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Summary. Introduction. Asset-Liability Management (ALM) is a crucial
aspect of insurance companies' operations aimed at ensuring their financial
stability and solvency. However, traditional methods like duration matching
(portfolio immunization) often prove not flexible enough in volatile interest rate
environments and unstable financial markets. The growing complexity of
regulatory requirements, such as Solvency II, pose new challenges for effective
ALM. These circumstances necessitate the search for new approaches and tools
that would allow insurance companies to better manage their assets and
liabilities, reduce risks, and ensure stability.

Purpose. The main purpose of this study is to assess the effectiveness of
advanced Asset-Liability Management techniques for insurance companies,
particularly the use of derivatives to manage duration gaps and mitigate interest
rate risks. The paper investigates how these tools can be integrated into existing
ALM approaches to ensure better alignment of assets and liabilities and enhance

the resilience of insurance companies to changing market conditions.
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Materials and methods. The materials of this study include: 1) academic
works by foreign authors focused on asset-liability management (ALM) within the
insurance industry, 2) regulatory documents (namely, Solvency II) which outline
the requirements for risk management and financial stability of European
insurance companies.

In the course of this study, the following scientific methods were utilized:
theoretical analysis and synthesis (to evaluate the existing ALM strategies and
their effectiveness in managing duration gaps), comparative analysis (to compare
traditional ALM techniques with more flexible approaches incorporating
derivatives); and the logical generalization method (to formulate conclusions
regarding the application of derivative instruments in ALM for insurance
companies).

Results. The study's findings indicate that the integration of derivatives,
such as government bond futures, interest rate swaps, and government bond
options, can significantly improve the management of duration gaps and portfolio
optimization for insurance companies. The use of these financial instruments
allows for a flexible and effective response to changing market conditions,
ensuring the stability and solvency of insurance companies.

Discussion. Further research can be directed towards a deeper study of the
effectiveness of derivatives in the context of risk management in property &
casualty insurance companies versus life insurance companies. Modelling
performance of specific portfolios of different types of insurers will contribute to
improving ALM efficiency.

Key words: Asset-Liability Management, duration, immunization,

insurance, derivatives, interest rate risk, portfolio optimization.

Anomauia. Bcmyn. Ynpaeninna axmusamu i 30008 ’a3anuamu (Asset-
Liability Management, ALM) € eadxcnueum acnekmom OIisIbHOCMI CMPAxXo8ux

KOMNAHIU, CNPAMOBAHUM HaA 3abe3neueHus ix Gpinancosoi cmabirbHocmi ma
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naamocnpomoxcrocmi. OOHax mpaouyituHi Mmemoou, maxi 5K V3200HCeHHs
owpayii akmusie 3 Owpayiclo 30008'a3ans (IMyHizayis nopmdghonio), wacmo
BUABNIAIOMBCS HEOOCMAMHBLO SHYUKUMU 8 YMOBAX 3MIHHUX NPOYEHMHUX CIABOK 1
HecmaoiibHux (hiHancosux puHKie. 3pocmarua CKIAOHICMb HOPMAMUBHUX
sumoz, maxux sik Solvency II, cmeoproe nosi suxnuxu onsa e¢pexkmusrnozo ALM. L]i
obocmagunu  3yMOGII0IOMb  HEeOOXIOHICMb  NOWYKY HOBUX  nidX00i@ ma
iHcmpymenmie, AKi 6 00380IUNU CMPAXOBUM KOMNAHIAM Kpawe Ynpasiamu
C8OIMU akmusamu ma 30008 A3aHHAMU, 3MEHULYIOUU PUSUKU ma 3abe3neyyodu
cmabiibHicmb.

Mema. I'onosHo0 memow 0ano20 00CNIONCEHHS € OYIHKA eheKmusHoCmi
CYUacHUX Memooi6 YNpasiiHHA AKMueamu ma 30008 SA3aHHAMU Y CMPAXOBUX
KOMNAHIAX, 30KpemMa UKOPUCMAHHS 0epuUsamueie 0 YAPAaeiHHs OI0payiiHuUM
PO3PUBOM MA 3MEHUUEHHS NPOYEHMHUX PU3UKIG. Y pobomi 00CiorHcyemv s, K Yi
IHCMpYMeHmu MoXCymov Oymu iHmez2pogaui 6 icHytoui nioxoou 0o ALM, wo6
3abe3neuumu Kpawje y3200CeHHs akmueia i 30008's13aHb, @ MaKkoic nioGUWUMU
CMIUKICMb CMPAX08UX KOMIAHIU 00 3MIH PUHKOBUX YMOS.

Mamepianu i memoou. Mamepianamu ybo2o 0ocnioxcenus €. 1) Haykosi
npayi  IHO3eMHUX  aeémopie, NPUCEAYEHI  YNPABNIHHIO  aKmueamu  ma
30006’ a3anuamu (ALM) y cmpaxosii eanysi; 2) pecynisamopHi OOKyMeHmu
(3oxpema, Solvency Il), siki suznauaromos eumMo2u 00 YNPAGIIHHA PUSUKAMU MA
Ginancosoi cmabinbHOCMI €8PONEUCHKUX CMPAXOBUX KOMNAHIU.

Y npoyeci yvoeo oocniosxcenns 6ynU UKOPUCMAHT MAKI HAYKOBT MemOoOu.
meopemudHULl aHais i cunme3s (015 oyiHku icHyrouux cmpameziti ALM ma ixnvoi
eghekmugHocmi 6 ynpaeniHHi OPAYIUHUMU PO3PUBAMU), NOPIGHSILHUL AHAI3
(015 nopigHaAHHA Mpaouyiunux memooie ALM i3 6inbw enyuxumu nioxooamu, axi
BKAIOUAIOMb BUKOPUCIAHHS 0epU8amusie); memoo i102iuH020 y3a2aibHeH s (01
Gpopmyn08aHHs BUCHOBKI8 w000 3acmocy8anHsi Oepueamusie ¢ ALM oOna

CMPAxo8ux KOMNAHitl).
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Pesynomamu. Pezynomamu 00CnioOdCeHHs NOKA3VI0mMb, WO IHmespayisi
oepusamuesis, maxkux sK ¢ rouepcu Ha 0epicasHi ooieayii, nNPOYeHmMHI C8ONU ma
OnyioHu Ha OepoicasHi obnieayii, Modxce 3HAYHO HNOKpAWUMU YNPAGIIHHA
OpayiiHuM po3pueom [ onmumizayiro nopmeensi cmpaxosux KOMNAHILL.
Buxopucmanns yux ginancosux incmpymenmis 003680.J18€ SHYYKO ma eqheKmueHo
peazyeamu HA 3MIHY PUHKOBUX YMO6, 3abe3neuyioyu CcmabilbHicmb ma
NAAMOCNPOMONCHICIG CIMPAX0BUX KOMNAHIU.

llepcnexmusu. Ilooanvuii 00CniodceHHs MOXdCYymb Oymu CnpsMo8aHi Ha
enubue BUBYEHHS edeKmU8HOCmi 0epusamugié y KOHMEKCMI YNPAGliHHS
PUBUKAMU 8 KOMRAHIAX 3 CMPAxy8aHHs MAuHa ma 6I0 HeWacHUX 6Unaokis y
NOpIGHAHHI 3 KOMHWaWismu 3i cmpaxysanus ocumms. Moodenrosanus
ehexmusHoCmi KOHKpemHux nopmaehenie pi3HuUxX munie cmpaxosuxie cnpusmume
niosuwenHio egpexkmusrnocmi ALM.

Knrwuoei cnosa: ynpasninus akmusamu ma 30008 a3aHHAMU, O0payis,
IMyHI3ayis, Ccmpaxy8amHs, 0epusamusu, NPOYEeHMHUU pUUK, ONMUMI3aYis

nopmaens.

Problem statement. Insurance companies face the challenge of managing
the duration gap between assets and liabilities to maintain financial stability.
Traditional methods of asset-liability matching, such as duration matching and
immunization, often prove not flexible enough in volatile interest rate
environments. The issue is further complicated by stringent regulatory
requirements, such as those imposed by Solvency II, which mandate a market-
consistent valuation of assets and liabilities. A possible solution is to develop
ALM strategies that are more flexible and allow to optimize portfolio
performance while ensuring regulatory compliance and mitigating interest rate
risks through the use of derivatives and other financial instruments.

Analysis of existing research and publications. The first ideas related to

asset liability management were developed by Macaulay who introduced the
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concept of duration. Redington linked this concept to assets and liabilities of
insurance companies and suggested that they should think about underwriting
risks and investments simultaneously. Also, he developed the immunization
theory. Ferguson discusses how the concept of duration can be applied to
immunize insurance portfolios in the elevated interest rate volatility environment
to minimize the reinvestment risk. Leibowitz analyzes how the traditional (mean-
variance) approach to portfolio optimization could be adapted to the asset
allocation process of an insurer. Van der Meer and Smink classify approaches to
asset liability management into three categories: static (cashflow calendar, gap
analysis, segmentation, cashflow matching), value-driven (immunization,
portfolio insurance, constant proportion portfolio insurance), and return driven
(spread management, required rate of return analysis). Santomero and Babbel
come up with an extensive list of risks that an insurance company faces and
suggest two analytical approaches to evaluation of the aggregate risk exposure.
Ahlgrim, D'Arcy and Gorvett try to overcome the drawbacks of modified duration
and convexity (assumptions of a flat yield curve with parallel shifts and
independence of cash flows from interest rate movements) by using effective
duration and convexity. They conclude that once the abovementioned unrealistic
assumptions are dropped, the effective duration and convexity are more relevant
indicators to use in the process of immunization. Gajek, Ostaszewski and explain
how the concepts of duration and convexity viewed from a theoretical perspective
(as derivatives of a bond price to interest rate) are connected to the same concepts
seen from a practical point of view as weighted average time to maturity
(duration) and weighted average square of time to maturity (convexity). The
authors criticize classical immunization as it violates the principle of no-arbitrage
pricing and implies several unrealistic assumptions (flat yield curve; parallel and
infinitely small shifts in the yield curve; continuous portfolio rebalancing). Then
they summarize more advanced concepts such as key rate immunization and

multivariate immunization.
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More recently, the research on asset liability management has been
increasingly focused on the topics of asset allocation and portfolio optimization
under regulatory constraints. Regarding the regulatory constraints, it is important
to mention that European insurers operate under the Solvency II regime since
2016. This regime requires insurance companies to provide a market-based view
on their solvency by marking to market their assets and liabilities, thus setting up
a specific framework for the asset liability management process [4].

To sum up, in the light of the discussed above literature, asset liability
management for an insurance company can be defined as a process of
development of an asset allocation taking into account the combined impact of
financial risks on both assets and liabilities, as well as on the ability to meet the
relevant regulatory requirements.

The purpose of this paper is to explore and evaluate the effectiveness of
advanced Asset-Liability Management techniques in the insurance industry.
Specifically, it aims to assess the utility of derivatives, such as interest rate swaps
and bond futures, in managing the duration gap and mitigating interest rate risks.

Materials and methods. The materials of this study include: 1) academic
works by foreign authors focused on asset-liability management (ALM) within
the insurance industry; 2) regulatory documents (namely, Solvency II) which
outline the requirements for risk management and financial stability of European
insurance companies.

In the course of this study, the following scientific methods were utilized:
theoretical analysis and synthesis (to evaluate the existing ALM strategies and
their effectiveness in managing duration gaps); comparative analysis (to compare
traditional ALM techniques with more flexible approaches incorporating
derivatives); and the logical generalization method (to formulate conclusions
regarding the application of derivative instruments in ALM for insurance

companies).
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Overview of core findings. Duration is a measure of interest risk of a fixed
income security. Macaulay duration shows the weighted average time in years

until cash flows of a security are received:

Y CFet-(1+i)7¢t
PV

MacDur =

(1)

where MacDur — Macaulay duration of a security; CF; — cash flow in year
t; 1 — market interest rate; PV — present value of the security.

The higher the Macaulay duration of a security, the more time is required
to recover the cash flows invested 1n it.

Modified duration shows the percentage change in price of a security given

a unit change in yield:

ModDur = —Pvl(i)-dp;/i(i)

2)

Since

aPv(D) _ _ X CRet(14+D~*

di 1+i ’

3)

modified duration can be expressed in terms of Macaulay duration as
follows:

ModDur = YU

1+i
4)

The higher the modified duration of a security, the higher its sensitivity to
a unit change in yield.

Duration of a portfolio of securities is calculated by weighting the durations
of individual securities by their weight in the total portfolio:

ModDur, = Y., ModDur; - W;

)

where W; — weight of i-th security in the portfolio.
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This formula can be applied to compute the weighted average duration of
both assets and liabilities [5, p. 100-120].

Convexity (modified convexity) shows how modified duration changes
given a unit change in yield:

1 d?PV() _ Xfoq CFot-(t+1)-(1+0)~(+2)
PV()  diz PV

Convexity =

(6)

Therefore, approximate percentage change in price of a security can be
calculated using Taylor's theorem where modified duration is used in place of the
first derivative, convexity is used in place of the second derivative, while the third

and higher order derivatives are neglected:

2 = —ModDur - Ai + - Convexity - (4i)?

(7)
The concept of the duration gap is based on a less tight approximation that
takes into account only the first derivative and an assumption that both assets and

liabilities are sensitive to the same interest rate:

AMVa _ —ModDury - Ai ; M _ —ModDur; - Ai
MV 4 Mvy,
(8)

AMVy = AMV, — AMV, = — (MV, - ModDur, — MV, - ModDur;) - Ai
)
AMV;

— (ModDur, — 2% ModDur, ) - MV, - Al =
A

= — Duration Gap - MV, - Ai

(10)

From the formula, it is obvious that under an increase in the interest rate the
market value of equity will decrease if the duration gap is positive, increase if the
duration gap is negative, and stay the same if the duration gap is zero. Under a
decrease in the interest rate the effects on the market value of equity are the

opposite.
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Thus, the concept of immunization is based on managing the duration of
assets in such a way that the duration gap is set to zero. Ideally, the convexity gap
(calculated in the same way but using convexity in place of modified duration)
should also be considered. It should be non-negative as convexity links the change
in market value of equity to squared change in the interest rate, which is always
positive. Therefore, if convexity of assets is higher than that of liabilities,
convexity effect on equity is net positive for any direction of the interest rate
change [7].

One case when a non-zero duration gap can be justified for an insurer from
the point of view of the interest rate risk minimization is under the assumption of
going concern. Panning (1995) argues that assets and liabilities related to future
business (1.e. both new business and renewals of the existing business) must be
considered if one wants to minimize the sensitivity of real economic value (as
opposed to equity market value) to interest rate movements. The duration of future
losses is longer than that of future premiums because for any one-time premium
inflow the losses corresponding to it are spread over time. Therefore, the net
duration of future business is negative, and to counterbalance it, an insurance
company should increase the duration of its existing assets. Then the duration gap
will be zero from the point of view of an investment manager who performs
estimation of all the (highly uncertain) parameters of the future business: timing,
value, duration etc. At the same time, anyone else who analyses only verifiable
existing business recorded under appropriate accounting principles will observe a
positive duration gap.

The most straightforward way to manage duration of a portfolio and its
duration gap is to rebalance the portfolio by buying or selling fixed income
securities. However, in most cases a faster and more flexible way to adjust
duration is hedging interest rate risk with derivatives. Derivatives overlay can be
employed both to achieve the target duration or to temporarily deviate from it. For

example, an investment manager who wants to have a positive duration gap based
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on long-term market views but expects a market turmoil in the near future may
temporarily eliminate the gap with derivatives overlay, avoiding the need to sell
any bonds [6].

The most efficient derivative instruments for managing duration are
government bond futures, interest rate swaps, and government bond options.
These instruments can be employed to reach a variety of duration management
goals, but we analyze how they can be employed on the example of the most
common application — elimination of a duration gap. As usually assumed in
immunization theory, we assume no basis risk.

Futures position required to eliminate a duration gap can be defined as a
position whose change in market value (due to an interest rate movement) is such
that it fully offsets the change in portfolio equity value (due to the same interest

rate movement):

AF = —AMVg

(11)

AMVy = —Duration Gap - MV, - Al
(12)

AF = —ModDurg-Ai-P-N

(13)

N — _ DurationGapMV,

ModDurg P
(14)
where AF — change in market value of the futures position; AMVE — change
in the portfolio equity value (assets minus liabilities); Ai — change in interest rate;
ModDurg — modified duration of the underlying bond; P — price of one futures
contract; N — number of futures contracts to buy (if positive) or sell (if negative).
As an example, when duration gap is positive, N is negative (since MV,
ModDurs, and P can only be positive). That is, an investment manager has to short

N futures contracts. If interest rate goes up, portfolio equity value decreases, i.e.
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AMVE is negative. However, the price of futures contracts also decreases. Hence
the value of the short position goes up and positive AF exactly offsets negative
AMVE. When duration gap is negative, an investment manager has to buy N
futures contracts, the opposite effects take place, and in case of a decline in
interest rate AF again offsets negative AMVE[1; 3].

Swap position to eliminate a duration gap is defined by the notional
principal amount required to make modified duration of a portfolio with an
interest rate swap overlay equal to the target modified duration:

MV, - ModDurrgrger = MVy - ModDury, + NP - ModDurg,q
(15)
NP = MV, -

ModDurrgrget—ModDur y4

ModDurgyqp

(16)

where NP — notional principal amount.

Duration of the fixed leg of a swap is equal to the duration of a bond with
the same cash flow pattern and maturity. At the same time, duration of the floating
leg of a swap is close to the floating payments frequency (i.e. 0.5 years for the
standard euro zone interest rate swap). Duration of a swap contract is equal to
duration of the leg you are long minus duration of the leg you are short. That is,
duration of a fixed rate receiver swap is positive, while duration of a fixed rate
payer swap is negative. Therefore, if the difference between target and actual
modified duration is positive (i.e. duration gap is negative), an investment
manager has to go long a receiver swap of appropriate notional principle to
increase modified duration to the desired value. In the opposite case a payer swap
should be entered to decrease modified duration.

If the goal is to close the duration gap, the required notional principle is the

following:
Duration Gap rqrger = ModDurrgyger — ModDury, % =0
A
(17)
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ModDurrerger = ModDury, Z—‘Z
(18)

ModDury 3 k~ModDur ,
NP = MVy- ModDu/;‘SWap
(19)

As an example, when the duration gap is positive, an investment manager

has to go long a payer interest rate swap of NP notional principle amount. If

interest rate goes up, portfolio equity value decreases, i.e. AMVE is negative:

AMVy = —Duration Gap - MV, - Al
(20)

At the same time swap market value (which is 0 at the time of contract

initiation) goes up as the duration of payer swap is negative:

Ai

AMVgya = —ModDurg,q, - NP - Ai

21)
ModDurL-%—ModDurA
NP = MV, - 4
ModDurgyap
(22)

ModDurL-%—ModDurA
A

AMVsyep = —ModDurg,q, - MV, - - AQ

ModDurgyap
(23)
AMVsyqp = —MV, - (—Duration Gap) - Ai = Duration Gap - MV, -

(24)

Therefore, swap market value increases and exactly offsets the decrease in

portfolio equity value. When duration gap is negative, an investment manager has

to go long a receiver interest rate swap of NP notional principle amount. Duration

of a receiver swap is positive, so its value will go up if interest rate declines and

will again offset the decrease in portfolio equity value [2].
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Option position required to eliminate a duration gap can be defined as a
position whose change in market value (due to an interest rate movement) is such
that it fully offsets the change in portfolio equity value (due to the same interest

rate movement):

AO = —AMVg

(25)

AMVy = —Duration Gap - MV, - Al
(26)

AO = 6 (—ModDurg)-Ai-B-N
(27)

N — _ DurationGapMV,

8:ModDurg'B

(28)

where AO — change in market value of the option position; AMVEg — change
in the portfolio equity value; Ai — change in interest rate; ModDurs — modified
duration of the underlying bond; B — price of one underlying bond; 6 — delta of an
option showing sensitivity of its value to the value of the underlying bond
(between 0 and 1 for call options and between -1 and 0 for put options); N
—number of option contracts to buy (call options if the duration gap is negative
and put options if the duration gap is positive).

As an example, when the duration gap is positive, an investment manager
has to buy N put options. N can only be positive (since MV a, ModDurg, and B
can only be positive, Duration Gap is positive, and delta of a put option is
negative). If interest rate goes up, portfolio equity value decreases, i.e. AMVE is
negative. However, the price of bonds underlying put options also decreases.
Hence the value of long put options position goes up and positive AO offsets
negative AMVE.

When the duration gap is negative, an investment manager has to buy N

call options. N again can only be positive (since MV, ModDurg, and B can only
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be positive, Duration Gap is negative, and delta of a call option is positive). If
interest rate goes down, portfolio equity value decreases, i.e. AMVE is negative.
However, the price of bonds underlying call options increases. Hence the value
of long call options position goes up and positive AO offsets negative AMVE.

Managing duration with options is the least efficient of the 3 strategies.
First, the cost incurred (option premium multiplied by the number of contracts
purchased) may be very large. Second, delta of a government bond option is more
sensitive to interest rate fluctuations than modified duration of a government bond
underlying a futures contract or modified duration of an interest rate swap. As a
consequence, the required option position (which is a function of delta) may vary
significantly with interest rates changes. Therefore, in practice duration is
typically managed via government bond futures and interest rate swaps depending
on the particular situation. The advantage of futures is that they are standardized
exchange-traded instruments while swaps are traded in the over-the-counter
market where a counterparty has to be found. On the other hand, bond futures
have a very limited number of maturities which makes this instrument suitable
only for simple duration management. Swaps can be tailored for a particular
situation allowing for a more sophisticated duration management, e.g. key rate
duration steering via forward starting interest rate swaps. This may be useful, for
example, if an active portfolio manager wants to generate alpha through bond-
picking but maintain the same exposure to interest risk as that of the benchmark
at all the points of the yield curve [1; 3].

Conclusions and directions for further research. The paper concludes
that traditional ALM methods, while foundational, are not flexible enough to
address the complexities of modern financial markets. The integration of
derivatives into ALM strategies offers a more dynamic approach to managing
interest rate risks. By utilizing tools such as government bond futures, interest rate
swaps, and government bond options, insurance companies can more effectively

manage their duration gap and optimize their portfolios. Further research can be
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directed towards a deeper study of the effectiveness of derivatives in the context
of risk management in property & casualty insurance companies versus life
insurance companies. Modelling performance of specific portfolios of different

types of insurers will contribute to improving ALM efficiency.
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