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Introduction

One of the life insurance products of great inteassong practitioners and theoreticians in the
field to have emerged in the international finahoiarket in recent years is thmit-linked life
insurance policy (Boyle & Schwartz, 1977). Unit-linked insurancentacts have become very
popular in several international insurance marketsited States, Canada, Asia, Europe) since
the mid-1970s (Gaillardetz, 2006). The financiahdfé generated by these insurance contracts
depends on two important elemerttse performance of an investment fuAdgesanu, 2004)
and some insurance-type eveirt the life of the policyholder according to thencluded
insurance contract (death, retirement, surviva tertain date, etc.) (Romanyuk, 2006). Due to
financial instability caused by the global crisindathe increasing competitiveness in the
financial market, insurance companies in intermationarkets have begun to includeestment
guarantees in unit-linked products. Investment guarantees \agy popular features in unit-
linked life insurance policies because in additiorthe payment of benefits payable in case of
death or at the maturity of the insurance contratisse policies are tied to the return of an
underlying asset or an actively managed portfdlious, the unit-linked life insurance policy
with embedded guarantee acts as a regular finamsi@stment because the investor's capital is
credited with a minimum return. In exchange fostpiotection, the insured person pays a higher
premium, reflecting the market risk assumed by ihgurance company (Augustyniak &
Boudreault, 2012).

Pricing and evaluating unit-linked insurance cortsahas generated much interest among
researchers and practitioners in the last two decg®Romanyuk, 2006). The total benefit
generated in the case of unit-linked contractsuithes botHinancial, investmenfrelated to the
financial market) andactuarial risk elements(possibility of occurrence of insured risk)
(Argesanu, 2004), which have to be priced so that therarece premium is fair to both the seller
and the buyer of the contract (Romanyuk, 2006). Thé-linked life insurance has two
important componentsprotection and investmeniThe protection component refers to the
insured sum in case of the occurrence of insusd® iand the investment component refers to the
policyholder’s account that represents the pregaloe of the units from the chosen investment
funds (Gavriletea, 2009). At the same time, an irtggmt component of the activity carried out by
the insurance companies is the investment of teenjums paid by policyholders in various
types of assets, in order to obtain higher rettmas those guaranteed by the insurance contracts.
As a consequence, the benefits of the insured eagubranteed or immunized with different
types of financial assets, especially with fixetenast instruments (Hardy, 2003).

The purpose of this paper is to develop a theoretical and ewcgdi analysis of unit-linked life
insurance, with and without guarantees for embedalegstments. In order to achieve this goal,



we considered the following mawbjectives of the study: the presentation of some legislative
changes regarding the unit-linked life insurancatiaxts; the conceptual framework of unit-
linked life insurance products; the analysis of B@manian unit-linked life insurance market
dynamics; modeling the returns of the prices ofaficial assets which are the basis of
guaranteeing the value of the investment bengdfithé case of unit-linked insurance policies,
and researching some methods of pricing, asseasishdiedging unit-linked insurance contracts
with investment guarantees.

Thesisstructure
The research is structured as follows:

0 The preamble of the research aims to present the previousesunin the issue. Within
this section are analyzed the main scientific nesess "focused” on the study of aspects
related to the evaluation, hedging and risk managenof unit-linked life insurance
products.

o Thefirst chapter had the objective to propose a change in the dedigmese innovative
products in order to respect the Solvency |l reguharegarding the management of risk
exposure and the policyholders’ protection. Theesfthis section of the study focuses
on proposing some legislative changes in the Roamaleigislation regarding unit-linked
life insurance market, meant to authorize the Roamaimsurers to offer unit-linked
contracts, with and without investment guarantees.

o In thesecond chapter we intend to present and analyze: the generaspedific elements
of a life insurance; the issue related to the typwlof life insurance contracts; the
defining features of unit-linked policies; the maippes of investment guarantees
commonly used in unit-linked insurance product® thost common categories of life
insurance contracts that offer guarantees for inwessts; a comparative theoretical
analysis between traditional and unit-linked lifesurance policies; presentation of the
risks associated with these insurance productstlaaperating mechanism of a unit-
linked insurance product; last but not least, #gstion summarizes the issues regarding
the advantages, limits and opportunities for theettgpment of these insurance products.

o The third chapter aimed at a comparative analysis of the evolutibnassets and
investments of unit-linked life insurance compani@sso, this section focused on a
comparative analysis of the main unit-linked inwestt programs offered by life
insurance companies in Romania, according to thesociated risk levels and the
composition of the portfolios of the unit-linkedvestment programs. At the same time,
within this section we intend to analyze the dyrasrof the Romanian unit-linked life
insurance market, in terms of the following: grggemiums written, unit-linked life
insurance penetration, density and gross claimsuntias and redemptions for unit-
linked policies. Finally, this chapter provides amparative analysis of financial
investments in unit-linked life insurance and otlaternative investment strategies:
treasury bills, bank deposits, shares, gold ancenay.



o Thefourth chapter has as main objective the presentation of the mimichastic models
and the choice of a suitable model for a certaiit-lurked life insurance contract. In
order to choose the optimum model (RSLN-2), itsap@eters were estimated by the
maximum likelihood method.

o Thefifth chapter has considered unit-linked stochastic and detastignprofit testing
methods, modeling the guarantees liability and oddHor hedging the associated risks.

0 The sixth chapter addresses the following issue: although Romaniegislation
authorizes the insurance companies to offer umikeldl contracts without investment
guarantees, this section proposes a theoreticaleamglrical basis for calculating the
expected financial payoffs, the "prices", and foralaating unit-linked insurance
contracts with investment guarantees.

o Finally, | presented theonclusions that summarize the main aspects reached in the
presented chapters and the personal contributitretcesearched topic.

Resear ch methodology and motivation for choosing the research topic

Depending on the purpose and objectives of thearesgresented above, we believe that the use
of the twoapproaches (quantitative and qualitative) allows a complete and mutual verification
and thus it provides a better base for researchrapgesentation of the results. Theld of
research is an interdisciplinary one that has specific edata of the life insurance market and
the capital market.

Personal motivation of choosing this research issue lies in the désirglentify that specific
financial product to meet, on the one hand, highdseof policyholders, who have become
investors increasingly sophisticated and on therolfand, to stimulate the interest of insurers
offering innovative products that combine the cqtcef indemnity (protection) with the
investment opportunity and which ensures the higtegs of profitability for both the client and
the insurer. Thus, by approaching this theme weedito answer the following questiowhat
are the main categories of investment guaranteleseaf by unit-linked life insurance products?
What are the most common types of life insuranceracts that include guarantees in the
product benefits package, for investments in diffeinvestment funds? What changes should
occur in national and European legislation regutagithe unit-linked life insurance market in
Romania in order to authorize insurers to offertdimked life insurance products, with and
without investment guarantees? How profitable duie investments in unit-linked life insurance
products compared to other alternative investméi® the insured person's perspective? What
is the method of guaranteeing the minimum berethe insured persons to which the insurance
companies willing to offer unit-linked insuranceogucts with investment guarantees can
appeal? How profitable are these innovative producom the insurer's perspective? What are
the most effective profit testing and hedging netho these insurance policies? What are the
advantages, limitations and opportunities to depelloese modern products on the Romanian
insurance market?



Originality elements, limitations and futureresear ch directions

The unigueness of this research lies in the exta#ipa of the methods and techniques found and
used in the international markets of unit-linkefi linsurance and their transposition on the
Romanian market, in the course of approach andlo@vent of this typology of modern
products. The main novelty feature is the proposal theoretical and practical basis for finding
the optimal legislative, financial, operationalpooercial framework for offering for sale, on the
Romanian market, life insurance products with défe forms of guarantees attached.

On atimely basis, this approach contributes to the presentation of the studies concerned with:

the analysis of the national and European leg@tativhich regulates the life insurance market,
by presenting some proposals for normative modiboaof the legal aspects, which aim at
authorizing the Romanian insurers to expand tmsiuriance product portfolio by offering unit-
linked insurance policies with investment guarasitetithesis presentation of unit-linked life
insurance products, with and without investmentrguoi@es attached; outlining the elements
favorable to Romanian policyholders and insuresswall as the limits and opportunities for
developing these products on the national marl@tparative analysis of the evolution of the
Romanian unit-linked life insurance market andhd unit-linked investment programs (funds)
proposed by the main life insurance companies im&wva; comparative study of the most
profitable financial investments, and in particular considered the comparative presentation of
the investment in unit-linked life insurance protuand other investment alternatives; modeling
the returns of the prices of the underlying asadtich are the basis of guaranteeing the value of
the investment benefits in the case of unit-linkeslirance policies - finding the optimal model
for the Romanian financial market; simulation ofestment guarantees modeling for unit-linked
life insurance contracts on the Romanian insuranagket; applying the testing methods of the
potential profitability of these innovative conttsicstochastic simulation of hedging methods
against risks associated with unit-linked policieetermining the expected values of the
guarantees related to the unit-linked type inswraoentracts with a single and respectively,
periodically insurance premium and at the same,tthie study proposes an optimal investment
option for the insurance companies that sell th@sevative policies; as well as the analysis and
proposal of the methods of pricing and evaluatibrurt-linked life insurance policies with
investment guarantees.

Beyond the attractiveness of the exploitation ¢« thsearch topic, this study presents a series of
limitations due mainly to the contextual factoitse tegal impossibility of providing unit-linked
insurance products with investment guarantees l[#asisesearch only to a theoretical proposal
that can be implemented in the future in the pcacof insurance, at the same time, the
Romanian financial market itself "unsupporting”, shof the times, the introduction of forms of
guarantee (through a low liquidity on the derivaivmarket), etc. Another drawback of this



study is the ,non-elaboration” of the actuariaé lthbles with subannual time intervals. Thus, in
order to achieve the modeling of a sufficient numtifereturns of the underlying asset, we used
an approximation of the monthly probabilities ofatte and survival, based on the assumption
that the force of mortality is constant betweemrgar ages. Last but not least, another limitation
of the study is the lack of complete and relevaatad published over the entire time period
considered in the research (2002-2017), for cerwadhicators (gross claims, maturities and
redemptions, assets and investments, etc.). Bemeiptively new topic and not very intensely
exploited in international literature and partialyathe national one, there are many topics for
future research concerning contracts for life iasge unit-linked products, with or without
guarantees investment: analysis of new types dflukied contracts, construction of new forms
of guarantee, forecasting uncertainty in the cdskese products value, testing new econometric
models for data modeling, applying other hedging pirotection strategies against the associated
risks, analyzing the demand of these products erRibmanian insurance market, analyzing the
psychological profile of the potential insured fmarsetc.

PREAMBLE: REVIEW AND COMPLEMENTATION OF THE
LITERATURE IN THE RESEARCH FIELD

The research is based on the study of a vast titeezon pricing, hedging and risk management
in the case of unit-linked life insurance contrad®ennan and Schwartz (1976), Boyle and
Schwartz (1977), Brennan and Schwartz (1979), Rdloirand Ortu (1993), Ekern and Persson
(1996), Boyle and Hardy (1997), Tiong (2001), Meel[2000), Hardy (2003), Arganu (2004),
Gaillardetz (2006), Romanyuk (2006), Boyle and T{@008), Mao and Ostaszewski (2008),
Dickson, Hardy and Waters (2009), Pinon and Randrigony (2009), Bernard and Boyle
(2011), Sweet (2013), Ceci, Colaneri and Cretaf@@l5), Bansal and Kaur (2016), Ceci,
Colaneri and Cretarola (2017), Huber and Schla2f@t§), Luca (2018) and other studies.

This section includes the fundamental works tharasented the foundation of the personal
research, regarding the analysis of the methodspoting, evaluation, hedging and risk
management of unit-linked policies, with and withowestment guarantees.



SUMMARY OF CHAPTER I: LEGAL FRAMEWORK

Within this chapter, we intend to analyze for thegreent of unit-linked life insurance the
structure of general and specific regulations, adl \w&s certain normative changes in the
Romanian legislation regarding the unit-linked lifesurance market, being presented
synthetically, in the antithesis, the elementshaf turrent and suggested legislation, regarding
unit-linked life insurance contracts. An importawle for the development of life insurance
market, in particular the unit-linked life insuramarket, according to th&SF 2016 annual
report, is the alignment of the supervision and risk ngemaent with the norms of Solvency Il
regime and the confirmation of the market consdilisameasures through the application of the
adopted legislation. According tart. 97, paragraph 1-2 of the Law no. 237/2015, on the
authorisation and supervision of the business of insurance and reinsurance, the insurance
companies shall only invest in assets and instrisnehose risks can be properly identified,
measured, monitored, managed, controlled and mghosihd appropriately taken into account in
the assessment of their overall solvency needstiféel in accordance witlORSA (Own risk
and solvency assessment). All investments, in @dati those establishing assets covering the
Solvency Capital Requirement (SCR) and the Mininthapital Requirement (MCR), shall be
made in such a manner as to ensure the securaityquiquidity, profitability and accessibility

of the portfolio as a whole. In generglLiropean and national requirements are common for all

life insurance products offered by an insurance pammy, as it is difficult to make a clear
distinction between national and European legmtatielated to unit-linked products and that
corresponding to traditional life insurance progudh accordance with the Romanian legislation
regulating the unit-linked life insurance markenitdinked life insurance contracts involve
assuming the investment risk by the insured peaswitio not involve assuming any investment

risk for the insurer. As a result, an opportune legislative change @& Romanian legislation,
which regulates the unit-linked life insurance nedykepresentthe authorization and approval
given to insurance companies to offer to policyholders unit-linked life insurance policies, with

and without investment guarantees. Although, on the Romanian market, we do not fik;l

this moment of the analysis, unit-linked producithvinvestment guarantees, the legislation in
force frt. 132, paragraph 4 of Directive 2009/138 / EC) discusses the following details
regarding the benefits mentioned in this chaptehi¢v includes guarantees on investment
performance or other guaranteed benefits): theoliskerivatives is made with the purpose of
contributing to a reduction of risks or facilitatfficient portfolio management; investment and
assets which are not admitted to trading on a adedlfinancial market shall be maintained to
prudent levels; investments shall be sufficientlyedsified in such a way as to avoid excessive
reliance on any particular asset, issuer, growmdertakings or geographical area and excessive
concentration of risk in the portfolio; and invesims in assets issued by the same entity or by
entities belonging to the same group, shall notosgpthe insurance undertakings to excessive
risk concentration. All these potential regulatochanges should be supported and proposed by
the supervisory authorities of the insurance maaketational and EU level, to be implemented
by the legislative and judicial forum.



SUMMARY OF CHAPTER II. THE CONCEPTUAL FRAMEWORK OF
UNIT-LINKED LIFE INSURANCE PRODUCTS

In this section we intend to present and analyzentfain general and specific elements that
define a life insurance policy.

The fundamental objective of a life insurance iptovidefinancial security to insured persons
and their families. Traditionally, life insurance products offer toligyholder the certainty of
obtaining a fixed and guaranteed amount at the ¢fekath or at the expiration of the insurance
contract.The policyholder will pay a single premium or m@remium rates during the term of
the contract, for the right to the sum insured antdtiardy, 2003).

Currently, the design of life insurance products badergone a radical evolution, and in recent
years the competition between Romanian insurang®anies has intensified by increasing the
offers of life insurance policies with investmeninfls attached (Dickson et al., 2009). Unit-
linked contracts: are life insurance contracts whdmancial benefits are linked to the
performance of an investment fund (Dickson et20Q9). Insurances linked to investment funds
depend on the duration of human life and are degr@ndn the funds performance (Ciwna
2009b). As a result, a life insurance linked todsivnents can have in its structure the following
components, presented below:

The protection component: which is represented by a term life insurancethia event of the
death of the insured, the beneficiary will colldd maximum value between the insured amount
and the value of his account at that time, wheeeitBured sum is set by the insured between a
maximum and a minimum value, depending on his agkthe value of the premium, and the
account value is represented by the value equival€runits held in the investment funds
selected by the insure@drbinescu, 2009)Lnvestment component: consists of the purchase of
account units in the investment funds establisloedhis type of insuranceSérbanescu, 2009).
Annuity (rent) component is present only for unit-linked products whereréhis the possibility

of transforming the insured's account at the enth@fperiod of payment of the premiums (at the
retirement age) into monthly annuities, payablelamgy as the insured is aliv§drhinescu,
2009).

Unit-linked life insurance is characterized as afighe most dynamic insurance products in
Romania Unit-linked products invest most of the premiuaidoby the insured person in the
funds managed by the insurance company or an ektadministrator, from which the insured
person then receives a share (a certain numbenits),uand the lower part of the premium is
intended to cover the insured risk (death, disghietc) Sertinescu, 2009). At the same time,
the insurance premium is not fixed, the insureda@nge the size of the insurance premiums at
any time Geulean et., 2007). The policyholder has the righgttoose the structure and the funds



in which he will invest the paid premiums, havirdg tpossibility that, during the term of the
contract, to change this structue(banescu, 2009).

A disadvantageof unit-linked contracts as compared to traditlolif® contracts is that the
insured person is exposed to the whole investmiskt B risk he has a certain degree of
reluctance to beatAs a consequence, the insurance companies wesendleéd to attach the
guarantees of these contracts to ensure a ceriaimam level of benefits, regardless of the
investment results. In other words, the insuranempany undertakes to bear part of the
investment risk in addition to the actuarial risRoyle & Schwartz, 1977)Without any
guarantee for investments, unit-linked life inswamoes not imply any investment risk for the
insurerthat plays the role of administrator of the insufeiids The total benefit to be received
by the policyholder (the insured person or the gyobeneficiaries), according to the contract
conditions, represents the maximum value betweewdlue of the investment guarantee and the
market value of the units from the chosen investriierds.

Generally, investment guarantees are presentedr uhdefollowing modelsthe guaranteed
minimum maturity benefit (GMMB) - guarantees the policyholder a certain amoumafey at
the maturity (expiration) of the insurance contrabe guaranteed minimum death benefit
(GMDB) - guarantees the insured person (nominated bé&mée under the insurance contract)
a certain monetary sum upon death during the tdrtheoinsurance contracthe guaranteed
minimum accumulation benefit (GMAB): the insured person has the possibility to reniesv t
contract at the end of the original term, at a tewel of guarantee corresponding to the maturity
value of the maturity contracthe guaranteed minimum surrender benefit (GMSB) - is a
variation of the guaranteed minimum maturity benefnd after a certain date the monetary
value of the contract, payable on surrender, isaguaedguaranteed minimum income benefit
(GMIB) - ensures that the lump sum accumulated undemparae account contract can be
converted into an annuity at a guaranteed rated{12003).

The life insurance policies present a number ohathges for both the insurance companies and
the insured persons, but there are also certaborfathat limit the full development of these
innovative products on the international insuramearket, implicitly on the Romanian life
insurance marketAdvantages for the insured: unit-linked products are very attractive for the
insured persons during periods of stock market trofMelfenstein, 2003), the value of the
policyholders account will increase to a favorabllution of the investment funds; high
transparency regarding the distribution of finahdianefits to insured persons or nominated
beneficiaries purchasing unit-linked life insurance productshwihvestment guarantees, the
insured will obtain a total capital representedtbhg maximum value between the guaranteed
value and the value of the insured's account fleeimvestment funds; through life insurance
products with attached investment guarantees,nhi@red transfers some of the investment risk
to the insurance company.



Advantages for insurance companies. in the case of unit-linked products without invesnt
guarantees, insurance companies assume only teriattisk, and the investment one is borne
by the insured; insurers have the possibility ¢faating new clients, potential insured persons
and retaining those seeking to obtain high retgwig would otherwise have surrendered their
policies) (Helfenstein, 2003), thus, the presenteumt-linked life insurance policies with
investment guarantees on the Romanian insurandetr@uld lead to a revival of the insurance
market, an increase of the policyholders confideimceéhe Romanian insurance system, by
introducing investment guarantees to the offerednance policies.

Growth opportunities of unit-linked life insurance products: introducing in Romania life
insurance products with investment guarantees auititribute to the development of the life
insurance segment, the increase of customer portfohcreasing competition between
companies and quality increase of offered servacekinsurance products; the increase of unit-
linked insurance premiums may be influenced by dleereasing interest in traditional life
insurance products, which are generally charaeeériby low transparency regarding the
allocation of invested amounts (Helfenstein, 20G33rting from the prospects of reviving or
falling the financial markets, as a consequenceéheilthe increase or decrease of sales of these
innovative products (Helfenstein, 2003), the uimkéd life insurance policies issued by insurers
in Romania will generate high expected financidumes depending on the evolution of the
Romanian financial market; the reforms of the pemsystems may be a growth factor in the
sale of these innovative products (Helfenstein 3@ the international insurance markets and,
implicitly, on the Romanian life insurance markéte consolidation of financial services
industry will stimulate the emergence of new prddun the field of unit-linked life insurance
and, implicitly, an increase of the subscribed pwens (Helfenstein, 2003), thus, in the case of
Romania it could represent the introduction of dinited insurance policies with investment
guarantees (guaranteed minimum death benefitsagiegsd minimum maturity benefits, etc.).

Limits of unit-linked life insurance products: one of the limits of the unit-linked life insureaa
market in Romania is the lack of legal norms thlmwathe authorization of the sale of the unit-
linked products with investment guarantees; the &uwan legislation, which regulates the
insurance market in Romania, does not presentcgerifi legal requirements and specifications
related to the functioning mechanism of unit-linkdéite insurance products, but rather
encompasses global requirements for all insurarmaugts; the lack of sufficient liquidity in the
derivatives market; lack of tax facilities for tlsurance sector; the unfamiliarity of certain
insurance consultants and, implicitly, this shomigaog can lead to unfamiliarity and not properly
informing the potential insured related to the ff@f innovative products, and the lack of
minimal knowledge in the financial field can cobtrte to the choice of insurance products that
do not correspond to their earning needs and xigks#n.



SUMMARY OF CHAPTER IIl. THE EVOLUTION OF THE UNIT-
LINKED LIFE INSURANCE MARKET IN ROMANIA

In this chapter, we aimed to analyze the dynamfcth® unit-linked life insurance market in
Romania, in terms of the following elements: groesgten premiums, penetration rate, density
and gross claims paid for the unit-linked policiasthe same time, we intend to address the topic
of the evolution of insurance companies assetsawdmparative analysis of the investment
programs proposed by the unit-linked life insuracampanies.

* Theevolution of insurance premiums value
In the period 1998-2017, there was an increas@eanvalue of the premiums of life insurance
companies by 101.18 times in 2017 compared to 1888he same time, in the period 2002-
2017, there was an increase in the value of theramse companies premiums that subscribe
unit-linked policies 2.72 times in 2017 compared2@)2, accounting for 27.46% of the total
premiums of life insurance companies at the levghe year 2017 compared to 46.36% in the
reference year, beginning of the analyzed peri@022 Although we can see a high volume of
gross premiums subscribed for the life insuranckcips in 2008, the effects of the global
economic crisis began to be felt in the Romaniamemy starting with the third quarter of that
year. In that hostile economic climate, startinghw2009, the Romanian insurance market has
experienced a decrease in the purchasing powenaridial products consumers, as a result of
their reduced incomes, but also of increasing temployment rate. The data presented show
that although in 2010-2012 gross written premiuordife insurance recorded a positive growth
rate, gross written premiums for life insurancejistered in the years 2013-2014, is below the
level recorded in 2009, and since 2015 we see itiysend of this indicator. At the end of the
analyzed period, the year 2017, we can see a isignif increase of the gross premiums
subscribed for the life insurance policies in gaherespectively for the unit-linked policies in
particular. The statistics provided by the markeiesvisory authority show that this increasing
evolution was possible, due to the returns obtathealigh the unit-linked investment programs,
which have contributed to a positive evolutionteége forms of life insurance.

* Penetration rate and insurance density
The decreased weight, for example of 5.71% in 281d 10.64% in 2002, held by the gross
premiums subscribed for unit-linked life insuramecéhe total market subscriptions, significantly
reduces the influence of this sector on the twacatdrs. In the period 2002-2017, we observe an
oscillatory evolution of the penetration rate iradar of unit-linked life insurances, so in the ffirs
part of the analyzed period the indicator showsiaward trend, following that after the critical
moment of 2008 this indicator will present a desneg@ evolution. Thus, in 2017 (0.06%) we can
see a decrease by half the percentage value ahditor in the reference year, beginning of
the analyzed period, 2002 (0.13%). In 2017, thesidgrof unit-linked life insurances is
increasing compared to the previous year (by 4RBihhabitant) and it is also 3.02 times higher
than in 2002.



» Grossclaims, maturities and redemptions for unit-linked policies
Between 2011-2017, it can be seen a generallyastrg evolution of the value of gross claims,
maturities and redemptions paid for unit-linkedigies 2.18 times higher in 2017 compared to
2011, with a weight of 58.19% in total gross claimsturities and redemptions paid for the life
insurance class at the level of 2017, compared 88189% in 2011. Also during 2003-2014
(knowing that for the period 2015-2017, no dataarailable relating only to gross claims for
unit-linked policies), a positive evolution of thelue of the gross claims subscribed for the unit-
linked policies can be observed 140 times higheR0d4 compared to 2003, accounting for
37.29% of total gross claims paid on life insurastzss in 2014 compared with 1.87% in the
reference year, beginning of the analyzed peri6@32 At the same time, it can be observed a
continuous increase in the ratio between grosseslamaturities and redemptions paid and gross
written premiums for unit-linked life. Thus, in 2D1this ratio increased more than in previous
years (by 61.41 percentage points compared to 2@hl¢volution that is explained by the fact
that the claims paid were not affected by the clitti economic context, by the repercussions of
the Global financial and economic Crisis, as opgose the gross written premiums that
registered a slight decrease. Also, this increasexplained by the fact that the policies
concluded since 1998 (19 years) reach maturity.

* Theevolution of insurance companies assets value
In the period 2003-2013, there was a continuou®ase in the insurance companies assets value
by 5.23 times in 2013 compared to the year 20Gpaeively by 7.40 times of the assets of the
life insurers holding investments related to thé-linked insurance with a share of 62.46% in
total assets of insurance companies in 2013 cordparé4.16% in the reference year, beginning
of the period analyzed, 2003. At the same timeagtheas an increase in the value of the assets of
the insurance companies 5.32 times in 2014 compareé2D03. Unfortunately for the period
2014-2017, there are no data available regardieagngurance companies assets value.

» Theevolution of theinsurance companies investments value
During 2008-2013, there was a continuous increaglae total value of the investments of the
life insurance companies that hold investmentdedl&o the unit-linked life insurance 2.27 times
in 2013 compared to 2008, respectively 2.88 tinfeth® investments for life insurance where
the investment risk is transferred contractorshwitshare of 33.12% in the total investments of
life insurance companies that hold investmentdedléo unit-linked life insurance at the level of
2013 compared to 26.10% in the reference yearp#ginning of the analyzed period, 2008.
Also, in 2014, the value of the life insurance istveents in which the investment risk is
transferred to the contractors increased 3.13 ticoegpared to 2008. This positive evolution of
investments related to life insurance with an itwvent component was supported by the interest
expressed by the insured for such innovative prisduc



* The issue of the main investment programs proposed by the Romanian life insurance
companies that offer unit-linked life insurance products

Insurance companies offer a number of types ohfire instruments to which a certain level of
risk and profit are associated, and the policyhotgs for those investment programs according
to his risk aversion and willingness to earn. Tineestment programs of 10 insurance companies
were analyzed: NN, ALLIANZ-TIRIAC, BCR ASIGURRI DE VIATA, GRAWE, ASIROM,
GENERALI, BRD ASIGURARI DE VIATA, ERGO ROMANIA, EUROLIFE ERBSI
GROUPAMA. For low risk, investment programs suitalibr an insured person with low risk
appetite, but in return secure, stable earningspaveided by 7 insurers, less Eurolife ERB,
Asirom and Groupama. At the same time, for a medrnsk profile, investment programs
suitable for an insured person with moderate riggetite and relatively stable earnings are
offered by 9 insurers, less Groupama. NN (formeB Ilsurance company), the market leader
for this customer segment has 3 offers. The samergas offer of 8 out of 14 programs is
subject to the subscription of potential insuredspes and for those with a high risk profile. In
contrast, Allianz-Tiriac comes with the highest raenof investment programs: 2 for the low
risk profile, 7 for the medium risk profile and themaining 6 are for the high risk profile.
Although in the years preceding the period 201672@e most profitable investment programs
were only those expressed in the national curreasyyell as those that had in the portfolio of
the investment fund a significant proportion of mpnmarket instruments and government
bonds, during the analyzed period (2016-2017),ntlest profitable investment programs were
those expressed in both national and foreign cagr@&URO), which held in the portfolio of the
investment fund a significamiart of the shares belonging to companies listetherinternational and
national stock exchanges.

» Comparative analysis between unit-linked products and other investment alternatives
Also, within this chapter we set out to achieve fioe unit-linked life insurance segment a
comparative analysis between financial investmentsinit-linked life insurance and other
alternative investment options: treasury certiisatbank deposits, stocks, gold and currency.
Thus, for the analyzed period (2001-201the most profitable investment option is the
investment in gold and the least profitable is the investment in shares. These results are
linked to the global financial markets situationdat is known that since 2008 the Financial
Crisis has negatively influenced the worldwide fio@l markets. As a consequence, investors
try to reduce the investment risk and place thisarfcial resources in bonds and other fixed
income securities, and also in bank deposits, wheaterate a stable and secure gain. Analyzing
the option of investing in unit-linked life insurea compared to other alternative investments, it
can be concluded that although the financial chsis negatively influenced the financial sector,
implicitly and the insurance sectdhe investment in unit-linked life insurance haseayated
gains not very significant at the end of the inswwe contrac{(2.546 lei), and the insured person
could also benefit from the protection componengwing that the insured sum is 25.000 LEI.



SUMMARY OF CHAPTER |IV. MODELING OF FINANCIAL ASSETS
RETURNS

In order to quantify the risks associated with stweent guarantees, it is necessary to model the
returns of the underlying assets, on which the evatithe guaranteed benefit depends. In the
specialized literature, a seriesspbchastic models are proposed that can be used to model the
returns of financial assets. In the following, wdl westrict the analysis tdhe stochastic
modeling of returns of underlying assets of theety stock portfolios These investment
products usually have the highest level of risk aad have significant financial effects on the
financial liabilities of the insurer. We will exerifly the application approach, assuming that the
insurer invests the part destined for the investnoemponent of the premiums paid (by the
insured) exclusively in sharethe portfolio having the structure identical to that of the BET
stock index. Similar procedure will apply to any product thavests in certain proportions in
shares of listed companies on stock exchanges.tti®rtype of unit-linked life insurance
contract, which has an investment portfolio comsjstof stocks, we will present the main
stochastic models found in the literature, respebtiwe will select the most suitable model for
the stochastic modeling of the BET stock indexmetu

According to the study proposed by Hardy (2003§peetively a stochastic analysis of the
financial liabilities generated by this type of t@cts, in order to cover the investment
guarantees it will be necessary to use a credilolg-term model for the return of the underlying
financial assets. However, actuarial studies hategached a general agreement on the form of
such a model. Traditionally, the log-normal modas$ lbeen used, although at present a variety of
other approaches are applied in financial theotyus] among the models proposed in the
literature we mention: the log-normal model, ecortiit models of autoregressive type, various
specifications in the family of GARCH models, Hatoil type models (1989) with several
regimes (states). As a result, Hardy (2001) recomuimeusing the regime-switching model,
introduced by Hamilton (1989), which allows a disti autoregressive AR econometric model
for each regime. The regime-switching lognormal elodRSLN) has the following features,
according to Hardy (2001) and Hardy (2003) studibés approach retains some of the
simplicity of the log-normal model, but more acdetp captures the extreme observed
behaviour, the model allows fat tails for the retuwdistribution (higher probabilities of the
occurrence of extreme negative returns); regimetchinig allows the stock price process to
randomly switch between K regimes; each regiméasacterized by different set of parameters,
and thus, the volatility of the rate of return che changed randomly from one regime to
another; the regime-switching procegsassumedo be Markov, so the probability athanging
regime depends only on the curreegime (not on the process history).

In the following, we will consider the model wittvé RSLN-2 regimes. Hardy (2001) highlights
its advantages, by capturing the state changestagtoccur on the market from time to time,
moving from a stable low-volatility state, to a raovolatile regime, characterized by high



volatility. In general, periods of high volatiligan be triggered by unexpected events, short-term
political or economic uncertainties (for exampléecion periods, market crashes, regulations,
etc.).

The data presented in the empirical study: for unit-linked life insurance contracts, mosttoé
studies that model the assets return refer to @mf with the structure of a stock index: Tiong
(2000), Hardy (2001), Hardy (2003 ), Romanyuk (20@8ckson et al. (2009), Ng and Li (2013)
and others. Thus, for modeling the unit-linked pradd on the Romanian insurance market, we
will assume that the insurer invests the part dedtfor the investment component in a portfolio,
having the structure of the BET stock index. Fa BET index we will consider monthly data,
provided by the Bucharest Stock Exchange datalséeging from September 1997 to July 2015
(respectively a total of 215 monthly observations)specific feature of financial data, not
surprised (with great accuracy) by the log-normalsi are the periods of high volatility, such
as the financial crisis of 2008. This feature istdrecaptured by the regime switching model
(Hardy, 2001).

Estimation of the RSLN-2 modd for the Romanian market: The maximum likelihood
method, implemented in Excel 2007 (Solver, VBA miedy is used for estimation, the steps
followed as described in Hardy (2001) and Hardy0@O0 Logarithmic returng;, are considered
to be generated by a Markov process with two st@telseach regime applying in the interval
andt + 1 is denoted by, = 1, 2 si and within each regime, the returns are normdiyributed;
the distribution parameters are specific to eaadfjime. The parameters to estimabe=
{ul,/,tz,al,az,pllz,pzll } are: meanu and standard deviatiom for each regime, noted
U1, 01, U, 0, rESpectively the two transition probabilits, (from regime 1 to regime 2) p, ;
(from regime 2 to regime 1).

The likelihood function for observationsy = (y4,¥,,...,%,) is defined by

L(®) = f(y110)f (¥210,y1)f (¥31©,y1,¥2) - f O|©,y1, ..., yn_1), Wheref is the probability
density function for variablgg. The estimation of the 6 parameters, specifichi® RSLN-2

model, was performed based on the methodology ibescin Hardy (2003).

Tabel 1. The parameters of the RSLN-2 model for the BEdexreturns

Regime Parameters
[ f; = 0,0218 &, = 0,0480 prp = 0,1247
I f, =—0,119 6, = 0,1533 Pr1 = 0,2224

Source: Author's processing in Excel Solver 2003 basedhenfolowing scientific papers: Hardy, M., (2003),
Investment guarantees, Modeling and Risk Managefoerfiquity-Linked Life Insurance, John Wiley & Sairpp.
57-60, Hardy, MR, (2001), A Regime-Switching moaél long-term stock returns, North American Actulria
Journal, vol. 5, no. 2, pp. 43-45.



The estimated parameters for the RSLN-2 modelabkigtfor the series of BET index returns,
are presented in the table above. As can be deehjdh-volatility regime is characterized by a
negative mean (-1.18%) and a high volatility; ttendard deviation for this regime is 15.3%. In
general, periods of high volatility are associatgth decreases of financial assets prices. This is
also confirmed by the negative mean of the monibdiarithmic returns from the high volatility
regime. For the low-volatility regime, the meanuret is positive (2.17%) and the standard
deviation is 4.8%. The probability of transitiorofn high-volatility regime to low-volatility
regime is 0.2224, respectively the probability obwimg from low-volatility regime to high-
volatility regime is 0.1247. The average periodgktmumber of months) spent in a given regime
is determined as follows./p;; (Hardy, 2001). As a result, the average perioasipethe high-
volatility regime is 4.5 months, respectively theemge duration spent in the low-volatility
regime is higher, being 8 months. The graph belbams the monthly probabilities for each
regime, which allows identifying the time periogswhich the financial market was in either of
the two regimes.

Graph 1: The probabilities related to the two regimestfer BET index
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Source: Author's processing in Excel Solver 2003 basedhenfolowing scientific papers: Hardy, M., (2003),
Investment guarantees, Modeling and Risk Managefoeritquity-Linked Life Insurance, John Wiley & Smrpp.
57-60, Hardy, MR, (2001), A Regime-Switching modaél long-term stock returns, North American Actulria
Journal, vol. 5, no. 2, pp. 43-45.

As can be seen in the graph above: regime 1 (desized by high mean, low volatility and high
duration) is presented in blue color, and reginfeh&racterized by low mean, high volatility and
low duration) is indicated in red color. We can efe that the RSLN-2 model identifies
relatively correctly the two low and high volaglitegimes, if we associate these results with the
evolution of the BET index returns and volatilifyrom a historical perspective, the RSLN-2
model accurately reflects the time periods charaete by high volatility and negative returns,
from the evolution of the BET index. These perian&rlap, usually, with various political



(political instability, electoral elections, Romals accession to NATO), financial and economic
events (2008 global financial crisis, inflationgating, capital account liberalization), eventd tha
have had a significant influence on the financiarket. Also, the time intervals with low
volatility are properly identified, these being asiated with a positive return.

Comparative analysis of candidate econometric models for the return series. within this
section, we will estimate the parameters of otlerdwate models for describing the process of
generating the BET index returns, respectively:ltigenormal model, the autoregressive model,
the autoregressive conditionally heteroskedasticlehoA comparative analysis is performed
between the RSLN-2 model and this set of econometndels. For the selection of the most
appropriate model, the informational criteria ased; respectively: the likelihood ratio test, the
Akaike information criterion (AIC) and the SchwaBayes criterion (SBC). According to Hardy
(2001; pg. 62), for models with a smaller numbepafameters than those of RSLN-2 model (6
parameters), the null hypothesis is that the simpdel is more appropriate than RSLN-2. For a
significance level of 5%, the likelihood ratio testjects the null hypothesi#l, for all
comparative analyzes between the RSLN-2 modelladther models used (according to the p-
value). The value of the AIC criterion, respectwelf the Schwartz Bayes criterion (SBC), is
maximum for the RSLN-2 model. In conclusion, we say that the RSLN-2 model is optimal
for the analyzed data, compared to the other modibks value of the AIC criterion, respectively
of the Schwartz Bayes criterion (SBC), is maximuwn RSLN-2 model. Therefore, RSLN-2
model is most appropriate for the considered dataT$e main objective of this chapter was to
identify suitable stochastic models for the serdsreturns of the BET index portfolio -
considered to be support for unit-linked type cacts that invest in shares on the Romanian
capital market. According to the considered statstriteria we can conclude that the RSLN-2
model shows a significant improvement comparedhéoother candidate specifications.

The RSLN-2 model, based on the obtained resulisyearesent a theoretical and empirical basis
for identifying and predicting the periods of timesharacterized by high/low volatility,
respectively negative/positive returns. Both theuned and the insurer can benefit from such an
analysis, because they can amplify their gainseduce their losses as a result of adequate
investment of insurance premiums in the variousedgohg assets, on the Romanian stock
market. In the context of the present paper, thalt® of this chapter, mainly the RSLN-2 model,
will be used in the following chapters to exemplifie stochastic simulation method in assessing
the investment risk specific to unit-linked prodict



SUMMARY OF CHAPTER V. STOCASTIC PROFIT TESTING
METHODSAND MEASURES OF ESTABLISHING RESERVES - PASSIVE
APPROACH

Within this chapter, we considered the stochastalysis of the insurance companies’ liabilities,
the deterministic and stochastic evaluation of -inked policies with investment guarantees
profitability and the methods of protection agairiee investment risk, regarding these
investment guarantees attached to the insuranctactsn The guarantees assumed by the
insurance company to “ensure” the “benefit” - fix@tount at the time of death - insured event,
at maturity (of the insurance policy), respectiveddemption represents for the insurérigk"

that must be managed, and it does not simply &althe insured's task. What is the level,
dimensionof this risk? What are théactors that determine it and what are ttechniques,
management toglsn fact, for hedging?

To know the risk level for different types of subbed policies - unit-linked contract with
guarantee of the sum insured in case of deatth, respectivelyat the maturity of the contract
and unit-linked contract witminimum guaranteed accumulation benefit in casedémption of
the policy, respectively renewdhe author performed simulations of the cash fiovolved.

After establishing the optimal model to simulate tieturns of the underlying asset, a series of
scenarios were designed to evaluate the finanom@natment and protect the insurer's capital,
starting from the same initial situation. In orderfind the most suitable method of evaluation,
pricing and hedging of unit-linked products withvé@stment guarantees, we considered the
following initial elements, respectively: a 40-yedd insured who concludes a unit-linked policy
with a maturity of 120 months, the payment of thenpiums is monthly, and to this contract will
have attached a guaranteed minimum benefit at cheathrity or a guaranteed minimum
accumulation benefit. Generally, we have considésedscenarios of the same contract: the first
scenario involves guaranteeing a minimum benefanughe death of the insured, weighing
100% of the value of the insured's fund (in this cdse minimum guaranteed death benefit is
payed only from the insured's fund), and the secmehario was aimed at ensuring a minimum
guaranteed amount in the event of deatiQ5% of the insured's value (knowing that this
guarantee is partially paid from the insured's fand the rest of 5% from the insurer's fund).
The stochastic modeling of the investment guarand@®med at analyzing the financial liabilities
of an insurance company that offers unit-linkedige$ with investment guarantees, by
generating 1,000 simulations of the same scenasmg the RSLN-2 model, for a contract
which offers minimum guaranteed benefits at thetldear maturity of the contract and,
respectively, a contract that offers a minimum gugged accumulation benefit, which allows for
contract renewals and redemptions. All the stafitpresent values in this section have been
calculated at the following annual discount ratdee rate of return (yield) of the discount



certificates (6.35%/year), the interest rate onogép (6.20%/year) and the rate of return of the
BET index (-14.49% / year), for the period 2006-201

Starting from these simulations, we aimed to thset grofitability of the unit-linked insurance
contracts with incorporated guarantees, from bb¢hihsured and the insurer's perspective, and
the essential elements being - the rates of ragfithe insured fund (for the stochastic method
we will had the rates of return of the BET indexq@ated using the RSLN-2 model, and in the
case of the deterministic method we used the Htesturn of the investment funds offered by
NN Asiguriri: 65.61%/year, 48.50%/year and 4.72% / year)rasgectively the rate of return of
the insurer fund (the rate of return on equity fbe company NN Asigdri - ROE of
19.67%lyear).

The appreciations on the stochastic method, faingpghe profitability of these unit-linked
insurance policies, were highlighted through thenparative analysis with the deterministic
profit testing method of the unit-linked policie&enerally speaking, the stochastic method
reflects much better the reality of the Romaniamariicial market, generating the random
estimated values of the investment funds and naisaanding, unrealistic value according to the
deterministic method. According to the study praubsby Hardy (2003), the stochastic
simulation presents a number of advantages toetrennt of the deterministic approach from
the risk management perspective associated witgethienovative products, namely: the
existence of transaction costs, the rebalancingehedge will be at discrete time intervals, the
returns of the underlying asset will follow a rembdel, and the parameters of the estimated
model will reflect more accurately the reality thrmmodel built by the deterministic method, etc.

In order to highlight the advantages of the stotbasethod to the detriment of the deterministic
method (whose results do not reflect the real sdanaon the financial market), the scientific
approach consisted in calculating the present salok liabilities/profits of the insurance
companies that attach the investment guaranteegheo unit-linked insurance policies,
respectively we considered two main scenarios: mnehich the guaranteed amount is equal to
the amount of the premium and the second, in wtliehguaranteed value exceeds (by 5%) the
monthly premium paid by the insured. Thus, forth# situations considered, in the case of the
second scenario, we will have an increase of thegmt value of future liabilities, respectively a
decrease of the expected profit compared to thetgin of first scenario, where the guaranteed
value is equal to the premiums value. Basicallghbr protection for the occurrence of the
insured risks also implies an increase of the gsce company's commitments.

In the case of the liabilities stochastic analysgarding these minimum guaranteed benefits, the
results for the 120-month maturity generated pasitvalues, respectively losses for the
insurance company. If, on the one hand, in the o&a$ige policy that offers GMDB or GMMB,
we obtain negative results, respectively gainsafaraturity of 12 months, on the other hand for
higher maturities (120 months), the company witlorel losses at the end of the contract.



Knowing that unit-linked policies with minimum gwateed accumulation benefit offer the
possibility of contract renewals/redemptions, wéveral predetermined maturities, they will
implicitly generate additional costs for the inqwza company compared to the unit-linked
contracts that have minimum guaranteed benefitgleath/maturity. At the same time, by
establishing a minimum guarantee equal to theainitlue of the investment fund, for a contract
with GMAB attached, the fund value at the time efi@wal will reach the level of the guarantee
of the previous month, leading to the need of tigeiiance company to increase the fund value
and, implicitly, the allocation of resources to eot¥he investment guarantee. The graph below
shows the cumulative distribution function for thet present value of the future liabilities (Lo)
of the insurance company for a unit-linked contraifering a GMDB/GMMB and one with
GMAB attached, knowing that the guaranteed valueegsal with the initial value of the
investment fund (1.000 lei), taking into considemat all three levels of discount rates
(6.35%/year, 6.20%/year and -14.49%/year).

Graph 2: Simulated cumulative distribution function for thet present value of future liabilities
related to a unit-linked contract with GMDB/GMMB rgeis one with GMAB attached
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Source: Author's processing.

As we can see above, for all three discount rdkesyalue of the discounted liabilities, in the
case of a contract with GMAB attached, exceeddea of the discounted liabilities in the case
of a contract with GMDB/GMMB attached. This highlevel of liabilities of the insurance
company is due to the possibility of contract realswn the case of the unit-linked contract with
GMAB attached. Also, as can be expected, we wilehaigher values of the obligations related
to these guarantees for lower levels of discouesra

At the same time, in this chapter we considered gresentation of the advantages of the
stochastic profit testing method to the detrimdrthe deterministic approach in the case of unit-
linked policies with investment guarantees. Fos tnalysis, the net present value of the cash
flows of the insurers was determined, and a faJeraiituation involved obtaining positive



results for the insurer. Although in the case ef deterministic method we obtained gains at the
maturity of the contracts, directly proportional ttee level of the rate of return of the insured
fund, the rate of the margin offset, the rate ofime of the insurer and inversely proportional to
the level of the discount rate and the managentearges of the insurer, these positive results do
not reflect the real situation on the financial ke&tras in the case of the stochastic method. Also,
following the synthesis of the stochastic modelofgthe net present value of the insurance
company's liabilities, it was deduced that for 88dom simulations obtained using the RSLN-2
model (out of the total 1,000 simulations) therdl we no financial obligations related to
providing additional protection to cover the invaesht guarantee. In other words, the evolution
of the investment fund is favorable and does ngiyrany liability for the insurer related to that
guaranteed minimum maturity benefit, under the spmgment conditions (1,000 lei being the
monthly insurance premium) for both scenarios & guaranteed amount and all the three
discount rates.

Despite the fact that for abolB-18% of the generated simulations, in the case of thehastic
profit testing approach, financial losses will ezarded at the end of the contract, due to the
unfavourable evolution of the underlying asset tedneed to set up financial resources for the
investment guarantee, this method of evaluatingtbétability is more realistic in reflecting the
reality on the financial market than the deterntiaisnethod, which implies an increasing
evolution of the investment fund value (being atikety situation).

Graph 3: The simulated cumulative distribution functiom the net present value of future cash
flows of a unit-linked contract with GMDB in weighf 100% of the insured fund value versus
one with GMDB of 105% of this value
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Source: Author's processing.

The above graph shows the situation of a unit-hkentract with GMDB, in a proportion of
100% of the insured fund's value, compared withi&linked contract with GMDB, in a 105%
share of the insured's fund value, knowing thatititel value of the fund is equal to the value
of the guarantee, and the discount rate is equéalktoate of return of the treasury certificates. A



we can see above, a high share of the guarantesidhomh death benefit level can have a
significant influence on the insurer's final prsfifThis situation is found for all the other cases
where we have used other levels of the discouat adlher than the 6.35%/year level.

In order to prevent financial losses, the insuracmmpanies appeal to a series of methods of
protection against the investment risk, relatedthese unit-linked policies with guarantees,

respectively opting for the establishment of regenin this case, two passive risk methods were
used to calculate the financial reserves needechse of financial losses: the VaR and CTE
reserves. The comparative statistical results nbthfrom the 1,000 stochastic simulations built

for scenario 1 (GMDB - 100%) and scenario 2 (GMDB5%) are summarized below.

Graph 4: Comparative analysis of VaR and CTE reserves fanitlinked policy with GMDB
at 100% and one with GMDB, at 105% of the insuredifs value
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As expected, the reserves established in the sestamario (GMDB = 105%) have a higher
absolute value, due to the need for insurers td sigeificant financial liabilities related to thes
guarantees, by 105% from the value of the inswed.fAlso, the CTE reserve more realistically
reflects the potential financial loss and, henceatgr caution in setting up financial reserves to
cover future liabilities, reflected by increasirtgetshare from 17-18% (in the case of the VaR
reserve) to 24- 25% (in case of CTE reservationhefamount of premiums paid during the
contractual period. These methods of hedging thesiiment risk, related to these guarantees, by
holding a large amount of VaR and CTE reservesjaedhe risk, but involve a high cost for the
insurance company, in the sense of blocking vergelaamounts of capital in relation to the
overall contract. This is a passive approach tk nmnagement and is not usually the most
favorable method of managing the profitability n$urers.

According to Dickson et al. (2009), we can obsehesimportance of modern financial theory in
the active approach of financial guarantees, wkachmost unit-linked policies involve a lower
risk and, since the active approach requires aroapital allocation, it will generally improve
the profitability when the required risk discoumte is high enough to direct very expensive
capital.



SUMMARY OF CHAPTER VI. MODELING INVESTMENT
GUARANTEES USING OPTIONS AND DYNAMIC HEDGING - ACTIVE
APPROACH

Knowing thatinvestment guaranteasvolve the creation of reserves, within this gettwe
studied the possibility of usingptionsas an alternative variant of financial protectitom the
perspective of the costs involved. Thus, withirs théction the aim was to generate simulations
meant to evaluate the costs of such risk managetemique, respectively of the insurer risk to
assume these guarantees. After investing the inseiaremiums in the risk-free asset portfolios
and the reference portfolio consisting of riskyeass(in this case, the stocks listed on the
Romanian stock market, having as a benchmark theiB&ex, for the period 309.1997-31.07.
2015), the main objective of this chapter is the issfeconstructing the dptior' as: a
management tool, "insurance" of guarantees, valubeoguarantee to be hedged, price of the
option. Insurance companies can guarantee a fixedanable monetary value at a certain
interest rate, but usually they provide at least\thlue of the insurance premium or premiums
paid by the insured.

Knowing that a viable solution from the perspectiok the costs involved represents the
utilization of European options for ensuring theigunteed minimum amounts to the insured, in
this chapter we have considered: the methods oingriand evaluating them by determining the
financial commitments related to the investmentrgotees values and the total expected
benefits due to the insured, as well as the optimastment variants, using these calculated
values of the guarantees incorporated in unit-ih&entracts; construction of portfolios of fixed
income instruments (treasury certificates) and options to ensure the minimum guaranteed
amount; calculating the guarantees values througtorthly rebalancing of the assets portfolio
(treasury certificates and stocks) and, last batlewst, the quantification of the hedging error,
respectively the insurer additional liabilities,siskes the hedging itself, in order to ensure the
minimum value to the insured at the occurrencéefinsured risks.

Although at present moment the Romanian legislasibows insurers to offer unit-linked life
insurance policies without investment guaranteéss tresearch offers a proposal of a
methodological and empirical basis for pricing an@luating unit-linked insurance contracts
with investment guarantees. In order to gradualgsent the proposed methods in the research,
we started from the most restrictive to the mostgsive, respectively to those that allow a
relaxation of the hypotheses of Black, Scholes ldedon theory. Therefore, starting from the
studies proposed by Brennan and Schwartz (197@&ksbn et. al. (2009), respectively Boyle
and Schwartz (1977), we used an algorithm (buildavaFXML programming language) to

! Our analysis period started on 30.09.1997, reptigethe day of the launch of transactions onBE& index and
ended on 31.07.2015, considering that the numbebsdrvations (215) are sufficient and relevanhé&objectives
of our study.



evaluate these investment guarantees incorponatedhiese unit-linked contracts. Starting from
these theoretical models consecrated in the lisrathe investment strategy suggested by the
famous authors involves investing the premium mridference portfolio and the risk-free asset,
in order to reduce the investment risk relatechesé embedded guarantees.

In the following, starting from the 1,000 sets ahslated values of the underlying asset (the
investment fund, the reference portfolio), using BRSLN-2 model, we made a summary of the
calculation of the values related to the investmegnarantees and the expected final
commitments due to the insured according to theéraotual conditions. The simulated scenario
was applied for a unit-linked contract with investmh guarantees, for the two variants of the
guaranteed amount, considering the three casé® afnderlying asset volatility, with a maturity
of 120 months (10 years). In order to observetimaturity, the value of the reference portfolio
(the investment fund, the underlying asset) willHigher/lower than the guaranteed value, we
have illustrated in the graphs below the probaédiasl > g, respectivelyy < g, for the three
levels of the annual volatility value (34.98%/ye@9,96%/year and 17.49%/year), according to

Scenario 1R = g = 1.000 lei):

Graph 5: The probability that the value of the investmeamid will be higher/lower than the
guaranteed amount, for a maturity of 120 monththe@annual volatility of the investment fund
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Source: Author's processing.
Graph 6: The probability that the value of the investmemduwill be higher/lower than the

guaranteed amount, for a maturity of 120 monthsg, double value of the annual volatility of the
investment fund
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Graph 7. The probability that the value of the investmémid will be higher/lower than the
guaranteed amount, for a maturity of 120 monthsaétthe value of the annual volatility of the
investment fund
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Thus, in the case of the first proposed scenart@n be observed that for all the 3 variants ef th
annual volatility rate, the probability that theaganteed amount exceeds the investment fund
units value is on average about 80-90%. As expedateithe case of a higher volatility rate, we
will have a lower probability that the value of thaits in the investment funds will be higher
than the guaranteed amount. Also, in the caseeotd#itond scenario, if the guaranteed amount
will increase by 5% compared to the one in Scenhriwe will have higher probabilities that the
guaranteed amount will exceed the value of the wadconits at the maturity of the contract. In
other words, the values simulated using the RSLMdtel show that at maturity, for the
contractual specifications used in this study, itteurer will have to cover in most cases the
difference between the guaranteed amount (for Bo#narios) and the value of the account
units, in order to be able to meet the financidlgaltions to the insured. At the same time, the
dynamic investment strategy is appropriate, asviblves the allocation of amounts both in the
portfolio of stocks and in the treasury certificta@voiding the allocation exclusively in a
category of financial assets. In conclusion, thr®ifance companies must have these amounts
(the guarantees values) to insure the guaranteetmin amount in case of insured risks, the
rest of the part of the total benefit being assurgdhe account units value from the investment
funds chosen by the insured. As a result, the amg companies have included the value of the
guarantees in the form of supplementary insurameenjpms in addition to the basic ones, in
order to ensure the payment of the amounts gua@drdae maturity, the death of the insured
person, etc. Also, beyond the limits (for exampitex impossibility of rebalancing in continuous
time, etc.) of this method of protection, by appealto dynamic hedging strategy, it can be a
starting point in the evaluation, pricing and hedgiof these innovative contracts on the
Romanian market.

Considering financial options as an optimal varidrdm the perspective of the lower costs, to
guarantee the investment guarantee in the caseuoitdinked contract, we appealed to the
classic principle formulated and supported by #@dus authors Black, Scholes and Merton,
which implies the establishment of a portfolio frofixed income instruments (treasury
certificates, in this case), variable income se¢msi(BET shares) and financial options (call).



Thus, within the subsection allocated to the rese#&sue, we considered the approach of this
hedging method against the investment risk assatiatith these guarantees, by simulating
possible scenarios on the Romanian financial sdénewing that the guaranteed amounts can
be fixed or variable (in the form of a guaranteatk), in the following pricing and hedging
method we considered a unit-linked contract withuaranteed return rate, equal to the rate of
return of the treasury certificates, maintaining tdbame contract specifications. Thus, the
company will have to purchase approximately 466 options after allocating the monthly
insurance premiums in treasury certificates (torgot@e the minimum amount under the
concluded contract), respectively 86% of the prensiypaid will be allocated to ensure the
minimum guaranteed benefit at maturity. Also, wasidered two possible scenarios: optimistic
- characterized by financial boom, increasing pasahg power, economic and financial stability,
etc., and also pessimistic - economic, financial palitical crises, incomes reduction, increasing
unemployment, etc. Thus, according to the empinieallts in the case of an investment, for a
period of 10 years (120 months), in a portfoliounit-linked life insurance productthe final
value of the portfolio of unit-linked insurance tm@cts is equal to the sum of the value of the
treasury certificates portfolio (the minimum valgearanteed to the insured) and that of the call
options portfolio at the maturity of the insuram@entracts- optimistic scenario. In the case of a
pessimistic scenario, the final value of the ummkéd life insurance product portfolio will
coincide with the value of the treasury certificatatfolio (the minimum amount guaranteed to
the insured) at the maturity of the insurance @cmts:.

This chapter proposes another variant of valuadiwh pricing of investment guarantees, but also
of hedging against the associated risk, usinghbery of options. In other words, we considered
a method of evaluating and protecting unit-linkedtcacts with investment guarantees using the
Black-Scholes theory, but with a monthly rebalagaif the constituted portfolidrhis dynamic
hedging method involves a relaxation of the hypsithef a continuous rebalancing of the
financial assets portfolio, respectively it refaysa rebalancing in discrete time (in our casedpein
a monthly one) of the financial assets portfolishares on BET and treasury certificates with
discount; being a more probable and realistic 8dnaon the Romanian financial market. At the
same time, this method of monthly rebalancing efgibrtfolio proves its effectiveness, if the put
option (the guarantee) reaches maturity "in the eydnotherwise the hedge portfolio would be
worth nothing at maturity, and the insurer willéothe cost of establishing the hedge portfolio in
the first place (the initial hedge costs). Thudlofeing the summary simulated results, the total
cost of the dynamic hedging is positive, beingalyeproportional to the value of the guarantee,
and the highest costs, as expected, are observe8cknario 2 (the invested value of the
premiums is lower than the amount of the guarangeedunt). Basically, the cost of the initial
hedge will be compensated by the monthly gain®Wailg the rebalancing, and if we take into
account the monthly results (without the initiadbe cost) we will obtain gains in 2.4-2.6% of
the total simulations, for both scenarios considetdowever, this method can be effective in
reducing final costs compared to other possiblénous.



Another topic addressed in this chapter concerthedstochastic modeling of the unhedged
liability, namely the discrete hedging error witkrtain maturity date, referring the additional
costs on top of the hedge portfolio for a dynaneidde strategy.

The last method addressed in the research concémeestochastic analysis to the part of the
liability that is not covered by the hedge itsdlhis procedure involved the relaxation of the
assumption of the Black, Scholes and Merton classidel, regarding the continuous trading
(being an unlikely situation), and in our reseawsh used a monthly trading, according to the
same initial conditions of the unit-linked contra&tcording to the specifications of the policy,
respectively of the three proposed variants ofuhderlying asset volatility related to the two
considered scenarios of the guaranteed amountpthiBod leads to a profit at the end of the
contractual period, the gain being influenced by iticrease of the guaranteed amount and the
volatility of the underlying asset. For example, enhthe initial value of volatility is halved
(17.49%lyear), we will observe that by 19.4% thenpany will obtain a loss at the end of the
contract as a result of this pricing and hedginghoe. Despite this, according to the risk-neutral
measure - Q, the stochastic analysis method ohdldging error will lead to profit for most of
the considered situations, being a favourable faictdncreasing the profitability of insurers
selling such innovative products. However, in gahethe negative/positive values of the
hedging error are determined by the different valofethe real volatility of the financial market,
and at a sufficiently large number of stochastiowations, the average value of the hedging
error will be almost null, provided that the volig§i experienced on the market is equal to the
volatility used in the dynamic approach, accordtogthe Q measure. As a result, for these
considered cases, the volatility experienced okierwhole period analyzed is lower than the
value of the annual logarithmic volatility, used timee dynamic approach, according to the Q
measure and, for this reason, negative valueseoh#uging error have resulted. In conclusion,
this part of the research highligttee significant influence of the underlying assaatility on

the profitability of the insurance compaagd, at the same time, outlireesnore realistic picture

of the actual volatilityexperienced on the market of the underlying asletérmined for the two
volatility regimes, through model RSLN-2.

The sixth chapter discusses a proposal of pri@mgluation and protection methods against the
investment risk for an insurance company that saltt-linked insurance policies with
investment guarantees. Although these methods mtese part, a number of shortcomings,
notably regarding certain limits of the theory amptions proposed by Black, Scholes, and
Merton, but on the other hand there are serieswfations, relaxations from the classic model
that favoured the reflection in a more realisticywa the financial commitments to which
insurers are exposed. At the same time, theseeattdthods of hedging proved to be much more
advantageous in terms of the costs involved condp@aréhe passive methods of protection.



FINAL CONCLUSIONS

The present paper intends to present in a mosttgeway the issue regarding the regulation,
evaluation and risk management related to thelunkiéd contracts on the Romanian insurance
market. A novelty important aspect is the analysisthe investment guarantees that can
accompany these innovative contracts, namely thermeistic and stochastic simulations of
their pricing and hedging of the insurers' capitmbugh various active and passive approaches.
The architecture of this work takes into accourdg tomplexity of the unit-linked contract
particular elements that being analyzed in a aegpecific order will include a unitary whole, a
harmonious whole of this theme. At the same tirhe,daper itself aims to address some of the
topics of high interest "focused" on these innoxatproducts on the Romanian insurance
market, arousing the curiosity to continue the gtadd researching other topics related to these
insurance products. The unigueness of this reséiacin: the legislative proposals, the analysis
of the construction and the features of these mtsduhe study of the dynamics of the main
indicators corresponding to the unit-linked polgieontinuing with the simulations performed
for the pricing, evaluation and hedging of the iwead risks. Also, this paper intended to make a
more objective presentation of these products bhanl implications on the Romanian insurance
market. An important contribution of the researstthe analysis of the investment guarantees
attached to these unit-linked products, knowing thra the Romanian market, till the present
moment, there is not an offer of unit-linked contsawith investment guarantees as opposed to
the largest markets of unit-linked life insuranceni developed countries (USA, Canada, UK,
Germany, etc.). In addition to presenting the lagjisn in force regarding these insurance
products, this research encourages the launch af swnovative products on the Romanian
insurance market, bgroposing regulations designed to support the idtiction of unit-linked
policies with investment guarantees

At the same time, we intended to present an obeanalysis of thadvantages, opportunities
and limitations of the unit-linked products fronetmsurers and the insured perspectjvasd
the conclusions suggest that it would be beneftaahtroduce all types of unit-linked products
on the Romanian market, with the mention of comsion and supporting a legal, financial,
economic, political framework favourable to theluston of the unit-linked policies in the offers
of insurance products in Romania, thus increasmegdompetition on the Romanian financial
market, in terms of attractiveness of the offeiedricial products. In order to achieve a relevant
analysis on unit-linked contracts, another topicgogat interest was addressed, namely the
analysis of the dynamics of the main indicatorg dfaracterize the unit-linked life insurance
market (without investment guarantees), respegtithe evolution of the insurance premiums,
the penetration rate and the insurance density, @tielution of gross claims, maturities and
redemptions paid and the value of the insurancepemnies assetthat subscribe such innovative
products. Throughout the analyzed period (2002-2ah@ values of the insurance premiums for
these innovative products had generally an upwaddugon (except for the decrease of the
value of the insurance premiums for the years 20013-2014 and 2016), due to the interest of



the insured persons for these products, the inicrgasofitability of investment funds and, at the
same time, the avoidance of investing the insureemmums exclusively in risky assets,
especially during the financial crisis when theumesl persons faced decreases in income,
increasing unemployment and decreasing purchasim@mp In other words, these categories of
contracts have suffered lower decreases than ofhes of life insurance policies. In order to
reflect as realistic as possible the situation lsm Romanian financial market and to predict as
objective as possible, the evolution of the umikdd life insurance market, our research focused
on identifying the optimal stochastic model to siate the returns of the underlying asset, in our
case of BET index values. Thus, based on the ajic of the usual analysis criteria, it was
deduced that the RSLN-2 model is much more efficianreflecting the Romanian financial
market, to the detriment of other analyzed stochasodels. As a result, by applying tR&SLN-

2 mode| a number of 1,000 sets of returns for a 120-m@etiiod were generated, respectively
120,000 returns of the underlying asset (baseth®BET index prices, for the period September
1997 - July 2015). This model accurately captutes time periods characterized Iygh
volatility and negative returngespectively those witltow volatility and positive returngit the
same time, it can be a starting point in forecastire periods characterized by economic growth,
increasing purchasing power, decreasing unemploymeic. and, respectively, those
characterized by economic depression, financiatkalges, incomes decreasing, rising inflation,
decrease in purchasing power, etc. After estaligstiie optimal model to simulate the returns of
the underlying asset, a series of scenarios wesigrd to evaluate the liability and protect the
insurer's capital, starting from the same initisddaion. In order to highlight the advantages of
the stochastic method in comparison with the datestic method (whose results do not reflect
the real situation on the financial market), theesiific approach consisted in calculating the
discounted liabilities/profits of the insurance qmanies that attach investment guarantees to the
unit-linked policies, considering the two main s@eos: scenario 1, where the guaranteed
amount is equal to the amount of the premium patl scenario 2, where the guaranteed value
exceeds (by 5%) the monthly premium paid by theured. Thus, for all the considered
situations, a higher protection in the occurrentéhe insured risks also implies an increase of
the insurance company's liabilities. At the sameetifollowing the synthesis of the stochastic
modeling of the net present value of the insuraswrapany's liabilities, it was deduced that for
the 800 random simulations obtained using the R3LMNwodel (out of the total 1,000
simulations), the evolution of the investment fuisd favourable and does not imply any
commitment for the insurer related to the estabiisht of additional protection to cover the
investment guarantee, for both scenarios consideMsb, for 16-18% of the simulations,
considering both scenarios, there is a risk thatinsurance company will face losses at the end
of the unit-linked contract. Therefore, in orderpimtect the capital and avoid an unfavourable
financial situation, the insurance company musatdisth additional financial reserves, in case it
will not be able to meet the contractual commitreerts a result, in this study, the stochastic
analysis of the establishment ¥R and CTE reservesas simulated. Thus, at a return rate
equal to the rate of the treasury certificates,itisarance company will set up its VaR and CTE



reserve, at 17-18%, respectively 24-25% of thel tataount of premiums paid, for both
scenarios of the minimum guaranteed amount. Althotlge CTE reserve is much more
protective and efficient compared to the VaR reseitvwill present a number of disadvantages
regarding the high cost related to blocking thepeeive amounts and, last but not least, the
update of the reserves has to be done at varimegsititervals and not just at the beginning of the
contract, as it was considered in the present dase result, insurance companies may use
various techniques to guarantee the minimum amtuutite insured, bestablishing reserves
passive approach to financial protectidsut with higher costs or gppealing to the derivatives
market (options)} dynamic approach to financial protectiomowards the end of the present
research, we considered the analysis of the vanwthods of pricing, evaluation and financial
protection of unit-linked contracts with investmeguarantees. All the methods of financial
hedging (active approaches) considered the allmtadf financial premiums in a portfolio
consisting ofsecurities - risk-free assetthe risk-free asset being represented by theurga
certificates with discount, with a maturity of 18ars risky assets, stochisted on the Romanian
stock market, having as a benchmark the BET inda respectivelyfinancial options
Although these applied active methods have somarddges (especially regarding the costs
reduction for the insurer compared to the passhes)) there are certain disadvantages (related
to the low probability of achieving an ideal sitioaton the market, respectively of the financial
equilibrium, the rebalancing cannot be carried iou continuous time, the low liquidity in the
derivatives market, etc.), but on the whole thay igpresent a starting point for insurers in order
to evaluate as objective as possible the guaraateahed to the policies.

All the variants of investments present a seriesofe or less similar aspects, with advantages
or disadvantages, not necessarily having a standarking of the most suitable method of
pricing, evaluation and protection. Thus, each gdoce itself can be used depending on the
availability of data, the economic-financial sitieat the financial resources of the insured
persons and the type of the unit-linked product aloviously the active protection measures are
better and more recommended than the passive ooss the prospect of reducing costs.
However, the variants presented and used in rdsegpcesent a viable alternative for evaluation
and hedging, while there are also other methodprestented in this study or others that can be
constructed starting from those existing in thipgraThe objective of these particular scenarios
and variants is to simulate the financial commitmassumed by the insured (by paying an
additional insurance premium corresponding to thvstment guarantee) in order to guarantee
that minimum amount in case of occurrence of tteuied risks. The present paper does not
intend to present a perfect product, but one adaptéhe Romanian insurance market, the main
objective was to familiarize the market with othewestment alternatives, to expand the
competition of the Romanian insurance products.cdfesider that this research may represent a
starting point in the construction of a unit-linkgpebduct with investment guarantees suitable for
both the insurer and the insured, emphasizing thengths, weaknesses, challenges and
opportunities of introducing this innovative protlut Romania.
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