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CTPAXOBUX KOMIAHIN
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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 I1, 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.

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 I1) 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.

AHoTauif. Bctyn. YnpasniHus aktuamu i 30608'93aHHAMK (Asset-Liability Management, ALM) € Bax/IMBUM acrnekTom
gisiIbHOCTI CTPAX0BMX KOMMAHIH, CNPSIMOBAHUM HA 3abe3nedeHHs iX GiHaHCOBOI cTabinbHOCTI Ta NAATOCIPOMOXHOCTI. OgHAK
TpaguuiiHi MeTogu, Taki siK y320g)KeHHs glopawii aKT1BIB 3 glopauieto 30608'93aHb (iMyHI3avisi TOpT@oio), YaCTO BUSIBASIOTb-
€Sl HEgOCTATHBO 2HYYKUMM B YMOBAX 3MIHHNX MPOLIEHTHUX CTABOK i HecTabinbH1X GIHAHCOBMX PUHKIB. 3pOCTAOYA CKAAGHICTb
HOPMATUBHUX BMMO2, TakuX 5K Solvency Il, CTBOpIOE HOBi BUKMKM st eekTBHO20 ALM. Lii 06CcTaBuHm 3yMOBIOIOTb Heob-
XigHICTb MOLLYKY HOBMX MigX0GiB Ta IHCTPYMEHTIB, siki 6 gO3BO/IM/IM CTPAXOBUM KOMMAHIAM Kpale ynpaasT CBOiMU aKTUMBAMM
Ta 3000B'A3AHHAMM, 3MEHLLYI0UM PU3MKKM Ta 3a0e3meyyiodn CTabibHICTb.
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MerTa. [0/10BHOIO METOI0 gaHO20 JOCTIGMEHHS € OLHKA epeKTUBHOCTI Cy4aCHNX MeTOgiB yrpas/iHHS aKkTMBAMM Ta 306085
3AHHAMM Y CTPAXOBMX KOMIMAHIAX, 30KPemMa BUKOPUCTAHHSA gepuBaTUBIB g/id YNpaBAiHHA gopALiriHUM PO3PMBOM TA 3MEHLLIEHHS
MPOLEHTHUX PU3NKIB. Y pobOTi GOCHIGKYETLCS, AIK Lii IHCTPYMEHTH MOXYTb OyTH iHTE2POBAHI B iCHyto4i nigxogm go ALM, 1406 3a-
Oe3neynTy KpaiLe y320gxeHHs KTUBIB | 3000B’13aHb, a TAKOX MigBMLLMTY CTIMKICTb CTPAXOBMX KOMIMAHIN §O 3MiH PUHKOBUX YMOB.

Martepiamm i meTogu. Matepianamm Lbo20 goCnigykeHHs €: 1) HAayKOBi Npavi iHO3eMHUX aBTOPIB, MPUCBAYEHI yNPaB/iHHIO
aKTMBamu Ta 3000B'A3aHHAMM (ALM) y CTpaxoBiii 2any3i; 2) pe2ynsiTopHi gokymeHTH (3okpema, Solvency 1), siki BU3HayatoTb
BMMO2M O yrpas/liHHS pU3NKaMm Ta GiHaHCOBOI CTAGIILHOCTi €BPONENCbKMX CTPAXOBUX KOMIMAHIVA.

Y npovieci 4b020 gocaigxkeHHs BYn BUKOPUCTAHI Taki HAaYKOBIi MeTogu: TEOPeTUYHMI AHANI3 i CUHTe3 (gAs OLIHKM iCHYIOYMX
cTpareeiii ALM Ta ixHbOi epeKTUBHOCTI B ynpas/iHHi gropayisiHimMu po3puBamu); OPiBHSAbHWI QHANI3 (/151 MOPIBHSIHHS Tpagu-
LifiHMX MeTogiB ALM i3 BiflbLL 2Hy4KMMM MigXOGamu, siKi BKIOYAIOTb BUKOPUCTAHHS gepuBATHBIB); METOG JI02IYHOR0 Y3a2a/IbHEeHHS
(gns opMyNIOBAHHS BUCHOBKIB 10O 3ACTOCYBAHHS gepuBaTuBi B ALM gl CTpaxoBux KOMNAHii).

Pe3ynbTati. Pe3ynbTaTi gocigkeHHs MOKA3YIOTb, L0 iHTe2paLlis gepuBaTUBIB, TAKMX K ¢'loyepcy Ha gepxasHi 0baizavlii,
MPOLEHTHi CBONV Ta OMLIOHM Ha gepxaBHi 0bAi2aLlii, Moxe 3HAYHO MOKPALLMTH YPABAIHHSA gIOPALiViHUM PO3PUBOM i ONTUMI3a-
Lito mopTens cTpaxoBux KOMNAHiA. BUKOPUCTAHHS LUMX GiHAHCOBMX iIHCTPYMEHTIB O3BOJISIE 2HYUKO Ta ePeKTUBHO peazyBaTi
Ha 3MiHY PUHKOBMX yMOB, 3a0e3neuytoun cTabibHICTb Ta MAATOCIPOMOXHICTb CTPAXOBMX KOMIAHIH.

IMepcrekTuBu. Moganblui goCaigxkeHHs MOXyTb OyTi CpsIMOBAHI HA 21nbLLEe BUBYEHHS! ePeKTUBHOCTI epuBaTMBIB Y KOH-
TeKCTI yrpaBaiHHA PUSMKAMM B KOMIAHIAX 3i CTPAXYBAHHA MAVHA TA Big HELACHUX BUNAQKIB Y MOPIBHAHHI 3 KOMMAHIAMM 3i
CTPAxXyBaHHS XUTTH. MOGe/toBaHHS epeKTUBHOCTI KOHKPETHUX NOPTPeiB pi3HUX TUMIB CTPAXOBMKIB CIPUATIME MigBULLEHHIO

edekTUBHOCTI ALM.

Knio4oBi cnoBa: ynpas/iHH akTuBamu Ta 30008’I3aHHSIMM, gIOPaLisi, iMyHI3awis, CTPaXyBAHHSI, gepuBATUBM, MPOLEHTHMI

pU3MK, ONTUMI3AList mopTdens..

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 com-
pliance and mitigating interest rate risks through the
use of derivatives and other financial instruments.
Analysis of existing research and publica-
tions. The first ideas related to asset liability manage-
ment were developed by Macaulay who introduced the
concept of duration. Redington linked this concept to
assets and liabilities of insurance companies and sug-
gested 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 insur-
ance portfolios in the elevated interest rate volatility
environment to minimize the reinvestment risk. Lei-
bowitz 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 match-
ing), valuedriven (immunization, portfolio insurance,
constant proportion portfolio insurance), and return
driven (spread management, required rate of return
analysis). Santomero and Babbel come up with an ex-
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tensive 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 ma-
turity (convexity). The authors criticize classical im-
munization 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.

More recently, the research on asset liability man-
agement has been increasingly focused on the topics
of asset allocation and portfolio optimization under
regulatory constraints. Regarding the regulatory con-
straints, 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].
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To sum up, in the light of the discussed above lit-
erature, 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 regula-
tory requirements.

The purpose of this paper is to explore and eval-
uate the effectiveness of advanced Asset-Liability Man-
agement techniques in the insurance industry. Specif-
ically, 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) with-
in the insurance industry; 2) regulatory documents
(namely, Solvency II) which outline the requirements
for risk management and financial stability of Euro-
pean insurance companies.

In the course of this study, the following scientific
methods were utilized: theoretical analysis and synthe-
sis (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).

Overview of core findings. Duration is a mea-
sure of interest risk of a fixed income security. Macau-
lay duration shows the weighted average time in years
until cash flows of a security are received:

n —t
CF,-t-(1+i)
MacDur=-=1=1 (1)
PV
where MacDur — Macaulay duration of a security;
CF, — cash flow in year ¢; i — 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 in it.

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

1 dPV(i)
MOdDUJ':——'—. (2)
PV(i) di
Since
apv (i) Z::ICFt't'(l”)_t @

di 1+1i
modified duration can be expressed in terms of Ma-

caulay duration as follows:
ModDur :M .

1+:

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, :ZModDuri W, (5)
i=1

where W, — weight of i-th security in the portfolio.

This formula can be applied to compute the weight-
ed 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 d2PV(i)_
V(i) a@®
" CF,-t(t+1)-(1+ iy
PV '

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 de-
rivative, while the third and higher order derivatives
are neglected:

ﬂ:—ModDur . AL'Jr1 -Convexity - (Ai)z . (N
PV 2

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:

Convexity=

(6)

A =-ModDur, -Ai ;
A (8)

AMYV.
L =-ModDur, -Ai

L
AMV, =AMV, —AMV, =
=-(MV, - ModDur, — MV, - ModDur, )- Ai

9

MYV,
AMV,, =—(ModDurA -—L ~ModDurL] "MV, - Ai=
MV,

=—DurationGap- MV, - Ai (10)

From the formula, it is obvious that under an in-
crease 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.

Thus, the concept of immunization is based on
managing the duration of assets in such a way that
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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 consid-
ered. 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 direc-
tion of the interest rate change [7].

One case when a non-zero duration gap can be jus-
tified for an insurer from the point of view of the in-
terest rate risk minimization is under the assumption
of going concern. Panning (1995) argues that assets
and liabilities related to future business (i.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 busi-
ness: timing, value, duration etc. At the same time,
anyone else who analyses only verifiable existing busi-
ness 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 devi-
ate from it. For example, an investment manager who
wants to have a positive duration gap based on long-
term market views but expects a market turmoil in the
near future may temporarily eliminate the gap with de-
rivatives overlay, avoiding the need to sell any bonds [6].

The most efficient derivative instruments for man-
aging duration are government bond futures, interest
rate swaps, and government bond options. These instru-
ments 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 appli-
cation — elimination of a duration gap. As usually as-
sumed 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 mar-
ket 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 =—AMV,, (11)
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AMVy, =—DurationGap- MV, - Ai (12)
AF =—ModDury -Ai- P-N (13)
Neo Duration Gap - MV, (14)

ModDury, - P

where AF — change in market value of the futures
position; AMV, — change in the portfolio equity val-
ue (assets minus liabilities); Ai — change in interest
rate; ModDur, — modified duration of the underlying
bond; P — price of one futures contract; N — number
of futures contracts to buy (if positive) or sell (if neg-
ative).

As an example, when duration gap is positive, N
is negative (since MV,, ModDur,, 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. AMV, 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 AMV,. 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
AMV ,[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, - ModDurTarget =MV, - ModDur, +

+NP- ModDurSwap (15)
NP_MV . ModDurTarget - ModDurA (16)
A ModDurSwap

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. du-
ration gap is negative), an investment manager has to
go long a receiver swap of appropriate notional princi-
ple 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:

DurationGap r,, et = ModDurTarget -
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MV,
— ModDur, - L_g 7)
Mv,
MYV,
L
ModDurTarget =ModDur; - A (18)
MYV,
ModDur, -——% — ModDur,
Mv,
NP=MV, - (19)
ModDurSwap

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 inter-
est rate goes up, portfolio equity value decreases, i.e.
AMYV , is negative:

AMV, =—DurationGap- MV, - Ai (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:

AMVyg,.,=—ModDurg,, - NP-Ai (1)
MV,
ModDurL . L —ModDurA
MV
NP=MV, - A (22)
ModDurSwap
A]‘[VSwap :_MOdDurSwap : MVA X
MV
ModDur, -——% — ModDur,
MV
4 Ai (23)
ModDuryg
wap
AMszap =-MV, '(—Duration Gap) SAil= 24)

= DurationGap- MV, - ANi==-AMV,

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 pos-
itive, so its value will go up if interest rate declines
and will again offset the decrease in portfolio equity
value [2].

Option position required to eliminate a duration
gap can be defined as a position whose change in mar-
ket 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=-AMV, (25)

AMV, =-DurationGap-MV , - Ai (26)

AO=3-(-ModDurg)-Ai- B-N (27)
DurationGap - MV

__ P A (28)

5- ModDurB -B

where AO — change in market value of the option po-
sition; AMV, — change in the portfolio equity value;

Ai — change in interest rate; ModDur, — modified
duration of the underlying bond; B — price of one un-
derlying bond; 6 — delta of an option showing sensi-
tivity 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,, ModDur,, 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. AMV, is negative.
However, the price of bonds underlying put options
also decreases. Hence the value of long put options po-
sition goes up and positive AO offsets negative AMV .

When the duration gap is negative, an investment
manager has to buy N call options. N again can only
be positive (since MV,, ModDur,, and B can only 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. AMV, 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 AMV .

Managing duration with options is the least effi-
cient of the 3 strategies. First, the cost incurred (op-
tion premium multiplied by the number of contracts
purchased) may be very large. Second, delta of a gov-
ernment bond option is more sensitive to interest rate
fluctuations than modified duration of a government
bond underlying a futures contract or modified dura-
tion 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 advan-
tage 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 instru-
ment suitable only for simple duration management.
Swaps can be tailored for a particular situation allow-
ing 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 re-
search. 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
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strategies offers a more dynamic approach to man-
aging 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 opti-
mize their portfolios. Further research can be directed

towards a deeper study of the effectiveness of deriva-
tives in the context of risk management in property
& casualty insurance companies versus life insurance
companies. Modelling performance of specific portfo-
lios of different types of insurers will contribute to
improving ALM efficiency.
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