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ENVIRONMENTALNE MODELY

ENVIRONMENTAL MODELS

Ivan Brezina, Pavel GeZik, Juraj Pekar, Marian Reiff

Abstrakt

Obsahom environmentalneho modelovania je reprezenticia procesov vyskytujucich sa v
realnom svete v priestore a ¢ase na ktoré mozno aplikovat’ stibor koncepcii, stratégii a taktik,
ale tiez metdd a sposobov rieSenia environmentalnych problémov. Pritom mozno s tspechom
vyuzivat' aj matematické environmentalne modely, ktoré umoziuji predikovat’ moznosti
vyskytu réznych situdcii, modelovat’ rézne scendre, mézu pomdct’ predpovedat’ ucinky
ludskych ¢innosti na ekosystémy. Predlozeny prispevok sa zaobera charakteristikou
environmentalnych modelov aich vztahom tak k ekonomike, ako aj k ochrane Zivotného
prostredia. Preto environmentalne modely respektuji nielen ekonomické, ale aj ekologické
ciele.

KUlucové slovd: environmentdlne modelovanie, Eco-Eco modely

Abstract

The content of environmental modelling is the representation of processes occurring in the
real world in space and time, to which a set of concepts, strategies and tactics, but also
methods and ways of solving environmental problems, can be applied. At the same time, it is
also possible to use mathematical environmental models with success, which make it possible
to predict the possibilities of the occurrence of various situations, to model various scenarios,
and to help predict the effects of human activities on ecosystems. The submitted contribution
deals with the characteristics of environmental models and their relationship to both the
economy and environmental protection. Therefore, environmental models respect not only
economic but also ecological goals.

Keywords: Environmental modelling, Eco-Eco models

1 UVOD

Environmentadlny manaZment reprezentuje taky systém riadenia, ktory je zamerany na
ochranu a tvorbu Zivotné¢ho prostredia na baze cielov trvalo udrzatelného rozvoja na
globdlnej, regionélnej a lokalnej Grovni. Primarnym cielom environmentdlneho manazmentu
je najst’ rieSenie ako riadit’ spoloenské a podnikové aktivity s minimalnym dopadom na
degradéciu Zivotného prostredia. R6zne rozhodnutia na modeloch, ktoré dobre reprezentuju
ich dopady na Zivotné prostredie. Environmentdlny manaZzment mdéze pomodct’ organizaciam
zlepsit' ich konkurencieschopnost’ (Lopez-Gamero a kol., 2009) a javi sa tiez ako vhodny
kontrolny administrativny nastroj, ktory zabranuje nadbytocnym Skoddm na Zivotnom
prostredi (Molina-Azorin a kol., 2015). Pretoze zdkladom environmentalneho manaZzmentu je
stbor koncepcii, stratégii a taktik, ale tiez metdd a sposobov rieSenia environmentalnych
problémov, mozno pri jeho napliiani s Gspechom vyuZivat aj matematické environmentalne
modely, ktoré umoziuju predikovat’ moZnosti vyskytu roéznych situdcii, modelovat rézne
scenare, mézu pomoct’ predpovedat’ ucinky l'udskych ¢innosti na ekosystémy.



V tomto kontexte si environmentalny manazment vyzaduje pouzitie takych metodik, v ramci
ktorych je formulované zapojenie zainteresovanych stran, zaclenené su multidisciplindrne
znalosti, integrované zlozité Kkritérida zahfnajice kompromisy spajajice rdzne faktory
(ekonomické, environmentalne, socialne, technologické, socialno-politické) a zohl'adiiované
heterogénne informacie kvantitativneho aj kvalitativneho charakteru (de Fatima Teles a de
Sousa, 2014).

2 ENVIRONMENTALNE EKONOMICKE MODELOVANIE

Environmentdlne modelovanie sa zaobera reprezentaciou procesov vyskytujicich sa v
realnom svete v priestore a ¢ase. Environmentdlne modely pritom mozno vyuzivat tak na
makroekonomickej, ako aj na mikroekonomickej trovni. Na makroekonomickej urovni su to
predovsetkym modely spotreby obnovitelnych a neobnovite'nych zdrojov, agro-ekologické
a priemyselno-ekologické modely, modely znelistovania ovzduSia a znelistovania vody,
modely ¢loveka a zivotného prostredia. Na mikroekonomickej urovni st environmentalne
modely zamerané predovsetkym na eko-eko modely, ktoré umoziiuji modifikovat’ klasické
optimalizatné vyrobné procesy, optimaliziciu odpadového hospodarstva a dopady
environmentalneho modelovania na hodnotenie eko-efektivnosti modelov, ale tiez su
orientované na reverznu a distribu¢nu logistiku, environmentalne modelovanie v obstaravani a
zasobovacom procese, environmentalne modelovanie vo vyrobnej logistike, alokacné modely
v environmentalnom modelovani, modelovanie v odpadovom hospodarstve a ulohy rozvozu a
ZVOZU.

Vymedzenie pojmu environmentalne modelovanie je pomerne komplikované a faktom ostava, ze
skoro akékol'vek modelovanie ekonomickej situdcie mozno skimat’ aj z environmentalneho
pohladu (Gezik, 2023). V ostatnom obdobi sa ¢oraz viac pouziva pojem ECO-ECO modelovanie,
ktory vychadza z modelového pristupu ,,Eco-Eco Models* (eco(nomy)-eco(logy)) (Lifset
a Lombardi, 1997). Ide teda otriedu modelov orientovanych na riesenie nielen
ekonomickych, ale aj ekologickych ciel'ov.

Eko-eko modely reprezentuju komplexné vztahy medzi ekonomikou a zivotnym prostredim a
skimaju ich vzajomné interakcie. Lifset a Lombardi (Lifset a Lombardi, 1997) uvadzaju, ze
tradi¢né ekonomické modely a pristupy casto nezohladnujii dostatocne environmentalne
faktory a ich dopad na ekonomiku a spolo¢nost’. Preto sa eko-eko modely snazia vyplnit’ tto
medzeru tym, Ze integruju environmentalne premenné a dosledky do ekonomickych modelov
a analyz, pricom klada doraz na dolezitost’ integrovaného pristupu k analyze a riadeniu
environmentalnych a ekonomickych problémov.

Modifikované modely orientované na optimalizaciu produkcie, transportu atd’., ktoré riesia
materidlovi, resp. finanénll naroc¢nost’, preferuji rieSenie vyuZzivajiice recyklaciu materialov
a produktov. A prave recyklacna politika vedie K vyuzivaniu environmentalneho
modelovania, ktoré je charakterizované pojmom reverzna logistika (Dekker a kol., 2004). Vo
svojich zacCiatkoch tieto modely rieSili problematiku riadenia vyroby a zasob s ohl'adom na
recyklaciu a opédtovné vyuzitie produktov. Pouzitie terminu ,reverznd logistika®“ v tomto
kontexte sa tykalo riadenia toku materidlov a produktov spédt’ v retazci dodavatela po ich
spotrebe alebo pouziti a tak sa kK tomu pridali aj ulohy transportu (Gezik, 2023). Reverzna
logistika definovana ako subor ¢innosti, ktoré st spojené s riadenim a optimalizaciou toku
materidlov, informécii a financnych prostriedkov od koncovych miest pouzitia spat k
miestam ich pévodného vzniku s cielom dosiahnut’ znovupouzitie, recyklaciu alebo spravne
nakladanie s odpadom. Modelovanie Vvreverznej logistike je vzdy spajané
s environmentalnym aspektom, ateda eliminuje problém, ktory bol spomenuty vysSie
(Fleischmann, 2012) a casto aj reprezentovany kvantitativnymi modelmi, ktoré podporuju
rozhodovanie v reverznej logistike (Dekker a kol., 2004). Spomenuté modely sa odliSuju od



tradicnych modelov tym, ze sa zameriavaji na obnovitel'nost’, znovupouZzivanie a recyklaciu
zdrojov s cielom znizit' spotrebu a produkciu odpadu. Tieto modely sa sustreduju na
efektivny navrh vyrobkov, ich opravu, prediZenie Zivotnosti a hladanie novych moznosti
vyuzitia. Zaoberaju sa aj recyklaciou a obnovite'nymi zdrojmi, pri¢om sa snazia znovu vyuzit
materidly a zdroje z odpadu. Modely kruhového hospodarstva tiez podporuji zdielanie
dopravnych prostriedkov, rekonstrukciu vyrobkov, navrh pre recyklaciu, obchodovanie s
odpadom a rozsirenti zodpovednost’ vyrobcov (Gezik, 2023).

3 ENVIRONMENT@LNE MODELY AKO NASTROJE
ENVIRONMENTALNEHO MANAZMENTU

V oblasti kontroly zivotného prostredia prostrednictvom modelov matematického
programovania mozno zaregistrovat’ prvé prace od roku 1960 (Greenberg, 1995). Zaujimavy
prehl'ad modelov matematického programovania v manazmente znecistenia ovzdusSia
poskytujii Cooper a kol. (1997), priCom sa zameriavaji na stratosférické poskodzovanie
ozénove] vrstvy (chemikdlie poskodzujice ozénova vrstvu alebo ODC, najmi
chlorfluoruhl'ovodiky (CFC) s relativne dobre kvantifikovanymi rizikami); kritéria
znecist'ujucich latok (ozon (O3), oxid uholnaty (CO), oxid siri¢ity (SO2), oxid dusicity
(NO2), olovo (Pb) a cCastice mensie ako 10 mikronov (PM10), ktoré takisto predstavuji
relativne dobre kvantifikované rizikd); kyslé zrazanie (oxidy dusika (NOx) a oxidy siry (SOx)
s relativne dobre kvantifikovateI'nymi rizikami); globdlne oteplovanie/zmena klimy (oxid
uhli¢ity (CO2), metan (CH4), oxid dusny (N20) a fredny — s vel'mi neistymi rizikami);
toxicke latky alebo HAPS (nebezpecné latky znecistujuce ovzdusie): stovky druhov plynnych
chemikalii a Castic s neistym rizikom.

Novsi prehlad aplikacii matematického programovania v manazmente zivotného prostredia
(predovsetkym vodnych zdrojov) mozno najst v (Archibald a Marshall, 2018). Tito autori
predstavuju model s prvkami neurcitosti s vyuzitim Markovovho procesu. Komplexny pohl'ad
na matematické modelovanie v ekonomike, ekoldgii a zivotnom prostredi poskytuju
Hritonenko a Yatsenko (1999). Prezentuju nielen zékladné principy a nastroje matematického
modelovania, matematické modely v ekonomii (suhrnné modely ekonomickej dynamiky,
modelovanie technologickych zmien, makroekonomické kapitdlové modely, modely
optimalizacie ekonomickej obnovy), ale predovSetkym modely v ekologii a Zzivotnom
prostredi, matematick¢é modely biologickych populéacii, modelovanie heterogénnych a
riadenych populacii, modely Sirenia znecistenia ovzdusia, resp. modely Sirenia znecistenia
vody. Na ich zdklade formulujii modely ekonomicko-environmentalnych systémov, ktoré
umoziuji modelovanie neobnovite'nych zdrojov, modelovanie ochrany Zivotného prostredia,
modelovanie globalnej dynamiky.

Pre podporu vyuzivania ekologickych modelov na podporu manazmentu moézu slazit
prispevky z publikacie Schuwirth a kol. (2019), v ktorej st nosnymi témami pochopenie
kauzalit ekonomickych a ekologickych systémov, formuldcia vstupnych a vystupnych
premennych modelu ako poziadavka na manazment rieSenych procesov, priestorové a ¢asoveé
rozliSenie jednotlivych aspektov modelu, zapracovanie urcitej miery neistoty modelu, ktort je
mozné kvantifikovat, overenie dostatocnej predikénej vykonnosti modelu, aby bol uzitocny
pri rieSeni problému riadenia, transparentna komunikécia postupu modelovania, jeho
predpokladov a nedostatkov.

Uvedené priklady environmentdlnych modelov ukazuji moZnosti vyuzitia modelovania do
rozhodovania o Zivotnom prostredi. To vSak prinaS8a mnoho vyziev pred subjekty s
rozhodovacou pravomocou v oblasti zivotného prostredia a environmentalnymi modelarmi s
cielom rozvijat’ spolo¢né porozumenie a umoznit’ prenos poznatkov medzi vedou a praxou v



oboch smeroch (napr. Letcher a Jakeman, 2009). Idealny model na podporu rozhodnuti
environmentdlneho manazérstva by mal byt priamo spojeny s cielmi riadenia, mal by
predpovedat’ UCinky alternativ riadenia, zahfnat’ primeranu presnost’ a spravny odhad neistoty
predikcie, byt aplikovatel'ny v roznom priestore a Case a byt 'ahko pochopitel'ny.

Prave pre Specifické vlastnosti mozno environmentalne modelovanie charakterizovat’ roznym
sposobom. Napriklad Designing Buildings definuje environmentalne modelovanie ako
»aplikaciu multidisciplinarnych znalosti na vysvetlenie, skimanie a predpovedanie reakcie
Zeme na zmeny zivotného prostredia, ¢i uz prirodné alebo sposobené ¢lovekom*. Inak mozno
environmentadlne modelovanie chapat ako tvorbu a pouzivanie matematickych modelov
prostredia, priCom sa to vo vSeobecnosti aplikuje bud’ na Cisto vyskumné ucely, alebo na
informovanie o rozhodovani a politike. The Faculty of Environmental Sciences Czech
University of Life Sciences Prague definovala environmentilne modelovanie ako
»modelovanie prirodnych procesov spojenych s nezivou prirodou, ako je hydrologické a
hydraulické modelovanie, modelovanie chemickych procesov a procesov v atmosfére®.
Hauduc a kol. (2015) definuje environmentalne modelovanie ako proces aplikacie ,,viacerych
premennych a viacerych cielov v systémoch s mnohymi procesmi prebichajucimi v réznych
¢asovych intervaloch. Environmental Virtual Observatories definuje environmentalne
modelovanie ako ,transformdciu nespracovanych udajov na wuzitocné informdcie
prostrednictvom syntézy, simulacie a predikcie”. Z pohladu vyuzivania informacnych
technolégii je zaujimavé charakterizovat environmentalne modelovanie ako proces
pouzivania pocitatovych algoritmov na predpovedanie distribticie druhov v geografickom
priestore na zaklade matematického vyjadrenia ich zndmeho distribtcie v environmentdlnom
priestore.

Sthrnne mozno environmentdlne modelovanie charakterizovat ako vyvoj efektivnych
pracovnych systémov (ktoré mozu byt vo forme vypoctovej, matematickej, Statistickej alebo
priestorove] aplikacie) na odhadovanie, hodnotenie alebo napodobnovanie skutoc¢nej
environmentalnej situdcie s cielom ukazat' adekvatne pochopenie konceptu, moZnosti prace
alebo optimalizacie znamych parametrov a ponukanie rieSeni, ktoré mdézu pomahat pri
rozhodovani.

4 DRUHY ENVIRONMENTALNYCH MODELOV

Druhy environmentalnych modelov zodpovedaji réznym typom environmentalnych
systétmov. Vo vSeobecnosti mozno environmentalne systémy rozdelit asponn do troch
hlavnych kategorii systémov:

. hydrologicke,
. ekologické a
. klimatické.

Tieto systémy nie st na sebe uplne nezavislé a v mnohych pripadoch mézu byt’ navzdjom
podmnozinami. Napriklad hydrologické systémy povrchovych vod su Casto sucastou ovela

vacsich klimatickych systémov, ale aj sa mnohé hlavné environmentilne systémy v sebe
zahfnaju d’alsie ekologické podsystémy.

Hydrologické systémy napriklad pozostavaji zo samostatnych podsystémov povrchovych
vod; podpovrchové podsystémy, resp. pobreznych podsystémy atd’. Tieto systémy mozno
charakterizovat’ ako samostatné podsystémy, aj ked’ nie su na sebe uUplne nezavislé.
Odvodnenie zo systému povrchovych vod prispieva k doplneniu systému podzemnych vod,



vypustanie zo systému podzemnych vod prispieva do jazier a riek, voda a znecistujuce latky
z riek a z pobreznych oblasti stekaji do mora a prispievaju k pobreznym systémom.

Ekologické systémy tvoria dva hlavné typy podsystémov: polnohospodarske systémy a
systémy vol'ne Zijucich zivo¢ichov. Ani tieto systémy nie si na sebe uplne nezavislé, pretoze
zmeny v jednom systéme Casto ovplyvnia druhy. Napriklad zavedenie novych druhov plodin
zmeni dostupnu zasobu potravy pre rézne povodné populacie, o modze zvysit alebo znizit’
pocet populacie v zavislosti od schopnosti roznych druhov prisposobit’ svoju stravu a biotop.
Zvysené Cistenie pody na polnohospodarske vyuzitie bude mat’ vplyv aj na povodné
obyvatel’stvo.

Klimaticky systém tvoria atmosféra, hydrosféra, litosféra, kryosféra a biosféra, ktoré ako
navzajom suvisiace podsystémy vytvaraju zemsku klimu. Klimaticky systém Zeme v sebe
pritom zahffia vnutorni dynamiku, ktord zapriCiiuje premenlivost’ klimy, ale moéze aj
zoslabovat’ alebo zosiliovat’ klimatické zmeny. NajdynamickejSou zlozkou klimatického
systému je pritom atmosféra s rychlou vymenou hmoty (vody vo forme vodnej pary alebo
atmosférickych zrazok) medzi pevninou a ocednom. Clovek sice nie je zlozkou klimatického
systému, jeho vplyv nan je vSak vysoky, pretoze l'udskd c¢innost' ovplyviluje zlozenie
atmosféry a fyzikalne i biologické vlastnosti zemského povrchu.

Ako uz bolo uvedené, v sucasnej literatiire sa prezentuju rozne typy environmentalnych

modelov. Obrazok 1 graficky prezentuje obrazovii koncepciu environmentalneho
modelovania.

environmental
impacts
assessment

Obr. 1. Graficka reprezentacia environmentalneho modelovania
Zdroj: Ogola, 2007

Int charakteristiku environmentadlnych modelov prezentuje Hassan (2018). Uvadza, Ze vo
vSeobecnosti mozno kategorizovat modely do nasledujacich typov: fyzicky model,
analogicky model, konceptudlny model, vypoctovo/matematicky model. Konceptudlny model
a matematicky model su pritom vysoko relevantné v oblasti environmentalneho modelovania.
Konceptudlny model moze predstavovat schematicky, resp. blokovy diagram, obrazkové
alebo pisomné vyjadrenia. Bez ohl'adu na formu by mali byt jasne definované vztahy a toky



medzi komponentmi. Matematicky model pozostava z matematickych vyrazov, ktoré sa
skonsStruuju po vyvoji konceptualneho modelu.

Environmentalne modely zvycajne v sebe zahfnaju vsetky uvedené atributy. A tak mozno na
zaklade Prochaska a Theodore (2018) rozdelit environmentdlne modely (empirické
(matematické a Statistické) modely, konceptudlne modely (modely so suhrnnymi
parametrami), procesné (fyzikéalne) modely) do nasledujtcich skupin:

1 Hydrologické modely

1.1 Modely povrchovej vody

1.2 Modely podpovrchovych vodnych systémy

1.3 Modely pobreznych systémov

2 Ekologické modely

2.1 Modely pol'nohospodarskych systémov

2.2 Modely systémov vol'ne zijicich Zivocichov

3 Klimatické modely (globalne modely, regiondlne modely)

3.1 Modely pre ocedny

3.2 Atmosférické modely

3.3 Modely povrchu pody

Vel'mi podrobné rozdelenie modelov a ich charakteristiku uvadza Gezik (2023):
e Modely trvalo udrzatel'ného rozvoja
o Modely trvalo udrzate'ného rozvoja
Modely environmentalnej Gi¢innosti a environmentalneho
Modely vyhodnocovania environmentalnej efektivnosti vyuzivania zdrojov
Modely udrzatel'nej spotreby
Modely preferovania obnovitel'nych zdrojov
Modely ekologického zlomu
Modely ekologického stropu
Modely environmentalnej externalizacie
Modely efektivnosti spotreby ekologicky navrhnutych produktov
Modely ekologickych inovacii
Modely environmentalnej spravy, environmentalneho manazmentu a auditu
o Modely ekologickych a zelenych dani
e Modely kruhového hospodarstva a reverznej logistiky
o Modely environmentalnej a zdiel'anej dopravy
Modely obnovy, prerobenia a opdtovného pouzitia
Modely efektu recyklacie vyrobkov a efektu recyklacie zdrojov
Modely obchodovania s odpadom
Modely rozsirenej zodpovednosti vyrobcu
Modely néhradnych dielov
Modely zavadzania ekologickych inovacii vo vyrobe
Modely ekologického navrhu/dizajnu
Modely zdiel'anej ekonomiky
Modely servisnych sluzieb
o Modely digitalneho hospodarstva
e Modely spojené s ochranou prirody
o Klimatické modely
o Modely ochrany chranenych krajinnych oblasti
o Modely ochrany ovzdusia
o Modely ochrany vodnych zdrojov

O O O O O O O 0 0 o0

O O O O O O O 0O O
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o Modely ochrany pddy pred zne€istenim a stratou kvality
o Modely ochrany biodiverzity
o Modely hospodérenia ekosystémov

5 ZAVER

Environmentdlne modelovanie a jeho integracia do ekonomickych procesov su v sucasnej
dobe mimoriadne dolezité a aktudlne témy. Environmentalne modely integruja
environmentalne aspekty do ekonomickych analyz a poskytuji zaklad pre vyskum v oblasti
environmentalneho modelovania a politik ochrany Zivotného prostredia. Snaha dosiahnut’
rovnovahu medzi ekonomickym rastom, socidlnym rozvojom a ochranou zivotného prostredia
je novym aspektom V oblasti modelovania ekonomickych procesov. Environmentalne
modelovanie tak poskytuje ramec a nastroje pre vyskum a rozhodovanie s cielom
minimalizovat’ negativne vplyvy na Zivotné prostredie a dosiahnut’ udrzatel'nost’.

Prispevok bol spracovany v ramci rieSenia vyskumného projektu VEGA - 1/0120/23
»Environmentalne modely ako nastroj ekologicko-ekonomickych rozhodnuti®.
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PODPORA METODIKY MAT VO VEREJNOM OBSTARAVANI
POMOCOU CHATBOTOV

SUPPORTING THE MAT METHODOLOGY IN PUBLIC
PROCUREMENT USING CHATBOTS
Daniel Dudek

Abstrakt

Vyhodnost’ pontk predkladanych sukromnymi subjektami vo verejné obstaravania a vyber
vitaznej ponuky v Eurépskej unii boli historicky vykonavane len podla jedno-kriteridlnej
metodiky MEAT (najviac ekonomicky vyhodny tender), teda sa vyberala len najlacnejsia
ponuka. Problém s tymto pristupom bolo to ze takymto sposobom obstaravatelia nemali
moznost’ prehodnotit’ rozne iné kritéria ako napriklad kvalita, ekologicky dopad alebo
socialne faktory. Ciel'om tohto prispevku je zmapovat’ obstaravatelom spdsob zjednodusenia
vyhodnocovania alternativnych pontk pri verejnom obstaravani pri podpore chatbotov,
pricom takéto zjednoduSenie ich motivuje k vykondvaniu verejného obstardvania pomocou
metddy najviac vyhodnej ponuky.

KUrucové slova: Verejné obstaravanie, Viac-kriterialne rozhodovanie, Umeld inteligencia,
Digitalna Statna Sprava, Novovznikajuce technologie

Abstract

Historically, evaluating bids submitted by private entities in public procurement and selecting
the winning bid in the European Union has been carried out only according to the single
criteria most economically advantageous tender methodology, i.e., only the cheapest bid was
awarded. The problem with this approach was that, in this way, contracting authorities could
not review various other criteria such as quality, environmental impact, or social factors. The
goal of this paper is to map means for procuring entities to simplify the evaluation of
alternative tenders in procurement with the support of chatbots, where such simplification
would motivate procuring entities to perform public procurement using the most
advantageous tender method.

Keywords: Public Procurement, Multi-Criteria Decision Making, Artificial Intelligence,
Digital Government, Emerging Technologies

1 INTRODUCTION

Artificial intelligence and new chatbots can provide information, code in any
programming language, calculate mathematical problems or create art. Providing such
services can simplify several processes, as there is no need to remember large amounts of
information or know how to code professionally or calculate complex mathematical functions.
However, it must be noted that artificial intelligence based on neural networks is only a model
of reality, much like the part of the human brain responsible for processing similar activity,
and therefore is, susceptible to errors and imperfections in the information provided. While
this requires checking the outputs of such a model, over time, artificial intelligence will
become more accurate and reliable than natural intelligence.

The procurement process from the contracting authority's point of view can be divided
into five parts: preparation, publication of the contract, selection of the economic operator,
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award of the operator, and signing of the contract (The European Parliament, 2014). In each
phase, Al support could be applied in some parts of the process, however, this paper will only
focus on part of selecting the economic entity. In this phase, the contracting authority assesses
the bids or proposals received from the economic operators (which represent an alternative)
and selects the most suitable one based on predetermined criteria.

Our vision is to combine the more efficient MAT methodology with the incorporation of
a chatbot as a support for the execution of the aforementioned methodology, which would
guarantee a simplification of the process, at least to the difficulty level it was when using the
MEAT methodology. In this way, we would like to use the MAT methodology more
frequently, ensuring higher quality, safety, and environmental friendliness of the demanded
PP objects.

2 LITERATURE REVIEW

The term “artificial intelligence” (Al) was first used in 1956 to describe technologies
with capabilities and functions primarily associated with human intelligence (Galloway &
Swiatek, 2018). Al-based software has intelligence-requiring capabilities, such as problem-
solving, reasoning, perception, and communication (Russel & Norvig, 2010; Rzepka &
Berger, 2018). Unlike non-Al-based software, Al-based software is self-learning, meaning
programming in advance is unnecessary (Leyer & Schneider, 2021). The software can deduce
the rules for decision-making using machine learning from the data processed (Martin, 2019;
Zuboff, 2019).

The difference between Al-based and non-Al-based software is that Al is self-learning
and thus can manage new situations without further programming (Leyer & Schneider, 2021).
In addition, intelligence-requiring capabilities, such as recognising previously unknown
patterns, are another advantage over non-Al-based software (Rzepka & Berger, 2018).

Collaboration between Al and humans is possible for decision support and decision-
making (Leyer, Oberlaender, Dootson, & Kowalkiewicz, 2020). For example, technology can
classify relevant information and make it available to humans for further processing. Humans
can then use the information to formulate hypotheses that can be used to make decisions
(Alexopoulos et al., 2019; Jordan & Mitchell, 2015). Chatbots are the most prominent type of
Al capable of effective interaction with humans.

According to the dictionary, a chatbot is ‘A computer program designed to simulate
conversation with human users, especially over the Internet’” (Lexico Dictionaries, 2023). It
uses different types of Natural Language Processing (NLP) and sentiment analysis to
communicate in human language by text or oral speech with humans or other chatbots
(Khanna et al., 2015). Artificial conversation entities, interactive agents, smart bots, and
digital assistants are also known as chatbots (ADAMOPOULOU a spol., 2020). Their purpose
of using Al in companies or government institutions is that Al could partially or fully
automate subprocesses or processes that would typically require human intellectual labour.

Automation of application processes enables instant approval and feedback
(Androutsopoulou et al., 2019; Fatima et al., 2021), improving quality and service time.
Intelligent virtual agents and chatbots enable 24/7 access to information quickly and reliably
(van Noordt & Misuraca, 2019; Wang et al., 2020). The internal aspect of service-oriented
values relates to using Al to achieve efficiency goals (Madan a spol., 2022). The automation
of simple processes and repetitive tasks enables the allocation of human resources towards
higher-order tasks alleviating workloads, improving efficiency, and enhancing productivity
(Androutsopoulou et al., 2019; Chen et al., 2019; Fatima et al., 2021; Mikalef et al., 2019; van
Noordt & Misuraca, 2019; Wang et al.; Young et al., 2019).

At the most superficial level, generative Al could have a massive force multiplier for
overworked government staff. With present technologies, social workers can now be in
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contact far more frequently with their caseload using a mix of human interactions and those
augmented by virtual assistants. Public sector call centre employees could be free to do
casework once a generative Al interface can handle transactional front-line calls of all
varieties (Heise, 2023). The overall adoption of Al in public administration represents
disruptive innovation, reconfiguring organisational structures (Desouza et al., 2020). This is a
step towards realising the DEG vision envisaged with the first wave of technological
innovation (Madan a spol., 2022). Referred to as algorithmic bureaucracy, Al transforms
street-level bureaucrats into system-level (Henman, 2019).

Public procurement is one area in public administration where Al would help. Public
procurement has recently been seen as a source of effective cost reduction. Government
institutions have stuck to traditional methods and used manual processing long after the rest
of the world had adopted automated systems. As artificial intelligence continues to improve
processes, businesses with digitised systems will achieve exponentially higher returns on
investment and other non-economic effects. The key to achieving these effects is to move to a
rapidly evolving digital system (Higgins, 2019).

Directive 2014/24/EU defined multi-criteria decision-making in the selection of the most
suitable supplier for the subject of public procurement. Before this, the procurement process,
whether green or ordinary, selected the winner based on the criterion of low price, with this
method of selecting the supplier being called MEAT (the most economically advantageous
tender). After developing this directive, the MAT (Most Advantageous Tender) method has
been defined, considering all relevant criteria (Madan a spol., 2022).

According to the European Commission, 55% of all public procurement in the EU is still
carried out under the MEAT methodology. In EU countries with weaker economies, this
methodology is even more dominant. This may indicate that procurers are probably not
paying enough attention to quality, sustainability, and innovation (European Commission,
2017).

There are no precise limits, and no provisions that define what method to use for
procurement using MAT methodology (The European Parliament, 2014), but this problem
generally falls into the subjects of multi-criteria decision analysis. As an example of a solution
for selecting the most suitable economic object offering the subject Ple¢i¢ shows the use of
the WSA method (Ple¢i¢ a spol., 2018). Thus, in general, most methods for modelling
preferences between alternatives can be used, such as WSA, TOPSIS, PROMETHEE and so
on.

3 METHODS AND DATA

In this article, we conducted an experiment that compared the three most popular and
most complex chatbots, which are free to use and don't break any EU law of data governance.
We choose the following three chatbots: Bing Chat Mode, powered with customised GPT-4,
and DALL*E 3 for picture generation; Google Bard, which uses its transformer-based
generative model; and the third chatbot is Perplexity copilot, powered by a mix of GPT-4,
Claude 2, where Perplexity copilot recognises itself as ,,an interactive Al search companion
that guides the search experience with interactive inputs “. It should be noted that regarding
Bing Chat Mode, we used creative mode, which could better handle complex tasks and
procedures, whereas other modes excel in the truthfulness of queried information.

First, we created a table to test that chatbots can find the best alternative without
specifying any method, as a complete amateur in multi-criteria decision-making would
require. Then for each chatbot, we created a table, in which we assign points for different
tasks, related to calculating multicriteria tasks based on WSA, TOPSIS and PROMETHEE 11
methods. The tasks we experimented with were generating code in R, generating code in
Python, and calculating the task right in the chatbot. Every method in every task in every
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chatbot was measured ten times, where for every successful iteration of a task in every
method, the chatbot got +1 point, a total of 10 points for a combination of task/method, and
up to 100 points for the whole experiment.

The truthfulness of the generated answer will be considered correct when these two
conditions are met: 1. The result must contain a ranking of all alternatives in the exact order
as was calculated by our own means, which was marked in Table 2, and 2. all partial results
must be correct regarding their used technique. If a slight error in output is noted, the chatbot
will be informed about the error, and if the chatbot fixes the problem, the whole answer will
be counted as successful.

Next, we created an example of the multi-criteria decision problem: procurement,
which used MAT methodology. For this purpose, we used actual procurement data, which we
found on TED, link: https://ted.europa.eu/udl?uri=TED:NOTICE:193854-
2022:TEXT:EN:HTML. We know what the criteria were and their weights w;, which were:
Price: 35% (MIN), Quality: 50% (MAX) and Social Value: 15% (MAX). There were 5
tenderers present who fulfilled all the minimum conditions necessary for participation. We
only knew one upper limit condition to enter: a maximum cost of 30 mil. GBP and the
awarded tender (which has won PP contest) cost only 12 mil. GBP. Other data as minimum
requirements for quality or social value are not given, nor are the metrics used or other tenders
representing alternatives here. For PROMETHEE methods, preference functions are metrics
for internal use only, which don't have to be shown to the public. Lastly, we don't know what
multicriteria decision-making method they used to conduct the selection process.

With all known knowledge of the conducted procurement, we created the missing
data, where the tender with cost 12 mil. GBP would be marked as the best alternative by all
the methods used. Table 1 shows data that best describes the alternatives/tenders in the
procurement process. For criteriums quality and social value, we created custom data with
numerical values from 1 to 10, where 1 represents the worst performance, and 10 represents
the best performance in that criterion. We avoided any form of domination in alternatives.
Row tender a; represents the label for different alternatives. To calculate the PROMETHEE I
method, we also needed to define the preference function and its values. We chose V-shape
preference function 111 and calculated the p-value with formula (1).

pi = MAX(y;) — MIN(y;) 1)
The p; represents the p-value, and y; represents the criterion, for which we want to calculate a
p-value. The criterion type does not influence the p-value in this calculation. We got the
following p values: p; =20 for cost; p, = 3 for social value; ps=4 for quality.
Fig. 1 Data of example tender

Alternatives COST(y1) SOCIAL VALUE (y») QUALITY (y3)
a 30mil. GBP 9 10
a, 10mil. GBP 6 6
as 12mil. GBP 8 8
y 20mil. GBP 9 7
as 17mil. GBP 7 9
Criterion type MIN MAX MAX
Weight (w;) 35% 15% 50%

Source:(own labour)
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4 RESULTS

Firstly, we calculated, by our own means, this multicriteria decision problem with all
three methods. We got these final rankings, which are marked in Table 2. Method WSA and
PROMETHEE Il have the same result, and method TOPSIS have almost the same result, but
3 and 5" place are switched from other methods. In classical MEAT procurement, the a;
tender would be selected, as it is the cheapest one, but as it can be seen, in MAT procurement,
a, is considered one of the worst or maybe the worst alternative.

Fig. 2 Results of example tender by different methods.

Method 1" place | 2" place 3" place 4" place 5" place
WSA as as a 2! ap
TOPSIS as as ay ay ai
PROMETHEE I1 a3 as a; ay ap

Source:(own labour)

Secondly, we had to devise uniform instructions that all chatbots understand for
almost all iterations to generate the required output. To know if the instructions are
understandable by a chatbot, they must be validated. The instructions will be validated when
all these conditions are correct for all chat-bots at least most of the time: 1. Chatbot will
understand the correct data given, 2. Chatbot will produce some form of calculation or code
without the need to be correct; 3. The chatbot's output must produce any winning alternative
with all other alternatives ranked from best to worst, without the need to be correct; 4. The
criterion type and preference function must be understood correctly if the chatbot calculates
results in his interface.

The most correct instructions, which meet all conditions, for the request to calculate in
its interface is:” There iS procurement that needs to calculate the best tender alternative aj.
There are five tenderers, each with three criterion values. The first criterion, the cost, has a
minimising criterion type; the second criterion, social value, has a maximising criterion type,
and criterion quality has a maximising criterion type. The cost has a weight of 0.35, the social
value has a weight of 0.15, and the quality has a weight of 0.50. The first tenderer, al has
values al1(30,9,10); The second tenderer a2, has values: a2(10,6,6); The third tenderer, a3 has
values a3(12,8,8); The fourth tenderer, a4 has values: a4(20,9,7); The fifth tenderer a5 has
values: a5(17,7,9); Can you calculate the most advantageous tender?

To give the chatbot command to calculate the most advantageous tender by user-
chosen method, the last sentence in the former correct instructions was changed to:” Can you
write the data from the task into the table and use the data from that table to calculate which
alternative is the best and the final ranking of all alternatives, with the method weighted sum
approach/ TOPSIS/PROMETHEE 11?”

To generate code, the last sentence was changed to:” According to the written
procurement task, can you write code in R/python, which will calculate what alternative is the
best and the final ranking of all alternatives, with the method weighted sum
approach/TOPSIS/PROMETHEE 11?”

The following lines were added to calculate the PROMETHEE Il method: The
preference function is 11l for all criteria, while P is 20 for cost, 3 for social value and 4 for
Quality. When everything was set up and ready, we just conducted the experiment marked in
Table 3 to Table 6.

Fig. 3 Number of correct answers on request without a method by different chatbots.

Question: “What tender is most advantageous?”

Bing Chat Mode Google Bard Perplexity copilot
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1/10

0/10

0/10

Source:(own labour)

Fig. 4 Number of correct answers on requests per specific method by Bing chat mode

Bing Chat Mode

Methods Calculated in Code generated | Code generated Sum per
interface for language R for language methods
Python
WSA 1/10 2/10 2/10 5/30
TOPSIS 0/10 1/10 10/10 11/30
PROMETHEE II 0/10 0/10 2/10 2/30
Sum per request 1/30 3/30 14/30 18/90

Source:(own labour)

Fig. 5 Number of correct answers on requests per specific method by Google Bard

Google Bard
Methods Calculated in Code generated | Code generated Sum per
interface for the language | for the language methods
R Python
WSA 1/10 0/10 0/10 1/30
TOPSIS 1/10 0/10 0/10 1/30
PROMETHEE II 0/10 0/10 0/10 0/30
Sum per request 2/30 0/30 0/30 2/90

Source:(own labour)

Fig. 6 Number of correct answers on requests per specific method by Perplexity Copilot

Perplexity Copilot

Methods Calculated in Code generated | Code generated Sum per
interface for the language | for the language methods
R Python
WSA 0/10 1/10 1/10 2/30
TOPSIS 0/10 1/10 0/10 1/30
PROMETHEE II 0/10 0/10 0/10 0/30
Sum per request 0/30 2/30 1/30 3/90

The experiment was conducted with a total of 300 instances. Table 3 intercepts the
experiment where chatbots were asked which alternative was better. Table 4 to Table 6
intercepts experiments where chatbots were asked various questions, such as calculating the
best alternative or generating code in R or Python which will do such calculations according
to the desired method. The most successful chatbot was BING CHAT MODE, with a total of
19 points, The Second was Perplexity Copilot, with 3 points, and the worst was Google Bard,

Source:(own labour)
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with 2 points. But even the 19 points are an absolute disaster when acknowledged that the
maximum points that every chatbot could achieve was 100 points.

When the chatbot was requested to calculate answers, most times, the chatbot
identified the proper methods, formulas and algorithms but failed to do even the most basic
math. With more complex methods, TOPSIS or PROMETHEEZ2, the chatbot sometimes
generated pure nonsense, like it repeated the same word multiple times or just generated
random symbols. Generating codes was a more manageable task because the chatbot didn’t
have to calculate partial results. But still, most of the generated codes give the correct answer
with a low success rate. The only exception was the generated code in Python for TOPSIS
method by Bing chat mode. Bing chat mode every single time generated the correct code to
calculate this early-mentioned method, we even tried it a couple more times on different days,
and the answer was always correct. It is impossible for a neural network, even for a physical
neuron network, to complete the task with a 100% success rate. However, this one use-case
has almost every generated code in Python for TOPSIS correct (note that we used creative
mode on chatbot Bing chat mode).

5 CONCLUSION

This article has proven that chatbots could not calculate any extensive calculations
regarding MAT methodology in procurement. We tried different methods with different
complexity with different chatbots, but none could be considered as successful in calculating
an entire decision-making problem. The only successfully calculated method was the TOPSIS
method, in which Python code was generated by BING Chat mode in creative mode, which
had a 100% success rate. Still, it is unknown what the success rate would be if it were used on
different public procurements. The chatbot's primary means is to point procurement subjects
in the right direction, describe the theoretical basics of the methods, generate small parts of
code, or revise the code. However, even for this purpose, the reliability of the chatbot is not a
hundred per cent, and every piece of information should be met with some degree of
scepticism, critical thinking and verifying of all pieces of information. We believe that
chatbots, machine learning and Al development will be developed exponentially, so the
results would be better if this article were conducted in the future. But as for 2023 and 2024,
chatbot automation in public procurements is just a “song of the future”.

Overall, we suggest that chatbot tools in the year 2023 or 2024 should only be used for
partial educational purposes, like generating a line of code or giving the proper process steps
to help with calculation in the selection process. So, chatbots could only be used as a starting
point, which will mostly point persons involved in the procurement process in the right
direction regarding the interested area.

In the future, there could be a case when such chatbots, Al and neural networks as a
whole concept would become more reliable tools. We will conduct similar experiments soon,
not nearly 2 years, to identify, how much artificial helpers are perfected, if there is new room
for better integration into the processes, and how it benefits businesses, the environment and
society. If the results are promising, a guide, standardisation, or best practices should be
invented in case of how to communicate with a chatbot, to gain the best input possible, and
how to backcheck all its input.
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EMISIE OXIDU UHOIENATEHO V SLOVENSKEJ REPUBLIKE PRE
ROZNE UROVNE REGIONALNEHO CLENENIA

CARBON OXIDE EMISSIONS IN THE SLOVAK REPUBLIC FOR
DIFFERENT LEVELS OF REGIONAL DIVISION

Michaela Chocholatd'

Abstrakt

Prispevok sa zaobera analyzou dat o emisiach CO Vv Slovenskej republike pre rozne urovne
regiondlneho c¢lenenia, konkrétne na urovni Statu, na urovni krajov atiez na urovni
jednotlivych okresov v obdobi 2019-2021. Analyza dat potvrdila, ze existuju v produkcii CO
zna¢né¢ rozdiely medzi jednotlivymi regiénmi vyvolané rdéznymi charakteristikami
konkrétneho regionu napr. odliSnostami V druhoch ekonomickej cinnosti €i spdsobe
vykurovania domécnosti.

KUPucové slova: emisie, znecistujuca latka CO, Slovenska republika, regiony
Abstract

The paper deals with the analysis of data on CO emissions in the Slovak Republic for
different levels of regional division, namely at the state level, at the regional level and also at
the level of individual districts in the period 2019-2021. The data analysis confirmed that
there are significant differences in CO production between individual regions caused by
different characteristics of a specific region, e.g. differences in the types of economic activity
or in the way of heating households.

Keywords: emissions, CO pollutant, Slovak Republic, regions

1 UVOD

Zivotné prostredie a zlepSovanie jeho kvality bolo jednou zo zakladnych priorit strategického
dokumentu Eurdpa 2020 (Eurdpska komisia, 2012). Hlavné tazisko tejto priority spocivalo v
dosiahnuti udrzateI'ného rastu, podpore efektivnejSieho vyuzivania zdrojov s viziou dosiahnut’
ekologickejsie a konkurencieschopnejSie hospodarstva. Tzv. ,,zeleny* aspekt je tieZ sti¢astou
aktudlneho ramca kohéznej politiky EU pre obdobie 2021-2027, ktora je zamerana na pit
investicnych priorit — inteligentnejSia Eurdpa, nizkouhlikova a ekologickejSia Eurdpa,
prepojenejsia Eurdpa, socialnejSia Eurdépa a Eurdpa blizSie k obanom (Euractiv, 2020).
Vzhladom na zameranie prispevku zameriame pozornost na prioritu nizkouhlikova
a ekologickejSia Europa. S cielom urobit’ z Eurdépy prvy klimaticky neutrdlny kontinent
v roku 2050, bol v decembri 2019 prijaty tzv. Eurépsky ekologicky dohovor znamy tiez pod
nazvom Eurdpska zelena dohoda. ,,Ide o novu stratégiu rastu, ktorej cielom je transformovat’
EU na spravodlivi a prosperujiicu spoloénost s modernym a konkurencieschopnym
hospodarstvom, ktoré efektivne vyuziva zdroje, kde budii do roku 2050 Ccisté emisie

! Prispevok bol spracovany v ramci riesenia grantovych Gloh VEGA 1/0047/23 ,,Vyznam priestorovych spillover
efektov v kontexte priority EU zelensia a bezuhlikova Europa™ a VEGA 1/0211/21 , Ekonometricka analyza
makroekonomickych dopadov vplyvu pandémii vo svete s dorazom na vyvoj ekonomik EU a zvlast’ ekonomiky
Slovenska“.
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sklenikovych plynov na nule a kde hospodarsky rast nezavisi od vyuzivania zdrojov.
(Eurdpska komisia, 2019; s.2). ,, Komisia navrhla novy ciel' EU zniZit' &isté emisie do roku
2030 aspoil 0 55 % a doplnila ho do eurdépskeho pravneho predpisu v oblasti klimy. (Europska
komisia, 2021; s. 4)*. Vyraznym prispevkom k zlepseniu kvality ovzdusia, vody ¢i celkovo
zivotného prostredia je zvySenie energetickej efektivnosti a podpory obnovitelnych zdrojov
energie (Euractiv, 2020).

Slovenska republika, podobne ako iné krajiny EU, &eli viacerym environmentalnym vyzvam,
priCom vtomto kontexte vyznamnu ulohu zohrava vroku 2019 schvédlend nova
Envirostratégia 2030. ,,Najvic¢sie vyzvy zivotného prostredia na Slovensku, a teda oblasti,
ktoré buda v ramci environmentélnej politiky do roku 2030 prioritizované, si problematika
odpadového hospodarstva, kvality ovzduSia a ochrany biotopov a druhov hlavne v lesnych,
laénych a mokrad’ovych ekosystémoch (Ministerstvo zivotného prostredia SR, 2019; s.4)“.

Predmetom prispevku je pohlad na produkciu (emisie) oxidu uholnatého (CO)? v Slovenskej
republike a jej regionoch (krajoch, okresoch) v obdobi 2019-2021 v tonach, resp. v tonach na
km?. V prispevku predpokladdme, ze vyznamnu ulohu pri analyze a navrhu moznych krokov
zohrava popri inych faktoroch tiez umiestnenie regiénu v priestore ako aj iné charakteristiky
regionu (druhy ekonomickej ¢innosti, spOsob vykurovania apod.)
liSiace sa naprie¢ regionmi. Z priestorového hl'adiska je mozné predpokladat’, ze ¢im blizsie
su regiony z hl'adiska polohy, resp. geografickej vzdialenosti, tym je pravdepodobnejsie, Ze sa
navzajom budu ovplyviiovat’ aj v oblasti kvality zivotného prostredia (Chocholata, 2023).

Struktira prispevku je nasledujiica: po tivode do problematiky v prvej ¢asti, nasleduje East
venovand vybranym pristupom analyzy dat v roznom regiondlnom c¢leneni, v tretej Casti je
pozornost zamerana na cCasovo-priestorovi analyzu emisii CO Vv Slovenskej republike
V roznom regionalnom ¢leneni a prispevok uzatvara zaver.

2 VYBRANE PRISTUPY ANALYZY DAT ROZNEHO
REGIONALNEHO CLENENIA

Analyza dat pre rozne urovne regiondlneho ¢lenenia (napr. v podmienkach Slovenskej
republiky) predstavuje uzitocny nastroj, ktory umoznuje ziskat' pohl'ad na analyzovany
ukazovatel. Ak disponujeme len udajmi na uUrovni S§tadtu a pozndme vyvoj analyzovaného
ukazovatel'a v priebehu ur¢itého obdobia, vieme posudit’ trend jeho vyvoja v Case, pripadne
skusit’ vysvetlit' pripadné tendencie rastu, resp. poklesu v analyzovanom obdobi. NiZSia
uroven regiondlneho Clenenia (napr. na urovni krajov) ma vSak vyssiu vypovedna schopnost’
z hl'adiska postdenia vyvoja hodndt analyzovaného ukazovatela nielen v case, ale
I v priestore. Ak mame k dispozicii hodnoty vyvoja ukazovatel’a napr. az na Grovni okresov,
mozu byt zavery analyzy z casovo-priestorového hl'adiska ovel'a adresnejSie (a teda menej
vSeobecné). Prvy krok analyzy priestorovych dat je obvykle spojeny vizualizaciou
analyzovanych dat pomocou roéznych grafov a map. V pripade ,,dostato¢ného* mnozstva
uvazovanych regionov mozno aplikovat napr. aj nastroje priestorovej analyzy dat zalozené na
vypocte priestorovej autokorelacie, t.j. korelacii analyzovaného ukazovatel’a SO sebou samym
cez priestor (viac o vypocte globalnych a lokalnych Statistik ¢i zhlukovych mapach LISA
pozri napr. Getis, 2010; Chocholata, 2023).

2 .Co je bezfarebny jedovaty plyn bez zapachu, ktory vznikd pri neuplnom alebo neefektivnom horeni.
Zabranuje pristupu kyslika do krvi. Chronické ucinky — dlhodoba expozicia moze sposobit’ poskodenie tkaniv,
obzvlast’ ohrozené st osoby trpiace kardiovaskularnymi chorobami.* (Slovensky hydrometeorologicky ustav,
2021;s.9)
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3 DATA A EMPIRICKE VYSLEDKY ANALYZY

Predmetom prispevku je analyza dat o emisiach CO v Slovenskej republike pre r6zne urovne
regionalneho Clenenia, konkrétne na urovni S§titu, na uUrovni krajov atiez na urovni
jednotlivych okresov v obdobi 2019-2021. Udaje boli ziskané z internetovych stranok
Statistického tGradu SR (§ﬁ SR, 2023a, b) a Slovenského hydrometeorologického ustavu
(SHMU, 2023a, b). Na vizualizaciu dat bol vyuZity MS Excel ana znazornenie vyvoja
ukazovatel'a na mapach bol vyuzity vol'ne dostupny softvér GeoDa.

Odbor Emisie a biopalivd, ako jeden =z organizatnych utvarov Slovenského
hydrometeorologického ustavu, zodpoveda za vedenie Narodného inventarizacného systému
pre emisie. Trendy emisii sklenikovych plynov a zne€ist'ujucich latok sa bilancuju od roku
1990. Obr. 1 poskytuje pohlad na vyvoj celkovych emisii CO v tis. ton v Slovenskej
republike v obdobi 1990-2021.
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Obr. 1 Vyvoj celkovych emisii CO v tis. ton v Slovenskej republike v obdobi 1990-2021.
Zdroj: SHMU, 2023a

Obr. 1 poskytuje pohl'ad na v podstate dlhodobo klesajuci trend emisii CO v Slovenskej
republike, priCom Obr. 2 ndm poskytne (v stilade so zameranim prispevku) informaciu o
produkcii CO za obdobie 2019-2021, ato v absolitnom vyjadreni v tonach iV prepoéte na
km?, kde vidime rasttci trend v roku 2021.
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Obr. 2: Produkcia CO v Slovenskej republike v obdobi 2019-2021.
Zdroj: SU SR, 2023a; vlastné spracovanie v MS Excel
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Pred analyzou na trovni okresov ponikame na Obr. 3 graficky pohl'ad na produkciu CO
Vv jednotlivych krajoch Slovenskej republiky Vv obdobi 2019-2021. Podl'a Spravy o kvalite
ovzdusia v Slovenskej republike 2021 publikovanej SHMU st ,,najddlezitejsim zdrojom
emisii CO lokalne kuareniska (v roku takmer 55 % celkovych emisii), nasleduju priemyselné
bodové zdroje, priCom viac nez 80 % z priemyselnych zdrojov tvoria emisie z U. S. Steel
Kosice, s.r.o.; Slovalco, a.s. (Ziar nad Hronom) a CEMMAC a.s. (Horné Srnie).“ (SHMU,
2021; s. 60) Je teda zrejmé, ze najviac emisii CO V tonach je produkovanych v KoSickom
kraji a Banskobystrickom kraji, pricom pri prepoéte na km? nie je produkcia CO
v Banskobystrickom kraji az taka markantna.
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Obr. 3: Produkcia CO v jednotlivych krajoch Slovenskej republiky v obdobi 2019-2021.
Zdroj: SU SR, 2023a; vlastné spracovanie v MS Excel

Dalej sa sustredime na analyzu na urovni okresov. Grafické znidzornenie hodnot
analyzovaného ukazovatel'a v obdobi 2019-2021 pomocou box-map je na Obr. 4, z ktorého
st zrejmé znaéné disproporcie medzi jednotlivymi okresmi SR pri produkcii CO. V Tavej
Casti obrazka su udaje o produkcii CO vV tonach, prava Cast’ obrazka podava informéaciu
o produkcii CO v tonach na km?. Treba viak zddraznit,, Ze Gidaje za okresy Bratislava I-V st
agregované a rovnako agregovany je udaj za okresy Kosice I-IV. Udaje za agregat okresov
Kosice I-IV aokres Ziar nad Hronom su vo vietkych mapéach a vietkych analyzovanych
obdobiach identifikované ako horné odl'ahlé¢ hodnoty. Vysoké hodnoty emisii CO boli tiez
zaznamenané v okresoch Tren¢in a Cadca.
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Obr. 4: Produkcia CO v jednotlivych okresoch Slovenskej republiky v obdobi 2019-2021
(vlavo v tonach, vpravo v tonach na km?).
Zdroj: SU SR, 2023a; vlastné spracovanie v GeoDa

Vyznamnym faktorom analyzy emisii CO je ich pdvod. Tabulka 1 poskytuje pohlad na
produkciu CO v Slovenskej republike podl'a druhu ekonomickej ¢innosti (v tis. ton) v obdobi
2019-2021. Hlavnym zdrojom emisii vSak nie st priemyselné emisie, ale emisie

z domacnosti, konkrétne kuarenie.

Tabulka 1. Emisie CO v Slovenskej republike podl'a druhu ekonomickej ¢innosti (v tis. ton)

Vv obdobi 2019-2021

Oxid uhoP’naty 2019 2020 2021
Celkové priemyselné emisie 112,1 107,7 147,5
A Pol'nohospodarstvo 3,5 1 1
01 Pestovanie plodin, chov zvierat, polovnictvo 1,8 0,6 0,6
B Tazba a dobyvanie 0,1 0 0
C Priemyselna vyroba 100 99,3 138,4
10-12 potravin, napojov, tabaku 0,4 0,3 0,3
13-15 textilu, odevov, koze 0,1 0,1 0,1
16-18 spracovanie dreva, papiera, tla¢ a reprodukcia médii 15 1,6 2,3
19 koksu a rafinovanych vyrobkov 0,1 0,1 0,1
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20-21 chemikalii a farmaceut. vyr. 1,1 1,3 1,3
22-23 gumy a plastovych vyr., nekovovych mineral. vyrobkov 10,3 10,7 11,4
24-25 kovov, kovovych konstrukcii 85,5 84,5 122,1
26-28 pocitacovych, elektronic. vyrobkov, strojov a zariadeni 0,3 0,3 0,3
29-30 motorovych a ostat. vozidiel 0,4 0,3 0,3
31-33 nabytku, S$perkov a iné 0,2 0,2 0,2
D Dodéavka elektriny, plynu a pary 1,4 13 1,8
E Dodavka vody; odpadové hospod.; odstrai. odpadu 0,1 0,1 0,1
F Stavebnictvo 0,7 0,5 0,5
H Doprava a skladovanie 2,4 1,8 19
G, I-U Sluzby, Veda, Vzdelavanie, Kultura, Umenie, Sport, Iné. 3,9 3,7 3,7
Emisie 7 domdacnosti 170,9 169,1 186,9
doprava 16,2 14,7 16
kuarenie 154,2 1539 | 1704
iné 0,5 0,4 0,5
Premost’ovacie poloZky 0,0 0,0 0,0
rezidenti v zahranic¢i (doprava) 0,0 0,0 0,0
nerezidenti na izemi SR (dopr.) 0,0 0,0 0,0

Zdroj: SU SR, 2023b

Pohl'ad na vyvoj emisii CO generovany sektorom doméacnosti v obdobi 1990-2021 (Obr.5)
poukazuje opit’ na v ¢ase viac-menej klesajucu tendenciu.
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Obr. 5 Vyvoj emisii CO v tis. ton zo sektora domacnosti v Slovenskej republike v obdobi
1990-2021. zdroj: SHMU, 2023b

4 ZAVER

Zamerom prispevku bolo poukéazat’ na vysoku relevantnost’ a aktualnost’ tzv. zeleného aspektu
z pohl'adu znizovania emisii CO v podmienkach Slovenskej republiky pre rézne trovne
regionalneho Clenenia (na urovni §tatu, krajov a okresov) v obdobi 2019-2021. Z dlhodobého
hladiska (1990-2021) sme v Slovenskej republike svedkami globalne klesajuceho trendu
emisii CO. Vizualizdcia dat za kratSie obdobie, prip. prepocty emisii na km?, ako aj
preskiimanie vyvoja analyzovaného ukazovatel'a pre jednotlivé kraje ¢i okresy, poskytli blizsi
pohlad na ¢asovo-priestorové aspekty produkcie CO. Z hl'adiska druhu ekonomickej ¢innosti
predstavuje v pripade CO emisii vel’ki vyzvu zniZzovanie tychto emisii pochadzajlicich
z vykurovania domacnosti.
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DYNAMICKA ANALYZA CESKYCH A POLSKYCH SMENNYCH
KURZU

DYNAMIC ANALYSIS OF CZECH AND POLISH EXCHANGE RATES

. . w7 l
Dominik Kaviik

Abstrakt

Tato prace predstavuje dynamickou analyzu Ceskych a polskych sménnych kurzl s vyuzitim
ptistupu s Casové proménlivymi parametry. Studie zkouma chovani téchto mén v Sir§Sim
kontextu evropského finan¢niho prostredi. Integraci pokrocilych ekonometrickych modeli
odhaluje vyzkum zédkladni mechanismy, které tidi fluktuace téchto sménnych kurzd. Zjisténi
ukazuji vyznamny dopad jak domacich ekonomickych politik, tak mezinarodnich trznich sil.
Tato analyza prohlubuje nase porozuméni dynamice ¢eskych a polskych sménnych kurzi a
také nabizi vhled do vyvoje ménovych kurzi a efektu ménové politiky. Tato prace vyuziva
specifickou metodologii pro zkoumani zmén v dynamice mezi ekonomickymi veli¢inami.

KUlucové slova: smenny kurz, ménova politika, fluktuace men

Abstract

This paper presents a dynamic analysis of Czech and Polish exchange rates using a time-
varying parameters approach. The study examines the behaviour of these currencies in the
broader context of the European financial environment. By integrating advanced econometric
models, the research uncovers the underlying mechanisms that drive fluctuations in these
exchange rates. The findings show the significant impact of both domestic economic policies
and international market forces. This analysis deepens our understanding of the dynamics of
the Czech and Polish exchange rates and offers insights into the evolution of exchange rates
and the effect of monetary policy. This paper uses a specific methodology to examine changes
in dynamics between economic variables.

Keywords: exchange rates, monetary policy, currency fluctuation
1 INTRODUCTION

The exchange rate is an important macroeconomic variable which affects and is affected by
other macroeconomic fundaments of any open economy and is an important determinant of
the price of international trade. The exchange rate policy is in competence of monetary policy
conducted by the national banks. Given that the exchange rate is floating they react for
example to the levels of capital inflows and outflows, interest rate differentials and other
macro fundaments (Mankiw 2015) and (Dornbusch 1976) or (Frankel 1979). The main
research question of this study is how the exchange reacts to such fundaments using the
model of in order to estimate time varying parameter model using Kalman filter proposed also
by Wolff (1987). Another research question is whether the intervention of the Czech National
Bank, between the years 2013 and 2017, somehow affected the parameters of model
explaining PLNCZK by fixing the Czech currency to Euro.

! This research was supported by the Internal Grant Agency of Prague University of Economics and Business
under Project F4/38/2022.
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The exchange rate of choice is the currency pair PLNCZK which is the price of Polish
currency (zloty) in the units of Czech currency. The choice was made since Poland is a
neighbor state, and it is expected that there is some significant level of international trade,
which affects the volume of currency flow and for that matter capital flow (inward or
outward) which is expected to affect the said exchange rate.

In the section 2 there is a quick theoretical overview of used theoretical model and rationale
for the used model’s variables. In section 3 there are the variables used in the model including
their sources and computations. The model and quick reference to the literature and
description of Kalman filter is in section 4. Finally, the estimated evolution of parameters is
presented in section 5 and in section 6 there are some concluding remarks.

2 THEORETICAL FRAMEWORK

Since the exchange rate, in our case between Polish currency and Czech currency denoted by
the name of the currency pair PLNCZK, represents the value of one currency in another and
each currency is backed by its macroeconomic fundaments, it is worth exploring how much
does the respective fundaments affect the value of the currency - or the value of currency pair.

The model used in this study is based on the work of Wolff (1987) which uses a nested model
which is an amalgamation of the sticky-price monetary model (Dornbusch 1976) and (Frankel
1979). The sticky prices are a typical assumption of Keynesian and New Keynesian models
(see for example works of Akerlof and Yellen (1985) or also N. G. Mankiw (1985)) and such
assumption changes the expected impact of interest rate differential between two economies.
In the case of flexible prices, the differential is said to have a positive relationship with the
exchange rate. Under price stickiness it is expected to be otherwise, since higher interest rate
causes net capital inflow into the economy and therefore appreciation of the local currency
which indicates the negative effect (Frankel 1979) since appreciation means lower absolute
value of currency pair, in the simple terms less of local currency is needed to buy the foreign
one.

The interest rate differential is only one of the used variables in Wolff’s (1987) model.
Perhaps the most intuitive is the Differential between narrow money - M1 aggregate, which is
basically money supply of the economy (Bernanke et al. 2006) and affects the value of local
currency and hence its appreciation and depreciation. As per Dornbush (1976) via (Wolff
1987) the theoretical parameter of the differential of M1 aggregate should be equal to one.
Such models also expect that parameter of inflation differential should be below zero and
those of interest rate and product differential should be negative as well. These assumptions
are testable since we are going to use time varying parameter model estimated using Kalman
filter, proposed by Kalman a Bucy (1961).

3 DATA
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The data used in this analysis are the monthly data about monetary M1 aggregate, industrial
production index, interest rate and inflation calculated from consumer price index, for Czech
Republic and Poland within the period of January 1997 until December 2020. The main
sources of the data is Federal Reserve Economic Data (FRED) and the database of the Czech
National Bank (ARAD). The data about the measure of narrow money - M1 aggregate - is
obtained via FRED and since each monetary aggregate is published in the unit of national
currency, the polish M1 aggregate is recalculated to the terms of the CZK in order to obtain
correct comparison.

Zloty

M15% = PLNCZK x M1%

The time series of M1 aggregate is displayed in the lower right chart in the figure 1.

Since our model is based on the version in which is modified version based on the one
proposed in (Dornbusch 1976), the time series of inflation and interest rate had to be obtained.
From the same source as the M1 aggregate, except for the Czech interest rate which comes
from Czech National Bank (CNB), the consumer price index (CPI) was obtained to calculate
the rate of inflation in both Poland and Czech Republic. The rate of inflation was calculated
by the following formula.

CPI

Rate ofinflation = ———“— — 1 x 100 [%]
CPL;;t 12

Since we are using monthly data and information about the output of the economy in form of
GDRP is published quarterly, the index of production of total industry for both Poland and
Czech Republic are used (Wolff 1987), since their periodicity is monthly.
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Figure 1: Macroeconomic fundaments used in the model.
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4 METHODOLOGY

The following equation which is based on the one used in but originally proposed in the work

of. If we define the above differences in macroeconomic fundaments as ax = in(x2) — in(x,), the
model has the following theoretical form:

IN(PLNCZK) = By ¢ + B1,:AM1; + B, . AProduct, + B5 ;AIR, + S, AINFL, + u,

Note that there is a subscript t for each parameter since it is expected that they vary in time.

Where the Endogenous variable PLNCZK is the spot exchange rate of the Polish zloty in
terms of Czech crown. M1 is the money supply between Czech and Polish economy. Product
denotes is the difference between the Czech and Polish industrial product. And the last two
endogenous variables are the differences between Czech and Polish interest rate IR and the
rate of inflation INFL.

In order to estimate the model we need to rewrite it into a matrix form, where the first
equation is the measurement equation in matrix notation and denoting s = CZKPLN for the

spot rate s=X'Bc+u, where the s is (n x 1) vector of logs spot rate, X' is a matrix of

exogenous variables and B is a vector of the parameters for which we expect a random walk
evolution similarly as and expressed in the following transition equation

Bisr1 = Bie + Vit Vi={12,..5} A v; ~iid N(0, 0'1;2)
Having this State space form, we can apply Kalman (1960) filter to obtain the estimated time
varying parameters. The transition equation can be represented in the following matrix form

Berr =BtV
By conveniently shifting it in time to get the lagged values on the right-hand side explicitly

with subscript (t — 1), we obtain B: = Be1 + Ve,

For the estimation of state components, the Kalman filter which was originally proposed by
and will be used to estimate the dynamics of the parameter in the model.
As per in most general form the Kalman filter consists of the observation equation.

Ve = HG + Rex¢ + €,
where y, is a vector of observable endogenous variables, T, is a vector of state variables.

Vector R, is the (n x k) matrix of coefficients and x, is a vector of time varying parameters.
The transition equation is as follows:

Xe = AX g + e,

The p; and + are the random disturbances terms (Wang 2008).

5 EMPIRICAL RESULTS

As we can see the estimated intercept of the model eq: nicer is rather stable over time, which
might lead us to the idea that keeping other macroeconomic fundaments constant, there was
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not much ad hoc adjusting or let’s say manipulation of the exchange rate which is plausible
result which should not surprise us.

The development the parameter of M1 monetary aggregate differential ; or (Beta 1 in the
figure) is interesting since it is negative all the time. Meaning that if the differential between
the two economies gets larger, the resulting exchange rate decreases, which suggests
appreciation of the local currency, or depreciation of the foreign currency. This is consistent
with economic theory since Polish economy was constantly increasing its money supply, the
polish currency depreciated faster than the Czech currency which led to decreasing the
PLNCZK exchange rate, therefore relative appreciation of the Czech currency.
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Figure 2: TVP estimation results.

The estimated parameter of production differential beta 2 has an average value of 0.115 and
is almost always, except for years 2005 till 2011, positive. This means that there is a
numerically positive effect on the value of the exchange rate PLNCZK when the production
differential gets higher, which is in case that Czech production goes down and polish goes up.
Meaning that if the differential gets larger, we may expect relative depreciation of the Czech
crown with respect to Polish zloty. This situation seems to be the opposite. See the Appendix
and note that the production differential around year 2015 was for a longer period almost
zero. This might be the case why around year 2015 the parameter is estimated to be close to
zero as well since there was no significant difference between the productivity of the Czech
and Polish economy. The estimated evolution of inflation differential parameter (Beta 4) is
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constantly fluctuating around zero with very small values as a difference from zero. It might
be the case because the inflation differential is rather stationary around zero. The same applies
for the beta 3 which is the coefficient of interest rate differential which is along the period
converging towards zero.

Interesting is the fact that in late 2013 the Czech national bank begun with monetary
intervention to stabilize the value of Czech currency with respect to euro. The exact date is
marked by the dashed vertical line in the figure above.

6 CONCLUSION

The Exchange rate model of time varying parameters of (Wolff 1987) was estimated using
Kalman filter and it was shown, that indeed the M1 differential causes appreciation of local
currency with respect the foreign (Polish) currency. Interestingly, the study also highlighted
that the impact of inflation and interest rate differentials is minimal, with the latter tending
towards insignificance in the long-term perspective. The empirical findings strongly suggest
that the M1 money supply and production differential play a pivotal role in shaping the
CZKPLN exchange rate dynamics.

Furthermore, the research delved into the effects of the Czech National Bank's interventions,
uncovering that these actions notably altered the trajectory of the model’s parameters. Except
for the Beta 2 parameter associated with productivity differential, all other parameters
remained consistent throughout the intervention period. This observation lends credence to
the notion that central bank interventions do exert a discernible influence on the parameter
evolution within this model framework.

Considering these findings, a promising avenue for future research is proposed: enhancing the
model by incorporating a broader range of macroeconomic variables. Such an expansion
could potentially elevate the model's explanatory capacity, offering a more comprehensive
understanding of the exchange rate's evolution. This approach not only promises to enrich the
existing literature but also provides valuable insights for policymakers and economists in
navigating the complex dynamics of currency markets.
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VPLYV ZAHRNUTIA VNUTORNEHO OBCHODU NA ODHAD
EFEKTU CLENSTVA V EU V GRAVITACNOM MODELI

THE EFFECT OF INCLUSION OF INTRA TRADE ON THE
ESTIMATION OF THE EFFECT OF EU MEMBERSHIP IN THE
GRAVITY MODEL

Brian Konig

Abstrakt

Clanok sa zaobera vplyvom zahrnutia vnitorného obchodu na odhad efektu ¢lenstva v EU na
bilateralny obchodny tok pomocou gravitaéného modelu. Doéraz je kladeny na komparaciu
odhadu dynamického efektu ¢lenstva v modeli bez zahrnutia vnttorného obchodu a v modeli
so zahrnutym vnutornym obchodom. Z vysledkov dosiahnutych v aplikacnej Casti ¢lanku
mozno konstatovat’, ze efekt ¢lenstva v eurdpskej unii na bilateralny obchod je v pripade
modelu s vnutornym obchodom vys$i, v porovnani s modelom bez vnutorného obchodu.
Tento efekt klesa ak v modeli s vnitornym obchodom kontrolujeme cezhrani¢ny obchod.

KPucové slova: gravitacny model, vnutorny obchod, clenstvo v europskej unii

Abstract

The article deals with the impact of including intra trade in gravity model on the estimation of
the effect of EU membership on bilateral trade flow. Emphasis is put on the comparison of the
estimate of the dynamic effect of EU membership in the model without the inclusion of intra
trade and in the model with the intra trade. From the results obtained in the application part
of the article, it can be concluded that the effect of the EU membership on bilateral trade is
higher in the case of the model with intra trade, compared to the model without intra trade.
This effect decreases if we control for cross-border trade in the gravity model with intra trade.

Keywords: gravity model, intra trade, EU membership

1 UVOD

Casto skimanym javom v gravitaénych modeloch bol vplyv dohdd o volnom obchode alebo
inych foriem medzinarodnej spoluprace (regionalne dohody o vol'nom obchode, dohody o
ekonomickej integracii atd’.) na bilaterdlny obchod. Gravitatné modely boli dlhu dobu
vystavené kritike kvoli tomu, Ze viaceré premenné bilateralnych nakladov nie s povazované
za exogénne premenné. Jednou z takychto premennych, ktoré mali sklon k podliehaniu
endogénnosti st dohody o vol'nom obchode. Je to z toho titulu, Ze za predpokladu ceteris
paribus majui krajiny, ktoré maju vzdjomne dobré obchodné vztahy a tym padom aj vyssi
objem obchodu, vac¢s$iu motivaciu liberalizovat' obchodné pravidld a uzatvéarat dohody o
vol'nom obchode v porovnani s inymi krajinami, s ktorymi tol'’ko neobchoduju.

2  LITERATURA

Jedni z autorov, ktori sa zamerali na ekonometrické rieSenie problému endogénnosti dohdd o
vol'nom obchode boli Baier a Bergstrand (2007). Autori dospeli k zaveru, ze
najpravdepodobnejsi odhad priemerného efektu premennej reprezentujucej dohody o vol'nom
obchode na bilateradlny obchod je mozno ziskat’ pomocou gravitatného modelu zalozené¢ho na
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panelovych datach s bilaterdlnymi fixnymi efektmi pre dvojice importér — exportér a s
fixnymi efektmi pre dvojice importér — Cas a exportér — Cas. Ako alternativny spdsob
odporucaju pouzit’ prvé diferencie bilateralneho obchodu, ¢im sa eliminuje informécia o
objeme obchodu medzi krajinami.

Dal§imi autormi, ktori adresovali mozné skreslenie odhadnutych parametrov
v gravitatnom modeli v dosledku endogénnosti premennych boli Bergstrand, Larch a Yotov
(2015). Autori sa zamerali na sucasné skiumanie efektov troch premennych aich vplyv
na vel’kost’ obchodu: dohdod o ekonomickej integracii, medzinarodnych hranic a bilateralne;j
vzdialenosti. Autori dospeli k zaveru, Ze v pripade pouzitia gravitatného modelu so
zahrnutym vnatornym obchodom s fixnymi efektmi, efekt dohdd o ekonomickej integracii na
bilateralny obchod ma tendenciu byt’ skresleny smerom nahor. Existencia tohto skreslenia je
v doésledku nepostacujiiceho pouzitia pozorovatelnych a nepozorovatelnych bilaterdlnych
nakladov pomocou fixnych efektov, ktoré mozu znizovat’ naklady medzinadrodného obchodu
relativne voc¢i vnitornému obchodu. Autori odvodili model, ktory existenciu tohto skreslenia
odstrafiuje a zdroven umoznuje zohladnit klesajuci vplyv medzinarodnych hranic na
bilateralny obchod, ako aj endogénnu povahu dohdd o ekonomickej integracii. Autori
poukazovali na fakt, Ze zvyCajne sa predpoklada, ze uzatvorenie dohody o ekonomickej
integracii medzi krajinou i a krajinou j vedie k zniZeniu bilaterdlnych nakladov. Standardne
vSak rozsah tychto dohdd siaha d’alej ako je iba obyc€ajné zruSenie ciel a mdze viest' aj k
znizeniu nielen variabilnych, ale aj fixnych exportnych nakladov. V praxi sa vSak v priebehu
¢asu mozu menit’ vSetky typy Strukturdlnych parametrov, bez ohl'adu na existenciu dohdd
0 ekonomickej integracii (napr. historické faktory, netarifné bariéry atd’.). V désledku coho
autori predpokladali, ze zahrnutie Casovo invariantnych fixnych efektov ako navrhovali Baier
a Bergstrand (2007) moze byt nepostacujuce k zachyteniu neskreslené¢ho efektu dohdd
0 ekonomickej integracii na bilateralny obchod, pretoZze ten mdze byt tiez ovplyvneny
zmenenymi fixnymi exportnymi nakladmi. Metodologicky prinos Bergstranda, Larcha
a Yotova spocival v zavedeni premennej INTER;j; v gravitacnom modeli s bilateralnym, ale aj
vnutornym obchodom. Ta mala zachytit’ priemerny pokles v nepozorovatel'nych bilateralnych
exportnych nakladoch (fixnych aj variabilnych) nesuvisiacich s dohodami o ekonomickej
integracii. Premennd INTER;j; je definovand ako su¢in umelej premennej pre roky a ¢asovo
nepremenlivej umelej premennej INTERNATIONAL;; nadobtdajucej hodnotu jedna v pripade,
Ze sa realizuje obchod medzi dvoma odlisSnymi krajinami (i#/) a nulu v pripade, ze sa jedna
0 obchod vnutri krajiny (i=j).

3 METODOLOGIA

Gravitaény model zahranicného obchodu je historicky spédjany s holandskym ekonémom
Janom Tinbergenom, ktory tento koncept predstavil v roku 1962 (Tinbergen, 1962). V tejto
casti budeme uvazovat s gravitatnym modelom odvodenym z dopytovej strany ekonomiky
podl'a Andersona a van Wincoopa (2003) zalozeného na Anderson (1979).

Ak takto upraveny vztah (1.14) nasledne dosadime do vztahov (1.8) a (1.9) ziskame
Strukturélnu podobu gravitaéného modelu Andersona a Wincoopa (2003) v tvare:

1-o0
E.Y:| t;:
X, =L
=y lHiP- (3.1)

t:A\170 Y.
P77 = z (i) —, 3.2
J - l_[i Yw ( )

l
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kde Xjj su bilaterdlne obchodné toky zkrajiny ido krajiny j; Yy je prijem sveta
(resp. produkcia); Y; je domaca produkcia krajiny i; Ej su celkové vydavky krajiny j; &;
reprezentuje bilateralne obchodné naklady medzi krajinami iaj; o je elasticita substiticie
medzi tovarmi z jednotlivych krajin.

Na odhad parametrov bude pouzity pseudo- Poissonov estimator maximalnej vierohodnosti
PPML (Silva a Tenreyro, 2006)

4 DATA

Ako zéavisla premenna bude pouzity bilateralny import tovarov databazy DOTS (Direction of
Trade Statistics) medzinarodného menového fondu. Databaza pokryva udaje o bilateralnom
obchode za 184 krajin, pricom ro¢né udaje su k dispozicii od roku 1948 az po sucasnost’
zhruba s dvojroénym oneskorenim. Udaje st publikované v americkych dolaroch. Import bol
zvoleny za zavisli premennu z toho titulu, ako uvadzaji viaceri autori (napr. Yotov a kol.,
2016), ze udaje o importe st zvycajne spol'ahlivejsie ako udaje o exporte, pretoze importy do
krajiny st 0 mnoho viac monitorované v porovnani s exportom (najma kvoli clu). Okrem toho
v DOTS databaze je viacej pozorovani importu ako exportu, a preto budeme vyuzivat ako
zavislu premenna import vyjadreny v americkych dolaroch (USD). Za G¢elom naSej analyzy
boli pouzité udaje za roky 1950 - 2015 pre 138 najvéacsich obchodnych partnerov EU v roku
2015, pricom medzi nimi sa nachadza vSetkych 28 Statov EU. Informacia o ¢lenstve v EU je
pouzitd z databazy franctizskeho centra pre vyskum a expertizy o svetovej ekonomike CEPII,
ktoré poskytuje rozne databazy (okrem in¢ho aj databédzy sluziace k tvorbe gravitaénych
modelov).

5 ODHAD DYNAMICKEHO EFEKTU CLENSTVA V EU POMOCOU
GRAVITACNEHO MODELU

V tejo Casti overime predpoklad Bergstranda, Larcha a Yotova (2015), ktori dospeli k zaveru,
ze vpripade pouzitia dat o vniutornom obchode efekt existencie dohody o ekonomickej
integracii je nadhodnoteny, pretoze zachytdva v sebe aj vplyv globalizacie. Na rozdiel od
autorov overime tento predpoklad namiesto priemerného efektu dohod o ekonomickej
integracii na clenstve v EU. Pre jeho neskresleny odhad treba podla autorov do modelu
zaviest umeltl premennt, zohl'adnujicu realizaciu obchodu mimo krajinu. Najskor budeme
uvazovat’ s modelom v tvare:

xij,t = exp(ﬁleuodi]"t + Bzeuodij‘t_g, + ﬁ3eu0dij’t_6 + ﬁ‘l—euodij’t_g +

bij +Vie + 6 )Eije-
kde t je index Casu; x;;, teraz reprezentuje bilaterdlny obchodny tok z krajiny j do krajiny i;
eUoq,;, je umela premenna zachytavajica Clenstvo obchodujtcich krajin v EU, ¢;; su fixné

(5.1)

efekty v rozmere importér — exportér, y; a §; st fixné efekty importéra a exportéra.

V prvom kroku do dynamického modelu zavedieme aj vnutorny obchod, ¢o znamena4, Ze bude
mozné, aby krajiny i a j reprezentovali sti¢asne tu ist(i krajinu. Predpoklad nadhodnoteného
efektu ¢lenstva v EU sa pokusime overit’ na agregovanych datach. Vyhoda agregovanych dat
oproti sektorovym datam spociva najmé v tom, Ze je mozné ich sledovat’ za dlhSie obdobie
anie je také naro¢né zostrojit databdzu ako v pripade sektorovych dat. Nevyhoda
agregovanych dat spoCiva v tom, ze jedind dostupnd ndhrada za hrubu produkciu, ktord
vstupuje do vypoctu vnitorného obchodu je HDP krajiny, ktoré je pocitané ako ukazovatel
pridanej hodnoty. Napriek nedostatkom agregovanych dat sa pokusime adresovat’ problém
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nadhodnoteného efektu ¢lenstva v EU v gravitaénom modeli s datami o vnatornom obchode
na zéklade agregovanych dat obdobne ako Bergstrand, Larch a Yotov (2015) pri skimani
efektu dohdd o ekonomickej integracii. Udaje o vntitornom obchode st po¢itané ako rozdiel
medzi HDP krajiny aexportom. V prvom kroku budeme uvazovat s dynamickou
Specifikaciou modelu (uz bez vplyvu fta), pricom ju rozSirime o existenciu vnutorného
obchodu (krajina i moze byt totozna s krajinou j).

Tabulka 5.1 — Odhad dynamického gravitaéného modelu s vnutornym obchodom

(1) () 3) (4)
basic intra lag lag_intra
main
eu_od 0.4355*** 0.6920*** 0.3454*** 0.4550***
(0.0356) (0.0464) (0.0321) (0.0475)
eu_od_lag3 0.0394** 0.0984***
(0.0167) (0.0197)
eu_od_lag6 0.0488*** 0.1959***
(0.0167) (0.0293)
eu_od_lag9 0.0690*** 0.0685***
(0.0237) (0.0236)
N 194352 197056 194352 197056
R? 0.991 1.000 0.991 1.000
total eu od 0.4355 0.6920 0.5026 0.8179

Standard errors in parentheses

*p<0.10, ** p<.05, ***p<.01

Model (1) reprezentuje pévodny model na celom obdobi. Model (2) reprezentuje pdvodny model s vnitornym
obchodom na celom obdobi. Model (3) reprezentuje pévodny dynamicky model na celom obdobi. Model (4)
reprezentuje dynamicky model s vnitornym obchodom na celom obdobi.

Z vysledkov v tabulke (Tabulka 5.1) je mozné si vSimnat, Ze v modeli s vnatornym
obchodom efekt Clenstva v EU je vyrazne vySsi v porovnani s modelom bez vnutorného
obchodu. Bergstrand, Larch a Yotov (2015) pripisuju tieto vysoké hodnoty efektu
globalizacie, ktory v sebe Clenstvo v EU mozZe zachytavat’. Preto v d’alSom kroku zavedieme
do modelu umelu premenntl inter reprezentujicu realizaciu obchodu do zahrani¢ia (rovna
jednej ak i # j). Dynamicky model rozSireny o premennt inter v ¢ase mozno zapisat’ v tvare:

xij,t = exp I:Bleuodij‘t + .Bzeuodij_t_3 + B3eu0dij_t_6 + .84euodij_t_9 +

5.2
Y22 %07 Brinter (T);; + ¢ij + vie + 5j,t] Eijt- 62
Ked'Ze nova umeld premenna inter nadobuda hodnotu jedna ak sa realizuje obchod do
zahraniCia pre kazdy jeden rok, kvoli uplnej multikolinearite S ostatnym fixnymi efektmi je
nevyhnutné jeden rok vynechat. Z tohto titulu sme vynechali pri premennej inter rok 2015,
ateda vSetky parametre pri premennej inter by sa mali interpretovat’ relativne voci
korespondujicemu roku 2015. Aby nebolo v modeli prili§ vel'a premennych inter, rozhodli
sme sa pouzit’ odhad iba za poslednych 20 rokov (pozorovania > 1995). Ked'’Ze pouzivame
trojro¢né intervaly prvy rok, ktory sa dostal do odhadu je rok 1997 a posledny je 2015.
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Niekol’ko zisteni mozno konstatovat’ na zaklade odhadov v tabulke (Tabulka 5.2).
Ked pouzijeme model s vnutornym obchodom efekt ¢lenstva v EU na tok obchodu
zahrani¢ného obchodu relativne voc¢i vnitornému obchodu rastie bez ohl'adu na typ modelu
V porovnani s modelom bez vnutorného obchodu. V pripade pouzitia premennej inter efekt
¢lenstva v EU zostal Statisticky vyznamny a pozitivny, avsak celkovy efekt klesol v porovnani
s dynamickym modelom so zahrnutym vnéitornym obchodom. Co sa tyka vplyvu hranice na
bilateralny obchod (premenna inter) mozno pozorovat’, ze v roku 1997 bol efekt hranice vyssi
Vv porovnani s rokom 2015. Tento efekt postupne oslaboval (roky 2003 a 2009). Zaujimavé je,
7e efekt hranice v rokoch 2006 a2012 ako keby mal nizsi efekt na bilateralny obchod
V porovnani s efektom hranice v roku 2015.

Tabul’ka 5.2 — Odhad dynamického gravitacného modelu s vnitornym obchodom a premennou
inter

(1) 2) @)
lag95 lag_intra95 inter95
main
eu_od 0.2303*** 0.4022*** 0.3489***
(0.0392) (0.0392) (0.0348)
eu_od_lag3 0.0150 0.0914%*** 0.1149***
(0.0189) (0.0233) (0.0167)
eu_od_lag6 0.0289 0.2304*** 0.1494***
(0.0188) (0.0348) (0.0240)
eu_od_lag9 0.0172 0.0558*** 0.0642***
(0.0242) (0.0210) (0.0247)
inter1997 -0.1710***
(0.0375)
inter2000 0.0009
(0.0310)
inter2003 -0.0626**
(0.0254)
inter2006 0.0994***
(0.0222)
inter2009 -0.0960***
(0.0174)
inter2012 0.1501***
(0.0125)
N 106180 107169 107169
R? 0.993 1.000 1.000
total_eu_od 0.2914 0.7797 0.6775

Standard errors in parentheses
*p<0.10, ** p < .05, ***p < .01
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Model (1) reprezentuje povodny dynamicky model po roku 1995. Model (2) reprezentuje dynamicky model
s vnutornym obchodom po roku 1995. Model (3) reprezentuje dynamicky model s vnutornym obchodom
a premennou inter po roku 1995.

ZAVER

Clanok sa venuje komparacii odhadov statického a dynamického odhadu efektu &lenstva
v EU, pricom doraz je zamerany na vplyv zahrnutia vnitorného obchodu. Z vysledkov
dosiahnutych v aplika¢nej ¢asti mozno konsStatovat, ze efekt ¢lenstva v EU je v pripade
modelu s vnatornym obchodom vyrazne vyssi, v porovnani s modelom bez vnutorného
obchodu. Zahrnutie premennej kontrolujiicej pozorovani s vnitornym obchodom tento efekt
znizuje.

Prispevok bol spracovany vramci rieSenia projektu VEGA 1/0115/23 , Aplikacie
kooperativnych modelov teorie hier v ekonomii a medzindarodnych vzt'ahoch*.
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Aplikace Komplexniho Ekonometrického
Modelu s Prostorovymi a Casovymi
Charakteristikami

Application of Complex Econometric Model
with Spatial and Temporal Features

Martin Konopasek

Abstrakt

Vztahy mezi makroekonomickymi proménnymi distribuovanymi v ¢ase a prostoru mo-
hou byt velmi slozité. Proto je pti provadéni empirické analyzy dilezité zohlednit co ne-
jvice predpokladanych vlastnosti zkoumanych proménnych. Tento ¢lanek ukazuje aplikaci
modelu dynamického panelového regresniho modelu na miru nezaméstnanosti péti evrop-
skych zemi. Tento model bere v ivahu mnoho vlastnosti, které bychom mohli ocekavat
v modelovanych vztazich. Konkrétné model umoznuje modelovat prostorovou a c¢asovou
dynamiku, stejné jako prostorové heterogenni odezvy, pti sou¢asném pouziti endogennich
regresortl v jednom ramci.

Klicova slova: linearni panelovy model, prostorova a casovd dynamika, prostorova het-
erogenita, ndhodné parametry odezvy, endogenni regresory, mira nezaméstnanosti

Abstract

The relations between macroeconomic variables distributed over time and space could be
very complex. Therefore, when performing empirical analysis, it is important to take into
account as many assumed features of the examined variables as possible. This article
show the application of dynamic panel regression model to the unemployment rates of
five Europian countries. This model account for numerous features that one could expect
within modelled relationships. Specifically, the model allows for modeling spatial and
temporal dynamics, as well as spatially heterogeneous responses while using endogenous
regressors in one framework.

Keywords: linear panel model, spatial and temporal dynamics, spatial heterogeneity,
random response parameters, endogenous regressors, unemployment rate

1 Introduction

The article adopts the model and estimation approach of Elhorst and Zeilstra (2007) [4].
Their spatial dynamic model, tailored for cross-country regional analysis, operates on
panel data with hierarchical cross-sectional dimension with two levels (e. g. countries
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and regions). This model captures both country-specific traits and features common to
all spatial units. Specifically, it incorporates country-specific exogenous spatial effects
through SAR processes, considers various variables at regional and national levels (which
can be exogenous or endogenous), accounts for country-specific variances of identically adn
independently distributed (IID) components, and introduces a country-specific random
component for response parameters of exogenous country-level variables. The tempo-
ral dynamics, represented by AR(1) process specification, share autoregressive coefficient
which is common for all spatial units.

This article provides an extension of their model by incorporating endogenous spatial
effect, achieved by formulating explained variable as country-specific SAR process. Ad-
ditionally, to account for spatial-temporal dynamics, explained variable lagged simulta-
neously in space and time with one common parameter is included. Especially former
extension could be very interesting since it allows for modelling country-specific spatial
responses of explanatory variables. The article is then simply structured as follows: the
second section formally describes the model and provides the corresponding assumptions,
while the third section is devoted to model application on the unemployment rate and re-
sults interpretation. Explanatory analysis is then performed for Germany, Spain, France,
Italy and Netherlands

Notations: subscript ¢ belongs to cross-sectional units and N is their total number; sub-
script ¢ belongs to countries and C' is their total number; subscript ¢ belongs to time
observations and T is their total number; bold subscripts denote names of vectors and
matrices, for square matrices they also describe their dimension; I is identity matrix and
FE is square matrix of ones.

2 Model Description

As mentioned above, model is designed for two-level cross-sectional dimension, such as
countries and regions. For every country ¢ € {1,...,C}, with certain number of spatial
units (regions) N. € [Ny, ..., N¢l, it is assumed specific spatial weight matrix for every
country (W.) which is defined by following assumptions:

Assumption 1. Spatial weight matriz W is gained by row-normalizing connectivity ma-
triz C' (such as wy; = ¢;5/>; cij ), while for elements of matriz C' applies:

0, ifi=j
cij(dij) = {0, if distance criterion d;; is not met (1)

1, if distance criterion d;; is met,
where d;; is some pre-formulated function of geographical distances between spatial units.
Assumption 2. For rows and columns of the connectivity matriz C apllies:

> eyl <Be<oeoVjieNand > eyl <B.<ooVie€l[l,.., Nl (2)
i€[1,..,N] j€[1,..,N]

Within this setup, only interactions between regions within one country are accounted for
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and weight matrix for whole model is defined as:

w, 0 . 0
Wi = o W, . 0 ‘ (3)
0 0o . We

This spatial structure allows for easier model construction (and parameter estimation)
and could be justified by the assumption, that regions within one country are more likely
to interact with each other then those which belong to different countries due to absence
of social, cultural and language barriers as well as institutional differences. Although as-
sumption of zero spatial dependence between neighbouring regions of different countries
may be unrealistic in some cases, these kind of interactions are at least assumed to be
weaker, thus described spatial weight structure could be consider as good approxima-
tion. Structure of Matrix (3) allows to model examined variable as Spatial Autoregressive
(SAR) process with C' country-specific spatial parameters A = [\, ..., A¢]T. Specifically,
dependent variable could be rewritten as:

Yo = )\chyct + Xct7 (4)

where X represents every other observed and unobserved components assumed within
the process. From this specification it could be seen that for every country there must
exist inverse of the matrix A. = (In, — \:W,) for stability of the model. Additionally,
SAR process within unobserved component could be modelled in similar way, again with
country-specific spatial parameters p = [p, ..., pc]T and corresponding matrices By, ..., B¢
for which invertibility conditions are applied as well. To deal with temporal dynamics,
common autoregressive coefficient (7) associated with the time lag of dependent variable
is included in model. For dynamic completeness, also spatial-temporal component could
be implemented, but as in case of autoregressive coefficient, only one common parameter
(0) is assumed, thus dependent variable with all aforementioned features would take form:

Yot = Achyct + (TINC + 6Wc)yct—1 + Bc_lvct + Xct- (5)

Apart from invertibility conditions for A, and B,, also assumption 3 for every examined
country must be met in order to proper estimation. For dependent variable, we could
expect cross-sectionally heterogeneous means as well, in that case, we use fixed effect
extraction via eigenvectors of transformation matrix described in Lee and Yu (2010) [6].
This approach yields exactly same estimates es provided by traditional time demeaning,
but with two important advantages. First, unlike in case of time demeaning, extraction
via eigenvectors of transformation matrix does not bring negative autocorrelation into
the residuals and second, it reduces time dimension by one, which could be useful within
most likelihood estimation framework.

Now lets look at the structure and features of explanatory variables and corresponding
response parameters, which form the observed part of term X, in equations 4 and 5.
Generally, three sets of explanatory variables are assumed - X;, X2 and X3. Within
first set (X7), exogenous variables (potentially alongside with their spatial lag form) at
regional level (i. e. there exist variation across all examined regions within these variables)
are included, while the second set (X32) is made up of exogenous country-level variables (i.
g. variables, that vary over countries but have the same observed values for every region
within the same country). Finally, endogenous variables could be divided into two parts:



first part, which contains temporally and spatial-temporally lagged dependent variable,
and second part expressed by set X3 which is made up of other endogenous variables
which could be defined on regional as well as country level. For sets X7, X and X3 lets
define corresponding response parameters as 3 = [31, B4, 84]T. Important feature of this
model is, that it allows for spatial heterogeneity at country level in response parameters of
exogenous regional-level variables (3;1) via random component within these parameters.
More specifically, response parameters (3; are modelled as random variables which could
be expressed as follows:

/61,c = ﬂl + €, E<€) = 07 VCLT‘(G) = V? (6)

where matrix V' is some positive definite symmetric matrix of dimension k; x ki, where k;
is number of variables contained in X;. This formulation means, that response parameters
of exogenous regional-level variables could vary across countries around common means
(8r).

By defining K. = (7In, + 6W,) ® Ir_q, full model with all aforementioned features is
formally expressed as:

AL @ Ir_q 0 . 0 yy K, 0 . 0 Y1
0 Ay Ir_1 . 0 y;‘ _ 0 K, . 0 y;t—l +
0 0 . Ac®Ir_1| |yk 0 0 . K¢l |yt
X1a X341 X3 X711 o . 0 €1
TR B | TR ot | T2 Ba ot b M
e, 20 30 0 0 . Xj.] lec
Bi'oIr_, 0 . 0 Vi
—1
n 0 32 QIr_q1 . 0 175}
0 0 . B51 QIr_1| |vo

For component v is assumed, that within one country is identically and independently
distributed with zero mean, but it’s variance could possibly differ from one country to
another (thus specific form of heteroskedasticity is taken into account). This model for-
mulation then implies that unobserved component, which is given by:

u* = (AN ® Ir_1)y* — X&, (8)
with
A, 0 . O
0 A, . O
AN - . -2 . . ’ (9)
0 0 . Ao

where X = [yf ,, (Wn @ Ip_1)y} ,, X§, X%, X3%], has variance in form of block-
diagonal matrix with C' blocks such as:

>, 0 0
Ev= |0 % 0 (10)
0O O Yo
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with c-th block given by:
3. = X;CVXfc + 0. (BIB.®Ir_1)"", (11)

which is the same form as in model without endogenous spatial effects proposed by El-
horst and Zeilstra (2007) [4].

To sum up, model described by Equation (7) contains country-specific parameters X, p
and o) = [02,,...,00 |7, that is C' x 3 country-specific parameters in total. Another
group of parameters appearing in Model (7) are response parameters, which are similarly
to previous chapter denoted by & = [7,d,37]T. Remaining parameters are elements of
matrix V' and since this matrix is symmetric, we could take to account only w pa-
rameters (diagonal elements and elements above diagonal of V). Therefore, there are C'
x 3+ ki + w (where kz is number of columns of matrix X or alternately length of

&) parameters included in the Model (7).

2.1 Estimation Procedure

To obtain consistent estimation of described model, analogue to Swamy’s three stage
procedure (Swamy (1970) [9]) taken and extended from Elhorst and Zeiltra (2007) [4] can
be applied. First stage of this method serves for two purposes. First, country-specific
parameters A, p and o2 are estimated and second, estimation of response parameters is
performed in such way that we assume country-specific responses to exogenous regional-
level variables (represented by country-specific response parameters 81 = [3] 1, ..., 31 ¢]7).
In other words, in first step we estimate model (7), but without random component € and
with block diagonal matrix of explanatory variables contained in set X;, where c-th
block is given by variables observed within c-th country. For estimation of parameters
within this set up, it is applied procedure that alternates between maximizing country-
specific concentrated LL functions to obtain estimates of spatial parameters (p, A) and
instrumental analogue to FGLS method for o2 and response parameters (3 estimation.
By using country-specific estimates 3; . from the first stage, estimate of matrix V' from
(6) is computed as:

. 1 5 1 5 3 1 3, )T
V = m a (5176 - 5 ;:31,6)((/81,0 - 5 ;/61@) . (12)

Within final, third stage of this procedure, common parameters 3; alongside with other
parameters contained in € corresponding to Model (7) are estimated again by instrumental
analogue to FGLS, where estimates of A, p, a2 and V from previous stages are used.
Whole estimation process is described in more detail within my previous paper and can
be found within proceedings of 41st International Conference on Mathematical Methods

in Economics [7].

2.2 Spatial Effects

SAR structure of dependent variable causes that explanatory variables have heterogeneous
impacts across space. Block diagonal structure of spatial weighs matrix Wi and assumed
country-specific spatial parameters A, in Model (7) imply country-specific spatial impacts
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as well. This could be seen from reduced form equation for Model (7) which takes form:

AT @ Ip_y 0 . 0
-1 _
0 0 A ® I,
ATt @ Ip_ 0 : 0 (13)
N 0 At @Iy . 0 u
0 0 A I,

In this set up, country-specific observations of every variable (including time and space-
time lags of dependent variable) are multiplied by corresponding country-specific matrices
A7 ® Ip_y, thus impacts of explanatory variables contained in set X = [X1, Xy, X3
in the short run for c-th country at any time ¢ € [1, .., 00] are defined as:

aE(yct)

=
ox et

= A7 (InBj + WePsy), (14)

where fg; is response parameter corresponding to spatially weighted explanatory vari-
able j. Long run country-specific spatial impacts for j-th explanatory variable could be
obtained by imposing v;; = y;;—1 and take form:

OE(y.)
ox!

j7c

=[(1=7)In, — A+ W (IN.B; + WBs,). (15)

Main interest then lies in aggregated statistics derived from spatial impacts defined by
(14) and (15), that characterize how explanatory variables affect the dependent variable
on average. These are direct, indirect and total average impacts are defined by

Ty = <1r[ A (In B, + Wis,) (16)

Impls = jif{LNTAl(INﬁD,j + Wgsjen —trlA™ (InBp; + Wisy)l}  (17)

Impy = Impl + Imp (18)

for short run and by

trl[(1 =) Iy — (O W] (I + W s, )] (19)

Impl, = % {enT[(1 = 7)In — (A + W] (InS; + W Bs;)en—
—tr[[(1 = 7)In — (A + O)W] (InS; + W Bs;)]}

Impf, = Impg + Impf, (21)

Impf =

(20)

for long run. Inference of these statistics is obtained via MC simulations. Specifically, for
short run we use estimated variance matrix of parameters A\. and B to draw R combina-
tions of these parameters and subsequently construct R statistics Imp?, Imp’ and Imp!
from which we get the inference.! Analogically, inference of long run spatial impacts is

'Number of simulations (R) should be large enough, the bigger it is, the more precise is inference
estimation, in this paper R = 1000 is used.
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obtained in the same way when we use variance matrix of parameters A, 7,  and .
From (15) it is clear, that long run effects are not well defined when [(1 — 7)(In, — (Ac +
§)W,]~! does not exist. Sufficient condition for existence of this matrix could be expressed
by following assumption:

Assumption 3. For every country ¢ € [1,...,C], all eigenvalues of matriz A7 (1IN, +
IW..) are in absolute value lesser than one.

This assumption implies some restrictions on parameter space of coefficients A\, 7 and
0. More specifically, eigenvalues of this matrix could be expressed as functions of corre-
sponding eigenvalues of W and mentioned parameters in following way:

T+ 5WI(WC)

wl A (I, +OWe)l = T g

(22)

As shown in Elhorst (2014) [2] complete intervals of stability for corresponding parameters
are expressed in following way (using assumption 3 and fact that wy,q,.(W,) = 1):

T<1—=(Ae4+0) ANT>—-1+A 40, ford+A.>0 (23)

T<1=Ae+O)wnin(We) A7 >—=14 (A4 0)wnin(We), ford+A. <0 (24)

where wp,i,(We) is the most negative eigenvalue of matrix W..

3 Explanatory Analysis

This section provides brief description of used data and illustrative application of Model
(7) to the unemployment rates of selected countries. Interpretation of the results is then
made with emphasis on all features that are provided by the complexity of used model.

3.1 Data Description

Table 1 contains all used variables together with simple definition. These variables are
mostly taken from Elhorst (2003) [3], Elhorst and Zeilstra (2014) [10] and Rios (2017) [8].
The main source of this data is Eurostat [5] with exception of data for variable tax__wedge
which was taken from the OECD webpage [1].

Table 1: Description of the variables.

Variable Description

un_ rate Share of unemployed persons within economically active population
(ILO methodology).

lab_prod Relative growth of average real productivity of labor (real regional
GDP divided by employment).

educ_0_ 2 Share of individuals whose highest attained education is elementary
according to the ISCED classification (within working age popula-
tion).

Continued on the next page
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Table 1: Description of the variables (continued)

Variable Description

educ_ 5 8 Share of individuals with tertiary education according to the ISCED
classification (within working age population).

emp_ ht Share of individuals employed in knowledge-intensive sectors - KIS

young share

emp__ manu

young growth

emp_ pub

emp_ growth

inflation

min_wage
un_ben

tax_wedge

partic

partic_ young

according to NACE classification (within employed persons).

Share of people aged between 15-24 years (within working age pop-
ulation).

Share of individuals employed in the manufacture sector - B-F ac-
cording to the NACE classification (within the employed popula-
tion).

Relative growth of people aged between 15-24 years.

Share of individuals employed in the public sector (within the em-
ployed population).

Relative growth of (self-)employed individuals.

Relative change in the harmonized index of consumer prices
(HCPT).

Ratio of monthly minimal wage and average wage.
Ratio of cash unemployment benefits to GDP.

Average percentage of taxes and social security contributions de-
ducted from an individual’s gross income.

Participation rate - economically active population divided by
working age population.

Participation rate of people aged between 15 and 24 years of age.

Further insight to the variables distribution can be found in underlying Table 2, which
contains basic descriptive statistics.

Table 2: Statistical properties of the variables

Variable Mean  Median Min Max SD

un_ rate 8.718 7.300 1.800  36.200  5.829
lab_ prod 0.638 0.600 —5.900 14.800 1.730
educ_0_ 2 29.142 27.400 6.600  61.100 10.960
educ_5 8 24.760 24.200  10.000  46.600  7.034
emp_ ht 39.293 39.400  27.000  54.100  5.444
young share 12.594 12.796 7.671 19.633  1.951
emp_ manu 1.198 0.829 0.070  11.043 1.287

Continued on the next page
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Table 2: Statistical properties of the variables (continued)

Variable Mean Median Min Max SD

young growth —0.445 —0.384 —13.742 18.869  3.808
emp_ pub 13.897 14.812 7473 21.320  3.028
emp_ growth 0.476 0.618 —9.178 7.129  1.960
inflation 1.343 1.300  —0.600 3.300  0.900
min_ wage 27.228 40.800 0.000 47.800 20.716
un_ben 1.500 1.500 0.700 3.400  0.591
tax_wedge 46.275 48.025 36.936  50.095  4.362
partic 57.452 58.291 37.863 70.240  5.606

partic_ young 44.090 43.614 17.480  77.488 13.267

3.2 Model Application

This section provides an overview results of the application of Model (7) to the regional
unemployment rates. First lets take closer look at the estimates obtained within the
first stage of estimation procedure. Results contained in Table 3 sequentially show the
first stage estimates of country-specific response parameters of exogenous regional-level
variables (31.), common response parameters of institutional variables (32), common
response parameters of endogenous variables (3s), country-specific spatial parameters A
and p, and common temporal and spatial-temporal coefficients (7 and ). In addition,
expected effects of the response variables, wheih are mostly taken from Elhorst (2003) [3]
and Elhorst and Zeilstra (2014) [10], are reported.

Table 3: First stage parameter estimates

Variable Expected Sign Germany Spain France Ttaly Netherlands
lab_ prod — —0.015 —0.097* 0.050 —0.124*** —0.013
educ_0_2 + 0.019 —0.021 0.011 0.080* 0.059
educ_5_8 — 0.018 —0.137 —0.012 0.102 —0.065
emp_ ht — —0.050 0.223*** 0.019 0.140** 0.133**
young_ share + 0.100 0.093 0.129 —0.292* 0.024
emp_ manu + —0.265 —0.294 0.316 0.001 0.358
young_growth + —0.007 0.020 0.004 0.037 0.025*
emp_ pub + —0.008 —0.471** 0.081 —0.281 —0.007
emp_ growth — —0.076"** —0.343*** —0.2077** —0.154*** —0.104***
inflation — 0.155%** 0.155*** 0.155*** 0.155*** 0.155***
min_ wage + 0.005** 0.005** 0.005** 0.005** 0.005**
un_ ben + 0.061 0.061 0.061 0.061 0.061
tax_ wedge + 0.083* 0.083* 0.083* 0.083* 0.083*
partic — —0.148*** —0.148*** —0.148*** —0.148*** —0.148***
partic_young + 0.067*** 0.067*** 0.067*** 0.067*** 0.067***
A + 0.446*** 0.422%** 0.549*** 0.485%** 0.449***
p + —0.390"** —0.065*** —0.385"** —1.272%** —0.210**
T + 0.663*** 0.663*** 0.663*** 0.663*** 0.663***
é + —0.230*** —0.230*** —0.230"** —0.230"** —0.230***
a2 + 0.128 0.355 0.377 0.341 0.191
LL —138.547 —123.893 —182.400 —165.992 —66.021

Note: * indicates significance at 10% level, ** at 5%, *** at 1%.
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It can be seen that country-specific estimates differ across countries in signs as well
as significance. The only variable that is consistent in sign and significance across coun-
tries is the emp_growth, which takes expected negative sign and significance at the 1%
level. The same level of significance characterize country-specific response parameters of
variables emp manu and educ_5 8, where all estimates appear to be insignificant but
with the different signs and magnitudes. In terms of significance, the country-specific
estimates are rather non-significant for most of the variables. More specifically, except
of the emp_growth variable there is no variable for which country-specific response pa-
rameter estimates are significant at least on 10% level across all countries. Second most
significant estimates appear to be that for the emp_ht variable, where estimates for Italy
and Netherlands are significant at the 5% level and the estimate for Spain is significant
even at the 1% level, however signs of these estimates are opposite to the expected one.
Another estimate significant at the 1% level is reported within the lab_prod variable for
Italy. In addition, estimates for this variable take expected negative signs except of the
France case, but the only other significant estimate is reported for Spain, where the esti-
mate is significant at the 10% level. For other exogenous regional-level variables there is
at most one significant estimate across the countries, while estimated sings slightly differ,
but more often correspond to the expected sign.

Situation is quite different for the estimates of common parameters corresponding to the
institutional variables and endogenous variables. All estimates except of variable un_ ben
appear to be significant at least at 10% level but mostly at 1% level. Very surprising
result can be observed for the inflation variable, where in contrast to the traditional
economic theory, estimate of corresponding response parameter has positive sign and is
significant at 1% level. This estimated relationship could be the result of adverse aggre-
gate country-specific supply shocks which caused prices to grow simultaneously with the
unemployment rates. Although labour productivity is included in model to account for
supply shocks at the regional level, there still could be some factors which do not project
into regional labour productivity, but influence the aggregated market supply. In contrast
to the response parameter of the in flation variable, all sings for remaining parameters
are estimated in accordance with expectation.

Important output of the first estimation stage are the estimates of country-specific spatial
parameters A and p. Results for A strongly suggest positive spatial dependence among
the unemployment rates, with estimated magnitude in range between 0.422 (Spain) and
0.549 (France). Spatial autocorrelation within the unobserved component represented by
the country-specific parameters p appears to be negative and significant for all countries.
While magnitude of estimated exogenous spatial effects of the most countries does not ex-
ceed —0.4, there is exception in case of estimate for Italy where p;r = —1.272. This value
suggests strong negative spatial dependence among the unobserved component, which is
on the other hand still stable and stationary, since the most negative eigenvalue of spatial
weight matrix corresponding to Italy is in absolute value lesser than 0.5. In context of
model stability defined by conditions 23 and 24 the results suggest stationary DGP for all
countries, although DGP of the unemployment rate for France appears to be relatively
high persistent since Apgr + 7 4+ 0 = 0.982 < 1. In addition all spatial and temporal
dynamics represented by estimated parameters A, p, 7 and d appears to be significant at
1% level expect of p parameter for Netherlands, which is significant at 5% level.

Last presented estimate is country-specific variance of IID components, which is reported
without significance. It can be seen that this term relatively differ across countries, thus
assumption of the heteroskedasticity defined on country level appears to be correct.
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Now using country-specific estimates of the response parameters corresponding to exoge-
nous regional-level variables, within the second stage we construct estimate of covariance
matrix V' by using (12). This estimate then takes following form:

0.003 —-0.002 -0.001 —-0.005 0.010 —0.007  0.002  0.013  0.000
-0.002  0.002 0.001 0.002 -0.006 0.005 -0.001 -0.003  0.002
—-0.001  0.001 0.004 —-0.003 -0.006 0.015 —-0.002 0.007  0.004
-0.006  0.002 -0.003 0.020 -0.013 -0.012  0.000 —0.041 —0.006
V= 0.010 —-0.005 -0.006 —-0.013 0.035 —0.032 0.007 0.029 —-0.001
-0.007  0.005 0.015 -0.012 -0.032 0.069 —-0.009 0.026 0.013

0.002 —-0.001 -0.002  0.000 0.007 —0.009 0.002 0.003 —-0.001

0.013 -0.003 0.007 —0.041 0.029 0.026 0.003 0.105 0.014

0.000 0.002 0.004 -0.006 -0.001 0.013 -0.001 0.014 0.006

Further by using country-specific estimates of spatial parameters, variances of IID com-
ponents and matrix V' we can proceed to the third estimation stage. Table 4 shows the
estimated common coefficients.

Table 4: Third stage parameter estimates

Variable Expected Sign Estimate
lab_ prod — —0.035
educ_ 0 2 + 0.023
educ_b_ 8 — —0.015
emp ht — 0.060
young_share + 0.020
emp_manu + 0.008
young_ growth + —0.004
emp_pub + —0.047
emp_ growth — —0.181*%**
inflation — 0.133*
min_ wage + 0.004**
un_ben + 0.236**
tax_ wedge + 0.096***
partic — —0.134***
young_ partic + 0.042**
T + 0.703**
) + —0.266%**
Note: * indicates significance at 10% level, ** at 5%,
ok at 1%.

Results of the third stage suggest that only significant estimate corresponding to the ex-
ogenous regional-level variables is the response parameter of variable emp growth. Signif-
icance of this variable is not surprising since it mainly represents regional labour demand
shocks which are heavily linked with changes in the unemployment rates. Although coef-
ficients of remaining exogenous regional-level variables appear to be non-significant, the
estimated signs are consistent with the economic theory for most cases. Only three excep-
tions for which estimated coefficient has not sign as expected are emp_ ht, young growth
and emp pub.

When compared to the first stage estimates, country-level variables have same signs and
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similar magnitudes, but appear to be more significant. This applies especially for the re-
sponse parameter of variable un__ben, which was not significant within the first estimation
stage, but now is significant at 5% level. Another improvement in terms of significance
could be observed for response parameter of variable tax_wedge which significance im-
proved from 10% level to the 1% level.

Results contained in Table 4 further show that response parameter estimates for both
endogenous explanatory variables are consistent with the expectations and significant at
1% level in case of variable paric and at 5% level in case of young partic variable. Pos-
itive sign of the response parameter for young partic suggests that young people who
are applying for a job are often not students since rise in participation of the young peo-
ple causes rise in unemployment only if these people could be classified as unemployed.
Another implication of the estimated relationship could be that reason for the partic-
ipation of young people is not good condition of labour market, but instead there are
other motivations, possibly existential, for applying for a job. This estimated effect also
confirms that it is more difficult for young people without experience and possibly with
lower education to find a job.

Another important output of the third estimation stage is estimation of temporal and
spatial-temporal coefficients (7 and 0). Both estimates appear to be highly significant and
compared to the first stage estimates are larger in absolute values (7 = 0.703, § = —0.266).
Given these estimates together with country-specific estimates of spatial parameters A,
stability condition defined by Assumption 3 is still satisfied since the most persistent
DGP (again for French unemployment rate) is given by parameter setup for which applies
Arr + 7+ 0 =0.986 < 1. Estimates of these parameters are then used in spatial effects
construction, from which are further derived country-specific aggregated direct, indirect
and total effects given by (16), (17) and (18) for the short run and by (19), (20) and (21)
for the long run. Results for short run are then presented in Table 5 and results for long
run are shown in Table 6.

Table 5: Short run spatial effects

Direct Effects Germany Spain France Italy Netherlands
lab_ prod —0.036 —0.036 —0.037 —0.036 —0.036
educ_0 2 0.024 0.024 0.025 0.024 0.024
educ_5 8 —0.015 —0.015 —0.016 —0.015 —0.015
emp_ht 0.062 0.062 0.064 0.063 0.063
young_ share 0.020 0.021 0.021 0.021 0.021
emp_ manu 0.008 0.009 0.009 0.009 0.009
young_ growth —0.004 —0.004 —0.004 —0.004 —0.004
emp_ pub —0.048 —0.048 —0.049 —0.049 —0.049
emp_growth —0.185"* —0.188*** —0.1927* —0.189* —0.189**
inflation 0.136** 0.138*** 0.141* 0.138"** 0.138"**
min_ wage 0.004* 0.004* 0.004* 0.004** 0.004**
un__ben 0.242* 0.245** 0.251* 0.247** 0.246**
tax_ wedge 0.098™** 0.099*** 0.102** 0.100*** 0.100™**
partic —0.137* —0.139** —0.143* —0.140** —0.140**
young partic 0.043** 0.044** 0.045** 0.044** 0.044**
Indirect Effects Germany Spain France Italy Netherlands

Continued on the next page
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Table 5: Short run spatial effects (continued)

Total Effects Germany Spain France Italy Netherlands
lab_ prod —0.027 —0.024 —0.040 —0.031 —0.027
educ_ 0 2 0.018 0.016 0.027 0.021 0.018
educ_5 8 —0.012 —0.010 —0.017 —0.013 —0.011
emp_ ht 0.047 0.042 0.070 0.054 0.047
young_share 0.016 0.014 0.023 0.018 0.015
emp manu 0.006 0.006 0.010 0.007 0.006
young growth —0.003 —0.002 —0.004 —0.003 —0.003
emp_ pub —0.037 —0.032 —0.054 —0.042 —0.036
emp_ growth —0.142%* —0.126%** —0.209*** —0.163*** —0.140***
inflation 0.104* 0.092** 0.153** 0.119*** 0.103***
min_ wage 0.003** 0.003** 0.004* 0.003* 0.003**
un_ ben 0.185* 0.164* 0.273* 0.212** 0.183*
tax_ wedge 0.075** 0.066*** 0.111* 0.086*** 0.074**
partic —0.105"* —0.093*** —0.155* —0.120** —0.104***
young_ partic 0.033* 0.029* 0.049* 0.038** 0.033*
Total Effects Germany Spain France Italy Netherlands
lab_ prod —0.063 —0.060 —0.077 —0.067 —0.063
educ_0_2 0.042 0.041 0.052 0.046 0.043
educ_5 8 —0.027 —0.025 —0.033 —0.029 —0.027
emp_ ht 0.109 0.104 0.133 0.117 0.109
young_ share 0.036 0.035 0.044 0.039 0.036
emp__manu 0.015 0.014 0.018 0.016 0.015
young_growth —0.006 —0.006 —0.008 —0.007 —0.006
emp_ pub —0.084 —0.081 —0.103 —0.091 —0.085
emp growth —0.327* —0.313** —0.402*** —0.3527* —0.329"
inflation 0.240** 0.229*** 0.294** 0.257%* 0.2417*
min_ wage 0.007* 0.007* 0.008* 0.007* 0.007**
un_ ben 0.427* 0.409** 0.523** 0.458** 0.429**
tax_ wedge 0.173* 0.166™** 0.212% 0.186*** 0.174*
partic —0.243** —0.232%* —0.298*** —0.261* —0.244*
young partic 0.076** 0.073** 0.094** 0.082** 0.077**
A 0.446** 0.422%* 0.549*** 0.485*** 0.449**

Note: (i) * indicates significance at 10% level, ** at 5%, *** at 1%. (ii) Variance of the estimates are
based on MC simulations with 1000 repetitions drawn from a multivariate normal distribution based
on the estimated parameters and the corresponding variance matrix.

It can be seen that reported direct effects differ from the estimated regression coefficients
only very slightly (in term of magnitude as well as significance). The difference between
the direct effects and response parameters is given by the feedback effects caused by
changes in neighbouring units after initial effect took place at original unit. As mag-
nitudes of spatial parameters A are of similar sizes, differences in direct effects across
countries are negligible.
Situation is very similar in case of indirect spatial effects, although differences in estimates
across countries appear to be more significant, especially in case of France for which spa-



tial parameter A has the largest value. It can be also seen that for most of the countries
magnitudes in absolute values of indirect effects were estimated smaller in comparison
with direct effects, which is implication of the estimated values of corresponding spatial
parameters A. In contrast, estimation results of indirect effects for France are larger
than corresponding direct effects, since value of spatial parameter for France is largest
of examined countries and is equal to 0.549. In addition it can be noted, that ratios of
aggregated direct and indirect effects are exactly the same for all variables within specific
country, since ratios of individual direct and indirect effects are constant when spatially
weighted explanatory variables are not included in to the model. Another slight difference
between estimates of direct and indirect effects is decline in significance for most variables
corresponding to France. Specifically, significance for variables in flation, tax _wedge and
partic fall from 1% level to 5% level and for variables min_ wage and young partic from
5% level to 10% level. Despite mentioned differences it can be said, that direct and in-
direct effects have similarly important role in variation of the unemployment rates for all
examined countries.

Total effects then correspond to the average change in the unemployment rates after initial
unit change of specific explanatory variable within all spatial units (regions). Relatively
large total impact is accounted to employment growth, where change in employment in
every region by 1% causes average decline in unemployment rates from 0.313 p.p. to 0.402
p.p. depending on the country. This finding is similar to that made by Rios (2017) [§]
where author found significant total effect of the employment growth on unemployment
rate equal to —0.441. Except of the employment growth, participation variables partic
and young_partic are the only other significant variables from the regional perspective.
Total effect of the participation rate is about the 70% of employment growth total ef-
fect, which is more or less consistent with the findings of Elhorst and Zeilstra (2014)
[10] who found negative significant effects of similar sizes with slightly smaller impact of
the participation rate. On the other hand finding about negative relationship between
unemployment rate and participation rate is different from that made by Rios (2017) [§]
who found positive significant relationship. It should be noted that negative relationship
of these variables is in accordance to the expectation. Further, from the estimated to-
tal effect of the participation of young people can be concluded, that in context of the
unemployment there applies different mechanisms in contrast to the rest of the labour
supply as explained earlier. Also, the effect of young people participation appears to be
expectantly less important than participation effect.

Total effects of institutional variables are again with exception of the in flation variable
estimated in accordance to the expectation. For comparison, Rios (2017) [8] did find
insignificant negative total impact of variables tax_wedge and un_ ben, and significant
positive total impact of variable min_wage which is estimated of relatively higher mag-
nitude compared to the estimate presented in this paper (0.048 vs 0.007 — 0.008).

Table 6: Long run spatial effects

Direct Effects Germany Spain France Italy Netherlands
lab_ prod —0.123*** —0.125*** —0.245%** —0.137*** —0.129***
educ_ 0 2 0.083 0.084 0.165** 0.093 0.087
educ_ 5 8 —0.052 —0.053 —0.104 —0.058 —0.055
emp_ ht 0.214 0.216 0.425* 0.238 0.224

Continued on the next page
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Table 6: Long run spatial effects (continued)

Indirect Effects Germany Spain France Italy Netherlands
young_ share 0.071** 0.072% 0.141** 0.079** 0.074**
emp_manu 0.029 0.030 0.058 0.033 0.031
young_ growth —0.013 —0.013 —0.025 —0.014 —0.013
emp_ pub —0.166"** —0.168"* —0.329*** —0.184** —0.174*
emp_ growth —0.643"* —0.651** —1.277 —0.715" —0.675"
inflation 0.471% 0.476* 0.935** 0.523** 0.494*
min_ wage 0.013 0.014 0.027 0.015 0.014
un_ ben 0.838*** 0.848* 1.665*** 0.932%* 0.879**
tax_wedge 0.340** 0.344** 0.675"** 0.378** 0.356*
partic —0.477 —0.482* —0.946** —0.530"* —0.500"*
young_ partic 0.150** 0.152%* 0.298*** 0.167* 0.158*
Indrect Effects Germany Spain France Italy Netherlands
lab_ prod —0.177* —0.123"* —2.347 —0.3127 —0.178"*
educ_ 0 2 0.119* 0.083* 1.583** 0.210** 0.120*
educ_5 8 —0.075 —0.052 —0.993** —0.132 —0.075
emp_ ht 0.306* 0.213 4.065"* 0.540** 0.308*
young_ share 0.102** 0.071* 1.348** 0.179* 0.102**
emp__manu 0.042 0.029 0.557*** 0.074 0.042
young growth —0.018 —0.013 —0.242" —0.032 —0.018
emp_ pub —0.237* —0.165"** —3.148"* —0.418" —0.238"*
emp_ growth —0.921* —0.640*** —12.231 *** —1.626%** —0.925**
inflation 0.674* 0.469** 8.952*** 1.190*** 0.677
min_ wage 0.019 0.013 0.254*** 0.034 0.019
un_ ben 1.201** 0.835%** 15.942%* 2.119* 1.206**
tax_ wedge 0.487** 0.338*** 6.462"** 0.859*** 0.489**
partic —0.683"** —0.4757 —9.063** —1.205"* —0.686**
young_ partic 0.215%* 0.150** 2.856*** 0.380** 0.216**
Total Effects Germany Spain France Italy Netherlands
lab_ prod —0.300"* —0.248"* —2.592%* —0.449* —0.307
educ_0_2 0.202 0.167 1.748** 0.303* 0.207*
educ_5_ 8 —0.127 —0.105 —1.097* —0.190 —0.130
emp_ ht 0.520 0.429 4.490** 0.778* 0.532
young_ share 0.172% 0.142% 1.489** 0.258** 0.176**
emp_ manu 0.071 0.059 0.615* 0.107 0.073
young_growth —0.031 —0.026 —0.267 —0.046 —0.032
emp_ pub —0.403** —0.332** 3477 —0.602*** —0.412%
emp growth —1.565"** —1.291*** —13.508 *** —2.341* —1.600"**
inflation 1.145 0.945% 9.887** 1.713* 1171
min_ wage 0.033 0.027 0.281*** 0.049 0.033
un_ ben 2.039** 1.683*** 17.606*** 3.051% 2.085***
tax_ wedge 0.827** 0.682** 7.136"** 1.237%* 0.845*
partic —1.159** —0.957* —10.009 *** —1.735" —1.186"*
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Table 6: Long run spatial effects (continued)

Indirect Effects Germany Spain France Italy Netherlands
young_partic 0.365*** 0.301* 3.154** 0.547** 0.374**
A 0.446*** 0.422*** 0.549*** 0.485*** 0.449***
T 0.703*** 0.703*** 0.703** 0.703*** 0.703**
0 —0.265*** —0.265*** —0.265*** —0.265*** —0.265***

Note: (i) * indicates significance at 10% level, ** at 5%, *** at 1%. (ii) Variance of the estimates are
based on MC simulations with 1000 repetitions drawn from a multivariate normal distribution based on
the estimated parameters and the corresponding variance matrix.

Looking at the Table 6 there are two clear differences compared to the short run estimates.
Firstly, for some variables there are big changes in terms of significance and secondly, per-
sistent nature of estimated DGP for France appears in magnitude of estimated long run
effects, which are compared to the other countries much larger in absolute values. First
take closer look at the results for long run direct effects estimates. Three of the regional-
level variables that were not significant in the short run - lab_prod, young share and
emp_ pub - are now significant even at 1% level. On the other hand, direct effect in long
run are surprisingly not significant for variable min_ wage for none of the examined coun-
tries, although in short run they were significant at 5% level. Other remaining variables
for which significance was at least at 5% level in the short run are significant at 1% level
in the long run. Further, slight differences in terms of significance can be observed within
estimates for variables educ 0 2 and emp ht for France. In addition, persistence of
the estimated DGP for France is projected into the long run direct effects in way that
estimates for France are approximately almost twice the size of estimates for remaining
countries which are more or less similar.

Situation is even more different for long run within indirect effects estimates. Firstly, in-
direct effects for variable educ_0_ 2 are significant for each country at least at 10% level,
but mostly at 5% level or less. Similar significance increase is found for variable emp_ht,
although for Spain corresponding indirect effect is not significant. The biggest increase in
significance is then reported for estimates corresponding to France, since all estimated in-
direct effects are significant at 1% level. In terms of magnitude, estimates for Spain which
spatial parameter has the smallest value (Agg = 0.422) are essentially of the same size of
magnitude as estimates for direct effects. For other countries except France, estimated in-
direct effects are up to twice as size of the direct effects. The most noticeable information
from the reported long run indirect effect are very large estimates in absolute values for
France, where the estimated effects are more than seven times bigger than estimates for
the second most persistent DGP (Italy). From this observation it can be seen, where and
to what extent can persistence of the DGP appear within modelled relationships in long
run - although it can be said that differences among country-specific spatial parameters
A are relatively small, in combination with temporal and spatial-temporal features there
are large differences in estimated impacts in the long run.

Total long run impact then show how equilibrium unemployment rates are formed with re-
spect to the permanent changes in explanatory variables. When omitting growth variables
in flation and emp_growth which in context of this analysis mainly represent disequilib-
rium demand and supply shocks, and could be in long run considered as constant, total
long run impacts of permanent changes in remaining, say structural, variables could be
viewed as quantification of equilibrium relationships.
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From the result provided in Table 6 it can be seen, that there are five of the regional-
level variables that significantly affects the equilibrium level of unemployment rates for
all countries (with employment growth excluded). First, permanent unit change in labour
productivity growth appears to cause long term decline in unemployment rates from 0.248
p.p-to 0.449 for all countries except France, and 2.592 p.p. decline for the unemployment
rate in France. This finding is consistent with expectation based on theoretical background
and confirms finding of Elhorst and Zeilstra (2014) [10], who found negative significant
long-term impact of labour productivity on the unemployment rate equal to —0.150. Al-
though their estimate is not directly comparable with average total effects (since they did
not include endogenous spatial effect in their model), in terms of interpretation it can be
roughly compared to the long run direct effects, which estimates presented in this paper
are more or less the same as estimate of Elhorst and Zeilstra for most of the examined
countries. Another regional-level factor for which long run total impacts are significant
is share of the young people in the population, represented by variable young share.
Although significant, the total effect does not appear to be very important since for most
of the countries there is positive change only about 0.2 p.p. after permanent change by
1 p.p. in variable young share (taking into account the fact that change by 1 p.p. in
share of young people is relatively high). One exception is again the case of France, where
estimated total effect takes value of 1.489 p.p. Statistically significant for all countries are
the estimates of long run total impacts for variable emp_pub. In contrast to the expec-
tations, there is estimated negative effect which vary from 0.332 p.p. to 0.602 p.p. for all
countries with exception of France, for which estimated effect is equal to 3.477 p.p. This
finding could be the implication of the fact, that shares of employment in public sector
within examined countries are not sufficiently large to significantly affect the dynamics
of regional labour markets, instead into the creation or destruction of public jobs could
be projected actual situation within a labour market. Another explanation could be that
the governments reacted to adverse shocks by creation new job opportunities within the
public sector. Last two regional-level variables with significant total effects are participa-
tion variables discussed earlier. It can be seen that total effect of permanent change in
participation by 1 p.p yields total long term negative impact in range between 0.957 p.p.
and 1.735 p.p. for all countries without France and effect of 13.508 p.p. for France. It can
be said that these estimates are relatively high. For example Elhorst and Zeilstra (2014)
[10] found long run negative effect of 0.181 p. p. which appears to be much less important
in comparison with total or direct long run effect presented in this paper. It indicates that
participation rate has very important role in forming equilibrium unemployment rates.
In addition it should be noted, that participation of young people also affects equilibrium
unemployment rates in noticeable way.

From the perspective of structural institutional factors, total long run effects are sig-
nificant at 1% level for all variables except of min_wage, which is significant only for
France. Estimated total effects for remaining variables tax_wedge and un_ ben indicate
important role in forming equilibrium unemployment rates. Both effects are positive as
expected and take relatively high values. While the effects of the unemployment benefits
have in comparison larger magnitude than taxation total effects, there is way smaller
variation within the un_ ben variable than within the tax_wedge. The estimates of total
effects of un_ ben lie in range between 1.683 p.p. and 3.051 p.p. within all countries ex-
cept France, but change in the ratio of cash unemployment benefits and GDP of one p.p.
in lot of cases means, that unemployment benefits doubled or change by very significant
part. On the other hand, although estimates in range between 0.682 p.p. and 1.127 p.p.
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for variable tax_wedge within all countries except France are in comparison with the
effect of un_ ben smaller, but change by 1 p.p. in ration of tax burden and gross labour
costs is much likely to happen than in case of unemployment benefits.

4 Conclusions

After application of introduced complex econometric model to the regional unemploy-
ment rates of selected countries, there was found that there are some significant differ-
ences within spatial dynamics and response parameters. In terms of spatial and temporal
dynamics, estimated DGP’s for all countries appear to be stationary, while the most per-
sistent DGP is estimated for Spain. This feature is then projected mainly in long run
effects (especially long run indirect effects), where persistence causes that estimates for
France have much bigger magnitude and significance than estimates for rest of the coun-
tries.

From perspective of response parameters it was found that estimated effects for most
included variables have sign consistent with provided economical background, although
there were some surprising result from which could be highlighted significant positive ef-
fect of the inflation. In terms of significance, many regression coefficients corresponding
to variables defined at regional level appear to be statistically insignificant, which is pro-
jected mainly in insignificant short run spatial effects. On the other hand, all regression
coefficients for institutional variables are statistically significant. From the perspective
of spatial effects, importance of direct and indirect effects is similar in short run, where
direct effects appear to be slightly more influential. In the long run, importance of indi-
rect effects is bigger, but again similar to the importance of direct effects for most of the
examined countries. Only exception are long run estimates for France, which are due to
the high persistence much more influential. Also, long run estimates differ from the short
run estimates by its significance, where for some regional-level variables, such as labour
productivity or share of young people in the population, there are found significant ef-
fects in the long run while effect in the short run are insignificant. On the other hand,
minimum wage which is institutional variable has insignificant long run impacts although
short run impacts are significant.
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TAYLOROVA APROXIMACE DRUHEHO RADU CES FUNKCE:
NEJISTOTA VE SPOTREBE, SUBSTITY A KOMPLEMENTY

SECOND ORDER TAYLOR APPROXIMATION OF CES FUNCTION:
UNCERTAINTY IN CONSUMPTION, SUBSTITUTES, AND
COMPLEMENTS

Petr Krautwurm

Abstrakt

Clanek analyzuje nejistotu ve spotiebnich rozhodnutich a aplikuje Taylorovu aproximaci
druhého fadu na CES funkci pro zahrnuti této nejistoty do modelu rozhodovani. Vyzkum
odhaluje, jak substituce a komplementarita ovliviiuji rozhodovani spotiebitelti pti odchylkach
od ocekavaného vysledku, coz je srovnavano se souCasnymi jevy ve spotiebé. S vyuzitim
Taylorovy aproximace c¢lanek ilustruje vliv druhych momentl nejistoty ve spotiebé na
uzitkovou funkci. Statky s vys$s§im rozptylem budou pro riziko-averzniho spotiebitele
piedstavovat vzdy horsi alternativu neZ statky s mensim rozptylem. Podobny efekt bude mit
negativni kovariance mezi statky, zatimco pozitivni kovariance bude mit efekt opacny.
V tomto kontextu se ¢lanek rovnéz zabyva souhrou vztahu mezi statky a druhymi momenty
nahodnych veli¢in, pficemz doklada, ze substituty jsou nejméné zatizené odchylkami ve
spotieb¢.

Klucové slova: CES funkce, Taylorova aproximace, Substituty, Komplementy

Abstract

The article analyzes uncertainty in consumer decisions and applies the second-order Taylor
approximation to the CES function to incorporate this uncertainty into the decision-making
model. The research reveals how substitutability and complementarity affect consumer
decision-making in the face of deviations from expected outcomes, comparing these with
current consumption phenomena. Using the Taylor approximation, the article illustrates the
impact of the second moments of uncertainty in consumption on the utility function. Goods
with higher variance will always represent a worse alternative for the risk-averse consumer
than goods with lower variance. A similar effect will be had by negative covariance between
goods, while positive covariance will have the opposite effect. In this context, the article also
addresses the interplay between the relationships among goods and the second moments of
random variables, demonstrating that substitutes are the least burdened by deviations in
consumption.

Keywords: CES function, Taylor approximation, Substitutes, Complements

1 UVOD

Mnohé spotiebni aktivity jsou asociovany s dodatecnou nejistotou ohledné presného mnozstvi
zakoupené¢ho statku. Problém je obzvlast€¢ vyrazny u Cinnosti, pfi nichz se spotiebitel
rozhoduje o kategorialni proménné, ackoliv jsou jeho chuté kvantitativni spojité. Prikladem
muze byt stravovani v restauracich, kdy rozhodovatel vybira ze seznamu dostupnych pokrmu,
ale jeho rozhodnuti je ovlivnéno ocekavanymi chutémi spojenymi se Spojitym mnozstvim
spotfebované stravy. Ackoliv jsou davky potravy standardizovany na urcitou uroven, nelze
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predpokladat, ze odchylka od této urovné bude nulova. Lze to ilustrovat na piikladu hranolkt
Vv libovolném z fetézct rychlého obcerstveni: Pti kazdé navstéveé rozhodovatel obdrzi jinou
gramaz hranolkt, které se navic budou ruznit i kvalitou. Jelikoz gramaz hranolku i jejich
kvalita jsou spojité nahodné veli¢iny, pravdépodobnost, ze by rozhodovatel obdrzel stejné
mnozstvi i kvalitu je nulova.

Jelikoz spotiebitel pii kazdém nakupu ziska de facto jiny pokrm, nez jaky si objednal, nabizi
se otazka, jaky vliv ma tato skute¢nost na jeho optimalni rozhodovani ato predev§im
s ohledem na jeho percepci vztahu mezi dvéma statky, ¢i vztahu mezi kvalitou a mnozstvim.
Zakladni argument je takovy, ze mezi zakoupenymi sStatky existuje substitu¢ni ci
komplementarni vztah, ptfi¢emz charakter vztahu muze ovliviiovat uzitek z odchylky od
optimalniho mnozstvi. Napiiklad, pokud rozhodovatel kupuje kuieci stripsy a hranolky
dohromady, pficemz oba statky jsou dokonale komplementarni, a shodou nahod by dostal
VEtsi porci pouze u jednoho ze statkd, z hlediska jeho blahobytu by nenastala zadna zména.
Naproti tomu, vtakovém piipadé by byt jen drobny pokles jednoho ze statkii oproti
rovnovaznému stavu zpusobil ubytek blahobytu. Zahrnuti vztahu mezi statky je relevantni
I pokud bude uvazovano, ze statky zastupuji vlastnosti pokrmu, tedy kvalitu a mnozstvi,
jelikoz pro spotifebitele mohou byt kvalita amnozstvi jak v substitucnim tak
komplementarnim vztahu.

Tato analyza je relevantni piedev§im z duvodi zhorSujici se kvality potravy Vv fetézcich
rychlého obcerstveni (Liu et al. 2020; Benett 2023) a zmensujicich se porci s ohledem na
takzvany fenomén ,,shrinkflation” (Gupta & Tandon 2006; Singhal & Gupta 2023). Pokud
spotiebitel optimalizuje ocekdvanou hodnotu své spotieby, za ptredpokladu, ze ocekava
systematické podhodnoceni parametrti své stravy, muze dojit k tomu, Ze cely ndkup vyhodnoti
jako nevyhodny a tedy k transakci nedojde.

Pro tento ucel prace vyuziva Taylorovu aproximaci druhého fadu aplikovanou na CES funkci.
CES funkce je zakladnim nastrojem pro analyzu substitutii a komplementi, nebot’ umoziuje
méfit silu vztahu mezi statky. Taylorova aproximace je vyuzita k tomu, aby bylo mozné
pozorovat rozhodovateliv vztah k bodim blizko optima, které si pivodné vybral.

2 APROXIMACE CES FUNKCE

Zékladnim nastrojem pro analyzu substitutll a komplementd je CES (Constant Elasticity of
Substitution) funkce, ktera umoznuje modelovat pfesnou miru vztahu mezi statky (Arrow et
al. 1961; McFadden 1963; Sato 1975). CES funkce je definovana nasledovné:

1
U(xy,x2) = (ayx] + azx} )P )

Kde @i reprezentuje chutové parametry, *: odpovidda mnoZstvi zakoupeného statku a

p € (~,1) popisuje parametr substitutovatelnosti (Stern 2011; Knoblack & Stockl 2020).
Pokud je zaporny, statky jsou komplementy, a pokud je kladny, statky jsou substituty. Pro
jednoduchost a bez ztraty zobecnitelnosti bude piedpokladano, ze obé chuti jsou rovny 1.

Na tuto funkci bude aplikovan Taylortv rozvoj druhého fadu:
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df(a,b) df(a, b)

f(,y) = f(a,b) + o (x—a)+ 3y (y—»b)
1/9%f(a,b) 0°f(a,b)
+§<];Taz(x—a)2+2§x—gy(x—a)(y—b) (2)
0%f(a,b)
+T(y—b)2>

Kde (a,b) odpovida referen¢nimu bodu, v némz je aproximace vyhodnocena, zatimco (X,y)
reprezentuje bod v blizkosti optima, jehoz hodnota ucelové funkce je zkoumana. Z hlediska
Taylorovy aproximace je relevantni se zabyvat kazdym z prvkd aproximace zvlast. Tedy,
Mezni uzitek z prvniho statku je nasledujici:

0U (x1, %) _ 1

1 1

—1 -1 -1 5,1
3 == (xlp + xzp)P px] = (xf + x5 )P xt (3)
X1 p

MU1:

A analogicky mezni uzitek druhého statku:

U(xy,x2) 1 1 -1 21 po1
MU, =a—xz=;(xf+x§)f) pxy = (x +x5)P xf (4)

Derivace meznich uzitkl jsou dany nasledovné. Pro prvni statek:

0%U(xq, x 1 1 1o
e R [

(5)

1
=1 5,2
+ (=D +x5)P xf

Pro druhy statek analogicky:

OZU(xl,xz) 1 l—2 - -
= (G 1) G ) e g
(6)

1
+ (p—1D)(xf +x5)P 1x§_2

Pti¢emz derivace uzitkové funkce dle obou statkti je néasledujici:
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0%2U(xy,x,) /1 _
—ax1(,;x22 =(;—1) (xf +x2)P px2 L™ (7)

Druhé derivace popsané v rovnicich (5), (6) a (7) Ize dale vyznamné zjednodusit. Tedy
derivace uzitkové funkce dle prvniho statku:

02U (x1, x3) _
63):112)62 = (1—-p)(x] +x2)p ((xl +x5) ' Z(p V- xy 2) ®)

Dle druhého statku:

02U (xq,x5) _
6;21 2 = = (1-p)(x] +x2)p ((x1 +x5) ' Z(p D —xf 2) ©)

A kombinace derivaci dle obou statku:

62U(x1,x2)

1
-1 _
0x10x; =Q1- p)(xf + xé’)p (x1 + xz) xz xf ' (10)

2.1 Bod optima jako referencni bod

Vyznamnou otazkou Taylorovy aproximace je, okolo kterého referen¢niho bodu bude
provedena. Jelikoz CES funkce je ,,dobfe vychovanou* funkci, tedy takovou s konvexnimi
indiferen¢nimi kiivkami, jako vhodny referencni bod se nabizi bod optima. Za piedpokladu,
ze optimaliza¢ni problém je rovnéz konvexni, tedy napiiklad ptipad linearnich cen, bod
optima bude unikétni, prav€ jeden, as vnitinim feSenim. Zakladni optimaliza¢ni problém
spotiebitele 1ze tedy zapsat nasledovné:

Max{(x1 + xb )P} s.t. Pixy+Px; =M (12)

X1,X2

ResSeni 1ze nalézt s vyuzitim Lagrangianovy funkce, coz vede na nasledujici podminku:

MU, P,

MU, " P, (2

Po dosazeni rovnic (3) a (4) za mezni uzitky a patfiénych upravach lze ziskat nasledujici
vyraz, ktery reprezentuje vztah mezi poptavanym mnozstvim obou statku:



1
p-1 p Pi\p—1

(ﬁ) Sl o oy = <_1)" %, (13)
X2 P,

Vyraz je nasledné nutné dosadit do rozpoctového omezeni:

1

Pi\p-1
P1X1+P2x2:M d M:P1 (P_1> x2+P2x2 (14)
2

Z Cehoz Ize identifikovat poptavku po druhém statku:

X M
2= 1
SO ”
Pticemz vypocet poptavky po prvnim statku je analogicky:
- M
1= T
P py (B =

Co se tyce poptavek, pokud je pomér cen vétsi nez 1, s rho blizicim se k 1 se poptavky
zmens$uji, zatimco s rho blizicim se kK minus nekone¢nu se poptavky zvétsuji. A vice versa pro
opacny pomer cen.

2.2 Nejistota ve spotiebé

Zakladni vyhoda Taylorovy aproximace spociva vtom, Ze umoziuje do rozhodovaciho
problému jednoduse zavést prvky nejistoty. Nutnym piedpokladem je, Ze rozhodovatel sice
zna svou optimalni spotiebu, ale zakoupené mnoZstvi je ndhodné veli¢ina. V takovém piipadé
tedy lze uvazovat, Ze maximalizuje o¢ekavanou hodnotu Taylorovy aproximace druhého fadu
své uzitkové funkce, pficemZz je mozné zkoumat, jak jeho rozhodovani zavisi na
charakteristikdch ndhodné veliCiny jiz Celi.

Nasledujici uvaha je takova, ze vyjadiené poptavky vrovnicich (15) a (16) zaroven
reprezentuji bod optima vzhledem k fixnim cenam. Tedy jsou referen¢nim bodem Taylorovy
aproximace. Pro piehlednost zapisu bude bod optima znacen bez jakékoliv dodate¢né upravy,
zatimco body V blizkosti optima budou znaceny s vinovkou. Piedpoklada se, ze bod optima je
znama konstanta, tedy rozhodovatel jednd na zéklad¢ nasledujiciho optimaliza¢niho
problému:
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E[U(T, X)) = U(xy,x2) + MUy - E[(X] — x1)] + MU, - E[(X3 — x3)]

E(ME[@;{ —x,)?]

2 axlz
62U(x1,x2) _— — (17)
+ ZWE[(M —x1) (X7 — x3)]

02U (x4,
" (x1,x2)
6.7(22

E[(7 — x2)2]>

Co se tyce vyznamu jednotlivych prvki, z rovnic (3) a (4) lze jednoduse ovéfit, ze mezni
uzitky ze spotfeby budou vzdy kladné, a tedy jejich efekt na spotiebiteluv uzitek zavisi pouze
na ocekavané hodnoté odchylky od optima. Pokud rozhodovatel ocekava, ze pii nakupu
dostane mensi porci nez jakou si objedna, jeho uZzitek bude mensi, a vice versa v opacném
piipadé. Na druhou stranu, lze pfedpokladat, Ze rozhodovatel formuje racionalni o¢ekavani
a tedy uvazuje i trend ,,skimpflace* (cf. Benett 2023) a ,,shrinkflace* (cf. Gupta & Tandon
2006; Singhal & Gupta 2023), tedy optimalizuje vzhledem ke skutecné ocekavané hodnoté
charakteristik dané potravy. V takovém piipadé lze tvrdit, Ze ocekavana odchylka od
optimalni hodnoty bude nulova a efekt asociovanych meznich uzitkt je tedy irelevantni.

Totéz vsSak nelze tvrdit v pfipadé dalSich ¢lentt vyrazu. Vzhledem K vySe zminénému
ptedpokladu o racionalnich ocekavanich lze dokazat, ze vyrazy v ocekavané hodnoté
odpovidaji rozptylaim a kovarianci. Za piedpokladu nezaporného mnozstvi zakoupenych
statktl, 1ze na rovnicich (8) a (9) ilustrovat, ze ¢leny u rozptyld budou vzdy zaporné, zatimco
z rovnice (10) vyplyva, ze ¢len u kovariance bude vzdy kladny. Toto ma intuitivni vysvétleni.
Jelikoz rozptyl bude vzdy nezaporny, tak jeho nasobek se zapornou druhou derivaci uzitkové
funkce znamena, Ze rozhodovatel vyhodnocuje vice rozptylené alternativy jako horsi. Za
ptedpokladu averze vuci riziku je vysledek smysluplny, jelikoz rozhodovatel neni ochoten
pfistoupit na potencidlni zisk dodatecné potravy vyménou za moznost ztraty zakoupené
potravy.

Co se tyce kovariance, jelikoz je jeji asociovany ¢len vzdy kladny, rozhodovatel bude celit
snizeni uzitku pouze v ptipad¢, ze je zaporna. Toto ma rovnéz intuitivni vysvétleni. Pokud je
snizeni jednoho statku kompenzovano navySenim druhého statku, pro zadného rozhodovatele
to nemize piinést zlepSeni. Pokud jsou statky komplementarni, rozhodovatel je preferuje
konzumovat ve fixnich kvantitach. Pokud jsou statky spolu v cobb-douglasovském vztahu,
rozhodovatel preferuje pramér pied extrémy. Pouze v piipadé dokonalych substituti by
u rozhodovatele nenastala zadna zména pokud by kompenzace probihala v poméru 1:1. Tedy
je smysluplné uvazovat, Ze pro rozhodovatele je lepsi pokud bud’ ziska oba statky nebo oba
ztrati, nez kdyz dochézi ke kompenzaci.

Poslednim bodem vyzkumu je analyza vlivu substitu¢niho parametru na uzitek spotiebitele.
Lze ovéfit, ze efekt druhych derivaci uzitkové funkce je nejvétsi vzdy v blizkosti cobb-
douglasovského vztahu (tedy v ptipadé, kdy je substitu¢ni parametr roven nule a statky nejsou
ani substituty ani komplementy) a poté v piipadé dokonalych komplementi. Cim vice jsou
statky v substitu¢nim vztahu, tim mensi je efekt asociovanych ¢lenti. Opét je vysvétleni zcela
intuitivni, nebot’ U vyraznych substituti rozptyl jednoho ze statki poSkozuje pouze uzitek
z dan¢ho statku bez vlivu na uzitek ze statku druhého. Naopak ukomplementt a statki
v cobb-douglasovském vztahu rozhodovatel ¢erpa uzitek z kombinace obou statkd.
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3 ZAVER
Clanek doklada, ze Taylorova aproximace druhého fadu nabizi vyznamné analytické vyhody
pfi analyze vlivu nejistoty ve spotiebé na spotiebni chovani. Pomoci této jednoduché metody

Ize zavést do rozhodovaciho problému prvky nejistoty asnhadno identifikovat ocekavané
chovani rozhodovatele.

Z hlediska navazujiciho vyzkumu je nutné se zaméfit na vliv substitu¢niho parametru ve
vétsim detailu, naptiklad identifikaci ptesného vlivu v zavislosti na poméru cen. Kromé toho
se Vnavazujicim vyzkumu da zaméfit na vy$§i momenty Taylorovy aproximace ¢i na
aproximaci funkci s nekonstantni elasticitou substituce.
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PRISTUP K WEBOVYM DATABAZAM S JAZYKOM R?

ACCESS TO WEB DATABASES WITH R LANGUAGE

Martin Lukacik, Adriana Lukacikovd, Karol Szomoldanyi

Abstrakt

Aktualne udaje z databaz rdznorodych ekonomickych udajov réznych ekonomik krajin
aregionov celého sveta umoziuji vedcom skimat réznorodé javy a hypotézy, ktoré su
predmetom ich vyskumu. Medzi najznamejsie databazy dostupné cez webové rozhranie patria
databazy Federdlneho rezervného systému ekonomickych tdajov, Svetovej banky
a Europskeho Statistického uradu. V prispevku prezentujeme moznosti balickov jazyka R,
ktoré sluzia na priame nacitanie udajov z tychto databaz.

KUPucové slova: webové databazy ekonomickych udajov, jazyk R

Abstract

Current data from databases of various economic data of different economies of countries and
regions worldwide allow scientists to investigate diverse phenomena and hypotheses that are
the subject of their research. Among the most famous databases available via the web
interface are the databases of the Federal Reserve System of Economic Data, the World Bank
and the European Statistical Office. In the paper, we present the possibilities of the R
language packages, which are used for directly loading data from these databases.

Keywords: web databases of economic data, R language

1 UVOD

Sucasna doba je charakteristickd zbieranim velkého objemu udajov zo vSetkych oblasti
bezného Zivota. Originalny vyskum z kazdej vedeckej oblasti si vyzaduje efektivny spdsob
ziskavania a analyzy dat. Pri praci s programovacim jazykom R by analytik okrem vlastnych
zozbieranych tdajov mal vediet’ ziskat aj udaje publikované vo webovych databazach.
Natento ucel bolo pre ekondémov vytvorenych viacero uZito¢nych rieSeni — balickov
s funkciami, ktoré nacitanie dat ulahcuju. V tomto clanku sa budeme zaoberat’ pristupom
k databazam Federalneho rezervného systému ekonomickych tidajov (FRED), Svetovej banky
(WB) a Europskeho statistického tiradu (EUROSTAT).

2 IMPORT UDAJOV Z DATABAZY FRED V JAZYKU R

Udaje Federalneho rezervného systému ekonomickych udajov (FRED) poskytuje Federalna
rezervna banka v St. Louis. Na pristup ku nim bol vytvoreny balicek s nazvom fredr. Jeho
funkcie umoznuju ziskat’ pristup ku vsetkym indikatorom a umoziuju uzivatelovi vyhl'adavat
a ziskavat’ viac ako 600 000 ¢asovych radov, ako aj stuvisiace metadata. Databaza Archival
FRED (ALFRED) vam umoziuje ziskat staré verzie ekonomickych udajov, ktoré boli
k dispozicii v konkrétnych datumoch v historii.

! Prispevok vznikol s podporou projektov VEGA 1/0211/21, Ekonometricka analyza makroekonomickych dopadov
vplyvu pandémii vo svete s dorazom na vyvoj ekonomik EU a zvlast’ ekonomiky Slovenska a VEGA 1/0047/23,
Vyznam priestorovych spillover efektov v kontexte priority EU zelensia a bezuhlikova Eurdpa.
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Na ziskanie udajov FRED (pokial’ nepouzivate anonymny pristup s limitovanym mnozstvom
stahovanych tudajov) potrebujeme ziskat kI'a¢ API. Najprv sa odporuca (bezplatna)
registracia cez stranku https://fredaccount.stlouisfed.org/login/, kde sa po prepnuti na vol'bu

Create New Account a zadani platnej mailovej adresy zaregistrujeme.

SignIn Create New Account

G Prihlasit sa Gétom Google

* Required field

Subscribe to Our Newsletters:

[J Economic Research ] EconLowdown
FRED ) FRASER

[J FRED in the Classroom

In what context do you use FRED?

Please choose one:

Obrazok 1: Registracia na pristup k databaze FRED

Nasledne po prihlaseni sa so svojim kontom, poziadame o vydanie kluca API cez
My Account, kde zvolime sekciu API Keys, napiSeme program, s ktorym pracujeme a zadame
Request API Key.

ECONOMIC RESEARCH

Economic Research Resources v Switch Products v My Account ¥

/\/~/ Q Search My Content
Search FRED ...
/\/J Your trusted data source - # My Content
» since 1991

ECONOMIC DATA | ST.LOUIS FED Release Calendar FRED Tools v FRE -

API Key e

& Notificatior
Describe the application or program you intend to write: yaLons.
# API Keys
language R
& Settings

& Sign out

I have read and agree to the St. Louis Fed's Terms of Use, Privacy Notice & Policy, and Legal Notices, Information and Disclaimers.

Request API Key

Obrdzok 2: Ziadost o API kI'i¢ k databize FRED

Pri uspesnej akceptacii poziadavky vam bude poskytnuty jedine¢ny kl'a¢ API. Takyto kla¢
APl ma tvar: “abcdel234567890” a pri kazdom prihlaseni ho najdete v sekcii APl Keys.
Odporucame nikdy nezverejiiovat’ svoj kI'a¢ API, ani ako sucast’ publikovaného scriptu.

Po nainstalovani a aktivacii balicka fredr prikazmi install.packages("fredr™) a library(fredr)
zadame svoj kl'a¢ API do funkcie fredr_set_key. Tym ziska program R potrebny API kI'a¢
a umozni sa pristup k databazam FRED aj ALFRED.

Pouzitim funkcie vyhladavania fredr_series_search_text ziskame vSetky informacie stivisiace
s konkrétnou poziadavkou. Funkcia fredr_series_search_text vracia tabulku obsahujiucu
informacie suvisiace s vlozenym vstupom. Napriklad fredr_series_search_text( search_text =
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"unemployment”, filter_variable = "frequency”, filter_value = "Monthly™) vyhl'ada vsetky
rady s textom ,,unemployment® a vrati iba rady s mesac¢nou frekvenciou.

> fredr_series_search_text(

+  search_text = "unemployment",

+ filter_variable = "frequency",

+ filter_value = "Monthly"

+)
id realt.' realt.? title obser..* obser.* frequ.’ frequ.® units units.’” seaso.® seaso.’ last_.* popul.*
UNRATE 2023-1.. 2023-1.. Unem.. 1948-0.. 2023-0. Monthly M Perc.. % Season.. SA 2023-1.. 93
UNRATEN.. 2023-1. 2023-1. Unem. 1948-0. 2023-0. Monthly M Perc.. % Not Se.. NSA 2023-1. 56
UNEMPLOY 2023-1_ 2023-1_ Unem_ 1948-0_ 2023-0_ Monthly M Thou . Thous. . Season. SA 2023-1_ 67
LNUO300.. 2023-1.. 2023-1.. Unem.. 1948-0.. 2023-0.. Monthly M Thou.. Thous... Not Se.. NSA 2023-1.. 15
LNS1400  2023-1_ 2023-1_ Unem_ 1972-0_ 2023-0_ Monthly M Perc. % Season.. SA 2023-1. 65
UGRATE 2023-1.. 2023-1.. Tota.. 1994-0. 2023-0. Monthly M Perc.. % Season.. SA 2023-1.. 64
LNUO400... 2023-1.. 2023-1.. Unem.. 1972-0.. 2023-0.. Monthly M Perc.. % Not Se.. NSA 2023-1.. 17
UGRATEN = 2023-1_ 2023-1_ Tota_  1994-0_ 2023-0_ Monthly M Perc.. % Not Se.. NSA 2023-1. 9
CAUR 2023-1.. 2023-1.. Unem.. 1976-0.. 2023-0.. Monthly M Perc.. % Season.. SA 2023-1.. 60
CAURN 2023-1. 2023-1. Unem.. 1976-0. 2023-0. Monthly M Perc.. % Not Se.. NSA 2023-1. 13

Obrazok 3: Vyhladavanie v databaze FRED

Na nacitanie konkrétneho radu sltzi prikaz fredr, ¢o je skratka fredr_series_observations.
V prikaze uvadzame nazov radu z databazy argumentom Series_id arozsah pozorovani
argumentmi observation_start a observation_end. Frekvencia ¢asovych radov sa $pecifikuje
argumentom frequency, pricom ro¢né, polro¢né, stvrtroéné, mesacné, tyzdenné a denné udaje

sa znacia ako "a", "sa", "q", "m", "w",

Ak mame zaujem o udaje s nizSou frekvenciou, ako s publikované, fredr naim umoziuje
agregaciu pomocou aggregation_method podl'a zvoleného sposobu stétom (sum), priemerom
(avg) alebo z konca obdobia (eop). Takisto sa umozinuju priamo $pecifikovat’ transformacie
udajov argumentom units, ktoré okrem prednastavené¢ho lin rozpozna logaritmus (log),
zmenu (chg) alebo percentualnu zmenu (pch).

Pri nacitani prikazom fredr sa udaje nacitaju ako typ tibble (Specificky dataframe) a spolu
s hodnotami value ziskame aj sprievodné informacie o nazve a zodpovedajucom pozorovani.
Tibble bol navrhnuty ako centralna datova Struktiira pre sadu balickov tidyverse, medzi ktoré
radime: dplyr, ggplot2, tidyr areadr. Ich vyhodou je, Ze sa daju jednoduchsie uchopit
a vyuzit’ ako napriklad na obrazku 4 pri grafickom zobrazeni udajov.

14  UNRATE.m fredr “ R = (T Global Environment ~

15 series_id = "UNRATE", Data

16 observation_start as.Date("1960-01-01"), .

17 observation_end = as.Date('"2023-10-01" © UNRATE. it 765 obs. of 5 variables

18 $ date : Date[1:765], format: "1960-01..

19 $ series_id : chr [1:765] "UNRATE" "UNRATE".

20 Tibrary(ggplot2 ) $ value : num [1:765] 5.2 4.8 5.4 5.2 5

21 ggﬁ]ot data = UNRATE.m, mapp1?g aes x] date, y = value, $ realtime_start: Date[1:765], format: "2023-11.
colour series_id +  geom_line b abs(x "Datum — X . Lo _
pozorovania", y "Miera nezamestnanosti', colour "Rady" $ realtime_end : Date[1:765], format: "2023-11.

+ scale_color_hue(h c(180, 300
231 (Top Level) RScript = Files  Plots Packages Help Viewer Presentation —

Console  Terminal Background Jobs —= A zoom | Hexport - (O | -
R R4.22 . d/Prispevky/Praha2023/ = 15~

> UNRATE.m <- fredr( 2

+ series_id = "UNRATE", g 12

+ ohservation_start = as.Date("1960-01-01"), b7 \ Rad

+ observation_end = as.Date("2023-10-01") g o “\I N ady
+) @ Aoy [\ ‘ UNRATE
> Tlibrary(ggplot2) g i A A AR

> ggplot(data = UNRATE.m, mapping = aes(x = date, y = value, colour o 6- ! v \J \

= series_id)) + geom_line() + Tlabs(x = "Datum pozorovania", y = "M @ Y W, / * IL

iera nezamestnanosti", colour = "Rady") + scale_color_hue(h = c(180, = 3- I | \. -

300)) 1960 1980 2000 2020

>

Datum pozorovania

Obrdzok 4: Nacitanie udajov z databazy FRED a ich grafické zobrazenie
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3 IMPORT UDAJOV Z DATABAZY WORLDBANK V JAZYKU R

Svetova banka (WorldBank), ktorej centrala je vo Washingtone, poskytuje prostrednictvom
svojho webového rozhrania rozsiahle mnozstvo globalnych socialno-ekonomickych udajov,
ktoré pokryvaju niekolko desatroéi vyvoja svetovej ekonomiky a desiatky tém z r6znych
oblasti. Na pristup ku nim bol vytvoreny balicek s nazvom wbstats. Jeho funkcionalita je
vel’'mi podobna balicku fredr vysvetlovanému v predchadzajucej Casti.

Po instalacii a aktivacii balicka whbstats cez install.packages("wbstats™) a library(wbstats)
modzeme zaCat vyhladavat potrebné tudaje. Funkcia wb_cachelist poskytuje prehl'ad
dostupnych krajin, indikatorov a inych relevantnych informécii 0 zdkladnej Struktire udajov.
Zadanim prikazov zoznam <- wb_cachelist; View(zoznam) sa zobrazia informacie, ktoré
moézeme vyuzit' pri formulovani poziadavky na stahované udaje.

Name Type Value
© zoznam list [8] List of length 8

~ countries list [304 x 18] (S3: thl_df, tbl, date A tibble with 304 rows and 18 columns
indicators list [16649 x 8] (S3: thl_df, thl, da A tibble with 16649 rows and 8 columns
sources list [63 x 9] (S3: thl_df, thl, data.fr A tibble with 63 rows and 9 columns
topics list [21 x 3] (S3: tbl_df, thl, data.fr A tibble with 21 rows and 3 columns

2 regions list [48 x 4] (S3: thl_df, thl, data.fr A tibble with 48 rows and 4 columns
income_levels list [7 x 3] (S3: tbl_df, tbl, data.fra A tibble with 7 rows and 3 columns
lending_types list [4 x 3] (S3: thl_df, tbl, data.fra A tibble with 4 rows and 3 columns
languages list [23 x 3] (S3: tbl_df, thl, data.fr A tibble with 23 rows and 3 columns

Obrazok 5: Orientacia v databaze WorldBank pristupna cez balicek whstats

NajdolezitejSie su datové ramce countries a indicators. Vyberom krajiny <- zoznam$countries
mozeme ziskat' vSetky kody krajin, pripadne si ich nésledne vieme vyfiltrovat. Napriklad,
zoznam vSetkych krajin a oblasti, ktorych trojpismenovy kod (iso3c) za¢ina pismenom S sa
ziska prikazom print(krajiny[grepl(""S", krajiny$iso3c), ], n=50). Vyuzili sme funkciu grepl,
ktora sa so znakom * pouziva ako zadanie filtra ,,za¢ina na“. Ak by sme zadali filter na
anglicky pomenovanie oblasti a zadali krajiny[grepl("Slo", krajiny$country), ], vyuZzil by sa
filter, ktory by vybral Slovensko a Slovinsko.

> print(krajiny[grepl1("As",krajiny$iso3c),],n=50) are

© krajiny 304 obs. of 18 va..

iso3c iso2c country capital_city longitude Tatitude region_iso3c region_iso2c $ iso3c : chr..
$ iso2c t ichr:

SAS  8S South Asia NA NA NA NA NA $ country s chrs
SAU  SA Saudi Arab.. Riyadh 46.7 24.7  MEA 2Q S canital oiE ok
SCE L7  Southern C.. NA NA NA NA NA ARk £ s
SDN  SD sudan Khartoum 32.5 15.6  SSF 26 $ Tongitude s iU
SEN SN senegal Dpakar -17.5 14.7  SSF Z6G $ latitude :onum..
SGP  SG Singapore Singapore 104. 1.29 EAS z4 $ region_iso3c : chr
SLB SB Solomon Is.. Honiara 160. -9.43 EAS z4 $ region_iso2c . chr
SLE  SL Sierra Leo.. Freetown -13.2 8.48 SSF 26 $ region : chr..
SLV  sv El Sa]vgdor San Sa]yador -89.2 13.7 LCN 23 $ admin_region_iso3c: chr..
SMR SM San Marino San Marino 12.4 43.9 ECS z7 % %
soM so  somalia Mogadishu 45.3 2.08 SSF 26 $ admin_region_iso2c: chr..
SRB RS serbia Belgrade 20.5 44.8 ECS 27 $ admin_region : chr.
SSA  ZF Sub-Sahara.. NA NA NA NA NA $ income_level_iso3c: chr.
SSD  Ss South Sudan Juba 31.6 4.85 SSF ZG $ income_level_iso2c: chr..
SSF ZG Sub-sahara.. NA NA NA NA NA $ income_level : chr..
SST sl small stat.. NA NA NA NA NA . . .
STP ST Sao Tome a.. Sao Tome 6.61 0.206 SSF 26 3 1end1ng_type_1503c. et
SUR SR Suriname Paramaribo =55.2 5.82 LCN ) $ 1endTng_type_1502c: chr..
SVK Sk Slovak Rep.. Bratislava 17.1  48.1 ECS 27 $ lending_type : chr.
SVN SI Slovenia Ljubljana 14.5 46.1 ECS 27 .
SWE _SE___ sweden stockholm 18.1  59.3  ECS 27 Flles [ Flots¥ Packages | Help ) Viswer]) iPret

Obrazok 6: Filtrovanie nazvov krajin v databaze WorldBank

Podobne moézeme pracovat’ aj s datovym ramcom indicators. Vsetky kody premennych
(indicator_id) ziskame cez ukazovatele <- zoznam$indicators. A nasledne vyfiltrujeme udaje
napriklad o raste GDP pomocou ukazovatele[grepl("GDP growth", ukazovatele$indicator), ].
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> ukazovatele[grepl("GDP growth",ukazovatele$indicator),]
indicator_id indicator unit 1indicator_desc source_org topics source_id source
5.51.01.10.gdp Per capi.. NA GDP per capit.. Wworld Dev.. 36 sStati..
6.0.GDP_growth GDP grow.. NA Annual percen.. World Dev.. 37 LAC E..
NV.AGR.TOTL.ZG Real agr.. NA This is the a.. world Ban.. 11 Afric..
NY.GDP.MKTP.KD.ZG GDP grow.. NA Annual percen.. World Ban.. 2 world..

Obrazok T: Filtrovanie nazvoVv ukazovatel'ov v databaze WorldBank

V bali¢ku wbstats moZzeme namiesto komplikovanejSieho filtrovania medzi premennymi
pouzit’ vyhl'adavaciu funkciu wh_search. Analogicky vysledok ako sme dostali na obrazku 7,
dostaneme ovel’a jednoduchsim prikazom wb_search("GDP growth™).

Na nacitanie konkrétneho radu slizi prikaz wb_data. Nazov radu uvadzame z databazy ako
prvy textovy argument (v tuvodzovkach) arozsah pozorovani argumentmi start date a
end_date. Pokial' nezadame argument country, nacitaji sa udaje vsetkych krajin. Potom
wb_data("SP.POP.TOTL", country ="Slovak Republic", start_date = 1960, end_date = 2022)
nacita udaje o celkovom pocéte obyvatelov na Slovensku. Argument country akceptuje
I'ubovolny udaj z datového ramca countries, teda netreba zadavat' cely nazov stadia kody.
wb_data("SP.POP.TOTL", country = c¢("SVK","SVN"), start_date = 1960, end_date = 2022)
nacita tidaje o celkovom pocte obyvatel'ov nielen na Slovensku, ale aj v Slovinsku.

> wb_data("SP.POP.TOTL", country = "Slovak Republic", start_date = 1960, end_date = 2022)
iso2c iso3c country date SP.POP.TOTL unit obs_status footnote Tast_updated
SK SVK  Slovak Republic 1960 4068095 NA NA NA 2023-10-26
SK SVK  Slovak Republic 1961 4191667 NA NA NA 2023-10-26
SK SVK  Slovak Republic 1962 4238188 NA NA NA 2023-10-26
SK SVK  Slovak Republic 1963 4282017 NA NA NA 2023-10-26
SK SVK  Slovak Republic 1964 4327341 NA NA NA 2023-10-26
SK SVK  Slovak Republic 1965 4370983 NA NA NA 2023-10-26
SK SVK  Slovak Republic 1966 4411666 NA NA NA 2023-10-26
SK SVK  Slovak Republic 1967 4449367 NA NA NA 2023-10-26
SK SVK  Slovak Republic 1968 4483915 NA NA NA 2023-10-26
SK SVK  Slovak Republic 1969 4518607 NA NA NA 2023-10-26

Obrdazok 8: Nacitanie premennych z databazy WorldBank

Pri naditani prikazom wb_data sa udaje nacitaji opét’ ako typ tibble (Specificky dataframe)
a spolu s hodnotami uvedenymi pod databdzovym ndazvom premennej ziskame aj sprievodné
informacie o nazve krajiny a zodpovedajicom pozorovani.

4 IMPORT UDAJOV Z DATABAZY EUROSTAT V JAZYKU R

Eurdpsky statisticky urad (EUROSTAT) poskytuje prostrednictvom svojho webového
rozhrania mnozstvo socidlno-ekonomickych udajov, ktoré pokryvaji niekolko desatroci
vyvoja eurdpskych ekonomik. Na pristup ku nim bol vytvoreny balicek s nazvom eurostat.
Jeho funkcionalita je podobna balickom vysvetl'ovanym Vv predchadzajucich castiach.

Po instalacii a aktivacii bali¢ka eurostat cez install.packages("eurostat™) a library(eurostat)
mozeme zacat® vyhladavat potrebné udaje. Funkcia get eurostat_toc stiahne obsah
jednotlivych datovych mnozin zo servera. Hodnoty v stipci code by sa mali pouzit' na
stiahnutie vybraného suboru udajov. Napriklad, ak chceme ziskat' narodné ucty (national
accounts), tak prikazmi zoznam <- get_eurostat_toc() a zoznam[grepl("~na", zoznam$code), ]
ziskame vSetky kody tdajov. Prvych desat’ riadkov vysledku zobrazenych pomocou prikazu
View(zoznam[grepl(**na", zoznam$code), ]) vidime na obrazku 9.
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Filter
- last last
title code type grdate ;:rbulitu re ::_: rat :::Ia values
data change

1 GDP and main components (output, expenditure and income) nama_10_gdp dataset  01.11.2023  05.10.2023 1975 2022

2 GDP and main components (output, expenditure and income) namq_10_gdp dataset  31.10.2023  27.10.2023 1975Q1  2023Q3

3 Final consumption aggregates namq_10_fcs dataset  31.10.2023  27.10.2023 1978Q1  2023Q3

4 Exports and imports by Member States of the EU/third coun... namq_10_exi dataset  23.10.2023  05.10.2023 1980Q1  2023Q2

5 Gross value added and income A*10 industry breakdowns namq_10_a10 dataset  01.11.2023  27.10.2023 1975Q1  2023Q3

6 Gross fixed capital formation with AN_F6 asset breakdowns namgq_10_an6 dataset  01.11.2023  27.10.2023 1978Q1  2023Q3

7 Employment A*10 industry breakdowns namq_10_a10_e dataset  02.11.2023  27.10.2023 1975Q1  2023Q3

8 Key indicators - quarterly data nasq_10_ki dataset  27.10.2023  05.10.2023 1980Q1  2023Q2

9 Non-financial transactions - quarterly data nasq_10_nf_tr dataset  27.10.2023  26.10.2023 1949Q1  2023Q2
10 Gross domestic product (GDP) at current market prices by N... nama_10r_2gdp dataset  21.02.2023  19.02.2023 2000 2021

Obrdzok 9: Filtrovanie kodov v databaze Eurostat

Pomocou funkcie search_eurostat mézeme v obsahu vyhladavat zadania napr. vsetky kody
udajov vlady (Government), teda View(search_eurostat("Government”, type = "all" )).
Pomocou argumentu type tejto funkcie mozeme obmedzit' vyhl'adavanie napriklad iba na
mnoziny udajov (dataset) alebo tabul’ky (table).

last last
. update table data data
title el type of structure start end i
data change

Government bond yields, 10 years' maturity - monthly data irt_It gby10_m dataset  07.11.2023  07.11.2023 1973M01  2023M10

2 Government revenue, expenditure and main aggregates gov_10a_main dataset  23.10.2023  23.10.2023 1975 2022
3 Government bond yields, 10 years' maturity - annual data irt_It_gby10_a dataset  04.01.2023  03.01.2023 1988 2022
4 Government deficit/surplus, debt and associated data gov_10dd edpt1 dataset  23.10.2023  23.10.2023 1995 2022
5 Government consolidated gross debt by components - ann...  tipsgo11 table 23.10.2023  23.10.2023 1995 2022
6 Government support to agricultural research and developm...  sdg_02 30 table 03.08.2023  03.08.2023 2004 2022
7 Government deficit/surplus and debt enps_gov_10dd  dataset  13.03.2023  13.03.2023 2005 2021
8 Government deficit/surplus and debt enpe_gov_10dd  dataset  06.02.2023  06.02.2023 2005 2022
9 Government bond yields - 10 years' maturity enpe_irt_lt_ gby10 dataset  06.02.2023  06.02.2023 2005 2022
10 Candidate countries and potential candidates: Government ... cpc_ecgov dataset  17.03.2020  08.02.2021 2005 2019

Showing 1 to 10 of 27 entries, 8 total columns

Obrazok 10: Vyhl'adavanie kdédov v databaze Eurostat

Na nacitanie konkrétnych udajov sltzi prikaz get_eurostat, v ktorom mézeme zadat’ filters.

set_eurostat_cache_dir(file.path(tempdir(), "r_cache2"
sk <- get_eurostat('nama_10_gdp",
filters = Tist
geo = "sK",
na_item = c("BlGQ","P3_S13","P31_5S14_s15","P5G","P6","P7"),
unit = "CP_MEUR"
sk.GDP <- na.omit(sk[sk$na_item == "B1lGQ",
sk.C <- na.omit(sk[skfna_item == "p31_s14_s15",

sk.G <- na.omit(sk[sk$na_item "p3_s13",

sk.I <- na.omit(sk[sk$na_item == "pP5G",
sk.Ex <- na.omit(sk[sk$na_item == "P6",
sk.Im <- na.omit(sk[sk$na_item == "p7",

SVK <- cbind("sk.GDP"=sk.GDP$values, "sk.C"=sk.C$values, "sk.G"=sk.G$values, "sk.I"=sk
.ISvalues, "sk.Ex"=sk.Ex$values, "sk.Im'"=sk.Im$values
E3 (Untitled) = R Script 4

Terminal Background Jobs =l

4.3.1 - ~/Prispevky/Praha2023/

sk.GDP sk.C sk.G sk.I sk.Ex sk.Im
15322.9 8164.0 3644.8 3621.3 8263.1 8370.2
17053.2 9183.3 4314.6 5812.0 8406.0 10662.6
19331.1 10157.7 4444.3 6733.8 10363.2 12367.9
20333.8 10860.1 4714.6 7003.2 9255.3 11499.4
19516.1 10620.9 4113.2 5716.5 9045.3 9979.8

Obrazok 11: Nacitanie premennych z databazy Eurostat
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5 ZAVER

Kazdy analytik, ktory pracuje na aplikovanom vyskume potrebuje pre svoju pracu udaje.
Zdrojom ekonomickych tudajov su v jednotlivych krajindch obvykle Statistické trady
(https://www.bls.gov/bls/other.htm), centralne banky resp. zodpovedajiice monetarne autority
(https://www.bis.org/cbanks.htm) a d’alSie medzinarodné institicie. V tomto prispevku
prezentujeme ako ziskat daje od zastupcov kazdej ztychto skupin: z celoeurdpskeho
Statistického uradu, z americkej centralnej banky a zo svetovej banky. Okrem nich existuju
mnoho d’alsich institacii (BEA, BIS, ECB, ILO, IMF, OECD, WTO, ...) a sluzieb (Nasdag-
Quandl, quantmod, ...), ktoré st zdrojom rozsiahleho mnozstva ekonomickych udajov. Ich
vyhl'adavanie a ziskanie umoznuje rozsirit’ aj tieto prezentované moznosti.
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ALOKACIA AKTIiV DO PORTFOLII S VYUZITIM JAZYKA PYTHON
ASSET ALLOCATION INTO PORTFOLIOS USING PYTHON

Ing. Richard MiSek

Abstrakt

Kam investovat, je velmi Castou otazkou vo svete financii. Existuje mnoho pristupov
a metdd, na zaklade ktorych si investor moze zvolit’ portfolio. Jednym z tychto pristupov je
moderna teoria portfolia, ktora ako prvy definoval Henry Markowitz. Tento pristup sa
pouziva na optimalizaciu skladby cennych papierov tak, aby sa bud’ maximalizoval vynos pri
uréitom riziku alebo minimalizovalo riziko pri stanovenom vynose. Standardnou metddou sa
da tento pristup riesit’ napriklad pomocou doplnku rieSitel v programe MS Excel. Nami
poskytované rieSenie sa bude zameriavat’ na alternativny sposob vyberu portfolia. Realizicia
spociva vo vybere ndhodnych vah pre cenné papiere, ktorych stucet je rovny 100% a vieme tak
vykreslit' vacSinova Cast’ vSetkych dosiahnutelnych portfolii. Tymto pristupom porovname
americky najznamejsi index Dow Jones Industrial Average a pat'desiat ¢lenny eurdpsky index
Eurostoxx 50. Na zéklade rizika a vynosu porovname vysledky tychto dvoch portfolii a
vyskladame portfolio tak, aby bolo svetovo diverzifikované.

KUlucové slova: Markowitz, Python, Diverzifikacia, Investovanie, Portfolio
Abstract

Where to invest is a very common question in the finance world. There are many approaches
and methods an investor can use to choose a portfolio. One of these approaches is modern
portfolio theory, first defined by Henry Markowitz. This approach is used to optimize the mix
of securities to either maximize return for a given risk or minimize risk for a given return. A
standard method can be used to solve this approach using, for example, the solver plug-in in
MS Excel. The solution we provide will focus on an alternative method of portfolio selection.
The implementation consists in selecting random weights for securities whose sum is equal to
100% and we can thus plot the majority of all achievable portfolios. Using this approach, we
compare the US Dow Jones Industrial Average, the best known index, and the fifty-member
European Eurostoxx 50 index. Based on risk and return, we will compare the performance of
the two portfolios and construct a portfolio that is globally diversified.

Keywords: Markowitz, Python, Diversification, Investing, Portfolio
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1 UVOD

Pri investovani existuje mnozstvo spravcovskych spoloc¢nosti, ktoré Casto hladia na svoje
zaujmy a uctuju klientom nemalé poplatky. Tymto poplatkom, ktoré zaroven aj znizuju
vynosnost’ portfolia sa da vyhnut'. Spésobom ako to spravit’ je navolenie si vlastného portfolia
a investicia cez burzu. Na vyber portfélia je mozné pouzit’ viaceré pristupy. Pristup, ktorym sa
budeme v tejto praci zaoberat’ je moderna tedria portfolia, aplikovana neStandardnym
sposobom. Pri analyzovani indexu Dow Jones Industrial Average a Eurostoxx vyuZzijeme
nahodné priradenie vah jednotlivym akcidm, nazyvané aj Monte Carlo simulacia.
Poskytovatelom dat pre tato analyzu je Yahoo Finance, kde Casovy interval pre data
predstavuje obdobie pit rokov od 01.10.2018 po 01.10.2023. V tomto obdobi je mozné
zachytit’ pandémiu covid, vplyv vysokej inflacie, ale aj prepuknutie vojny na Ukrajine. Pri
vybere portfélia tymto pristupom nie st stanovené optimalizacné podmienky, ale investor si
sdm bude vediet’ z grafu vybrat, ¢i pozaduje maximalny vynos alebo minimalne riziko.

2 TEORIA PORTFOLIA

Moderna teoria portfolia je pristup, vyvinuty v 50. rokoch 20. storo¢ia Harrym Markowitzom.
Pti tvorbe portfolia takymto sposobom, je nutné sa na portfélio pozerat’ ako na celok, ktory je
nutné analyzovat’ a nie ako na jednotlivé cenné papiere. Zahrani¢né zdroje uvadzaju, ze sa
treba pozerat’ pri jednotlivych aktivach na ich o€akavané vynosy spolu s rizikovost'ou tychto
aktiv. Zakladom sa tak pri tvorbe portfolia stava diverzifikacia a spolocny vyvoj cien
jednotlivych aktiv. Princip tohto pristupu spoc¢iva v najdeni optimalnej skladby portfélia nami
preddefinovanych akcii, na zéklade stanovenej optimalizacnej podmienky. Touto podmienkou
je bud’ minimalizacia rizika pri stanovenom vynose alebo maximalizacia vynosu, pri
stanovenej hladine rizika. (5)

Pri hl'adani portfélia s maximalnym vynosom alebo minimalnym rizikom, by mal investor
upriamit’ pozornost’ na vrchnu krivku, ktora predstavuje efektivnu hranicu. Na tejto krivke sa
nachadzaji portfolia, ktoré dominuju vSetkym ostatnym portfoliam, ktoré sa v grafe
nachadzaju pod nimi. Inak povedané, vSetky portfélia pod efektivnou hranicou maji nizsiu
vynosnost’ ako portfolio nachadzajice sa na tejto hranici. Vypocet jednotlivych portfolii, je
vzdy realizovany na zaklade pomeru o¢akavaného vynosu na osi Y a rizikom alebo volatilitou
reprezentovanou Standardnou odchylkou na osi X.

Obrazok 1: Efektivna hranica

o¢akavany vynos
.
.
L]

riziko / volatilita
Zdroj: Vlastné spracovanie

Pri vypoctoch su pouzivané denné vynosy aktiv, ktorych hodnoty su ziskané na zéklade
aplika¢no-programového rozhrania poskytovaného od Yahoo Finance. Vypocet o¢akéavanej
vynosnosti portfolia sa vypocita ako vazeny priemer vynosnosti, ktoré¢ o¢akavame pre
jednotlivé aktiva a rizikovost’ bude predstavovat’ Standardna odchylka.
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3 VYPOCET PORTFOLIA

Na zaklade Markowitzovej tedrie je mozné realizovat’ nami prezentovany alternativny sposob
vypoétu zlozenia portfolia. Tato analyza je realizovana pomocou programovacieho jazyka
Python v prostredi Jupyter Notebook. Pri praci su vyuzité indexy dva indexy, pricom jeden je
predstavitelom 30 najvac¢Sich americkych spolo¢nosti a druhy predstavuje 50 najvécsich
obchodovanych eurdpskych spolocnosti. Pri analyze bolo nutné disponovat dennymi
uzatvaracimi cenami pre oba indexy. Nakol'ko pracujeme s neplatenym poskytovatelom dat,
nebolo mozné pri indexe Eurostoxx 50 nadobudnut’ data o vSetkych spolo¢nostiach. Finalny
pocet akcii, ku ktorym datam sme sa vedeli dopatrat’ je 41. Americky indeX je v naSej analyze
plne zastipeny vSetkymi spolo¢nostami.

Obrazok 2: Denné vynosy Eurostoxx 50

Vyvoj akcii z indexu EUROSTOXX 50 (5 rokov)

200

200

Zhodnotenie %

100

Obdobie — TTEPA

Zdroj: Vlastné spracovanie

Po nadobudnuti dennych cien aulozeni do datového rdmca, sme pristupili k vypoctom
dennych vynosov pre vsetky akcie z oboch indexov. Pri vypoclte vynosov sme vyberali
z dvoch moznych pristupov : jednoduché vynosy a logaritmické vynosy. Rozhodli sme sa pre
pracu s vynosmi logaritmickymi nakolko vypocty s anualizovanou vynosnostou zvyknu
navySovat’ a nadnasaju tak vynosnost jednotlivych cennych papierov. (4)

Obrazok 3: Vysledok rovnomerného rozlozenia vah akcii (DJ30)

14 pfolio vol = (np.dot(weights.T, np.dot(log returns.cov() * tradingDaysInsyearsyearly, weights))) ** o.5
15 print ("volatilita portfélia : "+str(round(pfolio_vol*iee,2)) + '%")

16 print(“"vahy : " + str(weights))

17

18 #Vykonnost pred markowitzom

19 log_returns_yearly = log returns.mean() * tradingDaysIn5YearsYearly

20 pfolio = str{round(np.dot(log returns_yearly, weights)*1iee, 2)) + " %'

21 print(“vykonnost portfolia : " + pfolio)

Volatilita portfélia : 21.24%

Vahy : [©.63333333 ©.03333333 0.83333333 0.83333333 0.03333333 0.03333333
©.03333333 ©.63323333 0.03333332 0.03333233 0.63332333 ©.03333333
©@.03333333 ©.83333333 ©.03333333 9.03333333 ©.03333333 ©.03333333
©.93333333 ©.©3333333 ©.03333332 ©.03333333 ©.03333333 ©.03333333
©.©3333333 ©.03333333 ©.093333333 ©.03333333 0.03333333 ©.03333333]

Vykonnost portfolia : 5.72 %

Zdroj: Vlastné spracovanie
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Obrazok 4: Vysledok rovnomerného rozlozenie vah (Eurostoxx 50)

Volatilita portfélia : 21.28%
Vahy : [©.82439024 ©.02439024 ©.82439824 ©.82439824 ©.024390824 ©.82439824

8.82439824 9.82439824 0.92439024 ©.62439024 ©.02439624 9.82439824
8.82439824 ©.82439824 8.82439824 8.82430024 ©.02439824 ©6.82439624
8.82430024 9.82430824 6.02430024 ©.624300824 ©.02439624 0.82430824
8.82430824 9.082439824 6.02439024 0.62430024 ©.02439624 0.824390824
8.824359824 @.02439824 0.982439024 0.62439024 ©.02439824 0.82439a824
9.82439024 ©.92439024 0.02439924 ©.082439624 ©.82439624]

Vykonnost portfolia : 7.85 %

Zdroj: Vlastné spracovanie

Na zéklade dat z poslednych piatich rokov, je podl'a rovhomerne rozlozenych véh vidno
vys§ia vynosnost’ pri europskom portfoliu o 2%, ¢o by mohlo zvadzat’ k vacsinovej investicii
prave do tejto geografickej oblasti. Nakol'ko sa investorom snazime dorucit’ ¢o najvacsi
vynos, realizovali sme vyber 8 najlepSich akcii z oboch indexov na zaklade pomeru vynos

a riziko. Tymto vyberom sa snazime minimalizovat’ transak¢né naklady na nakup akcii,
nakol’ko kazdé transakcia na burze obnaSa aj poplatky za nakup.

Obrazok 5: Vyber 8 najlepsich akcii podla pomeru vynos a riziko

Dow Jones Industrial Average Eurostoxx 50

Ticker Return Volatility Best-Stocks Ticker Return Volatility Best-Stocks

ASME.DE ©.253315  ©.368571 ©.592327 AAPL ©.229802  ©.333813 ©.583567
SU.PA ©.189009  ©.289449 ©.532075 MSFT ©.212251  ©.313749 ©.564946
RACE.MI  ©.17798 ©.277038 ©.516103 PG ©.137295  ©.216858 ©.471712
MC.PA ©.185916 ©.295534 ©.510656 WMT  ©.122702  ©.221976 ©.395005
OR.PA ©.143892 ©.245364 ©.443797 UNH ©.148811 ©.301021 ©.351508
DTE.DE ©.119362 ©.207245 ©.407064 MCD ©.115604  ©.233381 ©.342802
AIL.F ©.126165 ©.224276 ©.406485 MRK ©.113034  ©.233415 ©.334313
STLAM.MI ©.156475 ©.38286 ©.317284 CAT ©.141688 ©.334946 ©.318524
PPB.F ©.161498  ©.408332 ©.300792 HD ©.899793  ©.292794 ©.221292
UCG.MI ©.165138  ©.424302 ©.306711 CVX ©.104945  ©.359243 ©.194702
AHOG.DE ©.112876 ©.261506 ©.297797 vV ©.091418 ©.290205 ©.194400
CS.PA ©.114784  ©.281141 ©.283788 AMGN ©.882002  ©.255811 ©.187254
SGO.PA  ©.12204  ©.336566 ©.261285 GS  ©.89554  ©.332237 ©.18222
ENEL.MI ©.102287 ©.261803 ©.257016 KO ©.869648  ©.215558 ©.160737
SAN.PA ©.090574  ©.218786 ©.254000 JPM  ©.079461  ©.321573 ©.138262
ISP.MI ©.114527 ©.333981 ©.23812 TRV ©.870743  ©.290876 ©.122879
DB1.DE ©.090742 ©.237221 ©.23498 AXP ©.879174  ©.375867 ©.117527
BMW.DE ©.098353 ©.3e4719 ©.20790e6 JNJ ©.e48623 ©.2064 ©.e66005
ALV.DE ©.e81491 ©.262054 ©.177411 DOW ©.e60e312 ©.391514 ©.e64652
MBG.DE ©.096009  ©.378432 ©.161215 CSCO ©.249420  ©.289831 ©.049785
IFX.DE ©.899687  ©.406322 ©.1592 HON ©.84771  ©.273822 ©.046417
IXD1.F ©.081704  ©.305043 ©.153107 CRM ©.847678 ©.395204 ©.03208
TTE.PA ©.084559  ©.324189 ©.152871 IBM ©.040822 ©.271871 ©.021414
DG.PA ©.678291  ©.310351 ©.13949 NKE ©.035033 ©.332413 ©.000099
BNP.PA ©.081138  ©.360639 ©.127933 INTC -©.025591 ©.390416 -8.155195
EL.PA ©.063593 e.27262 ©.104883 DIS -©.868386 ©.334939  -0.308433
ENI.MI ©.051022 ©.318913 ©.e50238 BA -8©.13172 ©.589685 -©.3271e4
SAF.PA ©.048643  ©.408434 ©.033402 VZ -0.853104  ©.202641 -0.43478
AIR.PA ©.048258 ©.424871 e.e31204 MMM -©.125474  ©.281013  -0.571055
DHL.DE ©.043694  ©.201246 ©.020853 WBA -©.195806 ©.337194 -0.68212
RI.PA ©.040966 ©.222421 ©.026823 ["AAPL', "MSFT', 'PG', 'WMT',
SAP.DE ©.041399  ©.283466 ©.022574 “UNH®, 'MCD', ‘MRK', ‘CAT']
VOW3.DE ©.806253 ©.367632 -0.078194
ADYEN.AS -©.003990 ©.489282 -©.079708
KER.PA ©.002995 ©.329925 -@.e97ees8
ADS.F -©.e35211 ©.354296 -©.198171
NOKIA.PA -©.042068 ©.378275 -0.206114
BN.PA -0©.013425  ©.213132 -0.227209
BAS.DE -©.041161 ©.306420 -0.248544
ITKA.F -©.857747 ©.36451  -©.254442
BAYN.DE -©.061635 ©.315673 -©.386125

["ASME.DE", °"SU.PA°, "RACE.MI°, "MC.PA",
"OR.PA’, °'DTE.DE’, "AIL.F", "STLAM.MI']

Zdroj: Vlastné spracovanie

Nasim naslednym ciel'om je prekonat’ pévodny vynos 5,72% (DJ30) a 7,85% (STOXX 50),
pri Standardnej odchylke, ktori maju obe portfolia s rovnomerne rozlozenymi vahami aktiv
podobnt a to 21,24%. Pomocou nahodného priradenia vah tymto 6smim aktivam dosiahneme
simulované portfolio pristupom Monte Carlo. Takychto portfolii je mozné vytvorit’ nekone¢né
mnozstvo. Pre nasu pracu sme po analyze stanovili 100 000 portf6lii ako dostacujucu vzorku
na vykreslenie moznych dosiahnutel'nych portfolii a zobrazenie efektivnej hranice, z ktorej
budeme vyberat’ portfolio pri riziku 21,24%.
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Obrdzok 6: Osem clenné portfolia - Monte Carlo

Sample of 100000 portfolios
Dow Jones 30

Return: 17.19%

Risk: 21.23%

Weights

AAPL: 2 50%, MSFT: 3.60%, PG: 21.80%, WMT: 22.40%, UNH: 2.30%

0.2 0.21 0.22

Annualised Risk (Volatility)
Sample of 100000 portfolios

Eurostoxx 50

Retumn: 17.75%
Risk: 21.25%
Pcx Weights:
ASME.DE: 24.10%, SU.PA: 24.10%, RACE.MI: 10.00%, MC.PA: 23.70%, OR.PA: 6.00%
X /o, AIL.F: 0.40%, STLAM.MI: 4.70%

Annuallsed Return

0.22 0.24

Annualised Risk (Volatility)
Zdroj: Vlastné spracovanie

Zo zostrojenych mnozin portfélii na obrazku 6, predstavuje kazdy jeden bod jedno portfélio.
Po prechode kurzora mysi sa nad danym portféliom zobrazi detail, na ktorom je vidno vynos,
volatilitu a presné zlozenie daného portfolia. Investor méze sam bez nutnosti stanovenia
optimaliza¢nej podmienky zvolit’ preferenciu vysokého vynosu na X osi smerom vpravo
alebo minimalizaciu rizika na Y osi smerom na dol. Podl'a vysledkov vidime, Ze pri riziku
21,24% je ocakavany vynos americkych aj eurdpskych akcii podobny a nie je tak mozné
stanovit’ preferenciu majoritnej investicie. V tomto pripade je vhodné alokovat’ svoje
prostriedky do oboch trhov rovnomerne s miernym priklonom k europskym akciam. Aj

Vv pripade ak by sme zvolili moZnost investicie do najmenej vynosnej kombinacie podl'a
obrazku 6, dostali by sme vynos 12%, ¢o predstavuje od povodnych 5,72% dvojnasobné
navysenie.
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4 ZAVER

Pri analyze portfolia sme ukazali alternativny pristup Monte Carlo, kde sme nahodne priradili
vahy k prislichajiicim aktivam. Ak by sme sa snazili dosiahnut’ presné hodnoty nachadzajuce
sa na efektivnej hranici, bolo by nutné disponovat’ vysokym vypoctovym vykonom, ktory by
prevySoval bezné zariadenia a mohli by sme tak vykreslit’ milidny portfolii. V tomto pristupe
sa vieme priblizit' k efektivnej hranici a nechat’ investora vybrat’ jemu preferovant skladbu
portfolia na zaklade dynamického zobrazenia jednotlivych bodov, predstavujice portfolia. Vo
vysledku sme dokazali prekonat’ pociatocné vynosy amerického aj eurdpskeho portfolia
a dostali sme takmer rovnaky vynos rovny sedemnést’ apol percent, ¢o v porovnani
s povodnymi 5,72% a 7,85% cini pdsobivé navysenie pri oCakavanom vynose. Ak by sme
vzhliadli na aktudlny vyvoj trhov, v§imli by sme si zastavenie navySovania Urokovych
sadzieb, a za¢inajuci reverzny trend najma pri europskej centralnej banke. Aj z tohto hl'adiska
si dovolime tvrdit’, Ze investicia do eurdpskych spolo¢nosti je opodstatnend nakol’ko budice
klesajuce urokové sadzby prinesti novy kapitdl do akciovych trhov. Zaroven zostrojené
portfolia sluzia iba ako vodzky k tomu, ako sa trhy mozu spravat’, na zéklade historickych
udajov. Nie je preto mozné tvrdit, Ze prezentované vysledky budu predstavovat’ skutocny
budtci vynos, nakol'ko vo vypoctoch nie si obsiahnuté aspekty ako makroekonomicka
situdcia, ani medzinarodné vztahy.
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KLIMATICKA MIGRACIA: PREHECADOVA STUDIA
CLIMATE MIGRATION: AN OVERVIEW STUDY

Veronika Mitkova, Miroslava Janosova

Abstrakt

Cielom predkladaného ¢lanku je poskytnut’ prehlad problematiky migracie Spojenej
s environmentalnymi faktormi. Vychadzame ztroch prehladovych c¢lankov zrokov 2021
a 2023, na zistenia ktorych nadvdzujeme, rozSirujeme ich o modelovanie remitencii
a vyskumy klimatickej migracie r6znych oblasti.

KUPucové slova: migracia, klimaticka zmena, environmentdlne faktory

Abstract

The aim of the present paper is to provide an overview of the migration issues related to
environmental factors. We draw on three review articles from 2021 and 2023, and build on
their findings, extending them to model remittances and climate migration studies of different
regions.

Keywords: migration, climate change, environmental factors

1 UVOD

Jeden z najnovsich prehladovych ¢lankov z oblasti klimatickej migracie je od autorov Moore
a Wesselbaum (2023), ktori na zaklade inych prac identifikovali environmentalne faktory,
ktoré silne vplyvaju na migraciu. Ich vyskum podporuje zistenia, ze teplota vel'mi silno
ovplyviuje migraciu, kym zrazky nie st Vv tejto otazke presved¢ivym faktorom. Dalsi ¢lanok,
zaloZzeny na dvoch meta-analyzach, je od kolektivu autorov Hoffman a kol. (2021). Autori
identifikovali pat’ kIaGovych vyziev, a to: meranie migracie, meranie klimatickych udalosti,
integracia a agregacia udajov, identifikacia kauzalnych vztahov a skiimanie kontextudlnych
vplyvov a mechanizmov. Ina meta-analyza od autorov Beine a Jeusette (2021), zaloZzena na
kodovani 51 vedeckych c¢lankov, identifikuje 85 roznych premennych zachytavajucich
metodiku hlavnych dimenzii analyzy na urovni regresie. Vyzdvihuju rolu niektorych
dolezitych rozhodnuti o pouzitej metodologii, ako frekvencia udajov o mobilite, meranie
T'udskej mobility a klimatické faktory. V tejto praci nadviazeme na tieto vyskumy a dopiiiame
ich o dalsie zdroje, priCom venujeme pozornost modelovaniu remitencii a modelom
zameranych na roézne geografické oblasti.

2 MODELY REMITENCII

Remitencie su platby pracovnikov, ktoré ako Cast’ svojej mzdy posielaji do svojej domovskej
krajiny, oblasti.

Li aZhou (2015) skumaji vplyv remitencii migrantov z vidieka do miest na Zzivotné
prostredie. Tvrdia, Ze hoci migranti pracuju a ziju v meste, altruistické remitencie ovplyviluju
rozsah vyroby v mestskom sektore a potom maju vplyv na zivotné prostredie. Modelom
vSeobecnej rovnovahy dvoch sektorov a Vvyuzitim komparativneho statického pristupu na
skimanie kratkodobych a dlhodobych vplyvov zvySenia remitencii migrantov na Zivotné
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prostredie zistili, Ze zvySenie remitencii migrantov modze kratkodobo zlepSit' Zivotné
prostredie, ale z dlhodobého hladiska ho méze zhorsit’.

V neskorSom vyskume Li a Fu (2022) sleduji modelom v§eobecnej rovnovahy téinky zmien
vysky remitencii v prijmoch migrujicich pracovnikov na znecistenie zivotné¢ho prostredia.
Zistili, ze v pripade Specifického kapitalu zvySenie miery remitencie mestskych a vidieckych
migrantov  zvySi celkovi  remitenciu  migrujicich  pracovnikov, zvySi dopyt
pol'nohospodarskeho sektora po sluzbach pol'nohospodarskych vyrobcov a znizi aroven
zivotného prostredia, ale nema vplyv na uroven produkcie mestského priemyselného sektora;
a v pripade mobilného kapitalu zvySenie miery remitencie mestskych a vidieckych migrantov
zvysi celkovu remitenciu migrujicich pracovnikov, zvysi dopyt pol'nohospodarskeho sektora
po sluzbach pol'nohospodarskych vyrobcov, znizi Groven produkcie mestského priemyselného
sektora a zlepsi trovein zivotného prostredia.

V nadvédznosti na tento vyskum Fu a Li (2022) skamali aj Ciselné charakteristiky ucinkov
zmeny miery remitencii vidieckych a mestskych migrantov na prislusné premenné a zistili, ze
zvySenie miery remitencii migrantov zvysi narodny dochodok a zlepsi trovent hrubého
narodného blahobytu za urcitych podmienok bez ohl'adu na to, ¢i ide o Specificky pripad
kapitalu alebo mobilny kapital.

3 MODELY KLIMATICKEJ MIGRACIE ROZNYCH REGIONOV

Gray (2009) na priklade Juznych ekvadorskych And dokazuje, ze u¢inky vlastnictva pody a
inych faktorov sa v jednotlivych migraénych pradoch vyrazne liSia. Taktiez negativne
environmentalne podmienky a bezzemkovost’ nezvySuji migraciu za pracou tak, ako sa bezne
predpoklada v literatire.

Zaujimavy je pristup k modelovaniu znecistenia, ako jedného faktora migracie v Mexiku, od
autorov Garcia a kol. (2012). Vo svojom vyskume nahradzaju premennti nezamestnanost’ inou
premennou znecistenie ovzdu$ia a vyuzitim tradicného Harris-Todarovho modelu vidieckej
a mestskej domacnosti dokazuji kladny vztah medzi migraciou a znecistenim.

Harper (2013) uvadza, ze migracia podmienena zivotnym prostredim bude posobit
prostrednictvom zmeny rozsahu, vlastnictva a ciela globalnej migracie kvalifikovanych
pracovnikov, a tym zvysi vplyv na zloZenie obyvatel'stva hostitel'skej aj zdrojovej krajiny.
Environmentidlne motivovani kvalifikovani migranti zvySia pocet migrantov, ktorych uz
pritahuji ekonomické prilezitosti vyplyvajice z demografického upadku. Z hladiska vlastne;j
a cielovej krajiny mézu environmentalne zmeny zmenit' predpoklad, Ze Azia a hospodarsky
vyspelejSie Casti Latinskej Ameriky a Afriky sa ukédzu ako atraktivnejSie destinacie pre
kvalifikovanych migrantov. Okrem toho migracia kvalifikovanych pracovnikov bude v
podmienkach environmentdlnych zmien a globalneho starnutia Coraz viac zanechavat
zranitel'nych starSich 'udi v environmentélne problémovych oblastiach.

Hrysenko a Pryatelchuk (2020) identifikuju faktory ovplyviiujuce formovanie objemov,
smerov a Struktiry systému migranych tokov v eurdpskom regione. Konstatujii pritomnost’
vyluéne ekonomickych dévodov pracovnej migracie, priCom socialny faktor, reprezentovany
vyskou miezd, je odvodeny od ekonomického a ma sekundarny vplyv. V kontexte migracie
v ramci krajin Eurdpskej unie popieraju vplyv environmentalneho faktora na zintenzivnenie
migracnych procesov v tomto priestore.

Pristup zalozeny na empirickych udajoch jedného mesta vyuzili Balcar a Sulak (2021),
pricom skumali vyznam kvality Zivotného prostredia v mestach pre potencidlnu migraciu.
Pouzili reprezentativnu vzorku 3845 osdb z mesta Ostrava v Ceskej republike, ktoré patri
medzi mesta s najviac zneCistenym ovzdusim v Eurépe. Ich vysledky naznacuju, ze kvalita
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prirodného prostredia aj jeho subjektivne vnimanie predstavuji dolezité a vysoko vyznamné
prediktory imyslu odist’” z krajiny, ze rézne druhy znecistenia vedi k réznym migraénym
stratégiam a ze odliv mladych a vzdelanych pracovnikov d’alej posiliiuje nizka kvalita
prirodného prostredia.

Shao a kol. (2021) vyuzitim mikroudajov o vidieckych komunitach z Cinskej databazy rodin a
Cinskeho prieskumu riadenia komunity skumali vplyv &inskych vidieckych pracovnych
transferov na pol'nohospodarske znedistenie, vidiecke priemyselné znecistenie a vidiecke
doméce znecistenie. Ich vyskum ukazal, ze s vacSim poctom migrujicich pracovnych sil,
ktoré odchadzaju z vidieka, sa pravdepodobnost pol'nohospodarskeho znecistenia a
vidieckeho priemyselného znecistenia znizuje, zatial Co pravdepodobnost’ vidieckeho
domaceho znecistenia sa zvySuje.

Kim a Lee (2023) vyuzili mikroudaje o celom subore zmien adries a vlastnoru¢ne uvadzanych
dévodoch migracie ako reakcie obyvatel'stva na zemetrasenie v juhokorejskom Pohangu v
roku 2017. Zistili, Ze zatial' o migracia z dovodu zmien v obytnom prostredi sa vyrazne
zvysila, migrécia suvisiaca so zamestnanim vykazovala len malé zmeny. Tato migracia viedla
aj k znizeniu cien najomného byvania.

4 MODELY MIGRACIE Z VIDIEKA DO MIEST

Millock (2015) n zéaklade vyskumu environmentidlne podmienenej migracie uvadza, Ze
v roznych vyskumoch panuje zhoda v tom, Ze je len malo pravdepodobné, ze ddjde k
velkému narastu medzinarodnych migraénych tokov v dosledku premenlivosti klimy.
Regionalna migracia vSak bude ovplyvnena, a to bud’ na africkom kontinente, alebo vnutorne
v ramci hranic jednotlivych krajin. Migraciu vyvolani zivotnym prostredim analyzovali
pomocou klasického Harrisovho-Todarovho modelu migracie z vidieka do miest, novych
modelov ekonomickej geografie, modelov zaloZzenych na environmentalnej ekondmii
externalit zneCistenia s vol'nou mobilitou faktorov a novej ekondmie pracovnej migracie.

Migraciou z vidieka do miest sa zaobera aj Nakamura (2018), pricom do modelu zahina
environmentalne problémy sposobené spotrebou a analyzuje vplyv zniZenia miery tvorby
zneCistenia a akumulédcie faktorov. Predpoklada, Ze Zivotné prostredie kazdej vidieckej a
mestskej oblasti sa zhorSuje v dosledku znecistenia spdsobeného spotrebou prislusnych
obyvatel'ov. K migracii z vidieka do mesta dochadza kvoli rozdielom v tuzitku, ktory je
ovplyvneny zivotnym prostredim aj o¢akavanym zarobkom. Autor dokazuje, ze hoci znizenie
miery tvorby znecistenia zlepSuje Zivotné prostredie v oboch oblastiach, to, ¢i zmieriiuje
nezamestnanost’ v mestach, zavisi od urcitych podmienok.

5 MODELY VSEOBECNEJ EKONOMICKEJ ROVNOVAHY
A OSTATNE MODELY ZAMERANE NA KLIMATICKU
MIGRACIU

Marchiori a Schumacher (2011) v modeli dvoch krajin s prekryvajucimi sa generaciami s
endogénnou zmenou klimy skimali zmenu klimy a medzinarodnii migraciu, pri¢om zistili, ze
zmena klimy zvySuje migraciu. Malé vplyvy zmeny klimy maji vyznamny vplyv na pocet
migrantov, volnejsia imigracna politika zvySuje dlhodobt migraciu, zhorSuje zmenu klimy a
zvySuje nerovnost medzi severom a juhom a ekologickejsia technoldgia znizuje emisie,
dlhodobu migraciu a nerovnost’, ak je vplyv migrantov na celkovi zmenu klimy velky.

Mason (2017) vo svojom vyskume dokazuje, Ze migracia mdze spOsobit’ nizSie emisie.
Predpoklada, Zze sa obc¢ania krajiny ohrozenej zmenou klimy moézu prestahovat’ do druhej
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krajiny, z ktorej do nej ale prudi staly tok sklenikovych plynov. Ak tito migracia spésobuje
prijimajicej krajine nédklady, potom migracia vyvoldva prostrednictvom politickych
ekonomickych sil akusi pseudo-dan z uhlika, ktora motivuje krajinu, do ktorej pradi prud
pristahovalcov, aby znizila svoje emisie, ¢im sa kompenzuji naklady vzniknuté v dosledku
zmeny klimy. Dokazuje, Zze dlhodoba zasoba uhlika a aj emisii je v pripade migracie mensi.

Bekaert a kol. (2021) modeluju zamery migrovat’ v ramci krajiny a do zahranicia pre 90 krajin
sveta v roku 2010. Zistili, ze vystavenie environmentalnemu stresu, ktorému sa l'udia sami
hlasia, zvySuje pravdepodobnost’ imyslu migrovat’ v nadchadzajicom roku v ramci krajiny aj
do zahrani¢ia. V absolutnom vyjadreni sa najvac¢si vplyv dosiahol v pripade domaéce;j
migracie. Celkovo je vplyv na migra¢né zdmery do réznych destinacii najsilnejsi v krajinach s
nizkymi a strednymi prijmami v Afrike a Latinskej Amerike a Karibiku, zatial’ ¢o v krajinach
s vysokymi prijmami a najmd v Eurdpe environmentilny stres podnecuje len domadce
migracné zamery.

Helbling a Meierrieks (2021) sleduju efekt klimatickej zmeny na migraciu zo 121
rozvijajucich sa krajin do 20 krajin OECD medzi rokmi 1980 a 2010. Zistili, ze ako zvySujice
sa teploty, tak aj thrny zrazok maju vyznam pre modely migracie. ZvySujlce sa teploty vedu
len k migracii nizkokvalifikovanych, ale nie vysokokvalifikovanych osdb, maju vplyv len v
krajinach nachadzajucich sa v teplejSich Castiach sveta, ¢o je v stlade s myslienkou réznych
urovni zranitel'nosti vo¢i zmene klimy, a prejavuju sa len v dlhodobom horizonte. Dokazuj,
ze odchod nizkokvalifikovanych pracovnikov reaguje aj na kratkodobé a dlhodobé zmeny
zrazok, ¢o neskor v prehl'adovej stadii vyvratili Moore a Wesselbaum (2023).

Burzynski akol. (2022) zistili, ze zmena klimy vyrazne zvySuje globalnu nerovnost a
chudobu, posilituje urbaniziciu a zvySuje migraciu z oblasti s nizkymi zemepisnymi Sirkami
do oblasti s vysokymi zemepisnymi Sirkami. Medianové progndzy naznacuju, ze zmena klimy
vyvola v priebehu 21. storocia dobrovolné a nutené trvalé presidlenie 62 milionov osdb v
produktivnom veku. Celkovo sa v ramci sucasnych medzinarodnych migracnych zakonov a
politik podari prestahovat’ mimo svojej domoviny len malej ¢asti 'udi, ktori trpia negativnymi
dosledkami klimatickych zmien. Autori tvrdia, Ze je nepravdepodobné, aby klimatické Soky
vyvolali masivne medzindrodné toky migrantov, s vynimkou kombindcie extrémne
pesimistickych klimatickych scenarov a vel'mi tolerantnych migrac¢nych politik.

Conigliani a kol. (2022) pomocou priestorovej regresie skumali vztah medzi katastrofami
sposobenymi klimatickymi zmenami a nitenou migraciou. Nuatené migracie na kratke a
stredné vzdialenosti si vyrazne ovplyvnené katastrofami stvisiacimi s klimatickymi
zmenami, a to nezavisle od ekonomickych ocakavani spojenych s cielovou destinaciou.
Pozoruju aj konkurenciu medzi migrantmi, ked’Ze sa zistilo, Ze rozhodnutie prestahovat’ sa
zavisi od migra¢ného spravania susednych krajin.

Braun (2023) vyuziva model realnych opcii, podl'a ktorého mo6zu jednotlivci kvoli neistote
pozdrzat' rozhodnutie migrovat’ kvoli klimatickym zmenam, arozhodnut' sa migrovat’ iba
vtedy, ak klimatické zmeny presiahnu urcity prah. Vyuzitim semi-parametrickych regresnych
metod empiricky identifikoval tieto prahové efekty a zistil, ze v nizkoprijmovych krajinach
rozhodnutiam jednotlivcov brani obmedzena likvidita. Tieto jeho zavery nie su konzistentné
s prahovymi efektmi.
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VAHY KRITERII V ULOHACH KOMPLEXNEHO
VYHODNOCOVANIA MIGRACNYCH POLITIK?

CRITERIA WEIGHTS IN OUTRANKING APPROACHES APPLIED TO
MIGRATION POLICIES

Viadimir Mlynarovi¢

Abstrakt

Clanok prezentuje vybrané objektivne metody pre vypolet vah kritérii aplikovatelné
v ulohach komplexného vyhodnocovania variantov migraénych politik. Formuluje ich
vyhody v porovnani so subjektivnymi metédami. Analyzuje matematické zaklady metody
entropie a CRITIC metody.

Klucové slova: vahy kriteérii, objektivne metody vypoctu vaih, metoda entropie, CRITIC
metdda

Abstract

The paper presents selected objective methods for criteria weights computation applied at
outranking approaches to migration policies. Advantages such approaches in comparison with
subjective methods are pointed out. Mathematical backgrounds of an entropy method and
CRITIC method are analyzed.

Keywords: criteria weights, weights computations objective methods, entropy method,
CRITIC method

1 UVOD

Vahy st v procesoch rozhodovania obvykle povaZzované za néstroj na vyjadrenie vyznamnosti
kazdého kritéria. Zmeny vo véhach kritérii mozu viest’ k odliSnym vysledkom. To znamena,
ze vyber vhodnej metddy na priradenie akurdtnych vah roéznym kritéridm je kritickym
problémom. Subjektivne, objektivne a integrované metddy vypocltu vah s reprezentantmi
réznych metdd pouzivanych na prirad'ovanie vah (Odu, 2019). V subjektivnych pristupoch st
vyuzivané ,.expertné*“ odhady. Hlavnou nevyhodou je ich ¢asova naro¢nost’ a to, Ze mdzu
viest ku konfliktnym odporacaniam. Analytické hierarchické procesy (AHP) predstavuju
Siroko vyuzivani metddu subjektivnych véh. Vyuziva parové porovnavacie otazky na
konsStrukciu matice relativnych preferenénych ohodnoteni medzi kazdou dvojicou alternativ
vzhl'adom ku kazdému kritériu a matice relativnych vyznamnosti kazdého kritéria.
Hodnotenia st odvodené z nominalnej skupiny diskusii alebo z tzv. Delphi techniky, ¢o moze
priviest k systematickym chybam. Srastom poctu kritérii rastie aj pocet parovych
porovnavani a vysledkom su rozsiahle vypocty. Vzhl'adom na takéto aplikacné ohranicenia,
sucCasne Stadie navrhuju vyuzivat' objektivne metddy vypoctu vah. Vahy su pri takychto

' This project was supported by APVV-22-0526 The Economic and Fiscal Effects of Migration in
Slovakia: An Integrated Modeling Approach and VEGA 1/0668/22 Migration and Silver Economy: The
Economic, Politic and Legislative Consequences of the Aging and Migration in the EU Countries.
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pristupoch odvodené na baze matematickych vypocétov, bez interakcie srozhodovatel'om.
Medzi najcastejSie vyuzivané metody objektivneho vypoctu vah patria metdéda entropie, tzv.
CRITIC metoda (vyznamnost kritérii na baze korelacii medzi kritériami) a metédy FANMA
(Khan — Pamucar, 2022; Odu, 2019; Mahajn, et al., 2022).

2 OBJEKTIVNE METODY VYPOCTU VAH KRITERII

V nasledujtcich Castiach sa prezentuji metdda entropie a CRITIC metdéda ako néstroje na
vypocet vah kritérii.
2.1 Metdéda entropie

Vahy kritérii su zalozené na definovanie rozhodovacej matice, ktoré obsahuje informacie
tykajice sa mnoziny alternativ Entropia v teorii informacii predstavuje model pre neurcité
prostredie opisané diskrétnou funkciou rozdelenia pravdepodobnosti. Entropia kritéria
normalizovanej rozhodovacej matice je opisana vztahom

m P--ln(P--)

=141 5] .
E.=— =1,..,n 2.1
J In(m) J=1 2.1)

pri¢om Pj; je prvok normalizovanej rozhodovacej matice a

Pj=epd—i=1,..,mj=1.,n (2.2)
i=1%ij
kde x;; je hodnota j — tého kritéria pre variant imigracnej politiky vo vychodiskovej
rozhodovacej matici. Vahu kritéria J podla metédy entropie (E) potom vypocitame podla
vztahu

WE 1—Ej

(R () (23)

kde (1 - Ej) vyjadruje stupen diverzity informacii vo vysledku kritéria j.
2.2 CRITIC metoda

CRITIC metdda (Lau, et al., 2018) determinuje vahy kritérii naslednou postupnostiou krokov.
Rozhodovacia matica X, s poétom riadkov m ako poétom alternativ a poétom stipcov n ako
poctom kritérii je definovana v tvare

X = (xif)mxn’i =1...mj=1,.,n (2.4)

kde xi; je ohodnotenie i — tej alternativy migracnej politiky podla j — té¢ho kritéria.

Kazdé z kritérii moéze byt povazované za maximaliza¢né, kde plati ¢im viac tym lepsSie, alebo
minimaliza¢né, kde je to naopak. Kritérium nadobuda hodnoty v nejakom ohrani¢enom
rozsahu. Maximaliza¢né kritérium, j € F*, je normalizované vydelenim jeho vzdialenosti od
minimalnej hodnoty vel’kostou rozsahu hodno6t. Naopak, minimaliza¢né kritérium, j € F, je
normalizované vydelenim jeho vzdialenosti od maximalnej hodnoty velkostou rozsahu
hodnét. Prvky rozhodovacej matice su normalizované podla vztahov (2.5) alebo (2.6) pre
maximaliza¢né kritéria, resp. minimaliza¢né kritéria, pri¢om
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+ ] . P . +

rl-j—W,L—1,...,m,]—1,...,n,ak]eF (2.5)
j J

_ xj+ xij i . . _

rl-j=m,1=1,...,m,]=1,...,n,ak]eF (2.6)
j J

kde
+ _ - .
X] = ma.X'(le,ij,...,xmj), x] = mln(xlj,xzj,...,xmj)

a rjj rovné r;" alebo rjj” vyjadruje normalizovant hodnotu ij prvku rozhodovacej matice.

Pearsonov korelacny koeficient medzi dvomi kritériami j ak, ktory opisuje linearne
korelacie, je vypocitany podla vzt'ahu

Y (ri = ) (i — )

Pjk = - (2.7)
\/Zﬁl(rij — 1) T (i — p)?
kde yj a uk vyjadruju stredné hodnoty kritérii j a k, pricom
1 m
= =12, ..., 2.8
Hj m Zi=1 Tij,] n (2.8)
Ak Standardnu odchylku kazdého kritéria odhadneme podl'a vztahu
1 m
2,
g = mz(nj —u) =12 .n (2.9)
l:

potom index E; kritéria j vypocitame podl'a vztahu
E=0Yt1(1-pi)j=12..,n (2.10)

a vahy kritérii su determinované vzt'ahom

c E
Wi = Sq J=12,...,n (2.11)
k=1 Ej

3 ZAVERY

Vahy kritérii vypocitané na zdklade objektivnych metdd umoZziuju po ich implementovani do
metdd pre komplexné vyhodnocovanie variantov (alternativ), ako st napriklad metody triedy
PROMETHHE, objektivizovat samotné vysledky tykajlice sa zoradovania variantov.
Vytvaraju tieZz priestor na konfrontaciu tychto vysledkov s vysledkami vypocitanym na
zaklade subjektivnych metdd pre vypocet vah vyznamnosti kritérii zaloZzenych napriklad na
aplikacii AHP. Okrem toho, pri aplikacii metody PROMETHEE 11, kde analyza senzitivnosti
umoziiuje analyticky vypocet intervalov vah kritérii pre vysledné zoradenie variantov, sa
vytvara priestor pre hl'adanie takych prienikov véah kritérii vypocitanych ré6znymi pristupmi,
ktoré generuju rovnaké vysledky. Rozhodovatel’ tak dostdva vyznamné dodatocné informacie
pre jeho konecné rozhodnutie.
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ANALYZA ELASTICITY POPTAVKY PO PIVU V CESKE
REPUBLICE

ANALYSIS OF DEMAND ELASTICITY IN CZECH REPUBLIC

Ing. Jakub Neugebauer

Abstrakt

Konzumace alkoholu ma velky vliv na spole¢nost, zejména pak v Ceské republice, kde je pivo,
na které se ¢lanek zaméruje, jednim ze zakladnich prvki kultury. Jelikoz se jednd o navykovou
latku, je nutné sledovat mnoZstvi vypitého alkoholu ve spolecnosti zejména z ditvodu prevence
zdravotnich problému spojenych s negativnimi ucinky alkoholu na organismus. Druhym dtvo-
dem k sledovéni poptavky po alkoholu je cenova regulace jeho konzumace v podobé spotfebni
dané. Politické strany balancuji tuto dan z hlediska maximalizace zisku z vybéru dani a mini-
malizace zhorSeni ndlady ve spoleCnosti spojené se zdrazovanim. Pro porozuméni chovéni spo-
trebitele dobfe slouzi elasticita poptavky. Tento ¢lanek sleduje jeji 3 formy, konkrétné cenovou
elasticitu poptavky, kiiZovou elasticitu poptavky a dichodovou elasticitu poptavky. Sledova-
nym spotiebitelem v tomto &lanku je primémy Cech a sledovanym asovym obdobim je pak
rozmezi mezi roky 1995 a 2020.

Klicovd slova: elasticita poptavky, pivo, zavislost, ndvykové latky, alkohol
Abstract

Alcohol consumption has a huge effect on society, especially in the Czech Republic, where
beer, which is the main focus of this paper, is one of the pillars of the local culture. As alcohol
is an addictive substance, it is necessary to watch the amount of consumed alcohol in society in
order to prevent possible health issues coming with the negative effects of alcohol on organism.
Another reason to watch the demand for alcohol is to regulate its price by the consumption
tax. Governments are balancing this tax in order to maximize profit from collected taxes and
minimize negative effects on society’s sentiment. A good way to understand the behavior of
a consumer is to analyze demand elasticity. This paper aims at 3 of its forms. More specifically
they are price elasticity of demand, cross elasticity of demand, and income elasticity of demand.
The targeted consumer of this paper is average Czech and watched period is between years 1995
and 2020.

Keywords: demand elasticity, beer, addiction, substance abuse, alcohol
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1 ELASTICITA POPTAVKY PO ALKOHOLU

JelikoZ je alkohol ndvykovou latkou, chovani poptavky po ném se vyplati sledovat hned z né-
kolika divodu. Prvnim a nejpodstatnéjsim hlediskem je to zdravotni. Formovani poptavky nam
fekne mnohé o spotfebiteli. Nadmérné uzivani alkoholu ma obrovsky vliv na spotiebitele jako
takového, ale také na spole¢nost jako celek. Porozuméni poptavky po alkoholu miZe napomaéhat

zdravotnim organizacim s regulaci a minimalizaci negativnich dopadl konzumace alkoholu.

Druhym podstatnym divodem sledovani elasticity poptdvky po alkoholu je danova politika.
JelikoZ je alkohol ndvykov4 ltka, je na ngj ve v&t§ing zemi, vetné CR, uvalovéna spotiebni
dan. Elasticita poptavky po alkoholu hraje klicovou roli pri uréovani efektivity a dopadt danové
politiky.

JelikoZ je alkohol navykova latka, predpoklada se, Ze cenova elasticita po ném nebude elasticka.
Zména ceny alkoholu nema pro alkoholika pravdépodobné priliS velky vliv. Gallet (1) ve své
meta-analyze praci zabyvajicich se cenovou elasticitou poptavky po alkoholu uréuje medidno-
vou hodnotu Epp v hodnoté -0,535 ze 132 studii. V podobné studii zahrnujici velké mnozstvi

stejnych praci Wagenaar (2) urCuje primérnou elasticitu -0,44.

Pro tento Clanek byly vybrany k pivu tvrdy alkohol a cigarety jako potencidlni komplementy
Ci substituty. Vztahem mezi cigaretami a alkoholem se zabyva vicero studii, ale neni mozné
urcit, jestli jsou cigarety a alkohol komplementy ¢i substituty, jelikoZ se ve studiich vyskytuji
oba zavéry. Napiiklad Bask a Melkersson (3) tvrdi, Ze jsou cigarety a alkohol komplementy.
Naopak Tauchman et al. (4) dospéli k zdvéru, Ze se jednd o substituty.

Diichodovou elasticitou poptavky po alkoholu se zabyval Nelson (5) ve své meta-analyze.
V tomto ¢lanku je elasticita uvddéna dokonce konkrétné pro pivo. Primérné elasticity jsou
zde uvadény pro rtizné data sety v riznych obdobich a dichodova elasticita poptavky po pivu
se pohybuje mezi 0,5 a 0,6. Vypad4 to tedy, Ze v souladu s tim, Ze je alkohol navykova latka, je
tato latka dle kategorizace diichodové elasticity poptavky nezbytnym statkem pro spotiebitele.

2 ELASTICITA POPTAVKY PO PIVU V CR

Viechna data pro tento ¢lanek byla ziskdna z webové stranky Ceského statistického tiadu
(CZSO) (6): https://www.czso.cz. Na této strance jsou historické tdaje o CR od jejiho vzniku
do roku 2022. Po spojeni a tpravé vSech potfebnych dat jsou k dispozici data za 26 let od roku
1995 do roku 2020.

2.1 Vyvoj spotreby piva

JelikoZ je na strankdch CZSO cena piva rozdélena na lahvové a ¢epované, vyslednd cena piva
byla stanovena jako prosty aritmeticky priimér obou cen. Dle piispévku z roku 2015 na stran-

kach https://zemedelec.cz (7) byl v té dobé pomér vypitého lahvového a Cepovaného piva zhruba
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vyrovnany, coz opraviiuje pouZiti pravé aritmetického priméru.
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Obrizek 1: Vyvoj spotieby piva mezi lety 1995 a 2020 v CR v litrech na jednoho obyvatele

rocné

Na obrazku 1 je vid&t, Ze spotieba alkoholu na jednoho obyvatele v CR rostla do roku 2004,
nacez zaCala pomérné strmé klesat az do roku 2011 a od té doby se pohybovala pfibliZzné na
stejné drovni. Vzhledem k tomu, Ze pokles spotieby piva zapocal pred krizi v roce 2008, nemusi
se jednat o vliv diichodu. Propagace zdravého Zivotniho stylu a negativnich dopadd konzumace

alkoholu ma rostouci vliv na spole¢nost v novém tisicileti a zda se, Ze jeji efekt je vyznamny.
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Obrazek 2: Vyvoj ceny piva v korundch a indexu spotfebitelskych cen mezi lety 1995 a 2020
v CR
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Naopak vyvoj ceny piva je k vidéni na obrazku 2. Pro porovnani je také zahrnut index spotiebi-
telskych cen s referencni hodnotou k roku 2015. Vyvoj ceny piva i indexu méli ve sledovaném
obdobif linearni rostouci trend. Cena piva ze zacatku rostla o néco rychleji nez cena spotfebniho
koSe, ale v roce 2016 se ceny srovnaly. Vzhledem k tomu, Ze vyvoj cen je linearni a spotieba

piva nikoliv, neni mozné pfi pohledu na grafy jednoznacné urcit zavislost mezi nimi.
2.2 Cenova elasticita poptavky po pivu

K odhadu cenové elasticity poptavky po pivu poslouZi jednoduchy regresni model odhadovany
na logaritmickych hodnotach. Jak je standardem v podobnych modelech, index spotfebitelskych
cen je zahrnut jako kontrolni proménnd modelu. Vysledny model tedy vypadd ndsledujicim
zptisobem:

In(Qp(t)) = Bo+ Biln(Py(t)) + Baln(CPI(t)) + B3€(t) (1)

kde Q,(t) je mnoZstvi vypitého piva v Case ¢, P,(¢) je cena za pivo v roce ¢, CPI je index spotie-
bitelskych cen v roce r a £() je ndhodnd slozka v Case . Logaritmovanim vzorce pro vypocet
cenové elasticity 1ze odvodit, Ze hodnota cenové elasticity poptavky odpovida koeficientu 3

v rovnici (3).

Tabulka 1: Odhad regresniho modelu cenové elasticity poptdvky po pivu

coef  std err t P> |t| [0,025 0,975]

Konstanta 4,5602 0,361 12,633 0,000 3,813 5,307
In(Pp) -0,3675 0,094 -3,893 0,001 -0,563 -0,172
In(CPI) 0,3387 0,140 2,417 0,024 0,049 0,629

Po odhadu regresntho modelu dostivdme hodnotu cenové elasticity poptavky po pivu -0,3675,
kterd je statisticky vyznamna na 5 % hladin€ vyznamnosti, jak je vidét v tabulce 1. K vypoctu
smérodatnych odchylek byla pouZzita robustni metoda viici heteroskedasticité vzhledem k tomu,

Ze je k dispozici mald mnoZstvi pozorovéni a nenf splnéna podminka homoskedasticity.

Vzhledem k tomu, Ze primérna elasticita poptavky po pivu v meta-analyze Wagenaara (2) byla
-0,44, vysledek na Ceskych datech se pfiliS neodchyluje od zbytku praci a je tedy potvrzena

hypotéza, Ze cenova elasticita poptavky po pivu neni elasticka.
2.3 Krizova elasticita poptavky po pivu

U kiizové elasticity poptavky v tomto ¢lanku sledujeme vztah mezi poptavkou po pivu a cenou
tvrdého alkoholu, konkrétné rumu a cenou cigaret. Jako kontrolni proménnd opét slouzi index

spotiebitelskych cen CPI. Odhadovany regresni model ma tento tvar:
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In(Q,(t)) = Bo+ Biln(P.(t)) + Baln(P.(t)) + B3In(CPI(t)) + Pag(t) (2)

kde P,(t) je cena rumu v Case t a P.(t) je cena cigaret v Case t.

JelikoZ vztah mezi cigaretami a alkoholem nebyl v rtiznych pracich jednoznac¢né shodny, ne-
mame zde porovnani hodnoty kifZové elasticity poptavky s ostatnimi autory. V piipadé Ceské
republiky jsou pivo a cigarety komplementy, jelikoZ je hodnota 3, zapornd, konkrétné je rovna
-0,1731, a je statisticky vyznamna na 5 % hladiné vyznamnosti. Zda se také, Ze pivo a rum
jsou komplementy, jelikoZ je hodnota elasticity také zapornd. Nicméné tato hodnota nenf statis-
ticky vyznamnd na 5 % hladin€ vyznamnosti a mezi cenou rumu a poptavkou po pivu tak neni
statisticky vyznamny vztah. VSechny tyto udaje jsou zapsany ve vystupu odhadnutého modelu
v tabulce 2

Tabulka 2: Odhad regresniho modelu kiiZové elasticity poptavky po pivu

coef  stderr t P> |t| [0,025 0,975]

Konstanta 5,2152 0,456 11,440 0,000 4,270 6,161
In(P;) -0,2083 0,148 -1,404 0,174 -0,516 0,099
In(P,) -0,1731 0,067 -2,577 0,017 -0,312 -0,034
In(CPI) 0,3647 0,059 6,216 0,000 0,243 0,486

2.4 Duchodova elasticita poptavky po pivu

Posledni elasticitou, kterou se ¢lanek zabyva, je dichodova elasticita poptavky po pivu. K je-
jimu odhadu je opét vyuZit regresni model s logaritmickymi hodnotami v této podobé:

In(Qy(t)) = Po+ Brin(I(t)) + B2In(CPI(t)) + 3€(1) 3)

kde I(¢) je primérnd mzda (dichod) v roce .

V tvodu bylo uvedeno, Ze se ve védeckych pracich pohybuje hodnota diichodové elasticity
poptavky po pivu mezi 0,5 az 0,6. Cesko je vSak co se konzumace piva tyée velmi specifickou
zemi, jelikoZ se jedna tradi¢n€ o zemi s jednou z nejvyssSich hodnot vypitych litrG piva za rok
na jednu osobu. Pivo je pevné ukotveno v kultufe Cechii a proto neni prekvapujici vysledek
dichodové elasticity poptavky, ktery sice vysel zdporny, jak ukazuje tabulka 3, ale zaroven
statisticky nevyznamny. Znamena to tedy, Ze prii procentudlnim zvyseni ¢i snizeni dichodu se

neméni mnozstvi spotfebovavaného piva.

2.5 Souhrnna elasticita poptavky po pivu
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Tabulka 3: Odhad regresniho modelu diichodové elasticity poptavky po pivu

coef  std err t P> |t| [0,025 0,975]

Konstanta 6,0191 0,111 54,320 0,000 5,790 6,248
In(T) -0,1396 0,101 -1,378 0,182 -0,349 0,070
In(CPI) 0,0884 0,222 0,399 0,694 -0,370 0,547

Jelikoz jsme se doted’ vénovali individudlnim efektim zmény ceny na poptdvané mnozstvi piva,
nezbyva nez zjistit, jak vyznamny vliv maji ceny na poptavku po pivu pfi zahrnuti vSech pro-

ménnych do modelu. Tento model pak vypada nasledujicim zplisobem:

In(Qp(t)) = Bo+ Biln(Py(p)) + Baln(Fy(r)) + Bsln(Py(c)) + Baln(l) + Bsin(CPI(t)) + Bs£(t)
“4)

Tento model je vhodny k urcenf statistické vyznamnosti vlivii cen a dichodu na mnoZstvi spo-
trebovavaného piva. Odhadnuté hodnoty koeficientd modelu jsou zapsany v tabulce 4. Potvrzuje
se zde, Ze diichodova elasticita poptavky po pivu je opravdu statisticky nevyznamna, tedy nu-
lové. Stejné tak se potvrzuje, 7e v Ceské republice jsou cigarety a pivo komplementy, jelikoZ
je hodnota koeficientu u logaritmické ceny cigaret zdpornd a statisticky vyznamnd. Ke zméné
doslo u samotné cenové elasticity poptavky po pivu. Tentokrate je hodnota kladnd, ale zdroven

statisticky nevyznamnd. Nic to neméni na faktu, Ze poptdvka po pivu je cenové neelasticka.

Tabulka 4: Odhad regresniho modelu elasticity poptdvky po pivu

coef  stderr t P> |t| [0,025 0,975]

Konstanta 6,0858 0,872 6,980 0,000 4,267 7,904

In(Pp) 0,2446 0,185 1,324 0,200 -0,141 0,630
In(P;) -0,3561 0,173 -2,061 0,053 -0,716 0,004
In(P,) -0,1993 0,065 -3,051 0,006 -0,336 -0,063
In(I) 0,0032 0,106 0,030 0,976 -0,219 0,225

In(CPI) 0,2061 0,115 1,796 0,088 -0,033 0,445

3 ZAVER

V &lanku se potvrdilo, Ze pivo je zdkladnim kulturnim prckem Ceské spolenosti, a tedy jeho
spotfeba neni vyrazn& ovlivnéna jeho cenou. Ukézalo se také, Ze si primérny Cech rad doprava
k piti piva také cigaretu a zvySeni ceny cigaret vyvold sniZeni spotieby piva. Naopak mezi
cenou tvrdého alkoholu a spotiebou piva nebyl prokdzan statisticky vyznamny vztah. Cilem
¢lanku bylo zjistit, jakd je cenova a diichodova elasticita poptavky po pivu a jestli jsou cigarety

a tvrdy alkohol komplementy pro pivo. VSechny stanovené cile se podafrilo naplnit.
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VLIV VIDEOHER NA EKONOMICKY RUST
THE EFFECT OF VIDEO GAMES ON ECONOMIC GROWTH

Jan Rejthar?

Abstrakt

Tento ¢lanek zkouma makroekonomicky dopad videoher na ekonomicky rist pomoci Barrova
ristového modelu a panelové analyzy dat. Vlastnictvi videoherni konzole vykazuje
nejednoznacny ucinek, pricemz ucinek je negativni, kdyz pocet domacnosti vlastnicich
videoherni konzoli je niz§i nez 50 %, a pozitivni, kdyZ je vyssi nez 50 %. Clanek dochazi k
zaveéru, ze videohry zvysuji ekonomicky rast prostiednictvim lidského kapitalu, jakmile se
spotieba videoher stane dostate¢né velkou soucasti spole¢nosti.

KUlucové slova: video hry, ekonomicky rist, lidsky kapital
Abstract

This paper explores the macroeconomic impact of video games on economic growth using
Barro's growth model and panel data analysis. Video game console possession exhibits an
ambiguous effect, with the effect being negative when the possession of video games console
as a percentage of households is below 50% and positive when beyond 50%. The paper
concludes that video games increase economic growth via human capital once video games
consumption are large enough part of society.

Keywords: video games, economic growth, human capital

1 INTRODUCTION

Video games have been around for decades and have become a worldwide phenomenon
(Kent, 2010). According to ESA (2018), 60% of Americans play videogames daily with the
average playtime of 24 hours per week according to a self-selected dataset of video game
players (Ghuman & Griffiths, 2012). Suziedelyte (2015) found, that in the USA, 43% of
children 10-18 years old play video games every day or almost every day and found a
plausibly causal effect of video game playing on problem solving ability comparable to the
effect of educational activities. Additionally, Hinnant (2013) argues that video games have
been replacing sports in its vital role of life preparation using concept of sentimental
education.

The existing economic research has been mostly microeconomic based, hence this paper
attempts to consider influence of video games through the macroeconomic lenses. The aim is
to determine whether videogames influence economic growth through investment into human
capital. While the above-mentioned literature would suggest so, it is a time-consuming
activity, hence there is a possibility of too high opportunity cost or drawbacks such as health
issues resulting from sedentary lifestyle. To assess the role of video games in economic
growth, a reduced Barro’s growth model will be used (Barro, Sala-i Martin, et al., 2004).

! This work was supported by The Internal Grant Agency of Prague University of Economics and Business under
Grant VSE IGS F4/52/2023.
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2 DATA

The analysis was performed on yearly data about 72 countries from 1995 to 2017. Yearly
ones were used as some of the indicators are not published quarterly. Countries with missing
data were excluded and China was excluded for highly suspicious values. The data were
obtained from two sources. Gross domestic product (GDP) per capita growth, inflation rate,
net export as a percentage of GDP, government expenditures as a percentage of GDP, saving
rate, life expectancy and average number of years of secondary education were obtained from
The World Bank Database. Possession of video games console as a percentage of households
was obtained from the Passport database. The effect of video games on economic growth is
expected to be positive. Inflation rate and government expenditures as percentage of GDP are
expected to have a negative effect, while saving rate, net export as percentage of GDP, life
expectancy and average number of years of secondary education are expected to have a
positive effect.

3 METHODOLOGY

3.1 Model selection

As discussed in the introduction, the analysis of the influence of video games on economic
growth is macroeconomic based, therefore, panel data analysis with hidden heterogeneity was
used.

3.2 Model specification

To assess the influence of video games on economic growth, the following economic model
was considered:

GDPPCGROWTH = f(INFLATION, EXPORT, GOVERNMENT EXPEDITURES, (1)
SAVINGS, HUMAN CAPITAL)

Immeasurable variables needed to be substituted by proxy variables for the model estimation.
Furthermore, a dummy variable for the year 2009, when the Great recession hit, was added.
Consequently, the variable labeling was altered for the purpose of making the equations more
clearly arranged. Therefore, following econometric panel data model was estimated:

GDPPCGROWTHj, = a + BiINFLATION; + B,EXPORT; + B:GEXPEDITURES; +
B4SAVINGS;; + BsLEXPECTANCYit + BEDUCATION; + f;CONSOLEPOSSESSION; (2)
+ fsCONSOLEPOSSESSION?; + yD09 + uy

where GDPPCGROWTH stands for GDP per capita growth, INFLATION for inflation rate,
EXPORT for net export as percentage of GDP, GEXPEDITURES for government
expenditures as percentage of GDP, SAVINGS for saving rate, LEXPECTANCY for life
expectancy, EDUCATION for average number of years of secondary education and
CONSOLEPOSSESSION for possession of video games console as percentage of households.
Although, the number of time periods is smaller, than the number of cross-sectional
observations, stationarity was tested by ADF tests. All series came out as stationary at the 5%
significance level, as might had been expected, considering most of the series are 1st
differences. It was necessary to determine, whether fixed effects of random effects should be
used. Hausman test as well as correlated random effects estimates suggested using fixed
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effects at the level of significance 5%. The model consists of no time invariant variable, thus
fixed effects were able to estimate all variables in the model.

Panel data estimation requires the absence of strong imperfect multicollinearity, as it brings
large standard errors and thus errors of Il. type could arise. Strong multicollinearity was
suspected, as the model consist of quadratic term, and VIF confirmed that suspicion, as VIF >
10 for CONSOLEPOSSESSION?, which is a value often considered, to be too severe (Ringle,
Wende, & Becker, 2015). It was dealt with by centering the CONSOLEPOSSESSION variable
around its mean 11.555.

Autocorrelation is a frequent issue in panel data analysis. Breusch-Godfrey test for
autocorrelation in panel data suggested presence of autocorrelation at the 5% significance
level, therefore, Arellano’s robust standard errors were calculated.

4 RESULTS

As the model was estimated using fixed effects, intercept disappeared from the model. There
is also no interpretable R% Table 1 shows all coefficients except LEXPECTANCY to be
statistically significant at the level of significance 5%.

Table 1 Estimates of the model
Log(odds) of
Dependent variable:

INFLATION -0.032***
(0.003)
EXPORT 0.023*
(0.009)
GEXPENDITURES -0.105*
(0.048)
SAVINGS 0.142***
(0.018)
LEXPECTANCY -0.029
(0.051)
EDUCATION 1.269***
(0.352)
CONSOLEPOSSESSION gemeaned -0.077**
(0.028)
CONSOLEPOSSESSIONZdemeaned 0001*
(0.001)
YEAR2009 -4.825***
(0.352)
Observations 1656
F Statistic 55.075*** (df = 9; 1575)
Note: *p<0.05; **p<0.01, ***p<0.001

Arellano’s robust standard errors reported in the parentheses.
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INFLATION has a negative sign, as expected, thus an increase of 1 percentage point in
inflation rate results in decrease of 0.032 percentage points in GDP per capita growth.
EXPORT has a positive sign, as expected, thus an increase of 1 percentage point in net export
as percentage in GDP results in increase of 0.023 percentage points in GDP per capita growth.
GEXPENDITURES has a negative sign, as expected, thus an increase of 1 percentage point in
government expenditures as percentage of GDP results in decrease of 0.105 percentage points
in GDP per capita growth. SAVINGS has a positive sign, as expected, thus an increase of 1
percentage point in net export as percentage in GDP results in increase of 0.142 percentage
points in GDP per capita growth. LEXPECTANCY is not statistically significant at the level of
significance 5%, which is an unexpected result. EDUCATION has a positive sign, as
expected, thus an increase of 1 year in average number of years of secondary education results
in increase of 1.269 percentage points in GDP per capita growth. YEAR2009 has a negative
sign, as expected, thus in the year 2009 and after, GDP per capita growth decreased compared
to the prior years on average for about 4.825 percentage points.

CONSOLEPOSSESSIONgemeaned has a quadratic form, and its average marginal effect is -
0.077 as its mean is 0. Thus, an increase of 1 percentage point over the mean in video game
consoles possession increase results in decrease of 0.077 percentage points in GDP per capita
growth. CONSOLEPOSSESSIONgemeaned has thus opposite average effect to the one expected.
However, while the average marginal effect is negative, the quadratic form has a U shape and
thus the effect starts to be positive from the point of global minimum. The global minimum of
CONSOLEPOSSESSIONgemeaned is 50, thus once the percentage of households possessing a
console exceeds 50%, the effect starts to be positive. Granger causality test suggests, that
CONSOLEPOSSESSIONgemeanes Granger cause GDPPCGROWTH at the statistical
significance of 5%, which is not the case in the opposite direction, which strengthen the
result.

5 CONCLUSION

The results confirm the results of Barro et al. (2004) about the positive effects of export,
savings, and education together with negative effects of inflation and government
expenditures on GDP per capita growth. It also confirms the negative effect of the Great
recession. Life expectancy does not show statistically significant effect on GDP per capita
growth which was unexpected. However, the results are in accordance with Acemoglu and
Johnson (2007). One explanation might be, that while life expectancy is a correct proxy
measure of human capital and it is correlated with GDP per capita, the speed of growth might
be decreasing with the value of GDP per capita, as suggested by Solow (1956).

Console possession has, according to the results, an ambiguous effect. For the values up to
50%, the effect is negative, while for the values over 50%, the effect is positive. Thus, video
games seem to increase economic growth via human capital once video games are large
enough part of society.

However, there might be alternative explanations. This result might be partially explained by
a possible shortcoming of the paper. The analysis uses console possession as a variable, while
playtime might be the real variable of interest. It might be the case that when the possession
of gaming console is low, owning a console might be just an accessory or a gadget for a very
rare leisure activity that is limited to high income households. In such a case, the average
opportunity costs might be too high.

On the other hand, once the console possession exceeds a tipping point, the average playtime
significantly increases and the cumulative effects kick in, therefore, positive influence of
videogames laid out by Suziedelyte (2015) and Hinnant (2013) overpowers their possible
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drawbacks. It might also be strengthened by the idea of learning by accident in presence of
heterogeneity. The high-income households possess high level of human capital, while low-
income households possess low level of human capital, therefore, when the tipping point is
exceeded, there is enough low-income households, that the investment through learning by
accident becomes significant.

The paper might suffer from another possible shortcoming, which is the difference among
consoles. The console possession treats all consoles as identical in relevant characteristics,
however, that might easily not be the case. Firstly, some might be more engaging and
interesting, thus people would use them more, and countries, where the more interesting
consoles are prevalent, would experience higher average playtime with the same video games
console possession percentage. Secondly, some consoles might be suitable for more complex
games and applications, thus some consoles might be more effective, when it comes to
increasing human capital. Thus again, countries with higher prevalence of those type of
consoles might experience more significant effect on human capital and vice versa.
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APLIKACNE VYUZITIE PRIESTOROVYCH HIER
APPLIED USE OF SPATIAL GAMES

Allan Jose Sequeira Lopez, Zuzana Cickova

Abstrakt

Priestorova konkurencia sa v zasade zaobera vztahmi vzajomnej zavislosti medzi subjektmi
v prostredi nedokonalej konkurencie a tizko suvisi s problémom lokalizacie, teda najlepsieho
umiestnenia (vyrobnych zavodov, distribu¢nych centier, predajnych miest, maloobchodnych
centier, zdchrannych centier, serverov v pocitatovej sieti, komponentov sériovej vyrobnej
prevadzky, stredisk na zber a spracovanie odpadu alebo ¢ohokol'vek iné¢ho). Takato Siroka
Specifikacia umoznuje aplikovat modely priestorovej konkurencie vo viacerych oblastiach.
Subjekty rozhodujlice sa o lokalizdcii zvazuju vlastny ciel' (s ohl'adom na spravanie sa
protihrac¢ov), priCom vsak ich rozhodnutia mozu byt ovplyvnené Statnou regulaciou.

KPucové slova: priestor, konkurencia, teoria hier

Abstract

Spatial competition fundamentally deals with the relationships of mutual dependence among
entities in an environment of imperfect competition and is closely related to the problem of
localization, i.e., the optimal placement of facilities (production plants, distribution centers,
sales points, retail centers, emergency centers, servers in a computer network, components of
serial production operations, waste collection and processing centers, or anything else). Such
a broad specification allows the application of spatial competition models in multiple areas.
Entities deciding on localization consider their own objectives (in relation to the behavior of
competitors), but their decisions can be influenced by state regulation.

Keywords: space, competition, game theory

1 UVOD

Pojem priestorova hra sa pouZiva na oznaenie tych problémov, v ktorych rozhodujeme
0 umiestneni viacerych objektov. NajznamejSie aplikacie su jednoznacne v oblasti
hospodarskej sutaze, v ktorych ma urcity pocet spolo¢nosti v imysle vstupit’ na trh, pricom sa
rozhoduje najmé o umiestneni, ale aj o cenovej alebo vyrobnej politike. Tento pojem moze
tiez oznaCovat’ situacie, ked’ sa analyzujli firmy uz posobiace na danom trhu z hl'adiska ich
vzajomnych vzt'ahov a ich zmien tychto vztahov v €ase. Analyza rovnovahy umoziuje urcit’
taku situaciu, kedy Ziadna spolo¢nost’ nebude motivovana k zmene. Na tych trhoch, v ktorych
uz existuju etablované spolocnosti, priestorové hry umozituji analyzovat’ konkurenciu medzi
tymito spolo¢nostami, pricom rovnovaha predstavuje v tomto pripade ur€iti referencnt
situdciu, s ktorou mozno porovndvat’ stcasné postavenie jednotlivych spolo¢nosti na trhu.
V tomto prispevku uvedieme niekolko oblasti aplikécie priestorovych modelov tedrie hier
a ich ovplyviiovanie regula¢nou entitou.
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1.1 Oblasti vyuzitia priestorovych modelov

Mesta a mestské prostredie poskytuju viaceré zivé priklady toho, ako maju externality
podnikov vplyv na spolo¢nost’ ako celok. V niektorych pripadoch sa verejna intervencia moze
stat’ mechanizmom na asimilaciu negativnych externalit, ako je napriklad znecistenie
zivotného prostredia alebo nedostatok priestoru na byvanie. Regulacné organy moézu urcit
rozsah niektorych zakazanych oblasti v zavislosti od réznych faktorov. Napriklad staré mesta
s dobre zachovanym historickym centrom moézu pri urCitych prilezitostiach podporovat
osobitnu regulaciu pre spolo¢nosti nachadzajuce sa v uvedenom ,,starom meste®. Zoénovanie
sa pouziva ako spdsob izolacie negativnych externalit (ako napriklad znecistenie) mimo
verejnych statkov, ktoré sa vo vSeobecnosti nachadzaju v tychto oblastiach. Sti¢asne mozu
urady zachovavat’ oblasti kvality Zivota pre svojich obyvatelov a turistov s imyslom ziskat’
politicky vplyv (hlasy obyvatelov), pripadne ekonomické zisky. Aktivity regulacnych
organov v tomto pripade zavisia od ich politickej zaujatosti a voli¢skej zakladne. Regulatori,
ktori si zelaju, aby boli uspokojené poziadavky spotrebitelov, prijimaji svoje rozhodnutie s
prihliadnutim na zdénovania bytovych potrieb a/alebo negativne externality (aglomeracie
populacie alebo znecistenia zivotného prostredia). Na druhej strane, ak st regulatori viac
nakloneni k uspokojeniu zdujmov podnikatel'ov, ddvaji mensi doraz na tento typ externalit s
cielom ulahdit ich lokalizaciu. Je zaujimavé, Ze ked’ sa regulator zaujima len o spotrebitel'ov,
volny vstup firiem na zvySenie konkurencie a umiestnenie spotrebitelov zalozené na
endogénnych kritéridch méze vytvorit’ optimalny pristup k dobrym zivotnym podmienkam.

Rovnako pobrezné mestd, ktorych hlavnym zdrojom prijmov je cestovny ruch, mdézu
kontrolovat’ pocet a umiestnenie spolo¢nosti v blizkosti plazi, aby boli tieto vol'né a izolované
od nadmerného hluku a znecistenia. Umiestnenie nakupnych centier v blizkosti dial'ni¢éného
obchvatu velkych miest, ako napriklad Los Angeles alebo Milano, je strategickym
rozhodnutim, ktoré by mohlo byt’ podmienené obmedzeniami zénovania. Mnohé vel'ké mesta,
ako napriklad Nové Dilli, Mexiko D.F., Sao Paulo alebo Pariz, vyuzivaju zoénovanie ako
politicky néstroj na reguldciu dopravy (t. j. obmedzenie vstupu automobilov do centra mesta).
Tento typ politiky efektivne triumfuje voci spolo€nostiam prostrednictvom regulacie tym, ze
ich nuti umiestnit’ svoje aktivity do neregulovanych oblasti. V dosledku toho mézZe byt
zonovanie uzitonym ndstrojom na navrhovanie urbanizmu mesta alebo na rozvoj
industrializacnych politik; moZe to mat’ nepriaznivé Uc€inky, ak sa implementuje nespravne.
Nepritomnost’ regulacie a volny vstup spolo¢nosti méze byt za urcitych Specifickych
okolnosti optimalnou politikou z hl'adiska socidlneho zabezpecenia.

Pri implementacii zonovania vSak organy musia najst’ také regulané nastroje (ako strategické
rozhodnutia o umiestneni), ktoré im umozZnia ucinne znizit'" Skodlivé ucinky vonkajSich
faktorov. Autori ako Mills (1989), Henderson (1991), Miceli (1992) a Wheaton (1993)
ukazali, Ze zénovanie mdze byt uzitocnym urbanistickym nastrojom.

1.2 Modelovy zaklad priestorovych hier

Prvii formélnu diskusiu o probléme s konkurenciou predstavuje praca Cournota publikovana
v roku 1838 (Cournot, 1838), kde sa zvazuje model duopolu, v ktorom spolo¢nosti rozhoduju
o svojej urovni produkcie. V roku 1883 Bertrand zavadza konkurenciu prostrednictvom cien
ako alternativu ku konkurencii prostrednictvom mnozstva.

Napriek tomu, prvu analyzu zahrilujucu lokalizaciu predstavuje praca Hotellinga (Hotelling,
1929). V tejto praci Hotelling skiima stratégie dvoch konkurentov v oblasti ceny a
umiestnenia na linedrnom trhu. Tento model mé vel’ky vyznam v ekonomickej literatire, kde
na jeho zaklade vznikd dolezitd skupina prac, ktoré analyzuji polohu firmy z hladiska
preferencii spotrebitelov (Colombo, 2013). Ako je uvedené v uvodnych kapitolach tejto
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prace, uvahy tohto modelu su stale aktudlne, a to predovsetkym zrejmé vzhl'adom na pocet
publikdcii, ktoré sa touto témou zaoberaju v zahranicnej, ale aj slovenskej literatare.

Modely priestorovej konkurencie, najmi tie, ktorych zikladom je model Hotellinga,
poskytuju zaklad pre analyzu politiky zonovania. Konfigurdcia Hotellinga poskytuje dva
zékladné predpoklady: duopol a rovnomerné rozdelenie spotrebitelov. Jeho alternativy
umoznuju modelovat’ komplexnejSie vztahy, napriklad vstup védcsieho poctu firiem, aby sa
dosiahli situdcie konkurencie oligopolu. Economides (1993) uvadza, ze rovnovéha v
lokalizacii neexistuje v linearnom modeli Hotellinga prave vtedy, ked’ sa pocet firiem zvysi
na tri a viac, pretoze firmy maju tendenciu byt v strede (v silnom postaveni) a na zasade
minimalnej diferenciacie, ktord zabrafiuje rovnovahe, ked’ obsluzi cely trh. Napriek tomu sa v
kruhovom pripade rovnovaha objavi, ak nie si pod touto priestorovou konfigurdciou ziadne
hranice. Bol skimany tiez sekven¢ny vstup firiem, a to najma v publikacii Nevena (1987),
ktory ukazuje, ze spolocnosti, ktoré prichddzaji na trh ako prvé, st umiestnené v strede trhu a
obmedzia neskorSiecho konkurenta v umiestneni medzi nimi. Konkurenciu so sekvenénym
vstupom riesi aj Gupta (1992) v Sirokom spektre tym, Ze predpoklada perfektnu prognoézu zo
strany firiem. Anderson a Neven (1990) pri modelovani hry Stackelberga pre umiestnenie
firiem ponuka alternativne vysvetlenie: rovnovaha sa objavuje vtedy, ked’ je prvéa spolo¢nost’
umiestnena v strede, priCom si zachovava vicsie zisky ako zvysok firiem.

Vyskum v oblasti priestorovej konkurencie zahiiia llohu regulatora prostrednictvom §tidie o
optimalnej polohe podnikov, velkosti regulovanych oblasti, rovnovahy cien, vyuzivania pody,
vplyvov na socidlnu starostlivost, a podobne. Lai a Tsai (2004) skiimaju linearny mestsky
model Hotellinga s obmedzeniami na umiestnenie spolocnosti, ¢o dokazuje, Zze princip
maximalnej diferenciacie je overeny v ramci konkurencie a la Bertrand, a Ze sa spolocensky
blahobyt zvySuje. Na druhej strane Tsai a kol. (2006) analyzuj, ako zénovanie ovplyviiuje
umiestnenie spolo¢nosti a prijmy z nizkej konkurencie a la Cournot, taktieZ rozoberaju G¢inky
symetrického zoénovania v linearnom modeli, pricom dospeli k zaveru, Ze spolocensky
blahobyt moZe byt zvySeny zavedenim regulovanej oblasti prostrednictvom zénovej politiky.
Matsumura a Matsushima (2011) stanovuji obmedzenia tykajiuce sa umiestnenia spolo¢nosti
a analyzuju dosledky na kvalitu Zivota spotrebitel'ov v modeli stivisiacom s rozptylenim miest
s cielom urcit’ povoleny rozmer hospodarskej ¢innosti.

Hamoudi a Risuefio (2012) sa venovali kruhovému modelu, v ktorom su spotrebitelia a
podniky umiestnené¢ v oddelenych castiach mesta, analyzovali umiestnenie rovnovahy
v pripade konkavnych nékladov na prepravu. Dalej predstavuji funkciu socialneho blahobytu
na meranie vplyvu zoénovania a ukazuju, Ze hospodarska sitaz bude silna, mierna alebo slaba
v zavislosti od politickych preferencii regulatora.

Napokon, Hamoudi a kol. (2015) uskuto€fiuji porovnanie zdénovania a nezénovania v
kruhovom modeli s konkdvnymi a  konvexnymi nakladmi na  prepravu.
V neregulovanom pripade zavisi ekvivalencia medzi typmi nakladovych funkcii na dizke
trhu; v regulovanom pripade sa skima pevna dizka a ukaZe sa, e neexistuju Ziadne
ekvivalenty medzi dvomi typmi prepravnych nakladov, priCom existuje rovnovaha, ked su
naklady konkavne. Naopak, rovnovaha neexistuje v pripade konvexnych nakladov na
prepravu.

Zaver

Otazky lokalizacie su stale aktudlne a ich modelovanie Uzko suvisi s oblastou tedrie hier.
Aplika¢né su Vv centre zaujmu nielen ekondémov, ale aj odbornikov z réznych inych oblasti
(informatika, architektara, logistika a podobne). Lokaliz4cia podnikov, obsluznych centier,
recykla¢nych centier a podobne ovplyviiuje plnenie hospodarskych alebo socialnych cielov.
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Vo vSeobecnosti mozno povedat, Ze téma priestorovej konkurencie je zamerand najmé na
konkurenciu medzi spolo¢nostami, ale tiez na situécie, v ktorych sa snazime maximalizovat’
socialne blaho. Podl'a nasho nazoru ide o jeden z kl'ai¢ovych prvkov fungovania akéhokol'vek
trhu. V tomto prispevku sme uviedli niekol’ko vybranych aplikacnych oblasti priestorovych
hier a tieZ relevantné prace zamerané na matematické modely, ktoré umoznuju ich rieSenie.

Prispevok bol spracovany v ramci rieSenia grantovej ulohy VEGA 1/0115/23Aplikacie
kooperativnych modelov teorie hier v ekonomii a v medzindrodnych vzt’ahoch
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VLASTNOSTI KONECNE VELKYCH VZORKU A MONTE CARLO
PERFORMACE GARCH MODELU

THE FINITE SAMPLE PROPERTIES AND MONTE CARLO
PERFORMANCE OF GARCH MODELS
Tereza Singerova

Abstrakt

Tato prace se zabyva srovnanim tii modell pro odhad podminéné volatility na zékladé
konecnych vlastnosti vzorku a simulaci Monte Carlo. Jedna se o modely GARCH, robustni
GARCH a QGARCH. Clanek pouziva simulované datové soubory riiznych velikosti a
hodnoti modely pomoci dvou kritérii: Hellingerovy vzdalenosti a Kullback-Leiblerovy
divergence. Prace také ukazuje grafické rozlozeni odhadovanych parametri pro rdzné
velikosti vzorku. Cilem prace je poskytnout zakladni analyzu toho, jak jsou odhady
distribuovdny napii¢ modely, a nabidnout nékolik praktickych ndvodi pro vybér
nejvhodnéjsiho modelu pro empirické aplikace, zejména u mensich vzorkd.

Kli¢ova slova: GARCH, robustni GARCH, QGARCH, Monte Carlo

Abstract

This paper compares the finite sample properties and Monte Carlo performance of three
models for estimating conditional volatility: the GARCH model, the robust GARCH model
and the QGARCH model. The paper uses simulated datasets of different sizes and evaluates
the models based on two criteria: the Hellinger distance and the Kullback-Leibler divergence.
The paper also illustrates the graphical distribution of the estimated parameters across the
different sample sizes. The paper aims to provide a basic analysis of how estimators are
distributed across models and to offer some practical guidance for choosing the most suitable
model for empirical applications, especially for smaller samples.

Keywords: GARCH, robust GARCH, QGARCH, Monte Carlo

1 INTRODUCTION

In this paper, | delve into the finite sample properties and Monte Carlo performance of three
models for modeling time-series data with conditional heteroskedasticity: the GARCH model,
the robust GARCH model, and the QGARCH model. This is crucial as GARCH models are
widely used in econometrics and finance to model time series data.

The motivation for this study stems from the need to have reliable and robust models for
financial forecasting. The GARCH model, with its ability to handle volatility clustering, is a
popular choice among researchers and practitioners alike. However, its performance can vary
depending on the sample size and other factors. By studying its finite sample properties, | aim
to provide insights that can help improve its application in real-world scenarios.

Sample sizes such as 100 or 250 could be considered large enough. After all, in the financial
sphere, these could be working-day dates for the whole year. However, it turns out that the
distribution of parameters is significantly wide for these smaller samples when using GARCH
models.
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| use Monte Carlo simulations, a powerful tool that allows us to observe the behavior of
GARCH models under controlled conditions. Through these simulations, we can analyze how
changes in parameters or initial conditions affect the model’s performance.

Therefore | apply three different GARCH models to thousands of simulated data sets with
different sample sizes (T = 100, T = 250 and T = 1500). Then I compare their performance
using two measures of divergence: the Hellinger distance and the Kullback-Leibler
divergence. The Hellinger distance measures the dissimilarity between two probability
distributions, while the Kullback-Leibler divergence measures the information loss when one
distribution is used to approximate another. These measures allow me to quantify the
difference between the true model and the estimated model, providing a picture of how well
our GARCH maodels are performing.

To see how sample size affects these metrics, | simulate samples of size between 10 and 1500
and compared them with a large sample (T = 1500) that I use in this work.

2 MONTE CARLO SIMULATIONS

| applied three models: GARCH model, robust GARCH model and QGARCH model, with
the specifications given in the equation. I set the parameters ® = 0.1, a =0.2, 3 =0.7 and y =
0.1 (for QGARCH only) and simulated datasets with different sample sizes (T = 100, T = 250
and T = 1500). | estimated the model parameters using the maximum likelihood method and
repeated the Monte Carlo simulation 1,000 times. Thenl plotted the distributions of the
estimated parameters.

2.1 GARCH model

As a representative of GARCH models, |1 choose GARCH(1,1) with equation 1 and used it to
simulate 1000 Monte Carlo simulations for three differently sized samples of the initial data.
Subsequently, | have visualized the distribution of parameter estimations, see Figure 1.

x; = o1&, Where g ~ NID(0, 1) (1)

ol =0+axt,+po’, (2)
Figure 1: Distribution of parameters at different T for GARCH model

GARCH model - Omega GARCH model - Alpha GARCH model - Beta
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(T=100 full black line, T=250 blue dashed line, T=1500 black dotted line)

2.2 Robust GARCH model

As a representative of Robust GARCH models, | choose GARCH(1,1) with tanh function
with equation 3 and used it to simulate 1000 Monte Carlo simulations for three differently
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sized samples of the initial data. Subsequently, | have visualized the distribution of parameter
estimations, see Figure 2.

Xy = Ot &, & ~ TlD(O, 7) (3)

o =+ atanh(xZ ) + B o2, 4)

Figure 2: Distribution of parameters at different T for robust GARCH model

robust GARCH model - Omega robust GARCH model - Alpha robust GARCH model - Beta
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(T=2100 full black line, T=250 blue dashed line, T=1500 black dotted line)

2.3 QGARCH model

As a representative of QGARCH models, | choose its simplified version (see equation 5) from
Blasques (2019, p. 146), with which we worked in the seminar and used it to simulate 1000
Monte Carlo simulations for three differently sized samples of the initial data. Subsequently, I
have visualized the distribution of parameter estimations, see Figure 3.

X; = ot &, where & ~ NID(0, 1) (4)
®)

of=w+ta Xfoq +YXeoq T B oE
Figure 3: Distribution of parameters at different T for QGARCH model
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3 MEASURES OF DIVERGENCE

To compare the distributions of small (T=100 and T=250) and large (T=1500) samples more
statistically, | used measures of divergence such as the Hellinger distance and the Kullback-
Leibler divergence. These measures show how much the distributions of the estimators differ
from each other.

3.1 Hellinger distance

Hellinger distance is a measure of similarity between two probability distributions. It is
defined as the square root of one minus the Hellinger integral, which is the sum of the squared
differences between the square roots of the probabilities of each possible outcome. It was
specified by Hellinger (1909) and can be calculated using this equation:

H(P, Q) =J1—Z\/P(x)a(x)

x€X

where P and Q are two probability distributions over a discrete set X. The Hellinger distance
ranges from 0 to 1, where 0 means the distributions are identical and 1 means they are
completely different. In this seminar paper | use the already built-in function hellinger from
package statip in the R software (Cornillon et al., 2021).

Table 1: The effect of sample size on the Hellinger distance of different models

GARCH Robust GARCH QGARCH
S:lir;lg)sle 100 x 1500 250x 1500 100x 1500 250 x 1500 100x 1500 250 x 1500
Omega 0.588 0.454 0.220 0.210 0.554 0.438
Alpha 0.580 0.407 0.511 0.361 0.620 0.439
Beta 0.585 0.431 0.229 0.201 0.578 0.445
Gamma - - - - 0.587 0.454

3.2 Kullback-Leibler divergence

Kullback-Leibler divergence, also known as relative entropy or information divergence, was
specified by Kullback et al. (1951) and it is a measure of how different two probability
distributions are, and how much information is lost when one distribution is used to
approximate another. The Kullback-Leibler divergence of Q from P is defined as:
* p(x)
DaPll)) = | potogE S ax

for two continuous distributions, where p and g are the probability density functions of P and
Q respectively. The Kullback-Leibler divergence has many applications in statistics,
information theory, machine learning, and other fields. It can be used to measure the
information gain or loss when updating beliefs, to compare 5 different models or hypotheses,
to perform model selection or parameter estimation, to quantify the complexity or randomness
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of a system, and more. In this seminar paper | use the already built-in function KLdiv from
package flexmix in the R software (Leisch et al., 2021).

Table 2: The effect of sample size on the Kullback-Leibler divergence of different models

GARCH Robust GARCH QGARCH
S:‘ir;fs'e 100x 1500 250 x 1500 100 x 1500 250 x 1500 100 X 1500 250 X 1500
Omega 0.357 0.240 0.757 0.790 0.348 0.210
Alpha 0.250 0.089 0.675 0.424 0.353 0.107
Beta 0.130 0.041 0.329 0.309 0.084 0.032
Gamma - - - - 0.479 0.307

3.3 Progress in measures of divergence with increasing T

To see how the measures of divergence change with increasing T, | simulated samples of size
between 10 and 1500 using the Monte Carlo method and compared them with the large
sample (T=1500) that | used in this work. This shows approximately how fast the samples
converge in distribution.
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Figure 4: The effect of sample size on the divergence measures of different models
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4 CONCLUSION

In this paper, | have presented a comparative study of three GARCH models: the standard
GARCH model, the robust GARCH model and the QGARCH model. | have examined the
finite sample properties of the maximum likelihood estimators for these models using Monte
Carlo simulations.

| have also evaluated the similarity and divergence of the sampling distributions of the
estimators for different sample sizes using two measures: the Hellinger distance and the
Kullback-Leibler divergence. The distance measures show the difference between the
different sample sizes estimated distributions. Both measures decrease as the sample size
increases, indicating that the estimators become more accurate with more data. However, the
Hellinger distance is more sensitive to small differences than the Kullback-Leibler
divergence, which can make it a better choice for comparing distributions in this context.
Considering only Hellinger distance the robust GARCH model tends to have more stable and
consistent estimators than the standard GARCH model, especially for small sample sizes.

Some models are more effective in estimating certain parameters than others, given the
limited and specific sample sizes we have. According to the theory, the QGARCH model
should outperform the standard GARCH model even with smaller samples, but this was not
supported by the simplified version used in this paper. A more comprehensive approach
would involve treating all the model parameters as non-zero in the future studies.

The sample size has a significant impact on the accuracy of the estimators and the divergence
measures. As an illustration in GARCH(1,1) model for small samples (less than 100
observations), the estimators are biased and unreliable, and the distance measures are large
and volatile. For medium samples (between 100 and 500 observations), the estimators start to
converge to their true values, and the distance measures become more stable and consistent.
For large samples (more than 500 observations), the estimators are nearly unbiased and
efficient, and the distance measures are close to zero.

This work can offer some practical guidelines for choosing an appropriate model and sample
size for empirical applications. This is particularly important when we are interested in the
precision of a specific model parameter. However, this work examines the distribution of
parameter estimation and not their standard deviations, which could provide additional
insights and extend the scope of the work.
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PRISTUP K WEBOVYM DATABAZAM S JAZYKOM PYTHON!
ACCESS TO WEB DATABASES WITH PYTHON LANGUAGE

Karol Szomolanyi, Martin Lukacik, Adriana Lukdcikova

Abstrakt

Ekonomicky vyskum vyzaduje verifikdciu roznych origindlnych teorii prostrednictvom
existujucich udajov. Vo svete existuje velké mnozstvo ekonomickych databaz. Tri
najznamejsie s Federalny rezervny systém ekonomickych tidajov, ktory poskytuje Federalna
rezervna banka v St. Louis, databdza Svetovej banky a databdza Europskeho Statistického
uradu. Ciel'om tejto prace je prezentovat’ moznosti automatizacie pri ziskavani databaz z troch
najznamejSich udajovych portalov prostrednictvom programovacich nastrojov Pythonu.
Vyhodou uvedenych pristupov, je ze dané nastroje priamo komunikuji s portadlmi
a opakovanym spustanim procedir mozno opakovane ziskat’ aktudlne udaje.

KPucové slovd: Udaje, Python, Eurostat, World Bank, FRED

Abstract

Economic research requires the verification of various original theories through existing data.
There are a large number of economic databases in the world. The three most well-known are
the Federal Reserve System of Economic Data), provided by the Federal Reserve Bank of St.
Louis, the World Bank database and the European Statistical Office database. This paper aims
to present the possibilities of automation in obtaining databases from the three most famous
data portals using Python programming tools. The advantage of the mentioned approaches is
that the tools communicate directly with the portals, and by repeatedly starting the
procedures, actual data can be obtained.

Keywords: Data, Python, Eurostat, World Bank, FRED

1 UVOD

Sucasna doba je charakteristickd velkym objemom tudajov zo vSetkych oblasti beZzného
zivota. Originalny vedecky vyskum vyzaduje efektivny spdsob ziskania a analyzy dat. V tejto
praci sa zameriame na moznosti rychleho ziskania udajov zo znamych svetovych databaz
vyuzitim programovacich nastrojov Pythonu.

2 IMPORT UDAJOV Z WEBOVYCH DATABAZ A JAZYK PYTHON

Existuju funkéné programovanie nastroje, ktoré umoziuju ziskanie udajov priamo
z webovych databaz. PostaCuje pripojenie na internet. V texte ukdzeme, ako mozno vyuzitim
balika Pandas vhodného na tvorbu a spravu databaz (dataframe) v Pythone ziskat’ udaje.
Zname ekonomické databazy su Federalny rezervny systém ekonomickych udajov (FRED),
ktory poskytuje Federalna rezervna banka v St. Louis, databaza Svetovej banky (Pirlea et al.
2023) a databaza Europskeho Statistického uradu (EUROSTAT).

! Prispevok vznikol s podporou projektov VEGA 1/0211/21, Ekonometricka analyza makroekonomickych dopadov
vplyvu pandémii vo svete s dorazom na vyvoj ekonomik EU a zvlast’ ekonomiky Slovenska a VEGA 1/0047/23,
Vyznam priestorovych spillover efektov v kontexte priority EU zelenSia a bezuhlikova Eurdpa.
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2.1 FRED

Balik pandas_datareader, sluzi nielen na ziskanie udajov z databazy FRED, ale aj inych
databaz. Balik potrebujeme vopred insStalovat’. Dolezité argumenty funkcie ziskania udajov su
databaza, kody Casovych radov a rozsah udajov. V pripade Casovych radov moéze uzivatel
Specifikovat’ rozsah tdajov pomocou balika dt.datetime, ktory prevedie viac celych cisel
(tupple) na datum.

import pandas as pd
import datetime as dt # create datetime object
import pandas_datareader.data as web # we need it for OECD

Obrazok 1. Odporucané baliky pre ziskanie ¢asovych radov z databazy FRED

V nasom pripade je databdza ,fred‘. Pouzivatel’ méze kod Casového radu vyhladat’ na stranke
databazy. NizSie je sposob ziskania Stvrtrocného sezdnne ocisteného Casového radu reélnej
kone¢nej sukromnej spotreby v Pol'sku (kéd casového radu je ,NAEXKP02PLQ189S¢)
Vv rozpiti od prvého stvrtroku 1995 do prvého stvrtroku 2023.

start_date = dt.datetime(1995, 1, 1)

end_date = dt.datetime(2023, 4, 1)

C_Pol = web.DataReader('NAEXKPO2PLQ189S', 'fred', start_date,end_date)
C_Pol

NAEXKP02PLQ1895
DATE

1995-01-01 1.146270e+11
1995-04-01 1.257905e+11
1995-07-01 1.293574e+11
1995-10-01 1.328827e+11
1996-01-01 1.330174e+11
2022-04-01 3.385975e+11
2022-07-01 3.344101e+11
2022-10-01 3.268294e+11
2023-01-01 3.267797e+11
2023-04-01 3.283389%e+11

114 rows x 1 columns

Obrazok 2. Poziadavka vytvorenia dataframu obsahujuceho Stvrtroény sezonne upraveny
casovy rad redlnej kone¢nej sukromnej spotreby v Pol'sku
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Ak uzivatel' nezadad koncené obdobie rozsahu databazy (end_date na obr. 2), aplikovanim
prikazov, vzdy ziska aktualne publikované udaje. Vysledny dataframe je vo vhodnom
formate, index zodpoveda obdobiu a nazvy stipcov ¢asovym radom. Premenovanie nazvov
stipcov mozno realizovat’ prikazom DataFrame.columns, napr.

C_Pol = C_Pol.columns[‘Consumption'].

2.2 World Bank

Pre pracu s udajmi z databazy Svetovej banky existuje balik wbgapi (Herzog, 2022), ktory
treba vopred instalovat. Importovat ho mozno prikazom import whgapi as wb. Pre
identifikaciu tdajov potrebujeme poznat kod a geograficku lokdciu tdajov. Rovnako, ako
v databaze FRED, na vyhladanie kddu mozno vyuzit webovu stranku, ale vyhodou balika je,
ze obsahuje funkcionalitu priameho vyhl'adavania dat. Nasledujuci prikaz vypise vSetky udaje
s retazcom ,GDP* so zodpovedajiicim kodom v stipci id.

wh.series.info(q="GDP")

id value

EG.GDP.PUSE.KO.PP GDP per unit of energy use (PPP § per kg of oil equivalent)
EG.GDP.PUSE.ED.PP.KD  GDP per unit of energy use (constant 2017 PPP § per kg of oil equivalent)
NY.GDP.METP.KN GDP (constant LCL)

MY, GDP.METP.PP.CD GOP, PPP (current international &)

PAMNUS.PPPC.RF  Price level ratio of PPP conversion factor (GDP) to market exchange rate
SL.GDP.PCAP.EM.ED GDP per person employed (constant 20017 PPP 5)
27 elements

Obrdzok 3. Vyhl'adavanie v databazach Svetovej banky

Field Value
BasePeriod varies by country
IndicatorName GDP (constant LCU)
License_Type CC BY-4.0
License_URL https://datacatalog.worldbank.org/public-licenses#cc-by

GDP is the sum of gross value added by all resident producers in the economy plus
any product taxes and minus any subsidies not included in the value of the products.
It is calculated without making deductions for depreciation of fabricated assets or for

depletion and degradation of natural resources. Data are in constant local currency.

Longdefinition

Periodicity Annual
Source World Bank national accounts data, and OECD National Accounts data files.

Economic Policy & Debt: National accounts: Local currency at constant prices:

T 1 . .
Oplc Aggregate indicators

Obrazok 4. Metadata tdajov
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Funkcionalita prikazu tiez umoziiuje ziskat’ metadata pre zvolené udaje (obr.4).

Nasledovné prikazy (obr. 5) st ukdzka stiahnutia niektorych zékladnych rocnych
ekonomickych ¢asovych radov v Pol'sku. Nevyhoda je, zZe na rozdiel od dataframov ziskanych
z databdzy FRED, v tomto pripade eSte potrebujeme tabulku upravit do Zelané¢ho stavu;
stanovit' indexové riadky s pomenovanim &asovych radov, prepisat nazvy stipcov podra
zodpovedajucich rokov azmazat nepotrebné stipce. Neskér moZno upravit' databazu
zmazanim neuvedenych udajov ,NaN°‘ (napriklad aplikovanim prikazu dropna).

Poland =wb.data.DataFrame([ 'NY.GDP.MKTP.KN', "NE.CON.GOVT.KN', "'NE.CON.PRVT.KN",
"NE.GDI.TOTL.KN*, 'FP.CPI.TOTL', 'FM.LBL.BMNY.CN"', 'SL.UEM.TOTL.NE.ZS'
['POL'],
labels=True)
Poland = Poland.drop('Series',axis=1) # vymaZ stlpec popiskov

Poland.columns = Poland.columns.str.replace('YR', '').astype(int) # uprav ndzvy stlpcov podla

Poland.index = ['GDP', 'Government', 'Consumption', 'Invesments','CPI','Money', 'Unemployment

# premenuj riadky indexov
# Poland = Poland.dropna(axis = 1) # vymaZ NA uUdaje

Poland # zobraz databdzu

1960 ... 2017 2018 2019 2020 2021 2022

GDP NaN 1.946767e+12 2.062500e+12 2.154282e+12 2.110763e+12 2.255303e+12 2.365227e+12

Government NaN .. 3.394770e+11 3.514800e+11 3.742640e+11 3.925430e+11 4.120130e+11 4.109820e+11

Consumption NaN 1.166581e+12 1.220490e+12 1.262043e+12 1.218670e+12 1.295177e+12 1.33363Te+12

Invesments NaN .. 3.919680e+11 4.459500e+11 4.481430e+11 4.146930e+11 4.895940e+11 5.719100e+11

CPI NaN 1.096377e+02 1.116253e+02 1.141118e+02 1.179624e+02 1.239255e+02 1.418072e+02

Money NaN 1.324369e+12 1.445744e+12 1.565221e+12 1.822376e+12 1.984816e+12 NaN

Unemployment \ \ 4890000e+00 3.850000e+00 3.280000e+00 3.160000e+00 3.360000e+00 2.890000e-+00

rate
Obrazok 5. Databaza zakladnych indikatorov pol'skej ekonomiky.

2.3 EUROSTAT

Na ziskanie udajov z databazy Eurostat slizi rovnomenny balik eurostat (Eurostat PyPl,
2023), ktory tiez potrebujeme vopred nainstalovat’ a importovat’ prikazom import eurostat.
Portal rozliSuje mnoho databaz, z ktorych kazda ma jedine¢ny kdd. Obsah vsetkych databaz
mozno vyvolat’ prikazom na obr. 6. Podobne ako pri praci s databdzou Svetovej banky, aj
V tejto mdze uzivatel’ priamo vyhl'adavat’ (obr. 7).

Ked pozname potrebntl databazu s jedineénym kodom, potrebujeme poznat’ parametre filtrov
zvolenej databazy. Podl'a obr. 8, parametre mesaéného ¢asového radu harmonizovaného
indexu cien ,PRC HICP_MIDX° su frekvencia ,freq‘, jednotka ,unit, vyber koSa produktov
,coicop® a geograficka lokacia ,geo°.

Kazdy parameter pontika r6zne moznosti vyberu udajov. Napriklad, Harmonizovany index
spotrebitel'skych cien mozno ziskat’ v jednotkach ,unit® s bazickym rokom 2015, 2005 alebo
1996 (obr. 9).

Pre ziskanie udajov potrebujeme Specifikovat’ kod databazy a parametre filtrov. Prikaz so
syntaxom eurostat.get_data df(kod databazy, parametre filtrov) vytvori dataframe
s pozadovanymi tidajmi. Parametre filtrov zaddvame vo forme slovnikov (dictionary). Na obr.
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10 je priklad ziskania ¢asového radu harmonizovaného indexu cien v Pol'sku. Dataframe
ziskany z Eurostatu tiez potrebujeme upravit’ vymazanim nepotrebnych stlpcov, nastavenim
indexového stlpcu a riadku s nazvami stlpcov a d’alSimi potrebnymi upravami.

toc =

toc

7516

7517

7518

7519

7520

eurostat.get_toc_df() # total contents

title

Top 5 ports - gross weight of
goods handled in...

Top 5 ports for dry bulk- gross
weight of dry ...

Top 5 ports for containers -
gross weight of g...

Top 5 ports for liquid bulk -
gross weight of ...

Top 5 ports for other cargo not
elsewhere spec...

Percentage of letters delivered
on-time (USP u...

Postal services

Number of enterprises providing
postal services

Access points (USP under direct
or indirect d...

Domestic postal traffic, letter
mail and parce...

7521 rows x 7 columns

Obrazok 6. Obsah databaz Eurostatu

code

MAR_QG_QM_PWH

MAR_QG_QM_PWHB

MAR_QG_QM_PWHC

MAR_QG_QM_PWHL

MAR_QG_QM_PWHO

POST_CUBE1_X$POST_QOS_1

POST_CUBE1_X

POST_CUBE1_X$NUM701

POST_CUBE1_X$POST_ACC_1

POST_CUBE1_X$POST_DTR_1

type

dataset

dataset

dataset

dataset

dataset

dataset

dataset

dataset

dataset

dataset

last update of data

2023-06-29T11:00:00+0200

2023-06-29T11:00:00+0200

2023-06-29T11:00:00+0200

2023-06-29T11:00:00+0200

2023-06-29T11:00:00+0200

2023-05-23708:18:37Z
2023-05-23708:18:37Z

2023-05-23T08:18:37Z

2023-05-23708:18:37Z

2023-05-23T08:18:37Z

last table structure
change

2023-06-29T11:00:00+0200

2023-06-29T11:00:00+0200

2023-06-29T11:00:00+0200

2023-06-29T11:00:00+0200

2023-06-29T11:00:00+0200

2023-05-10T710:54:33Z

2023-05-10T710:54:33Z

2023-05-10T10:54:33Z

2023-05-10T710:54:33Z

2023-05-10T10:54:33Z

eurostat.subset_toc_df(toc, 'HICP') # subset of contents according to the keyword

Obrdzok 7. Vyhl'addvanie v databdzach Eurostatu

# parameters of given dataset
= eurostat.get_pars('PRC_HICP_MIDX")

pars
pars

['freq’,

‘unit’',

'coicop’,

‘geo’]

Obrdzok 8. Parametre databazy.

eurostat.get par_values('PRC_HICP_MIDX',

['I15",

"T05', 'I196']

Obrazok 9. Mozné jednotky harmonizovaného indexu cien.
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start

2005-
Q1

2005-
Q1

2005-
Q1

2005-
Q1

2005-
Q1

None

2012

None

None

None

dat

en

202z

2022

2022

202z

2022

Non

202

Non

Non

Non

'unit') # This is the base year (2015, 2005, 1996)



# Filter Parameters
# Create a dictionary with filter parameters
filter_params = {'unit':['I15'], ‘coicop':['CPe@'], 'geo':['PL']}

# get the data
HICP_POL = eurostat.get_data_df('PRC_HICP_MIDX', filter_ pars=filter_params)
HICP_POL

Obrazok 10. Ziskanie udajov pol'ského harmonizovaného indexu cien z Eurostatu.

Udaje mozno ziskat' aj zo stiahnutych alebo vytvorenych suborov. Pre tato funkcionalitu
slizia funkcie balika Pandas ako pandas.read excel, pandas.read_csv, pandas.read_json,
pandas.read_html, pandas.read_xml a d’alsie.

3 ZAVER

Ziskanie a spracovanie udajov je ddlezitd sucast ekonomickej vedeckovyskumnej Cinnosti.
Zber udajov je v dneSnom svete odliSnych zdrojov databaz pracna a zdlhava ¢innost’. Tento
prispevok pomdze vyskumnikom efektivne automatizovat’ ¢asto opakovany zber udajov.

Zamerali sme sa hlavne na moznosti automatického ziskavania udajov z databaz Federalneho
rezervného systému ekonomickych udajov, Svetovej banky a Eurdpskeho Statistického uradu.
Prezentované baliky umoznuju ziskanie tidajov priamo z internetovych portalov, ¢im mozno
zabezpecCit’ jednoduchy pristup k aktudlnym udajov v kazdom case.
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ANALYZA CESKYCH FIREM A TECHNOLOGICKYCH
UKAZATELU POMOCI DEA MODELU

ANALYSIS OF CZECH COMPANIES AND TECHNOLOGICAL
INDICATORS USING THE DEA MODEL

Ing. Vojtéch Vivra

Abstrakt

Tato studie se zaméfuje na analyzu technologickych ukazatelti a jejich vliv na efektivitu
firem. Hlavnim cilem této prace je ziskat seznam technologicky efektivnich firem mezi
Ceskymi spolecnostmi, které zaméstnavaji vice nez 3000 pracovnikii. Pro analyzu jsme
vyuzili modely DEA (Data Envelopment Analysis), a konkrétni aplikace byla
implementovana v jazyce Python s vyuzitim knihovny dealib.

Kli¢ova slova: DEA, technologie, velké ceské firmy, Python, dealib

Abstract

This study focuses on analyzing technological indicators and their impact on a company's
efficiency. The primary objective of this research is to identify technologically efficient
companies within the Czech market, specifically those with over 3,000 employees. To
achieve this goal, we employed DEA (Data Envelopment Analysis) models for our analysis,
and the practical implementation was carried out using Python and package dealib.

Keywords: DEA, technology, big Czech companies, Python, dealib

1 UVOD

Technologie hraji v mikroekonomii klicovou roli v podobé efektivnosti, jakym firma vyrabi,
rozhoduje se a reaguje na trzni podminky. V této praci se podivame praveé na tuto oblast.

Nejzajimavéjsi ukazkou technologického pokroku z nedavné doby je rozvoj Al (Artificial
Inteligence, uméla inteligence), kterd zamdvala konkurenc¢nim prostiedim napii¢ vSemi
oblastmi. Tento technologicky pokrok byl pravé impulzem k vytvofeni této prace.

Nanestésti Al je jednotlivymi firmami v dobé psani této prace teprve adaptovana napt. u firem
velké ¢tyiky (Jedna se o nasledujici firmy: EY, KPMG, Deloitte a PWC). Nejsou tedy jesté
data k fadné analyze toho, jak tento technologicky skok ovlivni trzni odvétvi. Cilem prace je
zanalyzovat soudasny technologicky trend firem v Ceské republice, ktery poslouzi
k porovnani s budoucim vyvojem technologii na trhu.

2 TEORETICKA CAST

Technologie maji zasadni vliv na zpiisoby vyroby jednotlivych firem. Firma pak mize mit na
vybér z mnoha technologii, které mtze aplikovat pro svoji praci. To je pak spojeno s naklady,
efektivitou a vystupnimi moznostmi. Mikroekonomie se zabyva analyzou, jak firmy voli
kombinaci vstupti (lidsky kapital, finan¢ni kapital, suroviny) za G¢elem minimalizace nakladt
a maximalizaci zisku.
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Mikroekonomie téz zkouma, jak je ovlivnéno chovani firem pomoci technologického
pokroku. Ten pravé mize zapficit vyhodu na trhu oproti konkurenci, at’ uz v podob¢ zlepSeni
kvality vystupii, ¢i snizeni nakladii na vyrobu. Jednotlivé firmy se pak musi rozhodovat, zda
budou investovat na védy, vyvoji novych technologii ¢i technologicky vzdélangjSich
pracovnikii. Diky tomu mohou =ziskat dlouhodobé lepsi postaveni na trhu za cenu
kratkodobého zhorseni.

I na poli védy a vyzkumu se objevuji externality. Jedna firma na trhu muaze pozitivné
I negativné ovlivnit firmu na trhu jinou. Mikroekonomie téz zkouma, jak pravé tyto
externality mohou ovlivnit rozhodovani firem a jak vlada mtze regulovat tyto dopady.

Technologie mohou akcelerovat trzni dynamiku pomoci rychlejsiho Sifeni informaci,
efektivitu obchodovani (hapiiklad belgicka technologie SWIFT) nebo také nové moznosti
obchodu mezi zdkazniky a firmami. Mikroekonomie pak zkoumd dopad technologii na
fungujici trhy a jak ovliviiuje strukturu trhu.

3 DEA MODELY

3.1 Model

DEA (Data Envelopment Analysis, Analyza obalu dat) model je metoda béZné pouzivana
v opera¢nim vyzkumu k hodnoceni efektivnosti vice subjekt (firem, instituci, ...) vzhledem
k n¢kolika vstuptim a vystupiim. DEA modely jsou neparametrické.

Mezi zakladni pojmu u DEA modelu patii jednotky DMU (decision making units), které jsou
hodnoceny v ramci DEA. To muzou byt napiiklad subjekty jako firmy, nemocnice $koly
apod. Druhym pojmem jsou vstupy (inputs), které jsou vyuzivany k ziskavani vystupti. Jedna
se napiiklad o material, pracovni silu nebo tieba kapitdl. Tietim pojmem jsou vystupy
(outputs), které urcuji vykonnost dané jednotky DMU.

DEA modely pak udavaji, zda dana jednotka DMU je, nebo neni efektivni podle toho, zda se
nachdzi na hranici efektivnosti nebo ne a mohla by dosdhnout vyssi efektivity. Hlavni
mySlenkou DEA modelil je najit optimalni vahy vstupl a vystupl pro kazdou jednotku tak,
aby byla maximalizovana efektivita. Existuje n€kolik druhti modeld, mezi kterymi naptiklad
nalezneme CCR (Charnes, Cooper, Rhodes) a BCC (Banker, Charnes, Cooper) model.
Jednotlivé modely viz (1).

CCR Model Ize zapsat nasledovné:

mn
2. Uit Yig
=l » MAX,
> Uj - Tjg
7=1
mn
_Zl Ui~ Yik
lm <1 \V/;‘
DU Tk
j=1

wi, v; > €,  Vi,j,

kde:
» purcuje hladinu efektivity,
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Xjq vektor mnozstvi vstupt hodnocené jednotky |,
Xjk vektor konstant vstupti hodnocené jednotky j,
Yiq vektor mnozstvi vystupt hodnocené jednotky i,
yik vektor konstant vystuptt hodnocené jednotky i,

U; vektor proménnych vah pro vstupy Xi,

YV V.V V V V

vj vektor proménnych vah pro vystupy Yig,
» &je infinitezimalni konstanta, ktera zarucuje nezapornost vah.

A ucelova funkce je maximalizovana tak, aby pomér vystupt byl oproti vstupiim €0 nejvyssi
pii podmince vah. Nasleduje vyc¢et podminek.

» Prvni podminka efektivity udava, ze pomér v celové funkci nesmi byt vyssi nez 1.
» Druha podminka nezapornosti vah povoluje pouze nezaporné hodnoty vah jak pro
vstupy, tak pro vystupy.
3.2 DEA v Pythonu

K zpracovani dat pouzijeme jazyka Python a pro aplikaci DEA modelt balicek ,,dealib.
Dokumentace, ktera byla pouzita pti tvorbé skriptu, viz (5).

Dealib umoziuje pouziti nasledujicich modela:

e Envelopment model, Multiplier model, Slack model, Additive model, Super-efficiency
model, Direct model, Multi-directional model

V nasi praci vyuzijeme zakladniho DEA modelu (Envelopment model), ktery je postacujici
pro nasi analyzu trhu.

4 POPIS DAT

V Ceskych zemich existuje velké mnozstvi firem. Abychom zuzili seznam, pouzili jsme
nasledujicich podminek pro jejich vyfiltrovani:

e Ve firmé pracuje alespon 3000 pracovniki.
e Firma neni ptispévkovou organizaci.

e Firma neni organizac¢ni slozkou stétu.

¢ Firma neni univerzitou.

Tyto informace jsme ziskali z nasledujiciho internetového zdroje (4). Timto filtrem proslo
celkem 30 firem z nejraznéjsich sektorn, které méli i k dispozici vSechny potiebné udaje pro
analyzu. Jako piiklad uvedeme Tesco Stores CR a.s., Siemens s.r.o., OKD a.s., Krajska
zdravotni a.s. nebo v neposledni fadé TRINECKE ZELEZARNY a. s.

Pro kazdou firmu z nami vytvoteného datasetu jsme vytvofili pole viz Tabulka 1. Jednotlivé
informace jsme ziskali na nasledujicich strankach:

e Na strance (4) jsme ziskali nasledujici pole: ICO, nazev, sidlo, GEO, min_poc_pra,
zaklad_kapital

e Na strance (3) ve Vefejném rejstitku a Sbirce listin jsme pak pomoci ICO dohledali
hospodaiské vysledky jednotlivych firem: VHpZ 2021, VHpZ_2022
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Tabulka 1: Seznam poli pro jednotlivé firmy.

Pole Hodnoty Popis
ICO Int Eviden¢ni ¢&islo firmo, ICO.
Nazev Str Nazev firmy.
Sidlo Str Uvedené sidlo spole¢nosti.
GEO Str Region NUTS2.
Min_poc_pra Int Minimalni pocet pracovnikii ve firmé¢ k roku 2023.
Zaklad_kapital | Int Hodnota zdkladniho kapitalu uvedené na webu.
VHpZ_2021 Flout Hospodatsky vysledek po zdanéni v roce 2021 v tisicich K¢.
VHpZ 2022 Flout Hospodaisky vysledek po zdanéni v roce 2022 v tisicich K¢&.

Nasleduje vycet datasetll o irovni technologické urovné jednotlivych firem podle geografické
informace. V naSem piipad¢ jsme ziskali data pro regiony NUTS2, které budeme v praci dale
oznacovat jako regiony a téZ jako pole GEO.

Informace o lidskych zdrojich ve véd¢ a technologiich (HRST), védecké trovni v regionech
(RERE) a zaméstnanosti v high-tech sektoru (EHTS) ze stranky (2). Ukazatele mame
k dispozici podle regiont v letech 2011 az 2022. Ukazatele jsou maximaliza¢niho typu.

5 EXPERIMENTALNI VYPOCTY

5.1 NavrZeni experimentu

Cilem experimentalni ¢asti je rozdélit dataset firem na efektivni (leZici na efektivni hranici),
sub-efektivni (lezici v péti procentnim intervalu od efektivni hranice) a neefektivni firmy
(které jsou vzdalené efektivni hranici) v ramci trhu Ceské republiky. Jednotlivé datasety byly
jiz popsany v kapitole 4.

Metoda pouzita k analyze byla popséana v kapitole 3.

Analyza probé&hla pro 2 pozorované roky 2021 a 2022. Budeme tedy obecné oznacovat tyto
referen¢ni obdobi jako r.

Do vstuptll byly zatazeny nasledujici pole:

e Ukazatel lidskych zdroji ve védé a technologiich v roce r. Ukazatel zaméstnanosti
v high-tech sektoru v roce r. Ukazatel vyzkumnikt v regionech, ktery je k dispozici
nejdiive pro rok 2020. Minimalni pocet pracovnikli dané firmy. Pfirozeny logaritmus
zakladniho kapitalu firmy.

Do vystupti bylo pro kazdy rok zvlast’ zatfazeno pole s hospodarskym vysledkem po zdanéni
vrocer.

5.2 Vyhodnoceni experimentu

Pocet firem podle skupin v jednotlivych letech viz tabulka:

V obou pozorovanych obdobich jsou na efektivni hranici nasledujici firmy:
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e Krajska zdravotni a.s.; Continental Barum s.r.o.; Robert Bosch spol. s r.o.; lveco
Czech Republic a.s.; Krajska nemocnice Liberec a.s.; Metrostav a.s.; Nemocnice
Ceské Budéjovice a.s.; Grafton Recruitment s.r.0.; Vojenské lesy a statky CR s.p.

Pak v roce 2021 byla na efektivni hranici navic firma Kooperativa pojiStovna a.s. Vienna
Insurance Group. Ta méla v tomto roce témeft trojnasobné vynosy oproti roku 2022.

A v roce 2022 byly na efektivni hranici navic firmy OKD a.s. a O2 Czech Republic a.s. Firma
OKD zaznamenala téméi dvacetinasobné vynosy a firma O2 téméf trojnasobné vynosy oproti
roku 2021.

Na efektivni hranici se nachazi firmy z riznych oblasti od elektroniky, pfes vyrobu autobust
az po nemocni¢ni zafizeni. U nemocni¢nich zafizeni pak nemusi byt hlavnim cilem firmy
zisk, ale spiSe pomahani druhym, ale i tak se dostaly na efektivni hranici.

Na hranici efektivnosti se nedostala ani jedna z firem, které maji ptres 10000 zaméstnanc.
Hlavnim podilem na takovém velkém mnozstvi firem na hranici efektivnosti mize velké
rozpéti zakladniho kapitalu.

Nejhorsi firmou pro rok 2021 i 2022 byla firma Dopravni podnik hl. m. Prahy akciova
spole¢nost. Dosahla 68 procentni miry efektivnosti.

6 ZAVER

Vytvorili jsme dataset o tficeti firmach, ktery obsahuje nejriiznéjsi ukazatele. Seznam
podminek, které museli firmy splnit 1ze nalézt v kapitole 4. Soubor byl vytvofen ru¢né na
zaklad¢ dostupnych informaci ve Vetejném rejstiiku a Sbirce listin spolecné s dalSimi
internetovymi zdroji. BohuZel nebyla nalezena jednoducha cesta automatizace. Pro budouci
navazani na praci lze zanalyzovat viechny firmy v Ceské republice na zakladé vhodného
datového zdroje.

Vytvofili jsme skript, ktery provadi DEA analyzu v jazyce Python pomoci knihovny dealib.

Podafilo se ndm zanalyzovat Ceské firmy pomoci DEA modelu. Ziskali jsme seznam firem,
které jsou efektivni v zdanéném hospodaiském vysledku z pohledu technologickych
ukazatelt, zakladniho kapitalu a minimalniho poétu zaméstnanci. Nekolik firem bylo i velmi
blizko (Vv péti procentnim rozpéti od hranice efektivnosti) hranici efektivnosti.

Zaroven jsme ziskali 1 seznam neefektivnich firem, ze kterého jsme uvedli nejhorsi firmu pro
ob¢ obdobi.
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PREHLED LITERATURY: MODELOVANI MARKETINGOVEHO
MIXU A ROZKLAD PRODEJU POMOCI EKONOMETRIE

LITERATURE REVIEW: MARKETING MIX MODELING AND SALES
DECOMPOSITION USING ECONOMETRICS

Lukas Veverka

Abstrakt

Tento piehled literatury shrnuje vyzkum modelovani marketingového mixu a dekompozice
prodeje pomoci ekonometrie a zkouma klicova témata a poznatky z mnoha studii. Zabyva se
ucinnosti reklamy a jejimi kratkodobymi a dlouhodobymi dopady na prodej, pficemz
zdiraziuje vyuziti ekonometrickych modeldi pro analyzu. Studie zabyvajici se vnéjSimi
faktory, jako je nesezonni pocasi a fizeni rizik, poskytuji poznatky o zmirfovani rizik
spojenych s prodejem. Ptehled dale zdiraziuje vyznam rozhodovéni zaloZzené¢ho na datech,
coz je ilustrovano modelem piredpovédi prodeje a systémem podpory rozhodovani. V
neposledni fadé zkouma inovativni modelovaci techniky, které kombinuji tdaje o prodeji a
online vyhledavani s cilem ziskat komplexni porozuméni vlivu reklamy na chovéni
spotiebitell a vysledky prodeje.

Kli¢ové slova: Modelovani Marketingového Mixu, Uéinnost Reklamy, Reakcni Krivky
Prodejii

Abstract

This literature review synthesizes research on marketing mix modeling and sales
decomposition using econometrics, exploring key themes and insights across multiple studies.
It delves into the effectiveness of advertising and its short-term and long-term impacts on
sales, highlighting the use of econometric models for analysis. Studies addressing external
factors, such as unseasonal weather and risk management, provide insights into mitigating
sales-related risks. Furthermore, the review underscores the significance of data-driven
decision-making, as exemplified by a sales forecasting model and decision support system.
Finally, it explores innovative modeling techniques that combine sales and online search data
to gain a comprehensive understanding of advertising's impact on consumer behavior and
sales outcomes.

Keywords: Marketing Mix Modeling, Advertising Effectiveness, Sales Response Curves

1 UVOD

Modelovani marketingového mixu, které je kliCovou oblasti pro pochopeni dopadu
marketingovych strategii na prodej a chovani spotiebitell, bylo pfedmétem rozséhlého
vyzkumu. Tento piehled shrnuje klicové studie a zdlraziuje jejich vzajemné propojena
témata, metodiky a zjisténi.
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2 MODELOVANI MARKETINGOVEHO MIXU

2.1 Reklama a prodej

Vztahem mezi reklamou a prodejem se zabyva nékolik studii. Bass (1969) ve své praci
"Simultaneous-Equation Regression Analysis of Sales and Advertising" piedstavil model,
ktery zohlednuje strukturalni parametry, aby pochopil vliv reklamy na prodej. Assmus a dalsi
(1984) provedli komplexni metaanalyzu 128 ekonometrickych modelti k posouzeni vlivu
reklamy na prodej. Jejich prace poskytuje cenné shrnuti poznatkl ziskanych z téchto modeld,
pficemz se zaméfuje na kratkodobou a dlouhodobou odezvu reklamy a také na vhodnost
modelu. Pristup, ktery pouzili a ktery se nazyva "analyza replikace", identifikuje zdroje
systematickych rozdili v elasticitich reklamy. Tato prace vrha svétlo na komplexni vztah
mezi reklamou a prodejem a nabizi poznatky, které jsou zasadni pro lepsi pochopeni toho, jak
reklama ovliviiuje prodej, zejména u vyspélych vyrobkti v USA. vyzkum Assmuse a kol. z
roku 1984 dopliiuje metaanalyza provedend Sethuramanem (2011), ktery provedl
metaanalyzu elasticit reklamy a zjistil, Ze primérna kratkodob4 elasticita reklamy je 0,12, coz
naznacuje, ze reklama ma niz$i dopad, nez se dtive predpokladalo. Tellis (1995) déle zkoumal
cenovou elasticitu selektivni poptavky a ukdzal, Ze vztah mezi cenou a prodejem je vyrazné
negativni a 1i8i se v Case, zivotnim cyklu znacky a kategoriich vyrobkd. Vztah mezi reklamou
a prodejem je dlouhodobé predmétem modelovani trzni odezvy.

2.2 Cenotvorba a prodej

Dal$im zésadnim tématem modelovani odezvy na prodej je kompromis mezi reklamou a
slevou z ceny. Sethuraman (1991) analyzoval pomér cenové a reklamni elasticity a zjistil, Ze
cenova elasticita je obvykle mnohem vyssi nez reklamni elasticita. Z toho vyplyva, Ze sleva z
ceny muze byt vyhodnéjsi, zejména u vyspélych vyrobkd a netrvanlivého zbozi. Cenové
strategie hraji i nadale vyznamnou roli pfi modelovani odezvy prodeje.

2.3 Predpovidani ¢asovych Fad a neuronové sité

Piedpovédi cCasovych fad a neuronové sité¢ jsou nedilnou soucasti modelii reakce trhu.
Hoptroff (1993) se zabyval principy a praxi progndézovani casovych fad a obchodniho
modelovani pomoci neuronovych siti a zdiiraznil flexibilitu a robustnost neuronovych siti pfi
feSeni prognostickych uloh. Tento pfistup dopliuje tradicni modelovaci techniky. V
souvisejicim kontextu ma pro aplikaci neuronovych siti pfi pochopeni dynamiky trhu zna¢ny
vyznam prace Hruschky (1993). Tento vyzkum nabizi cenné poznatky o srovnani modelovani
neuronovych siti a tradi¢nich ekonometrickych technik. Zkouma u¢innost neuronovych siti
pii urcovani funkci trzni odezvy a osvétluje jejich vyhody a omezeni v porovnani se
zavedenymi metodami. Pochopeni vykonnosti neuronovych siti je v tomto kontextu kli¢ové
pro zvyseni ptesnosti predpoveédi prodeje a optimalizaci marketingovych strategii.

2.4 Metriky zakaznického mysSleni a socidlni média

Nékolik studii zdlraziiuje vyznam metrik a zdkaznického mysleni v modelech trzni odezvy.
Shuba (2010) integroval metriky zédkaznického mysleni do modeld prodejni odezvy a odhalil
hodnotu zahrnuti metrik, jako je povédomi o reklamé&, zvazovani znacky a obliba znacky, pii
pfedpovidani vysledki prodeje. Tyto metriky poskytuji v€asné varovné signdly, které
umoziuji manazerska opatfeni diive, nez je ovlivnéna vykonnost trhu. V éfe marketingu
socialnich médii ziskaly na vyznamu metriky zakaznického mysleni, jako je analyza
sentimentu a interakce se socialnimi médii.
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20m 1989 2000

Obrazek 1: Vizualizace vztahti mezi nejzajimavéjsimi ¢lanky
zdroj: autor

2.5 Stalost prodeje a zavislost na stavu

Koncept stalosti prodeje a zavislosti na stavu hraje vyznamnou roli v pochopeni dlouhodobé
marketingové uc¢innosti. Dekimpe (1995) zavedl modelovani perzistence pro posouzeni
ucinkll marketingovych aktivit na prodej v Case a zdiraznil, Ze nékteré reklamy maji silny
trendovy vliv na prodej. Clarke (1976) navic zkoumal délku trvani kumulativnich G¢inkd
reklamy na prodej a naznacil, ze kumulativni u¢inek reklamy na prodej trva spiSe jen mésice
nez roky. Toto zjisténi podtrhuje dulezitost zohlednéni Casového intervalu pii hodnoceni
ucinnosti reklamy.

2.6 Souhrnné reklamni modely a digitalni analytika

Souhrnné reklamni modely, které vztahuji prodej vyrobki k vydajim na reklamu pro cely trh,
jsou piredmétem empirickych studii, které odhaluji klicové reklamni jevy. Little (1979)
provedl piehled a shrnuti empirickych praci v oblasti modelovani odezvy na prodej, pficemz
zdaraznil rozmanitost vzorcli odezvy na prodej, ucinky konkurenc¢ni reklamy a riznou
ucinnost alokace reklamnich dolari. Agregatni reklamni modely se vyvijeji, aby se
prizpusobily slozitosti digitalniho marketingu.

2.7 Systémy pro piedpovidani prodeje a podporu rozhodovani

V souvislosti s pfedpovidanim prodeje se Divakar (2005) zabyval vyvojem modelu pro
pfedpovidani prodeje (CHAN4CAST), ktery bere v tivahu rizné faktory, v€etné¢ minulych
prodejti, trendu, cen, proménnych tykajicich se propagace, sezonnosti, teploty, svatka,
zavadéni novych vyrobkll a dalSich. Souvisejici systém pro podporu rozhodovani pomaha
firmam vytvaret piesné prognozy a simulovat scénaie na zakladé marketingovych rozhodnuti.

3 ZAVER
Literatura o modelech trzni odezvy nabizi fadu poznatkli o slozité dynamice reklamy, tvorby

cen a predpovédi prodeje. Vyzkumnici dosdhli vyznamného pokroku v pochopeni vztahu
mezi reklamou a prodejem, cenovych strategii a vyznamu modelovani ¢asovych fad a
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neuronovych siti. Integrace metrik zakaznického mySleni navic umoznuje komplexnéjsi
pochopeni trzni odezvy. Tyto poznatky maji zdsadni vyznam pro podniky, které¢ se snazi
optimalizovat své marketingové strategie a zvysit svou konkurenc¢ni vyhodu na dynamickém
trhu. Modelovani zavislosti na stavu a perzistence navic pfispivd k hlubs§imu pochopeni
dlouhodobych u¢ink marketingového Usili a zdlraziuje potiebu zohlednit ¢asovy interval pfti
hodnoceni G¢innosti reklamy. Literatura o modelech trzni odezvy se nadéle vyviji, coz odrazi
dynamickou povahu marketingu a prodeje v digitalnim véku. Nejnovéjsi studie zkoumaji
dopad digitalni reklamy, personalizované cenotvorby, neuronovych siti, metrik socidlnich
médii a vyuziti umélé inteligence pii progndzovani prodeje. I kdyz zakladni koncepty
zustavaji relevantni, zaclenéni modernich nastrojii a piistupti umozituje podnikiim ziskat
hlubsi porozumeéni trzni odezvé a prizplisobit své strategie rychle se ménicimu prostredi.
Tento rozvijejici se soubor poznatkil je neocenitelny jak pro akademiky, tak pro odborniky z
praxe, ktefi se snazi orientovat ve slozitostech soucasného trhu.

Podékovani

Prace na tomto piispévku byla podpotfena Interni grantovou agenturou Vysoké Skoly
ekonomické v Praze v ramci projektu F4/22/2023.
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