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Abstract: The aim of the study is to evaluate and compare#réormance
of mutual funds. The proposed approach evaluatesttectiveness of the
fund's investment strategy in terms of the investimeorizon. As a tool
wavelet analysis that has been applied to the dposition of the excess
returns of funds for the six scales was used. TheeE ratios calculated on
the basis of the so-transformed series formed &lseslfor the arrangement of
funds. The results indicate that the variance td od return in the analyzed
funds decline as the wavelet scale increases.
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INTRODUCTION

The Sharpe ratio is one of the oldest and the mogtilar measures of the
performance of assets allocation portfolios. Thisoris sensitive to the selected
sample. A common approach in portfolio evaluationhie calculation of the one-
period investment Sharpe ratio [Levy 1972]. ltuggested in the literature that for
n-period investment the scaling factor should bestalnto account. In empirical
analysis researchers and experts usually calcoidyethe one-period Sharpe ratio
[Kim, In 2005]. The portfolio managers make dearsi@ver different time periods,
and they especially concentrate on the performaicthe end of the clearing
period. So the problem is how to create the perdmoe measure resistant to above
restrictions. The main purpose of this paper isirteestigate the usefulness
of wavelet analysis for evaluating the performaoiceutual funds.

The starting point in applied methodology is tHe®e ratio, defined as
the level of the expected excess of return of pbeotfper unit of risk associated
with the portfolio. Then wavelet analysis is sudgds in terms of wavelet and
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scaling filters. Such an approach allows for deaosiqy the unconditional

variance into different time scales, which mearffedint sample windows. The
advantage of the approach is that it enables tladysia of the non-normally

distributed portfolio returns [Bruzda 2003]. Thesults of the empirical analysis
of mutual fund portfolios, operating in the finaaicimarket in Poland, support the
fact that the application of the wavelet analysis multihorizon evaluation

of performance enables providing more useful infation about behaviour
of portfolios.

PORTFOLIO MANAGEMENT AND INVESTMENT HORIZON

Asset allocation is a process that identifies tipineal portfolio for a
particular investor over a given investment horizéxn investment horizon
depends on when and how much profit the investpeets in the future. This
assumption implies that the duration of the investmhorizon influences the
optimal investment strategy. Investment horizomiifies the total duration that an
investor/portfolio manager expects to hold the fotid. The investment horizon is
used to determine the investor's income needs @sited risk exposure. In
general, the shorter the investor’s horizon, theelothe acceptance for a given
profit. According to the above, in portfolio penfoance evaluation process the
investment horizon should be taken into account.

Table 1. The ranks of mutual funds of Legg Masomh \AHG according to the Sharpe ratio

, Fund type

Duration (year) WIG
MIXED STOCK BOND MONEY

1 3 2 4 5 1
2 4 2 3 5 1
3 4 2 3 5 1
4 4 1 3 5 2
5 4 1 3 5 2
6 3 1 4 5 2
7 4 1 3 5 2
8 3 1 4 5 2
9 4 1 3 5 2
10 4 1 3 5 2

Source: Author’s calculation

There are many portfolio performance ratios in {Segneau, Hubner
2009a, 2009b]. Their disadvantage is that they tefenly one period of time. It is
obvious that they change and consequently the o&mortfolio changes as well.
Table 1 presents the ranks of market index and fowtual funds with different
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investment style according to the Sharpe rati@s ibteresting to point out that the
market index WIG was in the lead if the portfoliasvheld up to 3 years. After that
the stock fund was the leader. Also, mixed fund #r&l bond fund switched in
position a few times.

The Sharpe ratio is the oldest and the most popolaasure of the
performance of a portfolio in assets allocationwéis proposed by Sharpe as a
reward to variability ratio in 1966 [Sharpe 1966]:

EMZ

where:r; is the rate of return of the portfolig,is the return of the risk-free rate,
E[rp-r] is the expected excess returns &ifih)? is the risk of portfolio measured
by variance of the portfolio return. After Sharp&$94 revision the measure took
the following formula [Sharpe 1994]:
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The Sharpe ratio for portfolioS{) describes the share of units of the expected
excess return per unit of risk. The ratio is in aoon use mainly because of
simplicity of calculation, interpretation and pdsbify of ranking of portfolios.
Additionally, the Sharpe ratio should be appliedyaif the rates of return are
normally, identically and independently distributedd only when the average
excess return is positive. Also, the value of tht#oris sensitive to the range of the
sample selected for an analysis. The Sharpe maserisitive to the window of the
selected sample, but a common approach in portélauation is calculation of
the one-period investment Sharpe ratio. From tme thorizon point of view it is
necessary to point out that the fact that the ioatf risk premium to the level of
risk changes in time that comes from structuralngea in the capital market
should be taken into account. As Levy [1972] notes, Sharpe ratio is strictly
dependent on the investment horizon, so it is wewyortant to include it in the
evaluation of portfolio performance.

In the Capital Asset Pricing Theory interpretatioh the utility is as
follows: investors look for such investment thatxingized their utility wealth
defined asU=E(R,)-Acy?, whereE(R,) is the expected rate of return of portfolio,
gy’ is the variance of rate of returns of portfolfojs the risk-aversion coefficient
[Berk 1997]. Maximization of such defined utilitg iequivalent to maximization

(1)
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the Sharpe ratio given b§=E(R,-R)/c. In the formula an ex ante approach
appears. An ex post version is possible as thertdat average rate of return and
it's standard deviation is applied.

If rates of return of portfolios have finite exped rate of return and
variance and the assumption of normality of distiitn of returns is fulfilled, then
the Sharpe ratio estimator is a function of expkatturn and the variance of
returns of portfolios [Lo 2002]. The asymptotictdisution of the Sharpe ratio is as
follows:

T(8,-5, ) N(ow,) ®

The asymptotic varianc¥ is weighted average of the asymptotic variances of
expected values and variances:

2
v, =99 az+( 99 j220'4
iid a,U 60.2 (4)

Whereg is the function of the Sharpe ratio definedgdg,o?). The asymptotic
variance of the Sharpe ratio can be calculatedlbsis [Lo, 2002]:

P
Vi =142,

]
(5)
And the standard error of the Sharpe ratio estinfatm 2002]:

=(s,)= /(1+%Sﬁj/T
(6)

In the formula (6) the number of periods is incldde

It is suggested in the literature that feperiod investment scaling factor
should be taken into account, but in empirical gsial researchers and experts
usually calculate only one-period Sharpe ratio [Kim 2005]. The portfolio
managers make decisions over different time peramibthey especially focus on
the performance at the end of the clearing pesadthe problem is how to create
the performance measure resistant to the abowéctiests. Kim and In proposed
the wavelet analysis as a tool for measurementooffglio performance. That
approach allows for decomposition of the unconddlovariance into a different
time scale, which means different sample windovie @dvantage of the approach
is the possibility of analysis of the non-normatligtributed portfolio returns and
non-stationary series.

WAVELET ANALYSIS

Wavelet analysis is a natural tool available tcestigate the disaggregation
of performance into various time scales, as it Esatlecomposing of the data on a
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scale-by-scale basis. Wavelet analysis is an apprased to evaluating the
portfolio performance which enables analysis thdtimrizon Sharpe ratio. The
great advantage of this approach is a possibititglécompose data into several
time scales so we can observe which investmentzdmsi are important
contributors to time series variance. We can atststtuct the local average of the
portfolio returns over each scale. These propepieside an effective way of
constructing the multihorizon Sharpe ratio.

Wavelet analysis is a kind of frequency analysis, which the process is
represented in both: the time and the frequency ailtemThis analysis is a
technique of windows, the size of which can inceeaisdecrease depending on the
fluctuation (long-or short-term analysis) [Bruzda02]. Due to its local nature the
wavelet analysis is appropriate for testing notictary processes. Wavelet
analysis, also known as a filtering technique, mles a tool that allows taking the
dynamic of economic/financial time series into astgdGencay et al. 2002].

The purpose of the wavelet analysis is to decomppsmess into
components, which are shifted and scaled versibtisedbasic function (called the
mother wavelet). Wavelet analysis has a time-scatare, which means that there
is correspondence between the small scale andfteéginency as well as large
scale and low frequency [Bruzda 2003]. The Haarelatvis the simplest dyadic
wavelet. The Haar wavelet can be used to decomposme series into two
components: a high-frequency oscillations repredeutations from the time trend
and the coefficients of the smoothed time trence @hcomposition is performed
by using two filters called (quadrature) mirrortdils [Bruzda 2003]: a low-pass
filter (coarse representation), high-pass filtestéiled representation).

The wavelet transformation is able to capture f&l information in a time
series and associate it with a specific time horiaod locations in time [Gencay et
al. 2002]. Kim and In [2005] proposed to use thevelet analysis as a portfolio
performance measure. This approach allows for dposition of the
unconditional variance of excess returns on varigeedes. The Sharpe ratio for
different scales reflects the assessment of thectféness of portfolio
management for different horizons. An additionavaadage of using wavelet
analysis is that is not necessary to fulfil theuagstions of normality and
stationarity of returns.

Multihorizon Sharpe ratio is created in the sanag @as its standard version
(1). The main difference is the application of thavelet varianced?(k)) and the
local average of the excess rate of retifiik]) for the scalé:

WS :p— (7)

The application of the wavelet analysis is the ea@bn of the results of portfolio
management which assumes treating returns as sigalit is possible to analyse
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results for different frequencies and investmentizoms if the time series is
decomposed according to the wavelet transformation.

DATA AND EMPIRICAL ANALYSIS

The sample covers 256 weeks, which comes fréa256 (the dyadic
wavelet). According to the different investmentastgies four types of funds of
TFI Legg Mason were selected: mixed, stock, bonohey. The sample included
weekly data from January 2008 to December 20130 #le WIG index and the
weight average return from treasury bills were &bl The table below includes
the average yearly returns from funds and thelr lesel measured by annualized
standard deviation. Also statistics of the normgadihd stationarity tests are given.
The highest average yearly return for the stockd f#06%, with a high level of
risk, 20.07%, can be noticed. The mixed fund reddbe/er return than the stock
one but the risk level was almost twice lower. Yyeaverage return for the money
fund was almost 3%, with the risk level of 0.54%eThormality (JB) test shows
that the returns were not normally distributed. Thsults of ADF test confirm
stationarity of returns (nonexistence of the uodt).

Table 2. Descriptive statistics of Legg Mason mufuad return and diagnostic tests.

Fund type Annual rate of return| Annualized risllormality test JB Unit root test ADH
MIXED 3.65% 10.62% 51.15* -4.393*
STOCK 5.06% 20.07% 54.31* -4.088*
BOND 2.90% 3.75% 56.66* -4.099*
MONEY 2.79% 0.54% 190.37* -4.194*

Note: JB indicates the Jarque-Bera statistic fomadity of rate of return distributed 3
with 2 degree of freedom; ADF indicates the AugredriDickey-Fuller statistics for unit
root; * - significant at 5% of significance level

Source: Author’s calculation.

The characteristics of distributions of returnsnirfunds point out that the
application of the standard Sharpe ratio can leadnisleading conclusions of
portfolio management results. As a consequendéginext step of the analysis the
multihorizon Sharpe ratio is applied. Time seriéprices of units of investments
funds were decomposed using the Haar wavelet tamaf for six scales,
representing filters with different frequenciesehhfor each transformed series the
local means and wavelet variance were calculated. l&st measure was applied
for finding the multihorizon Sharpe ratios. The &learatios at different scales
represent the performance measures of portfolisadgbus frequencies (various
time scales). Scale 1 represents a period from&weeks, scale 2 represents 4 to
8, scale 3 represents 8 to 16, scale 4 represénits32, scale 5 represents 32 to 64,
scale 6 represents 64 to 128. We use a simple Waeaelet, which is the first
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wavelet filter. Such simple wavelet allows for riet@y two types of elements of
the time series. The first one(k=1,..,6), which captures the higher-frequency
oscillations, represents increasingly fine scaleiat®ns’ from the smooth trend,
and the secondey, k=1,..,6), represents the smooth coefficients that captiuee
trend.

We analyzed the variance of the mutual fund rategtarn against various
time scales. Figure 1 presents that the varian@ éinds decline as the wavelet
scale increases and all curves peak at scale 5calfenotice a big difference
between curves at scale 1 and almost no differahseales 5 and 6. It implies that
investor with a short investment horizon reactsvery fluctuation in analysed
rates of return, while the investor with a mediund dong horizon would react
much slower. In the long-run the investment rislsignificantly lower. Figure 1
shows a pattern similar to that presented by Si¢g@08] and Kim, In [2005].
They suggest that the standard deviation of avertgen falls with the square root
of the length of the holding period, due to thed@n walk of the asset returns
[Kim, In 2005].

Figure 1. Estimated Wavelet Variance
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Multihorizon Sharpe ratios, wiskngretreasury bills asbenchmark, are
presented in table 3. The value of Sharpe raticeémh fund rises as the holding
period lengthens. The Sharpe ratio for a mixed fisnd.08 for the first wavelet
scale which is a 2- to 4-week period and incre&s@81.88 for the longest wavelet
scale 64- to 128-week period. We can conclude ttieatSharpe ratio is not time-
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consistent. So when the Sharpe ratio is appliead @erformance measure, then the
investment horizon should be take into account.

Table 3. Multihorizon Sharpe ratio in the period2€013

Scale MIXED STOCK BOND MONEY
Scale 1 -0.80 -0.50 0.45 0.56
Scale 2 1.67 -0.29 1.02 1.40
Scale 3 2.75 1.48 3.65 4.64
Scale 4 7.27 16.33 16.23 14.62
Scale 5 21.57 35.74 21.14 38.86
Scale 6 231.88 241.63 145.25 113.42

Source: Author’s calculation
SUMMARY AND REMARKS

Measuring the quality of portfolio management il sit the stage of
improvement and the search for objective measures/aluation of the results.
The importance of the idea of the quality managdérmasran important element in
the future prosperity of society in the contextasf aging population and the
associated challenges facing the pension systeraldsHme emphasized. It is
therefore important to pay attention to the quadihd relevance of the indicator
which is a commonly used measure of assessing thadityg of portfolio
management. Among these measures the most pomgds &harpe Ratio, which
is commonly used selectively for a single periodtiofie only. The study of
assessing the quality of the portfolio managemsatunultinorizon Sharpe Ratio.
The proposed measure of the effectiveness usedevaralysis to determine the
average excess returns and portfolio risk for detarof scales. The obtained
results show that it is important to take the itwent horizon into account, due to
the fact that for a variety of scales which wertaoted for the studied arrangement
of funds.

The results indicate that the variance of rateadfirn in analyzed funds
decline as the wavelet scale increases and thikesnhat an investor with a short
horizon reacts to every fluctuation in an obserxagd of return, while an investor
with a medium and long horizon, doesn'’t react tetihation in the long-run and
risk is significantly lower. Furthermore, the valoé Sharpe ratio for each fund
rises as the period holding lengthens, which insptieat the Sharpe ratio is not
time-consistent.
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