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Strieborna zberatelskd minca
k 150. vyrociu narodenia Ladislava

Nadasiho-Jégého

Pri prilezitosti 150. vyrocia narodenia Ladislava Nadasiho-Jégého, popredného predstavitela
slovenskej literatury, vydala Ndrodnd banka Slovenska 19. janudra 2016 striebornu
zberatelsku mincu v nomindlnej hodnote 10 eur.

SLOVENSKO

®2016 = __

Minca realizovand podla ndvrhu Asamata Baltaeva, DiS.

Ladislav Nadasi-Jégé je jednym z taziskovych au-
torov slovenskej medzivojnovej literatury a kltico-
vym predstavitelom slovenského literdrneho na-
turalizmu. Narodil sa 12. februdra 1866 v Dolnom
Kubine. Vystudoval lekarsku fakultu v Prahe a ako
lekar posobil takmer cely Zivot v Dolnom Kubine,
kde2.jula 1940 ajzomrel. Prvé obdobie jeho tvorby
z prelomu osemdesiatych a devatdesiatych rokov
19. storocia predstavuju satirické prozy Zart, Vada,
Whody spolocenského Zivota, Omyl, Kura, Pomsta.
Druhé obdobie tvorby v dvadsiatych a tridsiatych
rokoch 20. storocia charakterizuje priklon k histo-
rizmu a postupny prechod od poviedok a noviel
kromanom — Wieniawského legenda (1922), Adam
§anga/a (1924), Kuruci (1925), Magister rytier Donc,
Horymir (1926), Svdtopluk (1928). Okrem prozy pi-
sal aj divadelné hry, zdravotno-osvetové clanky
a venoval sa literdrnej publicistike. V romane Cesta
Zivotom (1930) sa vréatil k aktudlinejsej téme, k ob-
razu malomestiackej slovenskej spolo¢nosti od
devatdesiatych rokov 19. storoc¢ia do roku 1918
a rozvinul v fiom svoje pesimistické a ironické vni-
manie sveta. Osobité miesto v Jégého diele maju
humoristické prozy z dedinského prostredia z po-
slednych rokov jeho tvorby.

Na vytvarny ndvrh mince vyhlasila Narodna ban-
ka Slovenska v decembri 2014 verejnd anonymnu

-

sutaz, do ktorej predlozilo trindst autorov trindst
vytvarnych prac. Komisia na posudzovanie vytvar-
nych ndvrhov pamdtnych minci a zberatelskych
mincf ich hodnotila vo februari 2015. Jej odbornou
poradkyriou bola Mgr. Dana Huckova, CSc, riaditel-
ka Ustavu slovenskej literatdry Slovenskej akadé-
mie vied.

Na zdklade odporucenia odbornej komisie
schvalila Bankova rada NBS na realizaciu vytvarny
navrh autora Asamata Baltaeva, DiS., ktorému bola
udelena znizend prva cena. Komisia vyhodnotila
jeho navrh ako najlepsie vystihujuici zadanu tému
po obsahovej i vytvarnej stranke a ocenila aj mi-
moriadnu kompozi¢nl zhodu medzi averzom
a reverzom. Dominantu mincového pola tvori na
oboch strandch na vyiku viozeny obdiznik. Na
averze tvori knihu a je vyplneny nazvami Jégého
diel, pricom ako koncovka kniznej strany je vlozena
historické postava sediaceho bojovnika. Na reverze
je v ramiku vystizny portrét spisovatela v mladSom
veku. Na sirku zékladne nadvazuje v spodnej ¢asti
v troch riadkoch text. Oba prvky, portrét i pismo,
vyrazne vystupuju z hladkej plochy pozadia.

Druhu cenu ziskal akad. soch. lvan Rehék. Jeho
navrh komisiu zaujal kvalitnym a zaujimavym

(Pokracovanie na 3. str. obdlky)



Strieborna zberatelska minca

k 150. vyrociu narodenia Ladislava Nadasiho-Jégeho

socharskym spracovanim. Plocha averzu zahfia
pootvoreny knihu s hlavami dvoch historickych
postav z literdrnych diel spisovatela na jej celnej
strane. Prakticky celej ploche reverzu dominuje zo-
brazenie Jégého z profilu. Na oboch stranéch kom-
poziciu dotvaraju harmonicky umiestnené texty.

V sutazi boli udelené dve tretie ceny. Jednu
z nich ziskal Mgr. art. Peter Valach. Autor na averze
pracuje s vedutou historického ndmestia v Dol-
nom Kubfne, celoZivotného pdsobiska spisova-
tela. V dolnej casti vyjavu su umiestnené okuliare
ako Jégého charakteristicky atribut. Na reverze
je portrét spisovatela, pricom mincové pole je
rozdelené rdmovanim. Za hranicou rdmu su zo-
brazené symboly Jégého aktivit ako spisovatela
a lekéra — pisacie brko a had. Dalsia tretia cena

(Pokracovanie z 2. str. obdlky)

bola udelend Mgr. art. Miroslavovi Hricovi, ArtD.
Na averz si vybral motivy z historického romanu
Adam Sangala - jazdca na vzpinajicom sa koni
a hrad na brale. Na reverze stvarnil portrét spiso-
vatela doplneny faksimile podpisu.

Striebornd zberatelskd minca s priemerom
34 mm a hmotnostou 18 g bola vyrazena zo
striebra s rydzostou 900/1000 v Mincovni Krem-
nica. Na hrane je razbou do hibky uvedeny napis
PROZAIK — PUBLICISTA — LITERARNY KRITIK. Zo
schvaleného limitovaného poctu 11 000 kusov
minci bolo vyrazenych 3 200 kusov v beZznom
a 5 600 kusov v proof vyhotovent.

Dagmar Flaché
Foto: Stefan Fréhlich

2.cena
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3.cena
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Potreba aktualizdcie decembrovej
strednodobej predikcie vychddza
zdévodu pésobenia NBS vo Vybore
pre makroekonomické progndzy,
ktory na zdklade Ustavného zdkona
o0 rozpoctovej zodpovednosti je
povinny vypracovat makroekono-
micku a dariovi prognézu do

15. februdra.

Predlikcia je zaloZend na Udajoch
dostupnych k 8. janudru 2016.
Podla makroekonomického modelu
NBS by takdto investicia, na zdklade
spresnenych predpokladov, mohla
zrychlit rast HDP kumulativne

o0 1,8 percentudineho bodu

a vytvorit celkovo do zhruba 9 tisic
novych pracovnych miest ku koncu
horizontu.

Ocakavany makroekonomicky

Vyvoj SR

Slovenskd ekonomika vzrdstla v 3. Stvrtroku 2015 vdaka silnému investicnému dopytu

00,9 %. V nasledujdcich stvrtrokoch sa ocakdva pokracovanie pozitivneho vyvoja, najmdé

v domdcej Casti ekonomiky podporenej rastom redlnych prijmov a sukromnych investicii.
Tempo rastu ekonomiky by malo dosiahnut 3,2 % v roku 2016 a 3,3 % v roku 2017. UZ v roku
2016 by sa mal prejavit pozitivny vplyv prichodu novej automobilky. Prispevok k rastu HDP
v rokoch 2016 a 2017 bol odhadnuty na 0,3 percentudlneho bodu. V horizonte predikcie

by mal byt rast ekonomiky vyvdZeny, ked'v roku 2017 by mal vyraznejsie prispievat k rastu
export. Priaznivy vyvoj v redlnej ekonomike by mal vytvdrat nové pracovné miesta a miera
nezamestnanosti by mala klesnut k 9 % ku koncu horizontu predikcie. Viyvoj cien by mal byt
determinovany najmd nizkymi cenami energii. Aj v tomto roku sa predpokladd nizkoinflacné
prostredie. Infldcia by mala dosiahnut 0,4 % v roku 2016 s ndslednym zrychlenim na 1,8 %

v roku 2017 vplyvom obnoveného dopytu a vyssej dovezenej infldcie.

AKTUALIZACIA DECEMBROVEJ
STREDNODOBEJ PREDIKCIE P4Q-2015'

Pri- aktualizacii decembrovej predikcie sa vycha-
dzalo zo spresnenych Udajov o Struktire rastu
ekonomiky v 3. stvrtroku 2015 a z novsich Udajov
o0 vyraznejsom cerpani fondov EU v roku 2015.
Dalej sa zohladnili aktudlne mesacné ukazovatele
z redlnej ekonomiky vo 4. Stvrtroku 2015 a vyvoj
predstihovych indikdtorov? naznacujucich smero-
vanie ekonomiky v kratkodobom horizonte.

V rdmci technickych predpokladov doslo k naj-
vyznamnejsej revizii v porovnani s predchadzaju-
cou predikciou pri cenach ropy. Vplyvom pozitiv-
neho ponukového soku by malo doéjst k zlepseniu
dopytu po slovenskom exporte, tento vyvoj je
viak vykompenzovany negativnejsim vyhladom
Cinskej ekonomiky. Zahrani¢ny dopyt sa tak v po-
rovnani s decembrovou predikciou nezmenil.

Aktudlny vyvoj naznacil, ze v roku 2015 doslo
k mimoriadne vysokému rastu investicného dopy-
tu, ktory vychadzal z rychleho docerpévania fondov
EU.Tento pozitivny efekt ma jednorazovy charakter
a ovplyvnil odhad rastu ekonomiky za minuly rok.
V dosledku toho bol rast HDP revidovany mierne
nahor. V aktudlnom roku by mal pokles vyuZivania
fondov EU na $tandardnu Uroven naopak pdsobit
tlmiaco na rast HDP, vdaka nizsej inflacii to vsak vy-
kompenzuje zaciatok vystavby novej automobilky
a vyssia sukromna spotreba. V roku 2016 by mala
ekonomika vzrast 0 3,2 % a v roku 2017 o 3,3 %.
V obidvoch rokoch by mal byt rast ekonomiky ne-
patrne rychlejsf ako v decembrovej predikcii.

V rdmci struktury rastu ekonomiky doslo k pre-
hodnoteniu doméceho dopytu v roku 2016 sme-
rom k mierne vy$siemu rastu. Pozitivnym impul-

Predikcia tvorby hrubého fixného kapitdlu P4QA-2015 (medzirocnd zmenav %, s. c.)

2014 2015 2016 2017
Tvorba hrubého fixného kapitalu 35 12,9 08 49
spolu
— sukromny sektor 0,72 6,2 9,0 6,7
— verejny sektor 224 449 -27.6 -4.0
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zom zrychlenia sukromnej spotreby by mala byt
najma nizsia inflacia, ktord by sa mala prejavit vo
vyssich redlnych prijmoch. V roku 2017 by uz mal
odzniet pozitivny ponukovy ok vyplyvajlci z pre-
padu cien komodit a tym nizsej inflacie. Vyhlad
sikromnej spotreby sa preto v porovnani s pred-
chédzajucou predikciou vyraznejsie nement.

Odhad vyvoja investicii bol revidovany v roku
2015 smerom nahor, a to vplyvom rychlejsieho
Cerpania eurofondov. KedZe tento vyrazny jed-
norazovy efekt sa nebude v roku 2016 opako-
vat, doslo k vyznamnejsiemu prepadu dynamiky
verejnych investicif v tomto roku. Toto viak bolo
Ciasto¢ne vykompenzované privatnymi investi-
ciami aj zakomponovanim prichodu novej au-
tomobilky na Slovensko. Priamy efekt prichodu
novej automobilky® spociva v roku 2016 najma
v stavebnych prdcach a v roku 2017 aj v inves-
ticnom dovoze technolégii. Nepriame impulzy
by mali predstavovat subdodavatelské investicie
a vy3si domdci dopyt. Mali by sa naplno prejavit
najma v roku 2017, ked sa ocakava vyraznejsia ob-
nova investicného dopytu.

V exportnej vykonnosti dochddza v aktualizacii
predikcie v 1. Stvrtroku 2016 napriek nezmene-
nému zahrani¢nému dopytu k miernej korekcii
smerom nadol, ¢o vychadza z aktudlnej situacie
v hutnickom odvetvi. Celkovo v3ak nedochddza
v horizonte predikcie k zmendm v exportnej vy-
konnosti ani v ziskavani trhovych podielov. Na
strane dovozu by sa mal prejavit zaciatkom roku
2016 bézicky efekt nizsich investi¢nych dovozov
z fondov EU, preto sa predpokladd nizsi rast do-
vozu v porovnani s predchadzajucou predikciou.

V aktudlnom pozitivnom vyvoji na trhu prace
v poslednom Stvrtroku 2015 sa premietol okrem
fundamentov aj docasny faktor, a to docerpdva-
nie fondov EU. Zamestnanost tak rastla pomerne
rychlo a predpokladd sa, Ze v roku 2016 sa spo-
malina 1,4 % avroku 2017 na 1,0 %. Predikcia za-
mestnanosti sa prehodnotila mierne smerom na-
hor vplyvom zlepsenia doméceho dopytu, rastu
zamestnanosti vo verejnom sektore, ako aj v su-
vislosti s prichodom novej automobilky. Mzdovy
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Vyvoj HDP* (medzirocny rast v %, prispevky v p. b.)
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Zmena stavu zasob a Statistickd diskrepancia & HDP (%)
Zdroj: SU SR, NBS.

vyvoj zostdva nezmeneny, v redlnom vyjadreni by
viak prijmy domacnosti mali vzrast.

Okrem zakomponovania prichodu novej auto-
mobilky doslo v aktualizacii predikcie k najvacsej
zmene v cenovom Vyvoji. Pomalsf rast cien 0 0,3
percentudlneho bodu v roku 2016 vyplyva z dal-

INVESTiCIA SPOLOCNOSTI JAGUAR LAND
ROVER NA SLOVENSKU

Spolo¢nost Jaguar Land Rover (JLR) potvrdila
svoj zamer vybudovat novd automobilku na Slo-
vensku v horizonte 5 rokov (2016 — 2020) a prein-
vestovat 1,4 mld. €. Zo spresnenia predpokladov
investicie JLR vyplyva, Ze do roku 2020 by mali
vyrobit 150 tisic dut ro¢ne, pricom v nasleduju-
cich rokoch je mozné dalsie rozsirenie produk-
cie. Podla makroekonomického modelu NBS by
takdto investicia, na zéklade spresnenych pred-
pokladov, mohla zrychlit rast HDP kumulativne
0 1,8 percentualneho bodu a vytvorit celkovo do
zhruba 9 tisic novych pracovnych miest ku kon-
cu horizontu.

V' modelovom odhade je zahruty impulz vo
forme priameho vplyvu vystavby a vyroby au-
tomobilky a dodato¢nd nepriamo generovana,
ako aj indukovana produkcia. Vyroba aut na seba
viaze dodavatelov autoprislusenstva a nasobi do-
pyt v samotnom automobilovom priemysle. Ten
vytvara spomedzi vietkych odvetvi najvyznam-
nejsi dopyt po doddavkach inych odvetvi, a teda
nepriamo generuje produkciu najma vyroby ko-
vov, elektroniky, gumy a plastov, textilii, energi,
dopravnych a obchodnych sluzieb. Zvysend pro-
dukcia naprie¢ celou ekonomikou prinasa aj do-
datoc¢ne zarobené mzdy, vdaka ktorym rastie do-
pyt po spotrebnych tovaroch a sluzbéch, z dvoch
tretin produkovanych doma. Dodatocné mzdy su
zdrojom indukovanej produkcie.

Pri odhade priameho vplyvu na HDP a zamestna-
nost predpokladdme etapovit realizaciu investicie,
v roku 2016 koncentrovanu na stavebné investicie

Sieho poklesu cien ropy, ktory sa prejavi v znizeni
cien pohonnych latok a ciastocne odzrkadluje aj
pomalsiako predpokladany vyvoj cien v decembri
2015 (najma potravin). Zéroven bol do predikcie
zakomponovany vyraznejsi prenos znizenia DPH
na vybrané potraviny®. Efekt nizkych cien energe-
tickych komodit by sa mal premietnut do cien aj
v roku 2017, ked by regulované ceny energif mali
poklesnut este vyraznejsie ako v predchadzajucej
predikcii. Celkovd inflacia by sa vsak nemala vy-
raznejsie zmenit v porovnani s predchadzajlicou
predikciou, kedZe pokles cien energii by mal byt
eliminovany rastom cien ostatnych zloZiek infla-
cie vplyvom rastu dovezenej inflacie a rastu spot-
rebitelského dopytu.

Rizikd pre HDP su z hladiska vonkajsich faktorov
vyvazené (pozitivny prijmovy efekt z niZsej ceny
ropy by mal byt vykompenzovany rizikom horsieho
ekonomického vyvoja rozvijajucich sa ekonomik).
Z domdcich faktorov je v roku 2015 prorastové ri-
ziko vyssich investicif financovanych z eurofondov.
Vplyvom bdzického efektu by potom vyraznejsi
prepad verejnych investicii predstavoval riziko
smerom nadol v roku 2016. V inflacii pretrvéavaju
rizikd smerom k nizSiemu rastu vplyvom pokracu-
juceho poklesu cien ropy.

s podpornym vplyvom na domace stavebnictvo.
Obdobie rokov 2017 a 2018 povazujeme za tazis-
kovu investi¢nu etapu s prelinanim stavebnych
a dovezenych strojovych investicii a know-how.
To zvysi ndroky na dovozy, sice v momente do-
vozu bez vplyvu na HDP avsak v strednodobom
horizonte s vplyvom na rast produktivity. Nabeh
produkcie prvého modelu auta bol nacasovany
na zaklade dostupnych informacii na september
2018 a druhého modelu na jun 2019. Priamo
v automobilke md byt ku koncu horizontu za-
mestnanych 2 800 zamestnancov. Prichod novej
automobilky bol zakomponovany dorastu poten-
cialneho produktu a rovnako priamo a aj Ciastoc-
ne nepriamo by vytvorené nové pracovné miesta
mali mat dopad na potencidlnu zamestnanost.

Odhad dynamiky rastu HDP's JLR (v %)

4017

05

35

304

25

204

2016 2017
B HDPbez JLR

Zdroj: Vypocty NBS.

Priemer 2018 - 2020
m  Efekt JLR

Odbor ekonomickych a menovych analyz NBS

4 Struktdra rastu HDP je vypocitand

ako prispevky rastu jednotlivych
komponentov HDP po odrdtani ich
dovoznej ndrocnosti. V nasom pri-
pade sa vychddzalo z konstantnej
dovoznej ndrocnosti jednotlivych
ZzloZiek HDP (konecnd spotreba
domdcnosti 30 %, viddna spotreba
7 %, investicie 50 % a export 62,5 %).
Zvysok dovozu bol zaradeny do
zmeny stavu zdsob a Statistickej
diskrepancie.

P4Q-2015 predpokladala prenos

z prispevkov do infldcie na drovni
-0,12 percentudlneho bodu, zatial
¢o aktualizdacia na trovni-0,17
percentudlneho bodu.
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Vybrane aspekty financného

trhu Ciny

Miroslava Kosdkovad
Ndrodnd banka Slovenska

Cinska ekonomika sa po rokoch mimoriadne intenzivneho rastu stala jednym zo zdsadnych
prvkov svetovej ekonomiky. Pochyby, ¢i uZ pozitivne alebo, naopak, negativne, zvylajne
ovplyvnia svetové trhy, a tak je vyvoj v tejto exportne najproduktivnejsej krajine s obrovskym

dopytom predmetom sustredenej pozornosti.

Cina zaznamenala za poslednych 30 rokov prudky
ekonomicky rast v priemere na Urovni 10 %, ¢im
sa z nej stala celosvetovo najrychlejsie rastica
ekonomika s kombinaciou kolektivnych a trho-
vych principov. Podla MMF je celosvetovo druhou
najvacsou krajinou v tvorbe nomindlneho HDP
a svetovo najvacsou krajinou v HDP v parite kdp-
nej sily. Je to tiez krajina s najrychlejsie rasticim
spotrebitelskym trhom a druhd najvacsia krajina
v importe tovarov. Cina méa spolu s USA (tzv. G2)
vyznamné postavenie v celosvetovom obchode
a ich ekonomické aktivity maju vplyv prekracu-
juci hranice tychto dvoch krajin. V roku 2001 sa
Cina stala ¢clenom WTO a v roku 2010 podpisala
obchodnu dohodu s ASEAN. Ekonomicky rast
a rovnovaha medzi domacim a zahrani¢nym do-
pytom po ¢inskych tovaroch a sluzbach zohrava
vyznamnu Ulohu aj pri menovo-politickych roz-
hodovaniach mimo teritéria Ciny. Cina ma totalit-
né politické usporiadanie s vladou Komunistickej
strany Ciny.

Menovu politiku Ciny vykondva jej centralna
banka People’s Bank of China (PBoC). PBoC méa
v drzbe celosvetovo najvys$siu sumu finan¢nych
aktiv, a po Federdlnom rezervnom systéme USA
(Fed) je druhou krajinou s najvyssou sumou celko-
vych bankovych aktiv. Menovu politiku navrhuje
a implementuje pod riadenim Statnej rady. Naj-
vyznamnejsim cieflom menovej politiky je udrZia-
vat finan¢nu stabilitu a hodnotu meny v zdujme
stimulovania ekonomického rastu (sucasny ciel
7 %). Medzi jej dalsimi cielmi je riadenie penazi
v obehu, reguldcia medzibankového pefiazného
a dlhopisového trhu, riadenie devizovych rezerv
arezerv v zlate, zaznamenavanie a regulacia devi-
zovych transakcif a riadenie Statnej pokladnice.

Politika PBoC sa vyznacuje sporadickymi vy-
hlaseniami, ktoré banka vydava neolakdvane
a nepredvidatelne, ¢asto pocas vikendov bez
predchadzajuceho ohldsenia. Pre PBoC su cha-
rakteristické nahle zmeny najma v riadeni ¢inskej
meny. Poskytuje velmi mélo informécii, vysvetleni
a dévodov jej krokov, ¢o ¢asto nechava trhovych
Ucastnikov v prekvapeni a neistote. Na porovna-
nie, napr. v juni 2014 ¢inska centrdlna banka do-
dala do ¢inskeho finan¢ného systému 1,8 biliéna
CNY (294 miliardy USD) v zdujme podporit eko-
nomicky rast. Této suma je viac ako 3-mesacné
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nakupy Fedu v rdmci programu kvantitativneho
uvolfovania (QE). PBoC v3ak o takomto vyznam-
nom kroku informovala az v novembri, a tym
len potvrdila, Ze takyto krok uskuto¢nila. Podla
trhovych analytikov dévodom, preco centrdlna
banka neposkytuje takmer Ziadne informacie, je,
7e pomaha len vybranym bankam dostat sa k lac-
nejsiemu kapitdlu. Takyto nekonvencny pristup
je predmetom kritiky s poZiadavkou prehodno-
tit tento pristup. Sporadickymi a prekvapujucimi
intervenciami na finan¢nom trhu banka Udajne
poskodzuje finan¢ny systém, a tym narusa stabi-
lizaciu ¢inskej ekonomiky. V zadujme dosiahnutia
stabilného ekonomického rastu musf banka zacat
efektivnejsie komunikovat s verejnostou, kedZe jej
déleZitou ulohou nie je len vykon menovej poli-
tiky, ale aj vytvéranie doveryhodného prostredia
s dostatocne jasnym cielom.

V sucasnosti PBoC uplatiiuje expanzivnu me-
novu politiku, najma z dévodu nizkej spotrebi-
telskej miery inflacie, ktord sa v roku 2014 aj 2015
nachadzala pod 2 %. Ciel viady, resp. Statnej rady,
je inflacia na Urovni 3 %, pricom jej nizka hodnota
mobZe narusat jej cieleny ekonomicky rast. V no-
vembri 2014, viac ako po dvoch rokoch, opét pri-
stupila ku zniZzeniu klicovych sadzieb, a zaroven

Graf 1 Klicové sadzby PBoC (v %)
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niekolkokrat zniZila mieru povinnych minimal-
nych rezerv.

Oficidlnou ¢inskou menou je renminbi (RMB).
Mena vznikla v roku 1949 a odvtedy presla via-
cerymi rezimami vymenného kurzu z ekonomic-
kych a politickych dévodov. Jeho Uctovnou jed-
notkou je ¢insky yuan s oficialnou skratkou CNY,
resp. CNH. Rozdiel medzi tymito dvoma skratkami
je v tom, ze CNY je menovy symbol pouZivany
v krajine (onshore) a CNH je menovy symbol po-
uzivany mimo krajiny (offshore). V snahe pokrocit
v liberalizécii obchodu, no zéroven ponechat ur-
gité kapitalové kontroly, Cina v roku 2010 zaviedla
tzv. offshore market, na ktorom sa kotuje CNH.

Pokial ide o kurzovy rezim, PBoC od roku 1994
uplatiovala riadeny floating RMB oproti americ-
kému doléru. V roku 2005 Cina ozndmila prechod
na rezim riadeného floatingu zalozeného na trho-
vom dopyte a ponuke s naviazanim na kds mien
(nezverejneny) so snahou o reformu meny. Den-
né rozpéatie pre pohyb meny oproti americkému
doléru bolo najprv na rovni 0,3 %, od roku 2007
+0,5 % a od roku 2012 +1,0 %. Rozpatie bolo na-
posledy rozsirené v roku 2014 na +2,0 %. Reforma
rezimu devizového kurzu Ciny bola vnimana vel-
mi pozitivne, kedZe krajina zohrava doélezitd ulo-
hu v medzindrodnom meradle. Globalna finan¢na
kriza 2007 - 2008 vsak prerusila reformu, ked sa
Cina vratila k naviazaniu renminbi na americky
doldr. Pocas tohto obdobia vymenny kurz americ-
ky dolar/renminbi ostal takmer nezmeneny.V juni
2010 PBoC oznamila opdtovny navrat k preruse-
nej reforme a zdokonalila flexibilitu vymenného
kurzu. Vyznamnym aspektom vo vyvoji meny bolo
vytvorenie offshore trhu renminbi v roku 2010,
ktoré bolo po prvykrat obchodované v Hongkon-
gu, neskor aj v Londyne, Singapure a New Yorku.
Medzi tymito dvoma sadzbami dochaddza k ceno-
vym odchylkam oproti americkému doldru. Tieto
odchylky vznikaju najma dosledkom liberalizacie
kapitalového trhu Ciny, likvidity a vieobecnych
trhovych podmienok.

Napriek prebiehajucej reforme ostdva CNY
vysoko regulovanou menou. Vstup na CNY trh
ostava len domécim bankdm a finan¢nym spo-
lo¢nostiam a domécim dcérskym bankdm za-
hrani¢nych bank. Fixing CNY stanovuje PBoC ako
zévere¢nu sadzbu medzibankového devizového
trhu predchadzajuceho dna so zapocitanim po-
nuky a dopytu na devizovom trhu a pohybu vy-
menného kurzu oproti kosu mien. Na rozdiel od
onshore trhu je offshore trh (CNH) volnym trhom,
dostupnym pre vsetkych Ucastnikov globalneho
finan¢ného trhu. Vymenny kurz je uréovany vy-
lu¢ne trhovymi podmienkami, nie je obmedzeny
Ziadnymi rozpatiami a je nezavisly od intervencif
PBoC ¢i Hong Kong Monetary Authority (HKMA).
Na podporu vyvoja CNH bol v juni 2011 zavede-
ny fixing meny, ktory stanovuje Treasury Market
Association v spolupraci s HKMA. Fixing sa pocita
ako priemer strednych kotacif po odpocitani naj-
vyssieho a najnizsieho kurzu z Udajov poskytnu-
tych kontributormi. KedZe je aj kurz CNH ovplyv-
novany rovnakymi veli¢cinami ako CNY, pohybuje

sa priblizne pri rovnakych hodnotdch ako CNY.
CNH sa v3ak vyznacuje znac¢ne vyssou volatilitou
v dennych pohyboch v porovnani s CNY a ovela
Sirsim obchodnym pasmom.

Od roku 2010 sa vymenny kurz renminbi oproti
americkému doldru vyznamne posilfoval, ro¢ne
03 -4 %, ato az do konca roku 2013, ked sa za-
¢al oslabovat. Od zavedenia CNH tento kurz tes-
ne nasledoval vyvoj kurzu CNY. Od roku 2014 sa
mena nachddza v depreciathom trende, najma
z dévodu spomalovania rastu ekonomiky, klesa-
juceho exportu Ciny a kapitalovych odlevov.V au-
guste 2015 PBoC prekvapila trhy, ked' prostred-
nictvom troch intervencii devalvovala renminbi
0 3 % oproti americkému dolaru. Kym trhovi ana-

Porovnanie onshore a offshore renminbi

Trh CNY

Spot, forward, swap
a opcie

Produkt

Trhovi Ucastnici
banky,

finan¢né spolo¢nosti

a domdace dcérske

spolo¢nosti zahrani¢nych

bank

ReZim vymenného kurzu Riadeny floating
Intervencie centrélnej ano
banky
Povolené pasmo oscilacie +%
Denné obraty v aprili
2013

Spot 20,0 mld. USD

Forwardy 2,6 mld. USD
Priemerné rozpatie ponu- 17 bazickych bodov
ka — dopyt

Zdroj: BIS Triennial Survey, april 2013.

lytici odévodriovali tento krok ako snahu Ciny
posilnit export a podporit slabnuci ekonomicky
rast, centralna banka indikovala, Ze uskuto¢nena
devalvacia je sucastou reformy meny v snahe po-
sunut sa viac k trhovo orientovanej ekonomike.
Toto oddvodnenie uvital najmd Medzindrodny
menovy fond, ktory pri predchadzajucej revalu-
acii kompozicie kosa SDR v roku 2010 zamietol
yuan z dévodu, Ze mena nie je volne pouZitelna.
Pri poslednej revaluacii koncom roka 2015 bol
¢insky yuan zahrnuty do skupiny mien tvoriacich
kos SDR s odoévodnenim, ze Cina tvori mimoriad-
ne vyznamnu ¢ast globélnej ekonomiky.

V poslednych mesiacoch PBoC aktivnejsie in-
tervenovala prostrednictvom $tatom vlastnenych
bank s cielom zmiernit prudké oslabovanie ren-
minbi. To sa prejavilo aj na viditelnom poklese
devizovych rezerv banky. V ziujme stabilizacie
meny taktiez zaviedla v janudri 2016 povinné
minimalne rezervy na domace depozitd offshore
bank. Ak budud musiet offshore banky drzat viac

Centrélne banky, doméce

Trh CNH

Spot, forward, swap

a opcie

Exportéri, importéri,

offshore finan¢né institd-

cie a hedzové fondy

Volny floating
nie

Ziadne

13,9 mld. USD
84 mld. USD

33 béazickych bodov
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rezerv v centralnej banke, odcerpa tak z trhu urci-
tU likvidity, a ¢iasto¢ne tym zabrani $pekula¢nym
presunom meny z a do krajiny.

V juni 2015 doslo k prudkému prepadu na ¢in-
skom akciovom trhu, napriek zasahom vlady na
podporu trhu. Za jeden mesiac stratila Sanghajska
akciova burza viac ako tretinu svojej hodnoty, po
prudkom raste zaznamenanom za predchadzaju-
cich osem mesiacov. Prasknutie bubliny sa pre-
javilo po tom, ¢o ¢inske autority zastihol vyrazny
narast iraciondlnych predajov akcii. Na zamedze-
nie dalsich prepadov prerusila takmer polovica
z 2 800 zaregistrovanych firiem obchodovanie so
svojimi akciami. Podobny scendr zaznamenal ¢&in-
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Graf 4 Vyvoj HDP na rocnej bdze v stdlych cendch
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Graf 5 Vyvoj devizovych rezerv PBoC (v mld. USD)
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sky akciovy trh aj v Uvode roka 2016, reagujuc na
pokracujuci pokles aktivity v ¢inskom spracova-
telskom priemysle a na oslabujidcu ¢insku menu,
ktoré predstavuju dalsie riziko spomalenia rastu
svetovo druhej najvacsej ekonomiky. Cinska via-
da po prvy raz aktivovala mechanizmus, ktorym
prerusila obchodovanie na ¢inskej akciovej burze.
Tento mechanizmus zaviedla ako reakciu na pre-
pady akcii v roku 2015 a v prvom tyZdni tohto roku
dvakrat vyuzila pozastavenie obchodovania, ¢im
sa vyhla dalsim prudkym prepadom akcii. Podla
odbornej verejnosti pokles ¢inskeho trhu predsta-
vuje aj riziko dalSieho spomalenia hospodarskeho
rastu Ciny a riziko dal3ej finan¢nej krizy.
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Internationalisation of the Chinese
Currency: Towards a Multipolar
International Monetary System?

Lucia Orszdghovd'

As China establishes itself as the world's second largest economy and top trading nation, its cur-
rency, the renminbi (RMB), is also gaining popularity around the world. This article reviews the moti-
vation and different measures undertaken by Chinese authorities for accelerating the RMB interna-
tionalisation process. We arque that the recent decision by the IMF to recognise the Chinese currency
as fully convertible and to include it into the SDR basket will provide further impetus in increasing the

international relevance of the Chinese currency.

CHINA’s JOURNEY TO CURRENCY
INTERNATIONALISATION

In the past, the renminbi (RMB) could only be held
inside China. The Chinese currency had little to no
exposure to the international markets because of
strict controls that prohibited almost all export
of the currency or its use in international trans-
actions. Therefore, transactions between Chinese
companies and foreign entities were generally
denominated in USD.?

Chinese authorities initiated the process towards
greater international use of RMB already in 1993.
At that time, the government committed itself to
achieve full currency convertibility by the end of
the century. The following year it started remov-
ing capital account restrictions and established
current account convertibility by 1996. However,
following the Asian financial crisis in 1997, the Chi-
nese authorities abandoned the original target of
full convertibility by the end of the century.

RenminBI OR YUAN?

The official name of the currency in China is
the renminbi, which means ‘the people’s cur-
rency’ It was introduced in December 1948
with the establishment of the People’s Bank of
China.

The yuan is the name of the basic unit of the
Chinese currency, but it is often wrongly used
to refer to the Chinese currency generally, es-
pecially in international context. An analogy
can be drawn with "sterling', the official name
of the British currency, and "pound', its primary
unit.

The 1SO code for the Chinese currency is
CNY, but its official abbreviation when traded
offshore is CNH. The abbreviation as RMB and
the symbol ¥ are also very common.

A difference between onshore and offshore
market for RMB has to be made. Offshore RMB
(often denoted as CNH) refers to any RMB used
outside of mainland China.

The global financial crisis, however, forced the
Chinese authorities to revisit the idea of convert-
ibility of their currency. The proximate reason to
internationalise RMB was the collapse of trade fi-
nancing during the global crisis, which resulted
in a double-digit fall of Chinese exports. Further-
more, the post-crisis US monetary policy has cre-
ated strong externality to China and the country
was made aware of the instability of the existing
international monetary system.

As a consequence, the RMB internationalisation
agenda has become one of the main aspects of
the country’s economic policy, as expressed in
the 12" Five-Year Plan (for the period 2011-2015).
The plan supports the expansion of the cross-bor-
der use of RMB and the gradual liberalisation of
the capital account. Furthermore, it foresees the
development of Hong Kong as a major offshore
RMB market. The ultimate goal of the Chinese
strategy is to make the currency fully convertible.

Over the last few years, the Chinese govern-
ment has undertaken an extensive process to
liberalise and internationalise its currency, slowly
relaxing rules and expanding the use of RMB for
global trade settlement, encouraging a robust
offshore RMB environment, and more recently,
also relaxing rules and liberalising access to on-
shore RMB accounts.

RMB Cross-BoRrDER TRADE SETTLEMENT
The Chinese currency plays an important role in
trade settlement and bank loan business. With
the rapid development of China’s foreign trade,
the magnitude of RMB in circulation has increased
significantly.

Since 2009, a pilot program for RMB settlement
of trade with foreign partners was launched. It
was initially limited to five cities (Shanghai and
four other cities in Guangdong province) and to
the trade of Chinese residents with Hong Kong,
Macao and ASEAN countries. This established the
first legal framework for using RMB to settle cur-
rent account transactions. The program was later
expanded to 20 provinces (out of 32) in mainland

Ndrodnd banka Slovenska and Uni-
versity of Economics in Bratislava.
The article should not be reported
as representing the views of Ndrod-
nd banka Slovenska or any other
institutions the author has been as-
sociated with. The views expressed
and mistakes made remain of the
author.

Furthermore, the bulk of China’s fo-
reign exchange reserves were also
denominated in USD.
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China and geographically, it covered the trade
with the rest of the world. In 2011, cross-border
trade settlement was expanded further to the
whole country.

Furthermore, China has signed agreements with
several countries, e.g. Russia, Vietnam, Thailand, Ja-
pan, Australia and South Africa, allowing the trade
with those countries to be settled directly in RMB,
instead of requiring conversion to USD.

RMB OFrrsHORE MARKET

China encouraged actively a robust offshore RMB
environment. The offshore market for RMB is criti-
cal in order to overcome the limited convertibil-

ity of the Chinese currency, given the ongoing
capital account restrictions. Furthermore, it helps
broadening the use of RMB outside mainland
China. A number of offshore RMB “centres”around
the world have been created. The first and still
the most important offshore RMB centre is Hong
Kong, which was created by the Chinese authori-
ties already in 2003. Other offshore markets have
expanded in particular in financial centres, such
as Singapore, London or Tokyo.

Further initiative to facilitate the development
of the local RMB market worldwide comprises
the nomination of official RMB “clearing bank”. The
“official” status grants the clearing bank a more di-

Table 1 Swap Arrangements, RMB Clearing Centers and RQFII

# Country Vear *
1 Indonesia 2009 (2013)
2 Hong Kong 2009 (2014)
3 Korea 2009 (2014)
4 Argentina 2009 (2014)
5 Belarus 2009 (2015)
6 Malaysia 2009 (2015)
7 Iceland 2010 (2013)
8 Singapore 2010 (2013)
9 Pakistan 2011 (2014)
10 Thailand 2011 (2014)
11 Kazakhstan 2011 (2014)
12 Mongolia 2011 (2014)
13 New Zealand 2011 (2014)
14 Uzbekistan 2011
15 Australia 2012 (2015)
16 Ukraine 2012 (2015)
17 Turkey 2012 (2015)
18 UAE 2012 (2015)
19 UK 2013 (2015)
20  EU/ECB 2013
21 Albania 2013
22 Hungary 2013
23 Brazil 2013
24 Canada 2014
25  Qatar 2014
26 Russia 2014
27 Srilanka 2014
28  Switzerland 2014
29  South Africa 2015
30  Armenia 2015
31 Suriname 2015
32 Chile 2015
Total

Swap RMB

Amount **
(RMB billion)
100
400 YES
360
70
7
180 YES
35
300 YES
10
70 YES
7
15
25
0,7
200 YES YES
15
12
35
350 YES
350

Clearing RQFII
Center

10
190
200 YES YES
35 YES YES
150
10
150 YES YES
30
1
1
22
3311,2

Source: People ‘s Bank of China, central banks of respective partner countries and author ‘s compilation.

Note: Swap lines and RMB clearing centers of the EU countries are highlighted in blue.

All bilateral swap agreements are signed for three years, however they have been renewed and the amount expanded several times.
*Year of the first swap agreement (year when the agreement was renewed the last time).

**Only the most recent value is presented. Some renewed agreements were signed for a different amount.

8

ro¢nik 24, 1/2016



CURR RENT |

S S U E S

rect access to China's domestic payment system,
including an access to RMB liquidity from the Chi-
nese central bank. As such, it facilitates transactions
in RMB with mainland China. There are around
15 clearing banks worldwide, all of which are off-
shore branches of Chinese banks. The first offi-
cial clearing bank was established in Hong Kong
(2003), followed by Macau (2004), later Taipei and
Singapore (2013). Financial centres in advanced
countries, such as London, Frankfurt, Luxembourg,
Paris and Seoul, were also added recently (2014).

It shall be noted that liquidity can move freely
between the offshore centres, but there are meas-
ures in place to keep the offshore flows away from
the onshore market. Given the capital account re-
strictions, the flow of RMB between the onshore
and offshore markets has been primarily the result
of trade-related cross-border transactions between
Chinese residents and non-residents.

LIBERALISATION OF THE CHINESE CAPITAL
ACCOUNT

The Chinese authorities have continued to make
significant progress in liberalising China's finan-
cial system. In addition to domestic financial mar-
ket reform, the partial liberalisation of China's ex-
change rate and cross-border capital flows have
been key elements of the reform process.

While cross-border trade flows have been sub-
ject to relatively few restrictions for some time,
China's cross-border capital flows have been
managed much more closely. In recent times,
however, restrictions on direct investment flows
have been relaxed, and the capital account liber-
alisation process has been extended. In particular,
the Chinese authorities have started to open up
China's debt and equity markets to foreign invest-
ment and also, they have allowed Chinese resi-
dents to invest more freely in offshore markets.

A dedicated RQFIl program® with a system of
quota was developed. The program allows ap-
proved foreign investors to buy and sell designat-
ed assets in China's onshore financial markets, us-
ing RMB obtained in the offshore market. As such,
the scheme provides investors with greater access
to China's capital markets. Therefore, the RQFII
scheme can be seen as a part of China's broader
capital account liberalisation process as well as an
initiative, which is designed to encourage broader
participation in the offshore RMB market. Access
to this program is obtained in two steps: first, the
authorities in a given jurisdiction obtain an invest-
ment quota for that jurisdiction; and second, indi-
vidual financial institutions which are domiciled in
that jurisdiction apply to the Chinese authorities
for an individual portion of the overall quota.

The RQFIl program was initially made avail-
able to Hong Kong-domiciled investors, with
a quota of RMB 20 billion granted in 2011. Hong
Kong's quota has since been raised to RMB 270
billion in a number of steps. Since the middle of
2013, ROFII quotas have also been granted to
several countries, including the United Kingdom,
France and Germany (see Table 1).

CeNTRAL BANK INITIATIVES: BILATERAL
CuRRENCY SwAP LINES

Traditionally, the currency swap agreements are
used to help countries overcome short-term li-
quidity difficulties with foreign exchange in times
of crisis.® In the case of China, however, these
agreements are not only used to stabilise the in-
ternational financial markets. Their primary goal,
as also stated by official authorities, is to promote
and facilitate cross-border trade and investments,
in particular in local-currency terms, and thus to
promote the international use of RMB. In other
words, the bilateral swap agreements allow the
central bank to curb the dependence of China
and its trade partners on USD for invoicing and
settling trade.

Broadly, China has imposed restrictions on
capital transactions between the mainland and
the rest of the world. As the country limits the
amount of its currency available to settle trade
and as foreigners cannot access RMB on inter-
national markets, swap agreements represent
an alternative approach towards increasing the
international flow of RMB. In other words, swap
agreements serve to expand the use of Chinese
currency without introducing substantial chang-
es to the capital account.

China has been the most active extender of bi-
lateral swap lines since the 2009 global financial
crisis. Since then, China has gradually increased
the number and volume of bilateral currency
swap agreements (see Figure 1).

In 2015, is has signed more than 30 bilateral
currency swap agreements in a total amount sur-
passing RMB 3.3 trillion. What is worth noticing is
that all these swap agreements are denominated
in RMB and the local currency of the counterparty
countries, thus they bypass USD.

Geographically, China has signed bilateral
swap agreements with a diverse group of coun-
tries. Neighbouring countries and countries with

Figure 1 Bilateral Currency Swap Agreements
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RMB Qualified Foreign Institutional
Investor.

An example of this kind of agre-
ement is the network of bilateral
currency swap agreements under
the framework of the Chiang

Mai Initiative (CMI), which China
entered into together with other
Asian countries (ASEAN, Japan and
Korea) following the 1997 Asian
financial crisis. In 2010, The CMI
initiative was multilateralised, thus
converted into a single agre-
ement, and it was linked to an IMF
programme. Furthermore, the size
of the agreement was doubled from
$120 billion to 5240 billion in 2014.
Contrary to bilateral currency swap
agreements China signed after the
2008 global financial crisis, the CMI
swap agreements are denominated
in USD (not RMB).
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As pointed by Zhu (2015), there is
astrong correlation between the
volume of the bilateral trade and
the size of the swap agreement.
The RMB s share of spot turnover
was somewhat lower at 0.8% in
2013.

Despite some shortcomings (in par-
ticular in terms of coverage of the
SWIFT network), SWIFT represents
high-frequency source of foreign
exchange volumes, based on inter-
institution back office messages

for confirming details of a foreign
exchange transaction.

The Special Drawing Rights (SDR) is
an international reserve asset, used
and managed by the IMF.

strong economic and trade links have been front-
runners.> However, in the recent years one could
observe an increasing number of central banks of
advanced economies entering into bilateral swap
agreements with China (see Table 1). This indicates
that the counterparty central banks all around the
world recognise the growing importance of China
in the global economy and show an increasing in-
terest to hold RMB in their reserves, e.g. to finance
bilateral trade. In this respect, several central banks,
e.g. Australian central bank, announced their inten-
tion to invest a portion of their foreign currency re-
serves in RMB-denominated assets.

So far, the RMB swap lines have not been acti-
vated much. The only reported cases were Hong
Kong in 2010 and Korea in 2013, both activating
the swap line to settle trade. In addition, Argen-
tina used the swap line to stabilise its foreign ex-
change reserves, following a default on its debt in
2014. Similarly, the swap agreement with Russia in
2014 was regarded as a way to support the Russian
economy in the wake of the commodities turmoil.

How GLOoBAL IS THE CHINESE CURRENCY?
It might be premature to provide a comprehen-
sive assessment of the RMB internationalisation.
However, the recent effort has already brought
a rapid increase in the use of RMB in trade and
investment settlement and in trade credit. It is
highly expected that the use of RMB as a trading,
investment and reserve currency will continue to
grow. The substantial effects of China's trade liber-
alisation process on the global economy suggest
that China's ongoing capital account liberalisa-
tion process will also have significant implications
for the global financial system.

A broad range of indicators could be used to
evaluate the increasing international use of the
Chinese currency. According to the IMF survey
on official foreign currency assets, 38 countries
reported holdings of RMB-denominated assets in
2014 (as compared to 127 holding USD and 108
countries holding EUR). The official foreign cur-
rency assets in RMB represented approximately
1.1% of all official foreign exchange reserves in
2014, up from 0.7% in the precedent year. In both
years, RMB held 7" place (out of 16 currencies).

The most exhausting data source on global FX
market turnover is the BIS Triennial Central Bank
Survey. This data source shows that the RMB's share
of FXturnover has surged between 2010 and 2013.
It represented 1.1% of global FX market turnover
in 2013 (with USD 120 billion traded each day), up
from 0.4% in 2010 (or USD 34 billion).® This cata-
pulted the Chinese currency to top ten most trad-
ed currencies (9" place) in 2013, up from 17" place
in 2010. Also, BIS Quarterly Review on issuance of
debt securities shows a rise of the RMB's share to
1.4% of the total in 2014, up from 0.1% in 2010. As
a consequence, RMB ranked 6 in 2014.

Data from SWIFT,” the global financial messag-
ing service provider, also points to an impressive
development and the continued expansion of
RMB as a trade settlement currency. Accord-
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ing to SWIFT data on cross-border payments,
the RMB's importance is growing exponentially.
It covered 1% of all cross-border transactions in
2015, compared to 0.2% two years earlier. The
Chinese currency ranked eight in 2015.

In the absence of data on the currency invoic-
ing of trade, SWIFT data on trade finance, namely
on the currency denomination of letters of credit,
could provide some idea of the RMB internationa-
lisation in trade (trade finance covers roughly one
sixth of total trade). In mid-2015, RMB belonged
to three most used currencies in global trade fi-
nance (together with USD and EUR). It accounted
for almost 4% of the total amount.

As indicated above, the international use of the
Chinese currency is rapidly becoming common
across a range of instruments. The use and trading
of RMB has increased substantially in the recent
years, although from a very low base. At the same
time, the other currencies have not experienced
any substantial changes in their relative position,
which underscores the impressive developments
of the Chinese currency.

Geographically, the use of RMB is rising in particu-
lar in Asia. The Chinese currency has already over-
taken USD as the exchange rate anchor currency in
East Asia. Although more than 100 countries used
RMB for payments in mid-2015, more than 90% of
flows are concentrated in a few countries. Hong
Kong is the world’s largest offshore RMB centre,
processing more than 70% of all RMB payments.

IMPLICATIONS FOR THE INTERNATIONAL
MONETARY SYSTEM

An important milestone for the RMB internatio-
nalisation was provided in November 2015, when
the Executive Board of the International Mon-
etary Fund (IMF) decided to include RMB in the
SDR basket as of October 20168 The Chinese cur-
rency will become the fifth currency in the basket,
alongside the U.S. dollar (USD), the euro (EUR), the
Japanese yen (JPY), and the British pound (GBP,
see Table 2). Moreover, the SDR interest rate,
which forms the basis for the cost of borrowing
from the IMF, will also include an RMB instrument
starting in October 2016.

The inclusion of RMB into the SDR basket was
subject of the IMF Executive Board discussion al-
ready in 2010, during the previous 5-year review
of the SDR basket. At that period, it was concluded

Table 2 Currency weights in the SDR basket
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2016

usb 419 41,73

EUR 374 30,93

JPY 94 8,33

GBP 11,3 8,09

RMB N.A. 10,92
Source: IMF.
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that RMB does not fulfil the criteria; in particular it
was not considered as a freely usable currency.
Five year later, the IMF's Executive Board con-
cluded that China and its currency met the two
criteria for inclusion into the SDR basket. Namely,
China belongs to one of the largest exporters in
the world and its currency, the renminbi, is “freely
usable” A currency is determined to be freely us-
able when it is widely used to make payments for
international transactions and widely traded in
the principal exchange markets.

This decision could be understood as recogni-
tion of the progress made by the Chinese authori-
ties in reforming country’s monetary and financial
system. Moreover, it reflects major shifts in the
global economy, making SDR more representa-
tive of the world’s major currencies. Furthermore,
it represents a confirmation that the RMB trading
activity in foreign exchange markets can now
accommodate transactions of the magnitude
involved in IMF operations. As a freely usable cur-
rency, it is expected that RMB will play an impor-
tant role in the IMF operations (given the fact that
the bulk of the lending activities by the IMF takes
place in freely usable currencies).

ConcLusions: TOWARDS A TRIPOLAR
MONETARY SYSTEM?

Following the current financial crisis, China is
seeking a bigger financial role. The recent steps
to internationalise its currency have reinforced

the positioning of China as a new centre of grav-
ity for the world economy. RMB has increased its
international relevance and it has become one of
the global reference currencies, along with USD
and EUR.

The patterns are changing in favour of RMB,
despite still dominant positions of USD and EUR
globally. The Chinese currency is considered an
important anchor currency in East Asia and the
Philippines, weakening thus the position of USD
in the region.? If China intensifies its efforts, these
developments could lead to further currency di-
versification and an emergence of a tripolar glo-
bal currency system between Asia, Europe and
the USA. Deeper integration of RMB is an oppor-
tunity to create a more robust international mon-
etary and financial system that may better fit the
underlying forces shaping the global redistribu-
tion of power.

However, there is still a long way to go. So far,
China has designed and pursued an RMB-based
trade policy to spread the international use of
its currency. As such, the internationalisation of
RMB has taken a very limited form, in particular
as an invoicing and settlement currency in trade
and a vehicle currency in swap agreements. In
order to fully utilize its role as an international
currency,'” further reforms need to be undertak-
en, in particular with respect to financial market
developments, exchange rate flexibility and capi-
tal account liberalisation.

| N F ORMATC I E

9 According to Campanella (2014),
the role of USD as a reference
currency in Asia is now limited to
Hong Kong (due to a peg), Vietnam
and Mongolia. Furthermore,
according to her, RMB represents
the dominant reference currency
also in Chile, India and South Africa
as well as in FYR Macedonia, Israel,
and Turkey.

10 According to Chinn and Frankel
(2005), an international currency is
considered to play the role of a store
of value, a medium of exchange
and a unit of account for both
residents and non-residents.
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Guvernér NBS s autormi
ocenenych prdc (zlava):

M. Jakubéci, Z. Havrdnkovd,
guvernér NBS J. Makuch,
riaditel odboru vyskumu NBS
M. Suster a J. Danko

Foto: Roman Benicky

Vyhlasenie vysledkov sutaze
0 cenu guvernera NBS

Guvernér Ndrodnej banky Slovenska Jozef Maktch udelil koncom uplynulého roka cenu
guvernéra NBS autorom dvoch dizertacnych prdc a jednej diplomovej prdce.

GuvernérNBS udelil prvi cenus odmenou 1500 eur
PhDr. Zuzane Havrankovej, Ph.D, za dizertacnu pra-
cu na tému Six Essays on Meta-Regression Analysis.
Druhu cenu s odmenou 1000 eur ziskal Ing. Jakub
Danko za diplomovu pracu Modelovanie financ-
nych sieti a na trefom mieste s odmenou 500 eur
sa umiestnil Ing. Mgr. Martin Jakubéci s dizertac-
nou pracou VyuZitie prostriedkov umelej inteligen-
cie na akciovych trhoch.

Guvernér NBS Jozef Makuch pocas odovzdavania
cien vyjadril potesenie, Ze mdze na pdde Narodnej
banky Slovenska privitat mladych talentovanych
ekonémov, kedZe kvalitné vzdelanie je jednym
z klucovych faktorov dlhodobého rozvoja krajiny.

PhDr. Zuzana Havrankova, Ph.D,, absolvent-
ka Instititu ekonomickych studif Karlovej uni-
verzity v Prahe, vo svojej praci vyuZzivala meta-re-
gresnu analyzu na ziskanie robustnych odhadov
parametrov zo $irokého spektra predoslych studif.
Zaoberala sa odhadmi medzicasovej substitlcie,
vplyvom hranic na medzinarodny obchod, vply-
vom zahrani¢nych investicii na domacu konku-
renciu a iné domace firmy, cenovou elasticitou
dopytu po palivach a socidlnymi nakladmi zne-
cistenia.

Ing. Jakub Danko z Ekonomickej fakulty Tech-
nickej univerzity v KoSiciach skdmal Struktdru
kapitdlového trhu v USA. Pomocou metddy naj-
mensej kostry grafu rozdelil jednotlivé sektorové
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subindexy DJIA do skupin so spolo¢nymi ¢rtami,
ktoré dalej charakterizoval.

Ing. Mgr. Martin Jakubéci je absolventom
Fakulty managementu Univerzity Komenského
v Bratislave. Vo svojej dizerta¢nej praci skimal
evolu¢né algoritmy na hladanie optimélneho
zloZenia portfdlia, ktoré by zabezpecilo idedl-
ny pomer vynosu a rizika. Ukazuje, Ze riesenia
z genetického programovania spolu s vyuZitim
novych zdrojov Udajov z internetového vyhlada-
vania su schopné prekonat zauzivané investi¢né
stratégie.

VSetci traja ocenenf autori spracovali svoje pra-
ce do prispevkov, ktoré prindsame v tomto cisle
Casopisu BIATEC.

Sutaz o cenu guvernéra NBS pre Studentov
vysokych $koél za najlepsiu dizerta¢nd, pripadne
diplomovu pracu v oblasti ekonémie, vyhlasila
centralna banka po tretikrat. Do sutaze sa mohli
zapojit Studenti univerzit na Slovensku, ale aj slo-
venski obcania Studujuci v zahranici. V roku 2015
bolo mozné prihlasit prace obhéjené v skolskom
roku 2014/2015, a to najmd dizertacné prace
v oblasti menovej ekondmie, makroekondmie,
finan¢nej ekondmie a financ¢nej stability, ktoré
maju vynimocnu kvalitu a su origindlnym prino-
som k vedeckému poznaniu. Prace vyhodnoco-
vala patclennd porota zlozena zo zastupcov aka-
demickej obce a Narodnej banky Slovenska.
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Meta-Regression Analysis in
Fconomics: Lessons Learned!

Zuzana Havrdnkovd

Institute of Economic Studies, Charles University, Prague

1. INTRODUCTION

In this paper | provide a non-technical summary
of six papers on macroeconomics, international
economics, and energy economics. All the papers
are tied together by the use of meta-regression
analysis, which is essential for the derivation of
robust policy-relevant conclusions from often
conflicting results presented in the empirical
literature. | use meta-analysis to quantitatively
synthesize the reported research results on vari-
ous topics; the technique has been known and
applied in medical science for many decades, but
only spread to economics in the 1990s. For each
topic | correct the literature for publication selec-
tion bias and filter out the effect of various mis-
specifications present in some primary studies.

My results can be summarized as follows:
(1) The elasticity of intertemporal substitution in
consumption, a key input to all dynamic models
in finance and macroeconomics, varies signifi-
cantly across countries. The differences can be
explained by the level of stock market participa-
tion, when countries with higher participation
exhibit larger values of the elasticity; the mean
reported elasticity is 0.5. (2) The effect of borders
on international trade, which most authors find
to be surprisingly large, can be explained away by
innovations in methodology introduced in the
last decade. When these innovations are taken
into account jointly, the border effect disappears
for developed countries, and is relatively small
for developing countries. (3) When all published
estimates of the effect of foreign investment on
local firms in the same industries are considered
and corrected for publication bias, the literature
indicates a zero effect. (4) Publication bias is
present also in the literature estimating the ef-
fect of foreign investment on local firms in dif-
ferent industries, but here the corrected effect is
positive and large. (5) The mean reported price
elasticity of gasoline demand is exaggerated
twofold due to publication bias. (6) Finally, I also
find that publication bias distorts the literature
estimating the social cost of carbon emissions,
because researchers tend to preferentially report
large estimates.

The differences between individual chapters
of the dissertation, discussed in detail in the next
section, demonstrate the development of meta-
regression methods in recent years. | discuss the
evolution of meta-analysis methods and my take
on best-practice approaches in the field, focusing
on selection of primary studies, tests of publica-

tion bias, selection of variables, robustness checks,
and the role of judgement in meta-analysis.

2. EmPIRICAL APPLICATIONS
ofF MEeTa-ANALyYsIs IN Economics

2.1 Do Borders Really Slash Trade? A Meta-
Analysis

First chapter of the dissertation thesis focuses
on the effect of international borders on trade;
the paper is co-authored with Tomas Havranek
(Havranek & Irsova 2015). The paper is currently
at the revise-and-resubmit stage at the IMF Eco-
nomic Review. The finding that international bor-
ders significantly reduce trade, first reported by
McCallum (1995), has become a stylized fact of in-
ternational economics. A high ratio of trade with-
in national borders to trade across borders, after
controlling for other trade determinants, implies
large unobserved border barriers, an implausibly
high elasticity of substitution between domestic
and foreign goods, or both. Dozens of researchers
have attempted to shrink McCallum’s original esti-
mates but the average in the literature is still close
to those estimated by McCallum (1995): regions
are likely to trade with foreign regions about fif-
teen times less than with regions in the same
country. Using previously reported results we
construct a large synthetic study that estimates
the border effect, but corrects for potential publi-
cation or misspecification biases.

We collect 32 aspects of studies, such as the
characteristics of data, estimation, inclusion of
control variables, number of citations, and infor-
mation on the publication outlet. To explore how
these characteristics affect the estimates of the
border effect, we employ Bayesian model aver-
aging (Raftery et al. 1997). The method addresses
model uncertainty inherent in meta-analysis by
estimating regressions comprising the potential
subsets of the study aspects and weighting them
by statistics related to the goodness of fit.

Our results suggest that many innovations in
estimating the gravity equation systematically af-
fect the reported border effect: for example, the
use of disaggregated data, consistent measure of
within and between-country distance, data on
actual road or sea distance instead of the great-
circle distance, control for multilateral resistance,
and the use of the Poisson pseudo-maximum
likelihood estimator. When we put these influenc-
es together and compute a general equilibrium
impact of borders conditional on best practice

I

This article is a summary of

a dissertation entitled "Six Essays on
Meta-Regression Analysis" defended
at the Institute of Economic Studies,
Charles University in Prague. The
dissertation was granted first place
in the NBS Governor's Award for

an outstanding dissertation thesis
ordiploma thesis in the area of
monetary economics, macroecono-
mics, or financial economics, and is
available freely at http://ies.fsv.cuni.
cz/default/file/download/id/27497.
[ use my maiden name, IrSovd, in all
of my publications.
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methodology, we find that borders reduce inter-
national trade by only 28% worldwide. The border
effects differ significantly across regions — we ob-
tain large estimates for developing and transition
countries, but estimates close to zero for most
OECD countries. Finally, we find little evidence of
publication bias in the literature: researchers do
not preferentially report positive or statistically
significant estimates of the border effect.

2.2 A Meta-Analysis of Intra-Industry FDI
Spillovers

The second chapter of the dissertation presents
a meta-analysis of the empirical literature on hori-
zontal productivity spillovers from foreign direct
investment (FDI) — the effect of foreign presence
on the productivity of domestic competitors. It is
a joint work with Tomas Havranek published in
the Czech Journal of Economics and Finance (Ha-
vranek & Irsova 2010). We gather a sample of 97
models from 67 studies published either in aca-
demic journals or as working papers. Using the
vote-counting method, we find that the spillover
effect does not seem to be statistically significant
in general; employing the approach of Djankov
& Murrell (2002), on the other hand, we find evi-
dence that positive spillovers from FDI might ex-
ist. Nevertheless, this is not the case of the nar-
rower sample of studies that were published in
the best economics journals or that use panel
and firm-level data - their combined t statistics
is insignificant almost in any case. Once publica-
tion selection bias is accounted for, the aggre-
gated effect is insignificant. Therefore, we argue
that there is no persuasive empirical evidence on
intra-industry spillovers. If there are any horizontal
spillover effects, their signs and magnitudes vary
from country to country and from industry to in-
dustry.

We further investigate which study aspects
affect the reported significance and polarity of
spillovers. We employ robust methods as well
as pseudo-panel data methods (Meyer & Sinani
2009) and probability models (Wooster & Diebel
2006). We find that, in general, study results are
predictably affected by its design, namely by the
usage of cross-sectional or panel data, indus-
try- or firm-level aggregation, and specification
of the proxy of foreign presence in the industry.
Our results suggest that cross-sectional studies
tend to report excessively high spillovers, as well
as models with industry-level aggregation and
employment as a proxy for foreign presence do.
However, this pattern appears to become weaker
over time, suggesting that newer studies may suf-
fer from such a bias less. Following Card & Krueger
(1995), we test for publication bias in the spillover
literature. We do not find evidence of publica-
tion bias employing this methodology. When the
preferred funnel asymmetry test (Doucouliagos
& Stanley 2009) is used, however, moderate publi-
cation bias is identified in the literature.

Contrary to Gorg & Strobl (2001), our meta-
regression analysis shows that the definition of
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the proxy for foreign presence is important as
well and can also bring predictable results. But
many studies do not report sensitivity analysis
with respect to the definition of foreign presence.
When they do, as for instance Gersl (2008), they
often find that the spillover effect is not robust.
Such pattern of predictability is widespread in
economics research (more in Stanley 2001). It is
natural that heterogeneous research brings het-
erogeneous results. Researchers should, however,
be aware of the predictability pattern, best iden-
tified by meta-regression analyses, and report
thorough robustness checks.

2.3 Demand for Gasoline Is More Price-
Inelastic than Commonly Thought

The chapter on the price elasticity of gasoline de-
mand is a joint work with Karel Janda and Tomas
Havranek and was published in Energy Econom-
ics (Havranek et al. 2012). For the purposes of
government policy concerning energy security,
optimal taxation, and climate change, precise es-
timates of the price elasticity of gasoline demand
are of principal importance. For example, if gaso-
line demand is highly price-inelastic, taxes will
be ineffective in reducing gasoline consumption
and the corresponding emissions of greenhouse
gases. During the last 30 years the topic has at-
tracted a lot of attention of economists who pro-
duced a plethora of empirical estimates of both
short- and long- run price elasticities. Yet the esti-
mates vary broadly.

Two international meta-analyses of the elastic-
ity of gasoline demand have been conducted (Es-
pey 1998; Brons et al. 2008). These meta-analyses
examine carefully the causes of heterogeneity
observed in the literature. The average short- and
long- run elasticities found by these meta-analy-
ses were -0.26 and -0.58 (Espey 1998) and -0.34
and -0.84 (Brons et al. 2008). None of the meta-
analyses, however, corrected the estimates for
publication selection bias. We employ recently
developed meta-analysis methods to test for
publication bias and estimate the corrected elas-
ticity beyond. The mixed-effects multilevel meta-
regression takes into account heteroscedasticity,
whichisinevitable in meta-analysis, and between-
study heterogeneity, which is likely to occur in
most areas of empirical economics. We do not,
however, investigate heterogeneity explicitly, as
this issue was thoroughly examined by the two
previous meta-analyses. Although our estimates
of average elasticity are not directly comparable
with Espey (1998) and Brons et al. (2008), we ar-
gue there is a strong case for the presence of pub-
lication bias in favor of larger negative estimates
of elasticities in the literature.

We find the publication bias to be strong in this
literature; when we correct for the bias, we obtain
estimates of short- and long-run elasticities that
are approximately half, compared to the results of
the previously published meta-analyses and also
to the simple mean of all estimates in our sample
of literature. If the simple mean reflects our pro-
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fession’s impression about the magnitude of the
price elasticity of gasoline demand, the impres-
sion exaggerates the true elasticity twofold. The
estimated elasticities corrected for publication
bias, -0.09 for the short run and -0.31 for the long
run, are average across many countries, meth-
ods, and time periods; we report them as refer-
ence values. A similar pattern of publication bias,
however, is likely to appear in any subset of the
literature. Thus large negative estimates of price
elasticities should be taken with a grain of salt.

2.4 Publication Bias in the Literature on FDI
Spillovers

Here | focus on spillovers from foreign direct in-
vestment to local firms; it is a joint work with To-
mas Havranek published in the Journal of Devel-
opment Studies (Havranek & Irsova 2012). Policy
makers, especially in transition and developing
countries, usually encourage inward FDI in ex-
pectation that domestic firms in the same sec-
tors benefit from know-how brought by foreigner
investors. Moreover, many of such policy makers
believe those firms in supplier sectors benefit
from direct knowledge transfers from foreigners,
and perhaps also that firms in customer sectors
benefit from higher-quality intermediate inputs
produced by foreigners. The search for spillovers
has given rise to a burgeoning stream of empiri-
cal literature in development economics, and we
investigate 57 such papers in this meta-analysis.

In contrast to the earlier meta-analyses on FDI
spillovers (Gorg & Strobl 2001; Meyer & Sinani
2009), we examine backward and forward sp-
illovers in addition to horizontal spillovers. Using
a large data set, we employ modern meta-analy-
sis methods developed by Stanley (2005; 2008) to
estimate the underlying spillover effects and the
magnitude of publication bias. We present indi-
vidual surveys for each country inspected in the
literature and construct a unique cross-country
data set of estimated spillovers. Furthermore, we
retrieve estimates of publication bias for each
study and examine how the intensity of publica-
tion selection depends on the characteristics of
the authors, such as affiliation, experience, and
tenure pressure.

Our results suggest that the average effect of
foreign affiliates on the productivity of their local
competitors (horizontal spillover) is economi-
cally insignificant. The effect of foreign affiliates
on their local customers (forward spillover) is
likewise negligible. On the other hand, we de-
tect a statistically significant and economically
meaningful effect of foreign affiliates on their
local suppliers (backward spillover). Specifically,
a 10-percentage-point increase in foreign pres-
ence is associated with a 1.2% boost to the
productivity of domestic firms in supplier sec-
tors. Such a spillover effect is consistent with
subsidies for FDI. While the average backward
spillover is robustly positive, it differs signifi-
cantly across countries. The degree of economic
development plays an important role in explain-

ing the difference, but it is not the only one. In
a companion paper (Havranek & Irsova 2011) we
examine in detail what causes the differences in
the reported FDI spillovers.

2.5 Cross-Country Heterogeneity in
Intertemporal Substitution

This chapter focuses on the cross-country hetero-
geneity in intertemporal substitution; it is a joint
work with Roman Horvath, Tomas Havranek, and
Marek Rusnak (Havranek et al. 2015a). The paper
was published in the Journal of International Eco-
nomics. The elasticity of intertemporal substitu-
tion in consumption (EIS) reflects households'will-
ingness to substitute consumption between time
periods in response to changes in the expected
real interest rate. Therefore it represents a crucial
parameter for a wide range of economic models
involving intertemporal choice, from modeling
the behavior of aggregate savings and the im-
pact of fiscal policy to computing the social cost
of carbon emissions, and has been estimated and
used by hundreds of researchers. Most of them
would agree with Ai (2010, p. 1357), who starts his
discussion of calibration by noting that “empirical
evidence on the magnitude of the EIS parameter
is mixed”

In this paper we collect 2,735 estimates of the
elasticity of intertemporal substitution reported
in 169 studies and review the literature quanti-
tatively using meta-analysis methods. While con-
trolling for differences in methodology, we focus
on explaining country-level heterogeneity. The
studies in our sample provide us with estimates
of the EIS for 104 countries, and we show that the
mean values reported for the countries vary sub-
stantially. We build on the vast amount of litera-
ture that explores the heterogeneity in the EIS at
the micro level.

The mean estimate of the elasticity of intertem-
poral substitution reported in empirical studies is
0.5, but we show that cross-country differences
are important. Since it is often unclear which as-
pects of methodology should matter for the mag-
nitude of the estimated EIS, we include all 30 that
we collect and employ Bayesian model averaging
(Raftery etal. 1997) to deal with the resulting mod-
el uncertainty. Our findings suggest that a larger
EIS is associated with higher per capita income
of the country, and especially with higher stock
market participation. According to our baseline
model, a 10-percentage-point increase in the rate
of stock market participation is associated with an
increase in the EIS of 0.24. Moreover, wealth and
asset market participation are also important at
the micro level: studies estimating the EIS using
a sub-sample of rich households or asset holders
find on average an EIS larger by 0.21.

2.6 Selective Reporting and the Social Cost
of Carbon

The last chapter focuses on social costs of car-
bon emissions; it is a joint work with Tomas Ha-
vranek, Karel Janda, and David Zilberman and
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was published in Energy Economics (Havranek et
al. 2015b). The social cost of carbon (SCQ) is a key
parameter for the formulation of climate policy. If
the SCC was pinned down precisely, policy mak-
ers could use the parameter to set the optimal
carbon tax. For this reason, dozens of researchers
using different families of models have estimated
the SCC - but their findings and the resulting
policy implications vary greatly. Several previous
studies have offered quantitative surveys of the
literature (Tol 2005; 2013), focusing especially on
the characteristics of study design that may influ-
ence the reported estimates, but no study has
discussed nor tested for the potential selective
reporting bias in the estimates of the social cost
of carbon.

In contrast to most subjects of meta-analysis in
economics, the SCC is not estimated in a regres-
sion framework. Rather, it is a result of a complex
calibration exercise, and the uncertainty sur-
rounding the estimates is usually determined via
Monte Carlo simulations. Therefore the literature
lacks the usual suspects when it comes to poten-
tial selective reporting: specification search across
models with different control variables, choice of
the estimation technique, and the selection of the
data sample. On the other hand, the authors have
the liberty to choose among many possible val-
ues of the parameters that enter the computation
and influence both the estimated magnitude of
the SCC and the associated uncertainty. Despite
the difficulty in computing the SCC, we believe it
is worth trying to pin down this crucial parameter.
Testing for the potential selective reporting bias
represents a part of this effort.

We examine 809 estimates of the SCC reported
in 101 primary studies. We employ meta-regres-
sion methods commonly used in economics and
other fields to detect potential selective report-
ing in the literature. Our results suggest that, on
average, the authors of primary studies tend to
report preferentially estimates for which the 95%
confidence interval excludes zero, which creates
an upward bias in the literature. In other words,
we observe that small estimates of the SCC are
associated with less uncertainty (expressed as
the approximate standard error used to compute
the lower bound of the confidence interval) than
large estimates. The finding suggests that some
small estimates with large uncertainty — that s,
not ruling out negative values of the SCC — might
be selectively omitted from the literature. Our re-
sults also indicate that selective reporting tends to
be stronger in studies published in peer-reviewed
journals than in unpublished manuscripts.

3. Concrusion: LEssoNs LEARNED

The papers included in the dissertation and sum-
marized on the previous pages use many differ-
ent meta-analysis methods, which might puzzle
the reader. One of the reasons for the differences
is the time when these papers where published,
which reflects the evolution of meta-regression
methods; sometimes, however, the choice of

16
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a particular meta-analysis technique depends on
the specific data set or research question under
examination. Up-to-date guidelines for conduct-
ing meta-regression analysis in economics are
provided by Stanley et al. (2013), but | still consid-
er it useful to briefly summarize my take on best-
practice methods in the field and provide prac-
tical details that are missing in other guidelines.
| structure the discussion into several paragraphs
according to the issues that meta-analysts face.

Selection of primary studies. The first prob-
lem that a meta-analyst faces is which studies to
include in the meta-analysis. The typical recom-
mendation (Stanley 2001) is to use all studies es-
timating the parameter in question, if possible.
Sometimes, however, such an approach is not
feasible because hundreds or even thousands of
papers exist on the topic. In this dissertation it is
the case of, for example, the literature estimat-
ing the elasticity of intertemporal substitution
in consumption. Rather than selecting a random
sample of studies, | argue it makes sense to fo-
cus on published studies only. Published studies
can be, ex ante, expected to be of higher quality,
are better typeset (which makes data collection
easier and reduces the danger of typos), and un-
like working papers, for published studies there is
only one version available (which makes it easier
to date the study). Moreover, several meta-anal-
yses show that there is little difference between
published and unpublished studies in the extent
of publication bias (Rusnak et al. 2013).

Tests of publication bias. | prefer the funnel
asymmetry test discussed by Stanley (2005), be-
cause it has been shown to perform well in Mon-
te Carlo simulations and is very intuitive. The test
is based on the realization that in the absence of
publication bias there should be no systematic
relation between estimates and their standard
errors. The authors of primary studies usually re-
port t-statistics for their estimates, which means
that they assume that the ratio of the estimates to
their standard errors have a t-distribution, which
in turn implies that estimates and standard errors
should be statistically independent quantities. If,
on the other hand, researchers prefer to publish
estimates with a particular sign or statistical sig-
nificance, estimates will be correlated with stand-
ard errors. The regression is heteroskedastic, so
weighted least squares (with inverse of the vari-
ance as the weight) should be used. If possible,
researchers should use study-level fixed effects
and cluster standard errors at the study level. | also
recommend using the inverse of the square root
of the number of observations as an instrument
for the standard error. If the meta-analyst fails
to control for a method choice that affects the
estimates and their standard errors in the same
direction, he or she obtains biased estimates of
the extent of publication bias. The inverse of the
square root of the number of observations is usu-
ally a valid instrument, because it is obviously cor-
related with the standard error, but not correlated
with most method choices.
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Selection of variables. Most applications of
meta-analysis involve dozens of variables that may
potentially affect the magnitude of the parameter
in question. Itis not clear which variables should be
selected in the baseline model, because for many
of them we have little theoretical guidance (for ex-
ample, the effect of the number of observations),
but we still want to control for these aspects of
study design. | recommend not to use sequential
t-tests and remove the least significant variables
one by one; such an approach is not statistically
valid. Instead, meta-analysts should use Bayesian
model averaging, which is a method that formally
addresses model uncertainty in meta-analysis.
The methods runs millions of regressions with dif-
ferent combinations of all explanatory variables
and makes a weighted average over them (with
weights being approximately proportional to the
goodness of fit of the individual models).

Robustness checks. It is a matter of taste
whether to use weighted least squares in meta-
analysis when other explanatory variables than
the standard error are included. Tom Stanley
argues to always use weighted least squares,
because of the heteroskedasticity problem and
because weighting always gives priority to more
precise results. | prefer not to weight the regres-
sion by precision if the regression contains vari-
ables defined on the study level, like the number
of citations. Because precision differs for each esti-
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Uvop

Kapitalovy trh predstavuje mechanizmus a subor
institucif a transakcif, prostrednictvom ktorych sa
stretdvaju ponuka a dopyt po penaznom kapitdli.
Analyza kapitalovych trhov sa ¢asto zovseobec-
nuje a ziednodusuje iba na analyzu konkrétneho
burzového indexu, napriklad DJIA alebo DAX.
Toto jedno bezrozmerné ¢islo nasledne popisu-
je vyvoj trhu ako celku, pricom len velmi tazko
moZe zachytit komplexnejsie vazby v rdmci tohto
zloZitého systému. Cielom prace je preto analyza
struktury kapitédlového trhu na baze sektorovych
subindexov konkrétneho indexu (v nasom pripa-
de DIJA). Takto identifikovana struktira dava moz-
nost sledovat vztahy aj vo vnutri trhu, a nielen
jeho vyvoj ako celok, ¢o povazujeme v sic¢asnom
ekonomickom vyvoji charakterizovanom vyso-
kym stupriom zloZitosti za velky prinos.

PouziTA METODOLOGIA

Praca sa venuje hladaniu Struktdry amerického ka-

pitdlového trhu s vyuzitim sektorovych subindexov

amerického burzového indexu DJIA prostrednic-

tvom metddy najmensej kostry (Minimum Spanning

Tree), prvykrdt pouZitej profesorom Mantegnom

(1999). Celd analyza je vykonana v prostredf Statis-

tického programovacieho jazyka R. V praci su pou-

Zité nasledujuce matematicko- Statistické metddy:

* Metdda hladania najmensej kostry grafu (Mini-
mum Spanning Tree)

* Zhlukova analyza s vyuzitim Wardovej metédy
a metddy K-means

* Vlyuzitie modelu GARCH(1, 1) na identifikaciu
reziduf

* VWyuzitie klasickych korelacnych matic

* Analyza premennych na ¢asovych oknach

* Metdda podmienenych dynamickych koreldcif
(Dynamic Conditional Correlations)

* Analyza réznych typov vzdialenosti

* Matice prechodu a vyuzitie Markovovych retazcov

* Analyza rozptylu (ANOVA)

* \lypocet hodnoty v riziku VaR (Value at Risk)

VYUZITIE NAJMENSICH KOSTIER GRAFU

A KORELACNY PRISTUP PRI SIETOVEJ ANALYZE
Z&klady metodoldgie najmensej kostry grafu
s ciefom pochopenia struktury kapitalovych trhov
poloZil Rosario Mantegna (1999). Onnela a Chakra-
borti (2003) tieZ vychadzaju z vypoctu minimalnej
kostry grafu, na rozdiel od predchadzajiceho pri-
stupu vsak ma funkcia mapujuca korelacie medzi
vrcholmi na vzdialenosti nelinedrny priebeh. Tdto
novu sietovu strukturu nazvali dynamickym grafom
akcii. Bonanno a Caldarelli (2004) sa zaoberali vply-
vom ¢asového horizontu na vynosnost finan¢nych
indtrumentov a zistili, Ze s klesajucim ¢asovym ho-
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rizontom sa Struktlra grafu reprezentujlceho trh
postupne meni z komplexnej na jednoducht. Za-
oberali sa tieZ volatilitou ¢asovych radov cien akcif
a finan¢nymi trhmi z globalneho pohladu. Nésled-
ne autori zacali vyuZivat pri analyze pokrocilejsie
metddy tedrie grafov, napriklad reprezentéciu trhu
planarnymi grafmi (grafy, ktorych hrany sa nepreti-
naju). Podobnd metodika sa zacala vyuzivat aj pri
analyzovani trhu s menovymi parmi, teda pri ana-
lyze vymennych kurzov — Mizuno, Takayasu (2005),
Naylor, Rose, Moyle (2007). Medzi najnovsie analyzy
patria prace autorov Kenett, Tumminello, Mantegna
(2010), kde sa autori zaoberaju takzvanymi parcial-
nymi korelaciami. Tieto parcialne korelacie nasledne
vyuzivaju ako nastroj na njdenie najrelevantnejsich
hran v grafe. TaktieZ vychadzaju z planarych grafov
a Vv praci popisuju aj novy typ zavislej siete, pri ktorej
zahrnutie hran, respektive prepojent, zavisi od stred-
nych hodnot a standardnych odchylok jednotlivych
uzlov (vrcholov) tejto siete. \iy3sie uvedeni autori pri
svojich analyzach prevazne vyuZivaju Udaje z New
York Stock Exchange (NYSE), jedna z analyz vycha-
dzala aj zTel Aviv Stock Exchange (TASE).

CHARAKTERISTIKA ANALYZOVANYCH UDAJOV
Americky burzovy index DJIA (Dow Jones Indus-
trial Average) obsahuje sektorové subindexy, kto-
ré st uvedené v tab. 1.

Tabulka 1 Subindexy ako vybrané sektory americ-
kej ekonomiky

Skratka
(oznacenie) Cely nézov subindexu
subindexu

ATENE DOW JONES AMERICAS
ENERGY STOCK INDEX

A1BSC DOW JONES AMERICAS BASIC
MATERIALS STOCK INDEX

A1IDU DOW JONES AMERICAS
INDUSTRIAL STOCK INDEX

AINCY DOW JONES AMERICAS
CONSUMER NON-CYCLICAL
STOCK INDEX

A1TLS DOW JONES AMERICAS
TELECOMMUNICATIONS
INDEX

ATUTI DOW JONES AMERICAS
UTILITIES STOCK INDEX

ATFIN DOW JONES AMERICAS
FINANCIAL STOCK INDEX

A1TEC DOW JONES AMERICAS
TECHNOLOGY STOCK INDEX

ATHCR DOW JONES AMERICAS

HEALTHCARE STOCK INDEX
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Casové rady uzatvaracich cien tychto devia-
tich subindexov sme analyzovali v obdobi od
27.3.2001 do 15. 9. 2014. Pocas tohto obdobia
sme ziskali takmer 3 500 Udajov o uzatvdracich
cenach. Pre kazdy zo subindexov sme vypocitali
logaritmické denné vynosnosti dané vztahom:

Iy

rpn=In—=Inl; —Inl;_4 1)

t-1
kde It je hodnota burzového subindexu v ¢ase t.
Pre ilustraciu kumulativny tvar vynosnosti pr-
vych piatich subindexov uvddzame na obr. 1, pri-
¢om na obr. 2 je uvedend logaritmicka vynosnost
subindexu ENE. Z grafov je jasne viditelné, Ze ne-
stabilita a turbulentny vyvoj na trhu su zjavné naj-
ma v krizovom roku 2008, ked na obr. 1 sledujeme
pri vietkych piatich subindexoch vyrazny pokles,
¢o sa na obr. 2 prejavilo vysokou volatilitou kon-

krétneho subindexu.

Obrdzok 1 Kumulativna dennd vynosnost
vybranych subindexov DJIA, vlastné spracovanie
vprograme R
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Obrdzok 2 Logaritmickd vynosnost subindexu
ENE, vlastné spracovanie v programe R
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V prvom kroku analyzy sme testovali logaritmic-
ké vynosnosti na pritomnost jednotkového kore-
na. VyuZili sme rozsireny Dickeyov-Fullerov test.
Vo vseobecnosti uvazovany predpoklad o tom,
Ze logaritmické vynosnosti stacionarizuju ¢asovy
rad sa potvrdil, kedZe v kazdom ¢asovom rade
sme na zéklade p-hodnét testov zamietli nulovu
hypotézu o pritomnosti jednotkového korera. Po
splneni predpokladov, ktoré sa vyzaduju na ¢aso-
vé rady, analyza pokracuje s vyuzitim korela¢nych
matic, pricom bol vyuzity dvojaky pristup. Prvym
je vyuzitie ¢asovych okien, pri ktorom sa vyuzivaju
klasické korelacné matice. Druhy pristup vyuZiva
podmienené dynamické koreldcie. Oba pristupy
a vysledky z nich su uvedené v nasledujucich ka-
pitolach.

MODELOVANIE FINANCNYCH SIETi NA
NEPREKRYVAJUCICH SA CASOVYCH OKNACH
Na databédze dennych logaritmickych vynosnos-
ti boli vytvarané neprekryvajice sa ¢asové okna
dizky 20. Dizka ¢asového okna bola $tandardne
zvolend, priblizne sa rovnala poctu pracovnych
dni v mesiaci. Cielom vyuZitia neprekryvajdcich
sa ¢asovych okien bolo odstranenie kratkodobej
paméti z ¢asového radu. Tymto sposobom ndm
vzniklo 174 neprekryvajlcich sa ¢asovych okien
dlzky 20. Na tychto ¢asovych oknach sme vypoci-
tali krizové koreldcie medzi vynosnostami danych
subindexov. Pearsonov korela¢ny koeficient me-
dzi i-tym a j-tym subindexom je dany vztahom:

Covi’j
Pij = 0;.0; )

kde Citatel predstavuje kovarianciu medzi i-tym
a j-tym subindexom a v menovateli je uvedeny
sucin standardnych odchylok tychto subindexov.

Tieto korela¢né koeficienty sme s cielom zacho-
vania zékladnych axiém vzdialenosti pretransfor-
movali v sulade s metodikou profesora Mantegnu
(1999) podla vztahu:

d(lr]) = 2 X (1 - pi,j) (3)

kde d (i, j) predstavuje vzdialenost medzi i-tym
a j-tym subindexom a p (i, j) korela¢ny koeficient
medzi tymito subindexmi. Zavislost medzi nami
vypocitanou vzdialenostou a korelacnym koefi-
cientom uvadzame na obr. 3.

Z korela¢nych matic sme tymto spdsobom
vytvorili matice vzdialenosti. Ziskali sme 174
matic vzdialenosti. Tieto matice sU symetrické,
s rozmerom 9 X 9 (9 subindexov), na hlavnej di-
agondle maju nuly a hodnota v i-tom riadku
a j-tom stipci predstavuje vzdialenost itého a
j-tého subindexu. Takto definované matice uz
mozZu byt reprezentované kompletnymi grafmi
s deviatimi vrcholmi a 36 hranami (kazdy z de-
viatich vrcholov je spojeny s kazdym). Ziskali sme
takto 174 kompletnych grafov, ktoré ilustruju
vzdialenosti medzi subindexmi za dané casové
okno. Celd analyza prebieha v prostredi progra-
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2 Stuperivrcholu predstavuje pocet
hrdn, ktoré z neho vychddzaju.
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Obrdzok 3 Graf zdvislosti vzdialenosti vypoci-
tanej na zdklade rovnice (3) od korelacného
koeficientu, vlastné spracovanie

dij)

p(ij)

mu R, ktory pre pracu s grafmi pouziva kniznicu
igraph.

Ak je graf reprezentovany maticou vzdiale-
nosti, da sa v nom vypocitat najmensia kostra.
Vychddzame pritom z toho, Ze kazdy suvisly graf
ma kostru, pricom tato kostra predstavuje taky
Jpodgraf” grafu, ktory obsahuje vsetky vrcholy
(je faktorom), je suvisly a nemé kruznice (je stro-
mom). Ak graf md nejaké hranové ohodnotenie
(v nasom pripade dlzka hrany), potom urcite musf
v grafe existovat aspon jedna takd kostra, ktord
ma minimalny sucet hranovych ohodnoten, a ta-
kuto kostru budeme nazyvat minimalna. Existuje
viacero algoritmov na hladanie najmensej kostry
grafu reprezentovaného maticou vzdialenosti,
napriklad Kruskalov alebo Primov algoritmus.
KniZnica igraph pri vypocte minimalnej kostry
vyuZiva Primov algoritmus na hranovo vazenych
grafoch (reprezentovanych maticou vzdialenosti).
Algoritmus je nasledovny: v prvom kroku zvoli-
me [fubovolny vrchol a do kostry priddme hranu
s minimalnym ohodnotenim, ktord s tymto vrcho-
lom inciduje. Takto ndm vznikne strom. Nasledne
v daldich krokoch k aktudlnemu stromu pridédme
hranu, ktorej jeden vrchol leZi v strome a druhy
leZ{ mimo stromu, a to taky, ktord ma minimélne
ohodnotenie. Minimalna kostra stvislého grafu
s n vrcholmi teda predstavuje graf s n vrcholmi
an-1hranami.

Zo 174 kompletnych hranovo ohodnotenych
grafov sme si vypocitali 174 minimalnych kostier.
Priklad minimalnej kostry prvého ¢asového okna
spolu s moznostami jej reprezentacie (postup-
nostou stupriov jednotlivych vrcholov a stupna-
mi’ jednotlivych vrcholov) je na obr. 4, pricom,
ako sme uviedli, ide o graf s deviatimi vrcholmi
(subindexmi) a s 6smimi hranami (minimalnymi
vzdialenostami medzi nimi).

Vzhladom na vypoctovd ndro¢nost spractva-
nia tychto najmensich kostier pomocou matic
susednosti alebo vzdialenosti sme sa rozhodli re-
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Obrdzok 4 Reprezentdcia najmensej kostry grafu
prvého casového okna

Minimum Spanning Tree from 03/27/2001 — 04/24/2001
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prezentovat ich vektorom, ktory obsahuje pocet-
nosti vrcholov (obr. 4 viavo). Na takto definovanej
reprezentacii bola nasledne aplikovana zhlukova
analyza (vyuzivali sme Euklidovsku vzdialenost)
s cielom identifikovat urcité skupiny najmensich
kostier, ktoré maju rovnaku, respektive velmi po-
dobnu Strukturu. Takto sme identifikovali urcité
trhové rezimy, ktoré vychddzaju z empirickych
pozorovani, ked napriklad v pripade velkych po-
klesov na trhu maju vynosnosti tendenciu skore-
lovat a teda byt pri sebe velmi blizko, ¢o by malo
v nasej najmensej kostre vytvorit tvar hviezdy
(taky graf, ktory méd jeden vrchol stupfa n-1a n-1
vrcholov stupna jeden). Na druhej strane empi-
rické pozorovania poukazuju na to, Ze v pripade
stabilného trhu sa vynosnosti akcif vyvijaju kazda
vlastnym smerom, preto tam nepredpokladame,
Ze akcie budu az tak velmi blizko seba, teda uva-
Zujeme, Ze v nasich najmensich kostrach sa za¢nu
objavovat dihsie cesty. Co satyka ¢asového vyvoja
prislusnosti ku konkrétnemu zhluku, ktory sledu-
jeme na prechode medzi jednotlivymi zhlukmi na
obr. 5, pozorujeme, Ze nami vypocitané Struktiry
maju tendenciu chvilu ostavat v jednom reZime
(zo zaciatku), pricom zaznamenavaju aj rychlo sa
meniaci vyvoj (ku koncu).

Obrdzok 5 Prechod medzi jednotlivymi rezimami
trhu reprezentovanymi styrmi zhlukmi, prvych 15
casovych okien

Transition between Groups, first 15 periods
40

03/27/2001 — 04/24/2001

04/25/2001 - 05/22/2001 ~
05/23/2001 - 06/20/2001

06/21/2001 - 07/19/2001
08/17/2001 — 09/20/2001

09/21/2001 - 10/18/2001
11/16/2001 - 12/14/2001
12/17/2001 - 01/15/2002
01/16/2002 — 02/13/2002
02/14/2002 — 03/13/2002
03/14/2002 — 04/10/2002
04/11/2002 — 05/08/2002
05/09/2002 — 06/05/2002

07/20/2001 - 08/16/2001
10/19/2001 = 11/15/2001
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MODELOVANIE FINANCNYCH SIETI

S VYUZITIM PODMIENENYCH DYNAMICKYCH
KORELACII

Jadro diplomovej prace tvorilo pri aplikacii me-
tédy najmensej kostry vyuZitie podmienenych
dynamickych koreldcif, preto sa tejto téme bude-
me venovat podrobnejsie ako predchadzajlcej
moznosti vyuZivajucej ¢asové okna. Aj pri tejto
analyze sme vychddzali z deviatich subindexov
amerického burzového indexu DJIA. Na rozdiel
od predchéadzajucej analyzy sme uz nevyuZivali
¢asové okna, ale vychadzali sme z rezidui mode-
lu GARCH(1, 1), z ktorych sme nasledne pocitali
podmienené dynamickeé koreldcie pre kazdu dvo-
jicu subindexov. Najprv sme rovnako ako v pred-
chadzajucej analyze vypocitali logaritmické vy-
nosnosti jednotlivych subindexov. Z tychto sme
odhadli modelom GARCH(1, 1) rezidua a z nich
sme vypocitali podmienené dynamické koreld-
cie. Priklad logaritmickych vynosnosti subindexov
IDU a NCY a nésledne vyvoj ich podmienenych
dynamickych korelacii uvddzame na obr. 6. Ako
mozeme vidiet, logaritmické vynosnosti oboch
sledovanych subindexov sa vyvijaju podobne,

preto aj ich podmienené dynamické koreldcie
su relativne vysoké. Pri grafe podmienenych dy-
namickych koreldcif je ervenou horizontdlnou
osou oznacend strednd hodnota podmienenej
dynamickej korelacie za celé sledované obdobie
a modré horizontédlne ciary predstavuju sucet,
respektive rozdiel strednej hodnoty a standardnej
odchylky tychto korelacif.

Na rozdiel od predchadzajucej casti, v ktorej
sme korela¢né matice pocitali z neprekryvajucich
sa casovych okien dizky 20 a datovi zékladnu
tvorilo ,iba” 174 korela¢nych matic, vdaka pristu-
pu s vyuzitim podmienenych dynamickych kore-
lacii mame k dispozicii takmer 3 500 korelacnych
matic (jednu za kazdé jedno ¢asové pozorovanie).
KedZe model GARCH(1, 1) povazujeme za filter,
ktory ¢asové rady ocistuje od kratkodobej pama-
te, predpokladdme, Ze z analyzovanych ¢asovych
radov sa nam aspon z casti podarilo odstranit
kratkodobu pamét. Néasledne sme rovnako ako
v predchddzajucej kapitole vypocitali z korelac-
nych matic matice vzdialenosti, z nich kompletné
grafy, ktoré sluzili na vypocet najmensich kostier.
Dalej sme tieto kostry reprezentované binarnymi

Obrdzok 6 Logaritmické vynosnosti a podmienené dynamické koreldcie medzi subindexmi IDU a NCY

Logarithmics Return Series for IDU

Logarithmics Return Series for NCY
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Slucka je hrana vedica z vrcholu
do neho samotného (v nasom
pripade to mozno interpretovat
pravdepodobnostou, Ze rezim trhu
ostane aj v nasledujicom obdobi
stabilny, ostane v rovnakom rezime
a nepreskoci do iného rezimu).

maticami susednosti zhlukovali pomocou Wardo-
vej metody aj metddy K-means pri porovnavani
réznych typov vzdialenosti a podobne. Podrob-
nu analyzu prekrytia v zavislosti od typu zvolenej
vzdialenosti a poctu identifikovanych zhlukov
moze Citatel najst v diplomovej praci.

Analyza nasledne pokracovala vypoctom
takzvanych matic prechodu. Nami identifikovany
konkrétny zhluk predstavuje podla nasho pred-
pokladu konkrétny rezim nachadzajuci sa na trhu.
Ak predpokladdme, Ze americké burzové indexy
vdaka svojej obrovskej likvidite predstavuju trhy
blizke efektivnym trhom, potom mézeme prijat
predpoklad o neexistencii pamate tohto trhu
a vynosnosti povaZovat za realizacie Markovovho
procesu. Pri prijati tohto predpokladu uvazujeme
0 matici prechodu, ktord predstavuje Stvorcovu
maticu rozmeru k X k (kde k predstavuje pocet
identifikovanych zhlukov). Tato matica v i-tom
riadku a j-tom stlpci vyjadruje pocet rezimov trhu,
ktoré boli v ur¢itom pozorovani v i-tom a v nasle-
dujucom pozorovani v j-tom zhluku. Stcet prvkov
na hlavnej diagondle tejto matice predstavuje
pocet rezimov, ktoré ostali v rovnakom zhluku aj
v nasledujicom obdobf. Cim vacsi je pocet prv-
kov na hlavnej diagonale tejto matice, tym je trh
v sledovanom obdobi stabilnejsi (rezimy ostavaju
stabilné a nie su pozorované ¢asté prechody me-
dzi nimi). Tieto prechodové matice sme vypocitali
pre kazdy druh vzdialenosti a rézne pocty zhlu-
kov. Z vysledkov nasej analyzy vyplyva, ze trhy
su vacsdinou relativne stabilné, kedze vo vacsine
uvazovanych druhov vzdialenosti so zohladne-
nim rézneho poctu zhlukov tvori hlavna diagona-
la tychto matic prechodu najvacsiu ¢ast hodnot.
Znamena to, Ze ak sa trh nachadza v konkrétnom
reZime, je najvacsia pravdepodobnost, Ze v tomto
rezime aj zostane. Ako priklad v ¢lanku uvadzame
Styri zhluky pre vzdialenost Canberra, pri ktorej az
3121 (sucet prvkov na hlavnej diagonéle) z 3 498
pozorovani ostalo v nasledujicom obdobi v rov-
nakom zhluku. Tento vyvoj je zobrazeny aj na
obr. 7, kde sme pre lepsiu prehladnost vymazali
Usecky reprezentujlce prechody medzi zhlukmi
(¢im dlhsia a pInsia je modra elipsa, tym dlhsie bol
trh v rovnakom rezime).

Z matice prechodu sme nasledne odhadli ma-
ticu pravdepodobnosti prechodu z jedného zhlu-
ku do iného. Tato matica je zostrojena predelenim
konkrétnej hodnoty matice prechodu riadkovym
stc¢tom matice prechodu, kde sa dana hodnota
nachadza. Interpretdcia tejto matice je nasledov-
né: hodnota v i-tom riadku a j-tom stlpci predsta-
vuje pravdepodobnost, Ze ak sa trh nachadza v re-
Zimei,v nasledujucom obdobi sa bude nachadzat
v rezime j. Cim vacsi je pocet rezimov trhu, ktoré
boli v nejakom pozorovani v i-tom a v nasleduju-
com pozorovani v j-tom zhluku, tym vécsia je aj
pravdepodobnost prechodu medzi i-tym a j-tym
zhlukom. Tato matica pravdepodobnosti precho-
du medzi zhlukmi sa najcastejsie graficky zobra-
zuje pomocou orientovanych grafov so slucka-
mi?, ktorych vrcholy predstavuju zhluky a hranové
ohodnotenie predstavuje pravdepodobnost pre-
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Obrdzok 7 Vyvoj prislusnosti ku konkrétnemu
zhluku, vzdialenost Canberra, Styri zhluky
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chodu medzi danymi vrcholmi (zhlukmi). Pre
pripad nami uvaZovanej vzdialenosti Canberra
v pripade styroch zhlukov je uvedend grafickd re-
prezentacia (obr. 8), kde naozaj mézeme sledovat
najvyssiu pravdepodobnost stabilného, nemenia-
ceho sa trhu, vzhladom na vysoké pravdepodob-
nosti uvedené v slu¢kach. MoZno tu tiez sledovat
aj to, ako preskakuju rezimy medzi sebou. Velmi
malo napriklad medzi sebou preskakuju rezimy
medzi 3. a 4. zhlukom (1 % pravdepodobnost),
CastejSie medzi 1. a 4. zhlukom (7 a 4 % pravde-
podobnost).

Obrdzok 8 Orientovany graf so sluckami repre-
zentujuci pravdepodobnostnt maticu prechodu
pre vzdialenost Canberra a styri zhluky
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Dalou témou diplomovej prace bola realizacia
Markovovych retazcov, na zaklade ktorych autor
simuloval vyvoj trhu do buducnosti. Pri tychto
retazcoch sa vychddza z vyssie uvedenych prav-
depodobnostnych matic a uvazuje sa o tom, Ze
ak pozndme pravdepodobnosti prechodu medzi
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rezimami v ramci nasledujucich obdobi, vieme
odhadnut, ako sa bude trh spravat v buducnosti.
Bud'skonverguje k nejakému konkrétnemu rezimu,
alebo bude nejaky rezim na trhu z dlhodobého
hladiska dominovat. Tuto simuldciu vyvoja pravde-
podobnosti sme vykonali pre spominanu vzdiale-
nost Canberra so styrmi zhlukmi, ktorej pravdepo-
dobnostnad matica je graficky reprezentovana na
obr. 8. Simulaciu pocas prvych 30 dni sme vykonali
pre trh,Startujuci’ v kazdom zo $tyroch uvedenych

reZimov a jej vysledky su uvedené na obr. 9. Ako
mbZzeme vidiet, pravdepodobnost, Ze sa aj v na-
sledujucich dnoch bude trh nachddzat v rezime,
v ktorom sa zacal, postupne klesa, pricom prav-
depodobnost ostatnych reZzimov rastie. Nasledne
bola vypocitand dlhodobd predpoved konver-
gencie pre jednotlivé reZimy, ktord vychadza prave
z aplikacie Markovovych retazcov. Na obr. 9 su tieto
vypocitané hodnoty uvedené ciarkovanou ciarou
a je zrejmé, Ze aj simuldcia sa k nim postupne bliZi.

Obrdzok 9 Simuldcia vyvoja pravdepodobnosti prislusnosti k zhluku prvych 30 dni od identifikdcie
trhového reZzimu pre vzdialenost Canberra a Styri zhluky
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Nasou ambiciou v zavere analyzy bolo popisat
na zéklade grafovych charakteristik kazdy identi-
fikovany zhluk (trhovy rezim) pre kazdu vzdiale-
nost. Viychéddzali sme z toho, Ze zhluky st identi-
fikované na zéklade najmensich kostier, preto je
logické hladat nejakd reprezentativnu najmensiu
kostru za jednotlivé zhluky. Vypocitali sme ich tak,
7e sme spocitali za kazdy zhluk matice susednosti
jednotlivych najmensich kostier. Podstata je taka,
7e ak jednotka v matici susednosti predstavuje
hranu medzi dvojicou vrcholov a ak tieto hrany
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spocitame, v novovzniknutej matici budd mat
najvacsie hodnoty hrany, ktoré sa vdanom zhluku
vyskytuju najcastejsie. Prikladom moze byt ten-
tokrat vzdialenost Minkowski so Styrmi zhlukmi,
ktord pre prvy zhluk uvédzame na obr. 10. Vlavo
na tomto obrazku je graf, ktory vznikne suctom
matic susednosti najmensich kostier prvého zhlu-
ku. Hrubka hrany predstavuje pocet spoloc¢nych
hran v zhluku. Vpravo je z tohto grafu vypocitany
reprezentant najmensej kostry prvého zhluku na
zaklade hrubky hran (najhrubsie hrany). Nasledne
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Obrdzok 10 Vzdialenost Minkowski, Styri zhluky: grafickd reprezentdcia grafu vytvoreného suctom
matic susednosti najmensich kostier prvého zhluku (vlavo) a reprezentant najmensej kostry prvého
zhluku (vpravo), hribka hrany predstavuje pocet spolo¢nych hrdn v zhluku
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sme porovnavali tieto reprezentativne najmensie

kostry prostrednictvom grafovych charakteristik.

Zhluky zastupovali reprezentativne najmensie

kostry a porovnavali sme nasledujice grafové

charakteristiky:

e stupne vrcholov v reprezentativnej najmensej
kostre,

® postupnost stupnov vrcholov v reprezentativ-
nej najmensej kostre,

* excentricitu vrcholov v reprezentativnej naj-
mensej kostre,

* polomer reprezentativnej najmensej kostry,

* priemer reprezentativnej najmensej kostry.
Podarilo sa ndm identifikovat urc¢ité malé roz-

diely medzi uvaZzovanymi zhlukmi. Predpoklada-

me, ze ¢im mensi je polomer a priemer grafu, tym

volatilnejsi trh zhluk reprezentuje, kedze v tomto

pripade maju burzové indexy tendenciu skorelo-

vat a priblizovat sa k sebe. Naopak, vacsie polo-

mery a priemery grafu hovoria o dlhsich cestach,

a teda o stabilnejsich rezimoch trhu. Z pohladu

analyzy excentricit jednotlivych subindexov mo-
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Zeme povedat, ze pocas vacsiny sledovaného
obdobia bol centrom trhovej Struktury subindex
IDU. Detailnejsie vysledky a porovnanie jednotli-
vych grafovych charakteristik sa nachadza v pred-
metnej diplomovej praci.

ZAVER

V prispevku sme prezentovali ¢ast diplomovej
prace, ktord bola venovana modernej matematic-
kej discipline, tedrii grafov. Z pohladu autora ide
0 jednu z moznosti, ktorou sa v buducnosti bude
uberat analyza Struktury kapitélovych trhov. Naj-
vacsi doraz bol v praci kladeny na metédu hlada-
nia najmensej kostry grafu, ktord predstavuje taku
Struktdru prvkov v rdamci skupiny, pri ktorej maju
tieto prvky k sebe najblizSie. Metéda bola apliko-
vana na sektorovych subindexoch amerického
burzového indexu DJIA a vyuzili sa pri nej mnohé
matematicko-Statistické metddy. Kazdou realizo-
vanou analyzou sa v praci otvdrali dalsie moznosti
pre naslednu analyzu a problematika si Ziada dal-
Sie hlbsie skimanie.
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Vyuzitie prostriedkov umele]
inteligencie na akciovych trhoch'

Martin Jakubéci

Fakulta managementu Univerzity Komenského v Bratislave

Uvop

Akciové trhy su ter¢om zaujmu mnohych in-
vestorov, ktori chcu dosiahnut zisk, ale tiez ved-
cov, ktorf sa snazia najst poriadok v tychto zlozi-
tych systémoch. Mnozstvo interakcif a vztahov to
robf velmi ndro¢nym. Existuje mnoho modelov
a stratégii, ktoré si ¢asto protirecia. Ak sa zame-
riame na investorov, ktor{ vyberaju akcie do port-
folia, tento problém je mozné chépat ako viac-
kriteridlny. Medzi kritérid najcastejsie patri vynos
a riziko. Je zrejmé, Ze tieto kritérid si protirecia:
vysoky vynos znamena aj vysoké riziko a naopak
nizke riziko znamena nizky vynos. Pri viackriteri-
alnej optimalizacii sa preto neda najst jedno op-
timéalne riesenie, ale hladaju sa Pareto optimélne
rieSenia (tzv. Pareto front), pre ktoré nie je moz-
né zmenou rieSenia dosiahnut lepsie plnenie
niektorého kritéria bez zhorsenia v plnenf iného
kritéria.

Rozvoj informacnych technolégif umoznil aj
rozvoj pocitacovych rieseni pre takéto problémy.
Na rieSenie problémov na pocitaci potrebujeme
algoritmy, teda postupnosti krokov. Pri niektorych
problémoch viak nie je tato postupnost zndma.
V tychto pripadoch moéZeme vyuzit algoritmy
strojového ucenia. Patria sem aj evolu¢né algo-
ritmy, ktoré vyuzivaju operatory inspirované evo-
lu¢nou tedriou. Jednym z evolu¢nych algoritmov
je genetické programovanie, ktoré vyuziva stro-
movU reprezentaciu riesenia. Tato reprezentacia
sa hodf aj pre investi¢né pravidl, ktoré rozhoduju
0 akciach zaradenych v portféliu.

Genetické programovanie je evolu¢ny algo-
ritmus na automatické hladanie rieseni, kde rie-
Senie je program, ktory je zvacsa reprezentovany
stromovou Struktirou. Na zaciatku je vytvore-
nd prva generacia, teda populacia ndhodnych
programov (rieseni). Z nej potom stochastickou
transforméaciou vznikaju dalsie generacie, pricom
vzdy dufame, Ze kazda dalsia generacia je lepsia.
To znamen4, Ze obsahuje programy, ktoré lepsie
riesia dany problém. Na vyhodnotenie kvality rie-
Senia sa pouziva tzv. fitness funkcia. Nové genera-
cie vznikaju aplikaciou genetickych operacif, kto-
ré su indpirované evolu¢nou tedriou, a to vyberu,
mutécie a krizenia [19]. Na kombindciu viacerych
kritérif existuju rézne modifikdcie evolu¢nych al-
goritmov [9].

Pri hladani rieSenf su potrebné Udaje, na kto-
rych sa dané pravidld testuju. Tieto Udaje slUZia
ako vstup. Najcastejsie sa pouzivaju historické
ceny akcif, ale aj rézne fundamentalne a technic-
ké indikatory. Viyskum sa v3ak orientuje aj na iné

druhy udajov. KedZe internet pouzivaju miliar-
dy fudi, daju sa v ich aktivite ndjst vztahy. Preto
spbsobili tieto Udaje (napr. o popularite réznych
pojmov na internete) zaujem a boli aplikované aj
v oblasti akciovych trhov [16] [21] [22]. Evolu¢né
algoritmy su vhodné na hladanie réznych kom-
binacii tychto Udajov. Aplikaciou evolu¢nych al-
goritmov na finan¢nych trhoch sa zaoberd velké
mnozstvo publikdcif [1] [2] [3] [4] [6] [7] [8] [9] [10]
(1110131 (141 (151 (171 [18] [20] [23].

Pre overenie rieseni najdenych algoritmom je
potrebné porovnanie s inymi stratégiami. Vacsina
publikécii sa orientuje len na porovnanie s trho-
vym indexom, zaujimavé je viak aj porovnanie
s inymi stratégiami, ktoré vyuzivaju investori. Ide
o stratégie zaloZené napr. na technickej alebo
fundamentélnej analyze.

Cielom dizertatnej prace bolo preskumat
moznosti viackriteridlnej optimalizicie pomocou
evolu¢nych algoritmov a ich vyuZitia pri hladani
investi¢nych stratégii. Ako zdroj Udajov su pouzité
zdroje z internetu. Okrem Standardne pouziva-
nych Udajov o cenach a réznych indikatorov boli
pouZité aj Udaje o aktivite na internete:
® 70 sluzby Google Trends (https://www.google.

com/trends),
® pocty videni strdnok Wikipedia (http://stats.

grok.se).

Vyslednd implementécia bola porovnana s iny-
mi réznorodymi stratégiami.

MEeT6DY
Na hladanie hodnotiacich pravidiel akcii bol po-
uzity algoritmus viackriteridlneho genetického
programovania. Vstup takého pravidla pozostava
7 historickych udajov o firme a vystupom je ¢isel-
ny index. Tento index sluZi ako odporucanie in-
vestovat do akcif danej firmy. Najdené pravidla sa
nasledne overovali v investi¢nej stratégii, podla
ktorej boli nakipené akcie 10 firiem s najvy3sim
indexom.

Na hodnotenia jednotlivych pravidiel v inves-
ti¢nej stratégii sa pouzili nasledujuce kritéria:
® Priemernd denna miera ndvratnosti

T

1 OR —Res
H= 7@ R,
t=1 t—-1
kde R, je pociatocna hodnota portfolia, R je vy-
sledna hodnota portfélia v ¢ase t a T je pocet
obdobf.

Cldnok je zhmutim dizertacnej
prdce s rovnakym ndzvom, za
ktort ziskal autor tretiu cenu

v sutazi o cenu guvernéra NBS pre
Studentov univerzit za vynimocnu
dizertacnd, pripadne diplomovu
prdcu v oblasti menovej ekonémie,
makroekonémie alebo financnej

ekondmie.
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* Standardna odchylka dennych vynosov

kde T je pocet obdobi, r, je miera navratnosti

v ¢aseia je priemernd miera navratnosti.

Na kombindciu kritérii sa pouzil algoritmus
SPEA2, ktory vyuZiva externy archiv pre uchova-
vanie najlepsich riedeni a pozostava z tychto kro-
kov [24]:

1. Inicializacia - vygeneruj nahodnu populéciu
rieSeni a prazdny archiv, nastav t = 0.

2. Priradenie fitness — vypocitaj fitness hodnoty
v populdcii aj archive.

3. Environmentalny vyber — skopiruj nedomino-
vané riedenia z populacie a archivu do nového
archivu. Ak velkost nového archivu presiahne
definovanu velkost, vyuZije sa zmensovaci ope-
rator. Ak je velkost nového archivu mensia, na-
plni sa dominovanymi riedeniami.

4. Ukoncenie — ak t > T alebo je splnené iné krité-
rium na ukoncenie. Vystupom je mnoZina ne-
dominovanych rieSeni z archivu.

5. Vyber - vykonaj turnajovy vyber z archivu pre
vytvorenie mnoziny riesenf pre krizenie a muta-
cie.

6. Variacia — aplikuj krizenie a mutaciu pre vytvo-
renie novej populacie. Inkrementuj &islo gene-
racie t=t+ 1 a pokracuj krokom 2.

Algoritmus bol implementovany v jazyku Ci#
na platforme Microsoft Net, s pouzitim kniznic
MetaLing na pracu so stromami vyrazov a Micro-
soft Automatic Graph Layout na vizualizaciu rie-
Sen.

Vysledky boli porovnané s réznorodymi inves-
ti¢nymi stratégiami:

* Lotériové obchodovanie, ktoré vykonava na-
hodné rozhodnutia, ¢ize ho implementujeme
ako hodnotiace pravidlo, ktoré vracia nahodné
hodnotenie akcie.

* Néhodné stratégia vyuzivajuca ndhodné hod-
notiace pravidlo. Také sa vytvaraju v prvej gene-
racii trénovania genetického programovania.

* Pre preskimanie velkého mnoZstva ndhodnych
stratégii bolo pouzité nahodné prehladavanie
riesent.

* Bezrizikovd investicia je reprezentovana trojroc-
nymi viddnymi dlhopismi USA.

e Stratégia kip a drZ znamena, Ze aktivum je ku-
pené na zaciatku obdobia a predané na konci
obdobia. Aplikujeme ju na DJIA index.

* Stratégia Psy z Dow investuje do 10 firiem s naj-
vyssim dividendovym vynosom spomedzi fi-
riem indexu DJIA [5].

¢ Jednoduché plavajuce priemery (skratka SMA,
z angl. simple moving averages) sa rataju ako
priemer predoslych dni. Ak cena rastie nad pla-
vajuci priemer, akcia sa ma kupit, ak klesne pod
plavajuci priemer, ma sa predat [12].

* Exponencidlne plavajuce priemery (skratka
EMA, z angl. exponential moving averages) su
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podobné SMA, ale s klesajucim vplyvom star-
Sich dnf pri vypocte [12].

* Konvergencia a divergencia plavajucich prie-
merov (skratka MACD, z angl. moving average
convergence divergence) sa rata ako rozdiel
medzi 26-driovym EMA a 12-dhovym EMA -
ked pretne signaliza¢nu ciaru (EMA z MACD)
zdola, je to ndkupny signal [12].

VYSLEDKY
Pocas experimentov sa pouzili Udaje 30 firiem, kto-
ré su sucastou indexu DJIA. Historické Udaje boli
vybrané z obdobia rokov 2008 az 2014, rozdelené
na rozne obdobia. Starsie Udaje nebolo mozné
pouzit, lebo Udaje o pocte videni na Wikipedii su
k dispozicii od decembra 2007. Tieto Udaje vsak
obsahuju finan¢nu krizu rokov 2008 a 2009, ked
trh prudko padal, a tieZ aj prudko rasttce pokri-
zové obdobie. Udaje boli rozdelené na niekolko
obdobi v dvoch nastaveniach, kazdé s dvomi vy-
hodnocovacimi obdobiami:

e trénovacie obdobie 2010 az 2012, valida¢né
obdobie 2013, vyhodnocovacie obdobie prva
polovica 2014 a 2008 aZz 2009,

* trénovacie obdobie 2008 a 2009, validacné ob-
dobie 2010, vyhodnocovacie obdobie 2011 az
2012 a2013.

Trénovacie obdobie sa pouzilo na hladanie rie-
seni, validacné obdobie na vyber tych najlepsich
z Pareto frontu a vyhodnocovacie obdobie sa po-
uzilo na vyhodnotenie (simuluje to vlastne vyuzi-
tie v buducnosti). Pouzité boli aj dve nastavenia
transak¢nych ndkladov, a to nulové a na Urovni
0,5 % hodnoty transakcie. Skusali sme aj tri nasta-
venia vstupnych Udajov:

* iba historické ceny akcif,

* iba Udaje o internetovej popularite (Google
a Wikipedia),

¢ kombindciu oboch.

Obchody sa vykonavali na dennej béze, so za-
Ciatocnym kapitdlom 100 000, pricom sa nedr-
zala ziadna hotovostnd rezerva, Cize celd suma
sa vzdy investovala do akcii. Investovalo sa do 10
akcif s najlepsim hodnotenim a ak boli vlastnené
niektoré z 10 akcii s najhorsim hodnotenim, tak
sa predali. Casové okno pre Udaje bolo 50 dni,
Cize pri rozhodovani o akcidch v dany den boli
k dispozicii udaje za 50 dni dozadu. Pre genetic-
ké programovanie sa pouzilo vzdy 300 generacii,
velkost populacie 50 rieseni, velkost archivu 20
rieseni a maximalna hibka stromu bola 8.

Vysledky boli zobrazené vizudlne na dvojroz-
mernych grafoch. Na osi x sa nachddza priemerna
dennd miera navratnosti a na osi y je smerodajna
odchylka miery navratnosti. Hodnoty na osi x ma-
ximalizujeme a na osi y minimalizujeme, to zna-
mend, Ze najlepsie riesenia sa nachadzaju v pravej
spodnej Casti. Zobrazené su bud Pareto fronty
rieSeni, alebo body, ktoré reprezentuju konkrétnu
stratégiu, alebo priemer napriec rieseniami. Pri Pa-
reto frontoch z trénovacieho a overovacieho ob-
dobia ide o ukazkové behy. Pri priemeroch, ktoré
sU porovnavané s inymi stratégiami, ide o prieme-
ry z 10 behov simulacie.
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Obrdzok 1Ukdzkové Pareto fronty bez transakcnych ndkladov: pre trénovacie obdobie 2010 az 2012,
trénovacie obdobie 2008 az 2009, validacné obdobie 2013 a validacné obdobie 2011
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Zdroj: Vlastné vypocty.

Z experimentov ndm vysli Pareto fronty, teda
mnoZiny najlepsich rieseni, ktoré vidiet na obr. 1.
V trénovacom obdobi tvorilo Pareto front vzdy
viac rieseni a tvorili pekny front. Vo valida¢nom
obdobi boli preriedené. Na obrazku tiez vidiet,
7e najlepsie vysledky su dosiahnuté zapojenim
oboch druhov Udajov. Vidiet tiez, Ze v krizovom
obdobf sa dosahovali nizke vynosy a vysoké od-
chylky. Na obr. 2 vidime ukaZku porovnania v jed-
nom z vyhodnocovacich obdobi. Jednoznacne tu
dominuju rieSenia z genetického programovania
a v rdmci nich tie so zapojenim internetovych
udajov.

Pri. experimentoch bolo ndjdené mnoZstvo
réznorodych pravidiel. Ukézku pravidla vidime na
obr. 3. Vidime tu priamu Umernost s popularitou
na Wikipedii a Googli z predoslého dia (oznace-
né ako lastWiki a lastGoogle). Dalej tu vidime ne-
priamu Umernost s popularitou na Googli z dna
predtym (Lag 49, teda posun o 49 dni, pricom ¢a-
sové okno je 50 dni). Nepriama Umernost je dand
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Obrdzok 2 Porovnanie vo vyhodnocovacom
obdobi 2014
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Obrdzok 3 Ukdzka ndjdeného hodnotiaceho
pravidla s vyuZitim iba internetovej popularity

Zdroj: Vlastné vypocty.

operaciou kosinus. V pripadne tohto modelu to
mozeme interpretovat ako odporucanie kupovat
akciu, kym popularita rastie, a predavat, ked klesa.
Atraktivita akcie je pritom tym vyssia, ¢im je tento

Tabulka porovnania priemernych dennych vynosov
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nakladov
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Priemer za vietky
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Pocet vitazstiev za
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Pocet vitazstiev
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Zdroj: Viastné vypocty.

rast vacsi. Toto odporucanie je v protiklade s vy-
sledkami Preisa a kol. [21] M6Ze to byt ale dané
réznou frekvenciou obchodoy, Preis a kol. ich vy-
konavali tyzdenne, my denne. Je v3ak zrejmé, ze
genetické programovanie je schopné njjst zlo-
Zité modely, ktoré by sa tazko nachadzali inymi
postupmi.

ZAVER
Vo vyhodnoteni sme porovnali stratégiu zaloZzenu
na hodnotiacich pravidlach s inymi stratégiami.
Tieto pravidla sluzia na ohodnotenie atraktivity
akcie a boli vytvorené genetickym programova-
nim s dvomi kritériami, a to priemernym dennym
vynosom a smerodajnou odchylkou. Vytvorili sa tri
typy pravidiel, a to s vyuzitim iba historickych cien
akcif, iba Udajov o internetovej popularite a s vyu-
Zitfm oboch druhov Udajov. Pravidla sa tvorili na
trénovacom obdobi, filtrovali sa na valida¢nom
obdobi a overovali sa na dvoch vyhodnocova-
cich obdobiach. Pouzili sme dve r6zne nastavenia
tychto obdobf a tieZ overovanie bez transakénych
nakladov, ako aj s transakénymi nakladmi na Urov-
ni 0,5 %, ktoré sa ratali z hodnoty obchodu.
Ukdzalo sa, Ze genetické programovanie je
schopné dosahovat zaujimavé vysledky, ktoré vo
vacine pripadov pordzaju trh a aj iné stratégie.
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Financné Internetové Vsetky DJI DOG Bonds Random mal0 ema macd
0,000673 0,001029 0,001033 0,000531 0,000574 2,03E-05 0,000400 0,000575 0,000560 0,000369
0,001505 0,000899 0,001172 0,001234 0,001228 1,48E-05 0,000682 0,000817 0,000941 0,001098
0,000617  0,000826 0,000659 3,67E-05 0,000381 2,11E-05 -0,002425 0,000190 0,000251 0,000420
0,00029 0,0003 0,00033 -0,000112 -0,000266 4,99E-05 -0,000510 0,000145 0,000268 0,000299
0,000557  0,001607 0,000815 -0,000112 -0,000266 4,99E-05 0,00001 0,000145 0,000268 0,000299
0,000470 0,000383 0,000506 0,000632 0,000742 3,01E-05 0,000195 0,000552 0,000505 0,000402
0,000317  0,000764  0,0007 0,000427 0,000329 1,04E-05 0,000224 0,000269 0,000278 0,000114
0,001492 00014 0,0015 0001234 0,001228 1,48E-05 0,000682 0,000817 0,000941 0,001098
0,000770 0,000620 0,000831 0,000531 0,000574 2,03E-05 -0,003061 0,000578 0,000562 0,000371
0,000964  0,001378 0,000845 0,001234 0,001228 1,48E-05 0,000380 0,000819 0,000943 0,001102
0,000279  0,000528 0,000505 3,67E-05 0,000381 2,11E-05 0,001849 0,000190 0,000252 0,000421
0,00029 0,00031 0,00033 -0,000112 -0,000266 4,99E-05 -0,002261 0,000147 0,000270 0,000302
0,000557 0,000536 0,000777 -0,000112 -0,000266 4,99E-05 -0,002261 0,000147 0,000270 0,000302
0,000471  0,000744 0,000281 0,000700 0,000745 3,00E-05 -0,015736 0,000552 0,000499 0,000388
0,000205 0,000428 0,000450 0,000427 0,000329 1,04E-05 0,002564 0,000270 0,000280 0,000115
0,0013 0,00135 0,0014 0,001234 0,001228 1,48E-05 0,000380 0,000819 0,000943 0,001102
0,000672  0,000819 0,000758 0,000488 0,000494 2,64E-05 -0,001180 0,000439 0,000502 0,000513
0,000599  0,000738 0,000734 0,000396 0,000418 2,40E-05 6,30E-05 0,000356 0,000435 0,000484
1 6 7 0 1 0 0 0 0 0
0 3 5 0 0 0 0 0 0 0



CE N A

G UV ERNETR A N B S

Zapojenie Udajov o internetovej popularite tieto
vysledky este zlepsuje. Z hodnotiacich pravidiel
je jednoduché, vdaka prehladnej stromovej re-
prezentacii, extrahovat zlozité nelinedrne mode-
ly. Jednym z takychto extrahovanych modelov je
pozitivne hodnotenie akcie podla rasticej popu-
larity vo vyhladavacdi Google a na encyklopédii
Wikipedia.

Bolo tiez overené, ze napriek tomu, Ze trénova-
nie sa vykondvalo na rasticom trhu pokrizovych
rokov, dobré vysledky sa dosiahli aj na klesaju-
com trhu krizovych rokov. A platilo to aj naopak.
Transakéné naklady ovplyvnili negativne vysledky
genetického programovania, ale stale bolo schop-
né vo vacsine pripadov porazit ostatné stratégie.

Co sa tyka ostatnych stratégif, dlhopisy sa po-
tvrdili ako bezrizikova investicia s nizkym a sta-
bilnym vynosom, ¢o bolo zaujimavé najma
v krizovych rokoch. Technickd a fundamentélna
analyza je schopna dosiahnut zaujimavé vynosy,
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Prispevok nadvdzuje na prispevok
autorov J. Zdkovd a M. Camek

s ndzvom Preco je potrebné refor-
movat nds déchodkovy systém,
uverejneny v ¢asopisu BIATEC, roc.
23, ¢islo 10/2015 < http://www.
nbs.sk/_img/Documents/_PUBLIK_
NBS_FSR/Biatec/Rok2015/10-2015/
biatec_10_2015_zakova.pdf>.
Smernica Eurdpskeho parlamentu
aRady 2003/41/ES o ¢innostiach

a dohlade nad instituciami
zamestnaneckého déchodkového
zabezpecenia (IORP).

Nacrt udrzatelného déchodkového
systemu na Slovensku!

Ako by mal vyzerat nds dochodkovy systém o 10 rokov?

Miroslav Camek
Slovenskd asocidcia poistovni

Po predchddzajucich argumentoch o tom, Ze slovensky déchodkovy systém potrebuje
zdsadné zmeny, je férové ponuknut aj ndvrh riesenia. Slovenskd asocidcia poistovni teda
predkladd nasledujuci ndvrh kone¢nej podoby déchodkového systému. V tejto fdze nie je
moZné poskytnut detailny ndvrh, domnievame sa viak, Ze aj ndvrh principidlneho nasta-
venia md velky vyznam. Skor neZ predstavime samotny ndvrh, je potrebné upozornit, ze
reforma sa md plne tykat mladych ludi — budicich zamestnancov, Ciastocne tykat tych,
ktori uz v pracovnom procese dnes su (v starobe by sa ich ciastocne tykali oba déchodkové
systémy, dnesny i navrhovany), a vébec sa netyka dnesnych déchodcov a tych, ktori sa nimi
v najblizsich rokoch stanu (ti by mali plne ostat' v starom systéme).

Vychadzame zo zakladnej podmienky, ze cely do-
chodkovy systém a jeho Struktura sa bude musiet
upravit do Standardnej podoby, teda tak, aby bol
kompatibilny a porovnatelny s ostatnymi eurép-
skymi systémami. Co by teda jeho jednotlivé prv-
ky mali obsahovat, ako by mali byt financované
a ¢o by mali buducim déchodcom poskytovat?

PRVY PILIER — ZAKLADNY DOCHODOK

Tato cast systému by mala byt organizovand std-
tom a mala by byt povinnd pre kazdého ¢loveka
v aktivnom veku. Financovanie vychadza bud
z odvodov (Statne dochodkové poistenie), alebo
- za predpokladu ich zrusenia — priamo z dani
z prijmov. Cast tychto prispevkov by sa mala po-
uZit na financovanie solidarnej déchodkovej dav-
ky a druhd Cast na zasluhovu ¢ast davky, pretoze
ddéchodok z neho by mal byt rozdeleny na dve
obsahovo ¢isté asti: solidarnu (fixnu) a zasluhovu
(pohyblivu).

Soliddrna ¢ast znamend, Ze $tat by z dochod-
kovych odvodov (pripadne priamo z dani, ak by
odvody boli zrusené) vyplacal zakladnu déchod-
kovu davku, a to v rovnakej vyske pre vietkych
dochodcoy, resp. s prihliadnutim na vstupny vek
a pocet odpracovanych rokov. V praxi by to vy-
zeralo tak, ze kazdy obcan by po dovfseni veku
65 rokov dostdval od $tatu napriklad mesacne
250 eur (resp. sumu, ktord je mozné z objemu pri-
spevkov vyplacat bez toho, aby stat vytvéral defi-
cit) za predpokladu, ze odpracoval minimalne 30
rokov (ak odpracoval menej, bola by jeho davka
alikvotne kratenad).

Zasluhova cast priamo zavisi od vysky prispev-
kov (vymeriavacieho zékladu alebo, zjednoduse-
ne, od vysky dlhodobych prijmov), a bola by teda
pre kazdého dochodcu ind, rddovo od par desia-
tok az po niekolko sto eur. Druha cast prispevkov
by sa teda akumulovala a investovala v rdmci
osobného dbéchodkového Uc¢tu a po odchode
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na déchodok by bol kapital pouzity na kipu do-
Zivotného dbéchodkuy, t. j. zasluhovej Casti. Tento
systém de facto funguje uz v sicasnosti a volame
ho druhy pilier: miesto jeho rusenia je tak mozné
plne ho zakomponovat aj do nového déchodko-
vého systému.

Zakladny déchodok z prvého piliera by teda
bol povinne dvojzlozkovy, skladajuci sa z fixnej
a pohyblivej ¢asti. Predpokladdme, Ze rozdiely vo
vyske jednotlivych dochodkov by neboli velké
(zélezi od nastavenia pomeru prispevkov do Stat-
neho rozpoctu a do DSS), no tento zékladny dé-
chodok z prvého piliera (5tat plus prvy pilier bis)
by vhodne v sebe spéjal solidaritu, ako aj fakt, ze
jednotlivi obc¢ania don prispievali v roznej mie-
re. Ulohou tohto piliera by nebolo zabezpecenie
LSvajciarskych déchodkov?, ale iba to, aby kazdy
obc¢an SR po odpracovani daného poctu rokov
a dosiahnuti ur¢itého veku mal do konca Zivota
zabezpeceny stdly a udrZatelny prijem na zabez-
pecenie zdkladnych potrieb (ndkladov na byvanie,
stravu Ci lieky). Jeho celkova vyska by bola zavis-
1 od vysky stanovenych prispevkov a pomeru,
akym by sa delili medzi oboma zloZzkami. Vzhla-
dom na vy3sie uvedené ¢isla by tak bolo mozné
napriklad dosiahnut déchodok rddovo vo vyske
zhruba 270 az 450 eur pre vsetkych dochodcov
za predpokladu, Zze odpracovali minimalny pocet
rokov. Je to mélo? Na preZitie asi nie, na dostojny
Zivot viak asi ano. Je to viak uzito¢na informacia
pre kazdého buduiceho déchodcu, Ze ak si bude
chciet uzit jesen Zivota, bude musiet rozmyslat
nad vstupom do druhého alebo tretieho piliera
(pripadne oboch).

DRUHY PILIER — ZAMESTNANECKY
DOCHODOK

V Eurdpe je silne rozsireny systém dochodkového
sporenia organizovaného zamestnavate/mi, podla
pravidiel smernice IORP% Tento systém zabezpe-


http://www.nbs.sk/_img/Documents/_PUBLIK_NBS_FSR/Biatec/Rok2015/10-2015/biatec_10_2015_zakova.pdf
http://www.nbs.sk/_img/Documents/_PUBLIK_NBS_FSR/Biatec/Rok2015/10-2015/biatec_10_2015_zakova.pdf
http://www.nbs.sk/_img/Documents/_PUBLIK_NBS_FSR/Biatec/Rok2015/10-2015/biatec_10_2015_zakova.pdf
http://www.nbs.sk/_img/Documents/_PUBLIK_NBS_FSR/Biatec/Rok2015/10-2015/biatec_10_2015_zakova.pdf

s T ov NI {CTVO

¢uje dodato¢ny dochodkovy prijem (nad uroven
zékladného doéchodku) z individualineho uctu.

Respektujuc existujucu situaciu na Slovensku,
silny druhy pilier by bol ideédlny pre zamestnan-
cov s nizsim a strednym vzdelanim, ktorf vacsinu
aktivneho Zivota pracuju pre 1 — 2 zamestnavate-
lov a ktorf nemaju Siroky prehlad o investi¢nych
moznostiach v tretom pilieri, resp. im vyhovuije, ak
tieto otazky za nich vyriesi zamestnavatel. Vstup
do tohto druhého piliera by mal byt dobrovolny,
pricom jeho financovanie by bolo participativne,
Cast prispevku by platil zamestnanec a cast za-
mestnavatel (otdzkou je pomer, napriklad 1 : 1,
pripadne 2 : 1 a pod.). Oba prispevky by boli oslo-
bodené od dane. Takymto sposobom by buddci
ddéchodcovia mohli ziskat k zakladnému déchod-
ku dodatocny prijem rddovo vo vyske niekolkych
desiatok az stovak eur mesacne. Vyplatu déchod-
ku odporic¢ame premenit bud na doZivotny
ddéchodok, alebo na docasny déchodok v trvani
minimalne napr. 10 ¢i 15 rokov. Mozno uvazovat
aj o zavedeni moznosti ¢iasto¢ného vyberu na-
sporenej sumy, samozrejme, po splneni urcitych
podmienok.

Popri existujucom doplnkovom déchodkovom
sporent, kde si vsak momentalne spori iba relativ-
ne mald ¢ast zamestnancov, by mali mat ostatni
zamestnanci a zamestnavatelia moznost vyuZzivat
aj iné formy prispievania zamestnavatelov na do-
chodkové zabezpeclenie svojich zamestnancoy,
ako napriklad rdmcové déchodkové poistné zmlu-
vy (ktoré sa hojne vyuzivali v 90-tych rokoch, ked
zamestnavatelia uzavierali poistné zmluvy s bez-
nym, ale ¢asto aj s jednorazovym poistnym pre za-
mestnancov odchadzajucich do déchodku s tym,
7e benefitom pre zamestnanca bola dozivotna
alebo docasna anuita), &i iné, stdtom uznané druhy
financnych produktov a schém.

V rdmci tohto piliera bude dolezité vyriesit aj
dohlad nad zamestnavatelmi prevadzkujucimi
doéchodkové schémy, resp. nad spolo¢nostami,
ktoré ich spravujy, a najma problematiku presunu
nasporeného kapitdlu v pripade zmeny zamest-
navatela.

TRETI PILIER — SUKROMNY DOCHODOK

Na rozdiel od druhého piliera, ktory ma prevazne
kolektivnu povahu, je tretf pilier zalozeny na indi-
vidudinej bdze. V praxi to znamena, Ze sa sporitel
rozhodne, ze kazdy mesiac ¢i rok usporf lubo-
volnu sumu, ktord nasledne vioZi do vybraného
produktu — Zivotného poistenia, sporiacej schémy
v podielovych fondoch, formou investicie do cen-
nych papierov (akcie, dlhopisy, ETF atd), v ramci
ktorého sa mu jeho Uspory postupne zhodnocu-
ju. Tento pilier je tak financovany iba samotnym
sporitelom, prispevky su vsak plne oslobodené
od dane. Nasporena suma sa pri odchode na dé-
chodok pouZije na kdpu doZivotného déchodkuy,

pripadne docasného ddéchodku na minimalnu
dobu (10 az 15 rokov). Je mozné povolit aj vy-
ber ¢asti nasporenej sumy v hotovosti, napriklad
tak, Ze 20 % je volnych, zvysok je mozné vybrat
iba po dodato¢nom dodanent, (resp. po vrateni
poskytnutej danovej Ulavy. Pri sprdvnom nasta-
veni a optimalnej miere prispevkoy, pre ktord sa
sporitel rozhodne, je mozné z tohto piliera ziskat
dodatocny dozivotny (alebo dlhodoby) prijem vo
vyske az niekolkych stovak eur mesacne.

Ulohou takéhoto druhého a tretieho piliera je
ziskat k zdkladnému déchodku dodatocny prijem,
ktory ma na rozdiel od prvého piliera (zakladné
Zivotné potreby) za ciel poskytnut krytie nad-
Standardnych nékladovych poloziek déchodcu
- napriklad zabezpecenie lepsej zdravotnej i
socialnej starostlivosti, financovanie dovoleniek
a lie¢ebnych pobytov, prijem na vypomoc detom
¢ivnukom a pod.

ZAVER

Uvedomujeme si, Ze také rozsiahle zdsahy do
ddchodkového systému nie su kratkodobou z&-
leZitostou a Ze ich nemdZe navrhnut ¢i presadit
jeden subjekt. V stvislosti s tymto navrhom sa
urcite budu dostéavat do popredia mnohé otézky,
ktoré pojdu viac a viac do detailov — napriklad ako
nastavit parametre jednotlivych pilierov, resp. na
ktory z nich klast vacsi ¢i mensi doraz. Vzhladom
na opakovane spominané vyzvy v slvislosti s de-
mografickou krizou vsak jednoznacne odporuca-
me sustredit sa najma na druhy a treti pilier tak,
aby sa v idedlnom pripade prijem z nich podie-
lal na celkovom ddéchodkovom prijme 40 az 60
percentami. To viak predpokladd zmenu posto-
ja k stkromnému sporeniu na déchodok a jeho
pInd podpory, a to nielen pomocou financnych
benefitov, napriklad danovych ulav, ale najma
prostrednictvom dlhodobej cielenej kampane na
podporu sukromnych dochodkov a na vysvetlo-
vanie nevyhnutnosti zmien celého systému Siro-
kej verejnosti.

Navrh Slovenskej asociacie poistovni na kom-
plexnt reformu doéchodkového systému nema
ambiciu byt individudlnou agendou poistného
trhu. Myslime si v3ak, Ze ¢as na principidlne zme-
ny v tejto oblasti uZ nastal, a ponukame spolu-
pracu a pomoc aj dalsim subjektom, ktorych sa
tato téma z odbornej stranky tyka. Ako prvy krok
navrhujeme zriadit spolo¢nu platformu, ktord by
spajala ludf, ktorf sa tejto téme na Slovensku dlho-
dobo venuju, st ochotnivenovat ¢ast svojho vzac-
neho ¢asu na tuto aktivitu a veria, Ze spolo¢nym
postupom sa podari veci naczaj zmenit. Cielom
tejto platformy by malo byt jednak vypracovanie
uceleného navrhu na zmenu déchodkového sys-
tému, ale sucasne aj komunikacia so Sirokou (laic-
kou) verejnostou. Jej pochopenie nevyhnutnosti
zmien je totiz v tomto procese klUc¢ové.
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EXPECTED MACRO-ECONOMIC DEVELOPMENTS IN
SLOVAKIA
Economic and Monetary Analyses Department of NBS

The Slovak economy grew by 0.9% in the third quarter of 2015 on the
basis of strong investment demand. The growth trend is expected to
continue in the quarters ahead, thanks largely to a domestic side of the
economy buoyed by increasing real incomes and private investment.
Annual GDP growth is projected to average 3.2% in 2016 and 3.3% in
2017. As work begins on a new car plant in Slovakia, the positive impact
of that investment on GDP growth should start being seen in 2016 and
its cumulative impact in 2016 and 2017 is estimated at 0.3 percentage
point. Economic growth over the projection horizon is expected to be
balanced, with the contribution of exports forecast to increase signifi-
cantly in 2017. The strengthening of the real economy should boost job
creation, and the unemployment rate is forecast to fall to 9% by the end
of the projection horizon. Low energy prices are expected to be the main
determinant of the inflation path. The average inflation rate is expected
to remain low in 2016, at 0.4%, before rising to 1.8% in 2017 amid recov-
ering demand and higher imported inflation. (p. 2)

SELECTED ASPECTS OF THE CHINESE FINANCIAL
MARKET
Miroslava Kosdkova, Narodna banka Slovenska

After years of exceptionally strong growth, the Chinese economy has
become one of the most important components of the world economy.
Since world markets tend to react to uncertainty, whether on the upside
or downside, close attention is paid to what is happening in a country
that is the world's largest exporter and a source of huge demand. The
importance of the Chinese currency has also increased and the renmin-
biis now among the world's most traded currencies. Under the socialist
market economy, the economic model applied in China, the Chinese
government intervenes in the country's monetary policy and exchange
rate, with the aim of gradually liberalising its capital market. Neverthe-
less, the country's economic variables remain subject to various restric-
tions and controls. (p. 4)

INTERNATIONALISATION OF THE CHINESE CURRENCY:
TOWARDS A MULTIPOLAR INTERNATIONAL
MONETARY SYSTEM?

Lucia Orszaghova

As China establishes itself as the world's second largest economy and
top trading nation, its currency, the renminbi (RMB), is also gaining
popularity around the world. This article reviews the motivation and
different measures undertaken by Chinese authorities for accelerating
the RMB internationalisation process. We argue that the recent decision
by the IMF to recognise the Chinese currency as fully convertible and to
include it into the SDR basket will provide further impetus in increasing
the international relevance of the Chinese currency. (p. 7)

META-REGRESSION ANALYSIS IN ECONOMICS:
LESSONS LEARNED

Zuzana Havrankova, Institute of Economic Studies,
Charles University, Prague

This article is based on my dissertation thesis of six papers that span
the fields of macroeconomics, international economics and energy eco-
nomics and are linked together by the methodology of meta-regression
analysis. | use meta-analysis to quantitatively synthesise the reported
research results on a given topic, correct the literature for publication se-
lection bias, and filter out the effect of various misspecifications present
in some primary studies. My results show that: 1) substantial cross-
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country differences exist in the elasticity of intertemporal substitution
in consumption; 2) the effect of borders on international trade can be
explained away by innovations in methodology introduced in the last
decade; and 3) there is significant publication bias in the literature on
the social cost of carbon, price elasticity of gasoline demand, and the
effect of foreign investment on local firms. | offer insights into best-prac-
tice methods in meta-analysis and discuss practical details missing in
other guidelines. (p. 13)

FINANCIAL NETWORK MODELLING
Jakub Danko, Faculty of Economics, Technical University of
Kosice

This article is based on my dissertation on financial network modelling,
the aim of which was to monitor the financial market structure iden-
tified using the minimum spanning tree (MST) method (Montagna,
1999). As a discipline of discrete mathematics/graph theory, the MST
method has in recent years been applied in the modelling of many
structures, not just economic ones. This study focused on the US capital
market, defined here by sectoral subindices of the Dow Jones Industrial
Average (DJIA). The minimum spanning trees of the graph are esti-
mated using overlapping time windows of 20 days for subindex returns
between March 2001 and September 2014 and also using dynamic
conditional correlations obtained from a GARCH (1,1) model. By apply-
ing a cluster analysis, the MSTs are subsequently grouped according to
similarity of graphical representation of the capital market, and then
they are analysed. In this article we look only at the most important and
interesting findings from the analysis, whereas the original dissertation
includes detailed examination of the theoretical framework and many
partial analyses. (p. 18)

APPLICATION OF ARTIFICIAL INTELLIGENCE METHODS
TO FINANCIAL MARKETS

Martin Jakubéci, Faculty of Management, Comenius Univer-
sity in Bratislava

In putting together a portfolio of stocks, investors face what can be
described as a 'multi-objective optimisation problem' and their main
considerations are revenue and risk. One of the algorithms that may
be used to address this problem is genetic programming, which uses
evolutionary operators to find solutions in a tree structure. The most
common input data are historical stock prices. A new trend in this area
is the incorporation of terms on the basis of their popularity in internet
search-engine results. Evolutionary algorithms are effective at discern-
ing which combinations of these data should be used as investment
rule inputs. The solutions need to be validated by comparison with
other strategies. Comparisons are typically made with market indices,
but there are other interesting alternatives. This dissertation shows that
genetic programming solutions based on search-engine results can
compete with popular investment strategies and that they outperform
them in most cases. (p. 25)

OUTLINING A SUSTAINABLE PENSION SYSTEM FOR
SLOVAKIA
Miroslav Camek, Slovenské asociacia poistovni

Having previously put the case for an overhaul of the Slovak pension
system, the author outlines what the reformed the pension system
should look like in the view of the Slovak Insurers' Bureau. Although it
is not possible at this stage to provide a detailed proposal, the outline
for the core aspects is a major step. The basic premise is that the whole
pension system and its structure need to be converted into a standard
form that will be compatible with, and similar to, the pension systems
of other European countries. (p. 30)
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