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Abstract: This study investigates the dynamic volatility linkages between Borsa Istanbul (BIST 100) and six
major global stock markets—the S&P 500 (United States), DAX (Germany), FTSE 100 (United Kingdom),
BOVESPA (Brazil), SENSEX (India), and ATHEX (Greece)—over the period 2002-2025, covering 5,124
daily observations. To provide a comprehensive assessment of cross-market volatility transmission under
different market conditions and investment horizons, the study extends the time-varying parameter vector
autoregression (TVP-VAR) connectedness framework of Antonakakis et al. (2020) by incorporating the
quantile-VAR approach of Ando et al. (2022), Hatemi-J asymmetric causality tests, and the Barunik—Kiehlik
frequency-domain connectedness methodology. This integrated framework enables the analysis of the
magnitude, direction, asymmetry, tail behavior, and frequency composition of volatility spillovers.

Four main findings emerge. First, the total spillover index exhibits substantial time variation, ranging from
24.3% to 82.7%, with its highest level recorded on 13 March 2020, during the intense financial turbulence
associated with the COVID-19 pandemic. Borsa Istanbul is identified as the largest net receiver of volatility
shocks, with a full-sample net spillover value of —17.79%, highlighting its pronounced exposure to external
market disturbances. Second, mean-based measures significantly underestimate cross-market dependence
during periods of extreme market stress. Total connectedness increases from 55.0% at the conditional median
to 81.4% in the lower tail and 80.0% in the upper tail, demonstrating strong and broadly symmetrical
dependence under both bearish and bullish extreme conditions. Third, the frequency-domain results indicate
that more than 74% of total volatility spillovers occur within the short-term horizon of 1-5 trading days,
suggesting that international volatility transmission is predominantly rapid rather than persistent. Fourth,
asymmetric causality analysis shows that negative shocks to the BIST 100 significantly transmit to positive
innovations in the S&P 500 (Wald = 130.33, p < 0.001), providing evidence of a flight-to-safety pattern.
Overall, the findings demonstrate that volatility connectedness is strongly state-dependent, concentrated at
short horizons, and particularly important during extreme market conditions, offering relevant implications for
international portfolio diversification, dynamic hedging strategies, systemic risk monitoring, and financial
stability policy.
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Oz: Bu ¢alisma, Borsa Istanbul (BIST 100) ile alt: 5nemli kiiresel hisse senedi piyasasi —S&P 500 (Amerika
Birlesik Devletleri), DAX (Almanya), FTSE 100 (Birlesik Krallik), BOVESPA (Brezilya), SENSEX
(Hindistan) ve ATHEX (Yunanistan)— arasindaki dinamik volatilite baglantilarini, 5.124 giinliik gézlemi
kapsayan 2002-2025 donemi i¢in incelemektedir. Farkli piyasa kosullart ve yatirim ufuklar altinda piyasalar
aras1 volatilite aktarimini kapsamli bicimde degerlendirmek amaciyla g¢aligma, Antonakakis vd. (2020)
tarafindan gelistirilen zamanla degisen parametreli vektor otoregresyon (TVP-VAR) baglantililik ¢ercevesini;
Ando vd. (2022) tarafindan gelistirilen kantil-VAR yaklasimi, Hatemi-J asimetrik nedensellik testleri ve
Barunik—Kfehlik frekans alam1 baglantililik yontemiyle genisletmektedir. Bu biitiinlesik c¢ergeve, volatilite
yayilimlarmin biyiikligiiniin, yoniiniin, asimetrisinin, kuyruk davraniginin ve frekans bilesiminin analiz
edilmesine imkan saglamaktadir.

Calhigmadan dort temel bulgu elde edilmistir. ilk olarak, toplam yayilma endeksi dnemli dl¢iide zamana bagh
degiskenlik gostermekte ve %24,3 ile %82,7 arasinda seyretmektedir. Endeks, COVID-19 pandemisinin yol
actig1 yogun finansal dalgalanmalarin yasandigi 13 Mart 2020 tarihinde en yiiksek diizeyine ulagmistir. Borsa
Istanbul, —=%17,79’luk tam &rneklem net yayilma degeriyle volatilite soklarnin en biiyiik net alicis1 olarak
belirlenmis; bu sonug, piyasanin digsal piyasa soklarina belirgin bicimde maruz kaldigini ortaya koymustur.
ikinci olarak, ortalamaya dayal1 dl¢iimlerin agir1 piyasa stresi donemlerinde piyasalar arast bagimhihigi Snemli
Olciide diisiik tahmin ettigi goriilmektedir. Toplam baglantililik, kosullu medyanda %55,0 iken alt kuyrukta
%81,4’e ve iist kuyrukta %80,0’e yiikselmekte; bu durum hem diisiis hem de yiikselis yoniindeki asir1 piyasa
kosullarinda giiclii ve biiyiik dlciide simetrik bir bagimliliga isaret etmektedir. Uciincii olarak, frekans alani
sonuglar1 toplam volatilite yayilimlarmin %74’tinden fazlasinin 1-5 islem giinlik kisa vadeli ufukta
gerceklestigini ve uluslararasi volatilite aktariminin kalici olmaktan ziyade agirlikli olarak hizli bir nitelik
tasidigin1 gostermektedir. Dordiincii olarak, asimetrik nedensellik analizi BIST 100’deki negatif soklarin S&P
500°deki pozitif yeniliklere anlamli bigimde aktarildigini géstermektedir (Wald = 130,33, p <0,001). Bu bulgu,
giivenli limana yonelme davranigina iliskin kanit sunmaktadir. Genel olarak sonuglar, volatilite
baglantililiginin piyasa kosullarina giiglii bicimde bagh oldugunu, kisa vadeli ufuklarda yogunlastigini ve
ozellikle asiri piyasa kosullarinda belirginlestigini ortaya koymakta; uluslararasi portfdy cesitlendirmesi,
dinamik riskten korunma stratejileri, sistemik riskin izlenmesi ve finansal istikrar politikalar1 agisindan 6nemli
¢ikarmmlar sunmaktadir.

Anahtar Kelimeler: Oynaklik Yayilimi; TVP-VAR; Kantil Baglantililik; Frekans Alan1 Ayrigtirmasi; Borsa
Istanbul; Kuyruk Bagimlilig
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Structured Abstract

Aim

The international transmission of financial shocks has been central to empirical finance for over three
decades, yet a key question remains unresolved: are conventional, mean-based connectedness measures
sufficient to capture cross-market integration, or do tail-specific and frequency-specific dimensions of
connectedness carry independent informational value? Connectedness research has evolved through three
methodological generations — cointegration analysis (Engle & Granger, 1987; Johansen, 1991), the
generalized variance-decomposition framework of Diebold and Yilmaz (2009, 2012), and its time-varying
TVP-VAR extension (Antonakakis et al., 2020) — but no prior study of the Turkish market has jointly applied
quantile-VAR (Ando et al., 2022), Hatemi-J (2012) asymmetric causality, and Barunik—Kiehlik (2018)
frequency-domain decomposition to a common sample. This constitutes the research gap addressed here.
Accordingly, the study aims to characterize the time-varying, quantile-specific, and frequency-domain
dimensions of the volatility integration between Borsa Istanbul (BIST 100) and six major global equity markets
— the S&P 500 (United States), DAX (Germany), FTSE 100 (United Kingdom), BOVESPA (Brazil),
SENSEX (India), and ATHEX (Greece) — over January 2002—December 2025 (5,124 common trading days),
and to identify the dominant transmission channels and their asymmetric properties. Tiirkiye offers a valuable
analytical setting: a large, structurally open emerging economy with deep European trade and financial ties,
whose domestic monetary regime underwent repeated unconventional policy episodes between 2018 and 2023.
Three research questions guide the analysis: (i) How have the strength and direction of volatility spillovers
between the BIST 100 and major global indices evolved across crisis episodes? (ii) Do spillover patterns differ
across conditional quantiles — is the Turkish market more intensely integrated in the lower tail (crisis
conditions) than at the median? (iii) At what frequency horizons does integration predominantly operate?

Method

The study adopts a quantitative research design based exclusively on publicly available secondary
market data. Daily logarithmic returns were constructed from Yahoo Finance closing prices for seven indices
over 2 January 2002 — 30 December 2025 (5,124 common trading days). GARCH(1,1) conditional volatilities,
estimated by maximum likelihood for each return series, served as inputs to all connectedness analyses. A
static Diebold-Yilmaz VAR(4) specification with a 10-step forecast horizon provided the full-sample
benchmark, while the TVP-VAR of Antonakakis et al. (2020) — with forgetting factors k1 = 0.99 and k2 = 0.96
— captured time-varying connectedness. Quantile connectedness was computed at T € {0.05, 0.50, 0.95} using
quantile regression (Koenker & Bassett, 1978); Hatemi-J (2012) asymmetric causality was applied to all 168
directional permutations, with bootstrap critical values (500 replications) for BIST 100-related tests; and
frequency-domain decomposition followed Barunik and Kiehlik (2018) across three spectral bands. Structural
breaks were dated using Bai and Perron (1998, 2003). Robustness was assessed through rolling-window VAR
(four window lengths), alternative forgetting-factor combinations, alternative lag lengths (p = 2-8), alternative
forecast horizons (H = 5, 15, 20), and sub-sample analysis. Because only secondary, publicly available data
were used, no primary data collection or ethics-committee approval was required.

Findings

Four principal findings emerge. First, the static full-sample TSI is 51.0%, with FTSE 100 the dominant
net transmitter (+28.1%) and BIST 100 the largest net receiver (—17.8%); the dynamic TVP-VAR trajectory
ranges from 24.3% (February 2018) to 82.7% (13 March 2020) and reveals five connectedness regimes
(moderate spillover in 2003—-2006, sustained elevation in 20072012, post-crisis normalization in 20132017,
the COVID-19 spike in 2020, and a moderate regime from 2022 onward). Second, connectedness is strongly
tail-amplified: the system-wide TSI rises from 55.0% at the conditional median to 81.4% in the lower tail and
80.0% in the upper tail, while the net-receiver position of the BIST 100 is largest at the median (—12.3%) and
substantially smaller at both tails (—6.6% during crises, —4.8% during rallies), indicating that Ttirkiye-specific
shocks generate outward variance flows that partially offset the global-to-Tiirkiye flow during tail episodes.
Third, frequency-domain decomposition shows that 74% of total spillover operates within the 1-5 trading-day
band and only 6.7% within the long-run (>22 days) band, identifying portfolio rebalancing rather than
macroeconomic fundamentals as the dominant transmission channel; Tiirkiye’s long-run net diffusion effect is
essentially zero (—0.82%). Fourth, Hatemi-J asymmetric causality reveals a highly significant negative-to-
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positive causality from BIST 100 to S&P 500 (Wald = 130.33, bootstrap p < 0.001), consistent with a flight-
to-safety mechanism, with similar patterns for DAX (Wald = 454.92) and FTSE 100 (Wald = 488.55).

Conclusion

The study demonstrates that what mean-based metrics characterize as “moderate” integration between
Borsa Istanbul and global equity markets is in reality a regime-dependent, tail-amplifying, sign-asymmetric,
and high-frequency phenomenon — a characterization that no earlier single-method Turkish study could
provide. Its central contribution is to establish empirically that tail connectedness (81-80%) substantially
exceeds median connectedness (55%), implying that conventional diversification strategies fail precisely when
they are most urgently needed; this reframes cross-market integration for both portfolio and policy audiences.
For macroprudential policy, the real-time TVP-VAR framework could usefully supplement the Central Bank
of the Republic of Tiirkiye’s financial-stability indicators, given the unprecedented 82.7% peak recorded during
COVID-19, while the documented negative-to-positive causality from BIST 100 to S&P 500 suggests that
Turkish equity stress may serve as an early-warning signal for international safe-haven demand. Three
limitations are acknowledged — the analysis is confined to equity markets, excludes Russia and China, and
relies on GARCH(1,1) volatility proxies — and future research should extend the framework to multi-asset-
class systems, incorporate the excluded regional partners, and test alternative volatility specifications.

Keywords: Volatility Spillover; TVP-VAR; Quantile Connectedness; Frequency-Domain
Decomposition; Borsa Istanbul; Tail Dependence.

pliial) Gadlal)
ciagl)
15 ol ey i 050 (Y gl i 8 il i 00 8 s 1 ol sl 1l DY) 3

a_:\_),m\ a_U}L.q K P m@u}w&g& Lﬁjbuaa)j\ a_a\a\.la.u._w;.;am;.dl} & Jﬁqwlél\.b;\).d\ J\a_.q\ o (.\ Y
& yisall JalSill st i ) aagie Jual 836 ye Lo 50 (Engle & Granger, 1987; Johansen, 1991)¢ culill Jidas )
2,3k 53 paaall Diebold and Yilmaz (2009, 2012)¢ e 8 aiall Clabaall (g3 aniall SN sVl z35e o ) 22550l o
oM (TVP-VAR) 43 53l Antonakakis et al. (2020). due (aca A€ 5il) 5 gud) <l gl dais Al 3 (sl pand ol lld aa g
Lkl sl o il aniall S laad¥) 23 s (g 333 5e (Quaantile-VAR) Gis Ando et al. (2022)¢ 4l Ll
J4ad) e Hatemi-J (2012)¢ delais Barunik—Kichlik (2018) il 185 dungial 5 saill o3 Jiaiy 23l Jlae b
Leiallaa ) Al Al ol e 30,

208 e Baaaal g et ) el Aalall s g3l e 8 puiiall bl G i ) Al jall Cangs oy e 5l g6
O o] dua ) 3 (35 pal) SIUIES 8 JWS (BIST 100) o cdaalladl agus¥) gl 5nl (1 A s: S&P 500 253l GY 5l e
SDAX s bl @FTSE 100 5 i A<l ABOVESPA 5 i)l sl (ASENSEX 5 «digll SATHEX bl (A
aaad ) cangd WS & dda J gl as 5,124 Jadu W <2025 d;‘}” O/ e A1 2002 L;al_d\ O/ 5l (e 3yl doa ellyg
Wil e Lpailad 5 Liagall JEBYI i 538,

e Aas Alla g A jlas ClBay Ladi yy (Ll Latiia g ) 5aS BEL 1Ll Lgbn g cdalis dpanl 3 et 4 LS 5 il
EdUail 5 Apagliall ye Al ) clila (a5 ) S Al 20232018 55l DA cagd Aaall gaiill Lealdai i e Slaad ey )
yyuuuhﬂ\uym;\a\aa\}a}ﬂujjhws(l) Afiay ALM\M).\JM‘J.\S\M)M‘JJUABISTIOOMJ\Mw‘u\y}AU
S S 8 sl ey b dand 15 ey ‘@L}A\ el e il Jlinl Jalaif calias Ja (2) fRabiaa) cile 3V < 58 e
a3 sy Sl g 4303 53 (381 (5 pana (3) € i) T 1y &l el V) g sl (8 (ol e sl (a1 Qo) 8 Sals

@g.'\.d\

MAJJ\ J\.cjﬂ\m\j:d\g_u.maﬁj J}«.A;ﬂda\_\.ad_\y\_luyu\_\\.ué\DHMDASL\A;.\LMMM\JM\A.u’_\
e @)a-mml\ BNV el (ya B Yahoo Finance 30 (Y 2002 A ¢ 58/ 5l 2 (e siaal) 5530 JMA < 50 dapad
T hsad a0 538 daa 1) LT Caeadil 5 8 e S0 a5 5,124 Ml 2025 ¥ G 5S/ srass GARCH(1,1)¢ 385
Loyl i) 3las anand AN Lgdia gy el sl JuDlas (g Aluis JSU ) Jaia¥ ] A3y 5k,

gise adels Diebold-Yilmaz VAR(4) cun 8 isall JalSl Uaa jo 1lne el shads e o 5)e 55 3 cSLul)

z3sa3 p2354) TVP-VAR Gis Antonakakis et al. (2020)¢ gl labas ae 11 = 0.99 siz = 0.96¢ ol i) Clpalins Llsly
Jie 4k Ldl) u\_mﬁ\éc?q\ﬂ\h\ﬂ\uua\.as Ol e 3 yuidl T € {0.05, 0.50, 0.95} dﬁ}‘sag\ Jlaasyl (‘\ML\KOCIIkGI'
and Bassett (1978). J Alilaial ye dpd) Lad) 3y Hatemi-J (2012) ge <168 W ALl Lalasy) ikl gues e

Turkish Studies — Economics, Finance, Politics 21(3)



Time-Varying Volatility Connectedness Between Borsa Istanbul... 4433

44 Hhay da Hatual) s sl ("'“M ?‘M‘ Bootstrap ‘).u.u}A.I ddasi yall ol lia™d 4.\.1L|.A sale) 500 A (e BIST 100. Julaill Lol
ingie 35 s ya) 38 2 5l Jlae L3 Barunik and Kiehlik (2018) b <iilas 2535 e

Angie phadiuly LGl il LS & )l 55 93a3 s a5 Bai and Perron (1998, 2003). J3A (s giliil) Al audi o5 LS

CJ}A.: VAR :\LA.: ;\.h.:\ d\}h\_’ cuhu.ﬂ\ O Malzal fd.._u L_:Ld_;_\_s ms\j.xﬂ 4alide d\_,b\ A.MJLI a.SJMA“ saall) Lgd (p 2_8)‘ d\ﬁ\_,

Ly i (H=5, 15, 20)¢ 0S5 al ¢ seaall dalic 4 516 cliby e U jeas A0l jall slaie | ) 15k dae 6l climl) Jilas e Szad
Gandl LENAT Tl 4381 50 e Jgemnl) 405 il gen ) dals dllia,

)

Sl ASH JEY) i aly b A clada o)l ge gl ClSS (TST) b sedas «%51.0 Al Jols)

FTSE 100 Jic (s & «%)28.1(+ Slerall asgall ilall Jusall 4iass BIST 100 Wi %) 17.8(— & i Glia LS

zasail Saaidll Jlaall TVP-VAR¢ oo <iS5 <2020 N/t 13 8 %82.75 2018 Lo/ ol s S %24.3 On sl sid

3a Agmplal) gl ) sase 5 <2012-2007 A aivse gl )5 €2006-2003 IO Jsine JuEl da yill 3 jaaie dakail dsas
daila o) sala 3 ik g 2017-2013 IO 4 3Y COVID-19 aelad 2022 ple die Jxina alai 452020 ale 8,

e i 3t gl Jsad (5 S s )y Jagd il adualy (Ll TST (Ao il Lases o1l die 9655.0 (e ool (5 sl e

s s Qi) Gy Ge Y JAll 8 %8005 V) il 3 %81.4 ) BIST 100 sl Clorall Uils Uilia aiia sy

JOIA **004 Q- **jg_:Lc\JY\ JA 946. 6_sz\ Sl suﬂ.\_ﬂ\ )usmu)ahajjm.\@\)ﬁwu s%)lz 3(—.2.\“)5\ die Lgih glaa

o Aliial) @il B e pagal o LAl }MA.P_\AU.\L\.M_MSJ.\J}.\L\S)AJMM\ Gleaall of ) Aagill oda ity 3 seaall Cila sa
Al Y A LS s ) Asallad) Gl g,

G J8S Al § ) 1 (e ey FUai Gan sy il VU Jllea) (e %74 Ol 230 Jlae 3 Jilaill (i (NG
ol gadl Gl g ¢y i) Tadlaall 453 g 50ke) Aangiil) o8 2aais (Lags 22 e JST) Ja¥1 Jysh Glaill & 96,7 sl o Y
0.82— il 3 (L sama 5K A LS5 JalY) Jysha bl HLamy) i o LS Biaggeall JUEEY) 3U8 Lgian 53 ¢ S SLatiDU 4l 1%,
JABLa e Al Ll lS, (gl Hatemi-J (8 Akl Clasall e ilias) AYA ddle 4s 3 9a 5 o= BIST

100 & Lay) loaall L S&P 500 (Wald = 130.33, bootstrap p < 0.001)¢ Gha¥) (M gl 4l wo (35 il (o8 5
(flight-to-safety). o) il les Liail ki LS DAX (Wald = 454.92) SFTSE 100 (Wald = 488.55).

FONER|
ﬁuw\ g (3 sl 5 saidansd dum ) 30 G dinayy ol adly Jas gial) o Al Gupliall ddead Lo of Al all el
D‘).\.\SM‘)JJ‘)S‘).LIJ (Aalall oJLu\u.u;.vded\ (.\J:u‘-.wm} «@)}J\ d}m@e;aa.u} bl ﬁLLuS\L;c i "")AU: ccﬁbﬂ@

dﬁ&aa)}wmma)mcwésmm\ms)ﬂi G gl ALl L-!Lu‘).\“ ‘)).\QA‘;USJ(J&JM)J)AJ dadi yall Chlaa il

(55%)‘ ) @ Ons Lala) S Ll el e c—.uu g;d‘ il & e L«—\.—\n—d 255 L) @J—\-\l‘ il il Of i Le s
QLML\MS\ CA.AJL)LJL&Y\.B\A.AX\ EJ\J\ w&)#wé‘}wy‘ u.udnlsﬂ\ e}@d&i&;\_\mw\ ol

‘)LL‘}I us.u M.\XS“ MJ‘)“AY‘ ML\M“ L5}.\.um ‘_;cj TVP-VAR L_;Ld\ ‘)\‘)s.\u‘}“ u\)ujal aA.\s.A alsa ob\ dS“u U\ ‘;I‘}“
mhd);uhusd\ %82. 7MU\3§}M\ e B c}a@bu.u‘!} chS}MJ)Q.AAJ GJSJAS\M\ <3 COVID-19. <l
& Abd) Slevall (e AT sall dpsndl 5083 BIST 100 2 4nan) cleraal) I S&P 500 (35w L6l (2 ahy Al Ja gl of )
Y1 3l Jseal o sl llall jSaa ) pdisa )5 355 8 S Gl agul),

&u\ﬁﬁ)ﬁa&\.}ﬁﬁé&: J\.AES:Y\} 60*45\‘51,_\“‘5‘) Jla_.\:\u\) 6(;@.»:;%‘ d\)“"'ig_;‘; da&a.\n )Laﬁ\ @)aﬁéfﬁ)&‘mbﬁl )33)
GARCH(1,1) '35 «J soa¥l sl 3aamie Aaail Jadid JUaY ns 5 dobiional) & smill oty ¢ (g0 il Ay ) ki Lgdoa s
i) Al ALy i) g JUEAT 5 cpntandl el oS,

il JUs) s Aalidall clal€ll TVP-VAR S saibs) da g0 £33l Jlane 3 Jalatl sl 80 cilaal) e w5601 Ll 531 ¢
@J}ﬂ\ Jsd ‘_g e Y,

Résumé Structuré
Objectif

La transmission internationale des chocs financiers occupe une place centrale dans la recherche
empirique en finance depuis plus de trois décennies. Une question fondamentale demeure toutefois non résolue
: les mesures conventionnelles de connectivité fondées sur la moyenne permettent-elles de saisir adéquatement
I’intégration entre les marchés, ou les dimensions de la connectivité spécifiques aux queues de distribution et
aux fréquences recelent-elles une valeur informationnelle indépendante ? La recherche sur la connectivité a
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évolué a travers trois générations méthodologiques — I’analyse de cointégration (Engle & Granger, 1987 ;
Johansen, 1991), le cadre de décomposition généralisée de la variance proposé par Diebold et Yilmaz (2009,
2012), puis son extension sous forme de modéle vectoriel autorégressif a paramétres variables dans le temps
(TVP-VAR) développée par Antonakakis et al. (2020). Néanmoins, aucune étude antérieure consacrée au
marché turc n’a conjointement appliqué, a un échantillon commun, le modéle VAR quantile (Quantile-VAR)
d’Ando et al. (2022), le test de causalité asymétrique de Hatemi-J (2012) et la décomposition dans le domaine
fréquentiel de Barunik—K#ehlik (2018). Cette lacune méthodologique constitue la problématique de recherche
a laquelle répond la présente étude.

En conséquence, cette étude vise a caractériser les dimensions temporelles, quantiles et fréquentielles
de l’intégration de la volatilité entre la Bourse d’Istanbul (BIST 100) et six grands marchés boursiers
internationaux — le S&P 500 (Etats-Unis), le DAX (Allemagne), le FTSE 100 (Royaume-Uni), le BOVESPA
(Brésil), le SENSEX (Inde) et ’TATHEX (Grece) — sur la période allant de janvier 2002 a décembre 2025,
soit 5 124 jours de négociation communs, ainsi qu’a identifier les principaux canaux de transmission et leurs
propriétés asymeétriques.

La Tirkiye constitue un cadre analytique particuliérement pertinent : il s’agit d’une grande économie
émergente, structurellement ouverte et caractérisée par des liens commerciaux et financiers étroits avec
I’Europe, dont le régime monétaire intérieur a connu plusieurs épisodes de politiques non conventionnelles
entre 2018 et 2023. L’analyse est guidée par trois questions de recherche : (i) comment I’intensité et la direction
des effets de débordement de volatilité entre le BIST 100 et les principaux indices mondiaux ont-elles évolué
au cours des différents épisodes de crise ? (ii) les configurations de transmission différent-elles selon les
quantiles conditionnels — autrement dit, le marché turc est-il plus fortement intégré dans la queue inférieure
de la distribution, correspondant aux périodes de crise, qu’au niveau de la médiane ? (iii) & quels horizons
fréquentiels ’intégration opere-t-elle principalement ?

Méthode

L’étude adopte une méthodologie quantitative reposant exclusivement sur des données secondaires de
marché accessibles au public. Les rendements logarithmiques journaliers ont été calculés a partir des cours de
cloture obtenus auprés de Yahoo Finance pour les sept indices sur la période allant du 2 janvier 2002 au 30
décembre 2025, représentant 5 124 jours de négociation communs. Les volatilités conditionnelles issues de
modeéles GARCH(1,1), estimés par la méthode du maximum de vraisemblance pour chaque série de
rendements, ont servi de variables d’entrée a I’ensemble des analyses de connectivité.

Une spécification statique VAR(4) de Diebold—Yilmaz, assortie d’un horizon de prévision de dix
périodes, a été utilisée comme référence pour I’échantillon complet, tandis que le modele TVP-VAR
d’Antonakakis et al. (2020), avec des facteurs d’oubli k1 = 0,99 et k2 = 0,96, a permis de saisir la dynamique
temporelle de la connectivité. La connectivité quantile a été estimée pour T € {0,05 ; 0,50 ; 0,95} au moyen de
la régression quantile de Koenker et Bassett (1978). Le test de causalité asymétrique de Hatemi-J (2012) a été
appliqué aux 168 permutations directionnelles, avec des valeurs critiques obtenues par bootstrap a 500
réplications pour les tests impliquant le BIST 100. La décomposition dans le domaine fréquentiel a, quant a
elle, été réalisée conformément a la méthodologie de Barunik et Kiehlik (2018), selon trois bandes spectrales.

Les ruptures structurelles ont été datées au moyen de la procédure de Bai et Perron (1998, 2003). La
robustesse des résultats a été évaluée a I’aide de modeles VAR a fenétre glissante reposant sur quatre longueurs
de fenétre différentes, de combinaisons alternatives des facteurs d’oubli, de longueurs de retard alternatives (p
= 2-8), d’horizons de prévision alternatifs (H = 5, 15, 20) et d’analyses par sous-échantillons. L’étude reposant
exclusivement sur des données secondaires accessibles au public, aucune collecte de données primaires ni
approbation d’un comité d’éthique n’a été nécessaire.

Résultats

Quatre résultats principaux se dégagent de I’analyse. Premiérement, 1’indice total de transmission
statique (TSI) pour I’ensemble de I’échantillon s’établit a 51,0 %. Le FTSE 100 apparait comme le principal
émetteur net de chocs (+28,1 %), tandis que le BIST 100 constitue le principal récepteur net (—17,8 %). La
trajectoire dynamique issue du modele TVP-VAR varie entre 24,3 % en février 2018 et 82,7 % le 13 mars
2020, et met en évidence cinq régimes distincts de connectivité : un niveau modéré de transmission entre 2003
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et 2006, une €lévation persistante entre 2007 et 2012, une normalisation post-crise entre 2013 et 2017, un pic
associ¢ a la pandémie de COVID-19 en 2020, puis un régime modéré a partir de 2022.

Deuxiémement, la connectivité s’intensifie considérablement dans les queues de la distribution. Le
TSI a I’échelle du systéme passe de 55,0 % a la médiane conditionnelle a 81,4 % dans la queue inférieure et
a 80,0 % dans la queue supérieure. Parallelement, la position du BIST 100 en tant que récepteur net est la plus
prononcée a la médiane (—12,3 %) et sensiblement plus faible dans les deux queues (6,6 % en période de
crise et —4,8 % lors des phases haussiéres). Ce résultat indique que les chocs spécifiques a la Tiirkiye générent
des flux de variance sortants qui compensent particllement les flux allant des marchés mondiaux vers la Tiirkiye
lors des épisodes situés dans les queues de distribution.

Troisiémement, la décomposition dans le domaine fréquentiel montre que 74 % des effets totaux de
transmission se produisent dans la bande correspondant & 1-5 jours de négociation, contre seulement 6,7 %
dans la bande de long terme (> 22 jours). Ces résultats identifient le rééquilibrage des portefeuilles, plutot
que les fondamentaux macroéconomiques, comme le principal canal de transmission. L’effet net de diffusion
a long terme de la Tiirkiye est, en outre, pratiquement nul (0,82 %).

Quatriémement, le test de causalité asymétrique de Hatemi-J révéle une causalité hautement
significative allant des chocs négatifs du BIST 100 vers les chocs positifs du S&P 500 (Wald = 130,33 ; p
bootstrap < 0,001), résultat compatible avec un mécanisme de fuite vers la sécurité (« flight-to-safety »).
Des configurations similaires sont observées pour le DAX (Wald = 454,92) et le FTSE 100 (Wald = 488,55).

Conclusion

Cette étude démontre que ce que les mesures fondées sur la moyenne qualifient d’intégration «
modérée » entre la Bourse d’Istanbul et les marchés boursiers mondiaux constitue, en réalité, un phénomeéne
dépendant des régimes, amplifié dans les queues de distribution, asymétrique selon le signe des chocs et
principalement concentré aux hautes fréquences — une caractérisation qu’aucune étude antérieure
consacrée au marché turc et fondée sur une méthodologie unique n’était en mesure de fournir.

La contribution centrale de 1’étude consiste a établir empiriquement que la connectivité dans les
queues de distribution (81-80 %) est substantiellement supérieure a celle observée a la médiane (55 %). Ce
constat implique que les stratégies conventionnelles de diversification perdent précisément leur efficacité
lorsque leur fonction protectrice devient la plus indispensable. Il conduit ainsi a reconsidérer la nature de
I’intégration entre marchés, tant du point de vue de la gestion de portefeuille que de celui de la conduite des
politiques économiques et financiéres.

Sur le plan de la politique macroprudentielle, le cadre TVP-VAR en temps réel pourrait utilement
compléter les indicateurs de stabilité financicére de la Banque centrale de la République de Tiirkiye, compte
tenu notamment du pic sans précédent de 82,7 % enregistré pendant la pandémie de COVID-19. Par ailleurs,
la causalité documentée allant des chocs négatifs du BIST 100 vers les chocs positifs du S&P 500 suggere que
les tensions sur le marché boursier turc pourraient constituer un indicateur d’alerte précoce de la demande
internationale d’actifs refuges.

Trois limites principales doivent néanmoins étre soulignées : I’analyse est exclusivement consacrée
aux marchés d’actions, elle exclut la Russie et la Chine et repose sur des mesures indirectes de la volatilité
obtenues a partir de modeles GARCH(1,1). Les recherches futures devraient donc étendre ce cadre a des
systémes intégrant plusieurs classes d’actifs, incorporer les partenaires régionaux actuellement exclus et
évaluer des spécifications alternatives de modélisation de la volatilité.

Mots-clés : transmission de la volatilité¢ ; TVP-VAR ; connectivité quantile ; décomposition dans le
domaine fréquentiel ; Bourse d’Istanbul ; dépendance de queue.

Resumen Estructurado
Objetivo

La transmision internacional de los shocks financieros ha ocupado un lugar central en la investigacion
empirica en finanzas durante mas de tres décadas. Sin embargo, sigue sin resolverse una cuestion fundamental:
,son suficientes las medidas convencionales de conectividad basadas en la media para captar adecuadamente
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la integracion entre mercados, o las dimensiones de la conectividad especificas de las colas de la distribucion
y de los distintos horizontes de frecuencia contienen un valor informativo independiente? La investigacion
sobre conectividad ha evolucionado a través de tres generaciones metodoldgicas: el analisis de cointegracion
(Engle & Granger, 1987; Johansen, 1991), el marco de descomposicion generalizada de la varianza de Diebold
y Yilmaz (2009, 2012) y su extension mediante modelos vectoriales autorregresivos con parametros variables
en el tiempo (TVP-VAR) desarrollada por Antonakakis et al. (2020). No obstante, ningun estudio previo
centrado en el mercado turco ha aplicado conjuntamente, sobre una muestra comun, el modelo VAR cuantilico
(Quantile-VAR) de Ando et al. (2022), el analisis de causalidad asimétrica de Hatemi-J (2012) y la
descomposicion en el dominio de la frecuencia de Barunik—Kiehlik (2018). Esta carencia constituye la brecha
de investigacion que aborda el presente estudio.

En consecuencia, el objetivo de este estudio es caracterizar las dimensiones variables en el tiempo,
especificas de los cuantiles y del dominio de la frecuencia de la integracion de la volatilidad entre la Bolsa de
Estambul (BIST 100) y seis de los principales mercados bursatiles internacionales: S&P 500 (Estados Unidos),
DAX (Alemania), FTSE 100 (Reino Unido), BOVESPA (Brasil), SENSEX (India) y ATHEX (Grecia),
durante el periodo comprendido entre enero de 2002 y diciembre de 2025, correspondiente a 5.124 dias
comunes de negociacion, asi como identificar los canales de transmision predominantes y sus propiedades
asimétricas.

Tiirkiye constituye un entorno analitico particularmente relevante: es una gran economia emergente,
estructuralmente abierta y con profundos vinculos comerciales y financieros con Europa, cuyo régimen
monetario interno atraveso reiterados episodios de politicas no convencionales entre 2018 y 2023. El analisis
se articula en torno a tres preguntas de investigacion: (i) ;,como han evolucionado la intensidad y la direccion
de los efectos de transmision de volatilidad entre el BIST 100 y los principales indices bursatiles mundiales a
lo largo de distintos episodios de crisis?; (ii) ¢/ difieren los patrones de transmision entre los distintos cuantiles
condicionales?, es decir, ;presenta el mercado turco una integracion mas intensa en la cola inferior de la
distribucion —correspondiente a condiciones de crisis— que en la mediana?; y (iii) jen qué horizontes de
frecuencia opera predominantemente dicha integracion?

Método

El estudio adopta un disefio de investigacion cuantitativo basado exclusivamente en datos secundarios
de mercado de acceso publico. Los rendimientos logaritmicos diarios se calcularon a partir de los precios de
cierre obtenidos de Yahoo Finance para los siete indices durante el periodo comprendido entre el 2 de enero
de 2002 y el 30 de diciembre de 2025, que abarca 5.124 dias comunes de negociacion. Las volatilidades
condicionales GARCH(1,1), estimadas mediante maxima verosimilitud para cada serie de rendimientos, se
utilizaron como variables de entrada en todos los analisis de conectividad.

Como referencia para la muestra completa se empled una especificacion estatica VAR(4) de Diebold—
Yilmaz, con un horizonte de prondstico de diez pasos, mientras que el modelo TVP-VAR de Antonakakis et
al. (2020), con factores de olvido ki = 0,99 y k. = 0,96, permitié captar la conectividad variable en el tiempo.
La conectividad cuantilica se estimd para T € {0,05; 0,50; 0,95} mediante regresion cuantilica (Koenker &
Bassett, 1978). Asimismo, el analisis de causalidad asimétrica de Hatemi-J (2012) se aplicd a las 168
permutaciones direccionales, utilizando valores criticos obtenidos mediante bootstrap con 500 réplicas para
las pruebas relacionadas con el BIST 100. La descomposicion en el dominio de la frecuencia se realizo
conforme al enfoque de Barunik y Kiehlik (2018) a través de tres bandas espectrales.

Las rupturas estructurales se fecharon mediante el procedimiento de Bai y Perron (1998, 2003). La
robustez de los resultados se evalué mediante modelos VAR de ventana movil con cuatro longitudes de ventana
diferentes, combinaciones alternativas de factores de olvido, longitudes de rezago alternativas (p = 2-8),
horizontes de prondstico alternativos (H = 5, 15, 20) y andlisis por submuestras. Dado que el estudio utiliza
exclusivamente datos secundarios disponibles publicamente, no fue necesaria la recopilaciéon de datos
primarios ni la aprobacion de un comité de ética.

Resultados

Del andlisis se desprenden cuatro resultados principales. En primer lugar, el indice total de
transmision (TSI) estatico para la muestra completa se sittia en el 51,0 %. EI FTSE 100 constituye el principal
transmisor neto (+28,1 %), mientras que el BIST 100 es el mayor receptor neto (—17,8 %). La trayectoria
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dinamica estimada mediante el modelo TVP-VAR oscila entre el 24,3 % en febrero de 2018 y el 82,7 % el
13 de marzo de 2020, ¢ identifica cinco regimenes diferenciados de conectividad: transmision moderada
durante 2003-2006, elevacion persistente durante 2007—2012, normalizacion posterior a la crisis durante 2013—
2017, un fuerte incremento asociado a la pandemia de COVID-19 en 2020 y un régimen moderado a partir de
2022.

En segundo lugar, la conectividad presenta una marcada amplificacion en las colas de la distribucion.
El TSI a escala sistémica aumenta desde el 55,0 % en la mediana condicional hasta el 81,4 % en la cola
inferiory el 80,0 % en la cola superior. Al mismo tiempo, la posicion del BIST 100 como receptor neto alcanza
su mayor magnitud en la mediana (—12,3 %) y se reduce sustancialmente en ambas colas (—6,6 % durante las
crisis y —4,8 % durante las fases alcistas). Este resultado indica que los shocks especificos de Tiirkiye generan
flujos de varianza hacia el exterior que compensan parcialmente los flujos desde los mercados globales hacia
Tirkiye durante los episodios situados en las colas de la distribucion.

En tercer lugar, la descomposicion en el dominio de la frecuencia muestra que el 74 % de la
transmision total se concentra en la banda correspondiente a 1-5 dias de negociacion, mientras que inicamente
el 6,7 % se produce en la banda de largo plazo (>22 dias). Este resultado identifica el reequilibrio de carteras,
mas que los fundamentos macroeconémicos, como el canal predominante de transmision. Asimismo, el efecto
neto de difusion de Tiirkiye a largo plazo es practicamente nulo (—0,82 %).

En cuarto lugar, el anilisis de causalidad asimétrica de Hatemi-J revela una causalidad altamente
significativa desde los shocks negativos del BIST 100 hacia los shocks positivos del S&P 500 (Wald =130,33;
p bootstrap < 0,001), resultado coherente con un mecanismo de huida hacia activos refugio (flight-to-
safety). Se observan patrones similares para el DAX (Wald = 454,92) y el FTSE 100 (Wald = 488,55).

Conclusion

El estudio demuestra que aquello que las métricas basadas en la media caracterizan como una
integracion «moderada» entre la Bolsa de Estambul y los mercados bursatiles mundiales constituye, en
realidad, un fenémeno dependiente del régimen, amplificado en las colas de la distribucion, asimétrico
respecto al signo de los shocks y predominantemente de alta frecuencia; una caracterizacion integral que
ningun estudio previo sobre el mercado turco basado en un tnico método habia podido proporcionar.

La principal contribucion del estudio consiste en demostrar empiricamente que la conectividad en las
colas de la distribucion (81-80 %) supera sustancialmente la conectividad observada en la mediana (55 %).
Este hallazgo implica que las estrategias convencionales de diversificacion pierden eficacia precisamente
cuando su funcion protectora resulta mas necesaria, lo que obliga a reconsiderar la naturaleza de la integracion
entre mercados tanto desde la perspectiva de la gestion de carteras como desde la formulacion de politicas
economicas y financieras.

Desde la perspectiva de la politica macroprudencial, el marco TVP-VAR en tiempo real podria
complementar de manera util los indicadores de estabilidad financiera del Banco Central de la Repiiblica de
Tiirkiye, especialmente a la luz del maximo sin precedentes del 82,7 % registrado durante la pandemia de
COVID-19. Asimismo, la causalidad documentada desde los shocks negativos del BIST 100 hacia los shocks
positivos del S&P 500 sugiere que las tensiones en el mercado bursatil turco podrian funcionar como un
indicador de alerta temprana de la demanda internacional de activos refugio.

Finalmente, se reconocen tres limitaciones principales: el analisis se circunscribe a los mercados de
renta variable, excluye a Rusia y China y se basa en medidas indirectas de volatilidad obtenidas mediante
modelos GARCH(1,1). Las investigaciones futuras deberian ampliar este marco hacia sistemas que incorporen
multiples clases de activos, incluir a los socios regionales actualmente excluidos y evaluar especificaciones
alternativas para la modelizacién de la volatilidad.

Palabras clave: Transmision de volatilidad; TVP-VAR; Conectividad cuantilica; Descomposicion en
el dominio de la frecuencia; Bolsa de Estambul; Dependencia en las colas.
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Heanb

MexnayHaponHash TpaHCMHCCHS (PUHAHCOBBIX IIOKOB Ha NPOTKEHHH Ooniee TPEX HECSATHIICTHH
3aHMMaeT LEHTPAJbHOE MECTO B OMIIMPUYECKUX HCCIENOBaHUAX B obnacti ¢(uHaHCOB. BMmecte ¢ Tem
KIIFOYEBOH BOIPOC OCTa&TCSd HEPEIIEHHBIM: IOCTATOYHBI JIM TPAJAUIHMOHHBIE MEPHl B3aHMOCBSI3aHHOCTH,
OCHOBAaHHbIE Ha CpPEJHUX 3HAYCHMAX, JUIA aJCKBaTHOW OIICHKHM MEXPBIHOYHOH HWHTETpalluH, HIIM K
B3aUMOCBSI3aHHOCTD, CIIEHU(UYHAS JUII XBOCTOB PACIpENeICHHs M OTACIBHBIX YaCTOTHBIX JHAIA30HOB,
oOmamaer CaMOCTOSITETEHON WH(POPMAITMOHHON LIEHHOCTBIO? Uccnenosanus (uHAHCOBOH
B3aMMOCBS3aHHOCTH NPOLUIA TPH OCHOBHBIX METOJOJIOTHYECKHX dTama: aHanu3 kouHTterpammu (Engle &
Granger, 1987; Johansen, 1991), momxox Ha ocHOBe 0000ImIEHHOTO pa3iokenus muctiepcud Diebold u Yilmaz
(2009, 2012), a Takxe ero pacmuperne B GopMe BEKTOPHOH aBTOPErPECCHU C H3MEHSFOIIMUICS BO BPEMEHN
napamerpamu (TVP-VAR), npemnoxxennoe Antonakakis et al. (2020). Oqrako HA B OJJHOM W3 TPEABIIYIINX
WCCIIEIOBAaHUN TYPEIKOTO PHIHKA B paMKax €JWHOW BBIOOPKH HE MPHUMEHSUTCH COBMECTHO KBaHTIJIBHAS
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BekTopHas aBroperpeccus (Quantile-VAR) Ando et al. (2022), rect acummeTpuuHoi nprauHHOCTH Hatemi-
J (2012) n gacrorHas nexomnosunms Barunik—Kiehlik (2018). ViMeHHO 3TOT MeTOmONIOTHYECKUH MpoOesn
OIIpeeIIAET UCCIIE0BATENBCKYIO IPOOIeMy HacTOSIIEH paboThL.

B cootBercTBMM € 3TUM LENb HCCIEOBAaHMS 3aKIIOYaeTCs B KOMIUIEKCHOH XapaKTepHCTUKE
M3MEHSIONIMXCS BO BPEMEHH, KBaHTHIILHO-CICIIM(DUICCKAX U YaCTOTHO-3aBHCHUMBIX aCIICKTOB MHTETPALUU
BOJIATIUIEHOCTH Mexk Iy CTaMOysbckoit doumoroii oupskeit (BIST 100) u mecThi0 KPYMTHESHITUME MAPOBBIMHU
¢onnoBeiMu peiHKamMu — S&P 500 (CHIA), DAX (I'epmanust), FTSE 100 (Bemuko6purtanus), BOVESPA
(bpazmmus), SENSEX (Muaus) u ATHEX (I'penust) — 3a nepuon ¢ saBapst 2002 r. mo nexadps 2025 1.,
oxBaThIBaOMIUH 5 124 001IUX TOProOBbBIX JIHS, a TAKXKE B BHISIBJICHUH JOMUHUPYIOIINX KaHAJIOB TPAHCMUCCUHU
U UX aCUMMETPUYHBIX CBOHCTB.

Typuus npeacrapisteT co00i aHATUTUYECKU 3HAYUMYIO UCCIEI0BATENbCKYIO CPEdy: 9TO KpyIHas,
CTPYKTYPHO OTKpBITasi pa3BUBAIONIAsICS SKOHOMHKA C TECHBIMH TOPTOBHIMH M (DPMHAHCOBBIMH CBSI3SIMH C
EBponoif, BHYTpeHHHMH JEHEXHO-KPEAUTHBII pexuM KoTtopoil B 2018-2023 rr. HEOAHOKpPATHO
XapaKTepU30BaJIC NMPUMEHEHNEM HEeTpaJUIMOHHBIX Mep MONUTHKHU. MccnenoBaHue CTpOUTCS BOKPYT TPEX
BOINPOCOB: (i) KaK M3MEHSIIMCh MHTEHCUBHOCTh M HamnpaBiieHHe 3(QEKTOB IepesrBa BOJATUIBHOCTH MEXKILY
BIST 100 1 OCHOBHBIMH MHPOBBIMH WHJIEKCAaMH B Pa3jW4Hble KPU3UCHBIC Neprobl? (ii) pa3nuyaroTcs Jiu
MOJIENH MIEPETUBOB MEXK/Ty YCIOBHBIMH KBaHTHJIIMH — WHBIMHU CJIOBaMH, SBIISICTCS JIM HHTETPAIHS TYPELIKOTO
pBIHKa O0Jiee MHTEHCUBHOM B HHYKHEM XBOCTE paciipezieeH s, COOTBETCTBYOIIEM KPU3UCHBIM YCIIOBHSIM, YeM
Ha YpPOBHE YCJOBHOH MeauaHbl? (iil) Ha KaKMX YacCTOTHBIX TOPU3OHTAX MPEHMYIIECTBEHHO PEajn3yeTcs
MEXPBIHOYHASI UHTETPaLHs?

MeTtoa

HccnenoBanne OCHOBaHO Ha KOJMYECTBEHHOM [H3aiffHE M HCIONB3YeT HCKIIOYUTENBHO
00IEeJOCTyIHbBIE BTOPUYHBIC PBHIHOYHbIE [aHHBIE. J[HEBHBIE JlOrapu(MHUUECKHUEe IOXOTHOCTH OBbLIH
paccuuTaHbl HA OCHOBE LIEH 3aKpBITUSA, ModydeHHbIX 13 Yahoo Finance, 0 cemu (OHIOBBIX HHICKCOB 32
nepuoa ¢ 2 susaps 2002 r. mo 30 gexadps 2025 r., srmovaromuii S 124 001MX TOProBeIX IHA. Y CIOBHAS
BonatuibHOocTh GARCH(1,1), otieHéHHAst METOZIOM MaKCUMAIILHOTO IPABJIONO00HUST OTACIBHO ISl KaXKI0TO
psoa JDOXOIOHOCTEH, MCIIONB30Bajach B KayeCTBE HCXOMHOM NEpPeMEHHOW BO BCeX MpOLERypax aHaiu3a
B3aMMOCBSI3aHHOCTH.

Cratnueckas cneuudukaiys Diebold—Yilmaz VAR(4) c¢  jgecsaTUIIAaroBbiM TOPU30HTOM
IIPOTHO3MPOBAHHMS HCIIONB30BaIach B KadecTBe 0a30BOil MOy Ul MOJHOW BBIOOPKH, TOT/A KaK MOJETb
TVP-VAR Antonakakis et al. (2020) ¢ koapdunnentamu 3adpiBarus ki = 0,99 u k2 = 0,96 npruMeHsIaCH A
OLIEHKU JMHAMUYECKOW B3aMMOCBA3aHHOCTH. KBaHTWIIBHAs B3aUMOCBSA3aHHOCTh PACCUMTHIBAJIACH IS T €
{0,05; 0,50; 0,95} c wucnosibp3oBaHMeM KBaHTHIbHOW perpeccunt Koenker um Bassett (1978). Tecr
acuMMmerpu4yHod mnpuunHHOCTH Hatemi-J (2012) Obu1 npumeH€H ko Bcem 168 HampaBieHHBIM
nepecTaHOBKAM; JJIs TeCTOB, cBs3aHHBIX ¢ BIST 100, ncronp30Banuch KpUTHYECKHUE 3HAUCHHUSL, IOy YCHHBIE
MetonoM bootstrap Ha ocHoBe 500 MOBTOPHBIX BBIOOPOK. YacTOTHAas NEKOMIIO3HMLMS MPOBOAWIACH B
cooTBeTcTBUH ¢ MeTohoiorueit Barunik n Kiehlik (2018) mo TpéMm criekTpansHBIM AUATa30HAM.

JaTel CTPYKTYPHBIX CIBUTOB OMpPENCISUIMCH C MCIIONBb30BaHMEM mpouenypsl Bai u Perron (1998,
2003). YcToHuMBOCTD pe3ybTaTOB MPOBEpsIach mocpeacTBoM VAR-Mofeneil co CKOMB3AIMMM OKHOM TPH
YeTHIpEX pa3NUYHBIX [JIMHAX OKHA, AaJbTCPHATHBHBIX KOMOHWHAIMK Ko3(h(UIMEeHTOB 3a0bIBaHUA,
aNbTEPHATHBHBIX MOPSAIKOB Jara (p = 2—8), abTepHaTUBHBIX TOPU30HTOB IporHo3uposanus (H =5, 15, 20)
W aHanm3a MoABBIOOPOK. [TOCKONBKY B HMCCIIENOBaHUHM HMCIOJB30BAIMCH UCKIIOUHTENBHO OOMICAOCTYITHBIE
BTOPUYHBIE TaHHBIE, COOp MEPBUYHBIX TaHHBIX U MOJTYyYCHHE 0I00PCHIS KOMHTETA T10 STUKE He TpeOOBaUCh.

Pe3yabTaTthl

[TomydueHB! 4eTBIpe OCHOBHBIX pe3yibTaTa. Bo-mepBbIX, CTATHYCCKAN OOLIMII MHIEKC MepeTuBOB
(Total Spillover Index, TSI) mnst nonHo# BeIOOpKH coctassieT 51,0%. FTSE 100 BoicTynaer B KauecTse
JOMHUHHUPYIOIIETO YNCTOro mnepepaTynka mokoB (+28,1%), torma xax BIST 100 sBisercss kpynmHEHImm
yrcTeM nonydarenem (—17,8%). Aunamndeckas tpaekropusi TVP-VAR Bapeupyetcs ot 24,3% B denpane
2018 r. mo 82,7% 13 mapra 2020 r. 1 MO3BOJIAET BBIIEIHUTH IATh PEXUMOB B3aHMOCBSI3aHHOCTH: YMEPEHHbBIC
niepesuBsl B 2003—2006 TT., yCTOHYNBO MOBBIIIEHHYIO B3aUMOCBsI3aHHOCTD B 20072012 IT., MOCTKPU3UCHYIO
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HopManu3auuio B 2013-2017 rr., pe3kuii Berieck B nepuox nangemun COVID-19 B 2020 r. 1 yMepeHHBII
pexum HaumHas ¢ 2022 r.

Bo-BTOpBIX, B3aMMOCBA3aHHOCTh XapaKTEPU3yeTCs BHIPAKEHHBIM YCHJIEHHMEM B XBOCTaX
pacmpeneiiennsi: odmecucteMubiii TSI Bo3pactaer ¢ 55,0% Ha ypoBHe ycnoBHoW memuanbl 10 81,4% B
HwkHeM xBocTe U 80,0% B BepxHeM xBocTe. [Ipu aTom no3umust BIST 100 kak uncToro monmy4areins HanOoee
BBIpakeHa Ha MeauanHoM kBaHTwie (—12,3%) u cymiecTBeHHO ciiabee B 000MX XBOCTaxX paclpe/ieNieHnss —
—6,6% B Kpu3ncHbIe nepuoasl U —4,8% B NepHoOABI PLIHOYHOI0 POCTA. DTO CBUIETEILCTBYET O TOM, YTO
cnemuduyeckue Ui TypIuu IMIOKA TEHEPUPYIOT UCXOASAIINE TTOTOKH JMCIEPCHH, KOTOPHIE B XBOCTOBBIX
COCTOSIHUSIX YaCTUYHO KOMIICHCHUPYIOT IIOTOKH, HallpaBJIEHHbIE C TII00abHBIX PHIHKOB B TypLHIO.

B-Tperbux, yacTOTHas JEKOMITO3UIIUS TOKA3BIBAET, UTO 74% COBOKYITHBIX MEPEIMBOB PeaIn3yeTcs
B IuanazoHe 1-5 TOProBwIX JHEH, TOr/a Kak Ha JOJTOCPOUHBIA quana3oH (>22 aHel) NMPUXOIUTCS JHIIb
6,7%. DOT0 mno3BOIsIET HMACHTH(UIMPOBATH PedATAHCHPOBKY WHBECTHIMOHHBIX mopTdeneii, a He
MaKpOIKOHOMHYECKHE (yHIaMEHTANbHblE (DaKTOPBI, B KauecTBE JOMUHHPYIOIIErO KaHaia TPaHCMHCCHH.
JonrocpouHslii YuCcThIi 3 (eKT pacnpocTpaHEHUs IIOKOB CO CTOPOHBI TypIMK NPakTHYECKH PaBeH HYIIIO U
cocrasiset —0,82%.

B-4eTBEpPTHIX, TECT aCHUMMETPUYHOW mNpHYMHHOCTH Hatemi-J BBISABISET BBHICOKO3HAUYUMYIO
MPUYHHHO-CJIEJICTBEHHYIO CBS3b OT OTpuUaTeJbHbIX O0KOB BIST 100 k moJioxkuTe bHBIM mIOKaM S&P
500 (Wald = 130,33; bootstrap p < 0,001), uro corymacyeTcss C MEXaHH3MOM «O0ercTBa B
KauvecTBo/0e3onacHocTh» (flight-to-safety). Ananornuneie 3akoHomepHocTH HaOmomarorcs s DAX
(Wald = 454,92) u FTSE 100 (Wald = 488,55).

3akiarouenne

Pe3ynbTaThl MCCIeIOBaHUS TOKA3bIBAIOT, YTO HHTErpalust Mexxay CtamOybckoit (hoHm0BOI Oupxkei
U MHUPOBBIMH (OHIOBBIMHM DBIHKAMH, KOTOPYIO OCHOBAaHHBIE HA CpEAHHMX 3HAUCHHUAX I10KA3aTesH
XapaKTEepU3yI0T KaK «YMEPEHHYIO», B JACHCTBUTENBHOCTH MNPEJCTaBIACT COOOH PpPeKHMHO-3aBHCHMBIN,
YCHUIMBAIOLIUIiCA B XBOCTaX pacnpeeseHNsl, aCHMMETPHYHBIH M0 3HAKY IIOKOB M NPEMMYIeCTBEHHO
BBICOKOYACTOTHBIN (eHOMeH. Takas KOMIUIEKCHAas XapaKTEpUCTHKAa HE MOIJIa ObITh MOJNydYeHa B
IPEIIECTBYIOIUX HCCIEJOBAHUAX TYPELIKOTO PBIHKA, OCHOBAaHHBIX HA HCIIOJIb30BAHUM €IUHCTBEHHOTO
METOAO0JIOTHYECKOT0 TOAXO0a.

KittoueBo#i BKIJIaJi UCCIIEOBAHUSI COCTOMT B AMIIMPUYECKOM YCTAHOBJIEHHH TOTO, YTO XBOCTOBasi
B3auMocBA3aHHOCTH (81-80%) cymiecTBeHHO MpeBBHIIAET B3aMMOCBS3aHHOCTh Ha YPOBHE MeIHAHbI
(55%). D10 03HauaeT, YTO TPaAULHOHHBIE CTPATETHH AUBEPCUHUKAINHU TePsIOT 3P HEKTUBHOCTH IMEHHO B
TeX PBIHOYHBIX YCIIOBUSX, KOTJIa MX 3ammTHas (yHKIus Haubojee BocTpeOoBaHa. J[aHHBIN pe3ynbTaT
MO3BOJISIET TEPEOCMBICIIUTh XapaKTep MEXPHIHOYHOW HWHTETpald KaK C TOYKH 3PEHHs YIpaBJICHHS
WHBECTUIMOHHBIMU TOPT(EISIMHU, TAK U C MTO3UIMH YIKOHOMHYIECKOW 1 (PUHAHCOBOM TTONUTHKH.

C TOYKHM 3peHHs] MaKpOIpyIeHIHATbHOW NoMuTHKA Mozens TVP-VAR B peikume peaibHOro
BpPeMeHH MOXET CIYXHTb IIOJI€3HBIM JIONOJHEHHEM K WHAWKAaTOpaM (DMHAHCOBOH CTaOMIBHOCTH
HenTpanbHoro 6anka Typeukoii Pecmy6yimku, ocoOeHHO ¢ yu€TOM Oecnperie IS HTHOTO TMKOBOTO 3HAYCHUS
B3anMOCBsI3aHHOCTH B 82,7 %, 3aukcupoBannoro B nepuo nangemun COVID-19. Kpome Toro, BeIsIBICHHAS
MIPUYUHHOCTH OT OTpHUIaTenbHbIX mokoB BIST 100 x monoxxutensapM mokaM S&P 500 ykassiBaeT Ha TO, 9TO
CTpecc Ha TYpeLKoM (OHIOBOM PHIHKE IMOTCHIMAIBHO MOKET BEICTYNATh B KaueCTBE MHAUKATOPA PaHHET0
NpeynpeskAeHHsi 0 POCTE MEXIYHAPOIAHOTO CIIPOCca HA aKTUBBI-yOeKHIIIA.

B uccneoBaHuy MPU3HAIOTCS TPU OCHOBHBIX OTPAHUYCHHS: aHAJIN3 OTPAaHUYCH PhIHKAMU aKIUi, HE
BkifouaeT Poccuio u Kurtaif 1 OCHOBBIBAETCS Ha MOKA3aTeNsX BOJIATUIBHOCTH, MONTYYEHHBIX MOCPEICTBOM
moxeneli GARCH(1,1). B pmanmpHEHIMX HCCIEHOBAHHUSX IEIECOO0pa3HO PACIIMPHUTH MPEIIOKEHHYIO
AHAJIMTUYECKYI0 CHUCTEMY Ha MYJIbTHAKTHBHBIE CHCTEMbI, BKIIOYHATh HCKIIIOYEHHBIX PErHOHATBHBIX
MapTHEPOB U MPOTECTUPOBATH ANBTCPHATHBHBIC CIICIM(DUKAIINN MOJICITUPOBAHNS BOJIATHIBHOCTH.

KuiroueBble cioBa: nepenuBbl BojaTuiabHOCTH; TVP-VAR; KBaHTHIIbHAs B3alUMOCBSI3aHHOCTB;
gacToTHas Aekommo3uis; CTaMOyibckast GoHmoBas Ouprka; XBOCTOBAs 3aBHCUMOCTb.
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TR g

IR (Aim)

fariTa S{TeTdl T STRRPTT YR i ] A Hereh JHa F SFPHaH faxiiy 3™ 1 U
e fawg X1 g | U, U g uy oilt oft Sraid & o Ared-sneTd URURS Jagdl AT 3iR-
WW@WW%G@H@HW]WW% 3T fATRT BT G (tails) R AR smafy
farfasTt O TEfid daad & ST Wda YETHS T8 T8 67 Jaadl Jaeh S &1 s diF
TG Ui Tifedl & Areq § 341 §—He-Udh vl [azaiwor (Engle & Granger, 1987; Johansen, 1991),
Diebold 3R Yilmaz (2009, 2012) I ﬂTﬂﬂzﬁW faeRur-fageq E'F:lT YT Antonakakis et al. (2020) gRT
farep T eg-aRkad g Ffer wofdmret (rve-vAR) fa%dR | 58 STave, ol aTeiR W g febeft
T H Th I T4 W Ando et al. (2022) & DIEIgA-VAR (Quantile-VAR), Hatemi-J (2012) BT

SHIRUIEI, T Barunik-Krehlik (2018) & TFA-& fee= o1 e wu § g e far g1
T UGRTTa Rl SIHM 5T gRT GaId T SHHT-SfaRTd &1 R0 el 21

TGIIR, 39 I BT 35T SHART 2002 ¥ fGHeR 2025 TP 1 @R 5,124 FHH

Y fdaw afiifad 8% GRM SXIiga Wid Tauad (BIST 100) 3R 38 U@ dfyd st

TOIRI—S&P 500 (g T SARDT), DAX (G#ﬁ) FTSE 100 (Z3¢S {HTEH), BOVESPA (STSId),

SENSEX (HRd) 3R ATHEX ()& o9 3ifRRAT THierur & IHI-URGd, Sicrsa-faflRiy o

gﬁ%hﬁﬁMaﬁ@wmamWw%ﬁﬁm&mwﬁwm
|

Il 29 fazawor & e faRiy &0 ¥ Hewayul Yy e ordl 8: 98 Ue aa), Wadld ©U J
Gl SR snforaw 8, o U F 9 TR ARG iR g ey § qu1 e g ke
AR 20182023 P ERI TR-TR SHRWRATA T UHRON BT STHT fhaT| Sieza o rgxier ust
gR1 3R ®: (i) fafta e safemt & BIST 100 3TR Wi afiyes Yadie! & s SifRRar fRudsiar ot
e SR o= forg UepR fasfid g3 82 (i) a1 fRuaeiiar ufarey fafts g siegal # REgld §—
ST 1 Have Rl & et @3 arell Fach I8 & [ SR &1 THIhR0T TRI HIfHT B
T B 31fde g 82 3R (iii) UbiapRu grd: faeT anigfa farfasti o danfera giar g2

q@ﬁf (Method)

g g AETHS U BT o1 ST § 3R gofa: Jrdui-e ¥u J Iuasy fgdas
FIOR 3ifh el TR TR & | TTd YaHieh! & Y Yahoo Finance I Ut THTGH G & YR W 2 FG<L
2002 & 30 fATER 2025 T F1 3@l & S agUEI viawa Fffd fee Ty, o/ $a 5,124 TAE
e feaw aftifad €1 v ufawa H@er & fou sfean Tureadr f(fY gr ermAa
GARCH(1,1) 1 3fTRRdT31 &1 Tt TasaT fazawun & $7qe & =u # ugad foar T

&R gatqAr f&ifast & W1 TP fRR Diebold-Yilmaz VAR(4) faf¥d=r &1 goiag
TS & TG H ST T, STafd Antonakakis et al. (2020) & TVP-VAR HArgd—forad fawRor 1uries
K = 0.99 3R x: = 0.96 TR T T SUGNT G UREdT Tegdl BI e B b 1T b
47| HieTgd YaGdl Bt TTUMT Koenker 3R Bassett (1978) Pt SicT3e UATHT Ui &7 SUGNT Hd U«
€ {0.05, 0.50, 0.95} TR PI 715 | Hatemi-J (2012) B AT HRUCT Ugfa T4t 168 fexmere swafa=aray
u?awlaﬁn's‘amBIST 100 Y Taifdrd oieront & forg 500 gARTgiRRN a1t §eey ¥ I wifdd [ BT
gﬂmmﬂl mmﬁ'ﬂﬁBammkﬁTMehllk(ZOIS)ﬁma;m?ﬂqawa@fﬁ
|

TS fawdal &t fafdRaf Bai 3R Perron (1998, 2003) B Ugfd  Fuffka ot 7 | ufvomet &t
FEedl BT URIEI0T IR S{el-3fTT fdS! dargdl ara AfeiT-fdet VAR, faeRul Tuiies! & debfetds o],
Jpietes THT TIETSTY (p = 2-8), Job e YatgHM faifasil (H = 5, 15, 20) TUT IU-THAT AR & ATy ¥
ﬁmﬂmﬁfﬁ?awﬁmmﬁ%wﬁwmmmwmw%m
UTYfHe ST TG yaT Afadmd Iffd ot Wiea @ sraxgemdr gt |
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frsmd/afumd (Findings)

fIRQw0T ¥ IR v ey T 81 € | W, QU1 A & ol RR ot fRrarsiiar Ga&is (Total
Spillover Index, TSI) 51.0% & | FTSE 100 ¥ Y[ YaRUMGAT (+28.1%) €, STafd BIST 100 T TS
& UGl (—17.8%) 8| TR TVP-VAR U&Uash BRaR) 2018 H 24.3% ¥ A 13 AT 2020 Y
82.7% % A% 8 3R Tdadl & Urd AP TqRITTG TRON &1 Ydbe FHRAT §: 20032006 H AW
fRU@SNR, 20072012 H FRER I TR, 20132017 H Fehe IR JHEFIHROL, 2020 H COVID-19 I Fafdd
e IBTA qUT 2022 & §1G A HHH IR |

fdiia, Jagar o Wy T=5-9a e (tail amplification) UTaT STTAT & | YUTCR-GATH TSI T=Td HIfEIHT
W 55.0% J TG Al T8 | 81.4% TUT SR TS T 80.0% &) ST 81 T81, T Wdhd! & =Y H
BIST 100 &1 U Wfelrat R Taifdeh (—12.3%) § IR aFI Jed1 R SeaRa-1d &0 ¥ &1 8l Sl §—
The P SR —6.6% TUT Aol P GR & —4.8% | T8 IRUMM ST o=l 8 b qol-fAfRy smard srerm
e TaTE I R B, S Te1T TR 0N 3 SRT Af3eh SToTRY & bl bl 3R 3 aTel TaTe b 3R
w7 A gfaiqferd #Rd B

T, 3ngfiy-ad faue I 71d 811 8 [ $a fRUANR BT 74%, 1-5 AT feadt ard s o
Tenferd giaT , SidiP crdaierd (>22 f&aw) 55 H FHad 6.7% Ienferd giar g1 I8 uRoms Jafy-anffe
%%W$memortfolio rebalancing)ﬁwmaqﬁ%wffﬁﬁ%ﬁ
FRAT 8| DI BT TUabIIcTd Y TR THTE TKa: Y & e § (—0.82%) |

Tgd, Hatemi-] SAMHT HRUMI AT BIST 100 & THRIHD AT F S&P 500 &
YHRIAS AT B 3R IS iRFPT T § HeYUl HRUMI Ybe HRdT & (Wald = 130.33,
bootstrap p < 0.001), S ﬁ?ﬁiﬁ gfufal #t eiR uaras (flight-to-safety) T & =Y g1 DAX
(Wald = 454.92) 3IR FTSE 100 (Wald = 488.55) & forg 1t 99 ufasy ume mu|

faswt (Conclusion)

g 3 YeRid oxar § & Hrem-sneiRd Al gRT Swiga Wid Taes iR afye sfed
TR & S 5 THIHR01 B “Heq & =0 | fRefud fovar Sran €, 98 aad § U aawiT-fA,
y3-yaftid, Hbd-Rafid iR Sw-3gfy wurd ufeer 8 U w0y fagivar o gl 9ok R
Tdad Uhd-Tgid S gRT AU 81 [T S FahT ol

LT BT Ho TN T8 SHaS U J R1fid &1 § TGl (81-80%)
AIFRPT WEHAT (55%) ¥ SEHa ¥ F fe 31 399 Hovd firera § i uruRe ez
JurRfa Sl It aRfUfaat & fawd g1t €, oid Ia! SIRIH-—gAeRY YfiresT &t waifie srawadmdr
Bt 81 U Fspy didwiferat ueied qut e Fofa-fafo, ST & ePeiu ¥ SioR-auR TehieRu Bt
Ui B TeRe SRl g

TufY-faaemyuf ifa & Tl 8§ arafds T TVP-VAR gia gabl TURTSY & Sia d@ & fadia
fRRar Yhde! & o T Iuah R Rig 8 9 7, fa¥Y U ¥ COVID-19 & GRM &6l fhT T
3UAYd 82.7% & R HI ¢@d gUI IUP HIRT, BIST 100 & THRIAD SATETA I S&P 500 P
HHRIHSD ST D1 SR TIREd PRUI T8 SR Bl © b bl 3febe] STR H q1d STRTPR TR W
TRfEra-smer ufiufral &Y | & fou e qd-daramit ddbas & 9 8§ Sl R ahar gl

LT Bt I T TS WHR Pt 718 §: fazaur Had sfed auR! 9o W §; T 8k
1 1 399 WA 8T 19501 TR §; T I8 GARCH(1, 1) STUTRA SRR YRl R 2R a1 g1 w1l
ST ¥ 39 el &I 9g-uRuiI-a7l yunferal da fawaiia fasar ST anfg, adam o sfespd aeit
HIeRT o) FfMferd foar ST =Ry duT Jefeties ifRRar fafadeit o1 wieror fovan S =nfeul

BT RMeg: RRAT fUASNR; TVP-VAR; HiCRd Jagdl; AHgRi-a fdue; swiga Tid
TR, g ARl
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Yapilandirilmis Ozet
Amag

Finansal soklarin uluslararasi aktarimi otuz y1li agkin siiredir ampirik finansin merkezinde yer almakla
birlikte temel bir soru héla yanitlanmayi beklemektedir: Geleneksel, ortalamaya dayali baglantililik 6l¢iitleri
piyasalar arasi biitlinlesmeyi yakalamak i¢in yeterli midir, yoksa baglantililigin kuyruga 6zgii ve frekansa 6zgii
boyutlar1 bagimsiz bir bilgisel deger mi tagimaktadir? Baglantililik yazini ii¢ metodolojik kusaktan gegmistir:
Esbiitiinlesme analizi (Engle & Granger, 1987; Johansen, 1991), Diebold ve Yilmaz’mn (2009, 2012)
genellestirilmis varyans-ayristirma ¢ergevesi ve bunun zamanla degisen TVP-VAR uzantis1 (Antonakakis vd.,
2020). Ancak Tiirkiye piyasasina iliskin daha 6nceki hi¢bir ¢alisma; kantil-VAR (Ando vd., 2022), Hatemi-J
(2012) asimetrik nedensellik ve Barunik—Kiehlik (2018) frekans alani ayristirmasini ortak bir 6rneklem
tizerinde birlikte uygulamamaistir. Bu durum, ¢aligmanin ele aldigi temel arastirma boslugunu olusturmaktadir.
Buna bagli olarak ¢alismanin amaci, Borsa Istanbul (BIST 100) ile alt1 biiyiik kiiresel hisse senedi piyasas1 —
S&P 500 (ABD), DAX (Almanya), FTSE 100 (Birlesik Krallik), BOVESPA (Brezilya), SENSEX (Hindistan)
ve ATHEX (Yunanistan)— arasindaki oynaklik biitiinlesmesinin zamanla degisen, kantile 6zgii ve frekans
alanina iliskin boyutlarint Ocak 2002—Aralik 2025 doéneminde (5.124 ortak islem giinii) nitelendirmek ve
baskin aktarim kanallan ile bunlann asimetrik 6zelliklerini belirlemektir. Tiirkiye degerli bir analitik ortam
sunmaktadir: Derin Avrupa ticaret ve finans baglarina sahip, yapisal olarak acik, biiyiik bir gelismekte olan
ekonomidir ve yurt i¢i para politikasi rejimi 2018-2023 arasinda yinelenen konvansiyonel olmayan politika
donemleri yagamistir. Analize ii¢ arastirma sorusu yon vermektedir: (i) BIST 100 ile biiyiik kiiresel endeksler
arasindaki oynaklik yayilimlariin giicii ve yonii kriz dénemleri boyunca nasil evrilmistir? (i) Yayilim
oriintiileri kosullu kantiller arasinda farklilasmakta midir; Tiirk piyasasi alt kuyrukta (kriz kosullar1) medyana
kiyasla daha yogun mu biitiinlesmektedir? (iii) Biitiinlesme agirlikli olarak hangi frekans ufuklarinda
islemektedir?

YoOntem

Calisma, yalnizca kamuya acik ikincil piyasa verilerine dayanan nicel bir arastirma deseninde
yiriitilmiistiir. Glinliik logaritmik getiriler, yedi endeks i¢in 2 Ocak 2002-30 Aralik 2025 déneminde (5.124
ortak islem giinii) Yahoo Finance kapanis fiyatlarindan olusturulmustur. Her seri i¢in maksimum olabilirlik
yontemiyle tahmin edilen GARCH(1,1) kosullu oynakliklari, tiim baglantililik analizlerine girdi olarak
kullanilmstir. 10 adimlik tahmin ufkuna sahip statik bir Diebold—Yilmaz VAR(4) belirlenimi tam 6rneklem
karsilastirma oOlgiitiinii saglamis; Antonakakis vd. (2020) TVP-VAR’1 ise «1 = 0,99 ve « = 0,96 unutma
faktorleriyle zamanla degisen baglantililigi yakalamistir. Kantil baglantililigi, kantil regresyon (Koenker &
Bassett, 1978) ile T € {0,05; 0,50; 0,95} degerlerinde hesaplanmistir; Hatemi-J (2012) asimetrik nedensellik
testi 168 yonlii permiitasyonun tiimiine, BIST 100 testleri i¢in bootstrap kritik degerleriyle (500 yineleme)
uygulanmustir; frekans alani ayrigtirmasi {i¢ spektral bant boyunca Barunik ve Kiehlik (2018) izlenerek
gerceklestirilmistir. Yapisal kirilmalar Bai ve Perron (1998, 2003) yontemiyle tarihlendirilmistir. Saglamlik;
kayan pencereli VAR (dort pencere uzunlugu), alternatif unutma faktorii kombinasyonlari, alternatif gecikme
uzunluklar (p = 2-8), alternatif tahmin ufuklari (H =5, 15, 20) ve alt 6rneklem analizi ile degerlendirilmistir.
Yalnizca kamuya agik ikincil veriler kullanildigindan birincil veri toplamasi veya etik kurul onayi
gerekmemistir.

Bulgular

Dért temel bulgu 6ne gikmaktadir. ilk olarak, statik tam &rneklem TYE’si %51,0 olup FTSE 100
baskin net yayic1 (+%28,1), BIST 100 ise en biiyiik net alicidir (—%17,8); dinamik TVP-VAR yoriingesi %24,3
(Subat 2018) ile %82,7 (13 Mart 2020) arasinda degiserek bes baglantililik rejimini ortaya koymaktadir (2003—
2006 1liml1 yayilim, 2007-2012 siirdiiriilen yiikseklik, 2013—2017 kriz sonrast normallesme, 2020 COVID-19
sigramast ve 2022’den itibaren 1limh rejim). Ikinci olarak, baglantililik giiclii bicimde kuyrukta biiyiimektedir:
Sistem geneli TYE’si kosullu medyanda %55,0’ten alt kuyrukta %81,4’e ve {ist kuyrukta %80,0’e yiikselirken,
BIST 100’tin net alict konumu medyanda en biiyiik (—%12,3), her iki kuyrukta ise belirgin bigimde daha
kiiciiktiir (kriz donemlerinde —%6,6; ralli déonemlerinde —%4,8); bu bulgu, Tiirkiye’ye 6zgii soklarin disa
yonelik varyans akislan iireterek kuyruk donemlerinde kiiresel-Tiirkiye yonlii akisi kismen dengeledigine
isaret etmektedir. Ugiincii olarak, frekans alani ayristirmasi, toplam yayilimin %74’iiniin 1-5 islem giinii
bandinda, yalnizca %6,7’sinin ise uzun donem (>22 giin) bandinda isledigini gostererek baskin kanalin
makroekonomik temeller degil portfdy yeniden dengelemesi oldugunu ortaya koymaktadir; Tiirkiye nin uzun
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donemli net diflizyon etkisi esasen sifirdir (—%0,82). Dordiincii olarak, Hatemi-J asimetrik nedensellik analizi,
giivenli limana kag¢is mekanizmasiyla tutarli bigimde BIST 100°den S&P 500°e oldukga anlamli bir negatiften-
pozitife nedensellik ortaya koymakta (Wald = 130,33; bootstrap p < 0,001), benzer oriintiiler DAX (Wald =
454,92) ve FTSE 100 (Wald = 488,55) igin de goriilmektedir.

Sonug

Calisma, ortalamaya dayah &lgiitlerin Borsa Istanbul ile kiiresel hisse senedi piyasalar arasinda
“tliml1” biitiinlesme olarak nitelendirdigi olgunun gergekte rejime bagli, kuyrugu biiyiiten, isaret bakimindan
asimetrik ve yiiksek frekansli bir olgu oldugunu gostermektedir; bu nitelendirme, daha 6nceki tek yontemli
higbir Tiirkiye ¢aligmasinin sunamadigi bir katkidir. Calismanin temel katkisi, kuyruk baglantililiginin (%81—
80) medyan baglantililigint (%55) belirgin bigimde astigini ampirik olarak ortaya koymasi ve boylece
geleneksel ¢esitlendirmenin tam da en ¢ok gereksinim duyuldugu anda basarisiz oldugunu goéstermesidir; bu
bulgu, piyasalar arasi biitiinlesmeyi hem portféy hem de politika perspektifinden yeniden ¢ercevelemektedir.
Makro ihtiyati politika acisindan, COVID-19 sirasinda kaydedilen benzeri goriilmemis %82,7’lik zirve gz
Oniline alindiginda gercek zamanli TVP-VAR c¢ergevesi, Tiirkiye Cumhuriyet Merkez Bankasi’nin finansal
istikrar gostergelerini yararli bigimde tamamlayabilir; BIST 100’den S&P 500°¢ belgelenen negatiften-pozitife
nedensellik ise Tiirk hisse senedi piyasasindaki stresin uluslararasi giivenli liman talebi i¢in bir erken uyari
sinyali islevi gorebilecegini diisiindiirmektedir. Ug simirhlik kabul edilmektedir —analiz hisse senedi
piyasalartyla smirlidir, Rusya ve Cin’i disarida birakmaktadir ve GARCH(1,1) oynaklik vekillerine
dayanmaktadir— ve gelecekteki arastirmalar cerceveyi ¢ok varlik smifli sistemlere genisletmeli, disarida
birakilan bolgesel ortaklar1 dahil etmeli ve alternatif oynaklik belirlenimlerini sinamalidir.

Anahtar Kelimeler: Oynaklik Yayilimi; TVP-VAR; Kantil Baglantililik; Frekans Alam
Ayristirmasi; Borsa Istanbul; Kuyruk Bagimliligi
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Introduction

The international spillover of financial shocks has been a central topic in empirical finance
for over thirty years, but the post-2008 environment has fundamentally reshaped how academics
conceptualize this phenomenon. As Diebold and Yilmaz (2023) argue in their retrospective
assessment, the global financial crisis (GFC) shifted the academic focus from static integration
concepts (long-term cointegration, mean correlations) to time-dependent network representations
capable of capturing the heterogeneous and asymmetric aspects of shock spillover patterns across
markets and frequencies. The successive crises of the last fifteen years have provided an
unprecedented natural laboratory for testing and expanding these ideas (Antonakakis et al., 2020;
Chatziantoniou et al., 2022).

Tiirkiye offers an almost ideal setting for studying emerging market integration: a
structurally large, open economy with deep European trade and financial ties, and a domestic
monetary regime that experienced repeated periods of unconventional policy between 2018 and
2023. The 24-year sample window encompasses the 2008 global financial crisis, the 2010-2012
European debt crisis, the 2013 Taper Tantrum, the 2018 lira crisis, the 2020 COVID-19 shock, and
the 2022 Russia—Ukraine conflict, providing a uniquely rich laboratory for dynamic and asymmetric
linkage analysis.

Despite the growing connectedness literature, three interrelated questions remain
incompletely answered for the Turkish case. First, how has the strength and direction of volatility
spillovers between the BIST 100 and major global indices evolved over the past 24 years, and how
do successive crisis episodes compare in terms of system-wide connectedness? Second, do these
spillover patterns exhibit asymmetry across conditional quantiles—that is, is the Turkish market
more (or less) integrated with global markets in the lower tail (crisis) than at the median or in the
upper tail (rallies)? Third, at what frequency horizons does the integration operate—through
transitory, high-frequency portfolio rebalancing or through persistent, low-frequency structural ties?

This study offers four key contributions. First, we characterize the tail asymmetry and
frequency profile of the integration of the Turkish equity market with major global markets. Second,
we adopt the TVP-VAR connectedness framework of Antonakakis et al. (2020) as the primary
specification and extend it along three theoretically motivated dimensions: quantile-VAR (Ando et
al., 2022), Hatemi-J (2012) asymmetric causality with bootstrap critical values, and Barunik and
Kiehlik (2018) frequency-domain decomposition. Third, the country sample spans the global
financial centre (United States), Tiirkiye's principal European partners (Germany, United Kingdom),
Fragile-Five peers (Brazil, India), and the regional referent (Greece), with endogenous regime shifts
identified via Bai and Perron (1998, 2003) breaks. Fourth, we document a flight-to-safety asymmetry
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from BIST 100 to S&P 500 not previously identified in the Turkish literature (Bouri et al., 2021;
Adekoya et al., 2022; Cunado et al., 2024).

The principal findings can be condensed into four points. First, the dynamic TVP-VAR total
spillover index ranges from 24.3% to 82.7%, with peaks coinciding precisely with the GFC, the
European debt crisis, and the COVID-19 shock; Tiirkiye emerges as the largest net receiver in the
system. Second, the integration becomes substantially stronger in the conditional tails than at the
median—a feature missed entirely by mean-based measures. Third, approximately three-quarters of
the total spillover occurs within one to five trading days, indicating portfolio rebalancing as the
dominant transmission channel. Fourth, asymmetric causality documents a flight-to-safety pattern,
with negative BIST 100 shocks generating positive innovations in the S&P 500.

The rest of the article is structured as follows. Section 2 reviews the relevant literature.
Section 3 explains the data. Section 4 sets out the methodology. Section 5 presents the empirical
results. Section 6 discusses the economic and policy implications and acknowledges the limitations.
Section 7 is the conclusion'.

Literature Review
The Connectedness Framework and Turkish Empirical Evidence

The empirical study of cross-border financial transmission has historically followed three
methodological generations. The first relied on cointegration analysis (Engle & Granger, 1987;
Johansen, 1991) to identify long-term linkages. For Turkey, Korkmaz and Cevik (2008) and Vardar
et al. (2015) documented cointegration between the BIST 100 and major European indices, but found
short-term linkages at a modest level. The second generation focuses on the Diebold and Yilmaz
(2009, 2012, 2014) connectedness framework, which decomposes the generalized forecast-error
variance decomposition to present a single-number Total Spillover Index, directional spreads, and
net spreads—all invariant with respect to the order of the variables. Its natural successor is the time-
varying parameter (TVP) VAR specification of Antonakakis et al. (2020), which enables continuous
parameter evolution via the Kalman filter—smoother and has rapidly become a standard dynamic
specification (Chatziantoniou et al., 2022; Bouri et al., 2021).

Quantile, Asymmetric, and Frequency-Domain Extensions

Three theoretically justified extensions of the connectedness framework are central to this
study. The quantile-VAR connectedness approach developed by Ando et al. (2022) allows
connectedness to vary across the conditional distribution and strengthen at the extremes by replacing
conditional mean equations with conditional quantile equations. Hatemi-J (2012) proposes an
asymmetric causality test that separates returns into positive and negative cumulative components
and applies the Toda-Yamamoto (1995) extended Wald test to each directional combination. Barunik
and Kiehlik (2018) isolate short (1-5 days), medium (5-22 days), and long-frequency (>22 days)
connectedness by decomposing GFEVD along frequency bands; this is an important diagnostic tool
for distinguishing portfolio rebalancing from macroeconomic fundamental channels.

! See also the following sources on the stock market and Borsa Istanbul: Goniillii, 2020; Kesebir & Yildirim, 2019; Agirman
& Osman, 2019; Akten Ciiriik, 2018; Alsu, 2019; Barut & Kaya, 2021; Bayraktar, 2021; Dertli & Erylizlii, 2021; Goniilld,
2018; Giilhan, 2020; Levent, 2020; Ozmen, 2021; Topaloglu & Turaboglu, 2018; Yilmaz & Yerdelen Kaygin, 2018; Ezer,
2019; Avei, 2020; Cimen, 2019; Ertugrul & Qureshi, 2020; Girgin & Ozgen, 2020; Hatir & Kartal, 2020; Kanat, 2020;
Kuloglu, 2020; Miinyas, 2020; Paksoy, 2021; Siislii & Altin, 2021; Seyranlioglu & Karavardar, 2019; Yiiriik, 2022; Kaya
ve Giilhan, 2023; Saatcioglu ve Kula, 2023; Avci ve Avci, 2023; Sarthan, 2024; Cipe ve Aslan, 2024; Bozkurt ve Simsek,
2024; Ozar1, 2024; Demirkale, 2024; Can, 2024; Keskin ve Aytiire, 2024; Yiizbasioglu, 2025; Talas, 2025; Oztiirk, 2025;
Tuncay, 2025; Keyifli ve Ergiin, 2025.
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Research Gap

There are two significant gaps in the Turkish connectedness literature. First, no previous
study has characterized the tail asymmetry and frequency profile of BIST's integration with major
global markets together; yet these two diagnostic dimensions suggest diametrically opposed policy
recommendations. Second, existing Turkish studies have reported BIST as a net receiver overall (Can
Ergiin & Karabiyik, 2020; Gokbulut, 2017) but have not investigated whether positive and negative
shocks are transmitted symmetrically. This study addresses both gaps using a combined TVP-VAR
framework enhanced with quantile, asymmetric causality, and frequency-domain extensions.

Data
Sample, Country Selection, and Indices

The empirical analysis covers daily closing values between January 2, 2002, and December
30, 2025, and includes 5,124 common transaction observations across seven markets. The starting
date was deliberately chosen to exclude events such as the 2000-2001 Turkish banking crisis and the
transition to a floating exchange rate, which would conflate Tiirkiye-specific structural shocks with
the phenomenon of inter-country financial integration (Ak¢ay & Giingen, 2019). The 24-year period
encompasses six major shocks: the 2008 Global Financial Crisis, the 2010—2012 European sovereign
debt crisis, the 2013 Taper Tantrum, the 2018 Turkish currency crisis, the March 2020 COVID-19
pandemic shock, and the 2022 Russian invasion of Ukraine and subsequent global tightening cycle.

The country sample combines theoretical and empirical considerations. The seven indices
represent four functional roles: (i) global financial center (S&P 500), (ii) Tiirkiye's main European
trading and financial partners (DAX, FTSE 100), (iii) Fragile Five emerging market peers
(BOVESPA, SENSEX), and (iv) Greece as a regional and geopolitical reference point (ATHEX).
Table 1 provides full details.

Table 1: Country Sample, Indices, and Theoretical Justification

Country Index Ticker Theoretical Role
Tiirkiye BIST 100 XU100.1S Focal mar.kAet‘— emerging economy with twin deficits and capital-
flow sensitivity.
USA S&P 500 AGSPC Glpbal financial centre; principal source of monetary-policy
spillovers.
Germany DAX AGDAXI Tutkl.ye s largest trading partner; benchmark for European industrial
activity.
UK FTSE 100 AFTSE London as a global financial hub; sterling and Brexit transmission
channels.
Brazil BOVESPA ABVSP Fragl.le-Flve peer; commodity-exporter EM with similar twin-
deficit profile.
India SENSEX ~BSESN Fragile-Five peer; demographic giant; structural EM benchmark.
Greece ATHEX GD.AT i{rfizsgilsonal and geopolitical referent; epicentre of European debt

Source: Yahoo Finance, retrieved 4 May 2026. All series are daily closing values in local currency.
Descriptive Statistics and Stationarity

Daily logarithmic returns were calculated as 1, = 100 x [In(Py) — In(Py1)]. Summary
statistics are reported in Table 2. The highest average daily return was observed for the BIST 100
(0.085%), reflecting high nominal returns associated with a high-inflation regime—a pattern
consistent with Sumer and Ozorhon (2021). Greece is the only market with a negative average return,
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reflecting the prolonged stagnation of ATHEX following the 2010 sovereign debt crisis. Each index
exhibits significantly excess kurtosis (4.42—13.82), and the Jarque-Bera test rejects normality at the
1% level for all series, providing empirical justification for the quantile and asymmetric
methodologies used below. The augmented Dickey—Fuller (Dickey & Fuller, 1979), Phillips—Perron
(Phillips & Perron, 1988) and KPSS (Kwiatkowski et al., 1992) tests show that all log-price series
are I(1) and all log-return series are 1(0).

Table 2: Descriptive Statistics of Daily Log-Returns (%), 2002—2025

Index N Mean Std. Dev. Min Max Skew. Ex. Kurt.
BIST 100 5,124 0.0854 1.9187 -11.76 13.42 —0.237 4.42
S&P 500 5,124 0.0349 1.2794 -12.77 13.20 —0.295 13.13

DAX 5,124 0.0304 1.5154 —-13.05 14.04 —0.074 7.35
FTSE 100 5,124 0.0126 1.2208 —-11.51 12.77 —0.227 10.84

BOVESPA 5,124 0.0479 1.8038 -15.99 23.57 0.041 12.38
SENSEX 5,124 0.0635 1.4449 —-14.10 15.99 —0.115 13.82
ATHEX 5,124 —0.0042 1.9624 -17.71 19.53 —0.349 10.20

Note: The Jarque—Bera test rejects normality at the 1% level for all series.
Pairwise Correlations and Endogenous Structural Breaks

Table 3 shows the unconditional Pearson correlation matrix of daily logarithmic returns. The
highest pairwise correlation is between the DAX and FTSE 100 (0.83), reflecting the deep integration
of European equity markets. The BIST 100's highest pairwise correlations are with FTSE 100 (0.42)
and DAX (0.40), confirming the persistence of the Tiirkiye—Europe nexus. The correlation with the
S&P 500 is markedly lower (0.29), suggesting that the dominant transmission channel runs through
European rather than American intermediaries at the unconditional level.

Table 3: Unconditional Correlation Matrix of Daily Log-Returns

BIST S&P DAX FTSE BOVE SENS ATHEX
BIST 1.000 0.291 0.403 0.420 0.310 0.333 0.329
S&P 0.291 1.000 0.634 0.598 0.622 0.300 0.336
DAX 0.403 0.634 1.000 0.833 0.475 0.394 0.482
FTSE 0.420 0.598 0.833 1.000 0.508 0.431 0.469
BOVE 0.310 0.622 0.475 0.508 1.000 0.330 0.315
SENS 0.333 0.300 0.394 0.431 0.330 1.000 0.350
ATHEX 0.329 0.336 0.482 0.469 0.315 0.350 1.000

Note: All correlation coefficients are statistically significant at the 1% level (two-tailed).

The Bai and Perron (1998, 2003) multiple structural break methodology is applied to the
squared returns of each market, with a minimum segment length of 250 trading days and the optimal
number of breaks selected via the Bayesian information criterion. Two principal system-wide break
clusters emerge: early March 2008 (six of seven markets, GFC onset) and early July 2009 (five of
seven, post-Lehman recovery). Two breaks are unique to the BIST 100—13 December 2021 (lira
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crisis) and 27 October 2023 (post-election monetary policy normalisation). Detailed break dates are
reported in the Online Appendix (Table A.6).

Methodology
This section sets out the five complementary econometric techniques employed. The
connectedness analyses are conducted on GARCH(1,1) conditional volatilities, following standard

practice (Diebold & Yilmaz, 2012; Antonakakis et al., 2020). For each return series 1j;, we estimate

O-i?t = w; +q; Eiz,t—l + Bi Uiz,t—1 (1)
by maximum likelihood. Estimated persistence parameters (o + [3i) range from 0.970 to 0.991,
consistent with the well-documented persistence of financial volatility (Bollerslev, 1986).

Static Diebold—Yilmaz Spillover Framework

Let yi = (Y156, ---» Ynot)' denote the N x 1 vector of GARCH conditional volatilities. We
estimate a covariance-stationary VAR(p), with the optimal lag length p = 4 chosen by the Schwarz
information criterion. Following Pesaran and Shin (1998), we compute the H-step generalised
forecast-error variance decomposition (GFEVD):

- - 2
O'jjl Eﬁzol(eil dp X e])
o3 (eir o = dprey)

67 (H) = 2)

where @y are the moving-average coefficient matrices, €; is a selection vector, and Gj, is
the j-th diagonal element of X. The total spillover index (TSI) is the average of the row-normalised
off-diagonal elements; directional spillovers and net spillovers are defined analogously. We set H =
10, in line with Diebold and Yilmaz (2012).

TVP-VAR Connectedness

To capture the time variation of the spillover indices, we adopt the TVP-VAR connectedness
framework of Antonakakis et al. (2020) as our primary dynamic specification. In the TVP-VAR(p)
model, the autoregressive coefficient matrices and the time-varying variance-covariance matrix
evolve continuously according to a Kalman filter—smoother. Following the standard implementation,
we set lag length p = 4, forecast horizon H = 10, and forgetting factors ki1 = 0.99 (state equation) and
K2 = 0.96 (measurement equation). At each point in time, the GFEVD and the resulting connectedness
measures are computed exactly as in the static framework, generating continuous trajectories of the
total spillover index, directional spillovers, and pairwise spillovers. TVP-VAR results are
complemented by sliding-window VAR estimation as a robustness check (Section 5.7).

Quantile Connectedness

The quantile-VAR connectedness approach of Ando et al. (2022) replaces conditional-mean
equations with conditional-quantile equations

Qy, (T 1 11) = (D) + e age (0 ye—ic 3)

estimated by quantile regression (Koenker & Bassett, 1978). Connectedness measures are
computed at T = 0.05 (lower tail), T = 0.50 (median), and t = 0.95 (upper tail), permitting direct
comparison of crisis-period and median connectedness.
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Asymmetric Causality

Following Hatemi-J (2012), each return series is decomposed into positive and negative
cumulative components. The Toda-Yamamoto (1995) augmented Wald test is applied to each of the
four directional permutations {+—+, +——, —+, ——} for each ordered pair, yielding 168 tests.
Critical values for tests involving BIST 100 are bootstrap-distributed (500 replications); remaining
tests use asymptotic chi-square critical values.

Frequency-Domain Decomposition

Following Barunik and Kiehlik (2018), the spectral GFEVD is integrated over three
frequency bands: short term (o € (n/5, n], 1-5 trading days), medium term (o € (n/22, w/5], 5-22
days), and long term (o € (0, ©/22], >22 days). The decomposition isolates the channel through which
connectedness operates: high-frequency dominance signals portfolio-rebalancing transmission; long-
frequency dominance signals macroeconomic-fundamentals transmission.

Empirical Results
Static Diebold—Yilmaz Spillover Analysis

Table 4 presents the static Diebold—Yilmaz spillover matrix estimated over the full 2002—
2025 sample. The total spillover index of 51.0% indicates that, on average, slightly more than half
of the H-step-ahead forecast-error variance of any given market is explained by shocks originating
in the other six markets, consistent with the broader empirical literature on systems comprising mixed
developed and emerging markets (Vardar et al., 2015; Diebold & Yilmaz, 2012).

Directional spreads reveal a clear hierarchy. The United Kingdom (FTSE 100) is the
dominant net transmitter (+28.1%), followed by Germany (+13.9%). BIST 100 is the largest net
receiver (—17.8%), followed by India (SENSEX, —11.9%) and Greece (ATHEX, —7.7%). A heatmap
visualisation is presented as Figure 1.

Table 4: Static Diebold—Yilmaz Spillover Matrix (%), 2002-2025

From — To BIST S&P DAX FTSE BOVE SENS ATHEX
BIST 100 62.1 4.2 8.2 9.9 7.0 53 33
S&P 500 2.6 39.2 16.9 20.0 13.7 2.7 4.9

DAX 3.6 13.6 38.6 25.9 7.8 4.2 6.4
FTSE 100 3.5 14.4 233 393 8.5 4.2 6.7

BOVESPA 3.7 14.0 11.0 14.7 44.4 6.6 5.6
SENSEX 4.4 6.4 6.3 8.2 9.7 59.6 5.5
ATHEX 2.4 6.1 9.5 10.2 6.4 5.6 59.8

FROM 37.9 60.8 61.4 60.8 55.6 40.4 40.2
NET -17.8 —2.0 +13.9 +28.1 —2.6 -11.9 =77

Note: TSI = 51.02%. Each row shows the share of forecast-error variance of the row-market
explained by shocks originating in each column-market. NET = TO — FROM.
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Figure 1: Static Spillover Matrix (%), 2002—2025. Row = receiver, Column = transmitter. Colour

intensity is proportional to spillover magnitude. Source: Authors' calculations.

Dynamic Spillover Index

Figure 2 shows the total spillover index estimated by the TVP-VAR connectedness
framework. The horizontal dashed line shows the full-sample static estimate of 51.0%; the shaded
areas indicate major crisis periods. The total spillover index is highly variable over time, ranging
from a sample minimum of 24.3% (early February 2018) to a sample maximum of 82.7% (13 March
2020). Five distinct regimes are visible: (i) a moderate spillover regime over 2003—2006 (mean TSI
= 47.4%); (i) sustained elevation from 2007 through 2012 (mean = 61.7%); (iii) substantial decline
over 20132017 reflecting post-crisis normalisation (mean = 42.7%); (iv) a sharp spike in early 2020
corresponding to the COVID-19 shock, with TSI exceeding 80%; and (v) a return to a moderate
regime since 2022 (mean = 43.3%)).
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Figure 2: Dynamic Total Spillover Index (TVP-VAR), 2002-2025. Note: Estimated using the
TVP-VAR connectedness framework of Antonakakis et al. (2020), with forgetting factors «1 = 0.99
and k2 = 0.96. Shaded regions denote major crisis episodes. The horizontal dashed line indicates the

full-sample static TSI of 51.0%. Source: Authors' calculations.

These patterns yield three economically meaningful implications. First, the COVID-19 spike
at 82.7% is substantially higher than the GFC peak (~75%), suggesting that future global shocks with
strong information content may generate equally synchronised responses. Second, the post-2022
mean of 43.3% indicates a moderate de-synchronisation phase, possibly reflecting divergent post-
pandemic monetary cycles. Third, the persistence of regime-dependent connectedness motivates the
quantile and frequency-domain extensions reported below.

Net Pairwise Spillovers — Tiirkiye in Focus

Time series analysis of net directional and net pairwise spreads confirms two patterns. First,
Borsa Istanbul (BIST 100) has consistently been a net receiver throughout the sample period. Second,
the largest inflows come from the S&P 500, DAX, and FTSE 100, while smaller and more variable
contributions come from BOVESPA, SENSEX, and ATHEX. Crisis periods—particularly the 2008
global financial crisis and the 2020 COVID-19 shock—cause noticeable increases in absolute net
inflows. Figure 3 presents the net directional spillover by index and Figure 4 shows the net pairwise
spillover between BIST 100 and each counterpart index.
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Figure 3: Net Directional Spillover (TO — FROM) by Index, 2002-2025. Note: Green shading
indicates net transmitting episodes; red shading indicates net receiving episodes. Shaded vertical

bands denote major crisis periods. Source: Authors' calculations.
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Figure 4: Net Pairwise Spillover: BIST 100 vs. Other Indices, 2002—2025. Note: Positive values
indicate BIST 100 is a net transmitter to the counterpart index; negative values indicate BIST 100
is a net receiver from the counterpart. Source: Authors' calculations.

Quantile Connectedness

Table 5 reports the total spillover index and net spread for each market across three
conditional quantiles. The total spillover index is significantly higher than the median value (55.0%)
at both tails (81.4% at T = 0.05; 80.0% at T = 0.95), confirming strong tail dependence documented
by Ando et al. (2022) and others. The asymmetry is broadly symmetric at both ends: the lower and
upper tail total spillover indices are within two percentage points of each other, indicating that
markets are similarly synchronised during extreme negative and extreme positive return periods.
Tiirkiye's net receiver position is paradoxically largest at the median (—12.3%) and smaller at both
tails (—6.6% in crisis, —4.8% in rally). We interpret this as evidence that Tiirkiye-specific shocks
(e.g., the 2018 and 2021 lira crises) create significant variance flows from Tiirkiye to the rest of the
system during tail periods, partially offsetting the global-to-Tiirkiye flow. Figure 5 visually illustrates

this pattern.
Table 5: Quantile Connectedness — Total and Net Spillover (%) by Conditional Quantile
Index Country T = 0.05 (Crisis) 7 =0.50 (Median) 7 = 0.95 (Rally)
BIST 100 Tiirkiye —6.62 -12.34 —4.80
S&P 500 USA +5.40 +8.95 +3.04
DAX Germany +7.03 +14.87 +6.35
FTSE 100 UK +4.47 +16.40 +5.99
BOVESPA Brazil —0.45 —1.58 +0.39
SENSEX India -5.92 -15.07 —6.37
ATHEX Greece -3.90 -11.24 —4.60
Total TSI (System-wide) 81.36 54.98 79.95

Note: Net spillover values for each market across three conditional quantiles. Bottom row reports
total system-wide spillover at each quantile.
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Figure 5: Quantile Connectedness — Net Spillover by Conditional Quantile. Note: Green bars
indicate net transmitters; red bars indicate net receivers. T = 0.05 (crisis), T = 0.50 (normal), T =
0.95 (rally). Source: Authors' calculations.

Asymmetric Causality

Hatemi-J (2012) tests generate 168 directional permutations; 99 (58.9%) are significant at
the 5% level and 92 (54.8%) are significant at the 1% level. The most striking pattern is the highly
significant negative-positive causality from the BIST 100 to the S&P 500 (Wald = 130.33, bootstrap
p <0.001). This pattern is consistent with a safe-haven flight mechanism: negative shocks to Turkish
equities lead international investors to liquidate emerging market positions and reallocate capital to
US assets. Other developed markets also exhibit similar negative-positive patterns toward the S&P
500 (DAX: Wald = 454.92; FTSE 100: Wald = 488.55). Full test results for all 168 directional
permutations are reported in the Online Appendix (Table A.7).

Frequency-Domain Decomposition

Table 6 shows the decomposition of the total spillover index into short, medium, and long-
frequency components. The short-term band (1-5 trading days) accounts for 31.8% of total
connectedness—representing approximately 74% of the total—indicating that integration is largely
a high-frequency phenomenon. The long-frequency component (>22 trading days) contributes only
2.8% (6.7% of the total), suggesting that the persistent structural component associated with
macroeconomic fundamentals is relatively modest. This frequency profile is consistent with
international portfolio rebalancing as the dominant transmission channel. Figure 6 visualises the
decomposition of net spillover across frequency bands; Tiirkiye's long-term net diffusion effect is
essentially zero (—0.82%), indicating effective independence from global structural shocks in the
long run.

Table 6: Frequency-Domain Decomposition of the Total Spillover Index

Frequency Band Cycle Length Share of Total TSI (%)
Short term 1-5 trading days 31.77
Medium term 5-22 trading days 7.40
Long term > 22 trading days 2.81
Total All frequencies 42.49

Note: Total connectedness values computed via the spectral GFEVD of Barunik and Kiehlik (2018).
Bands sum to the total.
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Figure 6: Frequency-Domain Decomposition of Net Spillover (Barunik—K#ehlik 2018). Note:
Three frequency bands — short-term (1-5 trading days), medium-term (5-22 days), and long-term
(>22 days). Green bars: net transmitters; red bars: net receivers. Source: Authors' calculations.

Robustness

The main results are robust to several specifications. Re-estimating the dynamic TSI using
rolling-window VAR with windows of 100, 150, 250, and 500 days yields trajectories closely
tracking the TVP-VAR baseline. Varying TVP-VAR forgetting factors over k1 € {0.97, 0.99} and k2
€ {0.94, 0.96, 0.98} preserves the timing of crisis peaks. Alternative VAR lag selections (p = 2, 3,
5, 6, 8) yield static TSIs from 49.3% to 52.4%; alternative forecast horizons (H =5, 15, 20) preserve
all qualitative patterns. Sub-sample analysis confirms that Borsa Istanbul was the largest net receiver
before the global financial crisis (TSI mean = 51.5%), during the 2008—2014 crisis period (54.3%),
and after 2014 (47.1%). Detailed robustness tables are reported in the Online Appendix (Tables
A.8.1-A.8.2).

Discussion and Policy Implications

The empirical findings reconcile and expand upon previous Turkish literature. Korkmaz and
Cevik (2008) and Vardar et al. (2015) reported long-term cointegration between the BIST 100 and
European indices during the 2000s, but short-term linkages were modest. The TVP-VAR results
confirm this for the pre-crisis period (average TSI = 47.4% between 2003—-2006) but reveal a
structural break thereafter: after 2007, Borsa Istanbul becomes the largest net receiver in the system,
and crisis-induced jumps intensify the long-term relationship rather than disrupt it (Greenwood-
Nimmo et al., 2023).

The most significant finding is the discrepancy between mean-based and quantile-based
connectedness. The total spillover index rises from 55.0% at the conditional median to 81.4% at the
lower tail and 80.0% at the upper tail. For portfolio managers, this demonstrates that the
diversification benefits derived from mean correlations are misleading precisely when diversification
is most needed. The broadly symmetrical tail dependency also shows that downside hedging cannot
be financed by long-volatility exposure during upside rallies, as both tails exhibit similar
amplification.

Frequency-domain decomposition contributes to the long-standing debate about
transmission channels. The dominance of the high-frequency band (over 74% of total spillover in 1—
5 trading days) and the negligible long-frequency component (below 7%) identify short-term
portfolio rebalancing, rather than slow-moving macroeconomic fundamentals, as the primary
channel. This is consistent with post-2008 emerging market evidence (Bouri et al., 2021; Adekoya
et al., 2022) and aligns with the view that Tiirkiye's financial market linkages are strongly cyclical
and crisis-reinforced.
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Three policy implications emerge. First, real-time TVP-VAR-based monitoring would
usefully complement the current financial stability indicators of the Central Bank of the Republic of
Turkey, especially given the 82.7% peak observed during COVID-19—a level exceeding the peak
of the global financial crisis. Second, the negative-to-positive BIST 100 — S&P 500 causality (Wald
= 130.33, bootstrap p < 0.001) shows that stress in the Turkish equity market functions as an early
warning signal for safe-haven pricing. Third, the prominence of the 2018 lira crisis and the 2021
monetary policy period among BIST-specific structural breaks confirms that distinguishing Ttirkiye-
specific shocks from globally synchronised shocks is necessary for policy calibration. Three
limitations are acknowledged: the analysis is limited to equity markets, excludes Russia and China,
and uses GARCH(1,1) volatilities.

Conclusion

This study examines the volatility linkage between Borsa Istanbul (BIST 100) and six major
global equity markets between 2002 and 2025 using a TVP-VAR connectedness framework
enhanced with quantile, asymmetric causality, and frequency-domain decomposition. Four findings
define the study's contribution. First, the dynamic TSI ranges from 24.3% to 82.7%, peaking during
the COVID-19 shock; the BIST 100 is the system's largest net receiver (net spread = —17.79%).
Second, quantile connectedness reveals strong tail amplification (81.4% lower tail, 80.0% upper tail,
compared to 55.0% median), highlighting the limitations of average-based diversification measures.
Third, frequency-domain decomposition identifies short-term portfolio rebalancing—rather than
macroeconomic fundamentals—as the dominant transmission channel (over 74% in 1-5 trading
days). Fourth, the asymmetric causality test documents a flight-to-safety pattern where negative
BIST 100 shocks translate into positive S&P 500 returns.

These results reveal that what average-based metrics indicate as moderate integration is
actually a regime-dependent, sign-asymmetric, and tail-strengthening phenomenon with direct
implications for portfolio diversification, contagion risk monitoring, and macroprudential policy
design in Tiirkiye. Future research could extend this framework to multi-layered asset-class systems
and include currently excluded regional partners.
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Borsa Istanbul ve Bashca Kiiresel Hisse Senedi Piyasalar1 Arasinda Zamana Bagh Oynakhk
Baglantisalh@i: Kantil ve Frekans Alam1 Kamitlar1 (2002-2025)

Giris

Finansal soklarin uluslararasi yayilimi, otuz yili agkin siiredir ampirik finansta merkezi bir
konu olmustur; ancak 2008 sonrasi ortam, akademisyenlerin bu olguyu kavramsallastirma bigimini
kokten yeniden sekillendirmistir. Diebold ve Yilmaz’in (2023) geriye doniik degerlendirmelerinde
ileri siirdiikleri gibi, kiiresel finansal kriz (KFK), akademik odagi statik biitiinlesme kavramlarindan
(uzun donemli egbiitiinlesme, ortalama korelasyonlar) soklarin piyasalar ve frekanslar arasindaki
yayilim Oriintlilerinin heterojen ve asimetrik yonlerini yakalayabilen zamana bagli ag temsillerine
kaydirmistir. Son on bes yilin ardisik krizleri, bu fikirleri sinamak ve genisletmek i¢in benzeri
goriilmemis bir dogal laboratuvar sunmustur (Antonakakis vd., 2020; Chatziantoniou vd., 2022).

Tiirkiye, gelismekte olan piyasa biitiinlesmesini incelemek i¢in neredeyse ideal bir ortam
sunmaktadir: Yapisal olarak biiyiik, derin Avrupa ticaret ve finans baglarina sahip agik bir ekonomi
ve 2018 ile 2023 arasinda yinelenen konvansiyonel olmayan politika donemleri yasamis bir yurt i¢i
para politikasi rejimi. 24 yillik 6rneklem penceresi; 2008 kiiresel finansal krizini, 2010-2012 Avrupa
bor¢ krizini, 2013 Taper Tantrum (Varlik Alimlarin1 Azaltma) olaymi, 2018 lira krizini, 2020
COVID-19 sokunu ve 2022 Rusya—Ukrayna catismasini kapsayarak dinamik ve asimetrik baglanti
analizi i¢in benzersiz zenginlikte bir laboratuvar saglamaktadir.

Artan baglantililik yazinina ragmen, Tiirkiye 6rnegi icin birbiriyle iliskili i¢ soru eksiksiz
bigimde yanitlanmamis durumdadr. ilki: BIST 100 ile baslica kiiresel endeksler arasindaki oynaklik
yayilimlarinin giicii ve yonil son 24 yilda nasil evrilmistir ve ardisik kriz donemleri sistem geneli
baglantililik agisindan nasil karsilastirilir? ikincisi: Bu yayilim riintiileri kosullu kantiller arasinda
asimetri sergiliyor mu — yani Tiirk piyasasi alt kuyrukta (kriz) medyana veya iist kuyruga (ralliler)
kiyasla kiiresel piyasalarla daha m1 (yoksa daha az m1) biitiinlesmistir? Uciinciisii: Biitiinlesme hangi
frekans ufuklarinda islemektedir — gecici, yiiksek frekansli portfoy yeniden dengelemesi
araciligiyla m1 yoksa kalici, diisiik frekansli yapisal baglar araciligryla mi?

Bu ¢alisma dort temel katki sunmaktadir. {1k olarak, Tiirk hisse senedi piyasasinin baslica
kiiresel piyasalarla biitiinlesmesinin kuyruk asimetrisini ve frekans profilini nitelendiriyoruz. Ikinci
olarak, Antonakakis vd. (2020) TVP-VAR baglantililik cergevesini birincil belirlenim olarak
benimsiyor ve onu kuramsal olarak gerekg¢elendirilmis {i¢ boyutta genisletiyoruz: kantil-VAR (Ando
vd., 2022), bootstrap kritik degerleriyle Hatemi-J (2012) asimetrik nedensellik ve Barunik ve Ktehlik
(2018) frekans alan1 ayristirmasi. Ugiincii olarak, iilke drneklemi kiiresel finans merkezini (Amerika
Birlesik Devletleri), Tiirkiye nin baglica Avrupali ortaklarin1 (Almanya, Birlesik Krallik), Kirilgan
Besli benzerlerini (Brezilya, Hindistan) ve bolgesel referanst (Yunanistan) kapsamakta; i¢sel rejim
degisimleri Bai ve Perron (1998, 2003) kirilmalar araciligiyla belirlenmektedir. Dordiincii olarak,

www.turkishstudies.net/economy



4460 Serkan Cantiirk

Tiirkiye yazininda daha dnce tanimlanmamis olan BIST 100°den S&P 500°e dogru bir gilivenli-
limana-kagig asimetrisini belgeliyoruz (Bouri vd., 2021; Adekoya vd., 2022; Cunado vd., 2024).

Temel bulgular dért noktada dzetlenebilir. ilk olarak, dinamik TVP-VAR toplam yayilim
endeksi %24,3 ile %82,7 arasinda degismekte olup zirveleri tam olarak KFK, Avrupa borg krizi ve
COVID-19 soku ile ¢cakigmaktadir; Tiirkiye sistemdeki en biiyiik net alic1 olarak 6ne ¢ikmaktadir.
Ikinci olarak, biitiinlesme kosullu kuyruklarda medyandan belirgin bigimde daha giiclii hale
gelmektedir — ortalamaya dayal1 6lciitlerin tamamen gozden kagirdig: bir 6zellik. Ugiincii olarak,
toplam yayilimin yaklasik dortte {igii bir ile bes islem giinii i¢inde gergeklesmekte olup bu, baskin
aktarim kanal1 olarak portfoy yeniden dengelemesine isaret etmektedir. Dordiincii olarak, asimetrik
nedensellik, negatif BIST 100 soklarinin S&P 500°de pozitif yenilikler iirettigi bir giivenli-limana-
kagig Oriintlistinii belgelemektedir.

Makalenin geri kalani su sekilde diizenlenmistir. 2. Boliim ilgili yazin1 gézden gegirir. 3.
Boliim veriyi agiklar. 4. Boliim yontemi ortaya koyar. 5. Boliim ampirik sonuglart sunar. 6. Bolim
ekonomik ve politik ¢ikarimlari tartisir ve sinirliliklart kabul eder. 7. Béliim sonug béliimiidiir.

Literatiir Taramasi
Baglantihlik Cercevesi ve Tiirkiye’ye Iliskin Ampirik Kanitlar

Siir Otesi finansal aktarimin ampirik incelenmesi tarihsel olarak tic metodolojik kusagi
izlemistir. Birincisi, uzun dénemli baglantilar1 belirlemek icin esbiitiinlesme analizine (Engle &
Granger, 1987; Johansen, 1991) dayanmustir. Tiirkiye i¢in Korkmaz ve Cevik (2008) ile Vardar vd.
(2015), BIST 100 ile baslica Avrupa endeksleri arasinda esbiitiinlesme belgelemis, ancak kisa
donemli baglantilar1 miitevaz1 diizeyde bulmuslardir. ikinci kusak, genellestirilmis tahmin hatasi
varyans ayristirmasini ayristirarak tek sayilik bir Toplam Yayilim Endeksi, yonlii farklar ve net
farklar — tiimii degiskenlerin siralamasina gore degismez bi¢imde — sunan Diebold ve Yilmaz
(2009, 2012, 2014) baglantililik gerg¢evesine odaklanir. Bunun dogal ardili, Kalman filtresi—
diizlestiricisi araciligiyla stirekli parametre evrimine olanak taniyan ve hizla standart bir dinamik
belirlenim haline gelen Antonakakis vd. (2020) zamana bagli parametreli (TVP) VAR belirlenimidir
(Chatziantoniou vd., 2022; Bouri vd., 2021).

Kantil, Asimetrik ve Frekans Alam1 Uzantilar

Baglantililik ¢ercevesinin kuramsal olarak gerekcelendirilmis {i¢ uzantis1 bu ¢alisma igin
merkezidir. Ando vd. (2022) tarafindan gelistirilen kantil-VAR baglantililik yaklagimi, kosullu
ortalama denklemlerini kosullu kantil denklemleriyle degistirerek baglantililigin kosullu dagilim
boyunca degismesine ve uglarda giiclenmesine olanak tanir. Hatemi-J (2012), getirileri pozitif ve
negatif kiimiilatif bilesenlere ayiran ve her yonlii bilesime Toda-Yamamoto (1995) genisletilmis
Wald testini uygulayan asimetrik bir nedensellik testi onermektedir. Barunik ve Kiehlik (2018),
GFEVD’yi frekans bantlar1 boyunca ayrigtirarak kisa (1-5 giin), orta (5—22 giin) ve uzun frekansl
(>22 giin) baglantililig1 yalitmaktadir; bu, portfoy yeniden dengelemesini makroekonomik temel
kanallardan ayirt etmek icin 6nemli bir tanilayici aracidir.

2 Ayrica Borsa ve Borsa Istanbul ile ilgili su kaynaklara da bk. Géniillii, 2020; Kesebir & Yildirim, 2019; Agirman &
Osman, 2019; Akten Ciiriik, 2018; Alsu, 2019; Barut & Kaya, 2021; Bayraktar, 2021; Dertli & Eryiizli, 2021; Goniilld,
2018; Giilhan, 2020; Levent, 2020; Ozmen, 2021; Topaloglu & Turaboglu, 2018; Y1lmaz & Yerdelen Kaygin, 2018; Ezer,
2019; Avei, 2020; Cimen, 2019; Ertugrul & Qureshi, 2020; Girgin & Ozgen, 2020; Hatir & Kartal, 2020; Kanat, 2020;
Kuloglu, 2020; Miinyas, 2020; Paksoy, 2021; Siislii & Altin, 2021; Seyranlioglu & Karavardar, 2019; Yiiriik, 2022; Kaya
ve Giilhan, 2023; Saatcioglu ve Kula, 2023; Avct ve Avci, 2023; Sarthan, 2024; Cipe ve Aslan, 2024; Bozkurt ve Simsek,
2024; Ozar1, 2024; Demirkale, 2024; Can, 2024; Keskin ve Aytiire, 2024; Yiizbasioglu, 2025; Talas, 2025; Oztiirk, 2025;
Tuncay, 2025; Keyifli ve Ergiin, 2025.
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Arastirma Boslugu

Tiirkiye baglantililik yazininda iki énemli bosluk bulunmaktadir. Ilk olarak, daha dnceki
hicbir ¢alisma BIST’in baslica kiiresel piyasalarla biitiinlesmesinin kuyruk asimetrisini ve frekans
profilini birlikte nitelendirmemistir; oysa bu iki tanilayici boyut birbirine taban tabana zit politika
onerileri dogurmaktadir. Ikinci olarak, mevcut Tiirkiye calismalart BIST’i genel olarak net alici
olarak raporlamis (Can Ergiin & Karabiyik, 2020; Gokbulut, 2017), ancak pozitif ve negatif soklarin
simetrik bi¢cimde aktarilip aktarilmadigini arastirmamaistir. Bu galisma, kantil, asimetrik nedensellik
ve frekans alani uzantilariyla giiclendirilmis birlesik bir TVP-VAR c¢ergevesi kullanarak her iki
boslugu da ele almaktadir.

Veri
Orneklem, Ulke Secimi ve Endeksler

Ampirik analiz, 2 Ocak 2002 ile 30 Aralik 2025 arasindaki giinliikk kapanis degerlerini
kapsamakta ve yedi piyasada 5.124 ortak islem gozlemini icermektedir. Baslangig tarihi, Tiirkiye’ye
0zgii yapisal soklart lilkeler arasi finansal biitiinlesme olgusuyla birbirine karistiracak olan 2000—
2001 Tiirk bankacilik krizi ve dalgali kura gegis gibi olaylar1 disarida birakmak igin bilingli olarak
secilmistir (Akcay & Giingen, 2019). 24 yillik donem alt1 biiylik soku kapsamaktadir: 2008 Kiiresel
Finansal Kriz, 2010-2012 Avrupa devlet borcu krizi, 2013 Taper Tantrum, 2018 Tiirk kur krizi, Mart
2020 COVID-19 pandemi soku ve 2022 Rusya’nin Ukrayna’y:r isgali ile onu izleyen kiiresel
sikilastirma dongiisii.

Ulke 6rneklemi kuramsal ve ampirik degerlendirmeleri bir araya getirmektedir. Yedi endeks
dort islevsel rolii temsil etmektedir: (i) kiiresel finans merkezi (S&P 500), (ii) Tiirkiye’nin baslica
Avrupali ticaret ve finans ortaklari (DAX, FTSE 100), (iii) Kirilgan Besli gelismekte olan piyasa
benzerleri (BOVESPA, SENSEX) ve (iv) bolgesel ve jeopolitik referans noktasi olarak Yunanistan
(ATHEX). Tablo 1 tiim ayrintilar1 sunmaktadir.

Tablo 1: Ulke Orneklemi, Endeksler ve Kuramsal Gerekce

Ulke Endeks Kod Kuramsal Rol
Tiirkiye BIST 100 XU100.IS Odak piyasa — ikiz agiklara ve sermaye akimi
duyarliligina sahip gelismekte olan ekonomi.
ABD S&P 500 ~GSPC Kiiresel finans merkezi; para politikasi yayilimlarinin
baslica kaynagi.
Almanya DAX ~GDAXI Tiirkiye’nin en biiyiik ticaret ortagi; Avrupa sinai
faaliyetinin gosterge endeksi.
Birlesik Krallik FTSE 100 "FTSE Kiiresel finans merkezi olarak Londra; sterlin ve
Brexit aktarim kanallari.

Brezilya BOVESPA ~BVSP Kirilgan Besli benzeri; benzer ikiz agik profiline sahip
emtia ihracatgist gelismekte olan piyasa.

Hindistan SENSEX ~"BSESN Kirilgan Besli benzeri; demografik dev; yapisal
gelismekte olan piyasa gosterge endeksi.

Yunanistan ATHEX GD.AT Bolgesel ve jeopolitik referans noktasi; Avrupa borg

krizinin merkez iissii.

Kaynak: Yahoo Finance, 4 Mayis 2026°da alinmistir. Tiim seriler yerel para birimi cinsinden giinliik
kapanis degerleridir.

Betimsel Istatistikler ve Duraganhk

Giinliik logaritmik getiriler r, = 100 x [In(P) — In(P.1)] olarak hesaplanmistir. Ozet
istatistikler Tablo 2’de raporlanmaktadir. En yiiksek ortalama giinliik getiri BIST 100’de gozlenmis
(%0,085) olup bu, yiiksek enflasyon rejimiyle iliskili yliksek nominal getirileri yansitmaktadir —
Sumer ve Ozorhon (2021) ile tutarl bir oriintii. Yunanistan, 2010 devlet borcu krizinin ardindan
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ATHEX’in uzun siireli durgunlugunu yansitan negatif ortalama getiriye sahip tek piyasadir. Her
endeks anlamli bigimde fazla basiklik (4,42—13,82) sergilemekte ve Jarque-Bera testi tiim seriler igin
normalligi %1 diizeyinde reddederek asagida kullanilan kantil ve asimetrik yontemler i¢in ampirik
gerekce saglamaktadir. Genisletilmis Dickey—Fuller (Dickey & Fuller, 1979), Phillips—Perron
(Phillips & Perron, 1988) ve KPSS (Kwiatkowski vd., 1992) testleri, tiim logaritmik-fiyat serilerinin
I(1) ve tiim logaritmik-getiri serilerinin [(0) oldugunu gostermektedir.

Tablo 2: Giinliik Logaritmik Getirilerin Betimsel Istatistikleri (%), 2002—2025

Endeks N Ortalama Std. Sapma Min. Maks. Carp. Fazla Bas.
BIST 100 5.124 0,0854 1,9187 -11,76 13,42 —-0,237 4,42
S&P 500 5.124 0,0349 1,2794 -12,77 13,20 —-0,295 13,13
DAX 5.124 0,0304 1,5154 —-13,05 14,04 —0,074 7,35
FTSE 100 5.124 0,0126 1,2208 -11,51 12,77 —-0,227 10,84
BOVESPA 5.124 0,0479 1,8038 —-15,99 23,57 0,041 12,38
SENSEX 5.124 0,0635 1,4449 —-14,10 15,99 0,115 13,82
ATHEX 5.124 —0,0042 1,9624 -17,71 19,53 —0,349 10,20

Not: Jarque—Bera testi tiim seriler i¢in normalligi %1 diizeyinde reddetmektedir.
ikili Korelasyonlar ve I¢sel Yapisal Kirilmalar

Tablo 3, giinliik logaritmik getirilerin kosulsuz Pearson korelasyon matrisini gostermektedir.
En yiiksek ikili korelasyon DAX ile FTSE 100 arasindadir (0,83) ve Avrupa hisse senedi
piyasalarimin derin biitiinlesmesini yansitmaktadir. BIST 100’{in en yiiksek ikili korelasyonlar1 FTSE
100 (0,42) ve DAX (0,40) ile olup Tiirkiye—Avrupa ekseninin siirekliligini teyit etmektedir. S&P 500
ile korelasyon belirgin bi¢imde daha diisiiktiir (0,29); bu da kosulsuz diizeyde baskin aktarim
kanalinin Amerikan degil Avrupali aracilar {izerinden isledigini diisiindiirmektedir.

Tablo 3: Giinliikk Logaritmik Getirilerin Kosulsuz Korelasyon Matrisi

BIST S&P DAX FTSE BOVE SENS ATHEX
BIST 1,000 0,291 0,403 0,420 0,310 0,333 0,329
S&P 0,291 1,000 0,634 0,598 0,622 0,300 0,336
DAX 0,403 0,634 1,000 0,833 0,475 0,394 0,482
FTSE 0,420 0,598 0,833 1,000 0,508 0,431 0,469
BOVE 0,310 0,622 0,475 0,508 1,000 0,330 0,315
SENS 0,333 0,300 0,394 0,431 0,330 1,000 0,350
ATHEX 0,329 0,336 0,482 0,469 0,315 0,350 1,000

Not: Tiim korelasyon katsayilar1 %1 diizeyinde istatistiksel olarak anlamlidir (¢ift tarafli).

Bai ve Perron (1998, 2003) coklu yapisal kirilma yontemi, her piyasanin kare alinmis
getirilerine, en az 250 islem giinliik asgari segment uzunluguyla ve optimal kirilma sayis1 Bayes bilgi
oOlciitiiyle secilerek uygulanmistir. Sistem geneli iki ana kirilma kiimesi ortaya ¢ikmaktadir: Mart
2008 bas1 (yedi piyasadan altisi, KFK baslangici) ve Temmuz 2009 bas1 (yedide bes, Lehman sonrasi
toparlanma). iki kirilma BIST 100’e 6zgiidiir — 13 Aralik 2021 (lira krizi) ve 27 Ekim 2023 (secim
sonrast para politikasi normallesmesi). Ayrintili kirilma tarihleri Cevrimigi Ek’te (Tablo A.6)
raporlanmaktadir.

Yontem

Bu boliim, kullanilan bes tamamlayici ekonometrik teknigi ortaya koymaktadir. Baglantililik
analizleri, standart uygulamaya uygun olarak GARCH(1,1) kosullu oynakliklar1 iizerinde
yiiriitiilmektedir (Diebold & Yilmaz, 2012; Antonakakis vd., 2020). Her 1;; getiri serisi igin agagidaki
modeli maksimum olabilirlik yontemiyle tahmin ediyoruz:
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Statik Diebold—Yilmaz Yayihim Cercevesi

Ve = (Y1t -0» ¥not)'s GARCH kosullu oynakliklarinin N x 1 vektoriinii gostersin. Schwarz bilgi
oOlgiitiiyle segilen optimal gecikme uzunlugu p = 4 ile kovaryans-duragan bir VAR(p) tahmin
ediyoruz. Pesaran ve Shin (1998) izlenerek H adimlik genellestirilmis tahmin hatasi varyans
ayristirmasini (GFEVD) hesapliyoruz:

— H- 2
O'jjl 2}1:01(61" op X ej)
Shog(ei dp dprey)

95 (H) = ()

Burada @y, hareketli-ortalama katsay1 matrisleridir, e; bir se¢im vektoriidiir ve o3, £’nin j’inci
kosegen O0gesidir. Toplam yayilim endeksi (TYE), satir-normallestirilmis kosegen disi 6gelerin
ortalamasidir; yonlii yayilimlar ve net yayilimlar benzer bi¢imde tanimlanir. Diebold ve Yilmaz
(2012) ile uyumlu olarak H = 10 aliyoruz.

TVP-VAR Baglantihihgi

Yayilim endekslerinin zaman igindeki degisimini yakalamak i¢in Antonakakis vd. (2020)
TVP-VAR baglantililik ¢er¢evesini birincil dinamik belirlenimimiz olarak benimsiyoruz. TVP-
VAR(p) modelinde, otoregresif katsay1 matrisleri ve zamana bagli varyans-kovaryans matrisi bir
Kalman filtresi—diizlestiricisine gore siirekli olarak evrilir. Standart uygulamay1 izleyerek gecikme
uzunlugunu p = 4, tahmin ufkunu H = 10 ve unutma faktérlerini ki1 = 0,99 (durum denklemi) ve k2 =
0,96 (6l¢iim denklemi) olarak belirliyoruz. Her zaman noktasinda GFEVD ve bundan tiireyen
baglantililik 6lgiitleri, statik cercevedekiyle tam olarak ayni sekilde hesaplanarak toplam yayilim
endeksinin, yonlii yayilimlarin ve ikili yayilimlarin siirekli yoriingelerini iiretir. TVP-VAR sonuglari,
saglamlik kontrolii olarak kayan pencereli VAR tahminiyle tamamlanmaktadir (B6lim 5.7).

Kantil Baglantihligi

Ando vd. (2022) kantil-VAR baglantililik yaklagimi, kosullu ortalama denklemlerini
asagidaki kosullu kantil denklemleriyle degistirir:

Qyi,t(T | Ie—1) = ¢i(T) + Xk @i (0)' ek A3)

Bu denklem kantil regresyonuyla (Koenker & Bassett, 1978) tahmin edilir. Baglantililik
oOlciitleri T = 0,05 (alt kuyruk), T = 0,50 (medyan) ve T = 0,95 (iist kuyruk) degerlerinde hesaplanarak
kriz donemi ile medyan baglantililiginin dogrudan karsilastirilmasina olanak tanir.

Asimetrik Nedensellik

Hatemi-J (2012) izlenerek her getiri serisi pozitif ve negatif kiimiilatif bilesenlere ayrigtirilir.
Toda-Yamamoto (1995) genisletilmis Wald testi, her sirali ¢ift icin dort yonlii permiitasyonun
{+—+, +——, —+, —>—} her birine uygulanarak 168 test elde edilir. BIST 100’11 igeren testler i¢in
kritik degerler bootstrap-dagilimlidir (500 yineleme); kalan testler asimptotik ki-kare kritik
degerlerini kullanir.
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Frekans Alan1 Ayristirmasi

Barunik ve Kiehlik (2018) izlenerek spektral GFEVD ii¢ frekans bandi iizerinde integre
edilir: kisa donem (@ € (7/5, x|, 1-5 islem giinii), orta donem (o € (1/22, @/5], 5-22 giin) ve uzun
donem (o € (0, m/22], >22 giin). Ayristirma, baglantililigin isledigi kanali yalitir: yiiksek frekans
baskinlig1 portfoy-yeniden-dengeleme aktarimina; uzun frekans baskinligi makroekonomik-temel
aktarimina isaret eder.

Ampirik Bulgular
Statik Diebold-Yilmaz Yayilim Analizi

Tablo 4, 2002-2025 tam 6rneklemi iizerinden tahmin edilen statik Diebold—Yilmaz yayilim
matrisini sunmaktadir. %51,0’lik toplam yayilim endeksi, ortalama olarak herhangi bir piyasanin H
adim ileri tahmin hatasi varyansinin yarisindan biraz fazlasinin diger alti piyasadan kaynaklanan
soklarca agiklandigini gostermekte olup bu, gelismis ve gelismekte olan piyasalari bir arada igeren
sistemlere iliskin daha genis ampirik yazinla tutarlidir (Vardar vd., 2015; Diebold & Yilmaz, 2012).

Yonli farklar acik bir hiyerarsi ortaya koymaktadir. Birlesik Krallik (FTSE 100) baskin net
verici (+%28,1), onu Almanya (+%13,9) izlemektedir. BIST 100 en biiyiik net alic1 (—%17,8), onu
Hindistan (SENSEX, —%11,9) ve Yunanistan (ATHEX, —%7,7) izlemektedir. Bir 1s1 haritasi
gorsellestirmesi Sekil 1’de sunulmaktadir.

Tablo 4: Statik Diebold—Yilmaz Yayilim Matrisi (%), 20022025

Kaynak — Ahci BIST S&P DAX FTSE BOVE SENS ATHEX
BIST 100 62,1 4,2 8,2 9,9 7,0 5,3 3,3
S&P 500 2,6 39,2 16,9 20,0 13,7 2,7 4,9
DAX 3,6 13,6 38,6 25,9 7,8 4,2 6,4
FTSE 100 3,5 14,4 23,3 39,3 8,5 4,2 6,7
BOVESPA 3,7 14,0 11,0 14,7 44,4 6,6 5,6
SENSEX 4,4 6,4 6,3 8,2 9,7 59,6 5,5
ATHEX 2,4 6,1 9,5 10,2 6,4 5,6 59,8
Digerlerinden (FROM) 37,9 60,8 61,4 60,8 55,6 40,4 40,2
NET -17,8 -2,0 +13,9 +28,1 -2,6 -11,9 =1,7

Not: TYE = %51,02. Her satir, ilgili satir-piyasasmin tahmin hatas1 varyansinin her siitun-
piyasasindan kaynaklanan soklarca agiklanan payini gdsterir. NET = TO — FROM.

Turkish Studies — Economics, Finance, Politics 21(3)



Time-Varying Volatility Connectedness Between Borsa Istanbul... 4465

60

BIST100
(Turkiye)

50
SP500
(ABD)

DAX 40

(Almanya)

FTSE100

(BK) 30

BOVESPA

(Brezilya) r20

SENSEX
(Hindistan)

r1o0

ATHEX
(Yunanistan) 24 . 9,5 10,2

N N & N . < 4
N N Q < <) <
NN AN N ) A > N
S Y % ST & &F S
D’ \ P P o &
¢ N N & 6&\

Sekil 1: Statik Yayilim Matrisi (%), 2002—2025. Satir = alici, Siitun = verici. Renk yogunlugu
yayilim biiyiikliigiiyle orantilidir. Kaynak: Yazarlarin hesaplamalari.

Dinamik Yayilim Endeksi

Sekil 2, TVP-VAR baglantililik cercevesiyle tahmin edilen toplam yayilim endeksini
gostermektedir. Yatay kesikli ¢izgi %51,0’lik tam 6rneklem statik tahminini; gdlgeli alanlar baglica
kriz donemlerini gostermektedir. Toplam yayilim endeksi zaman i¢inde oldukga degisken olup
%24,3’lik bir 6rneklem asgarisi (Subat 2018 bas1) ile %82,7’lik bir 6rneklem azamisi (13 Mart 2020)
arasinda degismektedir. Bes belirgin rejim goriinmektedir: (i) 2003—2006 boyunca 1liml1 bir yayilim
rejimi (ortalama TYE = %47,4); (ii) 2007°den 2012’ye siirdiiriilen yiikseklik (ortalama = %61,7);
(iii) kriz sonras1 normallesmeyi yansitan 2013-2017 boyunca belirgin diisiis (ortalama = %42,7); (iv)
COVID-19 sokuna karsilik gelen ve TYE’ nin %80’1 astig1 2020 basindaki keskin sicrama; ve (v)
2022’den bu yana 1limli bir rejime doniis (ortalama = %43,3).
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- Statik TYE = %51,0 KFK AB Borg TL Krizi  COVID Ukrayna
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Sekil 2: Dinamik Toplam Yayilim Endeksi (TVP-VAR), 2002-2025. Not: Antonakakis vd. (2020)
TVP-VAR baglantililik ¢ercevesi kullanilarak, k1 = 0,99 ve k2 = 0,96 unutma faktorleriyle tahmin
edilmistir. Golgeli bolgeler baslica kriz donemlerini gosterir. Yatay kesikli ¢izgi %51,0’lik tam
orneklem statik TYE’sini gosterir. Kaynak: Yazarlarin hesaplamalari.

Bu oriintiiler ekonomik agidan anlamli {i¢ ¢ikarim dogurmaktadir. ilk olarak, %82,7’lik
COVID-19 sigramas1 KFK zirvesinden (~%75) belirgin bi¢cimde yiiksektir; bu da giiclii bilgi
icerigine sahip gelecekteki kiiresel soklarin esit derecede eszamanli tepkiler lretebilecegini
diisiindiirmektedir. Ikinci olarak, 2022 sonras1 %43,3’liik ortalama, muhtemelen pandemi sonrasi
birbirinden ayrisan para politikas1 dongiilerini yansitan 1limli bir eszamansizlasma evresine isaret
etmektedir. Ugiincii olarak, rejime bagli baglantililigin kalicilig1, asagida raporlanan kantil ve frekans
alani uzantilarin1 gerek¢elendirmektedir.

Net ikili Yayithmlar — Tiirkiye Odakh

Net yonlii ve net ikili farklarin zaman serisi analizi iki 6riintiiyii teyit etmektedir. Ilk olarak,
Borsa Istanbul (BIST 100) &rneklem dénemi boyunca istikrarli bicimde net alic1 olmustur. Ikinci
olarak, en biiyiik girisler S&P 500, DAX ve FTSE 100’den gelmekte; daha kiiciik ve daha degisken
katkilar ise BOVESPA, SENSEX ve ATHEX’ten gelmektedir. Kriz donemleri — 6zellikle 2008
kiiresel finansal krizi ve 2020 COVID-19 soku — mutlak net girislerde belirgin artiglara yol
acmaktadir. Sekil 3 endekse gore net yonlii yayilimi, Sekil 4 ise BIST 100 ile her karst endeks
arasindaki net ikili yayilimi sunmaktadir.
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Sekil 3: Endekse Gore Net Yonli Yayilim (TO — FROM), 2002-2025. Not: Yesil gélge net verici
donemleri, kirmiz1 gdlge net alict dénemleri gosterir. Golgeli dikey bantlar baslica kriz donemlerini
belirtir. Kaynak: Yazarlarin hesaplamalari.
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Pozitif = BIST 100 kars: endekse verici
Negatif = BIST 100 kars1 endeksten ahci
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Sekil 4: Net ikili Yayilim: BIST 100’e Kars1 Diger Endeksler, 2002-2025. Not: Pozitif degerler
BIST 100’iin karst endekse net verici oldugunu; negatif degerler BIST 100’{in kars1 endeksten net
alic1 oldugunu gosterir. Kaynak: Yazarlarin hesaplamalari.

Kantil Baglantihlig

Tablo 5, her piyasa i¢in ii¢ kosullu kantil boyunca toplam yayilim endeksini ve net farki
raporlamaktadir. Toplam yayilim endeksi, her iki kuyrukta da medyan degerden (%55,0) belirgin
bicimde yiiksektir (T = 0,05’te %81,4; T = 0,95’te %80,0); bu da Ando vd. (2022) ve digerleri
tarafindan belgelenen giiglii kuyruk bagimliligini teyit etmektedir. Asimetri her iki ugta da genel
olarak simetriktir: alt ve iist kuyruk toplam yayilim endeksleri birbirinin iki puani igindedir; bu da
piyasalarin asir1 negatif ve asir1 pozitif getiri donemlerinde benzer bicimde eszamanli hale geldigini
gostermektedir. Tiirkiye nin net alict konumu, paradoksal bigcimde medyanda en biiyiik (—%12,3) ve
her iki kuyrukta daha kiigiiktiir (krizde —%06,6; rallide —%4,8). Bunu, Tiirkiye’ye 6zgii soklarin (6rn.
2018 ve 2021 lira krizleri) kuyruk dénemlerinde Tiirkiye’den sistemin geri kalanina 6nemli varyans
akislar1 yaratarak kiiresel-Tiirkiye yonlii akist kismen dengelediginin kanit1 olarak yorumluyoruz.
Sekil 5 bu oriintiiyii gorsel olarak canlandirmaktadir.

Tablo S: Kantil Baglantililigt — Kosullu Kantile Gére Toplam ve Net Yayilim (%)

Endeks Ulke 7 = 0,05 (Kriz) 7=10,50 (Medyan) 7 = 0,95 (Ralli)
BIST 100 Tiirkiye —6,62 -12,34 —4,80
S&P 500 ABD +5,40 +8,95 +3,04
DAX Almanya +7,03 +14,87 +6,35
FTSE 100 Birlesik Krallik +4,47 +16,40 +5,99
BOVESPA Brezilya -0,45 -1,58 +0,39
SENSEX Hindistan -5,92 -15,07 -6,37
ATHEX Yunanistan -3,90 -11,24 —4,60
Toplam TYE (Sistem geneli) 81,36 54,98 79,95

Not: Her piyasa i¢in ii¢ kosullu kantildeki net yayilim degerleri. Alt satir, her kantildeki sistem geneli
toplam yayilimi gosterir.
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Sekil 5: Kantil Baglantililigi — Kosullu Kantile Gore Net Yayilim. Not: Yesil cubuklar net
vericileri, kirmizi gubuklar net alicilart gosterir. T = 0,05 (kriz), T = 0,50 (normal), T = 0,95 (ralli).
Kaynak: Yazarlarin hesaplamalart.

Asimetrik Nedensellik

Hatemi-J (2012) testleri 168 yonlii permiitasyon iiretmektedir; 99°u (%58,9) %5 diizeyinde
ve 92°si (%54,8) %1 diizeyinde anlamlidir. En carpici oriintii, BIST 100°den S&P 500°e¢ dogru
oldukga anlamli negatif-pozitif nedenselliktir (Wald = 130,33; bootstrap p < 0,001). Bu oriintii bir
giivenli-liman ka¢is mekanizmasiyla tutarlidir: Tiirk hisse senetlerine yonelik negatif soklar,
uluslararasi yatirimcilar: gelismekte olan piyasa pozisyonlarini tasfiye etmeye ve sermayeyi ABD
varliklarina yeniden tahsis etmeye yoneltmektedir. Diger gelismis piyasalar da S&P 500’¢ dogru
benzer negatif-pozitif oriintiiler sergilemektedir (DAX: Wald = 454,92; FTSE 100: Wald = 488,55).
Tiim 168 yonli permiitasyona iliskin tam test sonuglari Cevrimi¢i Ek’te (Tablo A.7)
raporlanmaktadir.

Frekans Alam1 Ayristirmasi

Tablo 6, toplam yayilim endeksinin kisa, orta ve uzun frekansli bilesenlere ayristirtlmasini
gostermektedir. Kisa donem bandi (1-5 islem giinii) toplam baglantililigmm %31,8’ini olusturmakta
— toplamun yaklagsik %74 {inii temsil etmekte — ve biitiinlesmenin biiyiik 6l¢iide yiiksek frekansli
bir olgu oldugunu gostermektedir. Uzun frekansh bilesen (>22 islem giinii) yalnizca %2,8 (toplamin
%6,7’s1) katki saglamakta; bu da makroekonomik temellerle iliskili kalic1 yapisal bilesenin gorece
miitevaz1 oldugunu diislindiirmektedir. Bu frekans profili, baskin aktarim kanali olarak uluslararasi
portfoy yeniden dengelemesiyle tutarlidir. Sekil 6, net yayilimin frekans bantlar1 boyunca
ayristirtlmasimi gorsellestirmektedir; Tiirkiye’'nin uzun dénemli net diflizyon etkisi esasen sifirdir
(—%0,82); bu da uzun vadede kiiresel yapisal soklardan etkin bagimsizlig1 gostermektedir.

Tablo 6: Toplam Yayilim Endeksinin Frekans Alant Ayristirmasi

Frekans Bandi Dongii Uzunlugu Toplam TYE Payi (%)
Kisa donem 1-5 islem giinii 31,77

Orta dénem 5-22 islem giinii 7,40

Uzun dénem > 22 islem giinii 2,81

Toplam Tiim frekanslar 42,49

Not: Toplam baglantililik degerleri Barunik ve Kiehlik (2018) spektral GFEVD’si araciligiyla
hesaplanmistir. Bantlarin toplami, toplami verir.
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Kisa (1-5 giin) Orta (5-22 giin) Uzun (>22 giin)
Toplam TYE Payi: %31,8 Toplam TYE Payi: %7,4 Toplam TYE Pay1: %2,8

DAX

FTSE100

SP500

BOVESPA

BIST100

ATHEX

SENSEX

=75 =5.0 =25 0.0 2.5 5.0 7.5 -4 -3 -2 -1 0 1 2 3 4 -3 -2 -1 1 2 3

0
Net Yayihm (%) Net Yayihm (%) Net Yayihm (%)

Sekil 6: Net Yayilimin Frekans Alan1 Ayristirmast (Barunik—Kiehlik 2018). Not: Ug frekans bandi
— kisa donem (1-5 islem giinii), orta donem (5-22 giin) ve uzun dénem (>22 giin). Yesil ¢ubuklar:
net vericiler; kirmizi ¢ubuklar: net alicilar. Kaynak: Yazarlarin hesaplamalari.

Saglamhik

Temel sonuglar cesitli belirlenimlere karsi saglamdir. Dinamik TYE’nin 100, 150, 250 ve
500 giinliik pencerelerle kayan pencereli VAR kullanilarak yeniden tahmin edilmesi, TVP-VAR
temel ¢izgisini yakindan izleyen yoriingeler vermektedir. TVP-V AR unutma faktorlerinin «i € {0,97;
0,99} ve x2 € {0,94; 0,96; 0,98} flizerinde degistirilmesi, kriz zirvelerinin zamanlamasini
korumaktadir. Alternatif VAR gecikme se¢imleri (p =2, 3, 5, 6, 8) %49,3 ile %52,4 arasinda statik
TYE’ler vermekte; alternatif tahmin ufuklart (H =5, 15, 20) tiim niteliksel oriintiileri korumaktadir.
Alt &rneklem analizi, Borsa Istanbul’un kiiresel finansal krizden 6nce (TYE ortalamasi = %51,5),
2008-2014 kriz doneminde (%54,3) ve 2014’ten sonra (%47,1) en biiyiik net alic1 oldugunu teyit
etmektedir. Ayrintili saglamlik tablolar1 Cevrimigi Ek’te (Tablo A.8.1—A.8.2) raporlanmaktadir.

Tartisma ve Politika Cikarimlari

Ampirik bulgular, dnceki Tiirkiye yazinini hem uzlastirmakta hem de genisletmektedir.
Korkmaz ve Cevik (2008) ile Vardar vd. (2015), 2000’li yillarda BIST 100 ile Avrupa endeksleri
arasinda uzun dénemli esbiitiinlesme raporlamis, ancak kisa donemli baglantilar miitevazi kalmisti.
TVP-VAR sonuglar1 bunu kriz dncesi donem igin teyit etmekte (2003—2006 aras1 ortalama TYE =
%47,4) ancak sonrasinda bir yapisal kirilma ortaya koymaktadir: 2007°den sonra Borsa Istanbul
sistemdeki en biiyiik net alic1 haline gelmekte ve krizin tetikledigi sigramalar uzun dénemli iliskiyi
bozmak yerine yogunlastirmaktadir (Greenwood-Nimmo vd., 2023).

En 6nemli bulgu, ortalamaya dayal1 ve kantile dayal1 baglantililik arasindaki uyusmazliktir.
Toplam yayilim endeksi kosullu medyanda %55,0’ten alt kuyrukta %81,4’e ve iist kuyrukta %80,0’e
ylikselmektedir. Portféy yoneticileri agisindan bu, ortalama korelasyonlardan elde edilen
cesitlendirme faydalarinin tam da cesitlendirmeye en ¢ok gereksinim duyuldugu anda yaniltict
oldugunu goéstermektedir. Genel olarak simetrik kuyruk bagimlilig1 ayrica, her iki kuyruk da benzer
bir biiyiitme sergilediginden, agag1 yonlii korunmanin yukar1 yonlii ralliler sirasinda uzun-oynaklik
pozisyonuyla finanse edilemeyecegini de gostermektedir.

Frekans alani ayrigtirmasi, aktarim kanallarina iliskin uzun siiredir devam eden tartigmaya
katki sunmaktadir. Yiiksek frekans bandmin baskinligr (1-5 islem giiniinde toplam yayilimin
%74’linden fazlasi) ve ihmal edilebilir uzun frekanslh bilesen (%7°nin altinda), yavas hareket eden
makroekonomik temeller yerine kisa donemli portfoy yeniden dengelemesini birincil kanal olarak
belirlemektedir. Bu, 2008 sonras1 gelismekte olan piyasa kanitlariyla tutarlidir (Bouri vd., 2021;
Adekoya vd., 2022) ve Tiirkiye nin finansal piyasa baglantilarinin giiclii bigimde devresel ve krizle
pekisen oldugu goriisiiyle ortiismektedir.
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Uc politika c¢ikarimi ortaya ¢ikmaktadir. Ilk olarak, gercek zamanli TVP-VAR temelli
izleme, 6zellikle COVID-19 sirasinda gdzlenen ve kiiresel finansal kriz zirvesini asan %82,7’lik
diizey gbz oniine alindiginda, Tiirkiye Cumhuriyet Merkez Bankasi’nin mevcut finansal istikrar
gostergelerini yararli bicimde tamamlayabilir. Ikinci olarak, negatiften-pozitife BIST 100 — S&P
500 nedenselligi (Wald = 130,33; bootstrap p < 0,001), Tiirk hisse senedi piyasasindaki stresin
giivenli-liman fiyatlamas1 igin bir erken uyar sinyali islevi gordiigiinii gostermektedir. Ugiincii
olarak, BIST e 6zgii yapisal kirtlmalar arasinda 2018 lira krizinin ve 2021 para politikas1 doneminin
one ¢ikmasi, Tirkiye’ye 0zgii soklar kiiresel olarak eszamanli soklardan ayirt etmenin politika
kalibrasyonu icin gerekli oldugunu teyit etmektedir. U¢ smirlilik kabul edilmektedir: Analiz hisse
senedi piyasalariyla smirlidir, Rusya ve Cin’i disarida birakmakta ve GARCH(1,1) oynakliklar
kullanmaktadir.

Sonuc¢

Bu ¢alisma, Borsa Istanbul (BIST 100) ile alt1 biiyiik kiiresel hisse senedi piyasasi arasindaki
oynaklik baglantistn1 2002 ile 2025 arasinda, kantil, asimetrik nedensellik ve frekans alani
ayristirmasiyla giiclendirilmis bir TVP-VAR baglantililik ¢ercevesi kullanarak incelemektedir. Dort
bulgu ¢alismanin katkisini tanimlamaktadir. ilk olarak, dinamik TYE %24,3 ile %82,7 arasinda
degismekte ve zirvesini COVID-19 soku sirasinda yapmaktadir; BIST 100 sistemin en biiyiik net
alicisidir (net fark = —%17,79). ikinci olarak, kantil baglantililig1 giiclii bir kuyruk biiyiitmesi ortaya
koymakta (medyan %55,0’e kiyasla alt kuyruk %81.,4; iist kuyruk %80,0) ve ortalamaya dayali
cesitlendirme &lgiitlerinin sinirhiliklarimi vurgulamaktadir. Ugiincii olarak, frekans alan1 ayristirmasi,
makroekonomik temeller yerine kisa donemli portfoy yeniden dengelemesini baskin aktarim kanali
olarak belirlemektedir (1-5 islem giiniinde %74’lin {izerinde). Dordiincii olarak, asimetrik
nedensellik testi, negatif BIST 100 soklarinin pozitif S&P 500 getirilerine doniistiigli bir glivenli-
limana-kagis Oriintiisiinii belgelemektedir.

Bu sonuglar, ortalamaya dayali Glgiitlerin 1limli biitiinlesme olarak gosterdigi olgunun
gercekte rejime bagli, isaret bakimindan asimetrik ve kuyrugu giiglendiren bir olgu oldugunu;
Tiirkiye’de portfoy ¢esitlendirmesi, bulagsma riski izleme ve makro ihtiyati politika tasarim1 agisindan
dogrudan ¢ikarimlar1 bulundugunu ortaya koymaktadir. Gelecekteki arastirmalar bu cerceveyi ¢cok
katmanl varlik sinifi sistemlerine genisletebilir ve halihazirda disarida birakilan bolgesel ortaklar
dahil edebilir.
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