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Abstract: This study examines the contribution of realized higher moments extracted from high-frequency
data to portfolio optimization in an emerging equity market, with evidence from Borsa Istanbul. The analysis
is based on 11 highly liquid BIST stocks over the January 2018—December 2025 period and compares five
portfolio strategies: an equally weighted benchmark, daily-data-based mean—variance and mean—variance—
skewness—kurtosis portfolios, and their counterparts constructed from S5-minute high-frequency returns.
Portfolio weights are generated within a monthly rolling out-of-sample framework using polynomial goal
programming, which allows return, variance, skewness, and kurtosis targets to be considered simultaneously.
Risk-adjusted performance is evaluated with a time-varying risk-free rate derived from the Turkish two-year
benchmark government bond yield, while transaction costs are incorporated through monthly turnover. The
findings indicate that the daily-data-based MVSK portfolio produces the strongest overall performance in terms
of annualized return, Sharpe ratio, modified Sharpe ratio, and Sortino ratio. The high-frequency MVSK
portfolio improves performance relative to the high-frequency mean—variance portfolio and generates the
lowest maximum drawdown. However, its out-of-sample skewness and kurtosis remain weaker than those of
the daily MVSK portfolio. The results suggest that high-frequency realized higher-moment information offers
a selective and frequency-sensitive contribution to portfolio optimization in emerging equity markets. By
directly comparing daily and intraday higher-moment portfolio strategies within the same polynomial goal
programming framework, the study extends the existing higher-moment portfolio optimization literature by
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showing that the value of high-frequency realized moments is conditional on data frequency, performance
criterion, and portfolio constraints.

Keywords: Finance, emerging markets, Borsa Istanbul, high-frequency data, realized higher moments,
portfolio optimization, polynomial goal programming.

Oz: Bu caligma, yiiksek frekansh verilerden elde edilen gergeklesmis yiiksek momentlerin gelismekte olan bir
pay piyasasinda portfoy optimizasyonuna katkisini Borsa Istanbul 6rnegi iizerinden incelemektedir. Analizde
Ocak 2018—Aralik 2025 doneminde islem goren 11 likit BIST pay senedi kullanilmis ve esit agirlikli portfoy,
giinliik veriye dayali ortalama—varyans ve ortalama—varyans—¢arpiklik—basiklik portféyleri ile 5 dakikalik
yiiksek frekansl veriye dayali karsiliklar karsilastirilmistir. Portfoyler aylik rolling out-of-sample yapi1 i¢inde
polynomial goal programming yontemiyle olusturulmus, risk diizeltilmis performans 6l¢iitleri ise Tiirkiye iki
yillik gosterge tahvil faizinden tiiretilen zamanla degisen risksiz getiri serisi kullanilarak hesaplanmistir.
Bulgular, giinliik veriye dayalit MV SK portfoyiiniin yilliklandirilmig getiri, Sharpe orani, modifiye Sharpe orani
ve Sortino orani bakimindan en giiglii genel performans: iirettigini géstermektedir. Yiiksek frekansli MVSK
portfoyii, yiiksek frekansli ortalama—varyans portfoyiine kiyasla daha yiiksek getiri, daha iyi risk diizeltilmis
performans ve daha diisiik maksimum kayip saglamaktadir. Bununla birlikte, bu portfdyiin out-of-sample
carpiklik ve basiklik degerleri giinlik MVSK portfoyiine gore daha zayif kalmaktadir. Sonuglar, yiiksek
frekansli ger¢eklesmis yiiksek moment bilgisinin geligmekte olan piyasalarda portfoy tahsisine segici, frekansa
duyarlt ve kosullu bir katki sundugunu goéstermektedir. Calisma, giinliik ve giin i¢i yiiksek momentli portfoy
stratejilerini ayni polynomial goal programming g¢ercevesinde dogrudan karsilastirarak, yiiksek frekansli
gerceklesmis momentlerin katkisinin veri frekansina, performans olgiitine ve portfoy kisitlarina bagh
oldugunu gostermekte ve bu yoniiyle mevcut yiiksek momentli portfoy optimizasyonu literatiiriinii
genisletmektedir.

Anahtar Kelimeler: Finans, gelismekte olan piyasalar, Borsa Istanbul, yiiksek frekansli veri, gerceklesmis
yiliksek momentler, portfoy optimizasyonu.
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Structured Abstract

Portfolio optimization has traditionally been built on the mean—variance framework, which evaluates
investment decisions through expected return and variance-based risk. Although this framework remains
central to modern portfolio theory, it may be restrictive when asset returns display non-normal features such
as asymmetry, fat tails, volatility clustering, and extreme price movements. These characteristics are
particularly visible in emerging equity markets, where liquidity conditions, macro-financial uncertainty, and
sensitivity to global capital flows may amplify distributional risks. In such markets, portfolio allocation
decisions may require not only the first two moments of returns but also higher-order moments such as
skewness and kurtosis. This study aims to examine whether realized higher moments obtained from high-
frequency data contribute to portfolio optimization in Borsa Istanbul. More specifically, it evaluates whether
high-frequency information and higher-moment information provide separate and joint benefits for out-of-
sample portfolio performance.

The study is grounded in the higher-moment portfolio selection literature, which argues that investors
generally prefer higher expected return and positive skewness while seeking to reduce variance and kurtosis.
Earlier studies have shown that skewness and kurtosis can alter optimal portfolio compositions, especially
when returns deviate from normality. Multi-objective optimization and polynomial goal programming are
appropriate for this problem because they treat return, variance, skewness, and kurtosis as separate objectives
rather than compressing them into a single utility function. In addition, the realized volatility literature suggests
that intraday data contain richer information about return variation than daily closing prices. Extensions of this
literature show that realized skewness and realized kurtosis may also capture economically relevant features
of return distributions. However, empirical studies that directly use high-frequency realized higher moments
as inputs in portfolio optimization remain limited, especially for emerging equity markets such as Borsa
Istanbul.

The empirical analysis uses 11 liquid stocks traded on Borsa Istanbul: AKBNK, ASELS, BIMAS,
EREGL, GARAN, ISCTR, KCHOL, SAHOL, TCELL, THYAO, and TUPRS. The out-of-sample investment
period covers January 2018-December 2025, with December 2017 serving as the initial in-sample estimation
window. Two data frequencies are employed: daily closing returns and 5-minute intraday returns. Five
portfolio strategies are compared: the equally weighted portfolio, Daily-MV, Daily-MVSK, HF-MV-5min, and
HF-MVSK-5min. At the beginning of each month, portfolio weights are estimated using the previous month’s
data and are then held constant throughout the following month. Polynomial goal programming is used to
minimize normalized deviations from ideal moment targets. In the MV models, the objective includes return
and variance, while in the MVSK models it also includes skewness and kurtosis. Short selling is not allowed,
portfolio weights sum to one, and the main analysis applies a 30% maximum weight cap for each stock.
Transaction costs are deducted from monthly rebalancing turnover. Out-of-sample performance is evaluated
using net daily portfolio returns, annualized return, annualized volatility, Sharpe ratio, modified Sharpe ratio,
Sortino ratio, maximum drawdown, skewness, kurtosis, concentration measures, turnover, and block bootstrap
tests. Because the study relies on secondary financial market data and does not involve human participants,
surveys, interviews, experiments, or personal data, ethics committee approval is not required.

The empirical results show that the Daily-MVSK portfolio delivers the strongest overall performance
during the sample period. It achieves the highest annualized return and the highest values for the Sharpe,
modified Sharpe, and Sortino ratios. The portfolio also produces the least negative skewness and the lowest
kurtosis among the main strategies. These findings indicate that incorporating skewness and kurtosis into
portfolio optimization can improve the risk—return profile in Borsa Istanbul, particularly when moments are
estimated from daily data. For high-frequency portfolios, the HF-MVSK-5min strategy performs better than
HF-MV-5min in terms of annualized return, risk-adjusted performance, and maximum drawdown. This
suggests that realized higher moments derived from intraday data may contribute to downside-risk control and
portfolio allocation beyond variance-based information. However, the high-frequency MVSK portfolio does
not generate a superior out-of-sample distributional profile in terms of skewness and kurtosis. Its skewness
remains more negative and its kurtosis higher than those of the Daily-MVSK portfolio. This result implies that
high-frequency realized higher moments do not mechanically translate into more favorable daily out-of-sample
distributional characteristics. The block bootstrap tests further show that return differences are not statistically
significant at the 5% level, so the performance superiority observed for Daily-MVSK should be interpreted as
an economically meaningful sample-period result rather than statistically conclusive dominance. Robustness
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analyses based on 30-minute high-frequency returns and an alternative 20% weight cap show that the findings
are sensitive to sampling frequency and portfolio concentration constraints.

The study concludes that higher-moment portfolio optimization has practical relevance for Borsa
Istanbul and that high-frequency realized higher-moment information provides a conditional contribution to
emerging-market portfolio allocation. The strongest evidence is obtained for the daily-data-based MVSK
portfolio, while the high-frequency MVSK strategy is most useful when compared with the high-frequency
mean—variance benchmark. The results suggest that investors and portfolio managers should evaluate high-
frequency data not only through variance and covariance estimates but also through distributional risk
measures, transaction costs, maximum drawdown, and portfolio concentration. Future research may extend the
analysis by using broader stock universes, alternative sampling intervals, noise-robust realized moment
estimators, direct co-skewness and co-kurtosis measures, and different multi-objective optimization methods.

Keywords: Finance, emerging markets, Borsa Istanbul, high-frequency data, realized higher
moments, portfolio optimization, polynomial goal programming.

cé}:vd\ =) JMC}AJM"’MY\ Q\J\ﬁé@gﬂ\ s«w\_.\ﬂ\_.):u)'idl» JU:\ ‘_A\ U.\,ﬂs; A )Lyl J:B\A.A\u,_ma.\m\ Lalldal
el Lanie 1 (555 38 45l V) cdipaal) 2 jlaiin ) adlal) Ay 55 3 U sae J) 30 Y YY) s of e s ol e Aalall il
oaibadll ol Aty A8 jhaiall Ay jead) S jaill 5 ecnllinl) JiS5 5 ecliandl Gl 5« Blaill are Jie dpmpla e (aibad Jsal) 2l s
Lallad) Jlall (ol 5 i sl dpuboall 5 ¢ S el ) aae 5 A ol Cag oyl o35 38 . AL agul) (3l gl (8 Ll Sy
Wl dy el o) (g ol 91 (idanll) Jad pal 3dadaal) (apadd <l ) 58 callati a8 ¢(3) gul) oda Jin 85 a5t Hhalie aviaai )
Alle bl (e sacinwl) il Ao ) cllaalll culS 13 Lo and ) Al jall o3a Cangd ol g cal iVl Jie e f sy (e cillaal
Gla slas g 2353 Aglle Cla sbeall S 1) Lo Al all i elpans ST IS5 Jsaidans) duay 5y 8 Adadaall (a3 aalis o 5l
Lgall 7 Hla Aadaall ¢1oY AS jidia g Aliadie 3l 8 i 55 AoV cilaalll,

Osbiady i) O 3 5 ¢ A claalll e 2l & laiiny) ilaal) Ll dilia) il ) du il s
Gl ¥ o A sl j3 & yelal 8 B0y Gl Qs ) i gl 3l e cLilag) W jadl s e Bl sia 13l U gae
Aae g Bl Yl oaie Cpaill aad anhall w56l e 2l gad) Co e Levie dala ¢l Lablaall il oS5 ) jang o S 3530
Gadia a8 Lpacn (e Yoy Aliadic Calaal€ Coaaiill g ol jai¥) g bl o ailall Dlalay LegaY A0aal 3gd punalia 3 saall 3aseia Calaall
Slall s Jsn 3155 ST Cllaglan e (5 sint ol SO clilall o S gisal) il ddbeiall cilpad) adi ol LY ZiLaYl sasl g
Uia @ e W aiily 98 Lail) Coailly el Galpai¥) o ciluad) o & Clas sl elsfy dua gl Y ey 4 lae
e 8 RS 23 il Ale Abeil) kel cillaall 5 pilie adaiod il A el il 5all 155 Y clld gas iball ey il dpaliasi)
Ui a5 Jie 250 agu) (31 sud Al ala 33 sana Aadadll,

Joihan) dum g (A Led o) b SULu Legas 11 uoadll daladll aadiey: AKBNK¢ ASELS¢ BIMAS¢< EREGL«
GARAN:¢ ISCTR¢« KCHOL¢« SAHOL¢ TCELL¢ THYAO¢ sTUPRS. il (e 5l Al 7 HlA Laiiad) 3 5 laas
2018 @MY dilse clilall i1 55 (e (e 53 aladid o5y Aigall Ja1a 40530 008 830 2017 Lsemsd Jliie) ge <2025 sensd S
5 o5 siiall e il il Andnal cAlainall Ciln ) i) (ued 4 jlie o3 38 5 JS sl A Jlaill 23 se 5 A sl Daily-M Ve
sDaily-MVSK¢ sHF-MV-5min¢ sHF-MVSK-5min. Gl el il alastoly Alaisal ol 5 s) 5 ol ¢ el IS gl e
gl b A cllaalll Cilaal oo Ay jlnal) il yaiy) Qi o gand) aseie Aagll dse sl aadid | Il jedl) J)sha 4305 I
MV 3l b Lt el 5 2iladl Corgd) Jads MVSK 05l g sanass o piSal o aull ans Y il 5 sl e Uil ity
el Jgaill ans e o ebaal) Gl auadd agas JST 9430 sy 050 oasidl 135 o)1) il ks 5 cla) 5 (5 gy Adninal)
Aty el A 5 e siaal) il ¢g siad) 2ilall 5 Aainall A lall da sall 290 gall laiinly Lisall o Sl el ai iy o 5) 5l sale Y
k_ll):\.uﬁ).d\ t"_\‘)l_.l:\i‘j ‘L.J‘J}J\ d.\:.A} 6);\5)3\ u&:\:\\.&&\} u._l_‘tsﬂ‘} ‘L_Q‘)AJY\} ‘G.sagi}” ua\.ﬁ;.l‘}“} S#J}u 5\..\”3) dlaxall k._IJLﬁ:
et o OLlEe ol e DRt o Gy (S lie et Vs Al ) s (e A il by e adiad Al all oY 15ty daaadd)
CLEMAY) Aial 488 0 o Jseanl) a3k Dl dpads clily .

idaina of el i) el Daily-MVSK ey 55t dle el Gind b Auall 558 DA Jlaa) elaf (5 8 (383

e A 1 bl SN (o8 00 5 s il 8T il i LeS | i ) pas a5 el o)l a5 el ol a8
L35 Laie Lagas Y« saihans] By 50 8 2iladl 5 alacall il Gy 0 Sy Adaiaall (ppaan 8 (G s 5 il i) man (o ) eilial) o3a
i)yl G 2351l Mo Jghall Jadlaal dpnsilly e sl Ll (g0 Saalll HE-MVSK-5min 4 sisl (e Juadl 131 (355 HF-
MV-5min saisell d8aall e 31 claalll o ) 138 by s ) (aliail) g o lalial) s Jeall ela¥1 5 ¢s sinad) 2ilall Gum (g0
Ol eelld ey bl e Al il slaal) ) glay Lag Adaiaal) Ganadis o sgd) shlie b aSaill g aged 38 sl O Ll e
idsine MVSK (e Leis s dubu S iy Ledl jaild u gl 5 ol asV) Cum (o Aal) )18 8 giia Gy 55 i 213 Y a5l Alle
Unis ey Lalall @lli e Daily-MVSK. paibad () WAL an 55 Y Il 0 il 3 diaall oY) cllaalll of ) dagill a0
5 e Yo Afilan] AV b ol el (3558 ol Aranall ol i sl o jlial el LS sl ST Al A Raa g Amy 3 58

Turkish Studies — Economics, Finance, Politics 21(O1)



High-Frequency Realized Higher Moments and Portfolio Optimization... 761

57 wh;ﬂdﬂ\c\fy‘@dﬂ\ G:.u.alﬂDallyMVSKwud}uﬂ|a)4ﬂtsdm‘d)uubmm\és
u|%20m¢mu)Jmu}ma3odSn).diéLc Jolaill i ge ) sasicead) bl cdldad jelad Aslas ) dualill e dakild
Aadaall 38 55358 5 i) 221 a0 53 Al b,

Al e slaall 5 5 ¢ saiban) daa ) gl Al Aalae Apaaf A oY) cullaadl) cld dasadl) Cpaad of ) Lad jall (alis

il sl e Jgeaall a2y 20l (3 sul) Alaiae panadl b Ak pie el pafi 205l e Jslaill 8 e ) claadl) el

dadad Ay MVSK daail jisl of (a8 e sal) i) e 0@l MVSK ey Wi jlie die 323 ST () 65 20 5l dle

dbwh&&u&ﬂdd‘)ﬂ\‘\_ﬁb uhﬂ\ﬁm&M\@}M}wM\éﬁwm\é\@u\ ).\u.\_, JJJ.\S\ uJLr_ u.\Luj\_.lau}.\Aﬂ

@u_’.}.\ﬂ w\).:S‘).:_ss‘faﬂ\(\uau;:ybsulﬁxw\uﬂ&js@)}ﬂ\ Jk&wmdhwhm\das}buh}wu\u\}&

Lo glial) dliaall cUaalll of )34y Al e 23T @l iy ael) o aul Cle gana ladinly Qi ey Al Gyl
Aaliae Calaal) saamia (a3 kg 68 iliall @l il (e ssil) 5 @ jidiall Cal i) unlia g celia gall,

USR] Ol ¢daaaall qu_Y\ cilaatl) sdd)ﬂ\ A:JL;: C"_:U_)J\ sd}.\.\h.m‘\ :\.;a‘)_,.: cdakull é\,..d\ ‘U\.‘J\ ;1._:;135.‘3\ RAPNIS(P
2 saal) saamie Calaaty) daa .

Résumé Structuré

L’optimisation de portefeuille repose traditionnellement sur le cadre « moyenne-variance », qui évalue
les décisions d’investissement a travers le rendement attendu et le risque basé sur la variance. Bien que ce cadre
reste au cceur de la théorie moderne du portefeuille, il peut s’avérer restrictif lorsque les rendements des actifs
présentent des caractéristiques non normales telles que 1’asymétrie, les queues épaisses, le regroupement de la
volatilité et les fluctuations extrémes des cours. Ces caractéristiques sont particuliérement visibles sur les
marchés boursiers émergents, ou les conditions de liquidité, I’incertitude macrofinanciére et la sensibilité aux
flux de capitaux mondiaux peuvent amplifier les risques de distribution. Sur de tels marchés, les décisions
d’allocation de portefeuille peuvent nécessiter non seulement les deux premiers moments des rendements, mais
aussi des moments d’ordre supérieur tels que I’asymétrie et le kurtosis. Cette étude vise a examiner si les
moments d’ordre supérieur réalisés, obtenus a partir de données haute fréquence, contribuent a 1’optimisation
des portefeuilles a la Borsa Istanbul. Plus précisément, elle évalue si les informations a haute fréquence et
celles relatives aux moments d’ordre supérieur apportent des avantages distincts et conjoints a la performance
hors échantillon des portefeuilles.

Cette étude s’appuie sur la littérature consacrée a la sélection de portefeuilles en fonction des moments
d’ordre supérieur, qui soutient que les investisseurs préférent généralement un rendement attendu plus élevé et
une asymétrie positive, tout en cherchant a réduire la variance et le kurtosis. Des études antérieures ont montré
que I’asymétrie et le kurtosis peuvent modifier la composition optimale des portefeuilles, en particulier lorsque
les rendements s’écartent de la distribution normale. L’optimisation multi-objectifs et la programmation par
objectifs polynomiaux sont adaptées a ce probléme, car elles traitent le rendement, la variance, 1’asymétrie et
le kurtosis comme des objectifs distincts plutdt que de les regrouper en une seule fonction d’utilité. De plus, la
littérature sur la volatilité réalisée suggére que les données intrajournaliéres contiennent des informations plus
riches sur la variation des rendements que les cours de cloture quotidiens. Des extensions de cette littérature
montrent que 1’asymétrie réalisée et le kurtosis réalisé peuvent également refléter des caractéristiques
économiquement pertinentes des distributions de rendement. Cependant, les études empiriques qui utilisent
directement les moments supérieurs réalisés a haute fréquence comme données d’entrée dans 1I’optimisation de
portefeuille restent limitées, en particulier pour les marchés boursiers émergents tels que la Borsa Istanbul.

L’analyse empirique porte sur 11 actions liquides négociées a la Borsa Istanbul : AKBNK, ASELS,
BIMAS, EREGL, GARAN, ISCTR, KCHOL, SAHOL, TCELL, THYAO et TUPRS. La période
d’investissement hors échantillon couvre janvier 2018 a décembre 2025, décembre 2017 servant de fenétre
d’estimation initiale dans 1’échantillon. Deux fréquences de données sont utilisées : les rendements de cloture
quotidiens et les rendements intrajournaliers toutes les 5 minutes. Cinq stratégies de portefeuille sont
comparées : le portefeuille a pondération égale, Daily-MV, Daily-MVSK, HF-MV-5min et HF-MVSK-5min.
Au début de chaque mois, les pondérations du portefeuille sont estimées a partir des données du mois précédent,
puis maintenues constantes tout au long du mois suivant. La programmation par objectifs polynomiale est
utilisée pour minimiser les écarts normalisés par rapport aux cibles de moments idéaux. Dans les modeles MV,
I’objectif inclut le rendement et la variance, tandis que dans les modeles MVSK, il inclut également I’asymétrie
et le kurtosis. La vente a découvert n’est pas autorisée, la somme des pondérations du portefeuille est égale a
un, et I’analyse principale applique un plafond de pondération maximal de 30 % pour chaque action. Les cofits
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de transaction sont déduits du taux de rotation mensuel 1i¢ au rééquilibrage. La performance hors échantillon
est évaluée a ’aide des rendements quotidiens nets du portefeuille, du rendement annualisé, de la volatilité
annualisée, du ratio de Sharpe, du ratio de Sharpe modifié, du ratio de Sortino, de la baisse maximale, de
I’asymétrie, de 1’aplatissement, des mesures de concentration, du taux de rotation et des tests de bootstrap par
blocs. Etant donné que I’étude s’appuie sur des données issues des marchés financiers secondaires et
n’implique pas de participants humains, d’enquétes, d’entretiens, d’expériences ou de données a caractére
personnel, I’approbation d’un comité d’éthique n’est pas requise.

Les résultats empiriques montrent que le portefeuille Daily-MVSK affiche la meilleure performance
globale sur la période d’échantillonnage. Il atteint le rendement annualisé le plus élevé ainsi que les valeurs les
plus élevées pour les ratios de Sharpe, de Sharpe modifi¢ et de Sortino. Ce portefeuille présente également
I’asymétrie la moins négative et la kurtosis la plus faible parmi les principales stratégies. Ces résultats indiquent
que I’intégration de 1’asymétrie et de la kurtosis dans I’optimisation de portefeuille peut améliorer le profil
risque-rendement a la Borsa Istanbul, en particulier lorsque les moments sont estimés a partir de données
quotidiennes. Pour les portefeuilles a haute fréquence, la stratégie HF-MVSK-5min affiche de meilleures
performances que la stratégie HF-MV-5min en termes de rendement annualisé, de performance ajustée au
risque et de baisse maximale. Cela suggére que les moments supérieurs réalisés, dérivés des données
intrajournaliéres, peuvent contribuer a la maitrise du risque de baisse et a 1’allocation du portefeuille au-dela
des informations basées sur la variance. Cependant, le portefeuille MVSK a haute fréquence ne génére pas de
profil de distribution hors échantillon supérieur en termes d’asymétrie et de kurtosis. Son asymétrie reste plus
négative et son kurtosis plus élevé que ceux du portefeuille Daily-MVSK. Ce résultat implique que les moments
supérieurs réalisés a haute fréquence ne se traduisent pas mécaniquement par des caractéristiques de
distribution quotidiennes hors échantillon plus favorables. Les tests de bootstrap par blocs montrent en outre
que les différences de rendement ne sont pas statistiquement significatives au niveau de 5 % ; la supériorité de
performance observée pour le portefeuille Daily-MVSK doit donc étre interprétée comme un résultat
économiquement significatif sur la période d’échantillonnage plutdt que comme une dominance
statistiquement concluante. Des analyses de robustesse basées sur des rendements haute fréquence a 30 minutes
et un plafond de pondération alternatif de 20 % montrent que les résultats sont sensibles a la fréquence
d’échantillonnage et aux contraintes de concentration du portefeuille.

L’étude conclut que I’optimisation de portefeuille 8 moments supérieurs présente un intérét pratique
pour la Borsa Istanbul et que les informations sur les moments supérieurs réalisés en haute fréquence apportent
une contribution conditionnelle a 1’allocation de portefeuille sur les marchés émergents. Les résultats les plus
probants sont obtenus pour le portefeuille MVSK basé sur des données quotidiennes, tandis que la stratégie
MVSK a haute fréquence s’avére la plus utile lorsqu’elle est comparée a 1’indice de référence « moyenne-
variance » a haute fréquence. Les résultats suggérent que les investisseurs et les gestionnaires de portefeuille
devraient évaluer les données a haute fréquence non seulement a travers des estimations de variance et de
covariance, mais également a travers des mesures de risque distributionnel, les cotts de transaction, la baisse
maximale et la concentration du portefeuille. De futures recherches pourraient étendre cette analyse en utilisant
des univers d’actions plus larges, des intervalles d’échantillonnage alternatifs, des estimateurs de moments
réalisés robustes au bruit, des mesures directes de co-asymétrie et de co-kurtosis, ainsi que différentes méthodes
d’optimisation multi-objectifs.

Mots-clés: Finance, marchés émergents, Borsa Istanbul, données haute fréquence, moments
supérieurs réalisés, optimisation de portefeuille, programmation par objectifs polynomiaux.

Resumen Estructurado

La optimizacion de carteras se ha basado tradicionalmente en el marco de media-varianza, que evalua
las decisiones de inversion a través de la rentabilidad esperada y el riesgo basado en la varianza. Aunque este
marco sigue siendo fundamental para la teoria moderna de carteras, puede resultar restrictivo cuando las
rentabilidades de los activos presentan caracteristicas no normales, como asimetria, colas gruesas,
agrupamiento de la volatilidad y movimientos extremos de los precios. Estas caracteristicas son especialmente
evidentes en los mercados de renta variable emergentes, donde las condiciones de liquidez, la incertidumbre
macrofinanciera y la sensibilidad a los flujos de capital globales pueden amplificar los riesgos distributivos.
En dichos mercados, las decisiones de asignacion de carteras pueden requerir no solo los dos primeros
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momentos de los rendimientos, sino también momentos de orden superior, como la asimetria y la curtosis. El
presente estudio tiene como objetivo examinar si los momentos superiores realizados, obtenidos a partir de
datos de alta frecuencia, contribuyen a la optimizacion de carteras en la Borsa de Estambul. Més concretamente,
evalua si la informacion de alta frecuencia y la informacién de momentos de orden superior aportan beneficios
tanto por separado como de forma conjunta al rendimiento de la cartera fuera de la muestra.

El estudio se basa en la bibliografia sobre seleccion de carteras basada en momentos de orden superior,
que sostiene que los inversores suelen preferir una rentabilidad esperada mas elevada y una asimetria positiva,
al tiempo que buscan reducir la varianza y la curtosis. Estudios anteriores han demostrado que la asimetria y
la curtosis pueden alterar las composiciones optimas de las carteras, especialmente cuando las rentabilidades
se desvian de la normalidad. La optimizacion multiobjetivo y la programacion polinémica de objetivos son
adecuadas para este problema, ya que tratan la rentabilidad, la varianza, la asimetria y la curtosis como
objetivos independientes, en lugar de comprimirlos en una unica funcion de utilidad. Ademas, la bibliografia
sobre volatilidad realizada sugiere que los datos intradia contienen informacién mas rica sobre la variacion de
la rentabilidad que los precios de cierre diarios. Las ampliaciones de esta bibliografia muestran que la asimetria
y la curtosis realizadas también pueden captar caracteristicas economicamente relevantes de las distribuciones
de los rendimientos. Sin embargo, los estudios empiricos que utilizan directamente los momentos superiores
realizados de alta frecuencia como datos de entrada en la optimizacion de carteras siguen siendo limitados,
especialmente para mercados de renta variable emergentes como Borsa Istanbul.

El analisis empirico utiliza 11 acciones liquidas que cotizan en Borsa Istanbul: AKBNK, ASELS,
BIMAS, EREGL, GARAN, ISCTR, KCHOL, SAHOL, TCELL, THYAO y TUPRS. El periodo de inversion
fuera de la muestra abarca de enero de 2018 a diciembre de 2025, siendo diciembre de 2017 la ventana de
estimacion inicial dentro de la muestra. Se emplean dos frecuencias de datos: rentabilidades de cierre diarias y
rentabilidades intradia de 5 minutos. Se comparan cinco estrategias de cartera: la cartera ponderada por igual,
Daily-MV, Daily-MVSK, HF-MV-5min y HF-MVSK-5min. A principios de cada mes, las ponderaciones de
la cartera se estiman utilizando los datos del mes anterior y, a continuacion, se mantienen constantes durante
todo el mes siguiente. Se utiliza la programaciéon polinémica de objetivos para minimizar las desviaciones
normalizadas respecto a los objetivos de momentos ideales. En los modelos MV, el objetivo incluye la
rentabilidad y la varianza, mientras que en los modelos MVSK también incluye la asimetria y la curtosis. No
se permiten las ventas en corto, la suma de las ponderaciones de la cartera es igual a uno y el analisis principal
aplica un limite maximo de ponderacion del 30 % para cada accion. Los costes de transaccion se deducen de
la rotacion mensual del reequilibrio. El rendimiento fuera de la muestra se evalua utilizando las rentabilidades
netas diarias de la cartera, la rentabilidad anualizada, la volatilidad anualizada, el ratio de Sharpe, el ratio de
Sharpe modificado, el ratio de Sortino, la caida maxima, la asimetria, la curtosis, las medidas de concentracion,
la rotacion y las pruebas de bootstrap por bloques. Dado que el estudio se basa en datos secundarios de los
mercados financieros y no implica participantes humanos, encuestas, entrevistas, experimentos ni datos
personales, no se requiere la aprobacion de un comité de ética.

Los resultados empiricos muestran que la cartera Daily-MVSK ofrece el mejor rendimiento global
durante el periodo de la muestra. Alcanza la mayor rentabilidad anualizada y los valores mas altos para los
indices de Sharpe, de Sharpe modificado y de Sortino. La cartera también presenta la menor asimetria negativa
y la menor curtosis entre las principales estrategias. Estos resultados indican que la incorporacion de la
asimetria y la curtosis en la optimizacion de la cartera puede mejorar el perfil de riesgo-rentabilidad en la Borsa
de Estambul, especialmente cuando los momentos se estiman a partir de datos diarios. En el caso de las carteras
de alta frecuencia, la estrategia HF-MVSK-5min obtiene mejores resultados que la HF-MV-5min en términos
de rentabilidad anualizada, rendimiento ajustado al riesgo y caida maxima. Esto sugiere que los momentos
superiores realizados derivados de datos intradia pueden contribuir al control del riesgo a la baja y a la
asignacion de la cartera mas alla de la informacion basada en la varianza. Sin embargo, la cartera MVSK de
alta frecuencia no genera un perfil de distribucion fuera de la muestra superior en términos de asimetria y
curtosis. Su asimetria sigue siendo mas negativa y su curtosis mas elevada que las de la cartera Daily-MVSK.
Este resultado implica que los momentos superiores realizados de alta frecuencia no se traducen
mecanicamente en caracteristicas distributivas diarias fuera de la muestra mas favorables. Las pruebas de
bootstrap por bloques muestran ademas que las diferencias de rentabilidad no son estadisticamente
significativas al nivel del 5 %, por lo que la superioridad en el rendimiento observada para la cartera Daily-
MVSK debe interpretarse como un resultado economicamente significativo del periodo de la muestra, mas que
como un dominio estadisticamente concluyente. Los andlisis de robustez basados en los rendimientos de alta
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frecuencia a 30 minutos y en un limite de ponderacion alternativo del 20 % muestran que los resultados son
sensibles a la frecuencia de muestreo y a las restricciones de concentracion de la cartera.

El estudio concluye que la optimizacion de carteras de momentos superiores tiene relevancia practica
para la Borsa de Estambul y que la informacién sobre momentos superiores realizada en alta frecuencia aporta
una contribucion condicional a la asignacion de carteras en mercados emergentes. La evidencia mas so6lida se
obtiene para la cartera MVSK basada en datos diarios, mientras que la estrategia MVSK de alta frecuencia
resulta mas til cuando se compara con el indice de referencia de media-varianza de alta frecuencia. Los
resultados sugieren que los inversores y los gestores de carteras deberian evaluar los datos de alta frecuencia
no solo a través de estimaciones de varianza y covarianza, sino también mediante medidas de riesgo
distributivo, costes de transaccion, caida maxima y concentracion de la cartera. Las investigaciones futuras
podrian ampliar el analisis utilizando universos de valores mas amplios, intervalos de muestreo alternativos,
estimadores de momentos realizados robustos al ruido, medidas directas de cosimetria y cocurtosis, y diferentes
métodos de optimizacion multiobjetivo.

Palabras clave: Finanzas, mercados emergentes, Borsa Istanbul, datos de alta frecuencia, momentos
superiores realizados, optimizacién de carteras, programacion polindmica de objetivos.
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CrpykrypupoBannoe Pesome

Onrumuzanust mopTdens TpagUuIHOHHO OCHOBBIBACTCSI HA MOJIEIH «CpellHEe-ANCIIEPCUs», B paMKax
KOTOPOH WHBECTHUIOHHBIE PEIICHHUsS OIEHHBAIOTCS C Y4YETOM OXKHIAeMOW JOXOJHOCTH M PpHCKa,
OTIpEZIEeIIEMOr0 TUcTIepcrel. XO0Ts 3Ta MOJIeINb MO-TIPEXKHEMY 3aHUMAET IEHTPAIbHOE MECTO B COBPEMEHHOM
Teopuu noptders, OHa MOXKET OKa3bIBaTh O'PAHUYMBAIOLIEE BIMSHHUE B CIIy4asX, KOTJa J0XOIHOCTh aKTHBOB
JEMOHCTPHPYET HEHOPMAJIbHBIE XapaKTePUCTUKH, TaKWe KaK AaCHUMMETPHs, «TOJICTBIE XBOCTBD»,
KJIaCcTepHU3alysl BOJATHIBHOCTH U JIKCTPEMallbHbIE LIEHOBBIE KOJEOaHUs. DTH XapaKTePUCTHKH OCOOEHHO
3aMETHbl Ha pa3BUBAIOUIMXCS (OHIOBBIX pBIHKAX, TJ€ YCJIOBUS JIMKBHIHOCTH, MakKpo(hUHAHCOBas
HEOIPEIeICHHOCTh M UYYBCTBUTENBHOCTh K IJIOOANBHBIM MOTOKaM KallUTaja MOTYT YCHJIMBAaTh PHCKH,
CBSI3aHHBIE C paclpe/ieJIeHUeM JJOX0AHOCTH. Ha Takux phIHKaxX peuieHus 0 pachpeselieHud nopTgess MOryT
TpeboBaTh y4eTa He TOJIBKO MEPBHIX JBYX MOMEHTOB JOXOJHOCTH, HO 1 MOMEHTOB 00Jiee BEICOKOTO MOPSIIKA,
TaKMX KaK acUMMeTpHus W 3Kciecc. Llenp maHHOro uccienoBaHWst — IPOBEPHUTH, CHOCOOCTBYIOT JIH
peann3oBaHHBIE MOMEHTHI 0oJiee BBHICOKOTO MOPSJIKA, ITOJyYeHHbIE Ha OCHOBE BBHICOKOYACTOTHBIX JAHHBIX,
onTuMu3anuy noprdenst Ha 6upxke «bopca CramOym». B wactHOCTH, B HEM OLIEHWBAETCsI, 0OECIICUNBAIOT JIH
BBICOKOYACTOTHast HHpOpManus ¥ WHPOPMAIMA O MOMEHTaX BBICILIETO IMOPSIKA OTACNIbHBIE U COBMECTHBIE
NPEerMYIIECTBa AJIsl Pe3YJIbTATUBHOCTHU MOPTQEIs BHE BEIOOPKH.

HccnenoBaHue OCHOBaHO Ha JUTEpaType MO BbIOOPY HOpTdenei ¢ yd6TOM MOMEHTOB BBICIIETO
MOpsiIka, B KOTOPOH YyTBEPXKIAETCS, YTO WHBECTOPHI, KaK IPaBHJIO, MHPEANOYUTAIOT OoJjiee BBICOKYIO
OXKH/IaeMYI0 JOXOJHOCTb W TOJOXHUTEIBHBIH ACHMMETPUYHBI MOMEHT, CTPEMSCh NPH 3TOM CHH3HTH
JHCIIEPCHIO U 3KcLiecc. PaHee MpoBeieHHbIE NCCIIE0BaHNS OKA3aJIH, YTO ACHMMETPUYHBIN MOMEHT U 9KCIIECC
MOTYT U3MEHSTh ONTHMAIBHBIA COCTaB MOPT)Es, 0COOEHHO KOT/Ia TOXOJHOCTh OTKIOHIETCS OT HOPMAJIBHOTO
pacnpeneneHus. [ns pemeHus 3To 3aiaud MOAXOAST MHOTOLENEBas ONTUMM3ALMA U MOJIMHOMUAIIBHOE
IpOrpaMMHUpPOBAHME LE€NeH, MOCKONBbKY OHH PacCMaTpUBAIOT JOXOJHOCTb, AUCIEPCHIO, ACUMMETPUIO U
9KCIIECC KaK OTEIbHBIC 1IEJH, a He CBOAAT MX B €AMHYIO QyHKIHIO Tosie3HOCTH. Kpome Toro, nureparypa 1o
peann30BaHHON BOJATHIBHOCTH YKa3blBaeT Ha TO, YTO BHYTPHIHEBHBIC JaHHBIE COJEpKaT Oosee Ooraryro
nH(OpMaLUIo 0 KOJIEOAHUSIX JOXOIHOCTH, YEM IHEBHBIC IIEHBI 3aKPBITHA. PacMpeHus 3TUX HCciiel0BaHUH
MOKAa3bIBAIOT, YTO PealM30BaHHAs aCUMMETPHUsS U peaau30BaHHAasl IKCIIECCUBHOCTh TaKXKe MOTYT OTpaXKaTb
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9KOHOMHYECKH 3HAYMMBbIe OCOOCHHOCTH pacipeesieHui 1oxoqHocTH. OJHaKO SMIIMPHYECKUE HCCIIEA0BaHM,
B KOTOPBIX BBICOKOYACTOTHBIC PEAM30BAHHBIC BBHICIIHE MOMEHTHI HEIOCPEACTBEHHO HCIONB3YIOTCSA B
KauecTBEe BXOAHBIX JAHHBIX HPH ONTHUMHU3ALMH MOPTQENs, MO-IPEKHEMY HOCAT OrpaHHYCHHBIH XapakTep,
0CcOOEHHO B OTHOIICHNH pa3BUBAIOMINXCS (DOHIOBBIX PHIHKOB, TAaKHX Kak Borsa Istanbul.

B smmmpudeckoM aHaimM3e HCIONB3YIOTCA |1 JIHKBUAHBIX akIMid, TOPTyeMbIX Ha Ompke «Borsa
Istanbul»: AKBNK, ASELS, BIMAS, EREGL, GARAN, ISCTR, KCHOL, SAHOL, TCELL, THYAO u
TUPRS. Ilepron nHBeCTHpOBaHUS BHE BEIOOPKH OXBaThIBaeT nepros ¢ stHBaps 2018 rona no nexadps 2025
rozaa, mpu 3ToM Jekabpb 2017 roga ciry>KUT HadaJbHBIM OKHOM OLIEHKH BHYTpH BbIOOpKH. Mcmomnb3yroTes
JlaHHbIE JBYX YpPOBHEH JeTanu3aluy: [JHEBHbIE JOXOJHOCTH IO LEHE 3aKpbITHs U S-MHUHYTHBIE
BHYTPHU/IHEBHBIE J0XOJHOCTH. CpaBHUBAIOTCS ISATh MOPT(QENBHBIX CTpaTeruii: paBHOBECOBOH MOpT(dens,
Daily-MV, Daily-MVSK, HF-MV-5min 1 HF-MVSK-5min. B Hawane kaxmoro mecsa Beca moptdens
OILICHUBAIOTCS HA OCHOBE JAaHHBIX MPEABIAYIEro Mecsla U 3aTeM OCTalTCsl HEM3MEHHBIMU B TEUCHHUE BCETO
clenyoouero Mecsna. s MUHIMHA3alui HOPMaJIN30BaHHBIX OTKJIOHEHHH OT LIENIEBBIX 3HAYEHUH HIEaIbHBIX
MOMEHTOB HCTIOJIb3YEeTCS MOIMHOMHAIBHOE IIEJIEBOE MIporpaMMupoBanue. B mogemsix MV meneBas GyHKIusA
BKIIIOYAeT JOXOAHOCTb M JUCIEPCHIO, Toraa Kak B Mozenax MVSK oHa Taxkike BKIIIOYAaeT aCUMMETPUIO U
skcnecc. KopoTkas nmpopaxxka He IOMycKaeTcsl, CcyMMa BecOB OpT(esisi paBHA €ANHHIE, @ B OCHOBHOM aHAIN3e
NPUMEHSETCS. OrpaHUYEHNe MaKCUManbHOro Beca B 30 % [uid kaxaoil akuuu. TpaH3aKIHUOHHBIE U3AEPIKKH
BBIYHUTAIOTCS U3 000POTa NPH €XEMECSTYHOHN pebdaaHCHpoBKe. Pe3yibTaTHBHOCTS BHE BHIOOPKH OIICHUBACTCS
C HCITOJIb30BAHUEM YUCTOHN THEBHOM JOXOJHOCTH MOPT(dEs, ro0BOM JOXOIHOCTH, TOIOBOI BOJATUILHOCTH,
ko3¢p¢unuenta Ilapma, wmoaudpuuupoBanHoro xodpduuuenta Illapma, kosdpdunmuenra CoprHHO,
MaKCHMaJIbHOTO MPOCaKH, ACUMMETPHH, IKCLIecca, IoKa3aTeeil KOHIIEHTpalii, 000poTa U TECTOB OJIOYHOTO
OyTctpana. IIoCKOJBKY HCCIIEIOBAHUE OCHOBAHO HAa BTOPUYHBIX JaHHBIX (DMHAHCOBOIO pBIHKA U HE
IpeJronaraeT y4acTus JIIOAeH, OlpOCOB, HHTEPBHIO, IKCIEPUMEHTOB MM HCIIOJIB30BaHUS MEPCOHATIBHBIX
JaHHBIX, 0TOOpEHNEe KOMUTETA 0 3THKE HE TPeOyeTcsl.

OMIUpUIECKUe Pe3yIbTaThl IOKA3kIBAIOT, 4To opTdhens Daily-MVSK neMoHCTpHpYeT HAMTy Iy o
00IIyI0 JOXOTHOCTh B T€UEHHE Meprona BHIOOpKH. OH JOCTHraeT caMoil BBICOKOM TOJJOBOH JOXOJHOCTH M
HanOonpInX 3HadeHui ko3¢ duuuentoB lllapma, moandunuposanHoro Ilapna u CoptuHo. Kpome Toro,
Cpean OCHOBHBIX CTpPAaTeruii 3TOT NOPTQeTh XapaKTepu3yeTcsl HAMMEHBIIECH OTPULIATEIbHOW aCUMMETpHEH 1
HaMMEHBIIIEH 3KCLECCUBHOCTHIO. DTH PE3yJIbTATHl YKa3bIBAIOT Ha TO, YTO YUET ACUMMETPHH M SKCIIECCUBHOCTH
NpU ONTUMM3ALKMK TOPTQEST MOXKET YJIYUIIUTh NMPOQHIb «PUCK—IOXOJHOCT» Ha Oupke Borsa Istanbul,
0COOEHHO KOTJ]a MOMEHTHI OIICHUBAIOTCS] HA OCHOBE €)KE/IHEBHBIX JaHHBIX. UTO KacaeTcsi BBICOKOUACTOTHBIX
noprdeneii, crpaterus HF-MVSK-5min nemoncTpupyer syumiue pesynbrarsl, yeM HF-MV-5min, ¢ Touku
3peHHst TOAOBOW JOXOAHOCTH, JOXOJHOCTH C TOMNPABKOM Ha PHCK M MaKCHMAaJbHOTO IIPOCAIKU. OTO
CBHUJIETENICTBYET O TOM, YTO PEAM30BAHHBIC BHICIINE MOMEHTHI, IIOJTy4YE€HHBIE HA OCHOBE BHYTPHUIHEBHBIX
JAaHHBIX, MOTYT CIIOCOOCTBOBAaTh KOHTPOJIO PHCKAa MAJCHUS M paCIpeNeleHHI0 aKTHBOB B MOpTdere B
JIOTIONTHEHHE K WH(OpMAIH, OCHOBaHHOW Ha aucriepcud. OIHAKO BRICOKOYACTOTHBIN mopTdens MVSK He
JIEMOHCTPHPYET NPEBOCXOAHOTO HPO(WIA paclpeneseHNs] BHE BBIOOPKH C TOUKH 3PEHHS aCUMMETPUH H
skcnecca. Ero acummerpust octaercs Oonee OTpUIATENBHOM, a IKclece — BbIIIE, yeM y moptdens Daily-
MVSK. 3T0T pe3ynbTaT yKa3bIBaeT Ha TO, YTO PEaIN30BaHHbIC BHICIIE MOMEHTHI BBICOKOUACTOTHBIX JTaHHBIX
He TIPUBOJIAT aBTOMAaTHYECKH K OoJiee OJIaronpusATHBIM XapaKTePUCTHKAM pacIIpeiesIeHNs] 0 BHEBHIOOPOIHON
BBIOOpKE Ha JHEBHOM OCHOBE. TeCThI ¢ UCIIOIb30BAaHUEM OJIOUHOTO OyTCTpana JONOJTHUTENBHO MOKa3bIBAIOT,
9TO pa3iM4usi B JOXOAHOCTH HE SIBISIOTCS CTATUCTHYECKH 3HAYMMBIMH Ha ypoBHe 5 %, mosTOoMy
MPEBOCXOJICTBO MO pe3yJibTaTaM, Habmomaemoe y moptderns Daily-MVSK, crieayer HHTepIpeTHPOBATh Kak
HSKOHOMHMYECKH 3HAYMMBIH pe3ynbTaT 3a IepHoJ]] BHIOOPKM, a HE KaK CTaTHCTHYECKH YOeTuTeIbHOE
MIPEBOCXOJICTBO. AHANMNU3 POOACTHOCTH, OCHOBAHHBIA Ha 30-MHUHYTHBIX BBICOKOYACTOTHBIX JOXOTHOCTSIX
aNbTepHATHBHOM orpaHudeHnu Beca B 20 %, MOKa3bIBAaeT, YTO TMOIYYEHHBIC PE3yNbTaThl YyBCTBUTEIBHBI K
4acTOTe BEIOOPKH M OTPAaHMYEHUSIM 10 KOHIIEH TPy mopTders.

B uccnenoBannm enaeTcst BBIBOA O TOM, YTO ONTUMH3ALMS TOPT(EIs C y4eTOM BBICIIHX MOMEHTOB
MMeeT MpakTHYecKoe 3HaueHue Juist Borsa [stanbul n uTo nHpoOpMaIms o pealM30BaHHBIX BBICIIMX MOMEHTaX
Ha OCHOBE BBICOKOYACTOTHBIX JAHHBIX BHOCHT YCJIOBHBIM BKJaJ B paclpeieneHHe NopTdess Ha phIHKaxX
pasBuBaromuxcsi crpaH. Hambonee yOenurenbHble poKa3aTesbCcTBa HOMydeHbl Juist moptdenss MVSK,
OCHOBAaHHOTO Ha E)XEJHEBHBIX JAaHHBIX, B TO BpeMsl Kak BbIcOKodacToTHas crpareruss MVSK nambonee
p¢eKTHBHA TIPH CPaBHEHHWH C BBICOKOYACTOTHBIM JTAJOHHBIM MOPTdETeM «CpeaHee-IUCTIePCH».
Pe3ynbraTel yka3slBalOT Ha TO, YTO HHBECTOPHl W MOPTQETbHBIE MEHEIKEPHl MOJDKHBI OICHUBAThH
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BBICOKOYACTOTHBIC JaHHBIE HE TOJBKO C IIOMOIIBIO OIICHOK JUCIEPCHU M KOBApHALMH, HO U C IOMOIIBIO MEp
pHCKa, CBS3aHHBIX C pPACHpPENCICHHEM, TPAH3AKIMOHHBIX W3JEPXKEK, MAaKCHMAJIbHOTO IIPOCAIKH U
KOHIEHTpaMy nopTderst. B Oyxymmx ncciaenoBaHUAX aHAIM3 MOXKHO PACHIMPUTH 33 CUET HCIONB30BAHUS
6ostee MIMPOKNX COBOKYITHOCTEH aKInii, aJbTePHATUBHBIX HHTEPBAJIOB BEIOOPKH, yCTOWYHBBIX K IIYMY OIIEHOK
peann30BaHHBIX MOMEHTOB, IPSMBIX MEpP KO-aCHMMETPHHU M KO-3K30THIHOCTH, a TAK)KE Pa3INIHBIX METO/I0B
MHOTOLIEJICBON ONTUMH3ALIH.

KaioueBble ciioBa: q)HHaHCI)I, Ppa3BUBArOIIUECA PbIHKH, Borsa Istanbul, BBICOKOYACTOTHBIC JAaHHBIC,
PpCain30BaHHbIC BHICIIIMC MOMEHTbBI, OTITUMU3ALINA r[oqu)eJm, TMOJIMHOMHUAJILHOC LICJICBOC ITPOTrpaMMUPOBAHNC.
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Yapilandirilmis Ozet

Portfoy optimizasyonu geleneksel olarak yatirim kararlarini beklenen getiri ve varyans temelli risk
iizerinden degerlendiren ortalama—varyans ¢ergevesine dayanmaktadir. Bu ¢ergeve modern portfoy teorisinin
merkezinde yer almakla birlikte, finansal varlik getirilerinin asimetri, kalin kuyruk, volatilite kiimelenmesi ve
asir1 fiyat hareketleri gibi normal dagilimdan sapmalar gosterdigi durumlarda sinirli kalabilmektedir. S6z
konusu ozellikler; likidite kosullari, makro-finansal belirsizlik ve kiiresel sermaye akimlarma duyarliligin
dagilimsal riskleri artirabildigi gelismekte olan pay piyasalarinda daha belirgindir. Bu nedenle portfoy
tahsisinde getirilerin yalnizca ilk iki momentinin degil, carpiklik ve basiklik gibi yiiksek dereceli momentlerin
de dikkate alinmasi gerekebilir. Calismanin amaci, yiiksek frekansl verilerden elde edilen ger¢eklesmis yiiksek
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momentlerin Borsa Istanbul’da portfdy optimizasyonuna katki saglayip saglamadigini ve yiiksek frekansl bilgi
ile yiiksek moment bilgisinin 6rneklem dis1 portfoy performans: iizerindeki ayri ve ortak etkilerini
incelemektir.

Calisma, yatirimcilarin daha yiiksek beklenen getiri ile pozitif carpikligi tercih ettiklerini; varyans ve
basiklig1 ise azaltmay1 amagladiklarini ileri siiren yliksek momentli portfoy se¢imi literatiiriine dayanmaktadir.
Onceki aragtirmalar, 6zellikle getirilerin normal dagilimdan saptig1 durumlarda carpiklik ve basikligin optimal
portfoy bilesimini degistirebildigini gostermektedir. Cok amagli optimizasyon ve polinomiyal hedef
programlama, getiri, varyans, carpiklik ve basikligi tek bir fayda fonksiyonunda birlestirmek yerine ayrn
hedefler olarak ele aldigi i¢in bu problem agisindan uygun bir yontemsel ¢erceve sunmaktadir. Ayrica
gerceklesmis volatilite literatiirii, giin i¢i verilerin getiri degiskenligi hakkinda giinliik kapanis fiyatlarindan
daha zengin bilgi icerdigini ortaya koymaktadir. Bu literatiiriin uzantilari, ger¢eklesmis c¢arpiklik ve
gerceklesmis basikligin da getiri dagilimlarinin ekonomik agidan anlamli 6zelliklerini yakalayabilecegini
gostermektedir. Buna karsin, yiiksek frekansli gerceklesmis yiiksek momentleri dogrudan portfoy
optimizasyonu girdisi olarak kullanan ampirik calismalar, 6zellikle Borsa Istanbul gibi gelismekte olan
piyasalar bakimindan sinirhdir.

Ampirik analizde Borsa Istanbul’da islem géren 11 likit pay senedi kullamlmaktadir: AKBNK,
ASELS, BIMAS, EREGL, GARAN, ISCTR, KCHOL, SAHOL, TCELL, THYAO ve TUPRS. Orneklem dis
yatirim donemi Ocak 2018—Aralik 2025 arasin1 kapsamakta; Aralik 2017 ilk dérneklem ici tahmin penceresi
olarak kullanilmaktadir. Giinliik kapanis getirileri ve 5 dakikalik giin i¢i getiriler olmak tizere iki veri frekansi
ele alinmustir. Esit agirlikli portfoy, Daily-MV, Daily-MVSK, HF-MV-5min ve HF-MVSK-5min olmak iizere
bes strateji karsilastirilmistir. Her ayin baginda, bir dnceki aya ait verilerle tahmin edilen portfoy agirliklar
takip eden ay boyunca sabit tutulmustur. Polinomiyal hedef programlama ydntemiyle ideal moment
hedeflerinden normalize edilmis sapmalar en aza indirilmektedir. MV modellerinde getiri ve varyans; MVSK
modellerinde ise bunlara ek olarak carpiklik ve basiklik hedefleri kullanilmaktadir. Agiga satisa izin
verilmemis, portfoy agirliklar toplami bire esitlenmis ve ana analizde her bir pay senedi i¢in azami yiizde 30
agirlik sinir1 uygulanmistir. Aylik yeniden dengeleme devir orani iizerinden islem maliyetleri diistilmiistiir.
Orneklem dis1 performans; net giinliik portfoy getirileri, yilliklandirilmis getiri ve volatilite, Sharpe,
degistirilmig Sharpe ve Sortino oranlari, maksimum kayip, ¢arpiklik, basiklik, yogunlagma olgiitleri, devir
orani ve blok bootstrap testleriyle degerlendirilmistir. Calisma ikincil finansal piyasa verilerine dayandigi ve
insan katilime1, anket, gériisme, deney ya da kisisel veri igermedigi i¢in etik kurul onay1 gerektirmemektedir.

Ampirik sonuglar, incelenen donemde en giiglii genel performansin Daily-MVSK portfoyii tarafindan
iretildigini gostermektedir. Bu portfoy en yiiksek yilliklandirilmis getiriye ve en yiiksek Sharpe, degistirilmis
Sharpe ve Sortino oranlarina ulagsmis; ayrica ana stratejiler arasinda en az negatif carpiklik ve en diigiik basiklik
degerini tiretmistir. Bulgular, 6zellikle momentlerin giinliik verilerden tahmin edildigi durumda carpiklik ve
basikligin  portfdy optimizasyonuna dahil edilmesinin Borsa Istanbul’daki risk—getiri profilini
iyilestirebilecegine isaret etmektedir. Yiiksek frekansli portfoylerde HF-MVSK-Smin stratejisi,
yulliklandirilmig  getiri, risk diizeltilmis performans ve maksimum kayip bakimindan HF-MV-5min
stratejisinden daha iyi sonu¢ vermistir. Bu durum, giin i¢i verilerden elde edilen gerceklesmis yiiksek
momentlerin varyans temelli bilginin &tesinde asagi yonlii risk kontroline ve portfoy tahsisine katki
saglayabilecegini gostermektedir. Bununla birlikte yiiksek frekanslt MVSK portfoyii, 6rneklem disi ¢arpiklik
ve basiklik bakimindan daha iistiin bir dagilimsal profil olusturmamaistir. Carpikligi Daily-MVSK portfoyiinden
daha negatif, basiklig1 ise daha yiiksektir. Dolayisiyla yiiksek frekansli gergeklesmis yiiksek momentlerin
giinliik 6rneklem dis1 dagilim 6zelliklerine otomatik olarak daha olumlu bigimde yansimadigi anlagilmaktadir.
Blok bootstrap testlerinde getiri farklarinin yiizde 5 diizeyinde istatistiksel olarak anlamli olmamasi, Daily-
MVSK portfoyiiniin stiinliigliniin kesin istatistiksel hakimiyetten ziyade incelenen doneme 6zgii ekonomik
acidan anlamli bir performans farki olarak yorumlanmasimi gerektirmektedir. 30 dakikalik yiiksek frekansh
getiriler ve alternatif ylizde 20 agirlik siniriyla gergeklestirilen saglamlik analizleri, bulgularin 6rnekleme
frekansina ve portfdy yogunlasma kisitlarina duyarli oldugunu gostermektedir.

Calisma, yiiksek momentli portfdy optimizasyonunun Borsa Istanbul agisindan uygulamaya déniik
o6nem tasidig1 ve yiliksek frekansh gergeklesmis yiiksek moment bilgisinin gelismekte olan piyasalardaki
portfdy tahsisine kosullu bir katki sundugu sonucuna ulasmaktadir. En gii¢lii kanit giinliik veriye dayali MVSK
portfoyii icin elde edilirken, yliksek frekansli MVSK stratejisi 6zellikle yiiksek frekansli ortalama—varyans
portfoyiiyle karsilastirildiginda yararli olmaktadir. Bulgular, yatirimcilarin ve portfdy yoneticilerinin yiiksek
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frekansli verileri yalnizca varyans ve kovaryans tahminleri {izerinden degil; dagilimsal risk dl¢iitleri, islem
maliyetleri, maksimum kaylp ve portfdy yogunlagsmasiyla birlikte degerlendirmeleri gerektigini
gostermektedir. Gelecek ¢aligmalar daha genis pay senedi evrenleri, alternatif 6rnekleme araliklari, mikro yapi1
giiriiltiistine dayanikli gerceklesmis moment tahmincileri, dogrudan es-carpiklik ve es-basiklik odlgiileri ile
farkli ¢ok amacli optimizasyon yontemlerini kullanabilir.

Anahtar Kelimeler: Finans, gelismekte olan piyasalar, Borsa Istanbul, yiiksek frekansh veri,
gergeklesmis yliksek momentler, portfoy optimizasyonu.
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Introduction and Literature Review

The mean—variance approach, which constitutes the foundation of modern portfolio theory,
defines portfolio selection as a trade-off between expected return and variance-based risk
(Markowitz, 1952). Although this approach still occupies a central position in the finance literature,
it rests on stronger theoretical grounds when returns are normally distributed or when investor
preferences can be adequately represented by the first two moments. However, financial asset returns
often exhibit non-normal characteristics such as asymmetry, fat tails, volatility clustering, and excess
kurtosis. Extreme price movements observed particularly during financial crises indicate that
variance alone may be insufficient to capture all dimensions of risk. Accordingly, two portfolios with
the same variance may have substantially different risk profiles in terms of skewness and tail risk.
This suggests that risk measurement based solely on variance may be restrictive in portfolio
optimization and that higher-order moments should also be taken into account.

This limitation has led to the development of portfolio selection models that incorporate
higher moments such as skewness and kurtosis. Lai (1991) is among the early studies that treat the
mean—variance—skewness framework as a multi-objective portfolio selection problem.
Chunhachinda et al. (1997) show that investors in international equity markets prefer positive
skewness and that skewness can significantly alter optimal portfolio compositions. Subsequently,
Jondeau and Rockinger (2006), Harvey et al. (2010), and Martellini and Ziemann (2010) emphasize
that skewness and kurtosis may affect optimal portfolio allocation, particularly under non-normal
return distributions; however, they also stress that higher-moment and co-moment estimates must be
obtained carefully for this effect to be identified reliably.

The literature on higher-moment portfolio optimization employs different methodological
approaches. Utility-based models combine return, variance, skewness, and kurtosis within a single
objective function based on Taylor expansions of investors’ utility functions. In contrast, multi-
objective optimization and goal programming approaches treat these moments as separate targets
and define portfolio selection as a problem of balancing multiple conflicting objectives. This second
approach is particularly suitable for the nature of higher-moment portfolio selection, because
investors seek to increase return and positive skewness while reducing variance and kurtosis. In their
comprehensive review of the higher-moment portfolio selection literature, Mandal and Thakur
(2024) show that models in this field differ substantially in terms of the moment structure employed,
the number of objectives, the types of constraints, solution techniques, and application markets.

Higher-moment portfolio optimization has also been applied in different markets.
Chunhachinda et al. (1997) examine the role of skewness in portfolio selection in the United States,
Japan, and developed international markets, while Davies et al. (2009) employ a multi-objective
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higher-moment optimization approach for hedge fund portfolios. Mhiri and Prigent (2010)
investigate the role of higher moments in international portfolio optimization, whereas Naqvi et al.
(2017) apply the mean—variance—skewness—kurtosis approach to the Pakistan equity market and
show that higher moments can alter the optimal portfolio composition. Khan et al. (2020) examine
the use of higher moments within a sustainable portfolio optimization framework in emerging Asian
markets. Among studies on European markets, Glawischnig and Seidl (2013) emphasize the
importance of higher-moment portfolio optimization under serially correlated, skewed, and fat-tailed
index returns. Proelss and Schweizer (2014), in turn, analyze the implicit higher-moment preferences
of U.S. institutional investors in hedge fund selection within a polynomial goal programming
framework. These studies indicate that investors consider not only volatility but also the asymmetric
and tail-related characteristics of return distributions.

Studies on the Turkish market are more limited. Kemalbay et al. (2011) apply higher-moment
portfolio optimization to the ISE-30 index using the polynomial goal programming approach and
show that skewness and kurtosis can affect the optimal portfolio structure. Aracioglu et al. (2011)
examine the mean—variance—skewness—kurtosis approach for the Istanbul Stock Exchange and
investigate the effects of higher moments on portfolio distributional characteristics. Usta and Kantar
(2011) develop a multi-objective portfolio selection model within a mean—variance—skewness—
entropy framework, demonstrating that return, risk, asymmetry, and diversification characteristics
can be jointly considered in portfolio optimization. However, these studies on Borsa Istanbul are
largely based on daily data. Therefore, although a literature on higher-moment portfolio optimization
exists for Borsa Istanbul, the contribution of realized higher moments extracted from high-frequency
data to portfolio optimization remains insufficiently explored.

One of the main challenges in higher-moment portfolio optimization is the reliable
estimation of quantities such as skewness, kurtosis, coskewness, and cokurtosis. Higher-moment
estimates obtained from daily data may be unstable due to a limited number of observations,
sampling error, and market regime shifts. At this point, high-frequency financial data provide a richer
information set for realized moment estimation by capturing the intraday dynamics of return
distributions in greater detail. The realized volatility literature developed by Andersen et al. (2001,
2003) and Barndorff-Nielsen and Shephard (2002) shows that intraday returns contain more
information than daily closing returns in estimating variance and covariance. Later, realized
skewness and realized kurtosis measures were developed; Neuberger (2012) and Amaya et al. (2015)
show that realized skewness calculated from intraday data contains information about the asymmetric
structure of return distributions and future return behavior.

Studies that directly link high-frequency realized higher moments to portfolio optimization
are still quite limited. In this context, Buckle et al. (2016) is one of the pioneering studies that derive
realized covariance, skewness, and kurtosis measures from tick-by-tick data and link them to higher-
moment portfolio selection. The study shows that realized higher moments can better characterize
downside risk and tail risk, particularly during crisis periods. Therefore, high-frequency data may
have potential informational value not only for variance and covariance estimation but also for tail-
aware portfolio allocation that is sensitive to skewness and kurtosis.

Emerging equity markets are characterized not only by high return potential but also by more
pronounced volatility, liquidity differences, abrupt price movements, institutional transformations,
and sensitivity to global capital flows. In these markets, return distributions often deviate more
strongly from normality, making asymmetry, fat tails, and downside risk more visible for portfolio
allocation. Therefore, in emerging markets, portfolio optimization should be evaluated not only
through mean and variance but also through higher moments such as skewness and kurtosis. Borsa
Istanbul provides a suitable emerging-market setting for testing the contribution of high-frequency
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realized higher moments to portfolio optimization, given the presence of liquid large-cap stocks as
well as periods of high volatility and macro-financial uncertainty.

Recent studies on emerging markets show that volatility transmission, risk connectedness,
and data frequency can have important implications for portfolio management. Molina-Mufioz et al.
(2025) demonstrate that volatility transmission between emerging-market energy and financial
indices may vary depending on the data frequency used and crisis periods, while Asl et al. (2024)
show that volatility connectedness can produce time-varying and quantile-dependent implications
for portfolio management. Similarly, Sahoo (2024), who examines volatility spillovers between
emerging and developed market sectors, shows that cross-sector spillover effects should be
considered in portfolio diversification and hedging decisions. These studies support the view that
risk measurement and portfolio allocation decisions in emerging markets should be evaluated by
considering market conditions, frequency choice, and distributional characteristics.

The main objective of this study is to examine whether high-frequency data and realized
higher-moment information contribute separately and jointly to portfolio optimization in Borsa
Istanbul. To this end, using the equally weighted portfolio as a benchmark, the study compares daily-
data-based mean—variance and mean—variance—skewness—kurtosis portfolios with their counterparts
constructed from 5-minute high-frequency data. The portfolios are constructed within a polynomial
goal programming framework, which is consistent with the multi-objective nature of higher-moment
portfolio selection. Thus, the study directly tests not only whether high-frequency data contribute to
variance-based risk estimation, but also whether skewness and kurtosis information extracted from
intraday data provides additional information for portfolio allocation. The original contribution of
the study lies in its use of high-frequency realized skewness and realized kurtosis measures in the
Borsa Istanbul context not merely as descriptive risk indicators, but directly as inputs in a multi-
objective portfolio optimization framework. This contribution is important because previous studies
on Borsa Istanbul have mainly relied on daily data and have not directly examined whether intraday
realized higher moments improve out-of-sample portfolio allocation. The study therefore bridges the
higher-moment portfolio optimization literature and the realized high-frequency moment literature
in an emerging-market setting. In this respect, the study contributes to the literature on the extent to
which high-frequency moment information provides a generalizable and practically applicable
information set for portfolio management in emerging equity markets. It also offers practical
implications for portfolio managers, institutional investors, and market regulators under liquidity
constraints, market microstructure effects, and non-normal return distributions.

Data and Methodology

This study uses 11 highly liquid stocks traded on Borsa Istanbul: AKBNK, ASELS, BIMAS,
EREGL, GARAN, ISCTR, KCHOL, SAHOL, TCELL, THYAO, and TUPRS. The stock universe
is restricted to liquid equities because trading continuity and the frequency of price updates are
critical for realized moment estimates computed using high-frequency data. Sparse trading and
irregular price formation observed in less liquid stocks may weaken the reliability of variance,
skewness, and kurtosis estimates derived from intraday return distributions.

The out-of-sample performance period of the study covers January 2018—December 2025,
thereby providing an eight-year investment evaluation window. December 2017 data are used as the
initial in-sample estimation period to construct the first portfolio weights. Two different data
frequencies are employed in the study: daily closing returns and 5-minute intraday returns. Daily
returns are used to construct portfolio models based on the conventional data frequency, whereas 5-
minute returns are used to construct portfolio models based on high-frequency realized moment
information. In the high-frequency analysis, the 5-minute sampling interval is used as the main
intraday frequency because it is commonly employed in the high-frequency finance literature as a
practical compromise between preserving intraday information and limiting market microstructure
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noise. However, this choice is not assumed to be universally optimal. For this reason, the robustness
analysis also reconstructs the high-frequency portfolios using 30-minute intraday returns to examine
whether the findings are sensitive to the sampling frequency.

All returns are calculated as logarithmic returns:

ri’t = ln(Pl’t) - ln(Pl"t_l),

where P; ; denotes the price of stock iat time ¢, and 7; ; denotes the corresponding logarithmic
return. In the daily models, trefers to trading days, whereas in the high-frequency models it refers to
5-minute intraday intervals. Daily closing prices are derived from the closing price observed in the
final 5-minute interval of each trading day. During the data preprocessing stage, missing
observations, non-trading intervals, abnormal data errors, half trading days, and market interruptions
that may compromise data integrity are checked. In the high-frequency dataset, a balanced intraday
panel is constructed based on common trading intervals across all stocks.

The empirical design of the study is based on a monthly rolling out-of-sample framework.
At the beginning of each month, portfolio weights for the relevant model are estimated using the
daily or 5-minute returns from the previous month, and these weights are held constant throughout
the following month. Thus, for each month, the preceding month serves as the in-sample estimation
period, while the following month is used as the out-of-sample investment period. This structure
makes it possible to test whether high-frequency data capture short-term distributional information
more effectively than daily data.

Table 1 classifies the five main portfolio strategies constructed in the study according to data
frequency and optimization approach. In this framework, the equally weighted portfolio (EW) is used
as a model-free benchmark. The portfolios based on daily returns consist of the Daily-MV portfolio,
constructed using mean—variance optimization, and the Daily-MVSK portfolio, constructed using
mean—variance—skewness—kurtosis optimization. The high-frequency portfolios are defined as the
mean—variance portfolio constructed using 5-minute intraday returns (HF-MV-5min) and the mean—
variance—skewness—kurtosis portfolio (HF-MVSK-5min). This classification allows the contribution
of higher moments within the daily-data framework, the effect of high-frequency data within the
mean—variance model, and the additional contribution of high-frequency realized higher-moment
information to MVSK optimization to be evaluated separately.

Table 1. Classification of Portfolio Strategies by Data Frequency and Optimization Approach

Portfolio Data Optimization approach
EW Daily return Monthly rebalanced equally weighted portfolio
Daily-MV Daily return PGP-based mean—variance optimization
Daily-MVSK Daily return PGP-based mean—variance—skewness—kurtosis optimization
HF-MV-5min S-minute return PGP-based mean—variance optimization
HF-MVSK- . . . N
Smin 5-minute return PGP-based mean—variance—skewness—kurtosis optimization

For each candidate weight vector, the portfolio return is calculated as follows:

N
ot = § WiTie
i=1

where w; denotes the portfolio weight of stock i, and Ndenotes the number of stocks included
in the portfolio. In this study, N = 11. Portfolio moments are calculated at the portfolio level.
Accordingly, for each candidate weight vector, the portfolio return series is constructed at the
relevant data frequency, and the mean return, variance, skewness, and kurtosis are then obtained from
this series. This approach reduces the dimensionality and estimation-error problems associated with
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the direct estimation of coskewness and cokurtosis tensors, while also allowing the contribution of
daily and high-frequency moment information at the portfolio level to be tested within a simple and
practically applicable framework. The main trade-off of this approach is that it does not explicitly
model cross-asset higher-order co-moment structures. However, given the short rolling estimation
windows and the high-dimensional nature of coskewness and cokurtosis tensors, the portfolio-level
formulation provides a more stable and practically implementable alternative.

In the high-frequency models, realized moments are calculated from 5-minute portfolio
returns within each in-sample month, in line with the realized higher-moment definitions used by
Neuberger (2012) and Amaya et al. (2015). Let 15, 4, j, j = 1, ..., My, denote the S-minute portfolio
returns in month m. The portfolio-level realized variance, realized skewness, and realized kurtosis
measures are defined as follows:

M

3

_ 2
RVom = ) Tpmj»

J

1
Mp, 5
VMmz. Tp,m,j
j=1
)

RSK. =
T (RV)
Mm
M,, Zj—l Tom,j
RKU = - )
T (RYw)

Here, M,,denotes the number of 5-minute portfolio return observations in the relevant in-
sample month. In these definitions, realized variance is calculated as the sum of squared intraday
returns, while realized skewness and realized kurtosis are defined as the realized-variance-scaled
forms of the sums of third- and fourth-order intraday returns, respectively. For portfolios constructed
using daily data, the same moment-calculation procedure is applied to daily portfolio returns over
the relevant in-sample period. This structure allows the Daily-MVSK and HF-MVSK portfolios to
be compared within the same PGP optimization framework, but using moment inputs obtained at
different data frequencies.

In this study, portfolio optimization is carried out using the polynomial goal programming
approach. PGP is well suited to the multi-objective structure of higher-moment portfolio selection
because expected return and skewness are intended to be increased, whereas variance and kurtosis
are intended to be reduced. Therefore, portfolio selection is modeled not on the basis of preference
coefficients in a single utility function, but as the minimization of normalized deviations from ideal
values defined for each moment.

For each in-sample period, ideal target values are first calculated for the relevant moments.
For the MVSK model, the ideal values are defined as follows:

§* = maxpy,
w

(6%)* = ming},
w

S$* = max$,,
w

K* = mink,,
w
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N
s.t. Zwi =1, 0=<w; <0.30.

i=1

Here, u*denotes the maximum attainable mean portfolio return, (¢2)*denotes the minimum
attainable portfolio variance, S*denotes the maximum attainable portfolio skewness, and K *denotes
the minimum attainable portfolio kurtosis. The ideal values are calculated separately under the same
portfolio constraints.

The MVSK portfolio is obtained by minimizing the normalized deviations from these ideal
values:
* * * * 6
win (Et\ (B @Y (S8 (KK
w |u*| + ¢ [(62)*] + ¢ |S*] + ¢ |K*| + ¢

N
s.t. Zwi =1,
i=1

0<w; <030, i=1,..,N.

Here, ¢ is a small positive constant used to prevent the denominator from approaching zero.
The parameters a, 3, y, and § represent the relative importance assigned to deviations from the
return, variance, skewness, and kurtosis targets, respectively. In the main analysis, all target
deviations are treated as having equal priority, and @ = f =y = § = 1. Equal priority weights are
used to avoid imposing an ex ante preference hierarchy among the four moment targets. This neutral
benchmark specification assigns equal importance to each target in terms of relative deviation and
allows the comparison between daily and high-frequency strategies to focus on the role of data
frequency and moment information rather than on subjective preference parameters.

Mean—variance portfolios are constructed as a two-objective special case of the same PGP
framework. In these models, only the expected return and variance targets are taken into account.
First, u*and (02)* are calculated under the same constraints, and the portfolio is then obtained by
solving the following problem:

R R G N
min +
w || + & |(02)*| + ¢
N
s.t. Zwi = 1,
i=1

0<w; <030, i=1,..,N.

In the main analysis, @ = = 1is also used for the mean—variance portfolios. Accordingly,
the Daily-MV, Daily-MVSK, HF-MV-5min, and HF-MVSK-5min portfolios are compared within
the same multi-objective optimization framework. This approach ensures that the model comparison
is based solely on the moment set used and the data frequency.

Short selling is not allowed in any of the optimization models. The portfolio weights are
constrained to sum to one, and the weight of any individual stock is capped at 30%. The 30% weight
cap prevents excessive concentration in a single stock while allowing the optimization models
sufficient flexibility to generate meaningful differences in portfolio weights according to data
frequency and moment information. In the equally weighted portfolio, each stock is assigned a
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weight of 1/N, and this portfolio is also rebalanced monthly in the same manner as the other
strategies.

Transaction costs are also taken into account to evaluate the practical implementability of
the portfolios. During monthly rebalancing, portfolio turnover is calculated as follows:

N
TOy = Z |w™ — w0,
i=1

where TO0,, denotes monthly portfolio turnover, Wl-(m) denotes the new target portfolio

weight at the beginning of month m, and vT/l.(m_l) denotes the portfolio weight formed at the end of

the previous month as a result of price movements. The net portfolio return is calculated after
deducting transaction costs as follows:

net __ gross
RISt = RIS — ¢ X TO,,

where ¢ denotes the transaction cost rate. In the empirical application, the transaction cost
rate is set to ¢ = 0.001. This rate represents a 0.10% transaction cost applied to the portfolio turnover
realized during monthly rebalancing. This structure allows us to evaluate whether the potential
performance advantages of optimization-based portfolios persist after higher portfolio turnover and
transaction costs are taken into account.

Out-of-sample portfolio performance is evaluated using daily portfolio returns for all
strategies. The Turkish two-year benchmark government bond yield is used as the risk-free rate in
the calculation of risk-adjusted performance measures. Since interest rates changed substantially over
the January 2018—December 2025 period, the study uses a time-varying risk-free return series rather
than a fixed period average. For this purpose, the annual two-year benchmark government bond yield
for the relevant month is converted into its daily equivalent and subtracted from portfolio returns
when calculating the Sharpe, Sortino, and modified Sharpe ratios. Thus, the risk-adjusted
performance measures are calculated in a way that more accurately reflects the prevailing market
conditions during the portfolio evaluation period.

Findings

This section compares the out-of-sample performance of the portfolio strategies constructed
over the January 2018—December 2025 period. The portfolios are formed within a monthly rolling
framework using data from the previous month and are held constant throughout the following
month. The performance evaluation considers net annualized return, annualized volatility, risk-
adjusted performance measures, maximum drawdown, and the higher-moment characteristics of the
portfolio return distribution. The Sharpe, modified Sharpe, and Sortino ratios are calculated using
the time-varying daily risk-free return series derived from the Turkish two-year benchmark
government bond yield.
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Table 2. Out-of-Sample Portfolio Performance Results for January 2018—December 2025

Strategy EW Daily-MV | Daily-MVSK | HF-MV-5min | HF-MVSK-5min
Annualized Return 32.34% 32.35% 34.97% 28.28% 33.16%
Annualized Volatility 29.14% 28.84% 29.16% 29.48% 29.58%
Sharpe Ratio 0.4535 0.4555 0.5226 0.3429 0.4728
Modified Sharpe R. 0.2842 0.2859 0.3309 0.2134 0.2950
Sortino Ratio 0.6390 0.6418 0.7432 0.4799 0.6666
Max Drawdown -33.53% -31.49% -31.01% -31.90% -28.63%
Skewness -0.4220 -0.4373 -0.3267 -0.5055 -0.5062
Kurtosis 7.6847 8.0111 7.0366 8.6213 8.4395

Note: Annualized return, Sharpe, modified Sharpe, Sortino, and maximum drawdown values are calculated based on net
portfolio returns after transaction costs.

Table 2 reports the out-of-sample performance results of the portfolio strategies compared
over the January 2018—December 2025 period. In terms of returns, the highest annualized return is
obtained from the Daily-MVSK portfolio, at 34.97%. This is followed by HF-MVSK-5min at
33.16%, Daily-MV at 32.35%, and the EW portfolio at 32.34%. The HF-MV-5min portfolio
generates the lowest annualized return, at 28.28%. This finding indicates that, over the sample period,
incorporating skewness and kurtosis into the optimization is associated with higher returns than the
corresponding mean—variance portfolios in both the daily and high-frequency data frameworks.

In terms of risk, annualized volatility values are quite similar across strategies. The lowest
volatility is observed for the Daily-MV portfolio, at 28.84%, followed by EW at 29.14% and Daily-
MVSK at 29.16%. Volatility is slightly higher for the high-frequency portfolios, reaching 29.48%
for HF-MV-5min and 29.58% for HF-MVSK-5min. Therefore, the higher return generated by Daily-
MVSK is not achieved by taking on substantially higher volatility; its volatility level remains very
close to those of the Daily-MV and EW portfolios.

Risk-adjusted performance measures also show that the Daily-MVSK portfolio stands out in
terms of its out-of-sample risk—return profile. Daily-MVSK produces the highest values among all
strategies, with a Sharpe ratio of 0.5226, a modified Sharpe ratio of 0.3309, and a Sortino ratio of
0.7432. The HF-MVSK-5min portfolio achieves the highest risk-adjusted performance among the
high-frequency strategies, with a Sharpe ratio of 0.4728, a modified Sharpe ratio of 0.2950, and a
Sortino ratio of 0.6666. In particular, the increase in the Sharpe ratio from 0.3429 to 0.4728 and in
the Sortino ratio from 0.4799 to 0.6666 relative to HF-MV-5min indicates that adding higher
moments to portfolios constructed using 5-minute data is positively associated with risk-adjusted
performance.

In terms of maximum drawdown, the best result is obtained from the HF-MVSK-5min
portfolio, at -28.63%. The maximum drawdown of the Daily-MVSK portfolio is -31.01%, indicating
a more limited loss profile than those of Daily-MV (-31.49%) and EW (-33.53%). The reduction in
maximum drawdown from -31.90% for HF-MV-5min to -28.63% for HF-MVSK-5min suggests that
the high-frequency MVSK approach may contribute particularly to limiting downside risk.

The distributional characteristics show that all portfolios exhibit negative skewness and high
kurtosis. However, Daily-MVSK has the least negative skewness value, at -0.3267, and the lowest
kurtosis value, at 7.0366. This result indicates that the daily-data-based MV SK portfolio provides a
more balanced structure not only in terms of return and risk-adjusted performance, but also in terms
of the asymmetry and tail characteristics of the portfolio return distribution. By contrast, the HF-
MVSK-5min portfolio has a skewness value of -0.5062 and a kurtosis value of 8.4395, which are
weaker than those of both the Daily-MVSK and EW portfolios. Thus, although the HF-MVSK-5min
portfolio provides clear improvements over HF-MV-5min in terms of return and maximum

Turkish Studies — Economics, Finance, Politics 21(O1)



High-Frequency Realized Higher Moments and Portfolio Optimization... 779

drawdown, it does not produce the expected improvement in the out-of-sample skewness and kurtosis
profile. This suggests that higher-moment estimates derived from 5-minute intraday returns may not
always provide a stable signal for the asymmetry and tail characteristics of daily out-of-sample
portfolio returns.

Overall, Table 2 shows that incorporating higher moments into portfolio optimization can
provide certain performance gains in both daily and high-frequency data frameworks. However, the
nature of this contribution differs by data frequency. During the period examined, the strongest
overall performance comes from the Daily-MVSK portfolio, whereas the contribution of HF-MV SK-
Smin is more evident in terms of return, risk-adjusted performance, and maximum drawdown relative
to the high-frequency mean—variance portfolio. By contrast, the skewness and kurtosis results for
HF-MVSK-5min indicate that high-frequency realized higher-moment information may not translate
directly and consistently into daily out-of-sample distributional characteristics.
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Figure 1. Cumulative Portfolio Value of an Initial TRY 1,000 Investment over January 2018—
December 2025

Figure 1 shows the cumulative value development of a TRY 1,000 investment allocated to
each portfolio strategy at the beginning of January 2018 through the end of December 2025. Although
all strategies exhibit a substantial increase in value, particularly after 2022, the Daily-MVSK strategy
reaches the highest terminal portfolio value at the end of the period; under this strategy, the initial
TRY 1,000 investment rises to TRY 11,010.06. The HF-MVSK-5min portfolio produces the best
result among the high-frequency strategies, ending at TRY 9,886.26 and closing above both the EW
and Daily-MV portfolios. By contrast, the HF-MV-5min strategy has the lowest terminal value, at
TRY 7,334.79. This finding indicates that high-frequency data alone do not provide superior
performance within the mean—variance framework; however, high-frequency portfolio performance
improves substantially when skewness and kurtosis are incorporated into the optimization.
Nevertheless, in terms of overall cumulative value, the strongest strategy is the daily-data-based
MVSK portfolio.
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Table 3. Portfolio Concentration: HHI and Effective Number of Stocks

Strategy Average HHI | Min HHI | Max HHI | Average Effective N | Min Effective N | Max Effective N
EW 0.0909 0.0909 0.0909 11.0000 11.0000 11.0000
Daily-MV 0.1894 0.1298 0.2206 5.3411 4.5329 7.7015
Daily-MVSK 0.1870 0.1290 0.2249 5.4263 4.4473 7.7517
HF-MV-5min 0.1861 0.1378 0.2206 5.4340 4.5329 7.2561
HF-MVSK-5min 0.1946 0.1390 0.2265 5.1698 4.4146 7.1942

Note: The Herfindahl-Hirschman Index (HHI) is a concentration measure calculated as the sum of squared portfolio
weights; higher values indicate that the portfolio is less diversified and more concentrated.

Table 3 reports the degree of concentration in the weight distributions of the portfolio
strategies using the HHI and the effective number of stocks. As expected, the equally weighted
portfolio represents a fully diversified benchmark portfolio structure, with an HHI value of 0.0909
and an effective number of 11 stocks. For the optimization-based portfolios, average HHI values
range from 0.1861 to 0.1946, while the average effective number of stocks is approximately between
5.17 and 5.43. This result indicates that PGP-based portfolios generate more concentrated weight
structures than the equally weighted portfolio, although the 30% maximum weight cap prevents
excessive single-stock concentration. The HF-MVSK-5min portfolio has the highest average HHI
and the lowest average effective number of stocks, suggesting that the high-frequency MVSK
approach produces a somewhat more concentrated portfolio structure compared with the other
optimized portfolios.

Table 4. Portfolio Turnover and Transaction Cost Effects

Strategy Average Monthly Median Monthly Annualized Cost Impact
Turnover Turnover Turnover
EW 5.72% 5.33% 68.61% 0.11 p.p.
Daily-MV 89.31% 95.60% 1071.68% 1.42 p.p.
Daily-MVSK 101.67% 102.04% 1219.99% 1.65 p.p.
HF-MV-5min 96.76% 97.51% 1161.17% 1.49 p.p.
HF_SI\iXISK_ 94.00% 101.88% 1128.02% 1.50 p.p.

Note: Average monthly turnover and median monthly turnover are calculated over monthly rebalancing periods, excluding
the initial portfolio formation month. Annualized turnover denotes the annualized value of the average monthly rebalancing
turnover. Cost impact is expressed in percentage points and represents the difference between gross annualized return and
net annualized return after transaction costs.

Table 4 presents the rebalancing intensity of the portfolio strategies and the effect of
transaction costs on annualized returns. Although the equally weighted portfolio is rebalanced
monthly, it has the lowest average turnover; the average monthly turnover of the EW portfolio is
5.72%, and the transaction cost impact is only 0.11 percentage points. By contrast, turnover is
substantially higher for optimization-based portfolios. The average monthly turnover of the Daily-
MYV, Daily-MVSK, HF-MV-5min, and HF-MVSK-5min portfolios ranges approximately between
89% and 102%. This indicates that the monthly rolling optimization structure leads to substantial
changes in portfolio weights. However, the high annualized turnover of optimization-based portfolios
also suggests that actual implementation costs may exceed the fixed 0.1% transaction cost
assumption if dynamic slippage, bid—ask spreads, and market impact costs are taken into account.

Although the transaction cost impact is higher for the optimized portfolios, its effect on
annualized returns remains limited. Despite having the highest transaction cost impact, the Daily-
MVSK portfolio has a cost impact of 1.65 percentage points and continues to stand out in terms of
its risk—return profile after the performance results reported in Table 2. Therefore, the turnover
analysis shows that optimization-based portfolios require greater trading intensity; however, the main
performance comparisons account for this effect by relying on net returns after transaction costs.
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Table 5. Pairwise Block Bootstrap p-Values for Return and Volatility Differences

Return EW Daily-MV | Daily-MVSK | HF-MV-5min | HF-MVSK-5min
EW — 0.9952 0.5752 0.3576 0.8708
Daily-MV 0.9952 — 0.4896 0.2656 0.8684
Daily-MVSK 0.5752 0.4896 — 0.1308 0.6792
HF-MV-5min 0.3576 0.2656 0.1308 — 0.2068
HF-MVSK-5min 0.8708 0.8684 0.6792 0.2068 —
Volatility EW Daily-MV | Daily-MVSK | HF-MV-5min | HF-MVSK-5min
EW — 0.4084 0.9356 0.3616 0.2808
Daily-MV 0.4084 — 0.3180 0.0168* 0.0512
Daily-MVSK 0.9356 0.3180 — 0.5008 0.4500
HF-MV-5min 0.3616 0.0168 0.5008 — 0.7188
HF-MVSK-5min 0.2808 0.0512 0.4500 0.7188 —

Note: The values in the table report two-sided p-values calculated using a block bootstrap procedure with 5,000 replications
and a block length of 20 trading days for pairwise differences between portfolio strategies. “*” indicates a statistically
significant difference at the 5% level.

Table 5 presents the results of the pairwise block bootstrap tests conducted to evaluate the
statistical significance of return and volatility differences between portfolio strategies. In the return
panel, all p-values are above the 5% significance level. This finding indicates that, although the
Daily-MVSK portfolio generates the highest annualized return in Table 2, the return differences
between the strategies do not differ at a statistically significant level. Therefore, the findings
regarding return performance should be interpreted as out-of-sample performance differences
observed during the sample period. Nevertheless, the economic magnitude of the performance
differences remains relevant from an investment perspective. The Daily-MVSK portfolio generates
the highest annualized return and risk-adjusted performance measures after transaction costs, while
maintaining volatility close to the benchmark and daily mean—variance portfolios. Therefore,
although the bootstrap results do not establish statistically conclusive dominance, the observed
economic performance supports the practical relevance of the MVSK strategy during the sample
period.

In the volatility panel, only the difference between Daily-MV and HF-MV-5min is
statistically significant at the 5% level. This result indicates that the high-frequency mean—variance
portfolio produces a volatility profile that differs from that of the daily mean—variance portfolio. By
contrast, no statistically significant difference is observed in the other volatility comparisons.
Overall, the results in Table 5 show that although some strategies stand out in terms of their risk—
return profiles in Table 2, most of these differences are not strongly supported statistically. Therefore,
the portfolio performance findings should be interpreted cautiously, taking into account both
economic magnitudes and statistical significance results.

Robustness and Sensitivity Analyses

Two additional analyses are conducted to assess whether the main findings are sensitive to
specific modeling choices. First, the high-frequency portfolios are reconstructed using 30-minute
intraday returns, and the results are compared with those obtained from the 5-minute high-frequency
portfolios. Second, to evaluate the effect of the portfolio concentration constraint on the findings,
alternative portfolios are calculated by setting the maximum individual stock weight to 20%.

Table 6. Comparison of 5-Minute and 30-Minute Frequencies in High-Frequency Portfolios

Strategy Annualized | Annualized | Sharpe | Sortino Max Skewness | Kurtosis
Return Volatility Ratio Ratio Drawdown
HF-MV-5min 28.28% 29.48% 0.3429 0.4799 -31.90% -0.5055 8.6213
HF-MV-30min 25.92% 29.19% 0.2779 0.3849 -31.59% -0.6387 9.8206
HF-MVSK-5min 33.16% 29.58% 0.4728 0.6666 -28.63% -0.5062 8.4395
HF-MVSK-30min 34.42% 29.23% 0.5082 0.7130 -29.93% -0.5671 9.1650

www.turkishstudies.net/economy



782 Okkes Celen - Taner Tas - Selim Baha Yildiz

Table 6 compares the performance results of high-frequency portfolios constructed using 5-
minute and 30-minute intraday returns. For the mean—variance portfolios, the HF-MV-5min portfolio
produces stronger results than the HF-MV-30min portfolio, with an annualized return of 28.28% and
a Sharpe ratio of 0.3429. The HF-MV-30min portfolio has an annualized return of 25.92% and a
Sharpe ratio of 0.2779. Although the volatility values of the two models are quite close, the skewness
and kurtosis values of the HF-MV-30min portfolio are weaker. While the HF-MV-5min portfolio
has a skewness of -0.5055 and a kurtosis of 8.6213, these values are -0.6387 and 9.8206, respectively,
for the HF-MV-30min portfolio. This result indicates that, within the mean—variance framework, the
30-minute sampling frequency neither improves return and risk-adjusted performance nor produces
a more favorable out-of-sample distributional profile.

For the MVSK portfolios, the results are more mixed. The HF-MVSK-30min portfolio
provides a somewhat stronger risk—return profile than the HF-MVSK-5min portfolio, with an
annualized return of 34.42%, a Sharpe ratio of 0.5082, and a Sortino ratio of 0.7130. For the HF-
MVSK-5min portfolio, these values are 33.16%, 0.4728, and 0.6666, respectively. By contrast, the
HF-MVSK-5min portfolio is more favorable in terms of maximum drawdown; its maximum
drawdown is -28.63%, compared with -29.93% for the HF-MVSK-30min portfolio. The 30-minute
frequency also does not provide the expected improvement in distributional moments. While the
skewness and kurtosis values of the HF-MVSK-5min portfolio are -0.5062 and 8.4395, respectively,
these values deteriorate to -0.5671 and 9.1650 for the HF-MVSK-30min portfolio. Therefore,
although the 30-minute sampling frequency improves return and risk-adjusted performance in the
MVSK portfolio, it does not produce a better out-of-sample distributional profile in terms of
skewness and kurtosis.

Overall, Table 6 shows that the high-frequency MVSK finding is not specific only to the
choice of 5-minute data, since MVSK portfolios generate higher annualized returns and better risk-
adjusted performance than their corresponding mean—variance counterparts at both the 5-minute and
30-minute frequencies. However, the fact that the 30-minute frequency does not improve skewness
and kurtosis values is an important finding. This result indicates that the contribution of high-
frequency realized higher-moment information to portfolio optimization may be observed in
measures such as return, risk-adjusted performance, and maximum drawdown, but may not be
reflected directly and consistently in out-of-sample skewness and kurtosis characteristics. Thus, the
frequency sensitivity analysis shows that the usefulness of high-frequency moment information
depends on the sampling frequency and the performance dimension being evaluated.

Table 7. Sensitivity to the Maximum Weight Constraint: Comparison of 30% and 20% Caps

Annualized Sharpe Max Drawdown Annualized Sharpe Max Drawdown
Strategy Return (%30 cap) | (%30 cap) Return (%20 cap) | (%20 cap)
(%30 cap) 0o0 cap 020 cap (%20 cap) o< cap o~0 cap
EW 32.34% 0.4535 -33.53% 32.34% 0.4535 -33.53%
Daily-MV 32.35% 0.4555 31.49% 34.54% 0.5278 -30.65%
Rl/)li;lsylé 34.97% 0.5226 -31.01% 34.45% 0.5200 -28.42%
H;“;'HV' 28.28% 0.3429 -31.90% 32.70% 0.4507 -37.02%
HF-
MVSK- 33.16% 0.4728 28.63% 31.96% 0.4317 -32.73%
Smin

Note: The 30% weight cap refers to the portfolio concentration constraint used in the main analysis, whereas the 20%
weight cap represents a stricter diversification constraint. Since the EW portfolio is equally weighted, it is not affected by
changes in the weight cap.

Table 7 shows the sensitivity of the portfolio results to the maximum individual stock weight
constraint. For the portfolios constructed using daily data, under the 20% cap, the annualized return
of Daily-MV increases from 32.35% to 34.54%, while its Sharpe ratio rises from 0.4555 to 0.5278.
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The Daily-MVSK portfolio exhibits a relatively stable performance under both weight constraints.
Under the 30% cap, it generates an annualized return of 34.97% and a Sharpe ratio of 0.5226, while
under the 20% cap, these values are 34.45% and 0.5200, respectively. In addition, the maximum
drawdown of Daily-MVSK improves from -31.01% to -28.42% under the 20% cap, indicating a more
limited loss profile.

For the high-frequency portfolios, the sensitivity to the weight cap is more pronounced.
Under the 20% cap, the HF-MV-5min portfolio increases its annualized return from 28.28% to
32.70% and its Sharpe ratio from 0.3429 to 0.4507; however, its maximum drawdown deteriorates
from -31.90% to -37.02%. This result indicates that a stricter weight cap does not necessarily reduce
downside risk in all cases. While the 20% cap prevents the model from concentrating in specific
stocks, it may also force the portfolio to allocate more weight to a larger number of stocks that decline
together during crisis or stress periods. Therefore, even if greater diversification improves the
average risk—return profile, it may not always produce better results for time-specific tail-risk
measures such as maximum drawdown. A similar sensitivity is observed for the HF-MVSK-5min
portfolio: under the 30% cap, it generates an annualized return of 33.16%, a Sharpe ratio of 0.4728,
and a maximum drawdown of -28.63%, whereas under the 20% cap, these values deteriorate to
31.96%, 0.4317, and -32.73%, respectively. Overall, the findings indicate that the 30% cap prevents
excessive concentration while providing sufficient flexibility to the optimization models, whereas
the 20% cap may reduce model flexibility, particularly in high-frequency portfolios, and adversely
affect performance and maximum drawdown.

Conclusions

This study examines the contribution of realized higher-moment information extracted from
high-frequency data to portfolio optimization in Borsa Istanbul. To this end, using a portfolio
universe consisting of 11 liquid BIST stocks over the January 2018—December 2025 period, the study
compares an equally weighted portfolio, daily-data-based mean—variance and MVSK portfolios, and
their 5-minute high-frequency-data-based mean—variance and MVSK counterparts. The portfolios
are constructed within a monthly rolling out-of-sample framework using polynomial goal
programming, while risk-adjusted performance measures are calculated using a time-varying risk-
free return series derived from the Turkish two-year benchmark government bond yield.

The empirical findings show that the daily-data-based MVSK portfolio delivers the strongest
overall performance during the sample period. The Daily-MVSK portfolio achieves the highest
annualized return, Sharpe ratio, modified Sharpe ratio, and Sortino ratio. It also produces less
negative skewness and lower kurtosis than the other strategies based on daily data. This result
suggests that incorporating skewness and kurtosis into portfolio optimization in Borsa Istanbul may
be associated with a more favorable risk—return profile compared with the traditional mean—variance
approach, particularly within the daily-data framework.

For the high-frequency portfolios, the HF-MVSK-5min portfolio generates higher returns,
better risk-adjusted performance, and a lower maximum drawdown than the HF-MV-5min portfolio.
This finding indicates that higher-moment information derived from high-frequency data may
provide certain contributions relative to a high-frequency mean—variance portfolio based only on
second-moment information. In particular, the fact that the HF-MVSK-5min portfolio has the lowest
maximum drawdown suggests that realized higher-moment information may be useful in limiting
downside risk.

However, the high-frequency MVSK results are not equally strong across all distributional
measures. The out-of-sample skewness and kurtosis values of the HF-MVSK-5min portfolio remain
weaker than those of the Daily-MVSK and equally weighted portfolios. This result indicates that
higher moments calculated from S5-minute intraday returns may not be reflected directly and
consistently in the asymmetry and tail characteristics of daily out-of-sample portfolio returns.

www.turkishstudies.net/economy



784 Okkes Celen - Taner Tas - Selim Baha Yildiz

Although 5-minute data provide a richer set of observations, market microstructure noise, short-term
price jumps, and differences in frequency scale may create additional uncertainty, particularly in the
estimation of third and fourth moments.

The statistical significance results also suggest that the findings should be interpreted
cautiously. The block bootstrap tests show that return differences between the strategies are not
statistically significant at the 5% level. Therefore, the superior risk—return profile of the Daily-MVSK
portfolio reported in Table 2 should be interpreted as an economic and empirical performance
difference observed during the sample period rather than as statistically conclusive superiority.
Regarding volatility differences, only the difference between Daily-MV and HF-MV-5min is
statistically significant.

Additional sensitivity analyses show that the main findings are sensitive to certain modeling
choices. For high-frequency portfolios constructed using 30-minute intraday returns, the MVSK
approach generates better risk-adjusted performance than its mean—variance counterparts. This
finding supports the view that the high-frequency MVSK result is not specific only to the choice of
5-minute data. On the other hand, the maximum weight cap analyses show that high-frequency
portfolios are particularly sensitive to the portfolio concentration constraint. While the 20% cap
improves the risk—return profile of some portfolios, it increases the maximum drawdown of some
high-frequency strategies. This result indicates that stricter diversification constraints do not
necessarily reduce downside risk in all cases and that the choice of weight cap is an important
modeling decision in portfolio optimization.

The findings of this study show that higher-moment portfolio optimization offers a
meaningful application area in Borsa [stanbul, particularly within the daily-data framework, whereas
high-frequency realized higher-moment information provides a more selective and conditional
contribution. Overall, the results indicate that high-frequency data should be evaluated in portfolio
optimization not only in terms of variance—covariance estimation, but also in terms of distributional
characteristics such as skewness and kurtosis. However, the strength of this contribution depends on
methodological choices such as sampling frequency, the stability of moment estimates, portfolio
weight constraints, and transaction cost assumptions. These findings are consistent with the higher-
moment portfolio selection literature, which emphasizes that skewness and kurtosis can affect
optimal portfolio allocation when return distributions deviate from normality. In line with studies
such as Lai (1991), Chunhachinda et al. (1997), Jondeau and Rockinger (2006), and Harvey et al.
(2010), the results show that incorporating higher moments can improve the economic risk—return
profile of portfolio strategies. At the same time, the findings extend the Borsa Istanbul evidence
reported by Kemalbay et al. (2011), Aracioglu et al. (2011), and Usta and Kantar (2011) by showing
that the role of higher moments depends not only on the optimization objective but also on the data
frequency used to estimate moment information. The results also complement the high-frequency
realized moment literature by showing that intraday realized skewness and kurtosis may contribute
to downside-risk control, although they do not necessarily dominate daily moment estimates in all
performance dimensions.

These findings offer two important implications for portfolio optimization in emerging
equity markets. First, in markets where non-normal return distributions and time-varying downside
risk are more pronounced, incorporating higher moments into portfolio allocation may provide a
more balanced risk—return profile than the traditional mean—variance approach. Second, the
informational advantage of high-frequency data does not mechanically translate into every
performance dimension. The contribution of realized higher-moment information may vary
depending on emerging-market characteristics such as sampling frequency, market microstructure,
liquidity conditions, and portfolio constraints. Therefore, when evaluating portfolio models that use
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high-frequency data in emerging markets, not only mean returns and volatility but also transaction
costs, maximum drawdown, and distributional moments should be considered jointly.

This study has several limitations. First, the analysis is restricted to 11 liquid BIST stocks;
different portfolio universes and sectoral structures may alter the results. Expanding the universe to
include less liquid stocks could also introduce stronger market microstructure noise and sparse-
trading effects, potentially reducing the reliability of 5-minute realized moment estimates. Second,
high-frequency moments are calculated at the portfolio level, while coskewness and cokurtosis
tensors are not directly estimated. Although this choice provides an advantage in reducing estimation
error over short rolling windows and keeping the method practically implementable, it does not fully
model higher-order co-moment relationships across assets. Third, realized skewness and realized
kurtosis measures may be sensitive to market microstructure noise and jumps. Future research may
examine the generalizability of the findings by using different high-frequency sampling intervals,
noise-robust realized moment estimators, alternative multi-objective optimization methods, and
broader portfolio universes.
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Modern portfdy teorisinin temelini olusturan ortalama—varyans yaklagimi, portfoy se¢imini
beklenen getiri ile varyans temelli risk arasindaki bir 6diinlesim olarak tanimlamaktadir (Markowitz,
1952). Bu yaklagim finans literatiiriindeki merkezi konumunu korumakla birlikte, getirilerin normal
dagildigi veya yatirimci tercihlerinin ilk iki momentle yeterli bigimde temsil edilebildigi durumlarda
daha giiclii teorik temellere dayanmaktadir. Ancak finansal varlik getirileri ¢ogu zaman asimetri,
kalin kuyruklar, volatilite kiimelenmesi ve asir1 basiklik gibi normal dagilimdan sapma gosteren
ozellikler sergilemektedir. Ozellikle finansal kriz dénemlerinde gozlenen asir1 fiyat hareketleri,
riskin tiim boyutlarinin yalnizca varyansla yakalanamayabilecegine isaret etmektedir. Nitekim ayn
varyansa sahip iki portfoy, carpiklik ve kuyruk riski bakimindan 6nemli 6l¢iide farkli risk profillerine
sahip olabilir. Bu durum, yalnizca varyansa dayali risk dl¢limiiniin portféy optimizasyonunda
sinirlayict olabilecegini ve yiiksek dereceli momentlerin de dikkate alinmasi gerektigini
gostermektedir.

Bu sinirlilik, carpiklik ve basiklik gibi yiiksek momentleri iceren portfoy secim modellerinin
gelistirilmesine yol agmistir. Lai (1991), ortalama—varyans—carpiklik ¢ercevesini ¢ok amagli bir
portfdy secimi problemi olarak ele alan Oncii ¢alismalardan biridir. Chunhachinda vd. (1997),
uluslararast pay piyasalarindaki yatirimcilarin pozitif carpikligi tercih ettiklerini ve carpikligin
optimal portfdy bilesimlerini 6nemli dl¢lide degistirebildigini gostermektedir. Daha sonra Jondeau
ve Rockinger (2006), Harvey vd. (2010) ile Martellini ve Ziemann (2010), 6zellikle normal olmayan
getiri dagilimlan altinda carpiklik ve basikligin optimal portfoy tahsisini etkileyebilecegini
vurgulamakta; ancak bu etkinin giivenilir bi¢imde belirlenebilmesi i¢in yiiksek moment ve es-
moment tahminlerinin dikkatli bicimde elde edilmesi gerektigine de isaret etmektedir.

Yiksek momentli portféy optimizasyonu literatiiriinde farkli yontemsel yaklasimlar
kullanilmaktadir. Fayda temelli modeller, yatirimcilarin fayda fonksiyonlarinin Taylor agilimlarina
dayanarak getiri, varyans, carpiklik ve basiklig1 tek bir amag¢ fonksiyonu iginde birlestirmektedir.
Buna karsilik ¢ok amagli optimizasyon ve hedef programlama yaklagimlari, bu momentleri ayri
hedefler olarak ele almakta ve portfoy secimini birbiriyle ¢atisan ¢ok sayida amacin dengelenmesi
problemi olarak tamimlamaktadir. Yatirnmcilarin getiri ve pozitif ¢arpikligi artirmayi, varyans ve
basikligi ise azaltmay1 amaglamalari nedeniyle ikinci yaklasim yiiksek momentli portféy se¢iminin
dogasina 6zellikle uygundur. Mandal ve Thakur (2024), yiiksek momentli portfoy se¢imi literatiiriine
iliskin kapsamli incelemelerinde, bu alandaki modellerin kullanilan moment yapisi, amag sayisi, kisit
tiirleri, ¢oziim teknikleri ve uygulama piyasalart bakimindan o6nemli Ol¢iide farklilastigini
gostermektedir.

Turkish Studies — Economics, Finance, Politics 21(O1)



High-Frequency Realized Higher Moments and Portfolio Optimization... 787

Yiiksek momentli portfdy optimizasyonu farkli piyasalarda da uygulanmigtir. Chunhachinda
vd. (1997), Amerika Birlesik Devletleri, Japonya ve gelismis uluslararasi piyasalarda portfoy
seciminde ¢arpikligin roliinii incelerken, Davies vd. (2009) hedge fon portfoyleri icin ¢ok amach
yliksek momentli bir optimizasyon yaklasimi kullanmaktadir. Mhiri ve Prigent (2010) uluslararasi
portfdy optimizasyonunda yiliksek momentlerin roliinii arastirirken, Naqvi vd. (2017) ortalama—
varyans—¢arpiklik—basiklik yaklasimim Pakistan pay piyasasina uygulayarak yliksek momentlerin
optimal portfoy bilesimini degistirebildigini géstermektedir. Khan vd. (2020), gelismekte olan Asya
piyasalarinda siirdiiriilebilir portfdy optimizasyonu g¢ercevesinde yiliksek momentlerin kullanimim
incelemektedir. Avrupa piyasalarina iliskin ¢alismalar arasinda Glawischnig ve Seidl (2013), seri
korelasyonlu, carpik ve kalin kuyruklu endeks getirileri altinda yiiksek momentli portfoy
optimizasyonunun 6nemini vurgulamaktadir. Proelss ve Schweizer (2014) ise polinomiyal hedef
programlama c¢ergevesinde ABD’li kurumsal yatirnmcilarin hedge fon se¢imindeki ortiik yiiksek
moment tercihlerini analiz etmektedir. Bu ¢alismalar, yatirnmcilarin yalnizca volatiliteyi degil, getiri
dagilimlarinin asimetrik ve kuyrukla iligkili 6zelliklerini de dikkate aldigin1 gostermektedir.

Tiirkiye piyasasina iliskin calismalar daha simirhidir. Kemalbay vd. (2011), polinomiyal
hedef programlama yaklasimmi kullanarak IMKB-30 endeksine yiiksek momentli portfoy
optimizasyonu uygulamakta ve carpiklik ile basikligin optimal portfdy yapisimi etkileyebildigini
gostermektedir. Aracioglu vd. (2011), Istanbul Menkul Kiymetler Borsas1 i¢in ortalama—varyans—
carpiklik—basiklik yaklagimini incelemekte ve yiiksek momentlerin portfoyiin dagilimsal 6zellikleri
iizerindeki etkilerini arastirmaktadir. Usta ve Kantar (2011) ise ortalama—varyans—carpiklik—entropi
cercevesinde cok amacgli bir portfoy secim modeli gelistirerek getiri, risk, asimetri ve ¢esitlendirme
ozelliklerinin portfdy optimizasyonunda birlikte ele alinabilecegini gostermektedir. Bununla birlikte,
Borsa Istanbul iizerine yapilan bu calismalar biiyiik 6lciide giinliik verilere dayanmaktadir.
Dolayistyla Borsa Istanbul igin yiiksek momentli portfoy optimizasyonuna iliskin bir literatiir mevcut
olsa da yiiksek frekansli verilerden elde edilen gergeklesmis yiiksek momentlerin portfoy
optimizasyonuna katkis1 yeterince incelenmemistir.

Yiiksek momentli portfoy optimizasyonundaki temel giicliiklerden biri carpiklik, basiklik,
es-carpiklik ve es-basiklik gibi biiyiikliikklerin giivenilir bigimde tahmin edilmesidir. Giinliik
verilerden elde edilen yiiksek moment tahminleri, sinirh gézlem sayisi, drnekleme hatasi ve piyasa
rejimi degisimleri nedeniyle istikrarsiz olabilmektedir. Bu noktada yiiksek frekansli finansal veriler,
getiri dagilimlarinin giin i¢i dinamiklerini daha ayrintili bicimde yakalayarak gerceklesmis moment
tahmini i¢in daha zengin bir bilgi seti sunmaktadir. Andersen vd. (2001, 2003) ile Barndorff-Nielsen
ve Shephard (2002) tarafindan gelistirilen gerceklesmis volatilite literatiirii, varyans ve kovaryans
tahmininde giin ici getirilerin giinlik kapanig getirilerinden daha fazla bilgi igerdigini
gostermektedir. Daha sonraki ¢alismalarda gerceklesmis garpiklik ve gerceklesmis basiklik dlgiileri
gelistirilmis; Neuberger (2012) ile Amaya vd. (2015), giin i¢i verilerden hesaplanan gergeklesmis
carpikligin getiri dagilimlarinin asimetrik yapist ve gelecekteki getiri davranisi hakkinda bilgi
igerdigini ortaya koymustur.

Yiksek frekansli gerceklesmis yiiksek momentleri dogrudan portféy optimizasyonuyla
iligkilendiren ¢aligmalar halen oldukg¢a sinirlidir. Bu baglamda Buckle vd. (2016), islem bazli
verilerden gergeklesmis kovaryans, ¢arpiklik ve basiklik dlgiileri tiireten ve bunlari yiiksek momentli
portfoy segimiyle iliskilendiren Oncli c¢alismalardan biridir. Calisma, gerceklesmis yiiksek
momentlerin 6zellikle kriz donemlerinde asag1 yonlii riski ve kuyruk riskini daha iyi karakterize
edebildigini gostermektedir. Dolayisiyla yliksek frekansh veriler yalmzca varyans ve kovaryans
tahmini agisindan degil, carpiklik ve basikliga duyarli, kuyruk riskini gdzeten portfOy tahsisi
acisindan da potansiyel bir bilgi degeri tastyabilir.

Gelismekte olan pay piyasalar1 yalnizca yiiksek getiri potansiyeliyle degil, aynm1 zamanda
daha belirgin volatilite, likidite farkliliklari, ani fiyat hareketleri, kurumsal doniisiimler ve kiiresel
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sermaye akimlarina duyarlilikla karakterize edilmektedir. Bu piyasalarda getiri dagilimlar1 cogu
zaman normal dagilimdan daha gii¢lii bigimde sapmakta; bu da portfoy tahsisi agisindan asimetriyi,
kalin kuyruklar1 ve asag1 yonlii riski daha goriiniir hale getirmektedir. Bu nedenle gelismekte olan
piyasalarda portfdy optimizasyonu yalnizca ortalama ve varyans iizerinden degil, carpiklik ve
basiklik gibi yiiksek momentler de dikkate alimarak degerlendirilmelidir. Likit ve yliksek piyasa
degerine sahip pay senetlerinin yani sira yiiksek volatilite ve makro-finansal belirsizlik donemlerine
sahip olmasi, Borsa Istanbul’u yiiksek frekansli gerceklesmis yiiksek momentlerin portfdy
optimizasyonuna katkisin1 simnamak i¢in uygun bir gelismekte olan piyasa ortami haline
getirmektedir.

Gelismekte olan piyasalara iliskin yakin tarihli calismalar, volatilite aktarimi, risk
baglantililigi ve veri frekansinin portfoy yonetimi agisindan 6nemli sonuglar dogurabilecegini
gostermektedir. Molina-Muioz vd. (2025), gelismekte olan piyasalardaki enerji ve finans endeksleri
arasindaki volatilite aktariminin kullanilan veri frekansma ve kriz dénemlerine bagli olarak
degisebildigini ortaya koyarken, Asl vd. (2024) volatilite baglantililiginin portfdy yonetimi agisindan
zamanla degisen ve kantile bagli sonuglar iiretebildigini gostermektedir. Benzer bi¢imde, gelismekte
olan ve gelismis piyasa sektorleri arasindaki volatilite yayilimlarini inceleyen Sahoo (2024),
sektorler arasi yayilma etkilerinin portfoy cesitlendirmesi ve korunma kararlarinda dikkate alinmasi
gerektigini ortaya koymaktadir. Bu ¢alismalar, gelismekte olan piyasalarda risk 6l¢iimii ve portfoy
tahsisi kararlarinin piyasa kosullari, frekans tercihi ve dagilimsal 6zellikler birlikte dikkate alinarak
degerlendirilmesi gerektigi goriisiinii desteklemektedir.

Bu calismanin temel amaci, yiiksek frekansli veriler ile gerceklesmis yiiksek moment
bilgisinin Borsa Istanbul’da portfdy optimizasyonuna ayri ayri ve birlikte katki saglayip
saglamadigimi incelemektir. Bu amagla, esit agirhikli portfoy bir karsilagtirma olgiitii olarak
kullanilarak giinliik verilere dayali ortalama—varyans ve ortalama—varyans—c¢arpiklik—basiklik
portfoyleri ile 5 dakikalik yiiksek frekansli verilerden olusturulan karsiliklar karsilagtirilmaktadir.
Portfoyler, yiiksek momentli portfoy se¢iminin ¢ok amagli yapisiyla uyumlu olan polinomiyal hedef
programlama g¢ercevesinde olusturulmaktadir. Boylece calisma, yalnizca yiiksek frekansl verilerin
varyans temelli risk tahminine katki saglayip saglamadigini degil, ayn1 zamanda giin i¢i verilerden
elde edilen ¢arpiklik ve basiklik bilgisinin portfoy tahsisi i¢in ilave bilgi saglayip saglamadigim da
dogrudan sinamaktadir. Calismani 6zgiin katkisi, Borsa Istanbul baglaminda yiiksek frekansh
gerceklesmis carpiklik ve gerceklesmis basiklik Olciilerini yalnizca betimleyici risk gostergeleri
olarak degil, dogrudan c¢ok amagli bir portfdy optimizasyonu cergevesinin girdileri olarak
kullanmasidir. Bu katki nemlidir; ciinkii Borsa Istanbul {izerine dnceki calismalar agirlikli olarak
giinliik verilere dayanmis ve giin i¢i gergeklesmis yliksek momentlerin 6rneklem disi portfoy
tahsisini iyilestirip iyilestirmedigini dogrudan incelememistir. Bu yoniiyle ¢alisma, gelismekte olan
bir piyasa ortaminda yiiksek momentli portfdy optimizasyonu literatiirii ile yiiksek frekansh
gerceklesmis moment literatiirii arasinda bir kdprii kurmaktadir. Ayrica yiiksek frekansli moment
bilgisinin gelismekte olan pay piyasalarinda portfoy yonetimi i¢in ne oOlgiide genellenebilir ve
uygulamada kullanilabilir bir bilgi seti sunduguna iligkin literatiire katki saglamaktadir. Caligma ayni
zamanda likidite kisitlari, piyasa mikro yapisi etkileri ve normal olmayan getiri dagilimlari altinda
portfoy yoneticileri, kurumsal yatirnmcilar ve piyasa diizenleyicileri agisindan uygulamaya doniik
¢ikarimlar sunmaktadir.

Veri ve Yontem

Bu galismada Borsa Istanbul’da islem goren 11 yiiksek likiditeli pay senedi kullaniimaktadir:
AKBNK, ASELS, BIMAS, EREGL, GARAN, ISCTR, KCHOL, SAHOL, TCELL, THYAO ve
TUPRS. Pay senedi evreni likit varliklarla sinirlandirilmistir; ¢linkii islem siirekliligi ve fiyat
giincelleme sikligy, yliksek frekansli veriler kullanilarak hesaplanan gergeklesmis moment tahminleri
acisindan kritik dneme sahiptir. Daha az likit pay senetlerinde gozlenen seyrek islem ve diizensiz
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fiyat olusumu, giin i¢i getiri dagilimlarindan tiiretilen varyans, c¢arpiklik ve basiklik tahminlerinin
giivenilirligini zayiflatabilir.

Calismanin 6rneklem disi1 performans dénemi Ocak 2018—Aralik 2025 arasimi kapsamakta
ve sekiz yillik bir yatirim degerlendirme penceresi sunmaktadir. Ik portfoy agirliklarmin
olusturulmasinda Aralik 2017 verileri baglangi¢ 6rneklem i¢i tahmin dénemi olarak kullanilmaktadir.
Calismada iki farkli veri frekansindan yararlanilmistir: glinliik kapanis getirileri ve 5 dakikalik giin
ici getiriler. Giinliikk getiriler geleneksel veri frekansina dayali portféy modellerinin, 5 dakikalik
getiriler ise yiiksek frekansli gerceklesmis moment bilgisine dayali portféy modellerinin
olusturulmasinda kullanilmaktadir. Yiiksek frekansl analizde 5 dakikalik 6rnekleme araligi temel
giin ici frekans olarak tercih edilmistir; ¢iinkii bu aralik, giin i¢i bilgiyi koruma ile piyasa mikro yapisi
giirliltiistinii sinirlama arasinda uygulamada yaygin kullanilan bir denge sunmaktadir. Bununla
birlikte, bu tercihin her durumda optimal oldugu varsayllmamaktadir. Bu nedenle saglamlik
analizinde bulgularin 6rnekleme frekansina duyarli olup olmadigini incelemek amaciyla yiiksek
frekanshi portfoyler 30 dakikalik giin ici getiriler kullanilarak da yeniden olusturulmustur.

Tiim getiriler logaritmik getiri olarak hesaplanmaktadir:

Ti,t = ln(Pl,t) - ln(Pl"t_l),

Burada P; ;i pay senedinin t zamanindaki fiyatini; r; . ise karsilik gelen logaritmik getiriyi
gostermektedir. Giinliik modellerde t islem giinlerini, yiiksek frekansli modellerde ise 5 dakikalik
giin i¢i araliklan ifade etmektedir. Giinliik kapanis fiyatlari, her islem giiniiniin son 5 dakikalik
araliginda gozlenen kapanis fiyatindan tiiretilmektedir. Veri 6n isleme asamasinda veri biitiinliigiinii
bozabilecek eksik gozlemler, islem yapilmayan araliklar, olagandisi veri hatalari, yarim islem giinleri
ve piyasa kesintileri kontrol edilmistir. Yiiksek frekansl veri setinde, tiim pay senetleri igin ortak
islem araliklar1 esas alinarak dengeli bir giin i¢i panel olusturulmustur.

Calismanin ampirik tasarimi aylik kayan 6rneklem dis1 bir ¢erceveye dayanmaktadir. Her
ayin basinda ilgili modele ait portfoy agirliklar1 bir 6nceki ayimn giinliik veya 5 dakikalik getirileri
kullanilarak tahmin edilmekte ve bu agirliklar takip eden ay boyunca sabit tutulmaktadir. Boylece
her ay i¢in 6nceki ay 6rneklem i¢i tahmin donemi, sonraki ay ise 6rneklem dis1 yatirim donemi olarak
kullanilmaktadir. Bu yapi, yliksek frekansl verilerin kisa donemli dagilimsal bilgiyi giinliik verilere
kiyasla daha etkili bicimde yakalayip yakalamadiginin sinanmasina olanak saglamaktadir.

Tablo 1, calismada olusturulan bes temel portfoy stratejisini veri frekansi ve optimizasyon
yaklagimima gore siniflandirmaktadir. Bu g¢ercevede esit agirlikli portfoy (EW), modele dayali
olmayan bir karsilasgtirma oOlgiitii olarak kullanilmaktadir. Giinliikk getirilere dayali portfoyler,
ortalama—varyans optimizasyonuyla olusturulan Daily-MV portfoyii ile ortalama—varyans—
carpiklik—basiklik optimizasyonuyla olusturulan Daily-MVSK portfoyiinden olusmaktadir. Yiiksek
frekanshi portfoyler ise 5 dakikalik giin i¢i getiriler kullanilarak olusturulan ortalama—varyans
portfoyli (HF-MV-5min) ve ortalama—varyans—¢arpiklik—basiklik portfoyli (HF-MVSK-5min)
olarak tanimlanmaktadir. Bu siniflandirma, giinliik veri ¢cer¢cevesinde yiiksek momentlerin katkisinin,
ortalama—varyans modeli i¢inde yiiksek frekansli verilerin etkisinin ve yiiksek frekansh gerceklesmis
yiiksek moment bilgisinin MVSK optimizasyonuna ilave katkisinin ayri ayri degerlendirilmesini
saglamaktadir.
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Tablo 1. Portfoy Stratejilerinin Veri Frekansi ve Optimizasyon Yaklasimina Goére Siiflandirilmasi

Portfoy Veri Optimizasyon yaklasimi
EW Glinliik getiri Aylik yeniden dengelenen esit agirlikli portfoy
Daily-MV Glinliik getiri PGP tabanli ortalama—varyans optimizasyonu
Daily-MVSK Giinliik getiri PGP tabanli onalama}fviaryansfgarplkhkfbasﬂd1k
optimizasyonu
HF-MV-5min 5 dakikalik getiri PGP tabanli ortalama—varyans optimizasyonu
HF—MYSK— 5 dakikalik getiri PGP tabanli onalama}fviaryansfgarplkhkfbasﬂd1k
Smin optimizasyonu

Her bir aday agirlik vektorii icin portfoy getirisi asagidaki sekilde hesaplanmaktadir:

N
Tpe = § WiTie
i=1

Burada w; i pay senedinin portfoy agirligini; N ise portfoyde yer alan pay senedi sayisini
gostermektedir. Bu calismada N=11dir. Portféy momentleri portfoy diizeyinde hesaplanmaktadir.
Buna gore her bir aday agirlik vektorii i¢in ilgili veri frekansinda portfoy getiri serisi olusturulmakta;
ardindan bu seriden ortalama getiri, varyans, ¢arpiklik ve basiklik degerleri elde edilmektedir. Bu
yaklagim, es-¢arpiklik ve es-basiklik tensorlerinin dogrudan tahmin edilmesiyle iligkili boyutluluk
ve tahmin hatasi sorunlarimi azaltirken, gilinliik ve yiiksek frekansli moment bilgisinin portfoy
diizeyindeki katkisinin basit ve uygulamada kullanilabilir bir ¢ercevede sinanmasina da olanak
saglamaktadir. Yaklasimin temel ddiinlesimi, varliklar aras1 yiiksek dereceli es-moment yapilarim
acik bigimde modellememesidir. Bununla birlikte, kisa kayan tahmin pencereleri ile es-¢arpiklik ve
es-basiklik tensorlerinin yiiksek boyutlu yapisi dikkate alindiginda, portfoy diizeyindeki formiilasyon
daha istikrarl ve uygulamada gergeklestirilebilir bir alternatif sunmaktadir.

Yiksek frekansli modellerde gerceklesmis momentler, Neuberger (2012) ile Amaya vd.
(2015) tarafindan kullanilan gerceklesmis yiilksek moment tanimlartyla uyumlu olarak her bir
orneklem ici ay i¢indeki 5 dakikalik portfoy getirilerinden hesaplanmaktadir. m ayindaki 5 dakikalik
portfoy getirileri 1, ; ,j =1, ..., My, ile gosterilsin. Portfoy diizeyindeki ger¢eklesmis varyans,
gerceklesmis garpiklik ve gergeklesmis basiklik 6l¢iileri agagidaki sekilde tanimlanmaktadir:

M,

_ 2
RVp,m - Z Tom,jr

j=1

M
My, Zj_l Tom,j
RSK, m = — ,
pm (R%'m)yz

M, .
M, E : Tp,m,j
j=1
RKU =

P RV’

Burada M,, ilgili 6meklem ici aydaki 5 dakikalik portfoy getiri gozlemlerinin sayisini
gostermektedir. Bu tanimlarda gerceklesmis varyans giin i¢i getirilerin kareleri toplami olarak
hesaplanirken, gergeklesmis carpiklik ve gerceklesmis basiklik sirasiyla iiglincii ve dordiincii
dereceden giin igi getirilerin toplamlarinin ger¢eklesmis varyansla dlgeklendirilmis bigimleri olarak
tamimlanmaktadir. Giinliik veriler kullanilarak olusturulan portfoylerde ayn1 moment hesaplama
yontemi ilgili 6rneklem ici donemdeki giinliik portfoy getirilerine uygulanmaktadir. Bu yapi, Daily-
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MVSK ve HF-MVSK portfoylerinin aynt PGP optimizasyon cergevesinde, ancak farkli veri
frekanslarindan elde edilen moment girdileri kullanilarak kargilastirilmasini saglamaktadir.

Bu ¢alismada portfoy optimizasyonu polinomiyal hedef programlama yaklasimi kullanilarak
gerceklestirilmektedir. PGP, beklenen getiri ve ¢arpikligin artirilmasi; varyans ve basikligin ise
azaltilmas1 hedeflendiginden, yiiksek momentli portfoy seciminin ¢ok amagli yapisina uygundur. Bu
nedenle portfy sec¢imi, tek bir fayda fonksiyonundaki tercih katsayilar temelinde degil, her bir
moment i¢in tanimlanan ideal degerlerden normalize edilmis sapmalarin en aza indirilmesi seklinde
modellenmektedir.

Her bir 6rneklem i¢i donem igin Oncelikle ilgili momentlere ait ideal hedef degerleri
hesaplanmaktadir. MVSK modeli i¢in ideal degerler asagidaki sekilde tanimlanmaktadir:

*
p* = maxuy,
w
(02)* = minoy,
w
S§* = maxs,,
w

K* = mink,,
w

N
s.t. Zwi =1 0<Zw;<0.30.
i=1
Burada p* ulagilabilir maksimum ortalama portfoy getirisini, (62)* ulagilabilir minimum
portfdy varyansini, S* ulagilabilir maksimum portfoy carpikligini ve K* ulagilabilir minimum
portfoy basikhgimi gostermektedir. Ideal degerler aym portfdy kisitlart altinda ayri ayri
hesaplanmaktadir.

MVSK portfoyii, bu ideal degerlerden normalize edilmis sapmalarin en aza indirilmesiyle
elde edilmektedir:

* * * * 6
(o, (=@ (5= = K
w |u*| + & [(62)*| + ¢ |S*] + € |[K*| + €

N
s.t. Zwi =1,
i=1

0<w; <030, i=1,..,N.

Burada &, paydanin sifira yaklagsmasini onlemek amaciyla kullanilan kiigiik pozitif bir
sabittir. a, 5, ¥y, ve & parametreleri sirasiyla getiri, varyans, carpiklik ve basiklik hedeflerinden
sapmalara atfedilen goreli 6nemi gdstermektedir. Ana analizde tim hedef sapmalar1 esit 6ncelikli
olarak ele alinmis ve @ = § = ¥y = § = 1 olarak belirlenmistir. Esit dncelik agirliklari, dort moment
hedefi arasinda oOnsel bir tercih hiyerarsisi dayatmamak amaciyla kullanilmaktadir. Bu tarafsiz
karsilastirma Olgiitii, her bir hedefe goreli sapma bakimindan esit onem vermekte ve giinliik ile
yiiksek frekansl stratejiler arasindaki karsilagtirmanin 6znel tercih parametrelerinden ziyade veri
frekans1 ve moment bilgisinin roliine odaklanmasini saglamaktadir.

Ortalama—varyans portfoyleri, ayn1 PGP ¢ergevesinin iki amagli 6zel bir durumu olarak
olusturulmaktadir. Bu modellerde yalnizca beklenen getiri ve varyans hedefleri dikkate alinmaktadir.
Oncelikle aymi kisitlar altinda pu* ve (02)* hesaplanmakta, ardindan portfdy asagidaki problemin
¢Oziilmesiyle elde edilmektedir:
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. <u* —u,,>“ (ag - (a%*)’*
min < + Nr
wo \lwl+e) "\l T+e

0<w; <030, i=1,..,N.

Ana analizde ortalama—varyans portfoyleri i¢in de @ = f = 1 kullanilmaktadir. Buna goére
Daily-MV, Daily-MVSK, HF-MV-5min ve HF-MVSK-5min portfoyleri ayni ¢ok amagh
optimizasyon gercevesi icinde karsilagtirilmaktadir. Bu yaklasim, model karsilagtirmasinin yalnizca
kullanilan moment seti ve veri frekansina dayanmasini saglamaktadir.

Optimizasyon modellerinin higbirinde acgiga satisa izin verilmemektedir. Portfoy
agirliklarinin toplami bire esit olacak sekilde kisitlanmis ve herhangi bir pay senedinin agirligi en
fazla %30 ile sinirlandirdmistir. %30°luk agirlik smuri, tek bir pay senedinde asir1 yogunlagmayi
onlerken optimizasyon modellerine veri frekansi ve moment bilgisine bagli olarak portfoy
agirliklarinda anlamli farkliliklar olusturabilecek yeterli esnekligi saglamaktadir. Esit agirlikh
portfoyde her bir pay senedine 1/N agirlig1 verilmekte ve bu portfoy de diger stratejilerle ayni sekilde
aylik olarak yeniden dengelenmektedir.

Portfoylerin uygulamadaki gerceklestirilebilirligini degerlendirmek amaciyla islem
maliyetleri de dikkate alinmaktadir. Aylik yeniden dengeleme sirasinda portfoy devir orani asagidaki
sekilde hesaplanmaktadir:

TOp, = Z |w™ — w0,

Burada TO,, aylik portfdy devir oranini, w

(m-1)

agirhgmi, w, ise fiyat hareketleri sonucunda bir 6nceki ayin sonunda olusan portfoy agirligini
gostermektedir. Islem maliyetleri diisiildiikten sonraki net portfdy getirisi asagidaki sekilde
hesaplanmaktadir:

m aymnin basindaki yeni hedef portfoy

(m)
4

net _— gross
RIS = RITOSS _ ¢ X TO,,

Burada c islem maliyeti oranim1 gostermektedir. Ampirik uygulamada c=0,001 olarak
belirlenmistir. Bu oran, aylik yeniden dengeleme sirasinda gerceklesen portfdy devir oranina
uygulanan %0,10’luk islem maliyetini temsil etmektedir. Bu yap1, optimizasyona dayali portfoylerin
olast performans avantajlarinin daha yiiksek portfoy devir orani ve islem maliyetleri dikkate
alindiktan sonra da devam edip etmediginin degerlendirilmesine olanak saglamaktadir.

Orneklem dis1 portfdy performansi tiim stratejiler icin giinliik portfoy getirileri kullanilarak
degerlendirilmektedir. Risk diizeltilmis performans Ol¢iilerinin hesaplanmasinda Tiirkiye’nin iki
yillik gosterge devlet tahvili faizi risksiz faiz orani olarak kullanilmaktadir. Ocak 2018—Aralik 2025
doneminde faiz oranlar1 6nemli Ol¢lide degistigi icin calismada sabit bir donem ortalamasi yerine
zamanla degisen bir risksiz getiri serisi kullanilmistir. Bu amagla ilgili aya ait yillik iki y1llik gosterge
devlet tahvili faizi giinliilk esdegerine doniistiiriilmekte ve Sharpe, Sortino ve degistirilmis Sharpe
oranlar1 hesaplanirken portfoy getirilerinden ¢ikarilmaktadir. Boylece risk diizeltilmis performans
Olciileri, portfoy degerlendirme donemi boyunca gecerli piyasa kosullarimi daha dogru bigimde
yansitacak sekilde hesaplanmaktadir.
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Bulgular

Bu boliimde Ocak 2018—Aralik 2025 donemi i¢in olusturulan portfdy stratejilerinin
orneklem dis1 performanslart karsilastirilmaktadir. Portfoyler, bir 6nceki aya ait veriler kullanilarak
aylik kayan cergevede olusturulmakta ve takip eden ay boyunca sabit tutulmaktadir. Performans
degerlendirmesinde islem maliyetleri sonrasi net yilliklandirilmis getiri, yilliklandirilmig volatilite,
risk diizeltilmis performans 6l¢iileri, maksimum kayip ve portfoy getiri dagiliminin yiiksek moment
ozellikleri dikkate alinmaktadir. Sharpe, degistirilmis Sharpe ve Sortino oranlari, Tiirkiye’nin iki
yillik gosterge devlet tahvili faizinden tiiretilen zamanla degisen giinliik risksiz getiri serisi
kullanilarak hesaplanmaktadir.

Tablo 2. Ocak 2018—Aralik 2025 Donemi Orneklem Dis1 Portfdy Performans Sonuglari

Strateji EwW Daily-MV | Daily-MVSK | HF-MV-5min | HF-MVSK-5min

Yilliklandirilmis Getiri 32.34% 32.35% 34.97% 28.28% 33.16%
Yilliklandirilmig Volatilite 29.14% 28.84% 29.16% 29.48% 29.58%
Sharpe Orani 0.4535 0.4555 0.5226 0.3429 0.4728
Degistirilmis Sharpe O. 0.2842 0.2859 0.3309 0.2134 0.2950
Sortino Orani 0.6390 0.6418 0.7432 0.4799 0.6666

Maksimum Kay1p -33.53% -31.49% -31.01% -31.90% -28.63%
Carpiklik -0.4220 -0.4373 -0.3267 -0.5055 -0.5062
Basiklik 7.6847 8.0111 7.0366 8.6213 8.4395

Not: Yilliklandirilmis getiri, Sharpe, degistirilmis Sharpe, Sortino ve maksimum kayip degerleri, islem maliyetleri
diistildiikten sonraki net portfoy getirileri esas alinarak hesaplanmistir.

Tablo 2, Ocak 2018—Aralik 2025 déneminde karsilastirilan portfoy stratejilerinin 6rneklem
dis1 performans sonuglarini sunmaktadir. Getiri agisindan en yiiksek yilliklandirilmis getiri %34,97
ile Daily-MVSK portfoyiinden elde edilmistir. Bunu %33,16 ile HF-MVSK-5min, %32,35 ile Daily-
MV ve %32,34 ile EW portfoyii izlemektedir. En distik yilliklandirilmis getiri ise 9%28,28 ile HF-
MV-5min portfoyiinde gerceklesmistir. Bu bulgu, incelenen donemde c¢arpiklik ve basikligin
optimizasyona dahil edilmesinin hem giinliilk hem de yiiksek frekansl veri ¢ergevelerinde karsilik
gelen ortalama—varyans portfoylerine kiyasla daha yiiksek getirilerle iliskili oldugunu
gostermektedir.

Risk agisindan yilliklandirilmis volatilite degerleri stratejiler arasinda oldukga benzerdir. En
diistik volatilite %28,84 ile Daily-MV portfoyiinde gdézlenirken, bunu %29,14 ile EW ve %29,16 ile
Daily-MVSK izlemektedir. Yiiksek frekansli portfdylerde volatilite bir miktar daha yiiksek olup HF-
MV-5min i¢in %29,48, HF-MVSK-5min i¢in %29,58 diizeyindedir. Dolayisiyla Daily-MVSK
tarafindan tiretilen daha yiliksek getiri, 6nemli Olciide daha yiiksek volatilite iistlenilerek elde
edilmemistir; bu portfoyiin volatilite diizeyi Daily-MV ve EW portfdylerine oldukca yakindir.

Risk diizeltilmis performans dlgiileri de Daily-MV SK portfoyiiniin 6rneklem disi risk—getiri
profili bakimindan o6ne ¢iktigin1 gostermektedir. Daily-MVSK, 0,5226 Sharpe orami, 0,3309
degistirilmis Sharpe oran1 ve 0,7432 Sortino oraniyla tiim stratejiler arasindaki en yiiksek degerlere
ulagmaktadir. HF-MVSK-5min portfoyi ise 0,4728 Sharpe, 0,2950 degistirilmis Sharpe ve 0,6666
Sortino oraniyla yiiksek frekanshi stratejiler iginde en giiglii risk diizeltilmis performansi
gostermektedir. Ozellikle HF-MV-5min ile karsilastirildiginda Sharpe oraninin 0,3429°dan 0,4728’e,
Sortino oraninin ise 0,4799’dan 0,6666’ya yiikselmesi, 5 dakikalik verilerle olusturulan portfoylere
yiiksek momentlerin eklenmesinin risk diizeltilmis performansla pozitif iligkili oldugunu
gostermektedir.

Maksimum kayip agisindan en iyi sonug -%28,63 ile HF-MVSK-5min portfoyiinden elde
edilmistir. Daily-MVSK portfoyiiniin maksimum kayb1 -%31,01 olup bu deger Daily-MV (-%31,49)
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ve EW (-%33,53) portfoylerine kiyasla daha sinirlt bir kayip profiline isaret etmektedir. HF-MV-
Smin portfoyiinde -%31,90 olan maksimum kaybin HF-MVSK-5min portfoyiinde -%28,63¢
gerilemesi, yiiksek frekansli MVSK yaklasiminin 6zellikle asagi yonli riski sinirlamaya katki
saglayabilecegini diistindiirmektedir.

Dagilimsal 6zellikler, tim portfoylerin negatif ¢arpiklik ve yiliksek basiklik sergiledigini
gostermektedir. Bununla birlikte Daily-MVSK, -0,3267 ile en az negatif ¢arpiklik ve 7,0366 ile en
diisiik basiklik degerine sahiptir. Bu sonug, giinliik veriye dayali MVSK portfSyiiniin yalnizca getiri
ve risk diizeltilmis performans agisindan degil, portfoy getiri dagilimimin asimetri ve kuyruk
oOzellikleri bakimindan da daha dengeli bir yapt sundugunu gostermektedir. Buna karsilik HF-
MVSK-5min portfoyiiniin ¢arpiklik degeri -0,5062, basiklik degeri ise 8,4395’tir ve bu degerler hem
Daily-MVSK hem de EW portfoylerine gore daha zayiftir. Dolayistyla HF-MVSK-5min portfoyii
getiri ve maksimum kay1p bakimindan HF-MV-5min’e gore belirgin iyilesmeler saglasa da 6rneklem
dis1 carpiklik ve basiklik profilinde beklenen iyilesmeyi iiretmemektedir. Bu durum, 5 dakikalik giin
ici getirilerden tiiretilen yiiksek moment tahminlerinin giinliik 6rneklem dis1 portfoy getirilerinin
asimetri ve kuyruk oOzellikleri i¢in her zaman istikrarlh bir sinyal sunmayabilecegini
diisiindiirmektedir.

Genel olarak Tablo 2, yiiksek momentlerin portfoy optimizasyonuna dahil edilmesinin hem
giinliik hem de yiiksek frekansl veri ¢ercevelerinde belirli performans kazanimlar1 saglayabildigini
gostermektedir. Ancak bu katkinin niteligi veri frekansina gore farklilasmaktadir. incelenen
donemde en giiclii genel performans Daily-MVSK portfoylinden gelirken, HF-MVSK-5min’in
katkisi yiiksek frekansli ortalama—varyans portfoyiine kiyasla getiri, risk diizeltilmis performans ve
maksimum kayip bakimindan daha belirgindir. Buna karsilik HF-MVSK-5min’in ¢arpiklik ve
basiklik sonuglari, yiiksek frekansli gerceklesmis yiiksek moment bilgisinin giinliik 6rneklem dist
dagilimsal 6zelliklere dogrudan ve tutarli bicimde yansimayabilecegini gostermektedir.
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Sekil 1. Ocak 2018—Aralik 2025 Déneminde Baslangigtaki 1.000 TL’lik Yatirimin Kiimiilatif
Portfoy Degeri

Sekil 1, Ocak 2018 basinda her bir portfoy stratejisine tahsis edilen 1.000 TL’lik yatirimin
Aralik 2025 sonuna kadar kiimiilatif deger gelisimini gostermektedir. Tim stratejilerde, 6zellikle
2022 sonrasinda, degerde onemli bir artig goriilmekle birlikte donem sonunda en yiiksek nihai
portfoy degerine Daily-MVSK stratejisi ulagsmaktadir; bu stratejide baslangigtaki 1.000 TL’lik
yatirrm 11.010,06 TL’ye yiikselmektedir. HF-MVSK-5min portfoyii yiiksek frekansh stratejiler
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icinde en iyi sonucu iireterek donemi 9.886,26 TL ile tamamlamakta ve hem EW hem de Daily-MV
portfdylerinin iizerinde kapanmaktadir. Buna karsilik HF-MV-5min stratejisi 7.334,79 TL ile en
diisiik nihai degere sahiptir. Bu bulgu, yiiksek frekansli verilerin tek basina ortalama—varyans
cercevesinde istiin performans saglamadigini; ancak carpiklik ve basiklik optimizasyona dahil
edildiginde yiiksek frekanshi portfoy performansinin 6énemli Olgiide iyilestigini gostermektedir.
Bununla birlikte toplam kiimiilatif deger bakimindan en giiglii strateji giinliik veriye dayali MVSK
portfoyiidiir.

Tablo 3. Portfdy Yogunlasmasi: HHI ve Etkin Pay Senedi Sayist

Strateji Ortalama HHI | Min. HHI | Maks. HHI | Ortalama Etkin N | Min. Etkin N | Maks. Etkin N
EwW 0.0909 0.0909 0.0909 11.0000 11.0000 11.0000
Daily-MV 0.1894 0.1298 0.2206 5.3411 4.5329 7.7015
Daily-MVSK 0.1870 0.1290 0.2249 5.4263 4.4473 7.7517
HF-MV-5min 0.1861 0.1378 0.2206 5.4340 4.5329 7.2561
HF-MVSK-5min 0.1946 0.1390 0.2265 5.1698 4.4146 7.1942

Not: Herfindahl-Hirschman Endeksi (HHI), portféy agirliklarinin kareleri toplami olarak hesaplanan bir yogunlasma
Ol¢iisiidiir; daha yiiksek degerler portfoyiin daha az ¢esitlendirilmis ve daha yogunlagsmis oldugunu gostermektedir.

Tablo 3, portfdy stratejilerinin agirlik dagilimlarindaki yogunlasma diizeyini HHI ve etkin
pay senedi sayisi iizerinden gostermektedir. Beklendigi iizere esit agirlikli portfoy, 0,0909 HHI
degeri ve 11 etkin pay senedi sayisiyla tam g¢esitlendirilmis bir karsilastirma portfoyii yapisini temsil
etmektedir. Optimizasyona dayali portfdylerde ortalama HHI degerleri 0,1861 ile 0,1946 arasinda,
ortalama etkin pay senedi say1si ise yaklasik 5,17 ile 5,43 arasinda degismektedir. Bu sonug, %30’luk
azami agirlik sinirt tek bir pay senedinde asir1 yogunlagmay1 engellese de PGP tabanli portféylerin
esit agirlikli portfoye kiyasla daha yogunlasmig agirlik yapilart iirettigini gostermektedir. HF-
MVSK-5min portfoyii en yiiksek ortalama HHI ve en diisiik ortalama etkin pay senedi sayisina sahip
olup yiiksek frekansli MVSK yaklasiminin diger optimize edilmis portfdylere kiyasla bir miktar daha
yogunlagmis bir portfdy yapisi iirettigine isaret etmektedir.

Tablo 4. Portfoy Devir Orani ve Islem Maliyeti Etkileri

Strateji Ortalama Ayhk Medyan Ayhik Devir | Yiuhklandirilmis Maliyet
Devir Orani Oram Devir Orani Etkisi

EW 5.72% 5.33% 68.61% 0.11 p.p.
Daily-MV 89.31% 95.60% 1071.68% 1.42 p.p.
Daily-MVSK 101.67% 102.04% 1219.99% 1.65 p.p.
HF-MV-5min 96.76% 97.51% 1161.17% 1.49 p.p.
HFSI\I/In\I;SK 94.00% 101.88% 1128.02% 1.50 p.p.

Not: Ortalama aylik devir orant ve medyan aylik devir orany, ilk portfdy olusturma ay1 hari¢ olmak iizere aylik yeniden
dengeleme donemleri tizerinden hesaplanmustir. Yilliklandirtlmis devir orani, ortalama aylik yeniden dengeleme devir
oraninin yilliklandirilmis degerini ifade etmektedir. Maliyet etkisi ylizde puan cinsinden gosterilmekte ve islem maliyetleri
oncesi briit yilliklandirilmig getiri ile islem maliyetleri sonrasi net yilliklandirilmis getiri arasindaki farki temsil etmektedir.

Tablo 4, portfdy stratejilerinin yeniden dengeleme yogunlugunu ve islem maliyetlerinin
yilliklandirilmig getiriler tizerindeki etkisini sunmaktadir. Esit agirlikli portfoy aylik olarak yeniden
dengelenmesine ragmen en diislik ortalama devir oranina sahiptir; EW portfoyiiniin ortalama aylik
devir orani %5,72, islem maliyeti etkisi ise yalnizca 0,11 yiizde puandir. Buna karsilik optimizasyona
dayal1 portfoylerde devir oran belirgin bicimde daha yiiksektir. Daily-MV, Daily-MVSK, HF-MV-
Smin ve HF-MVSK-5min portfoylerinin ortalama aylik devir orani yaklasik %89 ile %102 arasinda
degismektedir. Bu durum, aylik kayan optimizasyon yapisinin portfoy agirliklarinda Snemli
degisimlere yol actigim gostermektedir. Bununla birlikte, optimizasyona dayali portfoylerin yiiksek
yilliklandirilmis devir oranlar1, dinamik kayma, alis—satis farklar1 ve piyasa etkisi maliyetleri dikkate
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alindiginda gergek uygulama maliyetlerinin sabit %0,1 islem maliyeti varsayimini asabilecegine de
isaret etmektedir.

Islem maliyeti etkisi optimize edilmis portfoylerde daha yiiksek olmakla birlikte,
yulliklandirilmis getiriler {izerindeki etkisi sinirli kalmaktadir. En yiiksek islem maliyeti etkisine
sahip olmasina ragmen Daily-MVSK portfoyiiniin maliyet etkisi 1,65 yiizde puandir ve Tablo 2°de
sunulan performans sonuglari sonrasinda da risk—getiri profili bakimindan 6ne ¢ikmaya devam
etmektedir. Dolayisiyla devir oranmi analizi, optimizasyona dayali portfoylerin daha yiiksek islem
yogunlugu gerektirdigini gostermekte; ancak temel performans karsilastirmalar1 islem maliyetleri
sonras1 net getirileri esas alarak bu etkiyi dikkate almaktadir.

Tablo 5. Getiri ve Volatilite Farklar1 i¢in ikili Blok Bootstrap p-Degerleri

Getiri EW Daily-MV | Daily-MVSK | HF-MV-5min | HF-MVSK-5min
EW — 0.9952 0.5752 0.3576 0.8708
Daily-MV 0.9952 — 0.4896 0.2656 0.8684
Daily-MVSK 0.5752 0.4896 — 0.1308 0.6792
HF-MV-5min 0.3576 0.2656 0.1308 — 0.2068
HF-MVSK-5min 0.8708 0.8684 0.6792 0.2068 —
Volatilite EW Daily-MV | Daily-MVSK | HF-MV-5min | HF-MVSK-5min
EW — 0.4084 0.9356 0.3616 0.2808
Daily-MV 0.4084 — 0.3180 0.0168* 0.0512
Daily-MVSK 0.9356 0.3180 — 0.5008 0.4500
HF-MV-5min 0.3616 0.0168 0.5008 — 0.7188
HF-MVSK-5min 0.2808 0.0512 0.4500 0.7188 —

Not: Tablodaki degerler, portfdy stratejileri arasindaki ikili farklar i¢in 5.000 tekrar ve 20 islem giinliik blok uzunlugu
kullanilarak gergeklestirilen blok bootstrap yontemiyle hesaplanan ¢ift yonlii p-degerlerini goéstermektedir. “*” igareti %5
diizeyinde istatistiksel olarak anlamli bir farka isaret etmektedir.

Tablo 5, portfoy stratejileri arasindaki getiri ve volatilite farklarinin istatistiksel anlamliligini
degerlendirmek amaciyla gergeklestirilen ikili blok bootstrap testlerinin sonuglarini sunmaktadir.
Getiri panelinde tim p-degerleri %5 anlamlilik diizeyinin iizerindedir. Bu bulgu, Daily-MVSK
portfoyli Tablo 2’de en yiliksek yilliklandirilmis getiriyi Uretse de stratejiler arasindaki getiri
farklarinin istatistiksel olarak anlamli olmadigin1 gostermektedir. Bu nedenle getiri performansina
iligkin bulgular, incelenen 6rneklem doneminde gozlenen drneklem disi performans farkliliklart
olarak yorumlanmalidir. Bununla birlikte performans farklarinin ekonomik biiyiikligii yatirim
acisindan 6nemini korumaktadir. Daily-MVSK portfoyii islem maliyetleri sonrasinda en yiiksek
yilliklandirilmis getiri ve risk diizeltilmis performans dl¢iilerini iiretirken, volatilitesini karsilagtirma
portfoyii ve giinliik ortalama—varyans portfoylerine yakin diizeyde tutmaktadir. Dolayisiyla bootstrap
sonuglar istatistiksel olarak kesin bir iistlinliik ortaya koymasa da gézlenen ekonomik performans,
incelenen donemde MVSK stratejisinin uygulamadaki dnemini desteklemektedir.

Volatilite panelinde yalnizca Daily-MV ile HF-MV-5min arasindaki fark %5 diizeyinde
istatistiksel olarak anlamlidir. Bu sonug, yiiksek frekansl ortalama—varyans portfoyiiniin giinliik
ortalama—varyans portfdyiinden farkli bir volatilite profili {irettigini gostermektedir. Buna karsilik
diger volatilite karsilagtirmalarinda istatistiksel olarak anlamli bir fark gozlenmemektedir. Genel
olarak Tablo 5’teki sonuglar, bazi stratejiler Tablo 2’de risk—getiri profilleri bakimindan 6ne ¢iksa
da bu farkliliklarin ¢ogunun istatistiksel agidan giiclii bicimde desteklenmedigini gostermektedir. Bu
nedenle portfoy performansina iliskin bulgular hem ekonomik biiytikliikler hem de istatistiksel
anlamlilik sonuglari birlikte dikkate alinarak ihtiyatli bicimde yorumlanmalidir.

Saglamlik ve Duyarhhk Analizleri

Temel bulgularin belirli modelleme tercihlerine duyarli olup olmadigin1 degerlendirmek
amactyla iki ek analiz gerceklestirilmistir. i1k olarak yiiksek frekansli portfoyler 30 dakikalik giin ici
getiriler kullanilarak yeniden olugturulmus ve sonuglar 5 dakikalik yiiksek frekansl portfoylerden
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elde edilen sonuglarla karsilagtirilmistir. Ikinci olarak portfoy yogunlasma kisitimin bulgular
iizerindeki etkisini degerlendirmek amaciyla her bir pay senedinin azami agirh@ %20 ile
sinirlandirilarak alternatif portfoyler hesaplanmustir.

Tablo 6. Yiiksek Frekansh Portfoylerde 5 Dakikalik ve 30 Dakikalik Frekanslarin Karsilastirilmasi

Yilhklandir . .
Strateji Yllllklan(.in: imis Sharpe | Sortino | Maksimum Carpikiik | Basikiik
ilmis Getiri o Orani Oram Kayip
Volatilite
HF-MV-5min 28.28% 29.48% 0.3429 0.4799 -31.90% -0.5055 8.6213
HF-MV-30min 25.92% 29.19% 0.2779 0.3849 -31.59% -0.6387 9.8206
HF-MVSK-5min 33.16% 29.58% 0.4728 0.6666 -28.63% -0.5062 8.4395
HF-MVSK-30min 34.42% 29.23% 0.5082 0.7130 -29.93% -0.5671 9.1650

Tablo 6, 5 dakikalik ve 30 dakikalik giin i¢i getiriler kullanilarak olusturulan ytiksek frekansl
portfoylerin performans sonuglarin karsilagtirmaktadir. Ortalama—varyans portfoylerinde HF-MV-
Smin, %28,28 yilliklandirilmis getiri ve 0,3429 Sharpe oraniyla HF-MV-30min portfoyiinden daha
giiclii sonuclar iiretmektedir. HF-MV-30min portfoytintin yi1lliklandirilmis getirisi %25,92, Sharpe
oran1 ise 0,2779’dur. iki modelin volatilite degerleri birbirine olduk¢a yakin olmakla birlikte HF-
MV-30min portfoyiliniin carpiklik ve basiklik degerleri daha zayiftir. HF-MV-5min portfdyiinde
carpiklik -0,5055 ve basiklik 8,6213 iken, HF-MV-30min portfdyiinde bu degerler sirasiyla -0,6387
ve 9,8206’dir. Bu sonug, ortalama—varyans gergevesinde 30 dakikalik 6rnekleme frekansinin ne
getiri ve risk diizeltilmis performansi iyilestirdigini ne de daha olumlu bir 6rneklem dis1 dagilimsal
profil {irettigini gostermektedir.

MVSK portfoylerinde sonuglar daha karmagsiktir. HF-MVSK-30min portfoyi, %34,42
yilliklandirilmis getiri, 0,5082 Sharpe oran1 ve 0,7130 Sortino oraniyla HF-MVSK-5min portfoyiine
gore bir miktar daha giiclii bir risk—getiri profili sunmaktadir. HF-MVSK-5min portféyiinde bu
degerler sirastyla %33,16, 0,4728 ve 0,6666°dir. Buna karsilik maksimum kayip bakimindan HF-
MVSK-5min portfoyii daha avantajlidir; bu portfoyiin maksimum kayb1 -%28,63 iken HF-MVSK-
30min portfoyiinde -%29,93°tlir. Ayrica 30 dakikalik frekans dagilimsal momentlerde beklenen
iyilesmeyi saglamamaktadir. HF-MVSK-5min portfdyiinde ¢arpiklik ve basiklik sirasiyla -0,5062 ve
8,4395 iken, HF-MVSK-30min portfoyiinde bu degerler -0,5671 ve 9,1650’ye kotiilesmektedir.
Dolayisiyla 30 dakikalik 6rnekleme frekanst MVSK portfoyiinde getiri ve risk diizeltilmis
performansi iyilestirse de carpiklik ve basiklik bakimindan daha iyi bir 6rneklem disi dagilimsal
profil iiretmemektedir.

Genel olarak Tablo 6, MVSK portfoylerinin hem 5 dakikalik hem de 30 dakikalik
frekanslarda karsilik gelen ortalama—varyans portfdylerinden daha yiiksek yilliklandirilmig getiri ve
daha iyi risk diizeltilmis performans iiretmesi nedeniyle, yliksek frekanslih MVSK bulgusunun
yalnizca 5 dakikalik veri tercihine 6zgili olmadigini gostermektedir. Bununla birlikte 30 dakikalik
frekansin carpiklik ve basiklik degerlerini iyilestirmemesi 6nemli bir bulgudur. Bu sonug, yiiksek
frekansl gerceklesmis yiiksek moment bilgisinin portfdy optimizasyonuna katkisinin getiri, risk
diizeltilmis performans ve maksimum kayip gibi olgiilerde gozlenebilecegini, ancak drneklem dist
carpiklik ve basiklik 6zelliklerine dogrudan ve tutarli bigimde yansimayabilecegini gostermektedir.
Dolayisiyla frekans duyarlilii analizi, yiiksek frekansli moment bilgisinin yararliliginin 6rnekleme
frekansina ve degerlendirilen performans boyutuna bagli oldugunu ortaya koymaktadir.
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Tablo 7. Azami Agirlik Kisitina Duyarlilik: %30 ve %20 Sinirlarinin Karsilastirilmasi

Yilliklandirilmis Sharpe Maksimum Yilliklandirilmis Sharpe Maksimum
Strateji Getiri (%30 Kayip (%30 Getiri (%20 Kayip (%20
(%30 sinir) sinir) sinir) (%20 sinir) sinir) sinir)
EW 32.34% 0.4535 -33.53% 32.34% 0.4535 -33.53%
D;[lg- 32.35% 0.4555 -31.49% 34.54% 0.5278 -30.65%
Daily- 34.97% 0.5226 -31.01% 34.45% 0.5200 -28.42%
MVSK . . . . . .
Hg;nl\:[:_ 28.28% 0.3429 -31.90% 32.70% 0.4507 -37.02%
HF-
MYVSK- 33.16% 0.4728 -28.63% 31.96% 0.4317 -32.73%
Smin

Not: %30’luk agirlik sinirt ana analizde kullanilan portfdy yogunlasma kisitini, %20°lik agirlik smiri ise daha siki bir
cesitlendirme kisitint ifade etmektedir. EW portfoyli esit agulikli oldugundan agirlik sinirindaki degisikliklerden
etkilenmemektedir.

Tablo 7, portfdy sonuglarinin her bir pay senedi i¢in uygulanan azami agirlik kisitina
duyarliligim gostermektedir. Guinliik verilerle olusturulan portfdylerde %20 smr altinda Daily-
MV’nin yilliklandirilmig getirisi %32,35’ten %34,54’¢, Sharpe orani ise 0,4555’ten 0,5278’¢
ylikselmektedir. Daily-MVSK portfoyii her iki agirlik kisit1 altinda gorece istikrarli bir performans
sergilemektedir. %30 smir1 altinda %34,97 yilliklandirilns getiri ve 0,5226 Sharpe oram iiretirken,
%20 smir1 altinda bu degerler sirastyla %34,45 ve 0,5200°dir. Ayrica Daily-MVSK’nin maksimum
kaybi1 %20 sinir1 altinda -%31,01°den -%28,42 ye iyilesmekte ve daha sinirh bir kayip profiline isaret
etmektedir.

Yiiksek frekansh portfoylerde agirlik sinirina duyarlilik daha belirgindir. %20 simir1 altinda
HF-MV-5min portfoyiiniin yilliklandirilmig getirisi %28,28’den %32,70’e, Sharpe orani 0,3429°dan
0,4507’ye yiikselmekte; buna karsilik maksimum kayb1 -%31,90’dan -%37,02’ye kotiilesmektedir.
Bu sonug, daha siki bir agirlik sinirinin her durumda asag1 yonlii riski azaltmadigini gostermektedir.
%20 sinirt modelin belirli pay senetlerinde yogunlagmasini engellerken, kriz veya stres dénemlerinde
birlikte deger kaybeden daha fazla sayida pay senedine daha yiiksek agirlik verilmesini de zorunlu
kilabilir. Dolayisiyla daha yiiksek cesitlendirme ortalama risk—getiri profilini iyilestirse bile
maksimum kayip gibi zamana 06zgli kuyruk riski oOlgiilerinde her zaman daha iyi sonuglar
iretmeyebilir. HF-MVSK-5min portfoyiinde de benzer bir duyarlilik gézlenmektedir: %30 siniri
altinda %33,16 yilliklandirilmig getiri, 0,4728 Sharpe orani ve -%28,63 maksimum kayp tiretirken,
%20 sinir1 altinda bu degerler sirasiyla %31,96, 0,4317 ve -%32,73 e kotlilesmektedir. Genel olarak
bulgular, %30 sinirinin agir1 yogunlagmay1 onlerken optimizasyon modellerine yeterli esnekligi
sagladigini; %20 smirmin ise 6zellikle yiiksek frekansli portfoylerde model esnekligini azaltarak
performans ve maksimum kay1p {izerinde olumsuz etki yaratabilecegini gostermektedir.

Sonuclar

Bu calisma, yiiksek frekansl verilerden elde edilen gerceklesmis yliksek moment bilgisinin
Borsa Istanbul’da portfdy optimizasyonuna katkisini incelemektedir. Bu amagla Ocak 2018—Aralik
2025 doneminde 11 likit BIST pay senedinden olusan bir portféy evreni kullanilarak esit agirlikli
portfoy, giinliik veriye dayali ortalama—varyans ve MVSK portfoyleri ile bunlarin 5 dakikalik yiiksek
frekansl veriye dayali ortalama—varyans ve MVSK karsiliklar1 karsilagtirilmaktadir. Portfoyler
polinomiyal hedef programlama kullanmlarak aylik kayan 6rneklem disi ¢er¢evede olusturulurken,
risk diizeltilmis performans 6lgiileri Tiirkiye’nin iki yillik gosterge devlet tahvili faizinden tiiretilen
zamanla degisen risksiz getiri serisi kullanilarak hesaplanmaktadir.

Ampirik bulgular, incelenen donemde giinliik veriye dayali MVSK portfoyliniin en giiclii
genel performansi sundugunu gostermektedir. Daily-MVSK portfoyii en yiiksek yilliklandirilmig
getiri, Sharpe orani, degistirilmis Sharpe orani ve Sortino oranina ulagmaktadir. Ayrica giinliik
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verilere dayali diger stratejilere gére daha az negatif ¢carpiklik ve daha diisiik basiklik iiretmektedir.
Bu sonug, 6zellikle giinliik veri ¢ergevesinde carpiklik ve basikligin portfoy optimizasyonuna dahil
edilmesinin Borsa Istanbul’da geleneksel ortalama—varyans yaklasimina kiyasla daha olumlu bir
risk—getiri profiliyle iligkili olabilecegini diistindiirmektedir.

Yiksek frekansh portfoylerde HF-MVSK-5min portfoyli, HF-MV-5min portféyiine gore
daha yiiksek getiri, daha iyi risk diizeltilmis performans ve daha diisiik maksimum kayip
iiretmektedir. Bu bulgu, yiiksek frekansli verilerden tiiretilen yiiksek moment bilgisinin yalnizca
ikinci moment bilgisine dayal1 yiiksek frekansli ortalama—varyans portfoyiine kiyasla belirli katkilar
saglayabilecegini gostermektedir. Ozellikle HF-MVSK-5min portfoyiiniin en diisiik maksimum
kayba sahip olmasi, gerceklesmis yiiksek moment bilgisinin asag1 yonlii riski sinirlamada yararh
olabilecegine isaret etmektedir.

Bununla birlikte yiiksek frekansli MVSK sonuglari tiim dagilimsal 6lgiiler bakimindan ayni
Olciide giiglii degildir. HF-MVSK-5min portfoyiiniin érneklem dis1 ¢arpiklik ve basiklik degerleri
Daily-MVSK ve esit agirlikli portfdylerin degerlerinden daha zayif kalmaktadir. Bu sonug, 5
dakikalik giin ici getirilerden hesaplanan yiiksek momentlerin giinliik 6rneklem disi portfoy
getirilerinin asimetri ve kuyruk ozelliklerine dogrudan ve tutarli bicimde yansimayabilecegini
gostermektedir. 5 dakikalik veriler daha zengin bir gézlem seti saglasa da piyasa mikro yapisi
giirliltiisti, kisa donemli fiyat sigramalar1 ve frekans olgegindeki farkliliklar 6zellikle iiglincii ve
dordiincii momentlerin tahmininde ek belirsizlik yaratabilir.

Istatistiksel anlamhlik sonuglar1 da bulgularin ihtiyath yorumlanmasi gerektigine isaret
etmektedir. Blok bootstrap testleri, stratejiler arasindaki getiri farklarinin %5 diizeyinde istatistiksel
olarak anlamli olmadigini goéstermektedir. Bu nedenle Tablo 2’de Daily-MVSK portfoyil icin
raporlanan daha iistiin risk—getiri profili, istatistiksel olarak kesin bir iistiinliikten ziyade incelenen
orneklem déneminde gozlenen ekonomik ve ampirik bir performans farki olarak yorumlanmalidir.
Volatilite farklar1 bakimindan yalnizca Daily-MV ile HF-MV-5min arasindaki fark istatistiksel
olarak anlamlidir.

Ek duyarhilik analizleri, temel bulgularin belirli modelleme tercihlerine duyarli oldugunu
gostermektedir. 30 dakikalik giin i¢i getiriler kullanilarak olusturulan yiiksek frekansh portfoylerde
MVSK yaklagimi, karsilik gelen ortalama—varyans portfoylerine gore daha iyi risk diizeltilmis
performans tliretmektedir. Bu bulgu, yiiksek frekansli MVSK sonucunun yalmzca 5 dakikalik veri
tercihine 6zgii olmadig1 goriisiinii desteklemektedir. Ote yandan azami agirhk simiri analizleri,
yiiksek frekansli portfoylerin portfoy yogunlagma kisitina 6zellikle duyarli oldugunu gostermektedir.
%20 sinir1 bazi portfoylerin risk—getiri profilini iyilestirirken bazi yiiksek frekansli stratejilerin
maksimum kaybini artirmaktadir. Bu sonug, daha siki ¢esitlendirme kisitlarinin her durumda asagi
yonlii riski azaltmadigini ve agirlik sinir1 tercihinin portfoy optimizasyonunda 6énemli bir modelleme
karar1 oldugunu gostermektedir.

Bu caligmanin bulgulari, yiiksek momentli portfoy optimizasyonunun 6zellikle giinliik veri
cercevesinde Borsa Istanbul igin anlamli bir uygulama alam sundugunu; yiiksek frekansh
gergeklesmis yiiksek moment bilgisinin ise daha segici ve kosullu bir katki sagladigim
gostermektedir. Genel olarak sonuglar, yiiksek frekansl verilerin portfoy optimizasyonunda yalnizca
varyans—kovaryans tahmini agisindan degil, carpiklik ve basiklik gibi dagilimsal 6zellikler
bakimindan da degerlendirilmesi gerektigine isaret etmektedir. Bununla birlikte bu katkinin giicii
ornekleme frekansi, moment tahminlerinin istikrari, portfoy agirlik kisitlart ve islem maliyeti
varsayimlari gibi yontemsel tercihlere baglidir. Bu bulgular, getiri dagilimlarinin normal dagilimdan
saptig1 durumlarda ¢arpiklik ve basikligin optimal portfoy tahsisini etkileyebilecegini vurgulayan
yiliksek momentli portfoy se¢imi literatiiriiyle uyumludur. Lai (1991), Chunhachinda vd. (1997),
Jondeau ve Rockinger (2006) ile Harvey vd. (2010) gibi calismalarla paralel bi¢imde sonuglar,
yiiksek momentlerin dahil edilmesinin portfdy stratejilerinin ekonomik risk—getiri profilini
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iyilestirebilecegini gostermektedir. Ayn1 zamanda bulgular, Kemalbay vd. (2011), Aracioglu vd.
(2011) ve Usta ve Kantar (2011) tarafindan Borsa Istanbul i¢in sunulan kamitlar1 genisleterek yiiksek
momentlerin roliiniin yalnizca optimizasyon amacina degil, moment bilgisinin tahmininde kullanilan
veri frekansina da bagli oldugunu ortaya koymaktadir. Sonuglar ayrica giin ici gerceklesmis ¢arpiklik
ve basikligin asag1 yonlii risk kontroliine katki saglayabilecegini, ancak tiim performans boyutlarinda
giinlik moment tahminlerine zorunlu olarak iistiin gelmedigini gostererek yiiksek frekansh
gerceklesmis moment literatiiriinii tamamlamaktadir.

Bu bulgular gelismekte olan pay piyasalarinda portfdy optimizasyonu agisindan iki 6nemli
¢ikarim sunmaktadir. ilk olarak, normal olmayan getiri dagilimlarmin ve zamanla degisen asag
yonlii riskin daha belirgin oldugu piyasalarda yiiksek momentlerin portfoy tahsisine dahil edilmesi,
geleneksel ortalama—varyans yaklasimina kiyasla daha dengeli bir risk—getiri profili saglayabilir.
Ikinci olarak, yiiksek frekansli verilerin bilgi avantaji her performans boyutuna kendiliginden
yansimamaktadir. Ger¢eklesmis yliksek moment bilgisinin katkisi; 6rnekleme frekansi, piyasa mikro
yapisi, likidite kosullar1 ve portfoy kisitlar1 gibi gelismekte olan piyasa 6zelliklerine bagli olarak
degisebilmektedir. Bu nedenle gelismekte olan piyasalarda yiiksek frekansli veri kullanan portfoy
modelleri degerlendirilirken yalnizca ortalama getiriler ve volatilite degil, islem maliyetleri,
maksimum kayip ve dagilimsal momentler de birlikte dikkate alinmalidir.

Bu calismanin gesitli smirliliklari bulunmaktadir. {lk olarak analiz 11 likit BIST pay
senediyle smirlidir; farkli portfoy evrenleri ve sektorel yapilar sonuclari degistirebilir. Portfoy
evreninin daha az likit pay senetlerini igerecek bicimde genisletilmesi, piyasa mikro yapisi
giiriltiistinii ve seyrek islem etkilerini gili¢lendirerek 5 dakikalik gerceklesmis moment tahminlerinin
giivenilirligini azaltabilir. Ikinci olarak yiiksek frekansli momentler portfoy diizeyinde
hesaplanmakta, es-garpiklik ve es-basiklik tensorleri dogrudan tahmin edilmemektedir. Bu tercih,
kisa kayan pencerelerde tahmin hatasini azaltma ve yontemi uygulamada gerceklestirilebilir tutma
bakimindan avantaj saglasa da varliklar arasindaki yiiksek dereceli es-moment iligkilerini tam olarak
modellememektedir. Ugiincii olarak gergeklesmis carpiklik ve gergeklesmis basiklik dlciileri piyasa
mikro yapisi giiriiltiisiine ve sigramalara duyarl olabilir. Gelecek ¢alismalar, farkli yiiksek frekansh
ornekleme araliklar, giiriiltiiye dayanikli gerceklesmis moment tahmincileri, alternatif ¢ok amagh
optimizasyon yontemleri ve daha genis portfoy evrenleri kullanarak bulgularin genellenebilirligini
inceleyebilir.
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