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Investors with long-term liabilities, like pension funds or life insurers,
are normally exposed to interest rate risk because a fall in interest rates
will increase the value of their liabilities. By adopting a liability-driven
investment (LDI) strategy, much of this interest rate risk can be
mitigated. In this LDI Deep Dive Series, we have decomposed interest
rate risk into parallel shifts of the interest rate curve, curve risk, and
basis risk. This final article pulls all the pieces together and analyzes how
to effectively allocate risk budget to different types of interest rate risk.

Parallel interest rate risk

The first and most prominent component of interest rate risk is that of parallel shifts of
the interest rate curve. Approximately 90% of the movements in the interest rate term
structure can be reflected as parallel shifts. Liability-driven investors can protect
against these movements by matching the duration (interest rate sensitivity) of
liabilities in the investments. As we have seen in the first article, this reduces risk but
may also increase expected returns due to the term premium and convexity. However,
when interest rates rise this strategy will lead to lower returns. The optimal interest
rate strategy therefore depends on the investor’s interest rate view. Without a specific
view that interest rates are expected to increase, most liability-driven investors would
benefit from a high level of interest rate hedging. Using a dynamic hedging strategy (as
discussed in the second article) can increase the expected return by benefiting from
mean reversion tendencies, but also increases the potential exposure to interest rate
risk.

Curve risk

While the majority of interest rate movements can be decomposed into parallel
movements, non-parallel movements also represent a material element and can
significantly impact the funding level of an investor as we have showed in third article.
This is the case for investors that have a mismatch between the cashflow profile of
their interest rate hedging instruments and the profile of their liabilities. For example,
an investor with long term liabilities who hedges interest rate risk with shorter term
instruments. Having a very close match between the cashflows of the interest rate
hedge and those for the liabilities can be expensive, so investors should consider the
trade-off between the additional costs and the impact on funding level risk (tracking
error).

Basis risk

The interest rate hedge might be less effective because the discount rate of the
liabilities might differ from the discount rate of the instruments used for interest rate
hedging. This might be, for example, due to different risk profiles and/or a different
currency. We discussed this basis risk in the fourth article. While basis risk increases
funding level risk, it is often useful to include such instruments if they have efficient
risk-return properties and/or add to portfolio diversification. Therefore the risk budget
for basis risk is a trade-off between lower risk and higher return, and should be
considered from a total portfolio perspective.
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Efficient allocation of interest rate risks

Next, we consider how we can efficiently allocate to these different types of interest rate risks. First, we will look at
the risk-return trade-off for each type of risk in isolation. Then, we will consider diversification effects.

Hedge level

The interest rate hedging level determines the exposure to parallel interest rate risk. We can eliminate parallel
interest rate risk by fully (100%) hedging the duration of the liabilities. Figure 1 shows this will — in theory — eliminate
the tracking error from this source (parallel shifts) of interest rate risk. Deviations from a full hedge — either positive
or negative — will increase funding level risk, as indicated by the tracking error. The impact on the tracking error is
significant, with a tracking error of approximately 8% for hedging only 50% more or less than the interest rate risk of
the liabilities.

Figure 1: Impact of hedging levels on risk and return
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Source: Aegon Asset Management. Annual funding ratio impact and risk for different fixed interest rate hedge levels for an average Dutch pension fund. Average over
2,000 scenarios. Assuming (on average) fixed interest rates.

While we can use historical data to estimate the impact of different levels of interest rate hedging on the tracking
error, it is more difficult to estimate the impact on expected future returns. Since 2000, we have seen interest rates
decline by approximately 6%. As a result of this, interest rate hedging has positively impacted returns. However,
lately we’ve seen interest rates rising again. As we can’t rely on history, the expected return impact of the interest
hedge therefore depends on the investor’s interest rate view. There are many possible interest rate views, some of
the more popular are given below:

1. Back to normal. Interest rates will return back to their long term mean by, for example, sustained long-
term inflation. Higher interest rates will negatively influence the return of the interest rate hedge.

2. New normal. Interest rates will remain low, for example due to continued demographic shifts which lead to
higher savings levels. If interest rates remain at around their current levels, this will lead to positive returns
for interest rate hedging mandates due to carry & roll-down.

3. Forwards. Interest rates implied by the forward curve give (with limitations) a prediction from the market
for future interest rates. Thereby, the expected carry & roll-down of different maturities is, by definition,
equal to the short term rate. Nevertheless, convexity does — to a limited extent — lead to a positive
expected return from interest rate hedging.

4. Equalinterest rate. The current interest rate might be the best estimator for future interest rates.
Therefore, interest rates are expected to remain constant. Carry & roll-down in this case will positively
impact return. This is the assumption we take in Figure 1.

5. Mix forwards and equal interest rates. In reality, the term structure presents both a term premium and
expectations. The actual market implied interest rate expectations might be somewhere between the
current interest rate and those implied by the forwards rates. Normally, this results in positive expected
returns, as a consequence of the term premium and convexity.
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Because of these different interest rate views it is difficult to generalize the impact of the hedging levels on expected
returns. However, a relatively strong view on expected interest rate increases are needed to rationalize hedging
levels that are substantially below 100%, as this will lead to higher tracking errors and will only pay-off when interest
rates increase more than the forward rates. One reason to allow for lower hedging levels — next to expecting the
interest rate to rise —is as a result of a dynamic hedging strategy.

A dynamic hedging strategy might increase expected returns by benefiting from (assumed) mean reversion in the
interest rate. By implementing a higher hedging level for interest rate decreases than for increases, the net impact is
positive. However, to benefit from this, the hedging level has to be dynamic and therefore has to deviate from 100%
most of the time. In other words, to benefit from a dynamic hedging strategy, one has to incur a tracking error. The
larger the deviation allowed, the larger the impact on expected returns but also on the tracking error. Looking at
Figure 2 we see that, in this example, the ratio of risk (tracking error) to return (funding ratio) is approximately 6-to-
1. While this number is strongly dependent on the assumptions, amongst which the investor’s interest rate view, it is
in this case comparable to the ratio of risk to return for equities over January 2000 to June 2021. Therefore,
combining a dynamic interest rate hedge with other risk exposures might improve the efficiency of the portfolio due
to diversification effects.

Figure 2: Impact of dynamic hedging strategies on risk and return
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Source: Aegon Asset Management. Annual funding ratio impact and risk for different ranges of dynamic interest rate hedging strategies for an average Dutch pension
fund. Average over 2,000 scenarios. Assuming (on average) fixed interest rates.

Maturity selection

After the appropriate level of the interest rate hedge has been determined, the next step is to determine how to
allocate the interest rate hedge over different maturities. Perfectly matching the maturities of the liabilities will
eliminate exposure to curve risks, but might be expensive due to high transaction costs. In addition, it may be
beneficial to actively take position on specific maturities to benefit from market opportunities. Reasons for this
includes an investor’s specific interest rate view (for example, steepening of the term structure), optimizing roll-
down return or benefiting from convexity.

When analyzing the impact of curve risks we normally focus on a set of key rates, such as the eight presented in
Figure 3. These key rates explain the vast majority of curve movements and simplify the analysis significantly. As the
figure shows, the impact of curve mismatches can be significant: over 1% tracking error for a 10% mismatch in any
key rate.
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The impact on expected returns is again strongly dependent on the investor’s interest rate view. When an investor
expects interest rates to remain constant, maturities between 5 and 10 years will normally produce the highest
return from carry & roll-down. On the other hand, when large volatility in the interest rate is expected, longer
maturities benefit from convexity. When the interest rate is expected to change in line with the forwards, maturity
selection becomes less relevant, while longer maturities might still benefit from higher convexity.

Two important reasons to allocate risk budget to maturity selection are: 1) operational efficiency and 2) avoiding
market inefficiencies. First, by allowing for larger mismatches in maturities we can reduce frequent transactions,
thereby reducing higher transaction costs. In addition, it provides more freedom to select efficient fixed income
assets, who normally have relatively short maturities. Strict maturity bandwidths may increase costs, because it will
often require using payer swaps to correct the hedge for shorter maturities, which in turn requires additional
receiver swaps for longer maturities. Secondly, the markets for different maturities might not all be equally efficient.
This is especially true for longer maturities, which might have a mismatch in market supply and demand. Demand
from (mainly) pension funds is often not matched with the supply side of the market, causing interest rates at the
long end being relatively low. Allowing a lower hedge on the long end thereby may increase expected returns.

Unfortunately, it is difficult to generalize the impact on expected returns and costs of allowing for maturity
mismatches. This impact will depend, among others, on the liability structure, the investor’s interest rate view and
risk appetite, and the instruments used for the interest rate. In addition, the impact of maturity mismatches on
regulatory capital may also deviate with the relevant regulations.

Figure 3: Impact of key rate exposures on tracking error
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Source: Aegon Asset Management, Bloomberg. Using daily interest rate movements from January 2000 until March 2021. Average impact of 10% over- and
underhedge of key rate while under-/overweighting the other key rates pro rata.

Instrument selection

The selection of instruments for the interest rate hedge is an interesting opportunity to improve the efficiency of the
total portfolio. Liability-driven investors have a natural exposure to interest rates and therefore have an advantage
over other investors when selecting interest rate sensitive investments. Instead of adding interest rate risk, these
investments normally reduce interest rate risk for liability-driven investors. This may result in higher risk-adjusted
returns, after accounting for interest rate sensitivity.

In the fourth articles of this series we discussed that investment grade assets — denominated in the same currency,
or hedged to the currency of the liabilities — normally closely follow the valuation of liabilities, and are therefore
suitable for inclusion in the interest rate hedge. This is not the case for most high yield investments, which show
little interest rate sensitivity and therefore normally are not included in LDI strategies.
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Fixed income assets will normally replace interest rate swaps within the interest rate hedge. While this causes some
mismatch with the liabilities (when these are discounted with swap rates), it can also contribute to expected returns
and therefore replace part of the return portfolio. This is interesting when the risk-adjusted return — after removing
the interest rate sensitivity — is higher than that of the return portfolio and/or when these assets lead to
diversification benefits. Figure 3 shows the excess return and tracking error of various investments after accounting
for interest rate effects (for investment grade bonds only). As the figure shows, both credits and mortgages had a
relatively efficient risk — return ratio over this period, substantially surpassing that of equities in the same period. In
addition, these assets delivered diversification benefits when combined with other assets, such as equities.
Instrument selection can therefore substantially improve the overall risk — return relationship of the total portfolio.
This supports the idea to allocate substantial risk budget to instrument selection in order to establish an efficient
portfolio.

Figure 3: Tracking error and excess return of various instruments

6% A
BB - High Yield
5% -
4% -
£ EMD B- High Yield
= -"'.
@ 3% - Mortgages PYTLh
a ’ '/_ Msc‘|w I CCC - High Yield
g \ AAA - Credits - BBB - Gov bonds .......- or
& 2% AA - Credits ) veso®®
e BBB-Credl.t§,.-"
19% - €— A-.a0v bond
.. &= A-Credits
Lesw®”" @—— AA-Gov bonds
0% -+== T T T T )
0% 5% 10% 15% 20% 25%
AAA - Gov Tracking error
bonds 8
® Investment grade High Yield e eeeee Risk-return MSCl World

Source: Aegon Asset Management & Bloomberg. Excess return and tracking error controlled for addition to the interest rate hedge (100% investment grade, 0% high
yield and equities). Monthly data from January 2000 —June 2021. EMD January 2005 — June 2021 and Dutch Mortgages one month lagged and over November 2013 —
June 2021. Details of the specific indices used are available in the appendix.

Interest rate risk budget

As we have shown in this series of articles, a well-designed LDI strategy can substantially improve the risk-return
profile of the total portfolio. The benefits include having exposure to the highest rewarded risk sources as well as
optimally benefiting from diversification effects. Unfortunately, we cannot conclude what the most optimal LDI
strategy in general is because that highly depends on each individual investor’s characteristics such as the liability
structure, investment beliefs, regulatory constraints and interest rate view. Therefore, designing an optimal LDI
strategy depends on bespoke advice, based around the following three general elements:

1. Tracking error and funding level impact

The first element for designing an LDI strategy is the impact on the funding level and tracking error. The impact on
risk and return can differ between investors due to the maturity profile of liabilities, differences in investments
beliefs and/or operational design (influencing, for example, costs levels).
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2. Diversification benefits

Even though some risk factors might not be interesting on a standalone basis, diversification benefits can make
exposure to them worthwhile on a total portfolio level by mitigating other risks. Diversification is potentially the
largest added value of a well-designed LDI strategy.

3. Iterations

Diversification benefits of adding exposure to a risk factor depend on the current exposure of the portfolio.
Changing the portfolio — for example, as a result of changing the LDI strategy — also changes the diversification
properties of the risk factors. Therefore, it is important to regard the process of designing an LDI strategy as an
iterative process; repeatedly checking risk-return addition of different risk factors to the most recent (draft) total
portfolio until the portfolio cannot be further improved.

This process results in an LDI strategy that essentially distributes the available risk budget over the risk factors that
we have described in this series. This can be summarized as we do for a hypothetical pension fund in Figure 4. This
figure directly shows what the biggest contributors to risk are within the LDI strategy. It also demonstrates how
distribution within the LDI strategy reduces risk. Similar figures can also be made for the total risk exposure of the
portfolio (with interest rate risk being one of the elements) and the separate interest rate risks (such as introduced
by the instrument selection).

Figure 4: Example risk budget of an LDI strategy
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Source: Aegon Asset Management. For illustrative purposes only.

Conclusion

In this final article of our LDI Deep Dive Series, we have looked at all of the components of interest rate risk
together: parallel shifts of the interest rate curve, curve risk, and basis risk. Each of these risk factors contributes to
the tracking error but might also impact the expected return. Carefully trading-off risk and return, while taking
diversification effects into account are the ingredients for an effective LDI strategy. Due to the interaction with the
liability structure, investments beliefs and other investor specific elements, an LDI strategy should, in most
circumstances, be tailor-made. Translating the LDI strategy to a risk budget helps making clear what the most
important sources of risk are and from where expected return should be expected.
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Disclaimer

For Professional Clients only and not to be distributed to or relied upon by retail clients. All investments contain risk
and may lose value.

This document is for informational purposes only in connection with the marketing and advertising of products and
services, and is not investment research, advice or a recommendation. It shall not constitute an offer to sell or the
solicitation to buy any investment nor shall any offer of products or services be made to any person in any
jurisdiction where unlawful or unauthorized. Any opinions, estimates, or forecasts expressed are the current views
of the author(s) at the time of publication and are subject to change without notice. The research taken into account
in this document may or may not have been used for or be consistent with all Aegon Asset Management investment
strategies. References to securities, asset classes and financial markets are included for illustrative purposes only
and should not be relied upon to assist or inform the making of any investment decisions. It has not been prepared
in accordance with any legal requirements designed to promote the independence of investment research, and may
have been acted upon by Aegon AM and Aegon AM staff for their own purposes.

Simulated past performance is not a guide to future performance. Outcomes, including the payment of income, are
not guaranteed. Simulated performance has been generated using a model portfolio.

All data is sourced to Aegon Asset Management unless otherwise stated. The document is accurate at the time of
writing but is subject to change without notice. Data attributed to a third party (“3rd Party Data”) is proprietary to
that third party and/or other suppliers (the “Data Owner”) and is used by Aegon Investment Management B.V.
under licence. 3rd Party Data: (i) may not be copied or distributed; and (ii) is not warranted to be accurate,
complete or timely. None of the Data Owner, Aegon Investment Management B.V. or any other person connected
to, or from whom Aegon Investment Management B.V. sources, 3rd Party Data is liable for any losses or liabilities
arising from use of 3rd Party Data.

Aegon Asset Management UK plc is authorised and regulated by the Financial Conduct Authority. Aegon Investment
Management B.V. is registered with the Netherlands Authority for the Financial Markets as a licensed fund
management company. On the basis of its fund management license Aegon Investment Management B.V. is also
authorised to provide individual portfolio management and advisory services.



