local economic, structural, regulatory,
political, and social changes can swiftly reshape the risk
environment, often leading to medium to long-term
consequences. The significance of investment horizons is
further emphasized by the evidence highlighting the
importance of both short-term and long-term PF strategies
(Lan et al.,, 2015). However, PF managers commonly
encounter challenges in adapting their portfolios to market
conditions (Badea et al., 2019). Research reveals a number
of issues and problems related to PF performance and
returns, which are driven by changes in financial markets,
PF investment strategies and institutional factors. The PFs
must ensure their portfolio stability against poor financial
market performance to ensure compliance with current
regulatory constraints and maintain sufficient wealth to
meet future regulatory requirements (Kabasinskas et al.,
2020). To achieve this, PFs must hold more risk-free assets
and fewer risky assets, thus limiting their ability to benefit
from favour rable financial market performance (Shi &
Werker, 2012). It has been noted that there are growing
concerns about PFs adopting short-term investment
practices (Hue et al., 2019; Bank of England, 2014). This
trend includes reduced holdings due to a decreased risk
appetite, as well as pro-cyclical investment that exacerbates
market volatility. Together, these factors pose threats to the
stability of retirement incomes. This perspective is further
supported by van Bilsen et al. (2020), Mantilla-Garcia et al.
(2024), and Nijman and van Soest (2019), who argue that
pension and investment risks are not adequately managed
within Defined Contribution funds. The strategies employed
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by target date funds, which utilize short-term government
bonds instead of duration-matching long-term bond
portfolios, result in substantial levels of retirement income
risk. This situation leaves pension benefits highly uncertain
even toward the end of the accumulation period (Mantilla-
Garcia et al., 2024). Shi and Werker (2012) explored the
economic outcomes arising from a mismatch in planning
horizons between institutional investors committed to long-
term investment strategies and regulators enforcing short-
term prudential standards and practices repeatedly. As noted
by Shi and Werker (2012), the misalignment of horizons is
prevalent in many developed financial markets and
significantly affects pension funds. According to Pastor and
Stambaugh (2012), uncertainty regarding anticipated
monthly returns can greatly influence the uncertainty
surrounding long-term payoffs. Similarly, Fama et al.
(2017) suggest that imprecision in estimating expected
returns has a substantial impact on the dispersion of possible
payoffs from a 20-year investment. Furthermore, the
investors can enhance their assessments of distributions of
distant payoffs by incorporating uncertainty about expected
returns into simulations. Bessembinder et al. (2022)
emphasized that investors should not solely focus on short-
term arithmetic returns but instead consider compound
returns over relevant periods. Their research revealed a
decline in the percentage of funds outperforming market
benchmarks as the return horizon extends. Lun et al. (2015)
revealed that both the overall holdings and transactions of
long-horizon funds provide valuable insights into future
long-term stock performance. Stocks predominantly held by
long-term funds outperform those favoured by short-term
funds by approximately 3% annually over the subsequent
five years. Similar results were obtained by Hue et al.
(2019), indicating that with an increasing time horizon, the
long-term trend tends to reach a point beyond which the
effects of short-term trading noise become far less relevant.

PFs have a more complex objective function than
regular investment funds as they are not only tasked with
maximizing returns given a certain risk profile but also must
account for the term structure of future payouts (Gonzalez
et al., 2020). Martellini et al. (2020) and Hue et al. (2019)
examined PF strategies to ensure retirees have sufficient
income in retirement while also aiming for potential growth.
Martellini et al. (2020) noted the dilemma faced by
individuals preparing for retirement: they can opt for
security but sacrifice flexibility with annuities, or they can
choose flexibility but compromise security with investment
products like balanced funds or target date funds. This
dilemma is further highlighted by Mantilla-Garcia et al.
(2024) and Hue et al. (2019), who asserted that current
Defined Contribution pension plans often rely on short-term
metrics that do not align with the retirement income goals
of beneficiaries. Conventional accrual regulations in pay-as-
you-go Defined Benefit systems often result in a weak
connection between pledged retirement benefits and
contributed funds. As a consequence, this leads to liabilities
that typically cannot be definitively financed (Mantilla-
Garcia et al., 2024). The discrepancy between the
timeframes of Defined Contribution funds' bond holdings
and the timelines of pension cash flows is termed the
"duration puzzle in life-cycle investment" (van Bilsen et al.,
2020; Mantilla-Garcia et al., 2024), which holds particular

significance for life-cycle funds. Investing in bonds near
retirement within life-cycle funds, especially during stock
market downturns, carries the additional risk of
underinvestment, as demonstrated by Hue et al. (2019).
Following the June 2016 Brexit referendum, equity yields
began to decrease, leading to correspondingly higher capital
values of perceived liabilities. However, actual investment
returns failed to keep pace, resulting in significantly higher
assessed shortfalls. Consequently, investors became even
less willing to continue the pension scheme (Hue et al.,
2019; Breinlich et al., 2018).

To react to changing market conditions, manage
investment risks, optimize asset allocation, or evaluate the
performance of investment strategy, the change point
detection technique could be leveraged. Typically, this
approach divides a time series into segments, by identifying
sudden shifts in the underlying parameters that generate
sequential data (Gupta et al., 2024). Such task is often
formalized as a mathematical model that includes
optimization problem of some multivariate cost function or
criteria (Xiao et al., 2019). More advanced methods
combine many competing models, which is known as
ensemble modeling. Within this class of models, Bayesian
paradigm has advantage to embrace all potential models,
estimate their likelihood of being true, and combine them
into one model (Zhao et al., 2019). For financial application,
Habibi (2021) demonstrated how the change point detection
based on Bayesian setting performs under various scenarios
of different time series by demonstrating its flexibility to
adapt to different dynamics. Yimli et al. (2015) employed
Bayesian Inference techniques and Sequential Monte Carlo
(SMC) approach to estimate the unknown number of
changepoints in GARCH and EGARCH volatility models.
Long-term dynamic asset allocation problem is particularly
relevant for PF managers. For example, Chen et al. (2014)
examined the dynamic asset allocation problem under
conditions where investors encounter uncertainty regarding
the model's specification, incorporating learning approach
to construct strategies based on Bayesian paradigm.
Similarly, Kontosakos et al. (2024) used Bayesian
approach to estimate the impact of return predictability and
parameter uncertainty on long-term portfolio allocations. In
comparison, dynamical Bayesian factor graph was proposed
by the Wang et al (2015) to predict trend in the stock market.
To sum up, these examples suggest that Bayesian setting
was used in finance for various purpose, particularly, when
it is relevant to address uncertainty in various forms,
including model parameters and structures probabi-
listically. However, there isn't an extensive body of
literature specifically focused on the application of change
point detection in analyzing pension fund value dynamics,
including Bayesian model, but some related studies that
touch upon this topic indirectly have been published by
many authors.

Methodology

To detect change points in the dynamics of PF value,
Bayesian estimator of abrupt change, seasonal change, and
trend (BEAST) was employed (Zhao et al., 2019). This is a
comparatively new approach, which was proposed to tackle
the problem of conventional methods to focus on a single-
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best-model paradigm, by neglecting the probable useful
input of alternative models (e.g. Banner & Higgs, 2017;
Koop, 2017). More specifically, BEAST is based on
Bayesian approach, and therefore has a capacity to
encompass every potential model, to assesses the likelihood
of each model being accurate and combines numerous
models to create an averaged model (Steel, 2020; Check &
Piger, 2021; Zhao et al., 2013). So, it is a multi-model
approach, known as ensemble learning. The outcome of this
model includes not only the timings and number of change
points, but, more importantly, their likelihood over any
given time. Additionally, the intensity level of change,
whether high or low, is also estimated and expressed
mathematically as the slope or derivative of the trend signal
against the time.

Formally, a time series of historical observations y,, t =
1,..,n is additively decomposed into trend, seasonality,
and noise, i.e.

Ve = Te(O7) + 5:(0g) + &; 1)

where T.(07) is the trend component with abrupt
changes 0, S.(0y) is the seasonal component with abrupt
changes Og, and ¢, is the noise, which is a stochastic
variable distributed according to Gaussian distribution
N(0, o). In line with (Zhao et al., 2019), to simplify the
demonstration, the parameters ©, and O are arranged into
two groups, i.e. {01, 05} = {M, B }. Here, M defines the
model structure of number and timings of trend and seasonal
changepoints including the seasonality model, while Sy
refers to shapes of the trend and seasonality once the model
structure M is known. Therefore, the time series
decomposition given in Eq. 1 can be rewritten as:

Ve = X (O)Pu + & 2)

where: x,, refers to dependent variables, with associated
coefficients By,.

In the Bayesian setting, given historical time series y;,
the most important step is to determine the posterior
probability distribution p(By, a2, M | y,), which is formally
the product of a likelihood and a prior model, as given in
(Zhao et al., 2019). To estimate the posterior distribution, a
reverse-jump Markov Chain Monte Carlo (MCMC)
algorithm is used to generate random simulations for
posterior inference (Zhao et al., 2013). For a particular
model Mg, the generated chain encapsulates all the
necessary dynamics, including trends, seasonal fluctuations,
and abrupt changes. Combining the estimates of individual
models Mg, a final Bayesian model averaging (BMA)
estimate is obtained as

EW) ~ & 5% Xy (O By 3)

where: 9 denotes a statistical decomposition of historical
data based on Equation 1. N is a number of models. The
uncertainty measure is also determined in terms of variance
using the formula

var(s,) ~ == 2N, (emg, OBy, — EG)2 - (@)

Finally, from the sampled chains, the number of change
points in the trend or seasonal signals, as well as their
timings of change occurred for each sampled modeM ;) is
determined. To sum up, the outcome of this algorithm, is the
distribution of expected change points in the time-series
dynamics as well as the timings with their credibility. The
market stress were systematized by the authors are
presented in Table 1. Identifying marginal change points is
crucial to identify periods of overall shifts in the financial
market. To achieve this, we compare these change points
with dates of documented financial shocks and crises. Based
on our findings, we focus our further analysis on the
following periods.

Table 1
The Market Stress (Created by the Authors)
Period/date Notation Description
2007-2009 Global Financial Financial turmoil: August 2007 to September 2008 and Global financial crisis: September
Crisis 2008 to May 2010 (Montrimas et.al, 2023; Aparicio & Kim, 2023; Kok et al., 2022).
Euro area sovereign debt crisis: May 2010 to the second half of 2013. The low inflation
2010-2015 Euro zone Debt Crisis | phase: from August 2013 to January/February 2020 (Montrimas et.al, 2023; Kok et al.,
2022).
Emeraing market Portuguese financial crisis (2010-2014); Cypriot financial crisis (2012—-2013); Crisis in
2011-2016 Turm%il g Venezuela (2012-now); Russian financial crisis (2014);
Brazilian economic crisis (2014-2017) (Marsall, 2023; Serletis & Azad, 2020 ).
2015-2016 Chinese Stock market Chinese Stock market crash: 2015-06-12, the end 2016-01-19 (Maiello, 2019; AvaTrade,
Crash 2023; Salidjanova, 2016)
2016-06-23 Brexit Referendum 2016-06-23 ( Hue et al., 2019; Breinlich et al., 2018)
2020-2023 COVID-19 pandemic | COVID-19 starts 2020-01-30, the end 2023-05-11 (HHS, 2023)
2022-ongoing | Russo- Ukrainian war | Russo- Ukrainian war started 2022-02-24 (Russia invaded Ukraine, 2023).

Investors use a variety of tools to assess the risk and
return of investment vehicles. Therefore, the next step in our
work is to evaluate performance of LT pension funds during
market stress. In this paper is analysed: Mean return,

Average Recovery, Appraisal ratio, Expected Shortfall,
Information Ratio, Timing Ratio, Total (market) risk and
Upside Potential. All they measure different aspects of
market behaviour.
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The Average Recovery estimates the average length (in
periods) of the recovery period of the draw downs observed.
Moreover, the recovery time or drawdown duration, labelled
as Average Recovery, is determined as the average duration
taken for recovery after draw downs observed.

The Timing ratio may help assess whether the manager
is a good timer of asset allocation decisions (Hung & Jan,
2005). The ratio, which is calculated as:

ﬁ__’

is best when greater than one in a rising market and less
than one in a falling market. Here, p* is a regression for only
positive market returns, while B~ is a regression for only
negative market returns. The Timing Ratio uses the ratio of
those to help assess whether the manager has shown
evidence that of timing skill.

The Appraisal Ratio is computed by dividing Jensen’s
alpha by the specific/unsystematic risk (e.g., standard
deviation of the residual), also referred to as the standard
error of regression (Bacon, 2008). In this paper as measure
of unsystematic risk we use specific risk (standard
deviation) of asset. Alpha represents the excess return,
calculated as the portfolio's return minus the return implied
by the Capital Asset Pricing Model. The Appraisal Ratio
serves as the ratio of active management returns to the risks
associated with active management.

Timing ratio =

(5

Alpha
Unsystematic risk ’

Appraisal ratio =

(6)

where: Alpha — rate of return a selection of stocks,
Unsystematic risk- risk of the selection of stocks.

The Information ratio (IR) measures portfolio returns
surpassing those of a benchmark (like the S&P 500) and
relatives to the volatility of those returns. It serves as a
metric for assessing a portfolio manager's ability to generate
returns above a specified benchmark. The Information ratio
is calculated as (Arora, 2015):

. (Portfolio Return — Benchmark Return)

’

Tracking Error

where: Portfolio return- returns generated by the
fund; Tracking Error - standard deviation of excess returns;
Benchmark return - S&P 500 index.

Tracking error (TE) is one such tool used to evaluate the
alignment between an investment's return and the
benchmark, providing a measure of consistency over time
in comparison to the benchmark (Kopa et al., 2022).
Utilizing Tracking error allows for the assessment of the
disparity between the return variations of an investment
portfolio and those of a selected benchmark. In this paper as
a benchmark “S&P 500 index” was used and annualized TE
calculated.

The Upside potential ratio (UPR) assesses the return of
an investment asset in relation to the minimum acceptable
return. This ratio enables pension funds to select

investments with favourable upside performance relative to
downside risk on a per-unit basis. The Upside potential ratio
is calculated as (Coppitters & Contino, 2023):

_ Excess Return over MAR
" Standard Deviation of Returns below MAR

UPR (8

The Upside Potential Ratio is calculated by dividing the
excess return over a minimum acceptable return (MAR) by
the standard deviation of returns below the MAR. In this
paper MAR is set to 0, which is default value. All assets are
compared to each other using the same MAR.

Total (market) risk includes both Systematic risk and
Unsystematic risk and refers to the overall uncertainty
associated with investing in any given asset or portfolio
(Taylor, 2024):

Om = +/ O-szys + O-szpec: (9)

where: om - the total market risk, oss - the systematic
risk, and , aspec - the specific risk. Specific or unsystematic
risk is risk of the selection of stocks.

The Expected Shortfall (ES) used to quantify the risk of
a portfolio. This ratio measures the portfolio’s loss when it
exceeds the limit set by VaR (Taylor, 2022).

VaRr

1
Expected Shortfall =1—_Cf xp(x)dx, (10)

-1

Where: p(x)dx -the probability density of getting “x”
return; ¢ - the VaR cut-off point or breakpoint; VaR -the
evaluated Value at the prespecified Risk level. Value-at-
Risk (VaR) (Aleksander & Baptista, 2003) stands as an
industry benchmark for assessing extreme risk.

Data and Limitations

For our research, we focus on Lithuanian pension funds
managed by SEB and Swedbank that remained unchanged
from 2004 to 2023. These two managers oversaw pension
funds categorized by varying levels of risk, specifically
between 2004 and 2018, the fund managers by their
controlled funds by the underlying risk profile — from least
risky bond funds to high-risk equity funds. SEB managed
three funds: SEB1 (100 % bonds); SEB2 (50% equities,
50% bonds); SEB3 (100 % equities). Swedbank managed
four funds: SWED1 (100 % bonds); SWED2 (up to 70 %
bonds); SWED3 (up to 70 % equities); SWED4 (100 %
equities).

In 2019, the pension system underwent reforms,
transitioning to life cycle funds. Both SEB and Swedbank
managers now oversee eight pension funds each,
categorized by the same level of risk. These funds are
classified into four groups based on investment strategy,
with most second pillar pension funds being "mixed,"
investing in both high-risk (e.g., equities) and less risky
(e.g., government bonds) asset classes (Bank of Lithuania,
2023). Assets in these funds are managed based on the target
group participants' birth year, ranging from 1954 to 2002
(1954-1960; 1961-1967; 1968-1974; 1975-1981; 1982-
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1988; 1989-1995; 1996-2002). Different pension fund
strategies are presented in Figure 1.

1=

of Investmer

Share

" o} ) # S0 “
Participant's age

Figure 1. Strategy of Life-Cycle Pension Funds (PFs) Adopted
Since 2019

To conduct our study, we selected four life cycle
pension funds corresponding to the risk levels of pension
funds operational until 2018. Specifically, SEB3
corresponds to SEB 1996-2002; SEB2 corresponds to SEB
1968-1974; SEB1 corresponds to SEB 1961-1967; and
SEBL1 corresponds to SEB 1954-1960. Similarly, SWED4
corresponds to SWED 1996-2002; SWED3 corresponds to
SWED 1968-1974; SWED2 corresponds to SWED 1961-
1967; and SWEDL1 corresponds to SWED 1954-1960.

Results

To identify periods of significant shifts in the financial
market, we examine the marginal change points in pension
funds with varying risk profiles during the initial period of
2004-2018. Throughout this timeframe, the conservative
fund SEB 1, comprising solely of government bonds,
exhibited gradual growth from 0.3 to 0.38 percent.
Structural point changes (with a probability of change equal
to 1) were observed in October 2008 and August 2009,
coinciding with the European debt crisis and the Emerging
market turmoil. Notably, in May 2015, during these crises,
the estimated probability curve displayed numerous minor
peaks alongside a significant peak (probability of change =
0.7). The value of the SEB 1 fund primarily responded to
the global financial crisis and its aftermath. Conversely, the
reactions of the conservative fund SWED 1 were distinct,
with structural shocks identified in February 2015, June
2015, and notably after the Brexit referendum in November
2016 (see Figures 2-5). SWED 2, which included up to 30
percent equities, exhibited different reactions compared to
SWED 1. High-intensity shifts occurred during the Global
financial crisis in June 2006, October 2007, and October
2008. A probability of change point was identified in June
2013 during the European debt crisis and Emerging market
turmoil. When assessing riskier pension funds, similar
trends were observed for SEB 2 and SWED 3, as well as for
SEB 3 and SWED 4.

Structural point changes in the riskiest pension funds,
SWED4 and SEB3, were identified in October 2008, with a
recovery observed in May 2009 for SWED 4 and April 2009
for SEB 3. Until February 2011, there was a low likelihood
of abrupt changes in the price trend, but a rapid and
significant decrease was observed in August 2011, followed
by minimal disturbance until 2015. Change points were
identified in both SWED4 and SEB3 in February and
August 2015, and January 2016 during the Chinese stock
market crash. Pension funds SWED3 and SEB2, where
equities accounted for up to 70 percent, demonstrated
identical behaviour. Both funds experienced a sharp decline
in October 2008, a recovery in April 2009, and slight
declines in August 2011 and June 2013. Change points were
identified in both SWED3 and SEB2 in February and
August 2015, and January 2016 during the Chinese stock
market crash. Interestingly, equity funds did not react
significantly to the Brexit referendum, indicating a low
likelihood of abrupt changes in the price trend.

When evaluating the value of life cycle pension funds
during the period of 2019-2023, similar trends in value
change points were observed. Both SWED 54-60 and SEB
54-60 pension funds reacted to the Covid-19 pandemic only
in March 2020, with value disturbances persisting until
December 2021. Similarly, during the Russo-Ukrainian
war, both pension funds exhibited reactions in January
2022, October 2022, and October 2023, with high
probability change points identified. Analysing higher-risk
(96-02, 68-74, and 61-67) life cycle SEB and SWED
pension funds revealed similar value change trends. A sharp
decline was observed in March 2020 in all pension funds,
followed by a period of value recovery until January-
February 2022. Subsequently, there was a decline in value
until October 2022, with small peaks in the estimated
probability curve until the end of 2023, indicating a low
likelihood of abrupt changes in the price trend. Notably, the
probability of value recovery in May 2022 was determined
in both SWED 61-67 and SEB 61-67 pension funds, as well
as in the highest-risk SEB 96-02 pension fund.

In summary, both riskier and conservative pension
funds exhibited similar behaviours during the Covid-19
pandemic, Russo-Ukrainian war, and Brexit periods,
independent of fund managers. However, this similarity
does not extend to financial market stress during the Global
Financial Crisis, Euro zone Debt Crisis, Emerging market
Turmoil, and Chinese Stock Market Crash. Based on the
received analysis data, using the change point detection
technique and applying Bayesian averaging (Zhao et al.,
2019), periods of different market behaviour in 2007-2023
were determined (see Table 2).
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Figure 2. Change Points SEB Pension Funds During 2004-2018 (Created by the Authors)
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Table 2

Periods of Different Market Behaviour in Period 2007-2023 (Created by the Authors)

Period

Market events and response of pension funds

2007-08-01 - 2009-03-31

Financial turmoil and global Financial Crisis. Severe drop in market value.

2009-04-01 - 2010-02-28

Global financial crisis. Recovery of global markets observed. Pension funds recovered 2 months earlier.

2010-03-01 - 2011-07-31

Euro zone Debt Crisis; Emerging market Turmoil. Pension funds reacted 2 months earlier. In 2010 the
Portuguese crisis began. The Asian crisis began in January 2011.

2011-08-01 - 2015-01-29

Rapid market growth; Greek debt crisis first stress until 2013, second stress from July 2014. The
Portuguese crisis continues until 2014. 2012 started the Cypriot financial crisis and finished 2013.
Russian invasion to Ukraine 2014. Russian financial crisis. 2014 started Brazilian economic crisis.

2015-02-01 - 2015-12-31

Chinese Stock market crash. Shocks in global markets. Pension funds reacted 4 months earlier.

2016-01-01 - 2018-12-31

Brexit referendum in UK; Crypto currency crash; Elections in the USA. Pension funds reacted 6 months
earlier.

2019-01-03 - 2020-02-27

Stable growth in all markets.

2020-03-02 - 2021-10-28

COVID-19 starts and recovers.

2021-11-03 - 2022-09-29

Russia deploys large groups of armed forces close to Ukrainian border. Russo- Ukrainian war started in
2022-02-23. Russian market crash. Pension funds reacted 3 months earlier.

2022-10-03 - 2023-12-28

Russo- Ukrainian war continues. Recovery of markets starts

The Mean return of pension funds serves as a metric,
representing the average return achieved by the fund over a
specified period. It is instrumental in assessing the fund's
performance against its investment objectives and
understanding the incurred gains or losses. The range of

mean returns for pension funds typically falls close to zero,
as observed in the data presented (ranging from -0.0016 to
+0.0016). The proximity to zero suggests a relatively stable
investment performance with minimal growth or losses, as
illustrated in Figure 5

Mean return SEB and Swedbank pension funds 2004-2018

Mean return SEB and Swedbank life-cycle pension funds
2019-2023

{4

Figure 5. SEB and Swedbank Pension Funds Mean Return During 2004-2018 and 2019-2023 (Created by the Authors)

Notably, during the global financial crisis, pension
funds SEB3 and SWED4 experienced significant decreases
followed by substantial recoveries, indicating resilience
amid market turmoil. Conversely, conservative pension
funds (SEB1 and SWED1) maintained positive returns
during this period, reflecting their risk-averse nature. A
notable event was the Chinese Stock market crash (between
2015-02-01 and 2015-12-31), during which all funds,
regardless of risk profile, exhibited declines, with mean
return values again nearing zero. Life cycle pension funds
experienced a sharp decline (-0.0005) preceding the Russo-
Ukrainian war (between 2021-11-03 and 2022-09-28) but
rebounded similarly afterwards (between 2022-10-03 and
2023-12-28). Although the negative return was relatively
small, it demonstrates the importance of robust risk
management and the potential impact of geopolitical
tensions or economic downturns on investment performance.

In periods of minimal returns during market stress, such as
observed, it suggests that the pension fund's investments
yielded modest profits on average, except during major
crises like the global financial crisis and the Chinese Stock
market crash. Investors may interpret this as a sign of stable
but conservative performance, particularly during
challenging market conditions. This modest growth, albeit
conservative, contrasts favourably with negative returns or
stagnant growth, highlighting the efficacy of the fund's
investment strategies. Moving forward, there's a clear
indication for pension funds to reassess their investment
strategies and asset allocations, particularly in mitigating
losses and enhancing future returns. Adaptation to market
dynamics and proactive risk management remain imperative
for sustaining favourable investment outcomes amid
evolving economic landscapes.
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Average recovery SEB and Swedbank pension funds 2004-2018

Average recovery SEB and Swedbank life-cycle pension funds
2019-2023

Figure 6. SEB and Swedbank Pension Funds Average Recovery During 2004-2018 and 2019-2023 (Created by the Authors)

The Average recovery of pension funds is a pivotal
metric, representing the percentage growth of an investment
portfolio from its preceding downturn to a subsequent high or
profitable level. It elucidates the extent to which the pension
fund rebounds, on average, following each downturn. The
variability in Average recovery underscores the influence of
factors such as investment strategy, risk tolerance, and
prevailing market conditions.

During the global financial crisis, all pension funds
experienced Average recovery rates ranging from 5 to 17
percent, with SWED2 pension fund exhibiting the highest
growth at 17 % (refer to Figure 6). This signifies a mild post-
recession portfolio growth and implies subdued portfolio
profitability or constrained potential for growth. Notably,
there is a stark contrast in the recovery between conservative
and riskier pension funds. Amidst global market shocks,
SWED1 and SEB1 achieved robust recoveries of 28 and 43
percent, respectively, indicating a significant bounce-back.
It's noteworthy that these funds had encountered a 5 %
recession in the preceding period marked by rapid market

growth. Conversely, the more conservative funds (SEB2,
SEB3, SWED3, and SWED4) maintained relatively stable
positions during this period. Another noteworthy period
emerged before the Russo-Ukrainian war, during which all
four of the riskiest life-cycle funds managed by different
managers (SEB and SWED 96-02; 68-74) achieved
recoveries of up to 25 percent. This suggests that equity
pension funds exhibit a notably higher propensity for
recovery during such periods of upheaval. However, in the
subsequent period of market recovery (between 2022-10-03
and 2023-12-28), these funds experienced the most
significant declines, regressing to a 5 % profitability level,
mirroring the trajectory observed across other pension funds.

These fluctuations underscore the dynamic nature of
pension fund performance and the impact of external events
on recovery prospects. Moving forward, it's imperative for
pension fund managers to adapt their strategies to navigate
through periods of market volatility effectively and capitalize
on opportunities for sustainable growth and profitability.

Appraisal Ratio SEB and Swedbank pension funds 2004-2018

Appraisal Ratio SEB and Swedbank life-cycle pension funds
2019-2023

-

Figure 7. SEB and Swedbank Pension Funds Appraisal Ratio During 2004-2018 and 2019-2023 (Created by the Authors)

The Appraisal ratio yields diverse insights across select
periods, notably during the Global Financial Crisis (between
2007-08-01 and 2009-03-31), Chinese Stock market crash

(between 2015-02-01 and 2015-12-31), and pre-Russo-
Ukrainian war (between 2021-11-03 and 2022-09-29). Low
appraisal ratios observed during these periods imply
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suboptimal fund management, indicating that funds
assumed significant risk to achieve returns. Comparing the
fund's alpha, representing the excess return earned over the
benchmark, to the residual standard deviation revealed that
all pension fund managers (excluding SWED1 and SEB1
during the global financial crisis) generated negative units
of active return per unit of risk, particularly pre-Russo-
Ukrainian war. However, in other periods, fund managers
exceeded the performance of their passive portfolio
benchmark without exposing investors to undue stress from
excessive risk or volatility. Notably, during the Global
Financial Crisis, the riskiest pension funds managed by
SEB1 and SWED1 maintained positive returns, indicative
of optimal fund management during this tumultuous period.
Conversely, during market recovery periods (between 2009-

04-01 and 2010-02-28 and between 2011-08-01 and 2015-
01-29), SWED1 and SWED?2 fund managers surpassed their
passive portfolio benchmark, yielding the highest returns.

Considering total (market) risk is crucial for pension
fund managers in decision-making and portfolio
management. Various risk management strategies can help
mitigate its impact. Assessment of total market risk reveals
relatively stable market conditions with minor directional
changes across analysed periods, except during the global
financial crisis. Notably, during this period and the
pandemic period, the riskiest pension funds such as
SWED4, SEB3, and SWED 68-74 stood out the most,
indicating heightened market instability and risk exposure
(see Figure 8).

Total (market) risk SEB and Swedbank pension funds 2004-2018

Total (market) risk SEB and Swedbank life-cycle pension
funds 2019-2023

Figure 8. SEB and Swedbank Pension Funds Total (Market) Risk During 2004-2018 and 2019-2023 (Created by the Authors)

The most volatile periods were identified during the
Global Financial Crisis (between 2007-08-01 and 2009-03-
31), Chinese Stock market crash (between 2015-02-01 and
2015-12-31), the onset and recovery of COVID-19
(between 2020-03-02 and 2021-10-28), and preceding the
Russo-Ukrainian war (2021-11-03 and 2022-09-29). In
these periods, the riskiest pension funds managed by both
pension fund managers (SEB3 and SWED4) recorded their
highest values. Elevated total market risk values signify a
more aggressive investment strategy and an equity-heavy
portfolio. The values of the most conservative life cycle

funds hovered around 0.05, indicating relatively low market
risk for the pension fund. This implies that these pension
fund investments are less volatile and possess lower
exposure to market fluctuations. Such stability and
predictability in the pension fund's performance,
exemplified by funds like SEB 54-60 and SWED 54-60,
suggest smaller potential losses during market downturns.
This underscores the resilience of these conservative funds
and their ability to weather turbulent market conditions
while providing stability to investors

Upside Potential ratio SEB and Swedbank pension funds 2004-
2018

Upside Potential ratio SEB and Swedbank life-cycle pension
funds 2019-2023

Figure 9. Upside Potential Ratio SEB and Swedbank Pension Funds Upside Potential Ratio During 2004-2018 and 2019-2023
(Created by the Authors)
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The Upside Potential ratio (Moller & Pillay, 2014)
provides a probability-weighted average above a specified
threshold rate. This ratio is relevant for investors seeking
assets or funds with greater potential for upside gains
compared to their downside risk. Such insights are
instrumental in portfolio construction and asset allocation
strategies. It's worth noting that SEB and SWED pension
fund managers operated differently during the period from
2007 to 2018 compared to when managing life cycle
pension funds. The most conservative pension funds, such
as SWED1 and SWED?2, exhibited significant deviations
during periods of market stress, ranging from 0.3 to 1.1.
These ratios indicate that for every unit of downside risk

taken, the fund can capture 0.3 to 1.1 units of upside
potential, showcasing their ability to capture upside
potential relative to downside risk. During periods of market
stress, the life cycle funds of all pension fund managers
performed similarly in both recoveries and downturns.
However, SEB 54-60 stands out, particularly during the
recovery period, exhibiting the highest values. A higher
ratio for this pension fund suggests that SEB 54-60 has the
potential to generate significant returns during favourable
market conditions relative to the level of risk it assumes.
This highlights the fund's ability to capitalize on upside
opportunities while managing downside risk effectively.

Timing Ratio SEB and Swedbank pension funds 2004-2018

Timing Ratio SEB and Swedbank life-cycle pension funds
2019-2023

Figure 10. SEB and Swedbank Pension Funds Timing Ratio During 2004-2018 and 2019-2023 (Created by the Authors)

Timing ratio provides insight into how well the fund
investment decisions align with market movements. It has
been observed that the Timing ratio values of conservative
pension funds exhibited considerable fluctuations, ranging
from -1 to 2, without a consistent trend of change across
different periods of market stress (see Figure 10). Notably,
negative values for conservative pension funds like
SWED1, SWED2, and SEBL indicate that their investment
timing has been contrary to market movements. This
suggests a tendency to buy assets before their prices decline
and sell them before their prices rise, resulting in losses or
underperformance compared to the market, particularly
evident during crises such as the European sovereign bond
crisis and the Chinese Stock market Crash. This trend is
particularly pronounced in the cases of SEB1 and SWED1.

Conversely, the positive Timing ratio values for the riskiest
pension funds (SWED3 and SWEDA4) indicate that SWED's
fund managers tend to buy assets before their prices rise and
sell them before their prices decline, resulting in
outperformance compared to the market. However, the same
cannot be said for SEB's pension fund managers. In contrast,
life-cycle funds exhibited consistent positive Timing ratio
values during all periods of market stress. This suggests that
the life-cycle funds managed by both SEB and SWED are
efficiently managed, attracting investors seeking actively
managed funds with stronger performance relative to the
market. This indicates a more strategic and effective
approach to investment timing, enhancing the funds' ability
to navigate market fluctuations and capitalize on
opportunities for growth.

Information ratio SEB and Swedbank pension funds 2004-2018

Information ratio SEB and Swedbank life-cycle pension funds
2019-2023

-

Figure 11. SEB and Swedbank Pension Funds Information Ratio During 2004-2018 and 2019-2023 (Created by the Authors)
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The Information Ratio serves as a measure of how
effectively the fund's active management performance
compares to the S&P 500 index, acting as a benchmark.
Negative Information Ratios observed in all old pension
funds (except SEB3) during most market stress periods
(excluding periods between 2007-08-01 and 2009-03-31
and between 2021-11-03 and 2022-09-29) suggest that the
fund's active management decisions have detracted value
compared to simply holding the benchmark. Specifically,
during the global financial crisis, Information Ratio values
for conservative pension funds SWED1, SWED2, SEB1,
and the riskier SWED3 fluctuated between -1 and -2. This
indicates that for each unit of risk taken, the pension funds
generated one to two units less return than the benchmark.
Notably, just before the start of the Russian invasion of
Ukraine, all life cycle funds reached a value of 0.7. This can
be interpreted as a positive signal of effective active
management and the ability of the fund to generate excess
returns during this period. It's crucial to note that this
positive signal was short-lived, as subsequent periods saw a
drop in Information Ratio values for all pension funds until
they reached -1 again, indicating underperformance by
pension fund managers. This underscores the challenges
faced by pension fund managers in consistently
outperforming the benchmark and highlights the need for
ongoing evaluation and adjustment of active management
strategies.

Discussion

In our research, we've uncovered a significant research
gap pertaining to the lack of comprehensive insights into
pension fund performance and strategies under various
market stresses. The prospectus, approved by each country's
governing body (e.g., the Bank of Lithuania in Lithuania),
serves as a crucial document outlining pension fund
management, including key characteristics such as pricing,
investment areas, and strategies. Adjustments in fund asset
allocation are governed by two main strategies: strategic
asset allocation, which defines key markets and is typically
reviewed annually, and tactical asset allocation, specifying
particular sectors and usually reviewed monthly. Tactical
asset allocation primarily guides investment operations,
although it generally doesn't involve drastic adjustments.
Significant changes in the investment strategy, such as
altering the share of risky and less risky assets by more than
5 percentage points, require a thorough review and
evaluation of the strategy at least once every three years
(Bank of Lithuania, 2018). However, our research
uncovered that only life-cycle funds adhere to such a
strategy.

By assessing the reaction of pension funds to different
market stresses, we observed that pension funds tend to
react a few months earlier to already identified market
events. However, it becomes challenging to ascertain the
behaviour of pension funds when multiple market stresses
occur simultaneously, such as during the Euro zone Debt

Acknowledgment

Crisis or Emerging Market Turmoil. Therefore, future
studies should delve into such specific events during market
stress periods. To evaluate pension fund performance during
market stress, we selected indicators that are interrelated but
measure different aspects of pension fund behaviour,
drawing from indicators used by other researchers. Total
risk and Upside Potential indicators are related to risk
management. Total risk quantifies the total risk involved in
pension fund investments, while Upside Potential indicates
the potential return that can be achieved over a period of
time regardless of risk.

While the chosen indicators are crucial for pension fund
managers and investors seeking to evaluate pension fund
performance and make informed investment decisions, we
acknowledge that they may not fully capture the
performance of pension funds. Hence, it's essential to assess
performance using a diverse range of indicators.
Nonetheless, we argue that our results shed light on pension
fund responses to market stress, as we examined both
profitability and risk management measures.

Conclusions

Assessing the performance of pension funds during
crises is crucial for understanding their capacity for risk
management, flexibility, and overall competence in
generating returns amid challenging market conditions.
Total market risk assessment aids pension fund managers in
evaluating risk exposure and making informed decisions to
achieve their investment objectives. The Bayesian
averaging approach yields the distribution of expected
change points in time-series dynamics, along with their
probabilities. Metrics such as draw downs, recovery rates,
and timing ratios are particularly valuable for assessing
pension fund performance during crises and market
disturbances. Pension fund asset allocation for participants
nearing retirement age typically favours safer and less
volatile financial instruments, aiming to limit potential
losses during periods of short-term market volatility.
However, it's important to acknowledge that no pension
funds are entirely shielded against negative returns, as
uncertainty can persist for indeterminate periods, with
unforeseen effects on the global economy. No pension fund
is entirely shielded from negative returns due to market
fluctuations, interest rates, inflation, and other factors. Even
the Lithuanian 2nd pillar's restriction on risky assets like
stocks can't eliminate risk entirely, as other investments like
bonds can still experience losses. Moreover, options are not
welcome according to Lithuanian regulation. During crises,
the duration and severity of a recession depend partly on the
complexity of the economic crisis triggered by market
stress, and how countries, governments, and populations
respond to subsequent market developments. While short-
term market volatility may adversely impact fund returns,
pension funds typically maintain a long-term outlook.
Consequently, such deviations may hold less significance
over the longer horizon.
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