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The research subject is the investment environment problem analysis and the evaluation of the developing countries,
namely, the Republic of Serbia, Croatia, Slovenia, and Hungary. The research problem is to determine performance and
adequacy of risk estimation models with special attention to the investment environment specificities of the markets in the
developing countries. The analysis was carried out by testing and implementation of the Value-at-Risk models, i.e. the
historical simulation (HS VaR), the delta-normal VaR (D VaR) and the extreme value theory model (EVT), with the
confidence level of 95 % for 100, 200 and 300 days, in the period from 2012 to 2016. The research objective is to test the
validity of VaR models and performance evaluation regarding determination of the maximum possible loss. The basic
hypothesis of the research is that there is a relation between the successful application of the historical simulation (HS
VaR), the delta-normal VaR (D VaR) and the extreme value theory model (EVT) and the conditions and opportunities of
the investment environment of the developing countries. The research results provide concrete knowledge of the conditions
and circumstances of the investment environment in the observed markets, with a simultaneous performance assessment of
the tested VaR models. The main result of the study is that regarding investment activities in the markets of developing
countries and number of failures of various VaR models, the investment policymakers cannot rely on the analysis of
historical trends and on one of the basic postulates of portfolio analysis ‘History Repeats Itself’. Recommendation for
further research and for the local societies benefit is to emphasize the necessity of stable investment environment, thus
enabling adequate capital allocation and risk estimation, while using the wide variety of approaches to Value-at-Risk
modeling, especially for longer-horizon risk prediction.

Keywords: Investment Environment, Value-at-Risk; Risk Assessment; Developing Countries; Investment.

Introduction

As a process, investment presupposes the decision-
making readiness to mobilise financial resources. This fact
implies that such decision-making is directly related to the
willingness to accept a certain level of risk of such activities.
The relation between the expected investment activity
returns and the yield probability risk is the cornerstone of
any analysis of investment decisions, and for this purpose, a
whole series of different investment risk assessment models
has been created. Value-at-Risk is a widely used approach of
risk estimation and prediction because it provides a single
quantity that summarizes the overall market risk. The risk
estimation in investment is best quantified by VaR (Jorion,
2002). VaR is established as an industrial and regulatory
standard with the aim of adequate risk estimation in
everyday business, in order to determine a coherent risk
measure, while considering the conditions of the investment
environment.

In their previous research, the authors came to the
concrete knowledge of the specificities of applying
particular risk assessment models, videlicet the different
VaR models (HS VaR, D VaR, EVT), focused on the
markets of developing countries. Based on these findings,
published in reference journals, the authors decided to
additionally focus on application specificities of the
mentioned models, particularly on the concrete knowledge
of the conditions and circumstances of the investment
environment in the observed markets. This approach of the
research provides a solid and original scientific and practical
background in the concrete field, thus represents novelty in
the investment environment problem analysis and
evaluation. In this regard, the research carried out in this
paper represents a continuation of the previous research in
the subject area, with a specific focus on analyzing the
investment environment of the markets in the Republic of
Serbia, Croatia, Slovenia, and Hungary.
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The reason why the focus of the research is directed
precisely towards these markets should be sought in the
specificities of these markets' behavior in dynamic and
turbulent environmental conditions. It is especially
important to point out that the application of different VaR
models in these markets not only gains the concrete
knowledge about the effective prediction of the maximum
possible loss from the investment activities, but also gives
important information about the market anomalies in the
observed countries.

The main objective of the research is to provide concrete
results, tested in everyday practice, about the prediction of the
maximum possible loss from the investment activities in the
markets of the Republic of Serbia, Croatia, Slovenia, and
Hungary. Further, wide data span used provides a solid basis
for the determination of performance and adequacy of risk
prediction possibility on the tested markets of developing
countries, especially analyzing the investment environment
in the post-crisis period.

The basic hypothesis of the research is that there is a
relation between the successful application of the tested VaR
models (HS VaR, D VaR, and EVT) and the conditions and
opportunities of the investment environment of the observed
markets in the developing countries.

This investigation is needed because there is a lack of
in-depth empirical analyses of the investment environment
on the tested markets, applying wide variety of both
parametric and nonparametric VaR models. Any search for
a single “best” risk model would appear to be futile and it
is especially important that work be done on the estimation
of longer-horizon risk forecasting models (Dowd & Blake,
2006). Hence, none of the VaR models have superior
performance than others in all circumstances and in all
markets. A historical examination of twelve approaches to
Value-at-Risk modeling shows that in almost all cases any
single VaR model cannot be recommended (Hendricks,
1996). The investors should focus more on downside risk
instead of standard deviations (Salomons & Grootveld,
2003). In that way, the scope of the research is adequate
and enables comparative analyses and comprehensive
concluding remarks. The obtained research results will be
significant for a wide range of professionals in the subject
area and for the academic public, especially because, as far
as the authors investigated, there is an insignificant number
of relevant recent studies. Namely, the analysis of the
investment environment necessarily implies the application
of modern engineering methods, techniques, and tools as
the basis for making optimal investment decisions.

The study is structured as follows: in the first part, the
starting conceptual and methodological bases are
introduced, while the second part presents important
research in the subject area. Then, in the third part, the
authors describe the methodology used, with a special
reference to the research sample. The obtained results with
the discussion are stated in the fourth, while the concrete
conclusions are in next section. The list of references is at
the end of the study.

Literature Review

The implementation of the VaR models and their
performance were considered by many authors, both from the

theoretical and practical point of view (Kang & Li, 2018;
Mogel & Auer, 2018; Trottier et al., 2018; Bee et al., 2017,
D’Amico & Petroni, 2017; Djakovic & Andjelic, 2017; Goel
et al., 2017; Chen & Chiang, 2016; Kambouroudis et al.,
2016; Lee, 2016; Wied et al., 2016; Zhou et al., 2016). The
evolution of risk management is induced by financial crises
(Adrian, 2017). Special attention is given for measuring
market risk (Brandtner, 2018; Ramponi, & Campi, 2017;
Asimit & Li, 2016; Ouyang, 2009) and the necessity of
volatility forecasting (Degiannakis, 2017; Zikes & Barunik,
2014), while recognizing investment and competitive
environment (Prorokowski, 2016; Zukauskas, & Neverauskas,
2008). The practical implications are particularly significant in
terms of analyzing the possibility of applying different VaR
models, with ever-present challenges in determining an
adequate level of reliability and an observation time interval.
Developed countries research this field extensively, while
developing countries have fewer recent studies, especially
with regard to the selection of comparative VaR models and
research coverage. An empirical examination of risk
management models in investments with special attention to
their implementation adequacy point to the specificities of
the observed markets, that is, Serbia, Hungary, Croatia and
Slovenia (Djakovic et al., 2015). Investment environment
problem analysis is significant, that is, the determination of
potential usefulness, feasibility and drawbacks of the
multivariate VaR models requires continuous monitoring,
testing and analyses, especially while neglecting the
estimation risk, even more in highly volatile periods
(Francq & Zakoian, 2018).

Special attention requires the relation between
expected investment activity returns and the yield
probability. This problem has been treated in the studies of
Campisi et al. (2017) and Campisi et al. (2018), with
particular focus on renewable energy. Namely, the
renewable energy sector is very important regarding the
present and future of the Republic of Serbia, Croatia,
Slovenia, and Hungary, in particular, especially having in
mind the recent objectives of European Union. Thus, real
options are used to evaluate the economic cost-saving
considering price uncertainty and multi-stage investment
(Campisi et al., 2018). Also, the investment costs still
present a major barrier and adequate evaluation models
(Campisi et al., 2017) for measuring the effects of reducing
of the state incentives.

Raghavan et al. (2017) analyzed the performance of
various VaR models with a special focus on emerging
markets. Special emphasis is given to the impact of
financial crises, i.e. external shocks, on the adequate risk
management. The research is important because the VaR
model application results of both developed and emerging
markets are comparatively considered in a long period of
time. The research results indicate the importance of the
simultaneous application of different VaR models since the
priority cannot be given to one over another in all observed
emerging markets.

Miletic et al. (2015) explore the impact of the global
economic crisis on the performance of the VaR model in
transitional markets. The authors especially emphasise the
possibility of market risk prediction in the crisis business
conditions, with the assumption of normal distribution or
the use of historical data (HS VaR). The research
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represents a significant contribution to the quantitative and
qualitative analysis of the successful VaR application using
Kupiec POF and Christoffersen independence test. The
authors conclude that in a large number of tested cases, the
market risk level is underestimated, which is especially
evident in crisis conditions.

Aizenman et al. (2016) empirically test different
economic fundamentals and a sovereign risk in emerging
markets. In this regard, the authors pay special attention to
credit default swap (CDS) in emerging markets in the
period 2004-2012. The significance of systemic risk and
market volatility and the negative consequences of the
global economic crisis are particularly distinguished.
Additionally, the adequate evaluation of sovereign risk
implies the consideration of both external and internal
factors in order to amortise the shock caused by frequent
emergencies, i.e. environmental conditions.

Naghavi et al. (2016) test the causality of emerging
markets in the domain of financial liberalisation and the
stock market efficiency. The authors focus on 27 emerging
markets in the period 1996-2011. The causality is tested by
the Granger test in order to find evidence of the financial
liberalisation impact on the stock market efficiency. The
authors pay primary attention to information efficiency and
secondary to financial development. The research is
important because it provides the appropriate quantitative
and qualitative conclusions about the situation and
opportunities on emerging markets, especially in the context
of making optimal investment decisions.

Singh et al. (2017) apply a model of the extreme value
theory with a special accent on the distribution pattern of
the research sample. Specifically, they consider the return
time series that are not normally distributed or exhibit
extreme tails of the sample distribution. It is particularly
important when considering the effective application of
different risk management models, i.e. financial risk
prediction, portfolio analysis or hedging options. The
results of the research implicate that the asymptotic
dependence of the extreme tails of the sample distribution
between the stock market does not exist in a large number
of cases and that it can be associated with the
heteroskedasticity of the tested markets, which is
significant considering the application performance of the
extreme-value theory model.

Considering the foregoing, the actuality of the research
area is indisputable in the context of a wider analysis of the
investment environment with a particular focus on
identifying key parameters that influence the application
success of various VaR models, especially in the markets
of developing countries.

Methodology and the

Description

Research Sample

In the research, the following VaR calculation
models were used: historical simulation (HS VaR), delta
normal VaR (D VaR) and Extreme Value Theory (EVT)
model. The research sample includes benchmark indices
of the following developing countries: the Republic of
Serbia (BELEXI15), Croatia (CROBEX), Slovenia
(SBITOP) and Hungary (BUX). For the VaR calculation
the following software is used: Microsoft Excel and R

Project. Overall, the adequate research methodology is
consisted of the following phases: risk identification,
planning the sequence of risk management activities,
establishing basis for the risk estimation, defining a
framework for risk management and risk identification
activities, development of risk analysis, reduction of the
effects of risk by adequate performance assessment and
monitoring of the applied VaR models.

In calculations, the daily yields of these indices were
used in the period from 2012 to 2016, while 2010 and 2011
represent the initial period for VaR calculation. The
research sample covers 1260 days, or 252 days each year.

The tested VaR calculation models were HS VaR, D
VaR and EVT with a confidence level of 95 % for 100,
200 and 300 days. Based on the distribution results, the
maximum possible loss estimate from the investment
activity was tested, and in this way, the number of days
with either successful or unsuccessful estimate of the
tested VaR models were calculated. The research results
were analyzed annually.

In the research, the Kupiec test was used as a backtest,
in order to validate and scientifically verify the obtained
results. The Kupiec test determines a performance margin
of the tested VaR models, i.e. it provides a tolerance
threshold to compare whether some of the specific models
were successful or not. It is especially important to
emphasize that the Kupiec backtest was calculated
exclusively as a performance margin used to comment the
obtained  results.  Furthermore, the performance
assessments of different VaR models were mutually
compared in order to find cases when a certain model
provided more optimised result compared to others.

Both parametric and nonparametric VaR calculation
models, that is, D VaR, EVT and HS VaR, have
historically proved and very often used to calculate the
maximum loss from investment activities, but the question
remains about their performance validation. Namely, the
special attention is given to D VaR, EVT and HS VaR
performance evaluation while determination of the interval
(number of days) more adequate to use. For this reason,
three different intervals of 100, 200 and 300 days were
taken into account in the function of obtaining conclusions
through the analysis of the obtained results.

The applied VaR models have different approaches to
estimating (calculating) the maximum loss from
investment activities based on historical data. Each VaR
model has its own specificities and on this basis an
estimation is obtained for the maximum possible loss.

When new events are in accordance with historical
trends, the estimation can be quite accurate, however, new
events often differ of the range of historical trends, and
therefore their prediction is more complex. Therefore,
there is a need to apply different approaches to risk
estimation, especially in markets such as the markets of the
Republic of Serbia, Croatia, Slovenia, and Hungary, with
the investment environment specificities of the markets in
the developing countries (low propulsive markets, low
liquidity levels, frequent extreme events occurrence,
regulatory issues, minority shareholders protection, etc.).

Based on historical data (daily values), the change in
value for each index is calculated. On such data, HS VaR,
D VaR and EVT are calculated with a confidence level of
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95 % for 100, 200 and 300 days. This means that the HS
VaR is calculated for 100 days, and then the resulting
maximum loss value was compared with the true value
change in 101 day, and if the change was within the
calculated value then it was considered that estimation is
successful for that 101 day and it is marked, in the
database, as a successful estimation. Analogously, if the
resulting maximum loss value at 101 day was worse than
the estimated loss, then the estimation is considered
unsuccessful and it is marked, in the database, as an
unsuccessful estimation of the loss. The rolling window of
100-day is being moved in advance for one day, this means
that one day (with the earliest date) is ejected, and that the
real data of 101 day is inserted into the analysis. Based on
these values, HS VaR, D VaR and EVT are recalculated
with a confidence level of 95 %, and the resulting new
value is compared with data of 102 day. This procedure is
continually repeated until it is completed (until the last
calculation day). The same procedure is done for 200 and
300 days. Lastly, the results of the success of three VaR
models are obtained, depending on the period of VaR
calculation (100, 200 and 300 days). As a result, the table
is obtained by years, showing how successful each VaR
model is in predicting the loss, depending on the number of
days.

In conclusion, the success of both parametric and
nonparametric VaR models with different rolling windows
on which VaR values are calculated, are mutually
compared.

For the purpose of the research, the following key
mathematical formulas for the normal distribution function
and General Pareto distribution are presented below
(Anderson, 2003).

N(w o?) O
where
| - mathematical expectation,
o - standard deviation.
The distribution function of the normal probability
distribution:
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The following tables present the central dispersion
parameters, the measures of skewness and kurtosis,
annually.

Table 1
Central and Dispersion Parameters and the Measures of Skewness and Kurtosis in 2012 (252)
mid stand. min maks coeff.var confidence interval sk ku
value dev
CROBEX 1737.00 54.91 1619.8 1848.5 3.16 1730.19 1743.81 .00 -.56
CROBEX% .00 .66 -2.3 3.4 151077.30 -.08 .08 13 2.86
BUX 18045.84 915.97 15978.6 19900.9 5.08 17932.18 18159.51 -.12 -.99
BUX% .02 1.22 -3.2 4.1 5215.74 -.13 17 31 .68
SBITOP 565.69 33.68 501.3 639.0 5.95 561.52 569.87 -.40 -.98
SBITOP% .03 1.03 -3.2 2.8 3771.01 -.10 .16 .07 .50
BELEX15 473.42 39.51 426.8 566.8 8.35 468.52 478.33 .62 -.95
BELEX15% .03 77 -1.5 3.1 3011.38 -.07 12 .98 2.06
Source: the authors
Table 2
Central and Dispersion Parameters and the Measures of Skewness and Kkurtosis in 2013 (252)
mid stand. min maks coeff.var confidence interval sk ku
value dev
CROBEX 1854.86 77.95 1740.5 2025.3 4.20 1845.19 1864.54 .50 -.87
CROBEX% .01 .54 -1.4 2.3 5855.08 -.06 .08 .63 1.45
BUX 18680.59 451.19 17815.7 19743.7 241 18624.60 18736.58 27 -.59
BUX% .01 .97 -3.9 2.7 11406.19 -.11 .13 -22 .54
SBITOP 626.13 20.17 579.6 695.6 3.22 623.62 628.63 40 12
SBITOPY% .01 1.13 -5.3 34 8866.67 -13 .15 -.32 2.29
BELEXI15 534.19 29.37 476.0 586.9 5.50 530.55 537.84 -.09 -1.08
BELEX15% .03 72 -2.5 2.3 2849.00 -.06 11 -.24 1.23

Source: the authors
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Table 3
Central and Dispersion Parameters and the Measures of Skewness and Kurtosis in 2014 (252)
mid stand. min maks coeff.var confidence interval sk ku
value dev
CROBEX 1795.17 55.06 1666.1 1932.5 3.07 1788.33 1802.00 .08 .14
CROBEX% -.01 .52 -1.9 1.9 5732.77 -.07 .06 .03 .75
BUX 17970.73 752.31 16140.5 19596.5 4.19 17877.37 18064.08 -.04 -45
BUX% -.04 1.10 -4.9 3.8 2517.46 -.18 .09 -.17 2.07
SBITOP 771.68 48.66 658.3 839.4 6.31 765.64 777.72 -.54 -1.01
SBITOPY% .07 .94 -4.1 2.5 1323.86 -.05 .19 -.54 1.82
BELEX15 613.14 48.38 557.4 706.6 7.89 607.13 619.14 71 -1.09
BELEX15% .07 .57 -1.8 2.0 816.45 -.00 .14 22 1.71
Source: the authors
Table 4
Central and Dispersion Parameters and the Measures of Skewness and Kurtosis in 2015 (252)
mid stand. min maks coeff.var confidence interval sk ku
value dev
CROBEX 1734.40 36.59 1647.7 1817.5 2.11 1729.86 1738.94 -.03 -42
CROBEX% -.01 47 -2.9 1.4 3967.59 -.07 .05 -.60 4.93
BUX 20976.62 2173.68 15686.7 23964.5 10.36 20706.88 21246.36 -.99 -.17
BUX% .14 1.16 -6.3 5.0 805.42 .00 .29 -24 3.98
SBITOP 745.17 51.24 646.7 836.3 6.88 738.81 751.53 =11 -1.44
SBITOP% -.05 77 -4.8 2.6 1633.22 -.14 .05 -.86 6.28
BELEX15 656.72 32.51 600.1 746.6 4.95 652.68 660.76 .68 -.20
BELEX15% -.01 .68 -1.9 2.8 4766.12 -.10 .07 37 2.00
Source: the authors
Table 5
Central and Dispersion Parameters and the Measures of Skewness and Kurtosis in 2016 (252)
mid stand. min maks coeff.var confidence interval sk ku
value dev
CROBEX 1770.44 140.57 1577.1 2002.4 7.94 1753.00 1787.89 44 -1.34
CROBEX% .07 47 -1.7 1.7 719.53 .01 12 -.30 1.71
BUX 27127.46 2289.58 22536.0 32025.6 8.44 26843.34 27411.58 -.04 -.46
BUX% 11 1.03 -4.6 3.2 904.71 -.01 24 -.49 1.66
SBITOP 708.68 20.66 664.4 749.4 291 706.12 711.25 -.09 -.78
SBITOP% .01 .65 -2.8 1.9 5444.25 -.07 .09 -48 1.98
BELEX15 630.37 36.06 574.2 725.6 5.72 625.90 634.85 1.10 .56
BELEX15% .04 71 -2.6 2.2 1636.45 -.04 13 -.12 1.03

Source: the authors

Analysing the concrete research sample annually, it
can be concluded that the behavior was similar, i.e. that
there were no significant deviations in the sample
behavior. Minimum and maximum annual values were in
the expected range, respectively. This finding is significant
for the research because it points to an important
circumstance in the sample behavior, i.e. the sample
behaviour was annually similar.

Results and Discussion

The following tables show the VaR model application
results with a special emphasis on the successful prediction
of the maximum possible loss from investing activities
using the Kupiec test.

The result is the number of days of successful
application of the given VaR models, as well as the
number of days obtained by the Kupiec test. The tables
also show the difference in the number of days. In the case
of the positive difference, the given model is more
successful than the Kupiec test, and in the case of the
negative difference, the given model is less successful than
the Kupiec test.

Table 6
Testing D VaR Application Success in Relation to the Kupiec Test For 2012
300 . 200 . .
2012 successful Kupiec Difference successful Kupiec Difference 100 successful Kupiec Difference
95% 95% days 95%
days days
CROBEX,
D VaR 95% 248 244 4 248 244 4 239 244 -5
BUX,
D VaR 95% 251 244 7 251 244 7 244 244 0
SBITOP,
D VaR 95% 245 244 1 244 244 0 237 244 -7
BELEXI15,
D VAR 95% 251 244 7 251 244 7 247 44 3

Source: the authors
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Table 7
Testing HS VaR Application Success in Relation to the Kupiec Test For 2012
300 Kupiec 200 Kupiec 100 Kupiec
2012 successful ul:, Difference successful u‘:, Difference successful u‘:, Difference
95% 95% 95%

days days days
CROBEX,
HS VaR 95% 245 244 1 245 244 1 239 244 5
BUX,
HS VaR 95% 249 244 5 249 244 5 241 244 3
SBITOP,
HS VaR 95% 239 244 -5 240 244 -4 239 244 -5
BELEXI1S5,
HS VaR 95% 250 244 6 248 244 4 237 244 7
Source: the authors

Table 8
Testing EVT Application Success in Relation to the Kupiec Test For 2012
300 Kupiec 200 Kupiec 100 Kupiec
2012 successful ul:, Difference successful u}l Difference successful ul:, Difference
95% 95% 95%

days days days
CROBEX,
EVT 95% 251 244 7 250 244 6 248 244 4
BUX,
EVT 95% 252 244 8 251 244 7 252 244 8
SBITOP,
EVT 95% 250 244 6 250 244 6 247 244 3
BELEXI15,
EVT 95% 252 244 8 251 244 7 244 244 0

Source: the authors

The results for 2012 show that D VaR was more
successful with respect to the Kupiec test, as well as EVT.
HS VaR was less successful compared to the Kupiec test,
which is particularly evident in the case of the calculation

The original results for the 2012 imply on the
important fact that the historical simulation in the
prediction of the maximum loss from the investment
activities is not successful for investors in their investment

for 100 days. choices.
Table 9
Testing D VaR Application Success in Relation to the Kupiec Test For 2013
300 Kupiec 200 Kupiec 100 Kupiec
2013 successful P Difference successful P Difference successful P Difference
95% 95% 959,

days days days
CROBEX,
D VaR 95% 251 244 7 251 244 7 247 244 3
BUX,
D VaR 95% 249 244 5 246 244 2 240 244 4
SBITOP,
D VaR 95% 245 244 1 246 244 2 242 244 2
BELEXI15,
D VaR 95% 245 244 1 242 244 2 240 244 4
Source: the authors

Table 10
Testing HS VaR Application Success in Relation to the Kupiec Test For 2013
300 Kupiec 200 Kupiec 100 Kupiec
2013 successful P Difference successful P Difference successful P Difference
95% 95% 95%

days days days
CROBEX,
HS VaR 95% 246 244 2 243 244 -1 239 244 5
BUX,
HS VaR 95% 242 244 -2 241 244 3 237 244 7
SBITOP,
HS VaR 95% 240 244 -4 240 244 -4 238 244 6
BELEX15,
HS VaR 95% 238 244 -6 237 244 -7 237 244 7

Source: the authors
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Table 11
Testing EVT Application Success in Relation to the Kupiec Test For 2013
300 Kupiec 200 Kupiec 100 Kupiec
2013 successful I:, Difference successful l:, Difference successful [:, Difference
95% 95% 95%

days days days
CROBEX,
EVT 95% 252 244 8 250 244 6 251 244 7
BUX,
EVT 95% 250 244 6 248 244 4 248 244 4
SBITOP,
EVT 95% 246 244 2 246 244 2 248 244 4
BELEXI15,
EVT 95% 243 244 -1 241 244 -3 243 244 -1

Source: the authors

In 2013, the situation from

the previous year is

repeated, in particular, D VaR and EVT record successful
performance, while HS VaR records less success with
respect to the Kupiec test.

The results for 2013 continue the trend that is present
in 2012, namely, historical simulation is still not successful
for investors decision making.

Table 12
Testing D VaR Application Success in Relation to the Kupiec Test For 2014
300 Kupiec 200 Kupiec 100 Kupiec
2014 successful ug Difference successful u[f, Difference successful ul:, Difference
95% 95% 95%
days days days
CROBEX,
D VaR 95% 243 244 -1 243 244 -1 237 244 7
BUX,
D VaR 95% 245 244 1 243 244 -1 235 244 9
SBITOP,
D VaR 95% 246 244 2 245 244 1 239 244 5
BELEXI15,
D VaR 95% 247 244 3 246 244 2 242 244 2
Source: the authors
Table 13
Testing HS VaR Application Success in Relation to the Kupiec Test For 2014
300 Kupiec 200 Kupiec 100 Kupiec
2014 successful p Difference successful P Difference successful p Difference
95% 95% 95%
days days days
CROBEX,
HS VaR 95% 234 244 -10 236 244 -8 237 244 -7
BUX,
HS VaR 95% 236 244 -8 236 244 -8 236 244 3
SBITOP,
HS VaR 95% 236 244 -8 236 244 -8 236 244 8
BELEXI1S5,
HS VaR 95% 240 244 -4 235 244 -9 231 244 -13
Source: the authors
Table 14
Testing EVT Application Success in Relation to the Kupiec Test For 2014
300 Kupiec 200 Kupiec 100 Kupiec
2014 successful P Difference successful P Difference successful P Difference
95% 95% 95%
days days days
CROBEX,
EVT 95% 243 244 -1 244 244 0 244 244 0
BUX,
EVT 95% 245 244 1 245 244 1 243 244 -1
SBITOP,
EVT 95% 249 244 5 247 244 3 248 244 4
BELEXI15,
EVT 95% 247 244 3 246 244 2 243 244 -1

Source: the authors

Regarding the success of various VaR models, 2014 is
different compared to the previous two years, i.e. D VaR
and HS VaR were unsuccessful, while only EVT was more
successful than the Kupiec test.

Evidently, there are some specificities in 2014, and the
consequence of this is the fact that only extreme approach
in the VaR calculation was successful.
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Table 15
Testing D VaR Application Success in Relation to the Kupiec Test For 2015
300 Kupiec 200 Kupiec 100 Kupiec
2015 successful I:, Difference successful I:, Difference successful [:, Difference
95% 95% 95%
days days days
CROBEX,
D VaR 95% 249 244 5 248 244 4 242 244 2
BUX,
D VaR 95% 247 244 3 248 244 4 247 244 3
SBITOP,
D VaR 95% 246 244 2 246 244 2 240 244 4
BELEXI15,
D VaR 95% 241 244 -3 240 244 -4 237 244 7
Source: the authors
Table 16
Testing HS VaR Application Success in Relation to the Kupiec Test For 2015
300 Kupiec 200 Kupiec 100 Kupiec
2015 successful P Difference successful P Difference successful P Difference
95% 95% 95%
days days days
CROBEX,
HS VaR 95% 242 244 2 240 244 -4 239 244 -5
BUX,
HS VaR 95% 241 244 -3 240 244 -4 237 244 7
SBITOP,
HS VaR 95% 245 244 1 242 244 2 241 244 3
BELEXI15,
HS VaR 95% 231 244 -13 233 244 -11 234 244 410
Source: the authors
Table 17
Testing EVT Application Success in Relation to the Kupiec Test For 2015
300 Kupiec 200 Kupiec 100 Kupiec
2015 successful I:, Difference successful l:, Difference successful l?, Difference
95% 95% 95%
days days days
CROBEX,
EVT 95% 243 244 -1 248 244 4 246 244 2
BUX,
EVT 95% 245 244 1 248 244 4 248 244 4
SBITOP,
EVT 95% 249 244 5 247 244 3 247 244 3
BELEXI1S5,
EVT 95% 247 244 3 240 244 4 242 244 2

Source: the authors

The specificity that appeared in 2014 did not last.
Namely, in 2015, only HS VaR was downgraded, while D
VAR and EVT were more successful compared to the

Kupiec test.

After the specificities noticed in 2014, conditions that
were present during 2012 and 2013 were repeated in 2015.
Namely, the calculation of VaR which is based on the
historical data did not provide expected success, the same
situation as in 2012 and 2013.

Table 18
Testing D VaR Application Success in Relation to the Kupiec Test For 2016
300 Kupiec 200 Kupiec 100 Kupiec
2016 successful P Difference successful P Difference successful P Difference
95% 95% 95%

days days days
CROBEX,
D VaR 95% 245 244 1 245 244 1 241 244 3
BUX,
D VaR 95% 247 244 3 247 244 3 244 244 0
SBITOP,
D VaR 95% 246 244 2 246 244 2 238 244 6
BELEX15,
D VaR 95% 245 244 1 245 244 1 240 244 4

Source: the authors
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Table 19
Testing HS VaR Application Success in Relation to the Kupiec Test For 2016
. 200 . 100 .
2016 300 successful | Kupiec Difference successful Kupiec Difference successful Kupiec Difference
days 95% 95% 95%
days days
CROBEX,
HS VaR 95% 240 244 -4 238 244 -6 237 244 -7
BUX,
HS VaR 95% 241 244 -3 241 244 -3 239 244 -5
SBITOP,
HS VaR 95% 242 244 -2 238 244 -6 236 244 -8
BELEXI15,
HS ViR 95% 240 244 -4 240 244 4 240 244 -4
Source: the authors
Table 20
Testing EVT Application Success in Relation to the Kupiec Test For 2016
300 Kupiec 200 Kupiec 100 Kupiec
2016 successful P Difference successful P Difference successful P Difference
95% 95% 95%
days days days

CROBEX,
EVT 95% 246 244 2 243 244 -1 245 244 1
BUX,
EVT 95% 247 244 3 248 244 4 248 244 4
SBITOP,
EVT 95% 248 244 4 246 244 2 247 244 3
BELEXI15,
EVT 95% 245 244 1 245 244 1 246 244 2
Source: the authors

With regard to the successful application of various Conclusions

VaR models, the similar situation continued in 2016, when
only HS VaR was less successful with respect to the
Kupiec test.

Observing the results on the entire research sample,
certain findings can be noticed. It can be concluded that the
time intervals (rolling windows) with fewer days are more
sensitive to sudden changes in the daily values of the
indices. At a longer rolling window, extreme events
occurrence is better amortized, that is, smaller differences
in the performance of the tested VaR models are observed.
Having in mind the above mentioned, huge amounts of the
investment capital can be lost because of poor supervision
and risk management (Gencay & Selcuk, 2004). These
findings can be related to the sample behavior, so it can be
concluded that in the context of the situation, conditions
and circumstances of the investment environment, 2014
was different than the other observed years. In support of
this thesis, the fact that the largest number of failures of
various VaR models in comparison to the Kupiec test was
present in that year. Moreover, it is important to point out
that HS VaR was proven to be the least successful in the
prediction of the maximum possible loss from investment
activities. This is a very interesting fact, which contributes
to the redefinition of one of the basic theses of the portfolio
analysis that ’History Repeats Itself’. This means that
policymakers in the markets of developing countries
cannot continuously rely on the analysis of historical
trends, events, and circumstances as important information
from the past because the results obtained by this study
confirm the thesis that the markets of developing countries
behave entropically and, at times, dialectically.

The research carried out in this paper is a continuation
of previous research by the authors in the field, with the
aim of obtaining the knowledge, qualitatively and
quantitatively reviewed in practice, about the application
success of various VaR models, in the case of the selected
markets of developing countries. Recognising this fact, as
well as the research sample comprehensiveness, it can be
argued that there is a very small number of studies in the
observed area comprising such a large sample, both in time
and in quantitative terms.

The concrete research in this paper includes a sample
from the period 2012-2016 as a specific post-crisis period
in the markets of the observed developing countries, and in
this respect, the research has both academic and practical
contribution.

The research confirms the basic hypothesis, i.e. the
research identified a relation between the application
success of the tested VaR models (HS VaR, D VaR, EVT)
and the conditions and opportunities of the investment
environment in the observed markets of the developing
countries, namely the Republic of Serbia, Croatia, Slovenia
and Hungary. Consequently, it means that the situation and
opportunities of an investment environment condition to a
great extent the success of the investment activity, i.e. it
has been proven that the investment policymakers in the
markets of developing countries cannot rely on one of the
basic postulates of portfolio analysis, ’History Repeats
Itself’, which again opens an enormous number of new
dilemmas and ambushes, tending to optimize the effects of
investment activities.

Further research will be focused on the
aforementioned claim in order to understand, analyze and
causally describe the direction and intensity of the
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relationship between the application success of the VaR
models, and the situation and opportunities of the
investment environment, with a particular emphasis on the
markets of developing countries. This is a very important
claim since it is well known and widely accepted that these
markets are specific and, accordingly, they set new and
different challenges to investment policymakers.

The limits of the research are manifested through the
prism of the specificities of the markets in developing
countries, their poor efficiency, high volatility and frequent
inability to reach reliable statistical indicators related to the
analysis of their situation and opportunities.

Based on the results of the research it can be
concluded that the performance adequacy of the risk
assessment was higher in 2012 and 2013 for all three tested
VaR models. For 2013, it is characteristic that there is less
performance for HS VaR and D VaR, while EVT has
proved resistant to changing trends, that is, the extreme
events occurrence. In 2014, 2015 and 2016, the results
correspond with 2013, that is, the performance for HS VaR
and D VaR is lower, while EVT also proved to be resistant
to changing trends. With EVT, the results point that the
success was less when calculating VaR for 100 days. This
indicates that a 100-day period (rolling window) for the
calculation of VaR is too short, and that 200 and 300 days
shown as better. A similar conclusion is also made when
comparing the success of HS VaR and D VaR, but it also
further indicates that the 100-day period is inadequate to
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