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INTRODUCTION

General Essence and Topicality

In Latvia, financial portfolios are mainly held by banks, insurance companies,
pension funds and investment funds. The institutional investors mentioned above
own investment securities and money market assets in order to manage asset and
liability positions, diversify their earning asset base, maintain a liquidity cushion,
and meet the undertaken requirements. For most portfolio owners, an invest-
ment portfolio constitutes a significant earning asset. Therefore, the increasing
complexity of available securities and the current challenging market situation
has sharpened the need for effective management of investment portfolios.

The process of portfolio management includes the construction of investment
policy and determining investment strategy, as well as constructing and
monitoring portfolios. Assessment of the different risk measures and their
calculation methods play a significant role in this process.

It is worth noting that banks dating from 2007, are regulated by the Basel II
requirements, while the process of the Solvency II requirements implementation
in the insurance market is not yet completed. Therefore, one can conclude, that
the research covering the usage of risk measures in the investment portfolio
management and the development of an internal model for Latvian insurance
companies is of particular importance.

Over the past years, before the advent of the world financial and economic
turbulences, the Baltic States — “the Baltic tigers” — were the fastest developing
economies in Europe. Growth in demand, both domestic and foreign, combined
with a massive entry of foreign capital, including structural funding by the
European Union, kicked the Gross Domestic Product growth rates up to double-
digit figures. The Baltic insurance market (and the Latvian one as well) was a
direct beneficiary of this economic miracle.

Between 2002 and 2007, the local insurance market in three Baltic States doubled
in volume: the non-life insurance sector kept pace with the overall economy,
while life insurance experienced an all out boom, with that market’s products
becoming one of the most popular savings strategies.

On the one hand, after the booming year’s insurance market (both life and non-
life insurance) suffered from the economic downturn as the income from the
main business operations did not show sustainable development and companies
were forced to gain extra income from investment activities in order to stay on
the market. On the other hand, due to the vulnerable financial markets, the
returns on investment decreased.
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It is important to note that due to restrictive investment politics and regulatory
requirements, financial portfolios of the insurance companies consist mainly of
fixed-income securities, whereas the percentage of the stocks is small, thus the
internal portfolio management tools are gaining importance.

The latest financial market crisis has revealed that insurance companies were
relying too heavily on quantitative models, external ratings and benchmarks.
In moving forward, it will be important that new quantitative risk capital
requirements under the Solvency II regime are framed by an appropriate risk
management infrastructure, with proper internal processes and control at all
levels in the insurance company.

In 2001, the European Commission initiated this project in order to review
the European framework for the prudential supervision of insurers. The
Solvency II Framework Directive was presented in July 2007 and a Europe-
wide implementation is scheduled to be completed by the end of 2012.
Given the concerns, as well as the potential impact on products, distribution
and capital: insurance companies need to move beyond thinking about the
Solvency II framework and continue actively preparing for its implementation.
Notwithstanding, two questions of appropriate risk management and financial
portfolio management are playing a crucial role for everyday business.

Research Goal and Main Tasks

The main goal of the current research is to develop an internal investment
portfolio management model using risk measures and copulas for Latvian
insurance companies. The model should satisfy regulatory requirements and
internal risk management standards, as well as allow dealing with otherwise
complex multivariate modelling.

In consideration of this objective, this dissertation intends to accomplish the

following main tasks:

o Provide a brief analysis of the European insurance market.

o Discuss the state of affairs regarding the Latvian insurance market, while
paying special attention to the management of investment portfolios by
insurance companies.

o Describe new regulatory standards — Solvency II and their impact on the
insurance market.

o Study and evaluate the classical methods of investment portfolio manage-
ment.

o Analyze the theoretical background of investment portfolio management
based on downside risk measures (Lower Partial Moments in particular).
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o Study the copula approach in finance, discussing the basic definitions
and properties of copulas and copula families and describing the recently
recognized skew t-copula.

o Develop an internal model using skew t-copula and Lower Partial Moments
in the process of investment portfolio management:

o Work out a simple algorithm for the empirical usage of portfolio
construction based on Lower Partial Moments and provide an empirical
examination of the successful application of the approach.

o Illustrate how the copula approach can be used in the risk management
of financial portfolios.

Object, Subject and Hypothesis of the Research

The object of the research is risk measuring approaches.

The subject of the research is usage of risk measures in the process of investment
portfolio management.

The hypothesis of the research is formulated as follows: management of
investment portfolios based on downside risk measures and the copula approach
provide an appropriate internal model for Latvian insurance companies.

Research Methods

Generally accepted scientific qualitative and quantitative methods, including
monographic method, analysis and synthesis, logical construction and
evaluation, modelling methods and proving of the hypothesis are used in the
present research. For empirical study, Excel and Matcad were used. The data
were obtained from the Bloomberg information system and Latvian Insurance
Association homepage.

Limitations

Usage of risk measures in financial portfolio management involves an extensive
range of issues. Due to the particulars of the subject, the following limitations
have been set:

o Analysis of the insurance market is limited to insurance companies, while
other players providing insurance services are not considered (based on the
ESA95 classification by the Bank of Latvia).

o The research and empirical study is limited to the usage of Lower Partial
Moments (as an example of downside risk measures) and normal, skew
normal and skew t-copula.

Prom-kops_Kuzmina_iekslapas-EN-LV.indd 5 23.08.2011 10:28:10



o The research concerning risk management is limited to the risk analysis
and risk evaluation in the process of risk management (as defined in
ISO 31000 : 2009).

o The research is limited to the period from 2000 until 2010.

o Empirical study and the results obtained are based on an artificial investment
portfolio consisting of indices.

Research Period

The research period of the theoretical component includes the period from the
second part of the 20" century until the present. Special attention is paid to the
development of risk measures and computation approaches after the latest world
financial and economic crisis. The study in the practical section analyzes the
data of the period from 2000 until 2010.

The Theses Presented for Defence

o Challenging market environments and new regulatory requirements
(Solvency II regime) force Latvian insurance companies to both work out
and implement internal models for capital allocation and risk management.

o Lower Partial Moments (as one of the downside risk measures) provide an
easy and efficient means of financial portfolio management in comparison
to the classical portfolio optimization approach. This specific tool is
appropriate for Latvian insurance companies.

o Skew t-copula eliminates the disadvantages of the Gaussian copula and
provides a simple method for solving a wide range of portfolio risk
management problems. The developed method allows handling a large
number of different instruments, such as stochastic risk measures and
scenarios.

The Theoretical and Methodological Basis

The theoretical and methodological components of this dissertation are based
on studies by the following authors.

Traditional analysis of securities dominated the investment world until the
second half of the 20" century, whereby investment decisions were based on the
development of a global economy, branches and individual companies.. In the
1950s, Markowitz and Roy presented a new fundamental approach to finance
and provided investors with a new quantitative tool - Value and Risk - decision
models, which allows the ability to allocate assets by considering individual
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preferences between risk and value. The fundamental concept proposed in
the work of Markowitz was expanded by Sharpe, Litner and Mossin, while the
famous Capital Asset Pricing Model was developed and for a long it has been
considered as a standard for any new investor’s behaviour observation models.

In the field of portfolio management, the main achievements of the 1970s
include the Option Pricing Model by Black and Scholes, and Arbitrage Pricing
Theory, which was developed by Ross. The next step was the development (in
the 1980s), of the ARCH and GARCH models, which employ the assumption
regarding the financial market’s short time memory.

Finally, the new risk measure of the 1990s — Value at Risk - started to play
an essential role in portfolio management. The approach was taken up later
by Leibowitz and Henriksson and named “shortfall risk”. The stochastic target
return was explained later by Leibowitz, Kogelman and Bader; and Jaeger and
Zimmermann. A general overview of the literature on safety first is given in
Albrecht.

The modern era of downside risk research began with the generalized concept of
downside risk defined by the Lower Partial Moment (LPM), which was developed
by Bawa and Fishburn. Bawa and Lindberg later took account of the downside
risk diversification and proposed the measure of return co-movements below
the target return, while Bookstaber and Clarke’s work on optioned portfolios
discovered the necessity of considering the additional moments of return
distribution. The asset pricing model in the generalized LPM-framework was
developed by Harlow and Rao. The relationship of the LPM-portfolio model to
the capital market theory was later addressed by Nawrocki. Since the nineties,
downside risk measures have been increasingly attracting such practitioners as:
Harlow; Sortino and Price; Nawrocki; Stevenson; Morton, Popova and Popova;
Danfelsson et al., Vercher, Bermtdez and Segura; Pinar; Bali, Demirtas and
Levy; Liang and Park.

Copula models have become a major tool in statistics for modelling and
analyzing dependence structures between random variables due to the fact that
in contrast to linear correlation a copula captures the complete dependence
structure inherent in a set of random variables, as it was emphasised in the
paper by Embrechts et al. Particularly in finance, copulas have attracted much
attention in the analysis of contagion between financial markets. The following
authors have studied this problem: Rodriguez; Chen and Poon; Malevergne and
Sornette; Junker and May; Dowd; Martellini and Meyfredi; Li; Bielecki et al;
Bouye; Longin and Solnik; Glasserman et al. In Baltic countries, the following
authors analyzed Kollo and Pettere; Matvejevs and Sadurskis; Jansons, Kozlovskis
and Lace.

Prom-kops_Kuzmina_iekslapas-EN-LV.indd 7 23.08.2011 10:28:10



Scientific Novelty of the Research

Both the scientific novelty and the main achievement of this scientific research

is in the fact that:

o The current research has proved that Lower Partial Moments (as one of
the downside risk measures) provide an easy and efficient technique in the
process of financial portfolio management in comparison to the classical
portfolio optimization approach.

o The research shows that the model based on Lower Partial Moments is
appropriate for Latvian insurance companies holding a small amount of
stocks in the financial portfolio.

o The skew t-copula was used, instead of the Gaussian copula (developed by
Kollo and Pettere in 2010), because it eliminates the disadvantages of the
Gaussian copula and provides a simple method of solving a wide range of
portfolio risk management problems.

o The developed method allows the handling of a large number of different
instruments — stochastic risk measures, and scenarios (because it provides
the possibility to determine descriptive statistics for every defined risk
measure).

o It was proved that the method, which was used, permits the modelling of
a capital amount, thus satisfying the requirements of internal risk manage-
ment.

The Approbation of the Most Relevant Results

The most relevant results of the research were presented and discussed at 14
international scientific conferences in Latvia and abroad:

1. Eurasia Business and Economics Society (EBES) 2011 Conference - Istanbul
(Turkey; June 2011).

2. International Conference "Current Issues in Management of Business and
Society Development — 20117 (Latvia; May 2011).

3. International Research Conference “Changes in Global Economic
Landscape - in Search for New Business Philosophy” (Latvia; April 2011).

4. 16" International Scientific Conference “Economics and Management-2011
(ICEM-2011)” (Czech Republic; April 2011).

5. International Scientific Conference on Management and Sustainable
Development - Yundola University of Forestry (Bulgaria; March 2011).

6. International Conference on Quantitative Finance “Advances for Exchange
Rates, Interest Rates and Asset Management” (Germany; May 2010).
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7. 3" International Scientific Conference “Business competitiveness in local
and foreign markets: challenges and experiences” (Latvia; April 2010).

8. 15" International scientific conference “Economics and Management —
2010” (Latvia; April 2010).

9. International Scientific Conference on Management and Sustainable
Development — Yundola University of Forestry (Bulgaria; March 2010 ).

10. 8™ Hellenic Finance and Accounting Association (H.FA.A.) Conference in
cooperation with University of Macedonia, Thessalonica (Greece; December
2009).

11. International Scientific Conference “Insights into the Sustainable Growth of
Business” (Lithuania; November 2009).

12. 50" International Scientific Conference of RT'U “Scientific Conference on
Economics and Entrepreneurship” (Latvia; October 2009).

13. International Conference “Economies of Central and Eastern Europe:
Convergence, Opportunities and Challenges” (Estonia; June 2009).

14. 49* International Scientific Conference of RTU “The problems of Develop-
ment of National Economy and Entrepreneurship” (Latvia; October 2008).

The total number of publications — 22 - includes the articles published in
international scientific and academic journals and in reviewed collections of
scientific proceedings.

International reviewed scientific journals (covered by international indexing

services):

1. Kuzmina, J. & Voronova, I. “Development of Investment Risk Management
Models for Insurance Companies,” Economics and Management, Number
16 (2011); ISSN 1822-6515; pp. 1147-1153.

2. Kuzmina, J., Pettere, G. & Voronova, I. “Investments by Insurance
Companies — Challenges and Opportunities,” Economics and Management,
Number 15 (2010); ISSN 1822-6515; pp. 979-985.

3. Kuzmina, J., Pettere, G. & Voronova, I. “Conditional Risk Measure
Modelling for Latvian Insurance Companies,” Perspectives of Innovations,
Economics and Business, Vol. 3 (2009); ISSN 1804-0519 (Print), ISSN 1804-
0527 (Online); pp. 59-61.

International reviewed academic journals:

4. Kuzmina, J. “Latvian Insurance Companies - Sustainable Development
in Challenging Environment,” Management and Sustainable Development
(2011), pp. 1-5; [accepted for publication].

5.  Kuzmina,]. “Risk Management for Sustainable Growth,” Management and Su-
stainable Development, Vol. 26, Number 2 (2010); ISSN 1311-4506; pp. 25-30.
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6. Kuzmina, J. “Risk Management for Sustainable Growth. Do we need a new
approach?” Journal of Business Management, Number 3 (2010); ISSN 1691-
5348; pp. 115-122.

Collections of reviewed conference proceedings:

7. Kuzmina, J. “Internal Risk Management Models for Insurance Companies,’
EBES 2011 Conference - Istanbul. Program and Abstract Book; Istanbul 2011;
p. 69.

8. Kuzmina, J. “Internal Risk Management Models for Insurance Companies,’
EBES 2011 Conference - Istanbul. Conference Proceedings (CD); Istanbul
2011; pp. 717-733.

9. Kuzmina, J. “Use of Lower Partial Moments in Portfolio Management,’
Abstract of Reports “Current Issues in Management of Business and Society
Development — 20117; Riga 2011; ISBN 978-9984-45-347-7; p. 84.

10. Kuzmina, J. “Use of Lower Partial Moments in Portfolio Management,’
Conference Proceedings (CD) “Current Issues in Management of Business and
Society Development - 20117; Riga 2011; ISBN 978-9984-45-347-7; pp. 361-372.

11. Kuzmina, ]. & Voronova, I. “Development of Investment Risk Management
Models for Insurance Companies,” Program and Reviewed Abstract Book
“16™ International Conference “Economics and Management”; Brno, 2011;
ISSN 978-80-214-4279-5; pp. 370-371.

12. Pettere, G. & Kuzmina, J. “Copula Approach for Downside Risk Measures
in Portfolio Management,” Book of Abstracts. International Conference on
Quantitative Finance “Advances for Exchange Rates, Interest Rates and Asset
Management”; Hannover 2010; p. 1.

13. Pettere, G. & Kuzmina, J. “Copula Approach for Downside Risk Measures
in Portfolio Management,” Conference Proceedings (CD). International
Conference on Quantitative Finance “Advances for Exchange Rates, Interest
Rates and Asset Management”; Hannover 2010; pp. 1-13.

14. Kuzmina, J. “Financial Portfolios Construction with Lower Partial Moments —
Some Ideas from Theory and Practice,” Abstracts of Reports. 8th Hellenic
Finance and Accounting Association (H.F.A.A); Thessalonica 2009; p. 76.

15. Kuzmina, J. “Financial Portfolios Construction with Lower Partial
Moments — Some Ideas from Theory and Practice,” Conference Proceedings
(CD). 8th Hellenic Finance and Accounting Association (H.EA.A);
Thessalonica 2009; pp. 1-20.

16. Kuzmina, J., Pettere, G. & Voronova, I. “Investments by Insurance
Companies — Challenges and Opportunities,” Programme and Collected
Abstracts of International Conference “Economics and Management — 20107
Riga 2010; ISBN 978-9934-10-018-5; pp. 77-78.
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17. Kuzmina, J. “Risk management for sustainable growth,” Programme and
Abstracts. 12" International Scientific Conference on Management and
Sustainable Development; Yundola, 2010; ISSN 1691-5348; pp. 78-79.

18. Kuzmina, J., Pettere, G. & Voronova, I. “Portfolio’s Conditional Risk Measure
Modelling of Insurance Companies,” Book of Abstracts. 50th International
Scientific Conference of RTU Scientific Conference on Economics and
Entrepreneurship; Riga 2009; ISBN: 978-9984-32-173-8; p. 29.

19. Kuzmina, J., Pettere, G. & Voronova, I. “Portfolios Conditional Risk Measure
Modelling of Insurance Companies,” Conference Proceedings (CD). 50th
International Scientific Conference of RTU Scientific Conference on Economics
and Entrepreneurship; Riga 2009; ISBN: 978-9984-32-173-8; pp. 128-136.

20. Kuzmina, J. “Portfolio Construction with Lower Partial Moments (2;t) - An
Overview,” Conference Proceedings (CD). Economies of Central and Eastern
Europe: Convergence, Opportunities and Challenges; Tallinn 2009; ISBN:
978-9949-430-28-4; pp. 1-13.

21. Kuzmina, J. “Portfolio Construction with Lower Partial Moments,
Conference Proceedings (CD). 49th International Scientific Conference of RTU
“The Problems of Development of National Economy and Entrepreneurship”;
Riga 2008; ISBN: 978-9984-32-567-5; pp. 1-7.

22. Kuzmina, J. “Portfolio Construction with Lower Partial Moments,” Book of
Abstracts. 49th International Scientific Conference of RTU “The Problems of
Development of National Economy and Entrepreneurship”; Riga 2008; ISBN:
978-9984-32-567-5; pp. 89-90.

Relevant findings were presented at a theoretical seminar organized by Latvian
Econometrics Association (discussion topic “Copula and Asset Management in
Insurance Companies” — http://www.ekonometrija.lv/?sa=aktual/16).

BTA insurance company was informed about relevant findings.
The results of the research were also discussed during four international

summer schools for doctoral and graduate students in Latvia and Italy:

1. 9" Summer school for Doctoral Students in Finance, Institutions and History
“Crises, panics and manias in financial history” hosted at Department of
Economics, Universita di Ca Fosari, Venice (Italy; September 2009).

2. LS.E.O International graduate summer school “Financial Markets in the
World Economy” (Italy; June 2009).

3. 8" Summer school for Doctoral Students in Finance, Institutions and
History “War and Finance” hosted at Department of Economics, Universita
di Ca Fosari, Venice (Italy; September 2008).

4. International Scientific Seminar for Doctoral Students “Development of
Research Methods: Management of Knowledge” (Latvia; August 2008).
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Relevant results were partly used in the preparation of the articles published
in the business newspaper “Busnec&bantus” (the total number of articles
published between July 2009 - May 2011 exceeds 70).

Structure of the Dissertation

This dissertation is an independent research project, which consists of an
Introduction, four Parts, Conclusions and Proposals, a Bibliography, and
Appendix. The total amount of pages is 136 (without the appendix). The
dissertation includes 23 tables, 34 figures describing and explaining the research.
About two-hundred literature items were used to complete the research. The
structure of the dissertation is as follows:

Introduction
1 Insurance Market in Challenging Market Environment
1.1 Overview on European Insurance Market
1.1.1  Operating Environment for Life Insurance Companies
1.1.2  Operating Environment for Non-life Insurance Companies
1.1.3  Other Concerns
1.2 Overview on Latvian Insurance Market
1.3 Solvency II as New Challenge and Opportunity for Insurance Market
2 Classical Methods in Management of Investment Portfolios
2.1 Risk Measures and Their Applications in Management of Investment
Portfolios
2.2 Markowitz Model in Management of Investment Portfolios
3 Modern Methods in Management of Investment Portfolios
3.1 Management of Investment Portfolios with Lower Partial Moments
3.1.1 Historical Development of Lower Partial Moments
3.1.2 Basic Elements of Lower Partial Moments and Their Application in
Management of Investment Portfolios
3.2 Copula Approach in Management of Investment Portfolios
3.2.1 Definition of Copulas and Sklar’s Theorem
3.2.2  Families of Copulas
3.2.3  Implementation of Copulas in Management of Investment Portfolios
4 Empirical Studies: Internal Model for Latvian Insurance Companies
4.1 Introduction to Empirical Study
4.2 Usage of Lower Partial Moments in Management of Investment Portfolios
4.3 Usage of Copula in Management of Investment Portfolios
4.3.1 Internal Model for Conditional Risk Measures Determination
4.3.2  Internal Model for Capital Determination
Summary
Literature
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MAIN SCIENTIFIC FINDINGS

1 Insurance Market in Challenging Market Environment

Chapter I consists of 28 pages, 2 tables and 10 figures

In the first section, the author carried out an indicative analysis of the current
state of affairs in the Latvian insurance market and reached the conclusion that
Latvian insurance companies, which since 2008 have been affected by a decrease
in sales while challenging market conditions have been simultaneously de-
risking their portfolios and shedding questionable lines of business. In addition
to recognizing the need to allocate capital effectively among product lines and
business units, questions regarding appropriate risk management under a Solvency
II framework and adequate portfolio management technique are of particular
importance; hence, companies are seeking to identify new sources of capital.

The Solvency II regime will impose stricter risk management discipline on
insurance companies. The requirements of Solvency II highlight the reality that
a risk management framework should be structured and governed by boards
of insurance companies according to the usual approach to risks including
identification, quantification of the amount acceptable, management of the risks
taken, control and communication, as well as assessment of capital adequacy.

Nonetheless, one of the biggest challenges and eventually the most time-
consuming revolve around the behavioural changes in the financial markets
and the difficulty in clearly stating the risk appetite of the company. The
latest financial crisis has once again emphasized the notion that effective risk
management is fundamental to the success of an insurance market. Company
boards, investors and rating agencies have all sharpened their focus on risk in the
face of market instability and continuing capital constraints. Solvency II raises
the stakes further by requiring insurers to develop a systematic risk management
framework capable of ensuring that risk considerations are appropriately
understood, controlled and integrated into the decision-making processes.

The first part clarifies what this entails in practice, including how the framework
should be structured and governed and how it will affect the way the insurance
companies run their businesses. Based on the literature study of Krause,
2006; Gallati, 2003 and the PricewaterhouseCoopers presentation (2010) -
the following integrated risk management framework - in accordance with
Solvency II requirements — can be designed. It provides the strategic direction,
organizational embedding and underlying infrastructure of risk identification
and evaluation.
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The 10 components of the risk management framework discussed below will be
examined on three levels: business strategy, business management and business

platform.

(= People and Reward:

:9' People behaviour aligned
=  with group risk, capital
&  and performance strategy
¢ /business plans through
£ balanced score cards and
é incentives and rewards

schemes. Required level
of skill, experience and
knowledge exhibited by
majority of staff.

Management
Information System:
requires appropriate
customization to roles,
responsibilities and
authority levels.

Technology and
Infrastructure: core
technology has to support
a fully integrated
approach. Focus should
be set on organizational
span, data quality and
automated processing.

|

t)

Business Managemen

\Y4

Risk and Capital
assessment (including
measurement
methodologies and
internal models): internal
risk and capital models at
the heart of the approach
framework. Models
should meet highest
quality standards, be
appropriately calibrated
and fully tested and
documented.

Business Performance
and Capital
Management: should
proceed on a risk adjusted
basis. Risk reflected in
factory gate product
design and pricing and
post sale portfolio
management. Capital
managed to optimize
Return on Risk-Adjusted
Capital, but cognizant of
stress scenarios.

Governance,
Organisation and
Policies: includes
establishment of clear
governance structure
distinguishing between
management and
oversight activity; clear
accountability and
responsibility for risks;
development of detailed
risk management
organisation and of
detailed risk policies to
manage individual risks.

External
Communication and
Stakeholder
Management: the
framework focuses
external communications
strategy centered around
actively managing
stakeholders in order to
yield shareholder value
added and capture wider
business benefits.

~

Business Strategy

Risk Appetite: it clearly
articulated reflecting the
risk carrying capacity,
business strategy and
financial goals. Processes
and procedures in place
to manage risk on an
organization wide basis
within defined boundaries
without stifling day to
day operations.

Risk Profile:
identification and
assessment of all risks
faced by the organisation.
It is necessary to have
robust processes in place
to aggregate and
prioritizes risks on an
organization wide basis.

Risk Strategy: risk
dimension is to be placed
in the heart of the
organization, as risk is a
core consideration when
setting strategy,
formulating business
plans, managing
performance and
rewarding management
success.

N\

Figure 1 Risk Management Framework

Data source: Author's Proposal
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2 Classical Methods in Management
of Investment Portfolios

Chapter II consists of 20 pages, 3 tables and 7 figures

While analyzing the features that made it the most famous portfolio model
and the restrictions causing inferior asset allocation decisions are considered,
the second part of the research describes and analyses the Markowitz portfolio
model. The main point of criticism of the classical Markowitz decision principle
is the application of risk understanding of investors, who fear missing the
expected return, and penalize not only the downside, but also the upside return
deviations from the mean. In addition, this chapter provides an overview of
different risk measures (while traditional risk measures such as Value at Risk
will be analyzed in detail) and discusses the application of these risk measures
in the portfolio optimization framework. Critical means of capturing risk are
reflected in the main approaches (classification developed by the author) in the
portfolio optimization appearing in the literature:

o Approach based on both-side risk: this approach is oriented on the risk
characterized by the both-side oscillation around some reference point.
Risk measured by the variance in the Markowitz (u, 6) - portfolio model
is the most popular model of this approach (Covered risk measures: Mean;
Median; Mode; Mean deviation; Variance; Skewness; Kurtosis; Beta factor;
Gini-mean difference; Entrophy; Tracking error).

o Approach based on downside risk: essential for this particular method is the
risk measure relied on results and probabilities below some reference point,
which is selected either subjectively or objectively. Due to the importance
of this topic for further considerations provided in the chapter three, the
application of different risk measures will be discussed in detail. (Covered
risk measures: Downside beta factor; Mean absolute semi deviation;
Minimum return; Value at Risk; Conditional Value at Risk; Tracking error;
Shortfall and Lower Partial Moments).

o Approach based on upside risk: essential for this particular method is the
risk measure relied on results and probabilities above a given reference
point (Covered risk measures: Chance probability; Chance expectation;
Chance variance; Chance skewness; Chance kurtosis).
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3 Modern Methods in Management
of Investment Portfolios

Chapter III consists of 23 pages, 1 table and 4 figures

The third part will focus on recent developments in the portfolio theory.
Apart from a comprehensive review of the theoretical background of the most
appealing approach oriented on downside risk, an empirical examination of its
successful application in the investment practice will be completed.

The risk measured by Lower Partial Moment (LPM) is the risk of falling below
a specified minimal aspiration return level; so that any outcomes above this
reference point do not represent financial risk. As a result, the minimization of
LPM in the optimization algorithm do not eliminate the chance to over-perform
this reference point as it is the case in the portfolio model based on the variance.
The returns above the target are captured by expected return and represent an
opportunity for unexpectedly high returns. See Figure 2.

maximize mean

T U

7,

minimize shortfall risk

Figure 2 Lower Partial Moment - graphical explanation
[where T - target return; p — mean]

Figure source: Schmidt-von Rhein (2004)

Due to the fact that in contrast to linear correlation a copula captures the
complete dependence of the inherent structure in a set of random variables,
copula models are an important tool for modelling and analyzing dependence
structures between random variables. Particularly in finance, copulas have
attracted much attention in the analysis of contagion between financial

Prom-kops_Kuzmina_iekslapas-EN-LV.indd 16 23.08.2011 10:28:13



17

markets, as well as in the analysis of risky portfolios of stocks, etc. In order to
provide a “better” decision in consideration of both issues - financial portfolio
management and risk management - the above approach is used.

4 Empirical Studies:
Internal Model for Latvian Insurance Companies

Chapter IV consists of 30 pages, 17 tables and 13 figures

Usage of Lower Partial Moments in Management
of Investment Portfolios

The importance of asset allocation and portfolio management for the Latvian
insurance companies to cover losses from their main business operations were
mentioned in the previous section of the dissertation. The asset allocation
decision is not an isolated choice, but rather a component of a structured four-
step portfolio management process that never stops. Due to the importance of
the topic, the process of portfolio management will be discussed in detail below.
The author will also include a portfolio construction algorithm with Lower
Partial Moments in this process.

Taking into consideration the fact that in the process of financial portfolio
construction, while making decisions about an investment, investors are more
concerned with the downside movements of their portfolios (when their target
return has failed), than with the upside potential, the main concern of that
particular algorithm is in regard to the possibilities of asset allocation based
on downside risk. The existence of Lower Partial Moment — risk measure,
presenting the squared failure of the investor’s target return can be justified by
its dominance being equivalent to the stochastic dominance of the third order.
Thus, the dominance concerning Lower Partial Moments of the second order
fulfils the criterion for the Bernoulli principle and therefore can be used for
decision making under risk (Maurer & Valiani, 2007; Estrada, 2008).

The first step in the portfolio management process for the insurance company’s
management (either using internal resources — an in-house team or with the
assistance of an external investment advisor) is to construct a policy statement.
The policy statement should be understood as a road map, where the investor
specifies the types of risk he is willing to take (by determination of a risk
aversion parameter — o as explained by Poddig, Brinkmann & Seiler, (2005)),
investment goals (capital preservation, capital appreciation, current income by
determination of target return parameter — 1) and constraints (like liquidity,
time horizon, tax concerns, legal and regulatory requirements, etc.). Since
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investor needs change over time, the policy statement must be periodically
reviewed and updated. The process of investment seeks to look into the future
and determine strategies that offer the best possibility of meeting the policy
statement guidelines determined in the previous step. In the second step of
the process — determination of financial strategy — the management should
study current financial and economic conditions and forecast future trends,
which require constant monitoring and updating to be able to reflect changes
in financial market expectations. The third step of the portfolio management
process is to construct the actual portfolio. With the policy statement and
financial market forecast as input, implementation of the investment strategy
is prepared by determining asset allocation across countries, asset classes and
different securities. Portfolio construction is achieved by minimizing risk and
maximizing expected return. When comparing the classical (i, 6) model and
the (n, LPM) model, it should be said that the models differ substantially in
terms of risk measurement and return dependence. The (j1, 6) model only takes
into account the mean and variance, whereas the (1, LPM) model also considers
non-normality of return distribution. As the same input data were used for
both portfolio models, which differ only in risk measure, an enhanced realized
performance can be explained only by the application of more appropriate and
exact risk measures. In the construction process of a tangential portfolio on
(1, LPM) - an efficient frontier should be chosen. The tangential portfolio holds
the maximum efficiency portfolio: the portfolio with the highest return premium
on one unit of risk. The last step is the continual monitoring of the needs and
capital market conditions. One of the essential components of the monitoring
process is the evaluation of the portfolios performance and its comparison to
the goals set in the policy statement.

In the current section, the impact of the two portfolio models representing the
two approaches in the portfolio theory (described in the previous chapters)
will be examined. The first model in the analysis is the well-known Markowitz
portfolio model — with the asset allocation based on mean and variance, the
second model is the mean-downside risk portfolio model, which differs in risk
understanding. It was previously mentioned that in the Markowitz portfolio
model, the investor fears to miss the expected return, while in the second
approach, which is based on Lower Partial Moments, the investor fears to fall
below the minimal acceptable return (the level of the minimal acceptable return
or target return was set as equal to 0%, which expresses the risk of capital loss.
For additional details, follow the discussion by Schmidt-von Rhein (2004) and
Poddig, Brinkmann and Seiler (2005)).
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Procedure of this empirical study
with two - portfolio model

(1) Determination of study objectives

(2) Definition of asset universe and time framework used in the study
(statistical characteristics of the return time series)

(3) Asset allocation with both portfolio models and the analysis of
differences in the optimal portfolios

(4) Computation of the realized performance

Figure 3 Procedure of Empirical Study with Two Portfolio Models

Data source: Author's Proposal

Upon comparison with the variance, the shortfall variance (Lower Partial
Moment of the second order) was chosen among the measures of downside
risk for further examination. The main steps in the procedure of this empirical
study covering the usage of Lower Partial Moments in the portfolio optimization
model can be summarized as in the Figure above.

The purpose of the present analysis can be formulated as follows: based on the
data from the developed European capital market - to explain the differences
between the asset allocations optimized with the (i, o) portfolio model and the
(1, LPM ) portfolio model.

Based on the theoretical analysis laid out in the previous parts of the research,
the differences between the two models are assumed to grow with the non-
normality of return distributions so that developing markets, which usually
exhibit non-normal return distributions, have to be included in the research.

It is worth emphasising that the differences in the efficient portfolios are limited
as they are based on the investor’s expectations of returns and variances;
consequently, the statement regarding the advantage of the model used in the
asset allocation process can be made analytically. Since the input data and other
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conditions are the same for both models used in the study, a better realized
performance could be explained by the application of more appropriate measures
of risk. These considerations lead to the second objective of the following
empirical study: to analyze whether the (1, o) portfolio model leads to better
or worse realized performance in comparison with the (u, LPM_,) portfolio
model.

The asset universe covers several European equity capital markets. The European
equity market was chosen because Latvian insurance companies have been
investing approximately 98% of the capital available in the European equities. The
asset universe consists of 16 national indices represented by the MSCI Europe
Index - a free float-adjusted market capitalization weighted index designed to
measure the equity market performance of the developed markets in Europe.

In order to use a wider investment horizon and make further comparisons to
a developing market, eight indices were chosen as represented in MSCI EM
(Emerging Markets) Europe, Middle East and Africa Index. The MSCI EM Index
is a free float-adjusted market capitalization weighted index designed to measure
the equity market performance of the developing market countries of Europe, the
Middle East and Africa.

For purposes of this comparison, it was decided to use only eight indices out
of the developed market universe (those with the higher weight in the index)
to insure an equal number of assets in the portfolio. The data was taken from
the Bloomberg system, since it is considered the premier site for up-to-date and
breaking international business news, financial information and market data.
The examination period encompasses 60 simple monthly returns per each index.
Further explanations of the usage of simple returns can be found in Dorfleitner
(2003).

Since the national indices for developing markets and some developed markets
are quoted in the local currency, the perfect currencies hedging to exclude the
foreign exchange risk that can be achieved by buying the currency put option
were assumed, while the costs for the option are less relevant in the current case
and are thus ignored (the transaction costs are ignored as well and the short
sales are excluded). Since the major purpose of the research is to examine the
differences caused only by the risk measures used, the risk-free rate is assumed
to be equal to the target return or minimal acceptable return.

Asset performance can be described by the first two statistical moments (mean
and variance), while skewness and kurtosis present additional information by
non-normally distributed returns. It is obvious an investor is going to prefer
investment alternatives with higher returns, with lower risk expressed as
standard deviation, and higher positive skewness and lower kurtosis.
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It is worth considering that non-normally distributed returns cannot be described
fully by mean and variance, but they can be used as an indicator of differences
between the models, while the (1, o) portfolio model takes into account
only mean and variance, the (u, LPM_,) portfolio model also considers non-
normality of returns distribution, which is why it is also important considering
the skewness in the statistical characteristics of the input data.

Based on Shapiro’s skewness test (Shapiro et.al. 1964), it can be affirmed that
most of the indices are skewed with statistical significance; while, on average,
deviation from normality is higher on the developing markets rather than on
the developed ones.

One can note that important information about capital markets does provide a
correlation. Correlation analysis of the input data confirms that the correlation
in the developing markets, and between the developing and developed capital
market is substantially lower than on the developed capital markets, as it was
assumed in the discussion above.

The first objective examines the differences between the asset allocations with
both portfolio models, between the developing markets and the developed
capital markets. Therefore, the following statement was formulated and
confirmed in the further research: The differences in the asset allocation with
the (u, o) portfolio model and the (n, LPM_)) portfolio model based in the
expected returns and expected risk measures exist on all market types, and are
higher in the developing market than in the developed capital market. In the
theoretical section, it was noted that the (i, 6) model and the (u, LPM_,) model
differ substantially in the measurement of risk and return dependence.

The most commonly practiced forecasting method, notably the computation of
the optimization parameters on the basis of historical returns, has been used.
By the same input data and other conditions for both portfolio models, which
differ only in the risk measure, better realized performance can be explained
only by the application of a more appropriate and exact risk measure as stated
above.

The input parameters for both optimization models are estimated from the first
60 month-returns of the entire examined period covering 108 months. For the
next optimization, this estimation period of 60 months is shifted one month
forward, while the process is repeated 48 times in order to minimize the impact
of estimation errors on the investment. Further details and discussion on the
number of necessary observations can be found in Kroll and Levy (2008) and
Nawrocki (1991), with both proposing between 40 and 50 observations.

In the next step, the optimal portfolio of the (1, ) model and the (n, LPM, )
model should be chosen: the portfolio with the highest return premium on
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one unit of risk. Such a portfolio in the (1, ) model can be computed by the
maximization of the objective function, which is mathematically expressed in [1]:

-7
max'upij [1]
Oy

H,= Z:u[ X
i=1
— risk-free rate

2 _ . . 2
p—zzxf Xj 0y

Ty
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n

x,=1,12x,20 for Vx,(iel,...,n)

i

Such a portfolio for the (n, LPM ) model is computed mathematically by the
maximization of the following objective function, which is expressed in [2]:

-7
max lupim [2]
(LPM ;)
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i=1

T- target return
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j=1 i=1

in =1,12x, 20 for Vx, (iel,...,n).
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This results in the construction of 60 portfolios for each portfolio type (taking
into consideration both the developed and the developing market), using the
standard optimization function Solver in the MS Excel software application.

In order to compare both models, the average portfolio weights, returns and
standard deviations are computed. Results differ the most in average returns.
Standard deviations are found on the developing markets. The lowest difference
is in the developed markets.

The following Table 1 and Table 2 present an overview of the findings.
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Table 1

Analysis of Portfolio Differences

Data source: Author's Calculations

Approach of Portfolio Optimization | Portfolio Return, %  Portfolio Risk, %

Developed Market
variance optimized portfolio 0.2757 4.2217
shortfall variance optimized portfolio? 0.4966 4.1993
difference (absolute) 0.2209 -0.0224

Developing Market
variance optimized portfolio 0.5765 4.9716
shortfall variance optimized portfolio 0.7991 3.8865
difference (absolute) 0.2226 -1.0851

! Here and afterwords variance optimized portfolio is equal to the (u, 6) model.
*Here and afterwords shortfall variance optimized portfolio is equal to (u, LPM_,) model.

Analysis of the data indicates that the average portfolio compositions correspond
to the findings in the theoretical section: the differences in the weights exhibited
by the different portfolios and the methods used in the portfolio construction
process. The highest difference in the average portfolio weights is on the
developed market, while it could be explained with higher asset diversification
in the portfolio built in the developing market as not only European, but also
North African indices are used.

It is possible to confirm the referenced statement that substantial differences
exist in the asset allocation with the tested portfolio models in the developing
and developed market, whereby they are higher in the developing markets than
in the developed market, so there is no necessity of approximation of both
risk understandings with only one portfolio model in practice. Therefore, the
objective clarifying the extent of the differences between the asset allocations
optimized with the (p, 6) portfolio model and the (u, LPM_,) portfolio model
can be considered fulfilled.

In the theoretical investigations, it was stated that the efficient frontiers of
the (n, LPM_,) portfolio model lie above the efficient frontiers of the (u, o)
portfolio model. Specifically, the expected performance of the first one is
better than that of the last one. However, this holds only for investors who
understand risk as falling below the target return; nevertheless, it is essential
to prove this idea.
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Table 2
Weights in Portfolios
Data source: Author's Calculations
Sock | ol Ve Ve Opticd D
Developed Market
MSCI France 5 5 0
MSCI Germany 5 5
MSCI Switzerland 5 65 60
MSCI UK 5 5 0
MSCI Italy 5 5 0
MSCI Austria 31 5 -26
MSCI Spain 5 5 0
MSCI Sweden 39 5 -34
Developing Market
MSCI Czech 46 12 -34
Republic
MSCI Egypt 5 5
MSCI Hungary 5 5
MSCI Morocco 24 58 34
MSCI Poland 5 5
MSCI Russia 5 5
MSCI South 5 5 0
Africa
MSCI Turkey 5 5 0

With the same input data and other conditions, for both portfolio models, as
in the case described above, differing only in the risk measure, better realized
performance can be explained by the application of a more appropriate and
exact risk measure. Therefore, the statement that should be confirmed in the
research is formulated as follows: In both the developing and developed capital
markets, the realized performance of the (n, LPM, ) portfolio model is better

than the realized performance of the (p, 6) portfolio model.

In the theoretical section, it was previously mentioned that the explanation
results in the fact that in the optimization algorithm of the (p, 6) model, the
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variance is minimized, which means that not only downside deviations from the
expected return (the risk), but also desired deviations (the chance) are avoided.
In the case of the (u, LPM_,) portfolio model, the chance of over performing the
target return is not eliminated.

Further on, it is important to point out that the (i, 6) model does not consider
the significance of non-normality of the return time series, while the (n, LPM )
optimization algorithm does, so that better performance can be generated. The
study on performance analysis is provided in the table below (see Table 3).

Table 3
Analysis of Portfolio Performance
Data source: Author's Calculations
Approach of Portfolio Optimization Sharpe Ratio Sortino Ratio
Developed Market
variance optimized portfolio 0.0653 0.0784
shortfall variance optimized portfolio 0.1183 0.1330
difference (absolute) 0.0530 0.0546
Developing Market
variance optimized portfolio 0.1160 0.1553
shortfall variance optimized portfolio 0.2056 0.3009
difference (absolute) 0.0897 0.1457
The integrated performance is given by the Sharpe-ratio (Sharpe, 1992) and the
Sortino-ratio (Sortino & Price, 1994) by 1 = igeofree = 0.

The both ratios are defined as follows:

Sharp — ratio = [r— Tk fiee )/s [3]
r — the average return computed from all realized returns
i pree — TiSK free rate set equal to target return

s — the realized shortfall standard deviation

Sortino —ratio = (r—rj/(LPMx,zjz (4]

r — the average return computed from all realized returns
T — target return

LISMT,2 — realized shortfall standard deviation

Prom-kops_Kuzmina_iekslapas-EN-LV.indd 25 23.08.2011 10:28:14



26

The above statement can also be confirmed for the simulated portfolio per-
formance. Thus, the realized performance of the portfolio model based on the
downside risk (Lower Partial Moment) is better than that of the portfolio model
based on variance (in the classical model), whereas the differences are higher in
the developing market than in the developed market.

The simulation provides evidence that better performance of the (n, LPM_,)
than the (p, o) portfolio model is affected by distinct risk measures and by the
consideration of the non-normality in the (u, LPM_,)) portfolio optimization
process. It is possible to conclude that the above empirical study discloses
significant differences between the asset allocations in the two optimized
portfolio models differing in risk-understanding.

The differences increase with non-normality of return distributions, so they are
consequently higher on the developing markets than on the developed markets.
Further testing on the realized performance proves superior results with the
Lower Partial Moments model in relation to the classical portfolio model in both
of the examined markets. Performance differences are higher on the developing
markets than on the developed markets.

Usage of Copula in Management of Investment Portfolios

The process of portfolio management is tightly connected with adequate risk
management. There is no doubt that risk modelling in the estimation of Value
at Risk (VaR), conditional risk measures and the amount of capital necessary
to cover possible losses are challenging calculations influencing the potential
success of any financial investment.

The proper risk management model should both provide flexible joint
distributions and capture the non-linear behaviour and extremes in the rising
returns. Multidimensional copula models allow the determination of risk
measures with the least number of violations in the back-testing and permit the
investors to allocate the minimum regulatory capital requirement in accordance
with the Solvency II framework.

Figure 4 describes the proceeding example. It is worth mentioning that whereby
one of the main advantages of the described approach is proved, the algorithm
could be repeated as many times as is necessary when searching for the
appropriate portfolio with a satisfactory risk and return relation.

The goal of the following study is to show how, based on a copula approach, it
is possible to calculate different risk measures (in particular concentrating on
Value at Risk and Conditional Value at Risk) in order to satisfy both internal and
external risk management requirements, while managing the equity portfolio.
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(1) Determination of study goals: a) to find portfolio VaR and
conditional risk measures (Example 1 and Example 2); b) to calculate
capital amount to cover losses from market risk (Example 3).

2) Definition of the asset universe and time framework used in the
study (three equity indicies were chosen for test portfolio).

(3) Determination of distribution function for each asset in the
portfolio.

(4) Determination of appropriate copula for simulation & data
simulation using Matcad.

(5) Determination of conditional risk measures and their statistical
characteristics in order to achive first goal & calculation of capital
ammount to cover possible losses arising from market risk in order to
achive second goal.

Figure 4 Procedure of Empirical Study with Modelling Risk Measures and Capital
Amount for Investment Portfolio

Data source: Author's Proposal

In the previous section, different risk measures and their application were
discussed, while special attention was paid to Value at Risk (VaR). Let us reiterate
that by definition, with respect to a specified level of probability, the VaR of a
portfolio is the lowest amount such that the loss will not exceed, whereas the
Conditional Value at Risk (conditional VaR) is the conditional expectation of
losses above that amount. Most approaches calculating VaR rely on a linear
approximation of portfolio risks and assume a joint normal (or lognormal)
distribution of underlying market parameters.

Although VaR is a very popular measure of risk, it has undesirable mathematical
characteristics such as lack of subadditivity and convexity, it is coherent only
when it is based on the standard deviation of normal distributions, and finally
VaR associated with a combination of two assets can be considered greater than
the sum of the risks of individual assets.

As an alternative measure of risk, conditional VaR is known to have better
properties than VaR (Embrechts, 1999; Pflug, 2000) as it is coherent and has the
following properties: transition-equivariant, positively homogeneous, convex,
and monotonic regarding stochastic dominance of the first and second order.
Although this risk measure has not become a standard in the finance industry,
it is gaining in the insurance market (see the discussion by Embrechts et al.,
1997).
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Due to the reasons mentioned above, which were based on the simulated index
prices, while using the copula approach, conditional risk measures are worked
out. One should note that the copula approach allows the determination of
portfolio risk measures without adding separate risk measures of each asset
in the portfolio, as the second method could lead to faulty estimations and
conclusions.

Conditional mean (or conditional tail expectance) is defined as:

He=E[X/X<VaR, ()] [5]
where X is a random variable.
Conditional VaR is conditional expected loss under the condition that it exceeds
VaR:
VaR, (o) =sup {x/ P(X <x)<o.} (6]
where d is probability of loss defined.

In order to comply with the risk measures determined above, the following
measures are going to be used: variance or conditional second order central
moment, conditional skewness and conditional kurtosis:

6. =E[(X-E(X))’/ X <VaR,(@)] (7]

e E[(X-E(X))’'/ X <VaR,(a)]

C 3
GC

(8]

B E[(X-EX))'/ X <VaR (o) \

4
GC

(9]

C

The proposed model for downside risk measures can be used for any number
of variables. To make it more visible and better understandable, an artificial test
portfolio consisting of three European equity indices was built. The time frame
covers the period June 2007 - June 2009.

Due to the fact that the current study does not discuss the question of asset
allocation universe, there is no need to discuss the choice of randomly picked
indices with the following weights in the test portfolio (see Figure 5):

o weight of Index 1 = 20%;
o weight of Index 2 = 50%;
o weight of Index 3 = 30%.
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Figure 5 European Equity Indices for Investment Portfolio

Data source: Bloomberg

The correlation matrix between them is in the following form:

1 0.889 0.951
R=|0889 1 0.846
0951 0.846 1

Descriptive statistics of changes in index values are presented in Table 4.

Table 4

Descriptive Statistics of Data
Data source: Author's Calculations

Index 1 Index 2 Index 3
Size 273 273 273
Mean 0.659 0.551 0.655
Median 0.636 0.466 0.628
Standard deviation 0.082 0.173 0.081
Skewness 0.46 0.73 0.43
Kurtosis -0.99 -1.05 -1.04
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Marginal distributions were approximated by lognormal, Gumbel (extreme
value) and Gamma distributions. The best fit for Index I was obtained by Gumbel
(extreme value), for Index 2 lognormal distribution gave the best model and for
Index 3 Gumbel (extreme value) distribution gave the best fit. The goodness-of-
fit was measured by the Kolmogorov test (the 5% critical value equals 0.0823).

The results from the testing are shown in Table 5.

From the table, it can be seen that all univariate marginal distributions have a
good fit with the discovered model distributions except for the marginal distri-
bution for Index 2; nonetheless, it appears it is the best possible solution.

Table 5
Testing Results for the Marginal Distributions

Data source: Author's Calculations

Distribution Used Parameters

Index 1 Gumbel (extreme value) a 0.655
B 0.089

Test value 0.0763
Index2  Lognormal u -0.683
o 0.337

Test value 0.1377
Index3  Gumbel (extreme value) a 0.450
B 0.148

Test value 0.0592

In the next step, it is necessary to clarify the simulation algorithm using copula,
which can be formulated as follows based on the example used in the work by
Kollo and Pettere (2010):

1. Find the Cholesky decomposition A of S, AA" = S_

2. Simulate p independent values from N(0,1) and from p-vector z

3. Setx=A4-z
4. Simulate value w from N(0,1)

5.  Get the realization of the skew normal vector y putting
- 2 >
> Jxifa x>w
y= N -

—xifa" x<w
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6. Simulate &~ X’

Yy
vhi/v

8. Set vector u so that every coordinate u;, =G, (¢,,0,0,,0,),i € [1,...,p]

N
7. Find vector t =

9. Set vector x =(F[1 (u,.)...,Fp’l (up)) where F is the marginal distribution
function of the initial random variable X
10. Repeat steps 2 to 9 n times.

The simulation was done by the Gaussian copula, skew normal copula and
skew t-copula. The shape parameter al, the scale parameter X1 for skew
normal distribution, the shape parameter a and the scale parameter X for skew
t-distribution were all estimated from data using v = 3 with the formulas above.
As per the results, we obtained the following estimates:

6.832:10°  13-10 6.391-10°°
al7=(15.079 - 3.168 - 7.908); £1=|  13-10°  30-10° 12-10°
6.391.107° 12107 6.631-10°°

and

2.277-107° 4.206-107° 2.130-107°
a"=(1.625 - 0.713 - 0.840); ¥ =| 4.206-10° 9.925-10° 3.958-10°
2.130-107° 3.958-107 2.210-107>

The number of degrees of freedom for skew t-distribution v was taken as 3
because data were not very skewed and preliminary analysis showed that v = 3
gave the best approximation.

In the simulation experiment, triples from normal, skew normal and skew
t-copula were simulated to model the joint 3-variate distribution of indexes. The
number of replications was 150.

The Genest-Rivest construction was used to check accordance between sample
data and simulated data for each coordinate plane and compared the module
of maximum distance between obtained univariate cumulative distribution
functions. The results are shown in Table 6.

The 5% critical value of the Kolmogorov test is 0.0823.
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Table 6

Descriptive statistics for fitting measures (maximum distance between
distribution functions of simulated and given data obtained using Genest-Rivest
construction for different copulas (CN-Gaussia copula, CST-Skew , -copula
with v = 3, CSN-Skew normal copula)

Data source: Author's Calculations

XY coordinate plane  XZ coordinate plane  YZ coordinate plane
Copula: CN CSN CST CN CSN CST NC SNC STC

Mean 0.0726 0.0768 0.0780 0.0708 0.0734 0.0745 0.0808 0.0812 0.0822
Standard 0.0085 0.0092 0.0108 0.0055 0.0061 0.0064 0.0111 0.0116 0.0117
deviation

Skewness -0.17 0.38 0.42 -0.3 0.18 0.34 0.16 0.56 1.09

Simulation results show that in the case described above - the best approximation
is reached by a normal copula. Simulated data from the normal copula not only
has the smallest distance between simulated data and given data in almost
every coordinate plane (except XY plane) but it also has the smallest standard
deviation and skewness.

The constructed univariate distribution functions from simulated data by normal
copula and data in each coordinate plane are shown in Figure 6. Therefore, for
further investigation, the normal copula to join given indices was chosen.

T T T T

Figure 6 Distribution modelling
Data source: Author's Calculations

The purpose of building a test portfolio was to prove that based on the data
simulated and even though there is no need of using challenging mathematical
calculations, it is possible to determine several risk measures in order to satisfy
the requirements of regulatory authorities and choose appropriate tools for risk
management.
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Table 7
Conditional Stochastic Risk Measures and Their Characteristics
of Test Portfolio
Data source: Author's Calculations
Descriptive Statistics of Conditional Measures
mean standard skewness  kurtosis percentile percentile

deviation 2.5% 97.5%

VaR (5%) 979.99 9.54 -0.01 0.13 960.15 997.11
Conditional Risk Measures

mean 921.82 8.20 -0.50 0.54 903.54 935.06
standard =, ), 5.68 -0.24 0.22 35.01 55.18
deviation
skewness -1.04 0.33 -0.50 0.05 -1.77 -0.52
kurtosis 0.83 1.26 1.21 1.45 -0.81 3.92
percentile o), 19.09 0.05 0.08 785.23 854.42
2.5%
percentile ~ _
97.5% 974.47 8.94 0.26 1.76 960.82 984.61

Table 7 shows the results of the test portfolios stochastic risk measures and it
provides the characteristics of the descriptive statistics, which were obtained
after 150 replications. It is important to emphasise that the current calculations
provide an example of using a particular approach in practice (in order to show
its advantage over complex modelling methods), but it offers no conclusion
regarding the value of investment in the assets of the test portfolio and should
not be treated like an investment recommendation.

Based on this model, it is possible to conclude that the best approximation
could be reached by a normal copula in the described case, while using the
equity indices to construct the test investment portfolio. Therefore, for further
investigation, the normal copula to join given indices was chosen, since the
simulated data from the normal copula not only has the smallest distance
between the simulated data and the given data in almost every coordinate plane;
but additionally, in this particular case, it has the smallest standard deviation
and skewness.

Since a simple model is preferred over a complex one, because of its very
simplicity, the Gaussian copula model (normal copula model) has been used
enthusiastically by the financial industry both before and during the latest
financial crisis, in 2007-2008.
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Moreover, it is worth mentioning that several authors - gurus on the field
of finance have concluded that the Gaussian copula model (normal copula
model) has some serious shortcomings, which are apparent. Lack of attention
to the weaknesses of the model can be seen as one of the reasons for the crisis
mentioned above. Consequently, there is an immediate necessity for rebuilding
the test portfolio without a normal or Gaussian copula. For further details, see
the papers by Salmon (2009); Jones (2009); Donnelly and Embrechts (2010);

etc.
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Figure 7 Equity Indices for Investment Portfolio

Data source: Bloomberg

In order to comply with the latest findings, an artificial test portfolio consisting
of three European equity indices (Figure 7 describes index value development)
was built, while a longer time period covering January 2007 - January 2010
was set. The decision for a longer frame for the testing is explained with the
willingness to include both declining and growing equity markets. The choice
of index weights in the test portfolio was as follows: weight of Index 1 = 20%;
weight of Index 2 = 50% and weight of Index 3 = 30%. The correlation matrix
between them is in the form

1 0.9424 0.9680
R=]0.9424 1 0.9096
0.9680 0.9096 1
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Descriptive Statistics of Data

Data source: Author's Calculations

Index 1 Index 2 Index 3
Size 777 777 777
Mean 0.8998 0.9004 0.9307
Median 0.8506 0.8834 0.8977
Standard deviation 0.2394 0.2390 0.1767
Skewness 0.4104 0.5533 0.2467
Kurtosis -0.6866 -0.3142 -1.0491

Table 8

Descriptive statistics of changes in index values are presented in Table 8. Marginal
distributions were approximated by lognormal and Gamma distributions. The
goodness-of-fit was measured by the Kolmogorov test (the 5% critical value

equals 0.04879). The results of this test are shown in Table 9.

Testing Results for the Marginal Distributions

Data source: Author's Calculations

Distribution Used Parameters
Index 1 Gamma alfa 12.6219
beta 0.0717
Test value 0.0457
Index 2 Lognormal u -0.1425
o 0.2734
Test value 0.0487
Index 3 Gamma alfa 24.3648
beta 0.0383
Test value 0.0554

Table 9

The simulation was done by the Gaussian copula, skew normal copula and
skew t-copula. The number of degrees of freedom for the skew ¢-distribution
v was taken as 3 and 4, while both values provided similar approximations. In
the simulation experiment triples from normal, skew normal and skew t-copula
were simulated to model the joint 3-variate distribution of indices. The number
of replications was 150. The Genest-Rivest construction was used to check
accordance between sample data and simulated data for each coordinate plane.
The results are shown in Table 10.
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Table 10

Descriptive statistics for fitting measures (maximum distance between

distribution functions of simulated and given data obtained using

Genest-Rivest construction for different copulas
(ST3C- Skew ¢, -copula with v = 3, ST4C- Skew ¢, -copula with v = 4)

Data source: Author's Calculations

XY coordinate plane  XZ coordinate plane

YZ coordinate plane

Copula ST3C ST4C ST3C S§T4C ST3C S§T4C
Mean 0.0610 0.0612 0.0533 0.0530 0.0673 0.0670
Standard 0.0065 0.0065 0.0048 0.0052 0.0075 0.0077
deviation
Skewness -0.1493 -0.1300 v0.0735 -0.1864 -0.1284 -0.0356

Simulation results show that the best approximation is reached by a normal
copula as in the case described above; but as the usage of a normal copula leads
to serious mistakes in the modelling, for further modelling the skew ¢-copula to

join given indices was chosen.

The skew t, - copula with v =4 was used as it gives better results considering the
skewness. The less the value of skewness, the more concentrated the data around

the mean value.

The constructed univariate distribution functions from the simulated data by

skew t-copula and data in each coordinate plane are shown in Figure 8.

Coplomall’¥; (4 4 CopMomaldZ; et < CoplomalYZ; ¢}
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Figure 8 Distribution Modeling

Data source: Author's Calculations
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Table 11 shows the results of the test portfolios stochastic risk measures and
provides the characteristics of the descriptive statistics, which are obtained
after 150 replications. It is worth noting that the method used in the current
research allows handling a large number of different instruments — stochastic
risk measures — and scenarios. Furthermore, while conditional risk measures
management constraints can be used in various applications to bind percentiles
of loss distributions, it constitutes an adequate tool for risk management in
insurance companies.

Table 11

Conditional stochastic risk measures and their characteristics of test portfolio
Data source: Author's Calculations

Descriptive Statistics of Conditional Measures

mean standard skewness  kurtosis percentile percentile
deviation 2.5% 97.5%
VaR (5%) 1259 42 -0.69 1.29 1140 1328

Conditional Risk Measures

mean 1043 29 -0.20 -0.64 991 1085
standard 178 20 -0.69 1.20 128 220

deviation

skewness -1.20 0.34 -0.08 -0.15 -1.86 -0.58
kurtosis 1.37 1.48 0.78 0.66 -1.07 5.15
percentile 624 91 0.04 0.07 446 811

2.5%

percentile 1241 24 -0.29 -1.74 1205 1268
97.5%

Moreover, it is worth considering that according to the QIS5 Technical Spe-
cifications issued by the European Commission, insurance companies are obliged
to calculate capital requirements for equity risk in order to insure an efficient
amount of reserves in the event of loss. Capital requirements for equity risk
are determined as the immediate effect on the net value of asset and liabilities
expected in the event of an immediate decrease in value of equities.

For the purpose of determination of the capital requirement for equity risk,
the following split is considered - equities are listed in regulated markets in
the countries, which are members of the EEA or the OECD (“Global equity”
category). The equity shock scenarios for the individual categories are specified
as follows: 30% - global equities and 40% - other equities. “Other equities” are
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comprised of equities listed only in developing markets, non-listed equities,
hedge funds and any other investments not included elsewhere in the market
risk module of QIS5 Technical Specifications.

The goal of the current study is to indicate that usage of the copula approach
in the equity price forecast allows for a decreasing amount of capital while
providing an eflicient hedge for market risk. The present discussion of Solvency
II requirements regarding risk management has already mentioned the necessity
for capital amount determination while managing the equity portfolio. Even
though the insurance market suffered less from the last financial crisis, the media
and market representatives expressed controversial views on the adequate capital
amount needed to cover possible losses and regulatory requirements concerning
this topic. This question is of particular importance, thus the following section
will cover it as far as the copula approach is concerned.
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Figure 9 Equity Indices for Investment Portfolio

Data source: Bloomberg

The third artificial test portfolio, which consists of three European equity indices
(Figure 9 describes index value development) was built, while a relatively short
time frame (January — December 2010) was set. The decision for a one-year
time frame is explained with the willingness to test the model under real-world
circumstances: as insurance companies are pinpointing the amount of capital
necessary to cover losses from the market risk once a year.
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In this case, three European indices were chosen:

o The Austrian Traded Index (ATX) is a capitalization-weighted index
of the most heavily traded stocks on the Vienna Stock Exchange. The
equities use free float adjusted stocks in the index calculation.

o The German Stock Index (DAX) is an index of 30 selected German blue
chip stocks traded on the Frankfurt Stock Exchange. The equities use
free float stocks in the index calculation (in this case and in the next
case, values were adjusted for dividends and splits were used in the
calculations).

o The OMX Stockholm 30 Index is a capitalization-weighted index
of the 30 stocks that have the largest volume of the trading on the
Stockholm Stock Exchange. The equities use free float stocks in the
index calculation.

The choice of index weights in the test portfolio were as follows: weight of
ATX = 30%; weight of DAX = 50%; weight of OMX = 20%.

The correlation matrix between them is in the form

1 0.8097 0.6498
R =10.8097 1 0.6075
0.6498 0.6075 1

Descriptive statistics of changes in the index values are presented in Table 12.

Table 12

Descriptive Statistics of Data
Data source: Author's Calculations

ATX DAX OMX
Size 134 134 134
Mean 1.0567 1.1690 1.2092
Median 1.0513 1.1755 1.2063
Standard deviation 0.0670 0.0552 0.0461
Skewness 0.2789 0.4539 0.7410
Kurtosis -0.9947 1.3315 1.9327

Marginal distributions were approximated by lognormal and Gamma
distributions (similar to the previous case). The goodness-of-fit was measured
by the Kolmogorov test (the 5% critical value equals 0.1175). The results of this
testing are shown in Table 13.
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Table 13

Testing Results for the Marginal Distributions
Data source: Author's Calculations

Distribution Used Parameters

ATX Gamma alfa 248.3217
beta 0.0043
Test value 0.0722
DAX Lognormal u 0.1550
o 0.0472
Test value 0.0561
OMX Lognormal alfa 0.1893
beta 0.0381

Test value 0.08247

The simulation was done by the skew normal copula and skew t-copula.

The shape parameter al, the scale parameter X1 for skew normal distribution,
the shape parameter a and the scale parameter X for skew ¢-distribution were all
estimated from data using v =3 with the above formulas.

As a result, the following estimates are obtained:

1.696%10° ) [1.499%107 9.985%107 6.701*107*
a=|9282%10 | =£=[9.985%10"* 1.015%10° 5.155%10°*

—8.83%10~* 6.701*107* 5.155*10™* 7.095*107*

and
) 0.02 o [4497%107 2.996*107  2.01%107
al=| 0.013 S1=|2.996*%10" 3.044*107° 1.546*10°°
-0.015 2.01*%107  1.546*10° 2.129*10°°

In the simulation experiment triples from skew normal and skew t-copula were
simulated to model the joint 3-variate distribution of indices. The number of
replications was 100.

The Genest-Rivest construction was used to check accordance between sample
data and simulated data for each coordinate plane. Simulation results show that
the best approximation is reached by a skew t-copula with v =3 used to join given
indices. The constructed univariate distribution functions from simulated data
by skew t-copula and data in each coordinate plane are shown in Figure 10.
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Data source: Author's Calculations

In order to fulfil the second study objective regarding the amount of capital
necessary to cover possible losses arising from the market risk comparison
between the actual amount of capital (calculation is based on the QIS5 Technical
Specifications) and the amount of capital (calculation is based on the internal
model using copula approach) is necessary.

The actual amount of capital for the portfolio consisting of three equity indexes
was calculated as required in the Solvency II standards (further explanations
can be found in QIS5 Technical Specifications) and amounted to 1 367.93 (see
lighter line in Figure 11).

1500
1400
1300
1200
1100
1000
900
800 A
700

600 LR RN N RN RN RN RN R RN R RN RN RN RN N RN RN RN RN N RN RN RN RN RN R}

1 5 9 13172125293337414549535761656973778185899397

e Difference in portfolio value [VaR (99.5%)] Capital amount (Solvency I1)

Figure 11 Capital for Loss Coverage
Data source: Author's Calculations
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By forecasting the price of each index with a skew t-copula and determining
the lowest possible index value (99.5% probability) compared to the actual
index price in the beginning of the forecasting period, it is possible to conclude
that the amount of capital necessary to cover the losses is on average (after 100
replications) corresponding to 775.47 (see darker line in Figure 11).

So that internal model provides a possibility to calculate capital amount necessary
to cover possible losses, while the amount is evidently lower than using standard
formula. Therefore, the second research objective of the current study can be
considered as obtained.

In the current section, the algorithm of computation conditional risk measures
and reserves to cover possible loss from market (equity) risk in the copula
approach framework were shown. Therefore, it is possible to conclude that
the approach described is appropriate for use in satisfying both regulatory
requirements and internal risk management standards. The copula theory, which
was utilized, provides an easy way to deal with otherwise complex multivariate
modelling.

Based on the conclusions and results achieved in the fourth chapter it is possible
to state that management of investment portfolios based on downside risk
measures (Lower Partial Moments in particular case) and the copula approach
provide an appropriate internal model for Latvian insurance companies, so that
the hypothesis can be considered as proved.
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SUMMARY

Conclusions

The main goal of the current research was to develope a financial portfolio
management model as an internal model for insurance companies holding a
small number of stocks, which would satisfy not only the regulatory require-
ments and internal risk management standards, but also allow dealing with
otherwise complex multivariate modelling using generally available computation
applications.

Due to the fact that so called “all in one solutions” like Barra, Northfield, Wilshire

and others, all require considerable financial investments and present a kind of

black box (as several estimation parameters and computation techniques are not
completely disclosed), internal models are needed. The main conclusions of this
dissertation can be summarized as follows:

1. Based on a brief analysis of European and Latvian insurance industries, it
is possible to conclude that European and Latvian insurance companies,
which have been affected by a decrease in sales and challenging market
conditions during the latest world financial and economic crisis are de-
risking portfolios and shedding questionable lines of business, while
seeking to identify new sources of capital, when they need to allocate capital
effectively among product lines and business units.

2. The latest financial market crisis emphasized that insurance companies have
previously relied too heavily on quantitative models, external ratings and
benchmarks. Moving forward, it will be important that new quantitative
risk capital requirements under the Solvency II regime be defined by an
appropriate risk management infrastructure, with proper internal processes
and controls at all levels. The Solvency II regime does not just provide
guidelines and solutions, it also allows the use of internal models.

3. New regulatory requirements (under Solvency II) will have a positive impact
on the insurance market (while insuring improvement of policyholders’
protection, which should be achieved by improving the financial strength
and flexibility of the insurance market and fostering better risk management
by recognizing risk diversification and mitigation benefits), provide financial
system stability and transparency, and in such a way contribute to stable
economic development.

4. Based on an analysis of the traditionally applied Markowitz portfolio model,
the main point of criticism can be formulated as follows: the (g, 0) decision
principle constitutes the application of risk understanding of investors who
fear missing the expected return, and penalize not only the downside, but
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also the upside return deviations from the mean, whereas upside return
deviations from the mean should be considered as gain (or chance).

5. A literature review of existing risk measures based on portfolio optimization
methods allows the author of this research to make classification and
comparisons between three main approaches of risk capturing in the
portfolio optimization: the first approach being based on the both-side risk
understanding; the second approach based on down side risk understanding,
and the third approach based on upside risk understanding, providing a
platform for further investigations on the field.

6. Portfolio management, based on the downside risk (particularly based
on Lower Partial Moments) and mean, provides a better alternative in
comparison to the classical approach, since it allows utilizing a risk measure
corresponding with the risk understanding of the prevailing number of
investors (risk as a danger of failing to achieve the predefined financial
target). Any outcome above this reference point does not represent a
financial risk and should be considered gain.

7. The copula model has become a major tool for modelling and analyzing
dependence structures between random variables (in contrast to the linear
correlation, a copula captures the complete dependence structure inherent
in a set of random variables), and has gained extra attention in the field of
finance, while multidimensional modelling (also considering skewness) is
less common in the scientific research.

8. The differences between the (u, o)-portfolio model and the (u, LPM_,)
portfolio models in asset allocation increase with the non-normality of
return distributions as they are higher in the developing market than on
the developed market. Thus, the approximation of both risk understandings
with one portfolio model is not advisable.

9. The realized performance of the (u, LPM_ ,) model is better than that of
the (1, o) model, whereby the performance differences are higher on the
developing market than in the developed market. Analysis of the realized
performance clarifies the influences of different measures of risk and risk
diversification in the (u, LPM_) optimized portfolios, underlying that
primary disadvantage of the (11, 5) model is penalization of not only negative,
but also positive return deviations, whereas the advantage of the (u, LPM )
model is the penalization of volatility only below the financial target. )

10. The copula approach, which is used for the determination of classical and
conditional risk measures and the capital amount necessary to cover losses
from market risk, fulfils the regulatory requirements as well as the internal
risk management standards and provides an easy way to deal with otherwise
complex multivariate modelling.

11. The method used in the current research allows handling a large number
of different instruments - stochastic risk measures and scenarios, while
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conditional risk measure management constraints can be used in various
applications to bind the percentiles of loss distributions. Thus, it can be
maintained, that the model is an adequate tool for risk management in the
insurance companies.

12. The internal model using skew t-copula and Lower Partial Moments in
the process of investment portfolio management for Latvian insurance
companies was developed.

Prospects for Implementation

Based on the above conclusions, it is possible to formulate the following pro-

spects for implementation in practice and further research in the field:

1. The author recommends that Latvian insurance companies, which are
managing small stock portfolios using the model described as an internal
model providing an appropriate tool for both risk management under the
Solvency II regulatory requirements and asset allocation. The proposed
internal model can include the usage of the (1, LPM_,) optimization algorithm
for asset allocation instead of the less appropriate classical (i1, 6) model, and
usage of the skew t-copula for asset price forecast and determination of Value
at Risk, conditional risk measures and capital amount to cover possible losses
from market risk instead of the normal copula.

2. The proposed internal model could be employed for Latvian regulatory
institutions in the field of insurance for a company’s business results
evaluation purposes.

3. The author recommends using the skew t-copula model for asset price fore-
cast and determination of classical and modern risk measures in commer-
cial banks and leasing companies managing market risks.

4. Further research in this field is advised to examine the compliance of
classical performance measures with the model described and evaluate
further possibilities of “new” performance measures under the downside
risk understanding approach. While no evaluation was done concerning
the good fit of the performance measures, the usage of Sharpe and Sortino
ratios were proposed in the current dissertation. Discussion in the literature
(Schmidt-von Rhein, 2002; Portmann, 2000) proposes several evaluation
approaches without any sound conclusions, hence there are no findings or
proposals regarding the “new” performance measures.

5. The main findings from this study could be used for educational purposes for
university students as a part of the courses covering portfolio management
and risk management challenges.
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IEVADS

Pétijuma butiba un aktualitate

Latvija investiciju portfeli galvenokart pieder bankam, apdros$inasanas sa-
biedribam, pensiju un investiciju fondiem. Minétajiem institucionalajiem
investoriem pieder vértspapiri un valiitas tirgus aktivi, kas tiek izmantoti,
lai parvalditu aktivu un pasivu pozicijas, diversificétu savu ienémumu bazi,
saglabatu likviditates spilvenu un izpilditu uznemtas saistibas. Lielakajai dalai
portfelu ipasnieku investiciju portfeli veido svarigu ienémumu aktivu. Tadé]
investiciju instrumentu sarezgitibas palielinadanas un izaicinosa tirgus situacija
ir saasinajusi vajadzibu péc efektivas investiciju portfelu vadibas.

Investiciju portfelu vadibas process ietver investiciju politikas izveidi, investiciju
stratégijas noteikdanu, ka ari izveidota investiciju portfela uzraudzibu. Svariga
nozime $aja procesa ir dazadiem riska mériem un to aprékinasanas metodém.

Jauzsver, ka no 2007. gada banku darbibu un to investiciju portfelus reglamenté
Bazeles II (Basel II) prasibas, bet “Maksatspéjas II” (Solvency II) prasibu
piemérosanas process apdro$inasanas sektora vél nav pabeigts. Tadé] ipasi
svarigi ir izpétit riska méru izmanto$anas iespéjas investiciju portfelu vadiba,
izstradajot iek$éjo modeli Latvijas apdro$inasanas sabiedribam.

Pirms pasaules finan§u un ekonomiskas krizes Baltijas valstis tika sauktas par
“Baltijas tigeriem”, jo to ekonomika attistijas visatrak salidzinajuma ar citam
Eiropas valstim. Pieprasijuma pieaugums gan iek$zemé, gan arvalstis kopa ar
milzigu arvalstu kapitala iepla$anu, ieskaitot Eiropas Savienibas struktarfondus,
strauji palielinaja iek$zemes kopprodukta pieauguma tempus lidz divciparu
skaitlim. Baltijas apdrosinasanas tirgus (ieskaitot ari Latvijas sabiedribas) bija
tieSais labuma guveéjs no $1 ekonomiska brinuma.

No 2002. gada lidz 2007. gadam visu triju Baltijas valstu vietéjie apdrosinasanas
tirgi divkarSoja savu apjomu. Kamér nedzivibas apdro$inasana neatpalika no
visparéjas ekonomiskas attistibas, dzivibas apdrosinasanas sektors piedzivoja
uzplaukumu, kad dzivibas apdro$inasanas produkti kluva par vienu no vis-
popularakajam uzkrajumu stratégijam.

No vienas puses, péc uzplaukuma gadiem apdrosinasanas tirgus (gan dzivibas,
gan nedzivibas apdrosinasana) cieta ekonomiskas lejupslides dél, jo ienakumi
no pamatdarbibas vairs neradjja ilgtspéjigu pieaugumu, tapéc uzpémumi bija
spiesti gat papildu ienakumus, veicot investicijas, lai nodrodinatu sabiedribas
ilgtspéjigu attistibu, bet, no otras puses, tie$i finansu tirgu dé] investiciju
ienakumi samazinajas.
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Tapat svarigi atzimét faktu, ka, pateicoties ierobezojo$ai investiciju politikai
un noteiktajam regulatora prasibam, apdrosinasanas sabiedribu investiciju
portfelis galvenokart sastav no fikséto ienémumu veértspapiriem (obligacijam),
bet akciju procents $ajos portfelos ir ierobezots. Palielinoties akciju ipatsvaram
investiciju portfeli, arvien svarigaki klast investiciju portfela vadibas instru-
menti.

Pédéja finansu krize pieradija, ka apdrosinasanas sabiedribas parak palavas uz
kvantitativajiem modeliem, aréjiem reitingiem un standartiem. Turpinoties
attistibai, batu svarigi, lai jaunas kvantitativa riska kapitala prasibas standarta
“Maksatspéja II” butu nodrosinatas ar atbilsto$u riska vadibas infrastruktaru ar
atbilstosiem procesiem un kontroli visos organizatoriskajos limenos.

2001. gada Eiropas Komisija uzsaka $o projektu, lai parskatitu apdro$inataju
uzraudzibas struktiru Eiropas méroga, un 2007. gada jalija tika prezentéta
“Maksatspéjas II” Struktiras direktiva, kuras ievieSana visa Eiropa ir planota lidz
2012. gada beigam. Rapéjoties par iepriek§minéto standartu potencialo ietekmi
uz produktiem, procesiem un kapitalu, paslaik apdrosinatajiem ir javirzas tuvak
standartam “Maksatspéja II” un aktivi jagatavojas ta isteno$anai, lai gan svariga
nozime ikdienas biznesa joprojam ir diviem jautajumiem - par attieciga riska
vadibu un par portfela vadibu.

Pétijuma meérkis un galvenie uzdevumi

Si pétijuma galvenais mérkis ir izstradat investiciju portfela vadibas modeli

apdrosinasanas sabiedribam, izmantojot apaks$éjos riska mérus. Modelim ir

jaapmierina regulatoru prasibas un iekséjie riska parvaldes standarti, ka ari
jalauj stradat ar sarezgito daudzu parametru modeléSanu. Lai mérki istenotu,
disertacija jaizpilda $adi galvenie uzdevumi:

o jaapskata Eiropas un Latvijas apdrosinasanas tirgus situacija, pievérsot ipasu
uzmanibu apdrosinasanas sabiedribu investiciju portfelu vadibai;

o jaizpéta un jaizvérté portfelu vadibas klasiskas metodes;

o jaizanalizé citu pieeju teorétiskie pamati, kur izmantoti apakséjie riska meéri
(downside risk measures), ipasa uzmaniba tiks veltita apaksejiem parcialajiem
momentiem (Lower Partial Moments) investiciju portfela vadibas procesa;

o jaizpéta kopulu izmanto$ana finansés, apskatot kopulu un kopulu saimes
pamatdefinicijas un ipasibas un aprakstot jaunatklato asimetrisko t-kopulu
(skew t-copula) un tas prieksrocibas salidzinajuma ar citam iespéjam;

o japiedava iek$éjais modelis, izmantojot asimetrisko t-kopulu un apakséjos
parcialos momentus investiciju portfela vadibas procesa:
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o jaizstrada vienkar$s portfela empiriskas parbaudes algoritms ar apak-
Sejiem parcialajiem momentiem un janodro$ina pieejas veiksmigas
izmantos$anas empiriska parbaude investiciju praksé;

@ japarada, ka kopulu pieeju var izmantot portfelu vadiba.

Pétijuma objekts, priekSmets un hipotéze

Pétijuma objekts ir riska mérisanas veidi.

Pétijuma priekSmets ir riska méru izmantoSana investiciju portfelu vadiba
apdrosinasanas sabiedribas.

Pétijuma hipotéze ir formuléta $adi: investiciju portfelu vadiba, kas ir balstita
uz apakséjiem riska mériem un kopulam, nodrosina atbilstosu instrumentu
(iekséjais modelis), parvaldot Latvijas apdro$inasanas sabiedribam piederosus
investiciju portfelus.

Pétijuma metodes

Pétijuma izmantotas visparpienemtas zinatniskas kvalitativas un kvantitativas
metodes, ieskaitot monografisko metodi, analizi un sintézi, logisko izvértéjumu,
modelésanas metodes un hipotézes pieradiS$anu. Empiriskajai izpétei izmantotas
Excel un Matcad programmatiras, dati iegti no Bloomberg informacijas
sistémas.

IerobeZojumi

Riska méru izmantosana investiciju portfelu vadiba aptver loti plasu jautajumu
loku. Disertacijas ierobezota apjoma un pétijuma objekta un priekSmeta
specifikas dé] noteikti $adi ierobezojumi:

o pétjjuma analizétas finansu sabiedribas (iznemot pensiju fondus), ka tas ir
definéts EKS 95;

o pétjums un empiriskd izpéte aprobezojas ar apakséjiem parcialajiem
momentiem (kas ir viens no apak$éjiem riska mériem) un normalu,
asimetrisko un asimetrisko t-kopulu;

» pétjjuma periods aptver laika posmu no 2000. lidz 2010. gadam;

o empiriska izpéte un iegutie rezultati ir balstiti uz maksligi izveidotu
investiciju portfeli, kas sastav no akciju indeksiem;

o pétijums ir ierobeZots ar riska analizes un riska novértésanas procesu riska
parvaldibas ietvaros, ka tas ir definéts ISO 31000 : 2009 standartos.
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Pétijuma periods

Teoreétiskas dalas pétijuma periods ietver laika posmu no XX gadsimta otras
dalas lidz musdienam, ipa$u uzmanibu pievérSot riska méru aprékinasanas
metodém. Izpétes praktiskaja dala analizéti 2000.-2010. gada dati.

Promocijas darba aizstavamas tézes

o Izaicino$a tirgus vide un jaunas normativas prasibas (“Maksatspéja II”
rezims) liek Latvijas apdrosinasanas sabiedribam izstradat un ieviest iekséjos
modelus kapitala un riska parvaldibas ietvaros.

o Apaksejie parcialie momenti nodrosina vienkarsu un efektivu veidu investiciju
portfelu vadibas procesa salidzindgjuma ar klasisko portfelu optimizacijas
pieeju; instrumentarijs ir piemérots Latvijas apdro$inasanas sabiedribam,
kuru investiciju portfeli ir neliels akciju skaits.

o Asimetriska t-kopula atbrivo no Gausa kopulas trakumiem un piedava
vienkarsu metodi plasa portfela riska vadibas problému loka risinasanai.
Izstradata metode lauj noteikt dazadus stohastiskus riska mérus un
scenarijus.

Pétijuma teorétiska un metodologiska baze

Lidz XX gadsimta otrajai pusei investiciju pasaulé dominéja tradicionala
vértspapiru analize, kurd lémumi par investicijam tika balstiti uz globalas
ekonomikas, sektoru un atsevisku uznémumu attistibu. 20. gs. 50. gados divi
autori Markowitz un Roy sniedza jaunu fundamentalu pieeju finansém un
piedavaja investoriem jaunu kvantitativo instrumentu - ienesiguma un riska
lémuma - modelus, kuri lauj pieskirt kapitalu, izvértéjot individualas riska un
ienesiguma vélmes. Markowitz piedavato fundamentalo koncepciju paplasinaja
Sharpe, Litner un Mossin, kamér tika izstradats slavenais kapitala aktivu vértéSanas
modelis (Capital Asset Pricing Model), un jau ilgaku laiku tas tiek uzskatits par
standartu jebkuram jaunam investora uzvedibas novéro$anas modelim.

70. gadu galvenais sasniegums portfelu vadibas joma bija Black un Scholes opcijas
noveértésanas modelis (Option Pricing Model) un Ross izstradata arbitrazas cenu
veido$anas teorija (Arbitrage Pricing Theory). Nakamais solis bija 80. gadu
ARCH un GARCH modelu izstrade, kuros izmantots pienémums par finansu
tirgus Islaicigo atminu.

Visbeidzot, sakot no 90. gadiem, nozimigu lomu portfe]u vadiba ienéma jauns
riska mérs - riskam paklauta vértiba (Value at Risk). Vélak pieeju parnéma
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Leibowitz un Henriksson un nosauca to par “iztrokuma risku” (shortfall risk).
Stohastisko planoto ienesigumu turpinaja skaidrot Leibowitz, Kogelman un
Bader, Jaeger un Zimmermann. Visparéju literataras apskatu par riska mériem
sniedza Albrecht.

Apak$éjo riska méru izpétes jaunais laikmets sakas ar Bawa un Fishburn
izstradato darbu par apakséjiem parcialajiem momentiem. Bawa un Lindberg
néma veéra veértspapiru apak$éjo riska meéru diversifikiciju un piedavaja
ienesiguma kopéjas kustibas méru zem planota ienesiguma. Bookstaber un
Clarke darbojas ar opciju portfeliem un atklaja nepiecieSamibu péc ienesiguma
sadales papildu momentiem. Aktivu vértibas noteik$anas modeli ar visparinato
apaksejo parcialo momentu struktaru izstradaja Harlow un Rao. Apakseéjo parcialo
momentu — portfela modela saistibu ar kapitala tirgus teoriju risinaja Nawrocki.
Kops 90. gadiem apakséjie riska méri piesaista aizvien jaunus pétniekus: Harlow;
Sortino un Price; Nawrocki; Stevenson; Morton, Popova un Popova; Danielsson
u. c.; Vercher, Bermiidez un Segura; Pinar; Bali, Demitras un Levy; Liang un
Park.

Kopulu modeli ir kluvusi par galveno statistikas instrumentu, lai modelétu un
analizétu atkaribas struktiiras ar nejau$iem mainigajiem lielumiem. Tas noticis
tade], ka salidzinajuma ar linearo korelaciju kopula parklaj pilnigu atkaribu
struktiru, kura ir raksturiga nejausiem mainigajiem lielumiem, ka uzsvérts
Embrechts un citu autoru zinatniskajos pétijumos.

Kopulas ir piesaistijusas daudz uzmanibas, analizéjot finansu tirgu sakaribas,
$o problému ir pétijjusi $adi autori: Rodriguez; Chen un Poon; Malevergne un
Sornette; Junker un May; Dowd; Martellini un Meyfredi; Li; Bielecki u. c.; Bouye;
Longin un Solnik; Glasserman u. c. Baltijas valstis $aja joma iesaistijusies sadi
autori: Kollo un Pettere; Matvejevs un Sadurskis; Jansons, Kozlovskis un Lace.

Pétijuma zinatniska novitate

Pétijuma zinatniska novitate un galvenie sasniegumi ir $adi:

o pieradits, ka apakséjie parcialie momenti (ka viens no apakséjiem riska
meériem) nodros$ina vienkar$u un efektivu veidu investiciju portfelu vadibas
procesa salidzinajuma ar klasisko portfelu optimizacijas pieeju;

o instrumentarijs ir piemérots Latvijas apdro$inasanas sabiedribam, kuram
investiciju portfeli ir neliels akciju skaits;

o Gausa kopulas vieta izmantota asimetriska t-kopula (kuru 2010. gada
izstradaja Kollo un Pettere), jo ta parvar Gausa kopulas trakumus un piedava
vienkarsu metodi plasa portfela riska parvaldes probléemu loka risinasanai;
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o izstradata metode lauj apstradat dazadu skaitu instrumentu - stohastiska
riska mérus un scenarijus — un sniedz iespéju noteikt katra riska meéra
aprakstoso statistiku;

o pieradits, ka izmantota metode lauj modelét kapitala daudzumu, kas
apmierina iek$éja riska parvaldes mode]u prasibas.

Pétijuma aprobacija

Promocijas darba autore ir piedalijusies 14 zinatniskajas konferencés Latvija un

arzemes:

1. Eurasia Business and Economics Society (EBES) 2011 Conference — Istanbul
(Turcija, 2011. gada janijs).

2. International Conference “Current Issues in Management of Business and
Society Development — 20117 (Latvija, 2011. gada maijs).

3. International Research Conference “Changes in Global Economic
Landscape - in Search for New Business Philosophy” (Latvija, 2011. gada
aprilis).

4. 16th International Scientific Conference “Economics and Management-2011
(ICEM-2011)” (Cehija, 2011. gada aprilis).

5. International Scientific Conference on Management and Sustainable
Development - Yundola University of Forestry (Bulgarija, 2011. gada
marts).

6. International Conference on Quantitative Finance “Advances for Exchange
Rates, Interest Rates and Asset Management” (Vacija, 2010. gada maijs).

7. 3rd International Scientific Conference “Business competitiveness in local
and foreign markets: challenges and experiences” (Latvija, 2010. gada
aprilis).

8. 15th International scientific conference “Economics and Management -
2010” (Latvija, 2010. gada aprilis).

9. International Scientific Conference on Management and Sustainable
Development - Yundola University of Forestry (Bulgarija, 2010. gada
marts).

10. 8th Hellenic Finance and Accounting Association (H.F.A.A.) Conference
in cooperation with University of Macedonia, Thessalonica (Griekija,
2009. gada decembris).

11. International Scientific Conference “Insights into the Sustainable Growth of
Business” (Lietuva, 2009. gada novembris).

12. 50th International Scientific Conference of RT'U “Scientific Conference on
Economics and Entrepreneurship” (Latvija, 2009. gada oktobris).
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13. International Conference “Economies of Central and Eastern Europe:
Convergence, Opportunities and Challenges” (Igaunija, 2009. gada junijs).

14. 49th International Scientific Conference of RTU “The problems of
Development of National Economy and Entrepreneurship” (Latvija,
2008. gada oktobris).

Promocijas darba izstradasanas gaita autore ir publicéjusi 22 zinatniskos
rakstus.

Raksti visparatzitos starptautiskos recenzéjamos izdevumos

1. Kuzmina, J. & Voronova, I. “Development of Investment Risk Management
Models for Insurance Companies,” Economics and Management, Number 16
(2011); ISSN 1822-6515; pp. 1147-1153.

2. Kuzmina, ], Pettere, G. & Voronova, I. “Investments by Insurance Compa-
nies - Challenges and Opportunities,” Economics and Management,
Number 15 (2010); ISSN 1822-6515; pp. 979-985.

3. Kuzmina, J., Pettere, G. & Voronova, I. “Conditional Risk Measure
Modelling for Latvian Insurance Companies,” Perspectives of Innovations,
Economics and Business, Vol. 3 (2009); ISSN 1804-0519 (Print), ISSN 1804-
0527 (Online); pp. 59-61.

Raksti zinatniskajos recenzéjamos izdevumos

4. Kuzmina, J. “Latvian Insurance Companies - Sustainable Development
in Challenging Environment,” Management and Sustainable Development
(2011), pp. 1-5; (accepted for publication).

5. Kuzmina, ]. “Risk Management for Sustainable Growth,” Management
and Sustainable Development, Vol. 26, Number 2 (2010); ISSN 1311-4506;
pp- 25-30.

6. Kuzmina, J. “Risk Management for Sustainable Growth. Do we need a new
approach?” Journal of Business Management, Number 3 (2010); ISSN 1691-
5348; pp. 115-122.

Citas publikacijas

7. Kuzmina, J. “Internal Risk Management Models for Insurance Companies,”
EBES 2011 Conference - Istanbul. Program and Abstract Book; Istanbul 2011;
p. 69.

8. Kuzmina, J. “Internal Risk Management Models for Insurance Companies,”
EBES 2011 Conference - Istanbul. Conference Proceedings (CD); Istanbul
2011; pp. 717-733.

9. Kuzmina, J. “Use of Lower Partial Moments in Portfolio Management,’

Abstract of Reports “Current Issues in Management of Business and Society
Development — 20117 Riga 2011; ISBN 978-9984-45-347-7; p. 84.
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10. Kuzmina, J. “Use of Lower Partial Moments in Portfolio Management,’
Conference Proceedings (CD) “Current Issues in Management of Business
and Society Development — 20117 Riga 2011; ISBN 978-9984-45-347-7;
pp. 361-372.

11. Kuzmina, J. & Voronova, I. “Development of Investment Risk Management
Models for Insurance Companies,” Program and Reviewed Abstract Book
“16th International Conference “Economics and Management”; Brno, 2011;
ISSN 978-80-214-4279-5; pp. 370-371.

12. Pettere, G. & Kuzmina, J. “Copula Approach for Downside Risk Measures
in Portfolio Management,” Book of Abstracts. International Conference on
Quantitative Finance “Advances for Exchange Rates, Interest Rates and Asset
Management”; Hannover 2010; p. 1.

13. Pettere, G. & Kuzmina, J. “Copula Approach for Downside Risk Measures
in Portfolio Management,” Conference Proceedings (CD). International
Conference on Quantitative Finance “Advances for Exchange Rates, Interest
Rates and Asset Management”; Hannover 2010; pp. 1-13.

14. Kuzmina, J. “Financial Portfolios Construction with Lower Partial
Moments — Some Ideas from Theory and Practice,” Abstracts of Reports. 8th
Hellenic Finance and Accounting Association (H.FA.A); Thessalonica 2009;
p- 76.

15. Kuzmina, J. “Financial Portfolios Construction with Lower Partial Moments —
Some Ideas from Theory and Practice,” Conference Proceedings (CD). 8th
Hellenic Finance and Accounting Association (H.FA.A); Thessalonica 2009;
pp. 1-20.

16. Kuzmina, J., Pettere, G. & Voronova, I. “Investments by Insurance
Companies — Challenges and Opportunities,” Programme and Collected
Abstracts of International Conference “Economics and Management — 20107
Riga 2010; ISBN 978-9934-10-018-5; pp. 77-78.

17. Kuzmina, J. “Risk management for sustainable growth,” Programme and
Abstracts. 12th International Scientific Conference on Management and
Sustainable Development; Yundola, 2010; ISSN 1691-5348; pp. 78-79.

18. Kuzmina, J., Pettere, G. & Voronova, I. “Portfolio’s Conditional Risk Measure
Modelling of Insurance Companies,” Book of Abstracts. 50th International
Scientific Conference of RTU Scientific Conference on Economics and
Entrepreneurship; Riga 2009; ISBN: 978-9984-32-173-8; p. 29.

19. Kuzmina, J., Pettere, G. & Voronova, I. “Portfolios Conditional Risk
Measure Modelling of Insurance Companies,” Conference Proceedings
(CD). 50th International Scientific Conference of RTU Scientific Conference
on Economics and Entrepreneurship; Riga 2009; ISBN: 978-9984-32-173-8;
pp- 128-136.
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20. Kuzmina, J. “Portfolio Construction with Lower Partial Moments (2;T) - An
Overview,” Conference Proceedings (CD). Economies of Central and Eastern
Europe: Convergence, Opportunities and Challenges; Tallinn 2009; ISBN:
978-9949-430-28-4; pp. 1-13.

21. Kuzmina, J. “Portfolio Construction with Lower Partial Moments,
Conference Proceedings (CD). 49th International Scientific Conference of
RTU “The Problems of Development of National Economy and Entre-
preneurship”; Riga 2008; ISBN: 978-9984-32-567-5; pp. 1-7.

22. Kuzmina, J. “Portfolio Construction with Lower Partial Moments,” Book of
Abstracts. 49th International Scientific Conference of RTU “The Problems of
Development of National Economy and Entrepreneurship”; Riga 2008; ISBN:
978-9984-32-567-5; pp. 89-90.

Promocijas darba rezultati prezentéti teorétiska seminara, ko organizé Latvijas
Ekonometristu asociacija (prezentacijas téma: Kopulas un aktivu parvalde Latvijas
Apdrosinasanas kompanijas — http://www.ekonometrija.lv/?sa=aktual/16).

Promocijas darba rezultati iesniegti izskatis$anai BTA apdrosinasanas sabiedriba.

Zinatniskie rezultati apspriesti starptautiskajas vasaras universitatés Latvija un

Ttalija:

1. 9" Summer school for Doctoral Students in Finance, Institutions and
History “Crises, panics and manias in financial history” hosted at
Department of Economics, Universita di Ca Fosari, Venice (Italija,
2009. gada septembris).

2. LS.E.O International graduate summer school “Financial Markets in the
World Economy” (Italija, 2009. gada janijs).

3. 8" Summer school for Doctoral Students in Finance, Institutions and
History “War and Finance” hosted at Department of Economics, Universita
di Ca Fosari, Venice (Italija, 2008. gada septembris).

4. International Scientific Seminar for Doctoral Students “Development
of Research Methods: Management of Knowledge” (Latvija, 2008. gada
augusts).

Promocijas darba rezultati daléji izmantoti, gatavojot rakstus publikacijam
biznesa nozares avizé “Bizness & Baltija” (rakstu kopéjais skaits parsniedz 70).
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Darba struktiira un apjoms

Promocijas darbs ir neatkarigs pétijums, kas sastav no ievada, ¢etram nodalam,
nosléguma secinajumiem un priekslikumiem, izmantotas literatiras saraksta,
pielikumiem. Ta kopéjais apjoms ir 136 datorsalikuma lappuses, neskaitot
pielikumus. Promocijas darba ieklautas 23 tabulas, 34 attéli, kas paskaidro
un ilustré pétijumu saturu. Promocijas darba izstradé izmantoti 200 dazadi
literataras avoti, kas apkopoti literataras saraksta. Promocijas darbam ir $ada
struktara:

Ievads
1. Apdrosinasanas tirgus izaicinosa tirgus vide
1.1. Eiropas apdros$inasanas tirgus parskats
L1.1. Dzivibas apdrosinasanas sabiedribu darbibas vide
1.1.2. Nedzivibas apdrosinasanas sabiedribu darbibas vide
1.1.3.  Citi jautajumi
1.2. Latvijas apdro$inasanas tirgus analize
1.3. “Maksatspéja II” ka jauns izaicinajums un iespéja apdro$inasanas sabied-
ribam
2. Klasiskas metodes investiciju portfelu vadiba
2.1. Riska méri un to izmanto$ana investiciju portfelu vadibas procesa
2.2. Markowitz portfela vadibas modela izmanto$ana investiciju portfelu vadibas
procesa
3. Modernas metodes investiciju portfelu vadiba
3.1. Apaksejo parcialo momentu izmanto$ana investiciju portfelu vadiba
3.1.1. Apaksejo parcialo momentu vesturiska attistiba
3.1.2. Apaksejo parcialo momentu pamatelementi un to izmantoSana investi-
ciju portfelu vadiba
3.2. Kopulu pieeja investiciju portfelu vadiba
3.2.1. Kopulu definicija un Sklar teoréma
3.2.2. Kopulu saimes
3.2.3.  Kopulu pielietosana investiciju portfelu vadiba
4. Empiriskie pétijumi: ieksejais modelis Latvijas apdrosinasanas sabiedribam
4.1. levads empiriskajos pétijumos
4.2. Apaksejo parcialo momentu izmanto$ana investiciju portfelu vadiba
4.3. Kopulu pieejas pielieto$ana investiciju portfelu vadiba
4.3.1. Iek$éjais modelis nosacita riska noteikSanai
4.3.2. lek$éjais modelis kapitala noteikSanai
Secindjumi un priekslikumi
Literatiiras saraksts
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GALVENIE ZINATNISKIE ATZINUMI

1. Apdrosinasanas tirgus izaicinosa tirgus vide

Pirmaja nodala ir 28 Ipp., 2 tabulas un 10 attéli

Pirmaja nodala autore analiz&jusi pasreizéjo situaciju Latvijas apdro$inasanas
tirgli un nonakusi pie secindjuma, ka Latvijas apdro$inasanas sabiedribas, kuras
ir ietekméjis pardosanas kritums un izaicino$ie tirgus apstakli, péc 2008. gada
samazinajusas savus portfelu riskus un atbrivojusas no nepelnosiem biznesa
veidiem. Sabiedribas meklé veidus, ka identificét jaunus ienémumu avotus, ka
ari mégina lietderigi sadalit esoSos resursus starp dazadam produktu linijam un
biznesa vienibam, tadé] ipasi svarigi klist jautajumi par riska vadibu atbilstosi
“Maksatspéjas II” prasibam un piemérotas portfelu vadibas metodes.

“Maksatspéjas II” prasibas stingrak disciplinés riska vadibu apdrosinasanas
sabiedribas. Dokuments uzsver to, ka riska parvaldibas sistéma ir jaizveido un
javada apdros$inasanas sabiedribas saskana ar ierastajam riska vadibas metodém:
riska noteiksana, pielaujama riska apjoma identifikacija un mérisana, uznemto
risku vadiba, uzraudziba un komunikacija, ka ari kapitala pietiekamibas no-
vertéjums.

Tomér viens no lielakajiem izaicinajumiem, ari vislaikietilpigakais, ir saistits ar
uzvedibas izmainam finansu tirgos un gratibam skaidri noteikt tirgus dalib-
nieku riska apetiti. Pédéja finansu krize vél reizi paradija to, ka apdrosinasanas
biznesa veiksmes pamata ir efektiva riska vadiba. Uznémumu padomes un val-
des, investori un reitinga agentiiras saasinajusi savu uzmanibu uz riska vadibu,
nemot véra tirgus nestabilitati un nepartraukto kapitala resursu ierobezojumu.

“Maksatspéja II” pace] likmes vél augstak, liekot apdrosinatajiem attistit sistema-
tisku riska parvaldes struktiiru, kas spéj nodrosinat to, ka riska apsvérumi tiek
pienaciga veida saprasti un vaditi, ka ari integréti Iémumu pienemsanas procesos.

Pirmaja dala precizéts, ar ko jaunie standarti ir saistiti prakse, ieskaitot to, kada
veida sabiedribas struktiirai vajadzétu bat izveidotai un vaditai un ka standarti
ietekmeés biznesa vadi$anas metodes. Pamatojoties uz literataras izpéti (Krause,
2006; Gallati, 2003) un Pricewaterhouse Coopers prezentaciju (2010), iespéjams
izstradat $adu integréto riska parvaldes struktiru saskana ar “Maksatspéjas II”
prasibam, kura nodrosina stratégiskas vadlinijas, organizatorisko realizaciju un
riska identifikacijas un novertésanas pamata infrastruktaru.

Turpmak prezentéti un aprakstiti 10 riska parvaldes struktiras elementi, kas ir
jaaplako tris limenos: biznesa stratégija, biznesa vadiba un biznesa platforma.
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Jauzsver, ka veikta pétijuma intereses centra atrodas tads struktaras elements
ka riska un kapitala vértéSana (ieskaitot meériSanas metodikas un iekséjos

modelus).

(= Cilveki ———\ (= i.-. —\ (= - .
g i \:ekl un atlidziba: || § Are)s} komu_nlkacga .= Riska strategija:
5 cilveku uzvedibai, = unieintereséto pusu || 2 riska dimensijai ir
< kas pieskanota £ vadiba: struktiira ‘® jabut organizacijas
%‘_ grupas riskam, % balstas uz argjas £ centra, jo risks ir
s kapitala un snieguma 2 komunikacijas & galvenais apsvérums,
2 stratégijai, biznesa _E strat&giju, kura £ nosakot stratégiju,
N planiem, jabiut koncentr&jas ap E formulgjot biznesa
< proporcionali aktivu ieintereséto planus, vertgjot

atspogulotai pusu vadibu, lai rezultatus un
rezultatu, motivacijas sniegtu ieinteresétajai atlidzinot sekmigu
un atalgojuma pusei pievienoto { vadibu.

shémas. Personala [’> vertibu un plasakus [_>

lielakajai dalai
nepiecieSams
noteikts prasmju,
pieredzes un
zinasanu limenis.

Informacijas
vadiba:
nepieciesama
atbilstoSa lomu,
atbildibas un
pilnvarojuma limenu
adaptacija.

Tehnologija un
infrastruktiira:
pamattehnologijai ir
pilniba jaatbalsta
integréta pieeja.
Uzmaniba ir
japievers
organizatoriskajam
planojumam, datu
kvalitatei un
automatizetai
apstradei.

J

.

biznesa ieguvumus.

Vadiba,
organizacija un
politika: ieskaitot
skaidras vadibas
struktiiras izveidi,
kura atskir vadibu no
uzraudzibas
darbibam; skaidra
uzskaite un atbildiba
par riskiem;
vispusigas riska
vadibas organizacijas
un spécigas riska
politikas izveide.
Biznesa rezultati un
kapitala vadiba, kas
ciesi saistita ar riska
vadibu.

Riska un kapitala
veértesana (ieskaitot
meérisanas
metodikas un
iek§€jos modelus):
ieksgjie riska un
kapitala modeli veido
struktliras pamatu.
Modeliem ir jaatbilst
visaugstakajiem
kvalitates
standartiem un jabiit
atbilstosi pielagotiem
un pilniba

test€tiem un
dokumentétiem.

J

.

Riska
raksturojums: visu
risku identifikacija
un novértésana, ar ko
saskaras uznémums
(apdro$inasanas
sabiedriba).
NepiecieSams istenot
speécigus procesus, lai
apkopotu un noteiktu
visas organizacijas
riska prioritates.

Riska apetite: ta ir
skaidri janoformulg,
atspogulojot riska
postenus, biznesa
strat€giju un
finansu mérkus.
NepiecieSams ieviest
procesus un kartibu,
lai parvalditu risku
visa organizacija
noteiktaja méra,
neierobezojot
ikdienas darbibu.

1. attéls. Riska parvaldes struktira

Informacijas avots: autores veidots attels.
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2. Klasiskas metodes investiciju portfelu vadiba

Otraja nodala ir 20 Ipp., 3 tabulas un 7 attéli

Pétijuma otra nodala piedava Markowitz portfela modela analizi, apskata §1
modela ipatnibas, kas to padara par vispopularako portfela vadibas modeli, un
modela ierobezojumus. Galvena klasiska Markowitz lémuma principa kritika ir
par investoru riska izpratnes pieméro$anua, péc kuras investors baidas pazaudét
gaidito ienesigumu un soda ne tikai negativas, bet arl pozitivas novirzes no
vidéjiem ienesiguma mériem. Pie tam nodala piedavats ieskats dazados riska
meéros (tradicionals riska mérs — riskam paklauta vértiba - izanalizéts sikak) un
aprakstits riska méru lietojums portfela optimizacijas ietvaros. Kritiskie riska
noteiksanas veidi atspoguloti tris dazadas pieejas portfelu optimizacijas ietvaros,
kas paradas literatara (klasifikaciju izstradajusi autore).

o DPieeja, kas balstita uz abpuséju risku: §1 pieeja orientéjas uz risku, kas tiek
raksturots ka abpuséjas svarstibas ap kadu atskaites punktu. Risks, kuru
méra ar novirzi Markowitz (u, o), portfela modeli ir vispopularakais $is
pieejas mérs. Citi apskatitie riska méri: vidéjais aritmétiskais; mediana;
videéja novirze; novirze; asimetrija; ekscesa koeficients; beta faktors; videja
Gini atskiriba; entropija; izsekosanas klida.

o DPieeja, kas balstita uz apakséjo (negativas puses) risku: $§im veidam
batisks ir riska mérs, kas palaujas uz rezultatiem un varbatibam zem kada
atskaites punkta, kurs tiek izvéléts vai nu subjektivi, vai objektivi. Sis témas
svariguma dé] dazi riska méri un to pieméroSana sikak aplikoti treaja
nodala. Apskatitie riska méri: negativas puses beta faktors; vidéja absolita
pusnovirze; minimala pelna; riskam paklautd vertiba; nosacita riska vértiba;
izsekosanas kliida; iztriskuma risks un apakséjie parcialie momenti.

o DPieeja, kas balstita uz augséjo (pozitivas puses) risku: $im veidam bitisks
ir riska mérs, kas palaujas uz rezultatiem un varbutibam virs kada atskaites
punkta. Apskatitie riska méri: iespéju iespejamiba; iespéju gaidisana; iespéju
novirze; iespéju asimetrija; iespéju ekscesa koeficients.

3. Modernas metodes investiciju portfelu vadiba

Tresaja nodala ir 23 Ipp., 1 tabula un 4 atteli

Tre$aja nodala apliikotas modernas portfelu teorijas izstradnes. Sakuma apska-
titas investiciju portfela vadibas metodes (kas balstas uz apakséjiem riska
mériem), teorétiskais pamatojums un noskaidrotas investiciju praksé lietojamas
pieejas. Viena no metodém ir portfelu vadiba, izmantojot apakséjo parcialo
momentu. Risks, kas aprakstits ka apakséjais parcialais moments (LPM), ir risks
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iegt ienesigumu zem noteiktd minimala vélama pelnas limena, tadé] jebkurs$
rezultats virs $i atskaites punkta vairs netiek uzskatits par risku, bet tiek saprasts
ka jespéja. Rezultata LPM samazina$ana optimizacijas algoritma saglaba iespé&ju
sasniegt augstako ienesiguma limeni (virs atskaites punkta) atskiriba no klasiska
modela. 2. attéla piedavats grafiskais raksturojums.

maximize mean

T U

minimize shortfall risk

2. attéls. Apakséjie parcialie momenti — grafiskais izskaidrojums (t - noteikts
minimalais velamais pelnas limenis; p - vidéjais aritmétiskais)
Informacijas avots: Schmidt-von Rhein (2004).

Kopulu modeli ir kluvusi par galveno instrumentu atkaribas struktaru modelé-
$ana un analizé$ana ar nejausiem mainigajiem, jo pretstata linearajai korelacijai
kopula ir spégjiga ietvert sevi pilnu korelacijas struktaru, kura ir raksturiga kat-
ram nejausi izvélétam lielumam. It ipasi finansés kopulas ir piesaistiju$as daudz
uzmanibas finansu tirgu sakaribu analizé, riskantu akciju portfelu analizé utt.
Lai piedavatu labaku risinajumu abiem apskatamajiem jautajumiem - investiciju
portfela vadibai un riska vadibai - izmantotas iepriek$ aprakstitas pieejas; nodala
piedava pieeju teorétisko pamatojumu.

4. Empiriskie pétijumi:
ieksejais modelis Latvijas apdrosinasanas sabiedribam
Ceturtaja nodala ir 30 Ipp., 17 tabulas un 13 atteli

Apaksejo parcialo momentu izmantosana portfela vadiba

Kapitala pie$kir$ana un portfelu vadiba ir svarigi jautajumi Latvijas apdrosi-
nasanas sabiedribam, it ipasi laika, kad nepiecieSams segt zaudéjumus no
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pamatdarbibas veidiem, ki jau minéts disertacijas pirmaja dala. Kapitala
pieskirSanas lémums nav atseviska izvéle, bet drizak tas ir strukturéts cetru
pakapju investiciju portfela vadibas process, kas nekad nebeidzas. Jautajuma
svariguma dél investiciju portfela vadibas process apskatits sikak, ieklaujot
$aja procesa investiciju portfela izveides algoritmu ar apaksejiem parcialajiem
momentiem — LPM. Investiciju portfelu izveides procesa, pienemot léemumu par
investicijam (kapitala pieskir§anu), investori vairak uztraucas par savu portfelu
negativajam kustibam, kad vinu planotais ienesigums netiek sasniegts, neka
doma par aug$éjo potencialu. Lidz ar to galvena iepriek$éja nodala pieminéta
algoritma doma ir saistita ar kapitala pieskirSanas iespé&jam, pamatojoties uz
apakséjo risku. LPM esamibu - riska meéru, kas norada portfela planota un
reala ienesiguma starpibu kvadrata, - apstiprina dominance, kas ir vienada
ar stohastisko tre$as kartas dominanci. Tadéjadi otras pakapes LPM realizé
Bernoulli principa kritériju, un tadeél to var izmantot, pienemot lémumus riska
apstaklos (Maurer un Valiani, 2007; Estrada, 2008).

Pirmais solis investiciju portfela vadibas procesa ir uzdevums apdro$inasanas
sabiedribas vadibai (vai nu izmantojot iekséjos resursus — uznémuma komandu,
vai ar aréja investiciju padomdevéja palidzibu) izveidot investicijas politikas
zinojumu. Zinojums ir jasaprot ka cela karte, kura investoram janorada riska
veidi, kurus tas ir gatavs uznemties (nosakot riska noversanas kritériju — o, ka
to izskaidrojis Poddig, Brinkmann un Seiler (2005)), investiciju mérkus (kapitala
saglabasanu, kapitala pieaugumu pasreizéja ienakumu limeni, nosakot planoto
ienesiguma meéru - 1) un ierobezojumus (piemeéram, likviditati, laika horizontu,
nodoklu jautajumus, juridiskas un reglamentéjosas prasibas utt.). Tapat ka laika
gaita investoru mérkiem ir jamainas, politikas zinojums ir periodiski japarskata
un jaaktualizé. Investiciju process tiecas raudzities nakotné un noteikt stratégijas,
kas piedava labako iespéju izpildit politikas zinojuma vadlinijas, kuras noteiktas
iepriekséja soli.

Procesa otraja soli — finan$u stratégijas noteik$ana — vadibai ir jaizpéta pasrei-
z&jie finan$u un ekonomikas apstakli un japrognozé nakotnes tendences, kuram
nepiecieS$ama nepartraukta uzraudziba un atjauninasana, lai atspogulotu gaida-
mas tirgus izmainas.

Tresais investiciju portfela vadibas procesa solis ir portfela izveide. Izmantojot
investiciju politikas zinojumu un finansu tirgus prognozi ka izejas datus, investi-
ciju stratégija tiek istenota, nosakot kapitala pieskirSanu valstis, aktivu klasés utt.
Portfela izveide tiek panakta, risku samazinot lidz minimumam un maksimali
palielinot planoto ienesigumu. Salidzinot klasisko (u, 6) modeli un (n, LPM)
modeli, jaatzist, ka modeli butiski atkiras péc riska méra un ienesiguma atkari-
bas. (1, 6) modelis nem véra vidéjo kvadratisko un novirzi, turpretim (u, LPM)
modelis nem véra ari ekstremalas vértibas.
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Ar $iem paSiem ievaddatiem un abu portfela modelu nosacijjumiem, kuri
atskiras tikai ar riska méru, labaku realizacijas sniegumu var izskaidrot tikai ar
piemérotaku un precizaku riska méra pielagosanu, tada veida defingjot portfeli
ar visaugstako ienesigumu vienai riska vienibai.

Pédgjais solis ir nepartraukta vajadzibu un kapitala tirgus apstaklu uzraudziba.
Viens no uzraudzibas procesa elementiem ir portfelu snieguma novértéjums un
salidzinajums ar politikas zinojuma definétiem mérkiem.

Ceturtaja nodala apskatita divu portfelu modelu ietekme uz portfela optimiza-
cijas rezultatiem. Pirmais modelis ir labi pazistams Markowitz portfela modelis
ar kapitala pieskirsanu, pamatojoties uz vidéjo aritmétisko un standarta novirzi,
otrais modelis ir modelis ar kapitala pieskir§anu, pamatojoties uz vidéjo aritme-
tisko un LPM, kurs at$kiras péc riska izpratnes.

Jau tika minéts, ka Markowitz portfela modeli investors baidas novirzities no
planota ienesiguma, turpreti otraja pieeja, kura ir balstita uz LPM, investors baidas
no ienesiguma zem minimalas pielaujamas normas (minimalais pienemamais
ienesigums vai planotas pelnas limenis §1 pétijjuma ietvaros ir noteikts vienads
ar 0%, kas atbilst kapitala zaudéjuma riskam - detalizétaku informaciju sk.
Schmidt-von Rhein (2004) un Poddig, Brinkmann un Seiler (2005)).

Empiriska pétijuma raksturojums
(divu modelu salidzinajums)

(1) Pétijuma mérku noteikSana

(2) Pétijuma izmantota aktivu un laika posma noteikSana (ienesiguma
rindu statistiskais raksturojums)

(3) Kapitala alokacija, izmantojot abu modelu metodi, un starpibas
analize optimalajos portfelos

(4) Realizeto rezultatu aprékinasana

3. attels. Empiriska pétijuma raksturojums (divu modelu salidzinajums)

Informdcijas avots: autores veidots attéls.
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Pateicoties salidzinamibai ar standarta novirzi, otras pakapes LPM izvéléts no
citiem apakséjiem riska mériem sikakai izpétei. Galvenos §1 empiriska pétijjuma
kartibas solus, kuri aptver LPM izmantos$anu portfela optimizacijas modeli,
iespéjams rezumet, ka paradits 64. lpp. 3. attéla.

Turpmakas analizes meérki var formulét $adi: izskaidrot starpibu starp portfeliem,
kas ir optimizéta ar (u, o) un (n, LPM_,) portfela modeli, kur§ balstas uz
attistito Eiropas kapitala tirgus datiem. Pamatojoties uz teorétisko analizi
iepriekséjas dalas, tiek pienemts, ka starpiba starp diviem modeliem pieaugs ar
datu sadalijuma funkcijas neatbilstibu normalam sadaljjumam. Tadé] pétijjuma
jaieklauj jaunattistibas tirgi, kuri parasti uzrada sadalijuma funkcijas neatbilstibu

normalam sadalijjumam.

Jauzsver, ka abiem pétijjuma izmantotajiem modeliem ievaddati un piepémumi
ir vienadi, labako sniegumu var skaidrot ar piemérotaka un precizaka riska
méra pielago$anu. Sie apsvérumi aizved pie nakama empiriska pétijuma mérka:
izanalizét, vai (u, o) portfela modelis nodro$ina labaku vai sliktaku rezultatu
salidzindjuma ar (n, LPM_,) portfela modeli.

Aktivu statistiskais kopskaits aptver vairakus Eiropas akciju tirgus. Eiropas akciju
tirgus tika izveléts tadél, ka Latvijas apdro$inasanas sabiedribas apméram 98%
no pieejama kapitala investé Eiropas akciju tirga. Aktivu statistiskais kopskaits
sastav no 16 nacionalajiem indeksiem, kurus attélo MSCI Eiropas akciju indekss -
tas ir briva apgroziba eso$o akciju kapitalizacijas tirgus indekss, kas izveidots, lai
izmeéritu Eiropas attistito valstu akciju tirgus sniegumu.

Lai izmantotu plasaku investiciju horizontu un sikak salidzinatu rezultatus
jaunattistibas tirg, papildus tika izvéléti astoni indeksi, kurus attélo MSCI EM
Eiropas, Vidéjo Austrumu un Afrikas indekss. MSCI EM indekss ir briva apgroziba
eso$o akciju kapitalizacijas tirgus indekss, kas izveidots, lai izméritu Eiropas,
Vidéjo Austrumu un Afrikas jaunattistibas valstu akciju tirgus sniegumu.

Salidzinasanai nolemts izmantot tikai astonus attistito tirgu statistiska kopskaita
indeksus (tos, kuriem indeksa ir lielaks svars), lai nodro$inatu portfeli vienli-
dzigu aktivu skaitu. Datus nodrosina Bloomber sistéma, jo ta tiek uzskatita par
galveno jaunako zinu un finansu informacijas avotu, kura piedava starptautiskus
specializétus zinu izlaidumus un tirgus datus. Izpétes periods aptver katra in-
deksa 60 meénesu datus. Detalizétaki skaidrojumi atrodami Dorfleitner (2003).

Ta ka jaunattistibas valstu tirgli un dazu attistito valstu tirgit nacionalie indeksi
tiek noraditi vietéja valtta, valatas risks var bat samazinats, izmantojot valitas
opciju stratégiju, tomér $aja gadijjuma opcijas izmaksas ir mazak svarigas un
tiek ignorétas (transakcijas izmaksas ari tiek ignorétas; operacijas ar istermina
parada starpniecibu nav ieklautas).
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Galvenais meérkis ir izpétit at$kiribas, kuras izraisa izmantotie riska meéri, un
tiek pienemts, ka bezriska procentu likme ir vienada ar planoto ienesigumu vai
minimalo pelnu, kas ir vienada ar nulli.

Aktivus var aprakstit ar pirmajiem diviem statistikas momentiem: vidéjo
aritmétisko un standarta novirzi, bet asimetrija un ekscesa koeficients piedava
papildu informaciju. Ir acimredzami, ka investors dos prieksroku investiciju
alternativam ar augstaku ienesigumu, mazaku risku, kas izpauzas standarta
novirzes (vai LPM) veida, augstaku pozitivo asimetriju un zemaku ekscesa
koeficientu.

Ir vérts apsveért to, ka aktivus, kas nepaklaujas normalam sadalijumam, nevar
pilniba aprakstit ar vidéjo aritmétisko un standarta novirzi (klasiskais modelis
turpretl pem véra Sos mérus), bet risindgjumu piedava LPM modelis, kas ievéro ari
asimetrijas koeficientu, tadé] ir butiski ievaddatu statistiskaja apraksta apsveért ari
asimetriju. Saskana ar Shapiro asimetrijas testu (Shapiro u. c., 1964) var pazinot,
ka lielaka dala méru ir asimetriski ar statistisku nozimi, kamér vidéja novirze no
normala sadalijuma ir augstaka jaunattistibas neka attistito valstu tirgos.

Svarigu informaciju par kapitala tirgiem sniedz korelacija. Ievaddatu korelacijas
analize apstiprina to, ka jaunattistibas tirgu korelacija un korelacija starp
jaunattistibas un attistitajiem kapitala tirgiem ir butiski zemaka neka starp
attistitajiem kapitala tirgiem, ka pienemts iepriek§minétaja apraksta.

Pirma mérka sasniegSanai ir jaizpéta atskiribas starp abu portfelu modelu
kapitala pieskirSanu jaunattistibas tirgos un attistito valstu kapitala tirga. Tadél
turpmakaja pétijuma noformuléts un apstiprinats $ads apgalvojums: atskiribas
kapitala pieskir$ana ar (i, o) un (, LPM_,) portfela modeli ir visu tipu tirgos
un ir augstakas jaunattistibas neka attistitos kapitala tirgos. Teorétiskaja dala
teikts, ka (i, o) un (n, LPM_,) portfela modeli ievérojami atskiras péc riska un
ienesiguma atkaribas mérijuma.

Pétijuma izmantota visbiezak praktizéta prognozésanas metode - optimizacijas
parametru aprékina$ana, pamatojoties uz vésturiskiem meériem. Ievadparametri
abiem optimizacijas modeliem tiek aprékinati no visa izpétes perioda, kas aptver
108 ménesus, balstoties uz pirmo 60 ménesu rezultatiem.

Nakamajai optimizacijai $is 60 ménesu izvértéjuma periods ir parbidits par vienu
ménesi uz priekSu, kameér process tiek atkartots 48 reizes, lai aprékina kladas
ietekmi samazinatu lidz minimumam. Plasaka informacija un skaidrojums par
nepiecieS$amo novérojumu apjomu atrodams Kroll un Levy (2008) un Nawrocki
(1991) darbos, kuri piedava veikt 40-50 novérojumus.

Prom-kops_Kuzmina_iekslapas-EN-LV.indd 66 23.08.2011 10:28:24



67

Nakamaja soli jaizvelas optimalais (p, o) un (n, LPM_,) portfelis: portfelis ar
visaugstako ienesigumu vienai riska vienibai. Tads portfelis (1, ) modeli tiek
aprékinats, maksimizéjot $adu meérka funkciju, kas izteikta matematiski (1):

0
maxL (1)

>
U‘”

kur
:Llp = z/’lr : xl
i=1

r- bezriska aktivs

2 _ . . 2
9, —ZZ% Xj Oy

> ox,=1,12x20, kur Vx, (i €1,...,n)

i=1

Tads portfelis (n, LPM_,) modeli tiek aprékinats, maksimizéjot $adu mérka
funkciju, kas izteikta matematiski (2):

max— e "8
(LPM,, )" > (2)

kur
n
Hy,= Zﬂ[ X
i=1
T - definéts nepiecieSama ienesiguma limenis

LPMNM = iixi ‘X, -LPM

j=1 i=1

ij,(2.7)

>x=1,12x 20, kur Vx, (i €l,...n).

i=1

Ta rezultata izveidosies 60 tangencialie portfeli katram portfela tipam (saistiba
ar attistitajiem un jaunattistibas kapitala tirgiem), izmantojot MS Excel prog-
rammas standarta optimizacijas funkciju Solver.
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Lai salidzinatu abu modelu vidéjo portfelu svaru, tiek aprékinati vidéjie iene-
siguma un standarta novirzes meéri. Visatskirigakie rezultati konstatéti jaunat-
tistibas tirgos. 1. un 2. tabula redzami rezultati.

1. tabula
Starpibu analize
Portfelu optimizacijas metode | Portfela ienesigums, %  Portfela risks, %
Attistitais tirgus
Klasiskais portfelis 0,2757 42217
LPM portfelis 0,4966 4,1993
Starpiba 0,2209 -0,0224
Attistamais tirgus
Klasiskais portfelis 0,5765 49716
LPM portfelis 0,7991 3,8865
Starpiba 0,2226 -1,0851

Informacijas avots: autores aprekins.

Iegito rezultatu analize rada, ka vidéjie portfelu sastavi atbilst teorétiskas dalas
pétijumu rezultatiem. 2. tabula redzamas svaru atskiribas, kuras eksponé dazadi
izmantotie portfeli un riska mérisanas metodes.

2. tabula

Portfelu svari
Akciju indekss | LPM portfelis, % Klasiskais portfelis, % Starpiba, %

Attistitais tirgus
MSCI France 5 5 0
MSCI Germany 5 5 0
MSCI Switzerland 5 65 60
MSCI UK 5 5 0
MSCI Italy 5 5 0
MSCI Austria 31 5 -26
MSCI Spain 5 5 0
MSCI Sweden 39 5 -34
Attistamais tirgus
MSCI Czech Republic 46 12 -34
MSCI Egypt 5 5 0
MSCI Hungary 5 5 0
MSCI Morocco 24 58 34
MSCI Poland 5 5 0
MSCI Russia 5 5 0
MSCI South Africa 5 5 0
MSCI Turkey 5 5 0

Informacijas avots: autores aprekins.
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Ir iesp&jams apstiprinat iepriek§minéto apgalvojumu, ka atskiribas kapitala
pieskirSana ar (u, o) un (u, LPM_,) portfela modeli ir visu tipu tirgos un ir
augstakas jaunattistibas neka attistitos kapitala tirgos. Lidz ar to pirmo mérki
empiriskaja pétijuma var uzskatit par izpilditu.

Darba teorétiskaja dala noradits, ka (n, LPM_ ) portfela modeli eficiences
robeza atrodas virs (i, o) modela robezas, lidz ar to pirmaja modeli sagaidamais
sniegums bus labaks neka pédéja. Tomeér tas attiecas tikai uz investoriem,
kas saprot risku ka rezultatu zem planota ienesiguma limena. Ar vienadiem
investiciju portfelu optimizacijas modelu ievaddatiem un citiem pienémumiem
(atskiribas ir konstatétas riska meéros) labako iegito sniegumu var skaidrot
tikai ar atbilstosaka un precizaka riska méra lietojumu. Tadé] apgalvojumu, kas
japierada, ir iespéjams formulét $adi: gan jaunattistibas, gan attistita kapitala
tirgii iegitais (n, LPM_ ) portfela modela sniegums ir labaks neka (p, o) portfela
modela sniegums. Pétijuma rezultati piedavati 3. tabula.

3. tabula
Portfelu snieguma analize

Portfelu optimizacijas metode Sharpe ratio Sortino ratio
Klasiskais portfelis 0,0653 0,0784
LPM portfelis 0,1183 0,1330

Starpiba 0,0530 0,0546
Klasiskais portfelis 0,1160 0,1553
LPM portfelis 0,2056 0,3009

Starpiba 0,0897 0,1457

Informadcijas avots: autores aprékins.

Integrétais sniegums formuléts, izmantojot tadas attiecibas ka Sharpe ratio
(Sharpe, 1992) un Sortino ratio (Sortino un Price, 1994), kur 1 = T isfree = 0 un
méri ir definéti $adi:

A~

Sharp — ratio = (r— Frisie— free j /s (3)

kur

r - vidéjais ienesigums;

r. — bezriska aktivs;
risk-free

s - realizéta standarta novirze.
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1

Sortino — ratio = (V—T)/(LPMT‘ZT , (4)

kur
r - vidéjais ienesigums;
T - planotais ienesiguma limenis;

LPM_, - realizéta standarta novirze (risks tiek mérits ar LPM).

Iespéjams konstatét, ka minéto apgalvojumu var apstiprinat ari simulétajam
portfela sniegumam. Tadéjadi portfela modela (kas balstas uz apakséja riska
meéru) realizétais sniegums ir augstaks neka klasiskajam portfela modelim, bet
atskiribas ir augstakas jaunattistibas neka attistitajos kapitala tirgos. Simulacija
pierada to, ka optimalais variants tiek iegits, izmantojot (n, LPM_,) portfela
modeli, kas izmanto labako riska méru.

Empiriskais pétijums lauj izdarit secindjumus un atklaj batiskas atskiribas
starp kapitala pieskir$anu, izmantojot dazadus portfelu modelus, kur izpratne
par risku ir at$kiriga. Atskiribas rodas, un tas ir augstakas jaunattistibas valstu
tirgos neka attistito valstu tirgos. Tadé] abu riska izpratnes aproksimacija viena
portfela modeli nav ieteicama.

Kopulu pieejas izmantosana investiciju portfelu vadiba

Investiciju portfela vadibas process ir ciesi saistits ar atbilsto$u riska vadibu. Nav
nekadu $aubu, ka riska modelésana, novértéjot riskam paklauto vértibu (VaR),
nosacita riska mérus un kapitala summu, kura nepiecie§ama, lai segtu iespéjamos
zaudéjumus, ir jebkuru finansu investiciju noteico$ais veiksmes faktors. Labam
modelim ir janodrosina gan elastigs sadales funkcijas atspogulojums, gan ari
jauztver nelinearas uzvedibas un galéjas robezas. Daudzdimensionalie kopulu
modeli Jauj noteikt riska mérus ar vismazako parkdpumu skaitu, ka ari layj
investoriem pieskirt minimalo nepiecieSamo kapitalu saskana ar “Maksatspéjas
II” prasibam.

4. attéla paradits darba gaita izmantotais process. Algoritmu ir iespéjams atkartot
tik daudz reizu, cik nepieciesams, piemekléjot atbilstosu portfeli ar apmie-
rino$u riska un ienesiguma attiecibu, kas pierada vienu no aprakstitas pieejas
galvenajam prieksrocibam.
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(1) Petjjuma meérku noteikSana: a) noteikt portfela VaR un
nosacitos riska mérus (1. un 2. piemérs); b) aprékinat kapitala
lielumu, kas nepiecieSams tirgus riska zaud&umu segSanai

(3. piemérs)

2) Pétijuma izmantoto aktivu statistiskais raksturojums un laika
posma definicija (testa portfelim tika izveleti trTs akciju indeksi)

(3) Sadalijums funkcijas noteik$anai katram indeksam

(4) Simulacijai piemérotas kopulas noteik$ana un datu simulacija,
izmantojot Matcad

raksturojums, lai sasniegtu pirmo mérki, kapitala summas
aprekinasana, lai segtu iesp&amos zaudgjumus, kuri varétu

=
(5) Nosacito riska méru aprékinaSana un to statistiskais \/
rasties no tirgus riska, lai sasniegtu otru merki

4. attéls. Riska méru un kapitala noteik$ana investiciju portfelim -
empiriskais pétijums

Informacijas avots: autores veidots attels.

Turpmaka pétijuma meérkis ir paradit, ka, pamatojoties uz kopulas pieeju, ir
iespéjams aprékinat dazadus riska mérus (it ipasi koncentréjoties uz VaR un
nosacito VaR mériem), lai apmierinatu gan iek$éja, gan aréja riska parvaldes
prasibas, parvaldot akciju portfeli.

Darba tre$aja nodala apspriesti dazadi riska méri un to piemérosana, ipasu
uzmanibu pievérsot VaR. Lai gan VaR ir Joti populars riska mérs, tam ir nevélamas
matematiskas iIpagibas, pieméram, subadivitates un konveksitates trikums.
Nosacitajam VaR ir labakas statistiski matematiskas ipasibas (Embrechts, 1999;
Pflug, 2000). Lai gan $is riska mérs nav kluvis par standartu finansu industrija,
tas ir ieguvums apdro$inasanas sabiedribam (Embrechts et al., 1997).

Minétie iemesli, izmantojot kopulas pieeju, lauj aprékinat nosacita riska meérus.
Jauzsver, ka kopulas pieeja lauj noteikt portfela riska meéru, neizmantojot

dazadu riska méru summu, jo tas var novest pie nepareiziem aprékiniem un
secindjumiem.
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Nosacitais vidéjais kvadratiskais tiek definéts ka
Ue=E[X/X<VaR, ()] , (5)

kur

X - nejausi izveéléts mainigais.

Nosacitais VaR ir nosacitais gaidamais zaudéums ar nosacijumu, ka tas
parsniedz VaR:

VaR, (o) =sup {x/P(X <x)<a.} (6)

kur
& - noteikta zaudéjuma iespéjamiba.

Papildus izmantoti $adi riska méri: nosacitas otras pakapes centralais moments,
nosacita asimetrija un nosacitais ekscesa koeficients:

6= E[(X —E(X))*/ X <VaR, (oc)] (7)

i E[(X - E(X)y 2 X <VaR, (o)) ] ®)
G(,‘

:E[(X—E(X))4/X£VaRX((x)]_3 ©)

O¢

Piedavato modeli var izmantot jebkuram mainigo skaitam. Tika izveidots
maksligais testéSanas portfelis, kas sastav no tris Eiropas akciju indeksiem. Laika
posms ir no 2007. gada jinija lidz 2009. gada junijam (5. attéls).
Ta ka pasdreizéja pétijjuma netiek izskatits jautajums par kapitala pieskir§anu
(geografiskais sadalijums), nav nepiecieSams apspriest nejausi izvélétos indeksus,
kas testéSanas portfeli ietilpst ar $adu svaru:

o 1.indeksa (Index 1) svars = 20%,

o 2.indeksa (Index 2) svars = 50%,

e 3.indeksa (Index 3) svars = 30%.

Korelacijas matrica starp tiem ir $ada forma:

1 0.889 0.951
=10.889 1 0.846
0.951 0.846 1
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5. attels. Eiropas akciju indeksi
Informacijas avots: Bloomberg.
Aprakstos$a indeksu vértibu statistika piedavata 4. tabula.
4. tabula

Datu aprakstosa statistika
1. indekss 2. indekss 3. indekss

Lielums 273 273 273

Videéjais aritmeétiskais 0,659 0,551 0,655
Mediana 0,636 0,466 0,628
Standarta novirze 0,082 0,173 0,081
Asimetrija 0,46 0,73 0,43
Ekscess -0,99 -1,05 -1,04

Informacijas avots: autores aprékins.

Marginalais sadalijums definéts ar lognormalu un Gumbel (ekstremalas vér-
tibas) sadalijjumu. Sadalijums testéts ar Kolmogorov testu (5% kritiska veértiba
ir vienada ar 0,0823). Testésanas rezultati paraditi 5. tabula, kura redzams, ka
visi sadalijumi ir labi pieméroti atrastda modela sadalijjumam, iznemot marginalo
sadalijumu 2. indeksam, bet tas bija vislabakais iespéjamais risinajums.
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Sadalijumu noteiksana

5. tabula

Sadalijums Parametri

a 0,655

1. indekss Gumbel_(e_kstremélés B 0,089

vértibas)

Testa vértiba 0,0763

u -0,683

2. indekss Lognormalais o 0,337
Testa vertiba 0,1377

a 0,450

3. indekss Gumbel (ekstremalas B 0,148

vértibas)

Testa vertiba 0,0592

Informacijas avots: autores aprekins.

Nakamaja posma nepiecie$ams noskaidrot simulacijas algoritmu, kas izmanto
kopulu, kuru, pamatojoties uz Kollo un Pettere (2010) pieméru, ir iespé&jams
formulét $adi:

1.

2
3
4.
5

Atrodiet Cholesky sadalis$anas A no S, AA" =S

Simuléjiet p neatkarigas vértibas no N(0,1) un no p vektora z
Novietojiet ; =4- Z

Simuléjiet vértibu w no N(0,1)

Veiciet asimetrijas normala vektora y realizaciju, liekot

- ‘;‘*}
2 xifa x>w
y= - -

—xifa" x<w

Simuléjiet h =~ X ?

Atrodiet vektoru 7 = —2

Vhiv

Novietojiet vektoru u ta, lai katra koordinate «, =G,,(¢,,0,0,,0,),i € [i,...r]

Novietojiet vektoru ;:(E’I(u[)‘..,F/,’l(up)), kur F ir sdakotnéja nejausa

mainiga X marginala sadalijjuma funkcija

10. Atkartojiet solus 2 lidz 9 reizes.
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Simulacija tika veikta ar Gausa kopulu, asimetrijas normalo kopulu un asimetrijas
t-kopulu. Formas parametrs al un indeksa parametrs £1 asimetrijas normalam
sadaljumam un formas parametrs a un indeksa parametrs X asimetrijas
t-sadalijumam aprékinati no datiem, izmantojot minétas formulas ar brivibas
parametru = 3, jo dati nebija loti asimetriski un iepriekséja analize paradija, ka
tas dod vislabako aproksimaciju.

Rezultata iegati $adi aprékini:
6.832-10°  13-10° 6.391-10°°
a1’ =(15.079 - 3.168 - 7.908); £1=| 13-10°  30-10° 12-107°
6.391.10° 12107 6.631-10°°

un

2277-107° 4.206-107 2.130-107
a”=(1.625-0.713 - 0.840); ¥ —|4206-10" 9.925.10° 3.958.10"
2.130-107° 3.958-107 2.210-107>

Simulacijas eksperimenta izmantotas normalas, asimetriski normalas un asi-
metrijas t-kopulas. Replikaciju skaits - 150. Lai parbauditu saistibu starp
parauga datiem un simulétajiem datiem, katrai koordinates plaknei izmantota
Genest-Rivest konstrukcija un salidzinats maksimalais attalums starp iegitajam
viendimensijas sadalijjuma funkcijam.

Rezultati ir paraditi 6. tabula. Kolmogorov testa 5% kritiska vertiba ir 0,0823.
6. tabula

Aprakstosa statistika (maksimalais attalums starp simuléto un doto datu
sadalijuma funkcijam, kuras iegitas, izmantojot Genest-Rivest konstrukciju
dazadam kopulam (CN - Gausa kopula, CST - asimetriska t-kopula ar brivibas
koeficientu = 3, CSN - asimetriska normala kopula))

XY koordinatu XZ koordinatu YZ koordinatu
plaksne plaksne plaksne

Kopula CN CSN CST CN CSN CST NC SNC STC
Videjais 006 0,0768 0,0780 0,0708 0,0734 0,0745 0,0808 0,0812 0,0822
aritmeétiskais

Standarta ) 110 (0002 0,0108 0,0055 0,0061 0,0064 0,011 0,0116 0,017
novirze

Asimetrija ~ -0,17 0,38 042 -03 0,18 034 016 056 1,09

Informacijas avots: autores aprekins.
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Simulacijas rezultati rada, ka vislabako aproksimaciju ir iespéjams ieguit ar
normalo kopulu ieprieks aprakstitaja gadijuma. Simulétajiem normalas kopulas
datiem ir ne tikai mazakais attalums starp simulétajiem datiem un dotajiem
datiem gandriz katra koordinates plakné (iznemot XY plakni), bet tiem ir ari
vismazaka standarta novirze un asimetrija.

Uzbuvétas viendimensijas sadalijuma funkciju normalas kopulas simulétajiem
datiem un katras plaknes datiem ir paraditas 6. attéla. Tadél talakai izpétei
izvéléta normala kopula.

T T

T Coptiomax

Datal}
4 - 04

30 0

6. attéls. Sadalijumu modelésana

Informacijas avots: autores veidots attels.

Testésanas portfela uzbtaves mérkis bija pieradit, ka, pamatojoties uz simulacijas
datiem, ir iespéjams noteikt vairakus riska meérus, kaut gan nav nepiecieSams
izmantot sarezgitus matematiskos aprékinus, lai apmierinatu regulatoru prasibas
un izvélétos piemérotus riska parvaldes instrumentus.

7. tabula

Nosacito riska méru noteikSana portfelim un to statistiskais raksturojums

Aprakstosa statistika
Vidéjais  Stan- Pro- Pro-

aritmé-  darta ASlf. Ekscess  centile  centile
P . metrija o o
tiskais __ novirze 2,5% 97,5%
VaR (5%) 979,99 9,54 -0,01 0,13 960,15 997,11
Nosacitie riska méri
Vidéjais 921,82 8,20 -0,50 054 903,54 93506
aritmetiskais
Standarta novirze 45,02 5,68 -0,24 0,22 35,01 55,18
Asimetrija -1,04 0,33 -0,50 0,05 -1,77 -0,52
Ekscess 0,83 1,26 1,21 1,45 -0,81 3,92
Procentile 2,5% 820,70 19,09 0,05 0,08 785,23 854,42
Procentile 97,5% 974,47 8,94 -0,26 -1,76 960,82 984,61

Informacijas avots: autores aprekins.
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7. tabula paraditi testésanas portfela stohastiska riska méri un sniegts aprakstosas
statistikas raksturojums, kas ieguts péc 150 replicé$anam. Jauzsver, ka pasreizéjie
aprékini sniedz noteiktas pieejas izmanto$anas pieméru prakseé (lai paraditu tas
prieksrocibas par sarezgitam modelésanas metodém), bet tie nepiedava nevienu
secindjumu par investicijas vértibu testéSanas portfela aktiviem, un tos nevar
uzskatit par investiciju rekomendaciju.

Pamatojoties uz modeli, jasecina, ka vislabako aproksimaciju varéja sasniegt ar
normalo kopulu aprakstitaja gadijuma, izmantojot akciju indeksus, lai uzbavétu
testésanas investiciju portfeli. Tade] talakai izpétei izvéléta normala kopula,
jo simulétajiem normalas kopulas datiem ir ne tikai mazakais attalums starp
simulétajiem datiem un dotajiem datiem gandriz katra koordinates plakné, bet,
it Ipasi $aja gadijuma, ari vismazaka standarta novirze un asimetrija.

Gausa kopulas modelis (normalas kopulas modelis) ar lielu entuziasmu ticis
izmantots finansu industrija ta vienkar$ibas dé] gan pédéjas finansu krizes laika,
gan pirms tas. Ir vérts pieminét vairakus autorus — finansu sektora guru, kas ir
secinajusi, ka Gausa kopulas modelim (normalas kopulas modelis) ir nopietni
trakumi. Uzmanibas trikums attieciba uz modela vajajiem punktiem ir uzskatams
par vienu no minétas krizes iemesliem. Plagaku informaciju sk. Salmon (2009);
Jones (2009); Donnelly un Embrechts (2010) u. c. darbos.

Tade] ir nepiecieSams parveidot testéSanas portfeli bez normalas vai Gausa
kopulas. Nemot véra pédéjos atklajumus, tika uzblivéts maksligas testéSanas
portfelis, kur§ sastav no tris Eiropas akciju indeksiem, nosakot garaku laika
posmu no 2007. gada janvara lidz 2010. gada janvarim (7. attéls).
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7. attéls. Eiropas akciju indeksi

Informacijas avots: Bloomberg.
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Lémums par garaku laika posmu ir izskaidrojams ar vélmi ieklaut gan kritosos,
gan augosos akciju kapitala tirgus. Indeksa svaru izvéle testé$anas portfeliem
bija $ada: 1. indeksa (Index 1) svars = 20%, 2. indeksa (Index 2) svars = 50% un
3. indeksa (Index 3) svars = 30%. Korelacijas matrica starp tiem ir $ada forma:

1 0.9424  0.9680
R=]0.9424 1 0.9096
0.9680 0.9096 1

Apraksto$a indeksu vértibu statistika piedavata 8. tabula.
8. tabula

Datu aprakstosa statistika

1. indekss 2. indekss 3. indekss

Lielums 777 777 777

Vidéjais aritmétiskais 0,8998 0,9004 0,9307
Mediana 0,8506 0,8834 0,8977
Standarta novirze 0,2394 0,2390 0,1767
Asimetrija 0,4104 0,5533 0,2467
Ekscess -0,6866 -0,3142 -1,0491

Informdcijas avots: autores aprékins.

Marginalais sadalijjums tika atrasts ar lognormalu un Gamma sadaljjumu.
Labaka piemérotiba mérita ar Kolmogorov testu (5% kritiska vértiba ir vienada
ar 0,04879).

Testésanas rezultati ir paraditi 9. tabula.

9. tabula
Sadalijumu noteiksana
Sadalijums Parametri

a 12,6219

1. indekss Gamma B 0,0717
Testa vértiba 0,0457
u -0,1425

2. indekss Lognormalais o 0,2734
Testa vértiba 0,0487

a 24,3648

3. indekss Gamma B 0,0383

Testa vértiba 0,0554
Informdcijas avots: autores aprékins.

Simulacija tika veikta ar Gausa kopulu, asimetrisko normalo kopulu un asimet-
risko t-kopulu. Brivibas pakapju skaits asimetrijas t-sadalijuma tika nemts 3 un
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4, kur abas vertibas uzradija lidzigu aproksimaciju. Simulacijas eksperimenta
normalas, asimetriski normalas un asimetrijas t-kopulas trijnieks tika simuléts,
lai modelétu vienotu 3 mainigo lielumu raditaju sadalijumu. Replicésanas skaits
bija 150. Lai parbauditu saistibu starp parauga datiem un simulétajiem datiem,
katrai koordinates plaknei izmantota Genest-Rivest konstrukcija. Rezultati ir pa-

raditi 10. tabula.

10. tabula

Aprakstosa statistika (maksimalais attalums starp simuléto un doto datu
sadalijuma funkcijam, kuras iegitas, izmantojot Genest-Rivest konstrukciju
dazadam kopulam (CS3T - asimetriska t-kopula ar brivibas koeficientu = 3,

CSA4T - asimetriska t-kopula ar brivibas koeficientu = 4))

XY koordinatu XZ koordinatu YZ koordinatu
plaksne plaksne plaksne
Kopula ST3C ST4C ST3C ST4C ST3C ST4C
Vidéjais 0,0610 00612 00533 00530 00673  0,0670
aritmétiskais
Standarta novirze 0,0065 0,0065 0,0048 0,0052 0,0075 0,0077
Asimetrija -0,1493 -0,1300 -0,0735 -0,1864 -0,1284 -0,0356

Informacijas avots: autores aprekins.

Simulacijas rezultati rada, ka vislabako aproksimaciju sasniedza normala kopula,
tapat ka iepriekséja gadijuma, bet, ta ka normalas kopulas izmanto$ana noved
pie nopietnam modelésanas kladam, talakai izpétei izvéléta asimetrijas t-kopula.
Asimetrijas t‘m-kopula izmantota tadél, ka ta dod labakus rezultatus. Jo mazaka
ir asimetrijas vértiba, jo koncentrétaki ir dati ap vidéjo vertibu. Uzbuvétas
viendimensijas sadalijjuma funkcijas ir paraditas 8. attéla.
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11. tabula paraditi testéSanas portfela stohastiska riska meéri un piedavatas
aprakstosas statistikas Ipasibas, kuras iegiitas péc 150 replicéSanam. Jauzsver,
ka paSreizéja izpété izmantota metode lauj apstradat daudzus dazadus
instrumentus - stohastiska riska mérus un scenarijus, tadéjadi tas var bat
atbilstoss apdrosinasanas sabiedribu riska parvaldes riks.

11. tabula
Nosacito riska méru noteiksana portfelim un to statistiskais raksturojums
Aprakstosa statistika
Vidéjais  Stan- Asi- Pro- Pro-
arit- darta metriia Ekscess  centile  centile
meétiskais novirze J 2,5% 97,5%
VaR (5%) 1259 42 -0,69 1,29 1140 1328

Nosacitie riska méri

Vidéjais

aritmeétiskais 1043 29 -0,20 -0,64 991 1085
Standarta novirze 178 20 -0,69 1,20 128 220
Asimetrija -1,20 0,34 -0,08 -0,15 -1,86 -0,58
Ekscess 1,37 1,48 0,78 0,66 -1,07 5,15
Procentile 2,5% 624 91 0,04 0,07 446 811
Procentile 97,5% 1241 24 -0,29 -1,74 1205 1268

Informacijas avots: autores aprekins.

Talak janem véra tas, ka saskana ar Eiropas Komisijas izdoto QIS5 Tehnisko
specifikaciju apdrosinaganas sabiedribas ir spiestas aprékinat kapitala lielumu
akciju tirgus riskam, lai nodrosinatu pietiekamu kapitala daudzumu zaudéjuma
gadijuma. Riska kapitals tiek noteikts ka planoto aktivu un pasivu tira vértiba
akciju vértibas péksna krituma gadijuma.

Lai noteiktu kapitala apjomu akciju riska seg$anai, nemts véra $ads sadalijums:
akcijas tiek sadalitas divas grupas: akcijas registrétas birza regulétos tirgos valstis,
kuras ir OECD locekles (“Globalo akciju” kategorija), un citas akcijas (“Citu
akciju” kategorija). Akciju vértibu kritumu scenariji individualajam kategorijam
ir noraditi divéjadi: 30% globalo akciju un 40% citu akciju. “Citas akcijas” ietver
akcijas, kuras ir registrétas birza jaunattistibas valstu tirgos; akcijas, kuras nav
registrétas birzas; hedzfondu un jebkuras citas investicijas, kuras nav ieklautas
citur QIS5 Tehniskas specifikacijas tirgus riska moduli.

Pétijuma mérkis ir paradit, ka kopulas pieejas izmanto$ana akciju cenas prog-
nozé$ana lauj samazinat kapitala summu, nodrosinot efektivu aizsardzibu.
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Diskusija par “Maksatspéjas II” prasibam saistiba ar riska vadibu jau ir minéta
kapitala noteik$anas nepiecieSamiba, parvaldot akciju portfeli. Lai gan no pédéjas
finansu krizes apdrosinasanas tirgus cieta mazak, mediji un tirgus parstavji
pauda pretrunigus uzskatus par adekvatu kapitala summu risku segumam un
reguléjosajam prasibam saistiba ar o tému. Ta ka jautajums ir Ipasi svarigs, tas
nakamaja dala aptverts tada apjoma, cik iespéjams, izmantojot kopulas pieeju.
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9. attels. Akciju indeksi (DAX - lhs (kreisaja pusé): Vacijas akciju indekss; ATX - rhs
(labaja puse) - Austrijas akciju indekss; OMX - rhs (labaja pusé) - Zviedrijas akciju
indekss)

Informdcijas avots: Bloomberg; autores veidots attéls.

Tika izveidots tre$ais maksligais testéSanas portfelis, kur§ sastav no tris Eiropas
akciju kapitala raditajiem (9. attéla aprakstita indeksa vértibas attistiba), nosakot
islaicigu laika posmu no 2010. gada janvara lidz decembrim. Lémums par viena
gada laika posmu ir skaidrojams ar vélmi testét modeli realas pasaules apstaklos:
apdrosinasanas sabiedribas nosaka nepiecieS$ama kapitala summu, kas segtu
tirgus riska zaudéjumus vienreiz gada.

Indeksa svaru izvéle testé$anas portfeliem bija $ada: ATX = 20%, DAX = 50%
un OMX = 30%.

Korelacijas matrica starp tiem ir §ada forma:
1 0.8097 0.6498

R =|0.8097 1 0.6075
0.6498 0.6075 1
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Aprakstosa indeksu vértibu statistika piedavata 12. tabula.

12. tabula
Datu aprakstosa statistika

ATX DAX OMX
Lielums 134 134 134
Vidéjais aritmeétiskais 1,0567 1,1690 1,2092
Mediana 1,0513 1,1755 1,2063
Standarta novirze 0,0670 0,0552 0,0461
Asimetrija 0,2789 0,4539 0,7410
Ekscess -0,9947 1,3315 1,9327

Informacijas avots: autores aprekins.

Marginalais sadaljjums tika noapalots ar lognormalu un Gamma sadaljjumu.
Labaka piemérotiba tika meérita ar Kolmogorov testu (5% kritiskas veértibas ir
vienadi ar 0,175).

Testé$anas rezultati paraditi 13. tabula.

13. tabula
Sadalijumu noteik$ana
Sadalijums Parametri
a 248,3217
ATX Gamma B 0,0043
Testa vertiba 0,0722
n 0,1550
DAX Lognormalais o 0,0472
Testa vértiba 0,0561
a 0,1893
OMX Gamma B 0,0381
Testa vértiba 0,08247

Informdcijas avots: autores aprékins.

Simulacija tika veikta ar asimetrisko normalo kopulu un asimetrisko t-kopulu.
Formas parametrs al un indeksa parametrs X1 asimetrijas normalam sada-
lijumam un formas parametrs o un indeksa parametrs X asimetrijas t-sadali-
jumam tika aprékinati no datiem, izmantojot iepriek§minétas formulas ar
brivibas parametru = 3, jo dati nebija loti asimetriski un iepriek$éja analize
paradija, ka tas deva vislabako aproksimaciju.
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Rezultata iegtti $adi aprékini:
1696%10° ) . [1.499%107 9.985%107" 6.701*107"

a=|9282%10 | ==[9.985*%10"* 1.015%10° 5.155*10°*
_8.83%10° 6.701*%107* 5.155*107* 7.095*10°*

un

) 0.02 o (4497%107 2.996*%107  2.01*107°
al=| 0.013 S1=[2.996*10" 3.044*10° 1.546*107°
-0.015 2.01*%107  1.546*10° 2.129*10°°

Simulacijas rezultati rada, ka vislabako aproksimaciju sasniedza asimetrijas
t-kopula. Asimetrijas t3-kopula tika izmantota tadél, ka ta dod labakus rezultatus.
Uzbuveétas viendimensijas sadalijuma funkcijas paraditas 10. attéla.
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10. attéls. Sadalijumu modelésana

Informacijas avots: autores veidots attels.

Lai izpilditu otro meérki saistiba ar nepiecie$ama kapitala summu iespé&jamo
zaudéjumu segSanai, kuri varétu rasties no tirgus riska, vajadzigs salidzinajums
ar faktisko kapitala summu un summu, kas aprékinata ar kopulu pieeju.

Faktiska kapitala summa portfelim, kur$ sastav no trim akcijam, tika aprékinata
ta, ka paredzéts “Maksatspéjas II” standartos (precizakus skaidrojumus
iespéjams atrast QIS5 Tehniskaja specifikdcija), un ta bija 1367,93 (gaisaka linija
11. attéla).
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Prognozéjot turpmako katra indeksa cenu ar asimetrijas t-kopulu un nosakot

zemako iespéjamo indeksa vértibu (ar 99,5% iespéjamibu) salidzinajuma ar

faktisko cenu indeksu prognozésanas perioda sakuma, ir iespéjams secinat, ka

nepiecieS$ama kapitala summa, lai segtu zaudéjumus, ir vidéji (péc 100 repli-

kacijam) apmeéram 775,47 (tumsaka linija 11. attéla), piedavajot labako rezultatu.
Tadé] var uzskatit, ka $1 pétijuma otrais meérkis ir izpildits.
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e Difference in portfolio value [VaR (99.5%)] Capital amount (Solvency Il)

11. attéls. Kapitals zaudéjumu segumam (Difference in portfolio value (VaR (99,5%) -
portfela vértibas maksimalais zaudéjums; Capital amount (Solvency II) - kapitala
apjoms, kas paredzéts “Maksatspéjas II” standartos)

Informacijas avots: autores veidots attels.

Saja nodala paradits nosacita riska méru un kapitila summas aprékinasanas
algoritms, kas noteikts, izmantojot kopulu pieeju. Var secinat, ka aprakstita
pieeja ir piemérota, lai apmierinatu reglamentéjosas prasibas un iek$éja riska
parvaldes standartus. Izmantota kopulas teorija sniedz vienkar$u veidu, ka
rikoties ar citadi sarezgito daudzpakapju modelésanu.
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SECINAJUMI

Pétjjuma galvenais merkis ir izstradat investiciju portfela vadibas modeli
apdrosinasanas sabiedribam, kuru ipaguma ir neliels akciju skaits. Izstradatais
modelis ir iek$éjais modelis, kas ne tikai apmierina regulatoru prasibas un nem
véra iekséja riska parvaldes standartus, bet ari lauj rikoties ar citadi sarezgito
daudzpakapju modelésanu, izmantojot pieejamas standarta programmas.

Nemot véra faktu, ka ta sauktie “viss viena risinajumi’, pieméram, Barra,

Northfield, Wilshire (investiciju portfelu vadibas programmas), prasa ievérojamus

finansu ieguldijumus un piedava kaut ko lidzigu “melnajai kastei” (tas nozimé,

ka vairaki aprékina parametri, pienémumi un metodes nav pilniba atklatas un
skaidras), nepiecie$amiba péc iek$éjiem modeliem klast arvien svarigaka.

Disertacijas galvenie rezultati ir apkopoti $ados secinajumos.

1. Pamatojoties uz Eiropas un Latvijas apdros$inasanas tirgus analizi, ir iespé-
jams secinat, ka Eiropas un Latvijas apdrosinasanas sabiedribas, kuras ir
ietekméjis pardosanas apjomu kritums un izaicinosie tirgus apstakli, pé-
dgjas pasaules finan§u un ekonomiskas krizes laika samazina savu portfelu
riskus un atbrivojas no $aubigiem biznesa veidiem, ka ari meklé veidus,
ka identificét jaunus finansu iepémumu avotus, kamér sabiedribas ir spies-
tas lietderigi sadalit kapitalu starp dazadam produktu linijam un biznesa
vienibam.

2. Finan$u krize akcentéja tadu problému, ka apdrosinasanas sabiedribas ir
parak palavusas uz kvantitativajiem modeliem, aréjiem reitingiem un stan-
dartiem. Turpinot darbu ar Eiropas vadlinijam, apdros$inasanas sektora bitu
svarigi, lai “Maksatspé&jas II” standarti attieciba uz riska kapitala kvantita-
tivajam prasibam ietu kopa ar atbilsto$u riska parvaldes infrastruktaru un
atbilstosiem kontroles procesiem visos limenos. “Maksatspéja II” ne tikai
sniedz vadlinijas un risinajumus, bet ari lauj izmantot ieks&jos modelus, kas
ir gan iespéja, gan izaicinajums apdro$inasanas sabiedribam.

3. Jaunajam reglamentéjosam prasibam (saskana ar “Maksatspéju II”) bus
pozitiva ietekme uz apdro$inasanas industriju (nodrosinot polisu Ipasnieku
aizsardzibu, ko vajadzétu panakt ar apdrosinasanas sabiedribu finansiala
spéka un elastiguma uzlabojumu un veicinot labaku riska parvaldibu,
atzistot riska diversifikacijas un ieguvumus no riska mazinasanas), jo tas
nodro$inas finansu sistémas stabilitati un caurskatamibu un tadéjadi sniegs
ieguldijumu ekonomikas stabila attistiba.

4. Tika veikta Markowitz investiciju portfela vadiSanas tradicionala modela
analize, kuras galvenais kritikas punkts ir formuléts $adi: (n, o) léemuma
pienemsanas princips sakrit ar tadu investoru riska izpratni, kas baidas
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nesasniegt planota ienesiguma limeni un nosoda ne tikai ienesiguma
negativas, bet arl pozitivas novirzes no vidéjas vértibas, kaut gan ienesiguma
pozitivas novirzes no vidéjas vértibas butu jauzskata par iespéju iegit
papildu pelnu, nevis par risku.

5. Uz eso$ajiem riska mériem balstito portfela optimizacijas metozu literataras
apskats lava klasificét un salidzinat tris galvenas riska noteikanas pieejas
portfela optimizé$ana: pieeja, kura ir balstita uz abpuséju riska izpratni;
pieeja, kura ir balstita uz apakséja riska izpratni; pieeja, kura ir balstita uz
augséja riska izpratni, piedavajot pamatu talakai §i jautajuma izpétei.

6. Portfela vadiba, kura ir balstita uz apakséjiem riska meériem (it ipasi LPM),
piedava labaku alternativu salidzinajuma ar klasisko pieeju, jo ta lauj
izmantot riska mérus, kas atbilst investoru vairakuma riska izpratnei (risks
ka drauds nesasniegt iepriek$ noteikto finan$u mérki). Jebkurs rezultats virs
§1 atskaites punkta neveido finan$u risku un ir uzskatams par iespéju.

7. Kopulu modeli ir kluvusi par galveno modelésanas un atkarigo struktaru
analizé$anas rikiem ar nejausiem mainigajiem (pretstata linearajai korelacijai
kopula uztver pilnigu atkaribu struktaru). Tiem veltita papildu uzmanibu
finan$u joma, bet daudzdimensiju modeléSana (ari apskatot asimetriju) ir
mazak populara zinatniskajos pétijumos.

8. Atskiribas starp (u, 6) un (n, LPM_,) portfela modeliem pieaug ar sadalijuma
neatbilstibu normalam sadalijumam, jo tas ir augstakas jaunattistibas valstu
tirgos neka attistito valstu tirgos. Tadé] abu risku apvieno$ana viena portfela
modeli nav ieteicama.

9. Sniegums, kuru realizéja (n, LPM_)) modelis, ir labaks neka (u, 6) modela
sniegums, kur snieguma starpibas ir augstakas jaunattistibas valstu tirgos
neka attistito valstu tirga. Realizétd snieguma analize paskaidro dazadu
riska méru un riska diversifikacijas ietekmes.

10. Kopulu pieeja, kura tiek izmantota, lai noteiktu klasiskos un nosacitos
riska mérus un kapitalu, kam jasedz tirgus riska zaudé&umi, apmierina
reglamentéjosas prasibas un iek$éja riska parvaldes standartus un piedava
vienkar$u veidu, ka rikoties ar citadi sarezgito daudzpakapju modelésanu.

11. Saja pétijuma izmantota metode lauj apstradat daudzus dazadus instru-
mentus — stohastiskos riska mérus un scenarijus, lai ierobezotu zaudéjumu,
un ta ir atbilstoss apdro$inasanas sabiedribu riska parvaldes riks.

12. Izmantojot asimetrisko t-kopulu un apakséjos parcialos momentus, inves-
ticiju portfela parvaldes procesa izstradats iekséjais modelis Latvijas
apdrosinasanas sabiedribam.
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PRIEKSLIKUMI

Izmantojot par pamatu iepriek§minétos secinajumus, iespéjams noformulét

priekslikumus darba rezultatu pielietojumam praksé un pétijumos.

1. Autore rekomendé Latvijas apdrosinasanas sabiedribam, kas parvalda
akciju portfelus, izmantot izstradato un aprakstito modeli ka iekséjo
modeli, jo tas ir atbilsto$s risku parvaldes riks saskana ar “Maksatspéjas II”
reglamentéjosam prasibam un kapitala pieskir§anas panémienu. Piedavatais
iek$éjais modelis var izmantot (u, LPM_)) modeli klasiska (p, 6) modela
vieta un izmantot asimetrisko t-kopulu aktivu cenas prognozésanai un VaR
nosacito riska méru un kapitala summas noteik$anai, lai segtu iespé&jamos
tirgus riska zaudéjumus.

2. Izstradatais iekséjais modelis varétu but interesants Latvijas reguléjosam
institacijam apdros$inasanas sektora sabiedribu biznesa rezultatu noveér-
tésanai.

3. Autore piedava izmantot asimetrisko t-kopulas modeli aktivu cenas prog-
nozésanai un klasisko un moderno riska méru noteiksanai, ko var izmantot
arl komercbankas un lizinga uzpémumi, kas parvalda tirgus risku.

4. Ir ieteicams turpinat pétijjumus $aja joma, lai izpétitu klasiska snieguma
meéru atbilstibu aprakstitajam modelim un novértétu jauna snieguma méru
talakas attistibas iespéjas saskana ar apakséja riska pieeju. Sharpe un Sortino
koeficienti $aja darba tika piedavati, tomér netika vértéta to saistiba ar snie-
guma méru piemérotibu. Diskusijas literatara (Schmidt-von Rhein, 2002;
Portmann, 2000) atrodamas vairaku vértéjumu pieejas bez skaidriem seci-
najumiem, tadé] nav atklajumu vai piedavajumu, kuri batu saistiti ar jauna
snieguma meérijumiem.

5. Pétijjuma galvenos rezultatus un secinajumus varétu izmantot izglitojosiem
meérkiem, lasot lekcijas par portfela vadibas un riska parvaldibas problémam
universitates studentiem.
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