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Abstract

The paper explores the asset allocation strategy of the Bulgarian private pension funds to
achieve sufficient returns amid falling interest rates in the aftermath of the global financial
crisis of 2007-09. The topic is analyzed within the theoretical framework of strategic asset
allocation and the transmission mechanism of monetary policy. A cointegration approach and
a structural VAR model are used to examine quantitatively the cross-asset allocation of
private pension funds in a low-for-long interest rates environment. The results show that
Bulgarian pension funds have not significantly increased their allocation to riskier asset
classes such as equities and corporate bonds. Instead, there appears to be a long-run
equilibrium relationship between short-term yields and the allocation to both sovereign
bonds and cash instruments. Hence, the findings are consistent with some of the previous
research, according to which an asset-liability investor would increase his exposure to bonds
amid falling interest rates to close the duration gap between his assets and liabilities. An
alternative explanation could be found in the portfolio rebalancing literature, according to

which pension funds traded in the same direction as the ECB’s asset purchasing program.
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1. Introduction

The private pension fund sector was established with the adoption of the World Bank 3-pillar
model by Bulgaria in the early 2000s. There are two types of mandatory pension funds in
Bulgaria, namely Universal pension funds (UPF) and Professional pension funds (PPF), which
together form the so-called 2" pillar (Financial Supervision Commission, 2020). In this paper,
the focus will mainly fall on UPFs given that they are the largest in terms of assets under
management. According to the reform, public- and private-sector workers born in 1960 or
later participate in a universal fund, while individuals who work under specific conditions
become members of a professional pension fund. According to the Financial Supervision
Commission (FSC), “both the universal and professional pension funds are independent legal
entities created and managed by a licensed joint-stock company, called a pension insurance
company (PIC)” (FSC, 2020). The contribution to mandatory pension fund schemes is a
percentage of monthly income, which is collected by the National Revenue Agency and

transferred to the respective PIC that is chosen by each individual.

The reform of the pension system was aimed at achieving greater sustainability of the public
pay-as-you-go pension system, in which current pensions are funded by current pension
contributions made by working-age individuals. The factors that motivated such reform are
mainly demographical. For instance, a rising dependency ratio, i.e., the number of individuals
above the age of 65 relative to those of working age, due to an aging population and net
negative migration has decreased the resilience of the pension system. According to the latest
data, provided by the National Statistical Institute (NSI), the dependency ratio in Bulgaria has
increased to 0.35in 2019 from 0.25 in 2001 and is forecast by the NSI to surpass 0.5 by 2050.
Therefore, in order to avoid sharp increases in the personal contributions to the pension
system or the retirement age, the multi-pillar pension system was introduced, in which the
1%t pillar is a modification of the existing defined benefit pension plan, the 2" pillar is a
mandatory defined contribution pension plan, and the 3™ one is a voluntary contribution to
supplementary voluntary pension funds. In this way, part of the contribution that was
previously used to fund the public pension system is now transferred to individual accounts

at a PIC.

Nevertheless, the task of the UPFs to build and preserve the wealth of their clients has

become more and more complicated since the global financial crisis (GFC) of 2007-08. PICs





are rigorously regulated by the FSC and have strict limitations on asset allocation, outlined in
the Social Insurance Code. Hence, PICs must manage their exposure to riskier assets according
to regulations. This used to be less of a problem when these funds were initiated: low-risk
securities issued or guaranteed by governments still yielded satisfactory returns for investors,
inflation was low, and PICs could achieve their target for returns without taking on excessive
risk. For example, according to data from the FSC, in 2004 57.17% of the assets under
management in UPFs were invested in bonds issued or guaranteed by EU member states,
other countries, or their central banks. At the same time, a 10-year German government
bond, which is often referred to as the closest equivalent to risk-free security in Europe,
yielded 3.68% as of the end of December 2004. As a consequence, the fraction of assets
allocated to riskier securities such as corporate bonds and stocks was relatively insignificant

at the time.

However, in the era following the GFC, the PICs had to accommodate their asset allocation
strategies for a period of “low-for-long” interest rates. Since inflation was consistently
undershooting the targets of the developed economies’ central banks, the latter began
utilizing unconventional monetary policy tools to fulfill their mandate. The European Central
Bank (ECB) engaged in an asset purchasing program, or the so-called quantitative easing,
coupled with a negative interest rate policy. These policies suppressed the returns on
sovereign bonds which are an essential part of the portfolio of PICs. Consequently, the yield
on the 10-year German government bond fell below 0% for the first time to -0.1266% in June
2016. Meanwhile, the fraction of PICs’ total assets invested in bonds issued or guaranteed by
EU member states, other countries, or their central banks has increased from 51.09% in the

first quarter of 2015 to 55% in the first quarter of 2021.

Here, several important questions arise. What are the implications of falling interest rates for
the asset allocation of PICs? Have PICs rebalanced their portfolios in response to the ECB’s
monetary policy decisions? In case they have done so, has this led to increased risk-taking on
behalf of PICs to compensate for the fall in yields? The existing body of literature on the
transmission mechanism of monetary policy and strategic asset allocation could serve as a
valuable framework to answer these questions. According to Borio and Zhu (2012), changes
in monetary policy lead to changes in the risk tolerance and hence on the degree of risk in the

portfolios through the “risk-taking channel” of monetary policy. The authors argue that one





set of effects, especially relevant for pension funds, operate through the relationship between
market rates and target rates of return. In a case of falling interest rates coupled with “sticky”
target rates of return, which may reflect the nature of contracts or regulations, pension funds
may engage in the so-called “search for yield”, increasing their risk tolerance. As regards the
change in the asset allocation strategy, the empirical literature shows a divergence between
countries, periods, and types of investors. On the one hand, Boubaker et al. (2018) argue that
in the presence of falling interest rates pension funds increase their allocation to equities,
while Joyce et al. (2017) find that pension funds in the United Kingdom shifted their allocation
away from sovereign bonds into corporate bonds in the presence of quantitative easing. On
the other hand, Bams et al. (2016) state that there are more factors at play, and pension funds
may instead increase their allocation to bonds to hedge their long-term liabilities. In this
context, the paper explores the change in asset allocation strategies of Bulgarian PICs in a
low-for-long interest rate environment. First, the cointegration method of Engle and Granger
(2017) is used, similarly to Atkins (1989), to examine whether there is a long-term equilibrium
relationship between the variables in the study. Second, a structural VAR model is built,
similarly to Boubaker et al. (2018), to explore how a shock on the vyields of German
government bonds, which are used as a proxy for the ECB’s monetary policy actions, affects

the asset allocation of PICs.

The paper is organized as follows: section two highlights the regulatory changes that PICs
have been subject to and any potential implications that the former might have had. Section
three illustrates the theory behind strategic asset allocation and its relationship with
monetary policy. Section four presents the data and discusses the results of a cointegration
analysis and impulse response functions regarding the portfolio allocation of UPFs. The last

section concludes.

2. Regulatory framework

The Social Insurance Code, together with secondary regulation issued by the FSC, are fairly
liberal when it comes to geographical diversification within the Eurozone (Impavido, 2008).
No limitations are imposed on PICs regarding their investments in securities issued by the
Bulgarian, EU, or EEA governments, their respective central banks, the ECB, and the EIB.
However, the PICs must comply with strict regulations concerning the extent of their equity

exposure. The PICs can allocate no more than 20% of their assets to equities and no more
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than 15% to mutual funds, which results in a direct and indirect maximum exposure to equity
of 35%. Impavido (2008) addresses several areas where regulations might lead to suboptimal
asset allocation and reform might lead to better risk-adjusted returns for the PIC's clients.
Although the limit to equity exposure seems reasonable, the PIC's clients are not completely
dependent on this source for their pensions and hence the limit could be revised upwards to
increase expected returns through intertemporal risk diversification. In addition, the PICs are
not allowed to invest in infrastructure, which they could be the perfect investors for given
their long-term horizon. To mention one more, current regulation does not allow for
investment choices by the participants in mandatory pension schemes according to their age
and risk tolerance, although modern portfolio theory suggests that “risk-based” and “age-

based” asset allocation might be more efficient.

The regulations regarding the limits on the weights of each asset class in the PIC’s portfolios
have been amended since the publication of Impavido (2008). First, the PICs have been
allowed to increase their exposure to equities. According to an amendment of the Social
Insurance Code (FSC, 2021) effective from 18.11.2018, the maximum allocation to equities
was increased to 25% (from 20%) and the maximum allocation to mutual funds was hiked to
20%. These two constitute a total maximum exposure to equities of 45% - a significant
increase from the 35% that was previously allowed. According to the same amendment, the
maximum allocation to corporate bonds, which meet certain criteria?, was raised to 30% from
25%. Since both corporate bonds, as well as equities, are considered riskier asset classes than
sovereign bonds, the changes of the regulation represent an allowance for more risk-taking

on behalf of the PICs.

It would be complicated to quantify the effect of the regulatory changes on the portfolio
allocation since it would require the use of event-study methodology and this lies outside of
the scope of this study. Nevertheless, a glimpse at the data can provide the reader with a
basic insight into whether deregulation has had a notable impact on the PIC's risk-taking
behavior. First, according to data from the FSC, the UPFs’ allocation to equities peaked at

38.8% in the second quarter of 2018 and has gradually declined until the first quarter of 2020.

2 Must be admitted to trading in: a) a regulated market in an EU Member State; b) an official stock exchange
market or in another organized market in a third country, functioning regularly, recognized, and publicly
available (in such cases the bonds shall have an investment rating





Hence, it could be inferred that there has been no immediate positive effect on the weight of
equities in the UPF’s portfolios. Second, the allocation to corporate bonds was 15.4% of the
total portfolios of UPFs in the second quarter of 2018 and has gradually declined to 9.51% in
the first quarter of 2021. Again, there is no evidence to suggest that the regulatory change

had an immediate and sizable effect on the weight of corporate bonds in the UPF’s portfolios.

Despite the changes in regulation, the Bulgarian PICs remain relatively conservative when it
comes to their allocation to riskier assets. According to the OECD (2020), 11.6% of the assets
of Bulgarian PICs were allocated to equities in 2019. Even if the allocation to collective
investment schemes (11.2%) are added and it is assumed that it gives PICs mostly an exposure
to equities, the weight is equal to 22.4%. This figure is still below the OECD average for
allocation to equities of 26.8% in 2020. Among the other asset classes, the largest fraction of
total assets — 66.5% - was invested in bills and bonds, 8% was held in cash and deposits, and

2.6% to other instruments.

One reason behind the conservativeness might be that Bulgarian PICs do not offer
differentiated investment strategies according to the clients’ risk tolerance. In contrast,
Medaiskis and Gudaitis (2017) show that the Baltic countries offer a variety, albeit limited, of
investment strategies. In Latvia, for instance, there are 3 groups of pension funds, depending
on their allocation to equities: conservative (no investments in equities), balanced (up to 25%
of assets under management are invested in equities), and active (up to 50% of assets under
management are invested in equities). The differentiation of investment strategies is strongly
underpinned by the literature on life-cycle investing. The seminal work of Campbell and
Viceira (2002) provides evidence that risky investments should be extremely attractive to

young individuals with many years until retirement and modest savings.

3. Literature review

a. Strategic asset allocation
In order to analyze the asset allocation decisions of PICs in a low-interest rate environment,
the strategic asset allocation literature is used as a theoretical framework, similarly to the
work of Bams et. al (2016). A series of variables that have predictive power for expected
returns have been identified in the existing pile of literature. As summarized by Bams et. al

(2016), some of these variables are short-term interest rates (Campbell, 1987; Bams and





Bekaert, 2007) and the yield spread between short-term and long-term interest rates (Shiller
et al., 1983; Fama and French, 1988; Cochrane and Piazzesi, 2005). The paper will examine
which of these variables are most appropriate in the case of Bulgarian PICs and how these

variables affect the asset allocation of long-term investors such as the PICs.

According to the seminal work on strategic asset allocation of Campbell, Chan, and Viceira
(2003), the asset allocation to stocks is negatively correlated with short-term interest rates.
A decline in the interest rates should be regarded by investors as an improvement in the
investment opportunities and hence lead to an increase in the allocation to stocks. Therefore,
the fraction of the assets of PICs invested in stocks must, ceteris paribus, decrease with an

increase of short-term interest rates.

According to Andonov et al. (2017), U.S. public pension funds increased their allocation to
risky securities as Treasury yields declined. Since a decline in yields reduces the return on both
risky and non-risky assets, U.S. pension funds are under pressure to reduce their discount
rates. However, regulations in the U.S. allow public pension plans to maintain the same
expected return and liability discount rate through an increase in the allocation to risky assets

(public equity, alternative assets, and high-yield bonds).

As regards the PIC’s asset allocation to alternative assets, a study by Defau and De Moor
(2021) aimed to discover the drivers behind the increased allocation to this asset class in the
past decades. The dataset that the authors use covers the period 2000-2015 and includes890
pension funds from Europe, North America, Australia, and New Zealand. First, the authors
find that pension funds invest more in equities when interest rates are lower, in line with the
findings of Andonov et al. (2017). However, rather surprisingly, Defau and De Moor (2021)
find that pension funds invest more in alternative assets when interest rates are higher. The
two findings are not contradictory, since Andonov et al. (2017) researched the impact of lower
interest rates on risky assets and not particularly on alternative assets. Secondly, the authors
find that portfolio diversification trends are an important driver behind the increasing
popularity of alternative assets. Since pension funds have a long-term investment horizon,

they can better absorb the short-term losses related to alternative assets.

According to another study, conducted by Boubaker et al. (2018), sharp decreases in the

interest rates and quantitative easing might incentivize pension funds to change their asset





allocation strategy. The authors of the paper analyse the relationship between Treasury yields
and interest rates in the U.S., and pension fund asset and risk management decisions.
According to their findings, the changes in Treasury yields following a monetary policy easing,
are associated with an increase in the allocation to stocks and a decline in the allocation to
fixed-income securities. A greater impact is recorded after the introduction of quantitative
easing and the zero lower bound policy. Hence, the findings of Boubaker et al. (2018) imply
that a low-interest-rate environment coupled with quantitative easing incentivize pension
funds to shift their strategic asset allocation by increasing their exposure to equities and

decreasing their bond holdings.

b. Low-for-long interest rates and asset-liability mismatch
Since pension funds have long-term liabilities, they highly value assets that can hedge them
and allow them to comply with requirements for the funding ratio (Bams et. al, 2016).
However, there are several factors at play here that differentiate asset-liability investors, such
as the PICs, and asset-only investors. The environment of low interest rates which has
prevailed since 2008 has not only made it more difficult for PICs to generate sufficient risk-

adjusted returns but has also increased the market value of their liabilities.

Therefore, according to Bams et al. (2016), there are two forces at play. On the one hand,
according to the predictability literature, when short-term interest rates remain low,
expected returns on equity are high and hence pension funds should increase their allocation
to stocks. On the other hand, in an environment of low short-term interest rates, pension
funds must increase their allocation to bonds to reduce the duration gap between assets and
liabilities to ensure protection against further declines in long-term interest rates. The
concept of the duration of pension liabilities denominates the sensitivity of liabilities to
changes in the interest rates. In case that the liabilities have a longer duration than the assets,
a further decline in the interest rates at which liabilities are discounted will lead to a decline

in the funding ratio.

c. Portfolio rebalancing
The PICs are known to invest a large fraction of their portfolio in fixed-income securities,
especially eligible government bonds (Koijen et al., 2017). Many of these securities were

included in the extended asset purchase program of the ECB, which was announced in January





2015. Thus, PIC’s asset allocation decisions must have been influenced by the asset purchase
program and there is a limited, yet growing pile of literature analyzing the mechanisms of this
process. Koijen et al. (2017) study the dynamics of portfolio rebalancing, i.e., how investors
in the euro area responded to the ECB's asset purchase program. The authors find that PICs
traded in the same direction as the ECB. According to this paper, the inelastic or even upward-
sloping demand for such securities by pension funds could be explained by their desire to

hedge interest rate risk.

4. Empirical analysis

a. Descriptive statistics
For the purpose of this research, two different datasets are used to analyze the asset
allocation of PICs. The first one is used to examine how UPFs have shifted their portfolio
across assets. The other one is utilized to explore the PICs’ allocation within the fixed-income

space and whether there has been a shift towards riskier debt instruments in search for yield.

First, a dataset that ranges from the third quarter of 2009 to the first quarter of 2021 is
compiled with quarterly frequency. The dataset presents how the fraction of each asset class
as a percentage of the total portfolio of UPFs varied over this period. In this way, it can be
analyzed empirically whether the asset allocation decisions made by the PICs are consistent
with the theory on strategic asset allocation. The dataset is sourced from the quarterly reports
on the performance of UPFs, published by the FSC. The descriptive statistics are presented in
Table 1. The data is aggregated and represents each asset class as a fraction of the portfolios
of all the UPFs together. Furthermore, appropriate variables are chosen based on previous
literature which could serve as proxies for monetary policy actions. In Table 1, yield 3m
stands for the yield on the 3-month German Treasury bill and yield_10y represents the yield

on the 10-year German government bond.
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Table 1. Descriptive statistics: quarterly data

sovbonds corpbonds equity cash yield_3m yield_10y

Number of 47 47 47 47 47 47
observations

Minimum 20.67 9.51 17.05 0.64 -0.54 -0.61
Maximum 63.32 23.4 38.82 26.1 1.56 3.19
Mean 43.44 16.43 27.21 9.03 0.12 0.91
Median 43.5 15.31 28.67 3.66 -0.03 0.53
Variance 136.58 18.93 26.75 72.21 0.33 1.28
Standard 11.68 4.35 5.17 8.49 0.58 1.13
deviation

Skewness -0.28 0.12 -0.19 0.53 0.95 0.57
Kurtosis -0.99 -1.46 -0.43 -1.27 -0.18 -0.82

Note: Sovbonds, corpbonds, equity, and cash stand for the allocation to the major asset classes
(sovereign bonds, corporate bonds, equities, and cash) that constitute the portfolio of the UPFs.

Sources: Financial Supervision Commission, ECB Statistical Data Warehouse

To begin with, the changes in the asset allocation of UPFs over the studied period are
graphically analyzed (Figure 1). First, a significant increase in the weight of assets allocated to
sovereign bonds is observed. At first, this is somewhat surprising given the declining returns
of this asset class over the given period due to falling yields on long-term government bonds.
The fraction of assets allocated to cash instruments fell drastically over the study period,
which can be expected given the negative real return on deposits (nominal return minus
inflation) over a large fraction of the period. The proportion of assets allocated to corporate
bonds trended downwards over this period, whereas the allocation to equities fluctuated

significantly with no discernible trend.
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Figure 1. Portfolio allocation: by asset class
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Secondly, another dataset that ranges from June 2015 to May 2021 is compiled with monthly
frequency. The dataset contains information on the purchases of sovereign bonds on behalf
of PICs by country of issuance. It can be used to analyze whether PICs substituted low-yielding
bonds for higher-yielding ones in order to generate returns for their clients in an environment
of low interest rates. The data is aggregated based on the countries' credit ratings, given by
Standard & Poor's, as of July 2021. Subsequently, for the purpose of this study, the ratings are
aggregated into two groups: high rating (from AAA to A-) and speculative rating (from BBB+

to B-).

Table 2. Descriptive statistics: monthly data

High rating Speculative rating
Number of observations 72 72
Minimum 0.38 0.38
Maximum 0.61 0.61
Mean 0.48 0.51
Median 0.47 0.52
Variance 0.01 0.01
Standard deviation 0.06 0.06
Skewness 0.16 -0.13
Kurtosis -0.86 -0.88

Source: Bulgarian National Bank

From Figure 2 it can be seen that the quality of the bonds in the portfolio of PICs shifted
substantially over the study period. Prior to the COVID-19 pandemic, there is an increase in
investment in higher-yielding government bonds. However, beginning at the end of 2019, a
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sudden shift into lower-yielding high-quality sovereign bonds is observed, which can be
explained by the so-called "flight to quality". A similar trend is present in both the nominal as

well as the market value of the sovereign bonds in the PICs’ portfolios.

Figure 2. Portfolio allocation: by sovereign credit rating
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b. Long-term equilibrium relationship between sovereign bond yields and
portfolio weights

In this section, a cointegration analysis on the changes in the risk profile of the PICs’ portfolio
is performed. This approach makes it possible to examine whether there is a long-term
equilibrium relationship between the weights in the PICs’ portfolio and yields on short-term
and long-term German government bonds. First, a cointegration analysis is performed on
monthly data which shows how the PICs have shifted their allocation between sovereign
bonds with a high rating and a speculative rating. Second, the same approach is used to
examine whether there is a long-run equilibrium relationship between the weight of UPF’s
assets allocated to a specific asset class and the yields on short-term and long-term

government bonds.

The first step is to ensure that all the variables in question become stationary after taking
their first differences, i.e., they are | (1). To test the variables for stationarity, the Augmented
Dickey-Fuller unit root test is conducted on both the variables in levels and first differences.
The appropriate number of lags is determined by using the Akaike Information Criterion (AIC).
The output is outlined in Exhibit 1 in the Appendix. Testing the series for non-stationarity is

the first step of the Engle-Granger procedure. As can be seen from the results in Exhibit 1 in

13





the Appendix, all variables are integrated from first order (they are | (1)), hence it can be
proceeded with the next step of the Engle-Granger test. The analysis continues with
estimating a regression in levels and testing the residuals for stationarity. The specifications
that are tested are outlined in Exhibit 2 in the Appendix (Equations 1-4). To test formally for
stationarity of the residuals, the Augmented Dickey-Fuller test is conducted on the residuals,
i.e., the second step of the Engle-Granger cointegration test. The null hypothesis of non-
stationarity is tested using the critical values from Enders, W. (2015). The appropriate number

of lags is selected based on the Akaike information criterion (AIC).

Table 3. Cointegration testing on monthly data

yield_3m yield_10y
share_high -1.31 -1.8
share_speculative -1.29 -1.79

The same procedure is conducted for all the other variables in the study and the results are
outlined in Table 3. From the results obtained it can be concluded that there is no significant
long-term equilibrium relationship between the changes in the allocation of PICs’ assets to
sovereign bonds and the yields on short-term and long-term German government bonds.
Hence, even though graphically one might observe a significant relationship between yields
and the allocation to sovereign bonds of a particular quality, there is no statistical evidence
to support such a claim. There is an important limitation in the study that is worth noting: the
data shows the market value of the bond holdings of PICs. Hence, given the inverse
relationship between bond yields and bond prices, even without an active rebalancing of the
bond portfolios, the market value of the bond holdings will change with the change in interest
rates of the bond instruments. Since the bond portfolio of PICs is diversified geographically,
the 3-month yields on German Treasury bills have low explaining power for the allocation
across bonds of varying ratings. Thus, a future study can explore this issue in greater detail by

means of a different method.

Since there is already a methodological framework to analyze the long-run relationship
between non-stationary variables, it is used to explore the changes in cross-asset allocation.
Here, the focus is on the asset allocation of UPFs, which hold the largest fraction of assets in
the PICs’ portfolios. The Engle-Granger procedure is performed on the quarterly data, and

the output is obtained and visualized in Table 4.
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Table 4. Cointegration testing on quarterly data (T-statistics results)

yield_3m yield 10y
Sovbond -3.71** -5.39**
corpbond -2.43 -2.91
equity -2.47 -2.51
cash -3.86** -3.08

Note: ** denotes significance at the 5% level.

Importantly, there is a long-run cointegrating relationship between the yield on the 3-month
German treasury bills, which is used as a proxy for the ECB's interest-rate setting policy, and
both the allocation to sovereign bonds as well as to cash. The long-run linear relationship
between the variables means that despite short-term fluctuations, these variables comove in
the long run and they cannot deviate significantly from the long-run equilibrium. Hence, the
relationship that is observed graphically between short-term interest rates and the weight of
cash instruments in the portfolio is not spurious. This leads to a central finding: UPFs’
allocation to cash instruments has a long-run equilibrium relationship with the declining
short-term interest rates in the euro area over the 2009-2021 period. Since PICs generate a
negative real return, the data suggests that they have moved away from cash deposits and
increased their allocation to sovereign bonds accordingly, whereas the cointegration analysis
confirms that there is a significant long-run relationship between short-term yields and

portfolio weights that is not spurious.

c. Astructural VAR model: results
This relationship between the yields on German government bonds and portfolio weights can
be further explored by forecasting the effect on the allocation to sovereign bonds and cash
instruments from a shock on the short-term interest rates and long-term interest rates. A
structural vector autoregressive model is run, which in the general form is defined as the

following (Pfaff, 2008):
Ay, = AlYeq + -+ A*Pyt—p + Be, (1)

An A matrix is constructed with restrictions according to the transmission mechanism of
monetary policy. Namely, a shock on the short-term interest rate can have a

contemporaneous effect on both the long-term interest rate and the portfolio weights, the
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long-term interest rate can only have a contemporaneous effect on the portfolio weights,
whereas the latter cannot affect contemporaneously the former two. Here, a1 and as1 stand
for the effect of the short-term interest rate on the long-term interest rate and the portfolio
weights respectively, whereas a3, stands for the effect of the long-term interest rate on the

portfolio weights.

1 0 O

A=a;;y 1 0

az; as; 1
In the particular case of the dynamic relationship between the weight of assets allocated to
sovereign bonds, the yield on the 3-month German treasury bill, and that on the 10-year
German government bond, a VAR model is constructed with 6 lags according to the Akaike
Information Criterion (AIC). No autocorrelation nor heteroskedasticity are detected in the
error terms. As it is commonly done in previous literature, the analysis proceeds with running
a structural vector autoregressive (SVAR) model and constructing an impulse response
function (IRF), which is used to investigate the dynamic interactions between the endogenous
variables (Pfaff, 2008). An estimated A matrix is obtained, and the results are outlined in
Exhibit 3.1 in the Appendix. The upper two graphs in Figure 3 are obtained when plotting the

IRFs against time.

The same procedure is utilized to analyze the relationship between the weight of assets
allocated to cash instruments and the yields on the same two German government securities.
Similarly, a VAR model is built with 6 lags according to the AIC. No autocorrelation nor
heteroskedasticity is detected in the error terms. Hence, an SVAR model is built, and the
results of the estimated A matrix are shown in Exhibit 3.2 in the Appendix. Subsequently, IRFs

are derived and exhibited on the second row of Figure 3.
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Figure 3. Impulse response functions of sovereign bonds and cash shares in PICs portfolios to a shock

on the short-term and long-term yields.
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As can be seen from the upper right graph in Figure 3, there is a significant negative response
of the weight of sovereign bonds in the portfolio to a one deviation shock on the 10-year
yield. A similar shock produces a positive response of the weight of cash in the portfolio, albeit
a rather insignificant one, as can be seen from the graph on the second row to the right in
Figure 3. As it is shown on the upper left graph in Figure 3, a one deviation shock on the 3-
month yield leads to a significant positive response of the weight of sovereign bonds in the
portfolio three quarters after the shock, which becomes negative nine quarters after the
shock. Finally, the same shock produces a significant positive response of the weight of cash
in the portfolio four quarters after the shock. Thus, our findings are not consistent with the
results of Boubaker et al. (2018). As seen from Figure 1 and the results of the SVAR model,
the Bulgarian PICs are forecast to react to a low-for-long interest rate environment by shifting
their portfolio away from cash and towards sovereign bonds, but not necessarily to riskier
assets such as corporate bonds and equities. The findings are consistent, however, with the
thesis of Bams et al. (2016), according to which an asset-liability investor would increase his
exposure to bonds in an environment of low-for-long interest rates in order to close the
duration gap between his assets and liabilities. Here, it is important to note that a longer time
period is needed to evaluate whether a causal relationship exists between the yields on short-
term and long-term German government bonds, used as proxies of the ECB’s monetary policy

actions, and the asset allocation of Bulgarian PICs.

5. Conclusion

The paper began by presenting the most recent and influential contributions to the literature
on the topic of strategic asset allocation and its relationship with monetary policy. Several
studies, including those by Andonov et al. (2017) and Boubaker et al. (2018) suggest that in a
low-for-long interest rate environment, pension funds should, ceteris paribus, increase their
exposure to equities. However, a study by Bams et al. (2016) suggests that there is another
force in play, namely that pension funds are asset-liability investors and as such must close
their duration gap by increasing their allocation to bonds. The findings of our study seem to
be more aligned with the latter, given that Bulgarian PICs did not shift away from sovereign
bonds to equities nor to higher-yielding corporate bonds between the third quarter of 2009
and the first quarter of 2021. Nevertheless, they appear to have substituted their allocation

to cash instruments with a greater allocation to sovereign bonds to manage their duration
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exposure. As regards the regulatory environment, there has been a slight easing of the
allowance for maximum exposure to riskier assets (e.g., equities and corporate bonds).

However, this has not led to increased risk-taking on behalf of pension funds.
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7. Appendix

Exhibit 1. Unit Root Tests.

Variable Levels First-difference
Share_high -0.76 -6.52%**
Share_speculative 0.27 -7.21%%*
Yield_3m 0.79 -3.91%**
Yield_10y -1.65* -5.84%**
Sovbond 0.86 -5.66%**
Corpbond -1.84* -5 1***

Equity 0.09 -4.59%**

Cash -1.29 -4,94%**

Note: *, *** denote significance at the 10% and 1% level respectively.

Exhibit 2. Estimated equations.

sharepign = Bo + Bryield 3m + € (1)

sharepign = Bo + B1yield_10y + € (2)

Sharespeculative = Bo + Byyield 3m +¢€ (3)

Sharespeculative = Bo + Byyield_10y + € (4)

Exhibit 3. Structural VAR: results.

3.1. SVAR on the allocation to sovereign bonds

‘ yield 3m yield_10y sovbond
yield 3m 1.00 0.00 0
yield_10y -0.048 1.00 0
sovbond -3.848 1.805 1

3.2. SVAR on the allocation to cash instruments

’ yield 3m yield 10y cash
yield 3m 1.00 0.00 0
yield 10y -0.095 1.00 0
cash -1.256 0.679 1
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