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Editorial: Ohlédnuti za prvnim rocénikem
Ceny prof. F. Vencovského
Editorial: Looking Back on the Ist Year of
Prof. F. Vencovsky Award

BOJKA HAMERNIKOVA

Cena prof. F. Vencovského

Zacatkem roku 2007 vyhlasila Dr. B. Senkyfova, rektorka VSFS soutéz o Cenu prof. F. Ven-
covského. Naplnil se tim zamér vrcholového vedeni VSFS posilit a dlouhodobé podporo-
vat védeckovyzkumnou cinnost $koly a hlavné podporovat mladé talentované vyzkumniky.
Soutéz v uvedeném roce byla ve znameni tématu: Nové vyzvy pro ekonomii v globalizujicim
se svété. Periodicita soutéze je dvouleta.

Do soutéze se mohli pfihlasit ekonomové do 35 let. Podminkou tcasti bylo odevzdani plvod-
ni teoretické stati v ceském a anglickém jazyce. Z celkem 22 pfihlasenych vyhovélo pod-
minkdm 14 praci. Prestizné obsazeny nominacni vybor, jehoz ¢leny byli Ing. M. Singer, Ph.D.
- viceguvernér CNB, prof. Dr. Ing. J. Frait, prof. Ing. M. Sojka,CSc., doc. Ing. P. Dvorak , CSc.- dé-
kan FFU VSE v Praze, vybral 5 laureatd a z toho vitéznou praci. O prvni misto se rozdélily dvé
préace autor( (dotované odménou 200 000,- K&) A. Ger$la a F. Novotného z CNB.

Na tietim misté se umistil D. Prudvic z MF CR (obdrzel vécnou cenu - notebook). Ctvrté misto
obsadil R. Horvath z CNB (ziskal elektronickou databanku), paty byl P. Jakubik, také z CNB
(jako cenu obdrzel digitéini fotoaparat).

Vyhlaseni lauredtd soutéze o Cenu prof. F. Vencovského probéhlo za velké pozornosti elek-
tronickych a tisténych médii na mezindrodni védecké konferenci dne 16. 11. 2007 v Kon-
gresovém centru Ceské narodni banky. Konference byla pofadana pod zastitou Guverné-
ra CNB Z. Tamy, ktery se osobné konference zuéastnil. Kromé domacich odbornikd v ¢ele
s prof. J. Fraitem vystoupil vyznamny americky ekonom S. Peltzman z Chicagské univerzity.
Konference se zucastnila také manzelka zesnulého prof. F. Vencovského, pani Véra Vencovska
s rodinou, jakozto i vnuk vyznamného ¢eského ekonoma K. Englise.

Ohlédnuti za Uspésné probéhlym 1. rocnikem soutéze a mezinarodni védeckou konferen-
¢i umoznuje konstatovat velky zajem ze strany mladych ekonom, akademickych instituci,
ale téz médii. Jméno p. prof. Vencovského - vyznamného ceského ekonoma a vyjimecného
vysokoskolského ucitele samo o sobé predpokladalo vysokou troven pfipravenosti uchazecd
o cenu i organizatord konference. Konferenci vladl duch odborné zaujatosti, inspirativnich
myslenek a nosnych napad(. U¢ast mladych odbornikd a studentd byla tim nejlepsim diika-
zem vyznamu podobnych pocind.

Prvni ro¢nik soutéZe o Cenu prof. F. Vencovského je jiz Uspésné za nami. V brzké dobé zaha-
jime pfipravu na ro¢nik druhy.
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Prof. F. Vencovsky Award

At the beginning of 2007 Prof. F. Vencovsky Award was announced by Dr. B. Senkyfova,
Rector of VSFS. It was the aim of VSFS top management to enhance and promote research
and development activities of the school and encourage young talented researchers on
a long-term basis. By organising the contest the aim was achieved. This year the contest
was under the topic of “New challenges for economics in the globalising world”. The con-
test takes place periodically every 2 years.

Economists up to 35 years of age were invited to take part on condition they had submitted
an original theoretic essay in both Czech and English languages. Out of 22 submitted works
14 adhered to the conditions. The nomination committee consisting of renowned mem-
bers —Ing. M. Singer, Ph.D..Vice Governor of the CNB, Prof. Dr. Ing. J. Frait, Prof. Ing. M. Sojka,
Doc. Ing. P. Dvorak, CSc., Dean of the Faculty of Finance and Accounting, University of
Economics Prague, chose 5 laureates, and from among them the winning essay. The first
place (allotted with CZK 200 000) was shared by two works by authors A. Gersl and F.
Novotny of the CNB.

The third place was won by D. Prusvic of the MF CR (awarded a laptop), the fourth place
by R. Horwath of the CNB (awarded an electronic databank) and the fifth was P. Jakubik,
also of the CNB (awarded a digital camera).

The announcement of the winner of Prof. F. Vencovsky Award was paid much attenti-
on by electronic media and the press at the international scientific conference held
on November 16, 2007 in the Congress Centre of the CNB. The conference was held
under the auspices of the CNB Governor Mr. Z. Tdma who was present in person.Apart
from local professionals headed by Prof. J. Frait a well-known American economist
S. Peltzman of the University of Chicago delivered a speech. The conference was also
attended by the late Prof F. Vencovsky s wife, and by the grandson of a great Czech eco-
nomist K. Englis.

Looking back on the successful 1st year of the contest and international scientific con-
ference we can see deep interest of young economists, academic institutions and mass
media. Prof. Vencovsky was a great Czech economist and exceptional university teacher
and his name itself supposed very well prepared candidates entering the contest and
experienced organisers of the conference. At the conference there was an atmosphere of
professional interest, inspiration and challenging ideas. The participation of young profes-
sionals and students was the best acknowledgement of the importance of such events.

The 1st year of Prof. F. Vencovsky Award is over. We are going to start preparations for the
2nd year in the near future.

Kontaktni adresa / Contact address

doc. Ing. Bojka Hamernikova, CSc.

Vysoka skola financni a spravni, o.p.s., prorektorka pro kvalitu vyuky a vyzkum
(e-mail: bojka.hamernikova@vsfs.cz)
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Pievis globalni likvidity a rizika pro financéni stabilitu
Excess Global Liquidity and Risks for Financial
Stability

JAN FRAIT*

1  Uvod

Tento prispévek byl pfipraven pfi prileZitosti konference ,Nové vyzvy v globalizujicim
se svété”, Praha, 16. listopadu 2007, spojené s vyhlasenim prvniho ro¢niku soutéze mla-
dych ekonom o Cenu prof. Frantiska Vencovského. S profesorem Vencovskym jsem se
v 90. letech nejprve potkaval na Ekonomické fakulté v Ostravé, kam pravidelné zajizdél,
a poté zde na padé CNB v Praze. S postupem ¢asu stale vice ocefuji jasny jeho nazor
na potifebu zdravé mény, jeho kritiku snah o kratkodobou podporu ekonomické aktivity
prostfednictvim ménové expanze a dlraz na rovnovahu v realné ekonomice. V paméti
mam stale jeho varovné vystoupeni na lll. vyroéni konferenci CSE v roce 2004 nazvané

,Zakladem finan¢ni rovnovahy je vyssi tvorba domaciho kapitalu”.

V této se dobé prof. Vencovsky dival s nedlvérou na ménovy vyvoj ve svétové ekonomice
a vyjadroval obavy z tendence firem i domacnosti tak trochu bezstarostné se zadluzovat.
Vyvoj na mezinarodnich financnich trzich v letoSnim roce mu dal alespon ¢astecné za
pravdu a nezbyva nez doufat, Ze jim zdUraznovana tvorba domaciho kapitalu a z ni rezul-
tujici rGst produktivity budou nadéle podporovat finan¢ni rovnovahu ¢eské ekonomiky. Ve
svém prispévku se dale zamétim na nékolik vybranych aspektd vyvoje svétové ekonomiky
v soucasné dekadé. Drive nez tak ucinim, chtél bych zd(iraznit, ze jde o mé vlastni nazory,
které nemusi nutné odréazet pozici CNB.

2 Odboomu ke krizi?

MdUze se zdat paradoxni, Ze zatimco v roce 2006 analyzy makroekonomického vyvoje
a finan¢ni stability sklorovaly terminy excess global liquidity a credit boom, od poloviny
roku 2007 je vysttidaly opacné terminy liquidity crisis a credit crunch. Ve skute¢nosti tento
zvrat nepfedstavuje nic nového pod sluncem - Uvérovy boom vede ¢asto k bubliné na
trzich aktiv a po jejim splasknuti ndsleduje silné omezeni Uvérové dynamiky, které obcas
preroste v zadfeni GUvérl a nasledné v deflaci v cendch aktiv. Tento cyklus neni nikdy stej-
ny, a proto se v jeho pribéhu prakticky vzdy vyslovuje tvrzeni, Ze tentokrate to bude jiné.
A toto tvrzeni se jako obvykle ukdzalo byt naivnim.

V fadé aspektl je vsak pribéh této dekady jiny — odehral se na pozadi a zaroven v souvislosti
s makroekonomickou stabilizaci a vyraznym poklesem inflace. Vyvoj, ktery nastal od druhé

¥ Jan Frait je ndméstkem reditele Samostatného odboru ekonomického vyzkumu a financni stability Ces-

ké ndrodni banky a profesorem Ekonomické fakulty VSB-TU v Ostravé. Ptispévek odrdzi nékteré z vysledki
vzniklych v rdmci grantového projektu GACR 402/05/2758.
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poloviny 90. let, ziskal opravnéné oznaceni,great moderation” (Graf 2.1). Inflace celosvéto-
vé klesla do nezvykle nizkych trovni, ale stala se celosvétové nebyvale stabilni (podrobnéji
viz Frait a Komarek, 2006). Interpretace této pozoruhodné skute¢nosti nebyla zejména zpo-
Catku zcela presna a pfispéla k nadmérnému sebeuspokojeni a pfehlizeni rizik.

Ukazalo se, Ze celosvétovy pokles inflace ma fadu pozitivnich aspekt(, ale spoustu pro-
blematickych jevl v ekonomice nefesi. Nejprve jsme si uvédomili, Ze s poklesem inflace
se pfilis nesnizila volatilita nominalnich ménovych kurz(, jak predpokladaly teorie vzniklé
v 70. a 80. letech. Nyni jsme si znovu potvrdili zkusenost, Ze bubliny na trzich aktiv mohou
vzniknout i v prostredi nizké a stabilni inflace.

Graf 2.1: Great Moderation
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V souvislosti se soucasnymi turbulencemi na financnich trzich jsem zaznamenal nazor, ze
to je paradoxné pravé nizka inflace vedouci k nizkym Grokovym sazbam, kterd se pode-
psala pod nadmérnou Uvérovou kreaci v nékterych ekonomikdach a naslednymi bublinami
na trzich aktiv. Ddvodem by méla byt penézniiluze vyvolana poklesem nominalnich uro-
kovych sazeb na nezvykle nizkou uroven. Jinymi slovy, lidé si nebyli schopni uvédomit, ze
nominalni sazby jsou tak nizké jen diky velmi nizké inflaci. Tento nazor nesdilim, nebot po
dlouhou dobu jsou nizké nejen nominalni, ale i redlné sazby.

ACTA VSFS, 1/2008, ro¢. 2 007



Pricinami nerovnovazného vyvoje bylo spise udrzovani neadekvatné uvolnénych méno-
vych podminek po pfilis dlouhou dobu ze strany centralnich bank nékterych velkych eko-
nomik, makroekonomické politiky a strukturdIni vyvoj v nékterych asijskych rozvijejicich
se ekonomikach a pomalé strukturalni reformy v nékterych vyspélych zemich. Neoddis-
kutovatelnym faktorem stojicim za Uvérovym boomem byl vyrazny pokles svétovych real-
nych Urokovych sazeb. Jednim z moznych méfitek jsou priimérné ex post redlné urokové
sazby dlouhodobych sazeb klicovych mén. Existuje fada alternativnich méfitek, ale vét-
Sina z nich by pravdépodobné ukdzala na to, Ze svétové redlné urokové sazby az do roku
2006 klesaly (viz Graf 2.2). K jejich rdstu dochazelo az v roce 2007, coz bylo ziejmé pfilis
pozdé.

Graf 2.2: Dlouhodobé svétové trokové sazby
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Vyse uvedeny vyvoj redlnych trokovych sazeb byl jednim z faktor( za rychlym rlstem
uvérové kreace, ktery pak vyvolal to, co bylo tak trochu nepfesné oznacovano za globalni
previs likvidity. Jednim z dobrych méfitek je rozdil mezi skute¢nym podilem uvéru do
privatniho sektoru na HDP a jeho dlouhodobym trendem. Analyzy OECD ukdzaly, Ze tento
rozdil v roce 2006 vzrostl k 15 %.

Dalsim nezanedbatelnym faktorem byl a stale do jisté miry je globalni prebytek Uspor,
pfesnéji feceno globdlni nerovnovaha v distribuci tspor kombinovand s utlumenymi
investicemi do redlné ekonomiky. Za pfebytkem uUspor zejména v asijskych ekonomi-
kdch a jeho investovanim v zahranici je nutno hledat nejen strukturalni faktory, jaky-
mi jsou absence stabilniho finan¢niho sektoru, praktickd neexistence socialni politiky
a demograficky vyvoj, ale i cyklické faktory souvisejici s nizkymi vynosy na domacich
trzich (napf. v Japonsku). Ve vyspélych zemich vzrostly Uspory také, a to ve firemnim
sektoru, ktery mél v poslednich letech sice relativné velké zisky, ale malo z nich inves-
toval. To mUze byt dlsledek pfedchozi investi¢ni viny, kterd ve vife v zazraky ,nové
ekonomiky” vedla k tvorbé nadmérnych kapacit. Kombinace téchto faktorl pomahala
udrzovat dlouhodobé urokové sazby klicovych mén na nizkych drovnich a tim zaroven
pfispéla v pfedchozich letech ke globalnimu,,pfevisu likvidity”. Zaroven se promitla do
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vyrazné nerovnovahy v platebnich bilancich (viz Graf 2.3), ktera rovnéz pfinasi nemala
rizika.

Graf 2.3: Bézny Ucet platebni bilance v kli¢covych ekonomikach
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Mix finan¢nich inovaci a zménéného makroekonomického prostiedi se obvykle projevi
v dynamické reakci finan¢nich trhi. Ta v prvni fazi casto vyvold pfehnanou investi¢ni vinu
investic do aktiv, kterd nakonec muize skon¢it finan¢ni krizi. Na konci 80. let tak zacalo
obdobi uvolnéni kapitalovych tokl do rozvijejicich se ekonomik udrzujicich fixni ménové
kurzy. Toto obdobi skon¢ilo ménovymi a dluznickymi krizemi v letech 1997-1998.

Soucasné udalosti nastartovala kombinace ,nové” ekonomiky a technologické bubliny
v 90. letech, integrace mezinarodniho trhu zbozi a sluzeb v disledku globalizace a stabi-
lizace svétové inflace v prvni poloviné této dekady vedouci k vyraznému poklesu troko-
vych sazeb. Neopomenutelnym prvkem byla i reakce na obavy z disledkd 11. zafi 2001
a vyrazny pokles redlné ekonomické aktivity v zapadnich ekonomikach v letech 2002-2003
projevujici se silnymi desinfla¢nimi tlaky.

3 Jsou soucasné financni turbulence prekvapenim?

Aktualni finan¢ni nestabilita a jeji projevy nejsou az tak prekvapivé. Ekonomové jiz del-
$i dobu diskutovali otazku, kde skoncilo riziko, které se banky snazily ze svych bilanci
odstranit prostfednictvim sekuritizace. Nyni vidime, Ze pfekvapivé vyznamna ¢ast rizik se
do bankovniho sektoru vratila zpét. Dostava se tam jinymi kanaly nez dfive - zejména pro-
stfednictvim velkoobchodnich zakaznikd (linek do SPVs, SIVs, ABCP conduits), obchodut
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s hedgeovymi fondy, private equity fondy apod. Bylo rovnéz evidentni, Ze obecny pokles
urokovych spreadl musi znamenat podcenéni rizik nékterych segmenta trhu.

Neni rovnéz pirekvapenim, Ze problémy pfisly ze strany hypoték a trhu nemovitosti. Rlst
cen nemovitosti v USA v poslednich deseti letech byl oznac¢ovan za potencialni zdroj
potizi jiz fadu let. Rada zemi pfitom vykazovala v tomto obdobi mnohem vy3si nar(isty cen
nemovitosti. Americky trh byl viak specificky snadnou dostupnosti hypoték pro klienty
z kategorie sub-prime, plovoucimi droky na tyto hypotéky a strategii lakat klienty na nizké
pocatecni Urokové sazby s kruté pfesnym oznacenim ,teaser rates”,

Riziko poklesu cen nemovitosti a zhorseni kvality hypoték existuje i v fadé dalSich zemi.
Negativni efekt bohatstvi z poklesu cen nemovitosti je rizikem zejména pro Britanii, pokles
spotiebitelské dlvéry vsak mUze vyvolat i jinde. Ur¢ité zpomaleni tohoto segmentu eko-
nomiky naznacuji i aktudlni idaje ECB, podle nichz kleslo tempo rlstu tvér( na bydleni
v Eurozéné z vrcholku 12 % v pribéhu roku 2006 na 8 % v soucasnosti.

Navzdory tomu, Ze centrdlni banky a ekonomickd komunita obecné si byly védomy
zranitelnosti finan¢niho sektoru, nebyly soucasné turbulence a zejména jejich iniciace
prostiednictvim trhli penéz predvidany a zapracovany do makroekonomickych projekci
a makrozatézovych testd. Mnohokrat publikovany pfibéh spojujici sekuritizaci sub-prime
hypoték, ABS, CDOs, SPVs, SIVs a néaslednou krizi likvidity vypada velmi jednoduse a zda
se podivné, ze na tento mechanismus nikdo dfive nepfisel. V realité je odhaleni takového
mechanismu velmi obtizné.

Vétsina krizi byla v minulosti tusena, nicméné nepfedvidana. Jednd se o malo pravdépo-
dobné udalosti, u nichz je velmi obtizné odhadnout nacasovani, inicia¢ni segment financ-
niho trhu, zpUsob projevu a reakci centralnich bank, dohledovych autorit a vlad. Proto
je nesmirné slozité transformovat riziko zranitelnosti do predpovédi a testl. Centralni
banky i z tohoto divodu v poslednich letech kladou zvyseny dliraz na analyzy finan¢ni
stability, které se kromé jinych aspektl zabyvaji pravé extrémnimi udalostmi s pomérné
malou pravdépodobnosti vyskytu. Tvorba metodologie a nastroji v této oblasti je vsak
stéle v pocatcich a nelze predpokladat, Ze by v brzké dobé dosahla rigoréznosti, kterou
vidime u makroekonomickych model( centralnich bank.

Soucasné problémy amerického trhu sub-prime hypoték a jeho pfekvapivé silny dopad na
americké a evropské financni instituce mize byt pouze zacatkem série udalosti. Financni
krize nicméné byvaji zaroven pfilezitosti pro financ¢ni trhy i regulacni autority zlepsit na
zakladé ziskanych zkusenosti fizeni rizik a eliminovat pfistupy vedouci k rozsahlym finan¢-
nim ztratam. Rozvijejici se ekonomiky, na které by uprostied krize v roce 1998 vsadil malo-
kdo, predstavuji v soucasnosti vyrazné stabilizujici prvek. Lze pfedpokladat, ze sou¢asna
lekce vyrazné pozitivné zméni pristup financnich instituci a jejich regulator( k sekuritizaci,
strukturovanym produktim a jejich ocenovani.Vyznamnou skute¢nosti je to, Ze v soucas-
nosti zavadény novy kapitalovy akord Basel 2 reaguje pravé na ty typy finan¢nich inovaci,
které jsou v pozadi soucasnych rizik. Jeho treti pilif pozaduje informovani o rizikovém
profilu bank véetné Uvérové kvality mimobilanénich polozek. Spatnou zpravou je to, ze
cesta od lekce k ponau¢enému chovani trva ¢asto dlouho a je ndkladna.
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Dobrou zpravou je, ze rlist svétové ekonomiky v soucasnosti nezavisi jako v minulosti pou-
ze na USA, Japonsku a zadpadni Evropé, ale je podporovan i rozvijejicimi se ekonomikami
v Asii nebo byvalé SVE.

4  Financni turbulence a readlna ekonomika

Financni turbulence pravdépodobné ovlivni svétovy hospodarsky rist. Celkovy vyhled
je vsak stale velmi pozitivni, zejména diky pfispévku rozvijejicich se ekonomik. Novy IMF
World Economic Outlook (October 2007) reagoval na financni potize snizenim odhadu
svétového rlstu pro rok 2008 o 0,4 p.b. oproti cervencové verzi projekce, pricemz ve
vyspélych zemich je pokles vyraznéjsi (o 0,6 p.b.). Americka ekonomika by v roce 2007
i v roce 2008 podle nové projekce méla vzriist o 1,9 % (oproti cervenci pokles 0 0,9 p.b.).
Rast eurozény by mél z 2,5 % v roce 2007 klesnout na 2,1 % (oproti cervenci pokles o 0,4
p.b.). Rovnéz v komentafich dalsich mezindrodnich instituci (napf. hodnoceni ekonomické
situace OECD z konce zafi) i analytik(l se zac¢ina prosazovat vyhled zhor$eného vykonu
americké ekonomiky v roce 2008 spojeny se vznikem negativniho output gapu a umir-
nény pohled na ekonomiku eurozény v roce 2008, kterd by méla z vrcholku cyklu v roce
2007 klesat pozvolna.

Graf 4.4: Vyhled svétového hospodaiského ristu
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Znacna rizika muUze prinést vyvoj v samotné americké ekonomice. Spotieba zde klesne
z nékolika divod(, kterymi jsou ocekavany pokles tempa rlstu pfijma (odraz poklesu
oc¢ekavaného trendového rlistu HDP a vzniku negativni mezery vystupu), zhorsujici se
sménné relace, efekt bohatstvi spojeny s poklesem cen nemovitosti, zvysené redlné uro-
kové sazby (bez ohledu na zplsob méfeni vzrostly za posledni rok redlné sazby oproti
obdobi 2002-2005 o minimalné 1 p.b.) a sniZzeni dostupnosti Gvéru kvuli zméné tvérovych
standardl i poklesu hodnoty dostupného kolateralu (hlavné domu). Tyto faktory pravdé-
podobné zacaly ovliviiovat ekonomiku az ve druhé poloviné roku 2007 a maximalni efekt
Ize ocekdvat az v roce 2008. Pokud by to podpofilo dalsi vyrazné oslabeni dolaru, mohlo
by to déle zvysit rizika na finan¢nich trzich.

Z hlediska nasi ekonomiky je dllezitda moznost, Ze Evropa (eurozéna) by mohla vystfi-
dat USA ve funkci lokomotivy - tj. generovat ve prospéch zbytku svéta rychly hospodai-
sky rlst hnany domaci poptavkou (zejména spotiebou, ale i investicemi). Tento nazor je
akceptovan jiz od ¢lanku Obstfelda a Rogoffa (2004). Autofi v ném tvrdili, Ze zna¢né realné
znehodnoceni dolaru a pfesun poptavky k americkému exportu na ukor exportu neame-
rickych ekonomik by pro né nemél byt katastrofalni. Globalni pfesun poptavky by totiz
mél vést v neamerickych ekonomikach nejen k poklesu cistého exportu, ale také k nardstu
domdci poptavky po nontradeables.

Tento scénar viak celi podle mé nemalym piekazkam. Klicovou z nich je vysokd zadluzenost
domacnosti a firem eurozény, kterd maze zacit vytvaret vyznamné rozpoctové omezeni.
V eurozéné vzrostla zadluZzenost korporaci k trovni 80 % HDP, zatimco na pocéatku dekady
¢inila dvé tretiny HDP. Prudce vzrostl rovnéz pomér dluhu korporaci k jejich ziskdim. Podob-
né se vyvijela zadluzenost domdacnosti eurozoény, kterd nyni dosahuje 90 % disponibilniho
dlchodu (60 % HDP), zatimco ve druhé poloviné 90. let se pohybovala kolem jeho dvou
tfetin (mirné pfes dvé pétiny HDP). Urokové splatky doméacnosti se v soucasnosti blizi
4,5 % disponibilniho dlichodu, coz je pfi zohlednéni nizkych urokovych sazeb jednoznac-
né vysoké ¢islo (v CR napf. tento ukazatel v roce 2007 stale nedoséhne ani 2 %). Dal$im
rizikem pro vyspélé zapadni ekonomiky jsou probihajici celosvétové zmény relativnich
cen, které se mohou promitnout v poklesu ziskovosti fady pramyslovych odvétvi.

Rovnéz Zprava o finanéni stabilité 2006 publikovana CNB, ktera se zabyvala vyvojem ¢&es-
kého finan¢niho sektoru v roce 2006 a na pocatku roku 2007, identifikovala urcita rizika
spojend s trhem nemovitosti a jeho Uvérovanim. Vyvoj v dalSich ¢tvrtletich roku 2007 exis-
tenci téchto rizik nevyvratil. Prozatim by bylo pfed¢asné hovofit o vyznamnych rizicich.
Je obtizné odhadnout dopad ocekavané zmény sazby DPH a zejména jejich finalni formy
na poptavku po bydleni a Uvérech na jejich financovani predevsim ve smyslu jejich ,front-
loadingu” z budoucnosti do roku 2007. Z pohledu finan¢ni stability Ize najit ve schvalené
danové reformé stabilizujici prvek ve formé snizeni podnétl pro domacnosti zadluzovat
se — zejména realny pokles odectu urokd z tvérl na bydleni z danového zakladu. Bylo by
zaddouci vést v ekonomické komunité obecnou diskusi o danovych i dota¢nich podné-
tech statu pro financovani bydleni, které mohou ve svém dUsledku motivovat domacnosti
k podcenovani bfemene budoucich dluhovych splatek a nadmérnému zadluzovani.
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5 Misto zavéru

Na zavér svého prispévku bych rad zdlraznil, Ze vyvoj v soucasné dekadé je velkou vyzvou
pro komunitu centrdlnich bank. Vyznamnou otazkou je, zda je ménova politika stabili-
zujici inflaci dostacujici k udrzeni finan¢ni stability. Ekonomové Banky pro mezinarodni
platby (viz Borio a White, 2004 nebo White, 2006) napt. jiz delsi dobu vyjadfuji nazor, ze
poptavkové tlaky se mohou relativné dlouhou dobu akumulovat, aniz se tyto tlaky pro-
jevi ve skute¢né inflaci nebo v rlistu inflacnich o¢ekavani. Z tohoto divodu doporucuji
ménovou politiku zamérenou na cenovou stabilitu propojit s makroprudencni politikou
orientovanou na finan¢ni stabilitu. Takova politika se musi vice zabyvat sklonem financ-
niho systému k nadmérné procykli¢nosti a jeho implikacemi pro ekonomickou dynamiku
a makroekonomickou stabilitu. Vyznamnou slozkou makroprudenéni politiky je pfitom
opét ménova politika, nebot je to koneckoncl bankovni sektor, ktery vytvafi likviditu
a poskytuje rozhodujici ¢ast externiho financovani. V tomto smyslu by mély byt centralni
banky pfipraveny zpfisnit politiku v situaci, kdy se zacinaji akumulovat finan¢ni nerovno-
vahy a zaroven nejsou generovany infla¢ni tlaky. Pravé ménova politika orientovana na
prosazovani simultanni cenové a finan¢ni stability v delsim horizontu spolu s dalSimi prvky
makroprudenéni politiky by méla poskytnout vzajemné se podporujici kotvy, které zajisti
vys$si miru makroekonomické stability. Mezi centralnimi bankéfi a v ekonomické komu-
nité vSak ohledné této predstavy neexistuje shoda a diskuse na toto téma bude zfejmé
dilezitym prvkem v nasledujicich letech.

Souhrn

Clanek se zabyva finanénimi turbulencemi, které zasahly mezinarodni finanéni trhy v 1été
2007, a hodnoti jejich rizika pro vyvoj svétové ekonomiky. Nejprve diskutuje zdroje téchto
turbulenci, které nachdazi zejména v uvolnéné ménové politice klicovych centralnich bank
po celosvétové stabilizaci inflace ve druhé poloviné 90. let. Tyto politiky prispély k Gvé-
rovému boomu, ktery se projevil v bublinach na trzich aktiv. Rada ekonomd si zranitel-
nost spojenou s timto vyvojem uvédomovala, nicméné je vzdy velmi obtizné odhadnout
zpUsob, jakym se zranitelnost plsobenim Sokd prenese do turbulenci a krizi. Sou¢asné
financni turbulence se pravdépodobné promitnou do zmén regula¢niho ramce financ¢nich
trha. Nyni zavadény novy regulacni ramec pro banky Basel Il nicméné na fadu slabin,
které jsou v pozadi aktualnich turbulenci, jiZz reaguje. Vyznamné vyzvy stoji rovnéz pred
centralnimi bankéfi, ktefi by méli ménovou politiku zaméfenou na cenovou stabilitu vice
propojit s makroprudencni politikou orientovanou na finan¢ni stabilitu.

Klicova slova
ménova politika, financni stabilita, Gvérovy boom, likvidita, krize, sub-prime hypotéky

Abstract

The paper deals with the financial turbulences that hit the international financial mar-
kets in Summer 2007 and evaluates associated risks for the developments in the world
economy. The sources of the turbulences are discussed first. They are found among other
things in loose monetary policy that followed the world-wide stabilization of the inflation
in the 2nd half of 1990s. These policies contributed to the credit boom that supported
the build-up of bubbles in the asset markets. The economists were generally aware of the
vulnerabilites. However, it is always rather difficult to estimate the way how the fragility
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is transformed via shocks to turbulences or crises. Current financial turmoil will probably
impact on the regulatory framework for financial markets. The new regulatory accord for
banks labelled Basel Il which is being implemented just now nevertheless adresses num-
ber of weaknesses staying behind the actual problems. The important challenges have
also been created for the central bankers. They should align more strongly the monetary
policy focusing on the price stability with the macroprudential policy oriented towards
financial stability.
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monetary policy, financial stability, credit boom, liquidity, crisis, sub-prime mortgates
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Three Indirect Effects of Foreign Direct
Investment: Evidence from the Czech Republic
TFi nepiimé efekty primych zahranicénich
investic: evidence 7 Ceské republiky

1 Introduction

The Czech Repubilic, similarly to other Central and Eastern European (CEE) countries, has
attracted foreign direct investment (FDI) successfully during 1990s, mainly thanks to pri-
vatization, the lack of domestic capital needed for economic transition and EU accession
prospects. Later, mainly after 2000, other determinants of FDI, such as wage cost factors,
the size and location of the market and FDI policies have gained in importance. Within
the economic globalization process, a number of important foreign and multinational
firms have selected the Czech Republic as a country to which to relocate the production,
logistics and in some cases also some parts of research and development.

Cross-border capital flows in today’s globalized world create a number of important
challenges for both academic economists as well as policymakers. In general, FDI can
bring substantial benefits to the host economy (Jones and Colin, 2006). Looking at the
firms level, a foreign-owned company, usually being part of a multinational enterprise, is
larger, more capital intensive, has more skilled labour, higher technological knowledge
and a greater productivity level compared to domestic companies. In addition, foreign
firms have usually better access to financing, either from the parent company or from the
banks given their superior performance. Finally, firms that were established within the
relocation process in order to supply to parent companies abroad increase export perfor-
mance of the host country. Thus, attracting FDI brings benefits for the host economy in
terms of higher investment, employment and output of these firms, with resulting effect
on the overall GDP growth. These effects have been labeled direct effects of FDI.

However, FDI can also have some indirect effects on the host economy, namely on local (i.e.
domestically-owned) companies. These indirect effects, in the literature labeled “spillovers’,

* Institute of Economic Studies, Faculty of Social Sciences, Charles University in Prague and Czech National
Bank, Economic Research Department. Contact: adam.gersl@cnb.cz. The author would like to thank leva
Rubene and Tina Zumer for helpful comments and the help with data. The findings, interpretations and
conclusions expressed in this paper are entirely those of the author and do not represent the views of any of
the above-mentioned institutions.
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emerge due to interactions of foreign and local (i.e. domestic) firms both within an industry
as well as across industries, along the production chain. Available evidence and academic
literature focuses mainly on productivity spillovers (Blomstrom and Kokko 1998). Producti-
vity spillovers refer to transfer of technology in a broader sense, including organizational
and managerial practices and know-how, from foreign firms to domestic firms. Neverthe-
less, there are additional at least two important spillovers from foreign to domestic firms:
the so-called market access spillover and the “financing” spillover.” Market access spillover
can be found if increased foreign presence in the corporate sector leads to an increase of
export performance of domestic firms. Under financing spillover we understand a situation
where entry of foreign firms facilitates the access of local firms to external financing.

Foreign direct investment can also introduce some risks into the economy. Companies establis-
hed within the relocation of production process strengthen the export orientation of the
economy and thus increases the dependence of the domestic development on the external
environment, which may lead to higher volatility in the economy’s performance (Bergin et al.,
2006). In addition, transfers of profit from foreign-owned corporations may put pressure on
current account and exchange rate of the host economy (Gersl 2007). Moreover, existing empi-
rical literature on productivity spillovers often finds negative effects, suggesting that inflow
of FDI can have also detrimental impact on performance of local firms. As regards the impact
on financial sector, subsidiaries of foreign firms may rely more on intra-group finance than on
financing from local banks, effectively slowing down the development of local financial sector
and the depth of domestic financial intermediation (Gersl and Hlavacek 2007).

In this paper, we analyze the three indirect effects (spillovers) of FDI mentioned above, i.e.
productivity, market access and financing spillover, using firm-level data on manufactu-
ring industries of the Czech Republic. The motivation to look more in detail into spillovers
from FDI helps us understand the results of interaction between foreign and domestic
companies, and thus possible consequences of huge inflow of FDI that the CEE countries
have been experiencing so far.

In comparison to existing studies on spillovers in the CEE countries (Jarolim 2000; Kinoshi-
ta 2001; Javorcik and Spatareanu 2003; Damijan et al. 2003; Javorcik 2004; Merlevede and
Schoors 2005, 2006), this paper offers value added in two main areas: first, it analyzes
the most recent data, over the period 2000-2005, while most of the available literature
focused on the late 1990s. Second, it does not analyze only productivity spillovers as the
mentioned studies, but focuses also on the other two spillovers, the market access and
the financing spillover. While the former has been already partly researched and discussed
in the literature (Aitken et al. 1997), we are not aware of any study focusing on the latter.
Thus, this study provides the first attempt to analyze empirically the effect of FDI on finan-
cial structure of local companies.

The paper is structured as follows: Section 2 provides an overview of the FDI inflows and
FDI inward positions in the Czech Republic in comparison with selected countries of the
region. Section 3 reviews the channels through which the three spillovers can work. Secti-

1 There might be some other “indirect” effects as well: Ayygari and Kosova (2006), for example, look at whether
inflows of FDI facilitate domestic entrepreneurship.
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on 4 presents the firm-level data used for the analysis and analyzes the foreign presence
in the manufacturing sector. Section 5 reveals the estimation strategy and describes the
construction of variables of foreign presence used in the subsequent estimations. Secti-
on 6 attempts at estimating the productivity spillovers, using the Levinsohn and Petrin
(2003) methodology. Section 7 estimates the extent of market access spillover, taking into
account the data limitation. Section 8 focuses on analysis of financing spillover, looking at
the effect of foreign presence on the degree of external financing and the level of finan-
cing costs of domestic companies. Section 9 concludes.

2 FDI inflows: international comparison and industrial structure

Existing literature identifies two main motives for FDI: market seeking motive and efficien-
cy seeking motive. Market seeking motive means that foreign firms establish their subsidi-
aries in the host country in order to be closer to potential customers and take advantage
of rapidly growing markets. On the other hand, efficiency seeking motive means that
foreign companies look for those territories to establish their production units in order to
economise on costs. The CEE countries have attracted both types of investments, given
the rapid growth of their internal markets as well as wage and other costs advantages
relative to developed Europe.

The Czech Republic has been one of the most important target countries to attract foreign
direct investment. The stock of FDI as a percentage of GDP increased from around 35% in
2000 to 50% in 2005, a third highest figure in relative terms among CEE countries (after
Estonia and Hungary). The inflow of FDI has been on average 7.5% of GDP annually over
the period 2000-2005 (Chart 2.1).

Chart 2.1: Inflow of FDI and inward FDI stock in CEE countries (in % of GDP)

100 - - 10
90 | Lo
80 | ¥
70 - L7
60 - L6
50 L5
40 1 L4
30 L3
20 1 L2
10 - I L1

0 ; ; ; ; ; ; Lo

cz HU PL SK sI EE LT Lv BG RO  CEE

Inward FDI stock (2000) mmmm Inward FDI stock (2005) —— FDI inflows 2000-2005 av. (rhs)

Source: WIIW, Gersl et. al (2007)
As Gersl et al. (2007) describe, the majority of FDI to CEE countries went into services. This

holds also for the Czech Republic. Table 2.1 shows that the industrial structure of the stock
of FDI in the Czech Republic corresponds to the structure of total FDI in the CEE countries.
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Financial intermediation, trade, real estate and business services and transport and com-
munication account for around 50% of the total FDI inward stock in the Czech Repubilic,
similarly as in total CEE. Inflow of FDI into the services sector was usually motivated by
market seeking and supplying cost optimisations, but outsourcing and FDI in export ori-
ented services seem to have become an important factor as well. Most of the FDI in servi-
ces can be related to past privatisations in the banking sector or telecommunications.

Table 2.1: Industrial structure of the stock of inward FDI
(in % of total inward stock of FDI; Czech Republic as of end-2005, CEE total as of end-2004)

Czech Republic CEE total
manufacturing 38.1 40.0
financial intermediation 18.8 16.1
wholesale, retail trade 9.8 14.3
real estate and business activities 12.3 12.1
transport, communication 12.1 7.9
electricity, gas and water supply 5.7 4.9
other 3.2 4.7

Source: WIIW, CNB, Gersl et. al. (2007)

Manufacturing accounts for around 40% of total FDI inward stock both in the Czech
Republic and in the CEE total. Inflow of FDI into this sector has been mainly motivated
by low input costs and production cost economisation. It is also a sector where the most
green-field investments were made. However, some FDI in manufacturing has also been
driven by privatization and the market-servicing motive.

Chart 2.2: FDI in manufacturing by sub-industries (in % of total FDI in manufacturing)
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The structure of existing FDI in manufacturing sector in the Czech Republic corresponds
to a large extent to the structure across the whole CEE region, the only exception being
a relatively important position of motor vehicles and other transport equipments. This is
aresult of the past privatizations, but also several new, green-field investments in this sub-
sector including a number of foreign sub-suppliers to the automotive industry.

3 Channels of indirect effects of FDI on domestic firms

Available literature on spillovers differentiates between horizontal and vertical spillovers
(Javorcik 2004; Merlevede and Schoors 2005). If local firms benefit from the presence of
foreign companies in their sector, we refer to horizontal spillovers, while if local firms
benefit from interaction with foreign firms upstream or downstream in the production
chain, we refer to vertical spillovers. In this sense, backward spillovers denote spillovers
from the foreign firm to its local sub-supplier (upstream - or backward - in the producti-
on chain), while forward spillovers refer to the spillovers from foreign firms to their local
customers (downstream - or forward - in the production chain).

Majority of literature on spillovers deals with productivity spillovers (Schoors and van der
Tol 2002; Javorcik and Spatareanu 2003; Damijan et al. 2003; Javorcik 2004; Merlevede and
Schoors 2005, 2006; Gersl et al. 2007). In this stream of literature, three main channels for
horizontal spillovers are identified: demonstration channel, labour market channel and
competition channel (Kokko 1992).

Within the demonstration channel, local firms may try to imitate foreign firm's technology.
Of course, informed foreign companies will try to prevent technology leakage to the local
competitors, so that the potential for the spillover running via this channel may be limited.
Another strategy of foreign firms to prevent imitation by local competitors is not to bring
their state-of-the-art technologies, but those technologies that are only slightly more
advanced than those of the local firms (Glass and Saggi 1998). This would also adversely
affect the potential for horizontal spillovers. The labour market channel works via labour
turnover from foreign firms’ trained workers to local firms (Fosfuri et al. 2001). However,
foreign presence can have also detrimental effect on the local firms through this channel,
as it can brain drain local talents from the local firms to the foreign affiliates (Balock and
Gertler 2004). Within the competition channel, entry of foreign firms increases competi-
tion in the host economy and forces local firms to use existing resources more efficiently
and to adopt better technologies (Blomstrom and Kokko 1998). On the other hand, if the
competition induced by the entry of foreign firms is too high, less productive local firms
may be driven out of the market (market stealing effect, see Aitken and Harrison 1999).

Empirical evidence suggests that more potential for spillovers exists in interaction of local
and foreign firms within the production chain (vertical spillovers). Backward vertical spil-
lovers emerge when foreign firms intentionally assist local sub-suppliers to deliver high-
quality inputs and share with them superior technology. The intentionality of transferring
the knowledge and technology is a feature that makes vertical spillovers qualitatively
different and in effect probably more powerful. As Gersl et al. (2007) argue, there are two
conditions under which the incentive to help local sub-suppliers exists: first, the trans-
portation costs between the home and the host country must be rather high so that the
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foreign firm does not have incentive to source its inputs in its home country. Second, the
foreign firm must refrain to induce sub-suppliers from its home country to invest in the
host country as well, as this would create an isolated enclave of mutually linked foreign
firms with limited interaction with the local firms and thus limited potential for spillo-
vers. Being a sub-supplier to a foreign firm provides the local firm with a stable demand
for inputs and allows the local firm to invest into appropriate physical capital, build up
a stock of experienced workers and accumulate necessary experience, all prerequisites
for increased productivity via usage of advanced technology (Merlevede and Schoors
2005). However, if local sub-suppliers are not able to maintain the quality standards for
the inputs as required by the foreign customer, backward vertical spillovers may also be
negative, as the foreign firm may turn back to its home country sub-suppliers.

Forward vertical spillovers appear when higher quality inputs produced by foreign firms
are used in the production chain by the local firms. In principle, forward vertical spillover
may be also negative. For example, if the inputs produced by foreign companies are more
expensive and not adapted to the local conditions, in which case they are used only by
more productive foreign enterprises that are better equipped to handle the high-quality
inputs. This would increase the productivity difference between local and foreign com-
panies.

Given the possible ambivalent net effect of horizontal and vertical productivity spillovers,
some studies assume that the spillovers may be non-linear, meaning that the net effect on
domestic companies’ productivity changes with the degree of foreign presence (Damijan
et al. 2003; Merlevede and Schoors 2005, 2006; Gersl et al. 2007). For example, relatively
moderate presence of foreign companies may induce positive horizontal spillovers via
demonstration channel, but further substantial increase of foreign presence may trigger
brain drain and lead to market stealing effect, driving local companies out of the mar-
ket, meaning negative horizontal spillovers. In other words, foreign presence contributes
to an increase in domestic productivity, but if foreign presence increases beyond some
threshold, its impact on local productivity turns negative. Recent literature focuses as well
on conditions or characteristics that make domestic companies sensitive to spillovers,
so-called conditional spillovers (Schoors and van der Tol 2002; Javorcik and Spatareanu
2003; Javorcik 2004; Merlevede and Schoors 2005, 2006). Main characteristics of a firm
or industry that affect the conditional spillovers are absorptive capacity of a firm, export
orientation, import competition, sectoral competition, firm size and the level and origin
of foreign ownership.

Market access spillovers stands for a possibility for local firms to access new markets via
marketing and business networks of foreign companies with which local firms interact.
As Aitken at al. (1997) put it, “multinational corporations are a natural conduit for infor-
mation about foreign markets, foreign consumers, and foreign technology, and they pro-
vide channels through which domestic firms can distribute their goods. To the extent
that multinationals directly or indirectly provide information and distribution services,
their activities enhance the export prospects of local firms”. In this regards, two channels
of market access spillovers might be identified: first, similarly to productivity spillovers,
via labour market channel experienced workers from foreign firms may be attracted by
local firms, bringing their knowledge and valuable contacts about the foreign distribu-
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tion networks. This would hold mainly for horizontal spillovers, but available evidence
suggests that labour turnover, especially in sale departments and distribution, occurs to
alarge extent also vertically. Second - and this holds primarily for backward market access
spillovers - foreign companies may again intentionally assist domestic sub-suppliers, ope-
ning their home markets for the sub-supplies. Typical sequencing of such spillover is for
a foreign company to start with supplies of inputs from a local firm, and after the quality
is on a certain level, the foreign company invites the local firm to supply inputs also to the
home production facilities or other subsidiaries in other countries.

Clearly, market access spillover may go hand in hand with productivity spillover and rein-
force each other, as the chance to compete in the foreign markets puts pressure on the
local firms to increase productivity. Moreover, export-oriented firms are used to higher
competition on foreign markets and are usually more productive than firms serving only
local markets. Thus, they may be better prepared to adapt advanced technologies (pro-
ductivity spillover).

In contrast, financing spillover differs slightly from the two previous spillovers, as here it is
not the foreign firm that transfers “finance” to local firms. However, local firms’interaction
with foreign firms may influence the way local companies are financed. First, increased
competition in the sector due to entry of foreign firms may put pressure on profitabili-
ty and performance of local firms (brain-drain effect, competition effect), which would
be immediately seen by creditors (banks), leading to either lower willingness to offer
external financing or to more expensive financing (interest rate margin). Thus, we should
observe negative horizontal spillovers in financing. Second, interaction between local
and foreign firms along production chain, mainly via local firms serving as sub-suppliers,
creates a need for local firms to invest into new and advanced technologies. However,
new investments must be financed, and the fact that a foreign company provides the local
firm with stable a large demand for inputs may help the local company to obtain credit
from banks more easily or at least at a lower interest rate margin. Foreign company thus
transfers a part of its “creditworthiness” onto the local sub-supplier, effectively providing
an implicit guarantee to repay the debt if the investment has been relatively specific.?

On this issue, there is no theoretical of empirical literature. The impact if FDI inflows on
financing of foreign-owned firms is analyzed in Gersl and Hlavacek (2007), who focus on
the role of intra-group credit in financing subsidiaries across border. They also focus on
general impact of FDI on the credit supply from local banks, arguing that the increased
incentive of foreign-owned companies to use intra-group credit could lead local banks to
turn to domestic firms often serving as sub-suppliers to foreign firms and thus to increase
financing of local companies. Thus, on a more macro-level, they actually argue that there
might be an indirect positive effect (spillover) from FDI on financing of local companies.

2 Anecdotal evidence suggests that a very special relationship emerges between a foreign firm and its local
sub-supplier if the local firm is investing into very special assets. Both parties have then interests to keep
the business alive even if the local company gets into repayment problems. There have been cases where
foreign client has in the end bought out the local sub-supplier in order to safeguard the regularity of needed
inputs.

ACTA VSFS, 1/2008, ro¢. 2 021



4 Firm-level data on manufacturing in the Czech Republic

For the analysis of spillovers, we used the database Amadeus provided by Bureau van Dijk
(September 2006 release). This database provides firm-level data on European corporate
sector and we have extracted the data on Czech firms. The data on companies’ balance
sheet items, profit and loss account and ownership constitute an unbalanced panel over
the period 2000-2005.2 We focus on manufacturing companies (NACE Rev. 1.1 2-digit indu-
stries 15 — 36) with minimum of 10 employees and fixed assets and turnover of at least
10 thousand USD.

Table 4.2 shows the coverage of firms in Amadeus database in comparison to aggregate
data on Czech manufacturing sector from WIIW (Vienna Institute for International Stu-
dies). The table shows that the Czech sample from Amadeus is a representative sample,
as the total turnover from Amadeus reaches 100% of the total manufacturing production
from WIIW and almost 90% of employment.* At the same time, the industry structure is
relatively similar.

Table 4.2: Sample properties

Number of firms 5011
o.w. foreign firms 618
Turnover (Amadeus) in % of manufacturing production (W1IW) 104.2%
Employees (Amadeus) in % of total employment (W IIW) 86.0%
distribution of manufacturing turnover by NACE sectors in 2004 (in %; Amadeus versus WIIW)
Am W W
DA Food products; beverages and tobacco 14 .4 11.5
DB Textiles and textile products 2.5 2.8
DC Leather and leather products 0.1 0.2
DD Wood and wood products 1.5 1.9
DE Pulp, paper & paper products; publishing & printing 4.5 41
DF Coke, refined petroleum products & nuclear fuel 43 2.8
DG Chemicals, chemical products and man-made fibres 6.4 5.9
DH Rubber and plastic products 6.7 6.2
DI Other non-metallic mineral products 5.4 5.3
DJ Basic metals and fabricated metal products 10.9 15.3
DK Machinery and equipment n.e.c. 7.7 7.8
DL Electrical and optical equipment 15.8 151
DM Transport equipment 17.2 17.7
DN Manufacturing n.e.c. 2.6 34
Average absolute difference 0.9

Source: WIIW industrial database, Amadeus.

3 Unfortunately, a given release of the Amadeus database does not include history of ownership informa-
tion, thus the most recent information about the ownership status is used (i.e. as of September 2006) and
assumed to be valid over the whole period of analysis.

4 Figures higher than 100% are possible as the industrial manufacturing production in WIIW database in-
cludes only sales of goods classified as manufacturing, while the turnover data for firms in Amadeus repre-
sent total turnover, including also revenues from sales of non-manufacturing products and services.
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In the analysis, foreign companies are defined as companies with the global ultimate
owner from a country outside the host country, or with immediate shareholders of the
company from countries outside the host country which have a share of at least 51% of
company’s capital. This definition differs from traditional definition of FDI (10% of sha-
reholder funds), but is in line with literature on spillovers. Moreover, empirical evidence
shows that important foreign companies that could have some effect on local companies
are in most emerging markets majority-owned (Gersl and Hlavacek 2007).

Foreign companies account for about 12 % of all firms, but their relevance in terms of total
assets, turnover, investment and employment is much higher (Table 4.3). They account for
around 40% of total manufacturing assets, turnover and investments and for around 25%
of total manufacturing employment. This suggests that foreign companies are on avera-
ge bigger, have higher stock of investments, more employees and higher turnover. The
firm-level data from Amadeus also show that foreign companies are more productive (as
measured by labour productivity) and more profitable. However, the gap in productivity
and profitability between foreign and local companies is not that large.®

Table 4.3: Relevance of foreign firms in the Czech manufacturing sector (as of 2004)

% of foreign firms in no of firms 12.3%
% of foreign firms in total assets 38.9%
% of foreign firms in turnover 37.1%
% of foreign firms in stock of investment 41.3%
% of foreign firms in employment 23.4%

average total assets (in mil CZK) foreign firms 887
local firms 195

average stock of investment (in mil CZK) foreign firms 463
local firms 92

average employment (No of employees) foreign firms 335
local firms 155

average turnover (in mil CZK) foreign firms 1348

local firms 321

average RoE (return on equity, in %) foreign firms 23.9
local firms 19.4

average labour productivity (In real value added on employee) foreign firms 7.0
local firms 6.6

Source: Amadeus

Given that we focus also on market access spillover and financing spillover, it might be
interesting to look at the export performance and financial structure of the Czech corpo-
rate sector. Table 4.4 shows that out of total exports of manufacturing sector into EU25
countries, products from the sectors electrical and optical equipment as well as transport
equipment are the most important export articles of the Czech Republic. This corresponds
to the industry structure of inward FDI, suggesting that indeed a large part of inward
FDI has been due to relocation of production and subsequent export of the output into

5 Gersl et al. (2007) show that the relevance of foreign firms differs across CEE countries and that in some
countries the gap in profitability is much bigger.
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foreign markets. However, exports represent also a large share of total output of other
industries such as textiles and leather, machinery or chemicals.

Table 4.4: Distribution of exports to EU25 (as of 2004)

in % of total exports to EU25 in % of sectoral output
DA Food products; beverages and tobacco 3.1 14.7
DB Textiles and textile products 5.3 103.4
DC Leather and leather products 0.5 125.3
DD Wood and wood products 1.5 42.6
DE Pulp, paper & paper products; publishing & printing 3.2 41.9
DF Coke, refined petroleum products & nuclear fuel 1.1 221
DG Chemicals, chemical products and man-made fibres 5.8 52.3
DH Rubber and plastic products 5.3 45.7
DI Other non-metallic mineral products 31 31.6
DJ Basic metals and fabricated metal products 13.6 47.3
DK Machinery and equipment n.e.c. 12.7 86.5
DL Electrical and optical equipment 21.4 75.8
DM Transport equipment 19.6 59.1
DN Manufacturing n.e.c. 3.7 58.4
Manufacturing total 100.0 53.5

Source: WIIW, Amadeus

Not all the exports of industries with high foreign relevance might be because of foreign
firms if there are market access spillovers and local firms also increased their exports.
Unfortunately, the Amadeus database does not include the data on export performan-
ce of individual companies in the Czech Republic. Thus, for estimation of market access
spillovers we will have to find a proxy for export performance of local companies (see
section 7).

Table 4.5 presents the financial structure of foreign versus local firms. Domestic companies
are more indebted than foreign companies, which might reflect the initial capital provided
to foreign subsidiaries by their parent companies. Nevertheless, foreign companies have
on average more long-term debt in their liabilities, while domestic firms rely more on
short-term debt (short-term loans and creditors).

Table 4.5: Financial structure of manufacturing firms (as of 2004)

foreign companies domestic companies
Capital (shareholder funds) 42.8% 40.4%
Debt 57.2% 59.6%
Long-term debt 9.4% 8.0%
Short-term loans 5.3% 5.9%
Creditors 15.7% 16.7%
Other liabilities 26.9% 29.0%
Source: Amadeus
024 ACTA VSFS, 1/2008, rog. 2



5 Estimation strategy

The main objective of this study is to find out whether domestic companies benefit from
foreign presence in the same sector (horizontal spillovers) and in the upstream or down-
stream sectors (vertical spillovers). Within the vertical spillovers, more emphasis is put
on backward spillovers, as the channel of sub-supplier linkages might be more relevant
given both the anecdotic evidence as well as some partial studies from automotive indu-
stry. Thus, we estimate the impact of appropriately defined “foreign presence” variables
on several performance indicators of domestic firms, taking into account other factors of
influence using a number of control variables.

As regards the performance variables, we have selected following dependent variables
following the above discussion about three possible spillovers, i.e. productivity, export
performance and financing. For productivity estimation we use as dependent variable
the total factor productivity, for export performance we use exports to EU-25 countries,
and finally for financing we use the ratio of debt to total assets as well as the interest rate
paid by domestic corporations (detailed definitions are given in the respective Sections
6-8).

Unfortunately, available data do not include information about interaction between local
and foreign companies. However, there is a way how to capture at least a “potential” or
“probability” that there will be some interaction that would have effects on local firms.
Foreign presence in the same sector is captured by the variable horizontaljt and it is defi-
ned as the share of foreign firms’ output in total industry output:

Z foreign, x turnover,

i€j

horizontal ,, =
' Z turnover,

icj (1)

The variable foreign is a dummy variable that equals 1 if the company i is a foreign com-
pany, and 0 otherwise. The higher the value of output produced by foreign firms and the
higher the number of foreign firms in the sector j, the higher is the variable horizontal and
thus the potential for horizontal spillovers. Indeed, if a local firm produces in an environ-
ment where there are many other foreign firms in the same industry, some interaction is
inevitable and the local firm will have to adapt (i.e. for example it will raise its productivity
in order to withstand possible competitive pressure etc.).

As discussed, one of the most promising interactions that can lead to positive spillovers
to local firms is via sub-supplier linkages. Ideally, one would need the share of local firm’s
output sold to foreign firms. As this information is not available, we follow the current
practice in the literature on spillovers and use input-output tables to trace inter-industry
supply linkages. Thus, we proxy the share of firm’s output sold to foreign companies by the
share of sector’s output for intermediate consumption within the domestic economy sold
to foreign companies in downstream sectors. The input-output tables reveal the informa-
tion about the amount supplied by the sector j to its sourcing sector k. In addition, we
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employ the information about the foreign presence in sector k (the variable horizontal).
Thus, we define a variable backwardjt as

backward , = z Y whorizontal,,
kif k#) (2)

where 7 is the proportion of sector j's output supplied to sourcing sectors k and is calcu-
lated using the input-output table for domestic intermediate consumption (i.e. excluding
imports).In addition, intra-industry supplies are not accounted for, as this effect is captured
by the variable horizontal. This proxy thus shows the “potential” or “probability” that a local
firm will interact with (supply its inputs to) a foreign firm in the downstream sector.

Similarly, we define a variable forwardjt that captures the potential for forward vertical
spillovers to local firms that buy inputs from foreign firms. This proxy is defined as

forward ;, = 25 whorizontal,,
lif1%) (3)

where 5j,, is the proportion of sector j's inputs purchased from upstream sectors /. Nor in
this case is it accounted for intra-industry supplies, as this effect is captured by the variable
horizontal. Note that for both cases, the weights Y i and J, are calculated using the
proportion in total output for intermediate consumption (or total input used), not only
the output (input) supplied to (bought from) the manufacturing sectors (thus, the sum of
Vi OF 6/.,, , respectively, is not equal to 1). Chart 3 shows an illustrative example of how
both proxies for vertical variables are computed.

Chart 3: Quantifying relevance of foreign firms in vertically-linked industries (example)

Industry B Industry C
horizontal=0.1 horizontal=0.6
backward, =
60 40
0.5x0.4+0.5x0.8=0.6
: |
intermediate inputs lndHStry A intermediate output
100 horizontal=0.3 200
I T
forward, =
100 100
0.6x0.1+0.4x0.6=0.3
Industry D Industry E
horizontal=0.4 horizontal=0.8

6 Ideally, one should use a series of I-O tables to capture the dynamics of inter-industry trade. Due to data
limitation, we employ the last available I-O table for domestic intermediate consumption for the Czech
Republic, namely for the year 2003. As this year is actually in the middle of the time span of our firms’ panel,
it can be considered as a relatively representative picture of the inter-industry trade.
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In the following sections, we relate the performance indicator of a local firm i in the NACE
2-digit sector j and in the period t to the above constructed foreign presence variables
(horizontal, backward and forward) and other control variables (determined separately for
estimations of productivity, market access and financing spillover), estimating an unba-
lanced panel of local firms.”

performance _variable, = o, + a,horizontal , + a,horizontal’, + c;backward ;, +

+ a4backwardb/2., +a; forward , + o, forward /2., + control _variables,, +¢€, (4)

6 Estimating productivity spillovers

Typical approach to an analysis of productivity is to estimate a production function and
use the residuals not explained by the input factors (capital, labour) as a proxy for total
factor productivity (Solow residuals). However, as Levinsohn and Petrin (2003) point out,
when estimating the production function, one must account for the correlation between
input levels and productivity. The reason is that profit-maximizing firms respond to incre-
ase in productivity by increased volume of factor inputs. Thus, methods that ignore this
endogeneity (such as OLS or the fixed-effects estimator) inevitably lead to inconsistent
estimates of the parameters of the production function.

In line with recent literature, we employ a semi-parametric approach suggested by Olley
and Pakes (1996) and modified by Levinsohn and Petrin (2003). This method allows for
firm-specific productivity differences that exhibit idiosyncratic changes over time. The
technique is described in detail in the Box. Using this technique, we estimate a log-linear
transformation of a Cobb-Dougals production function:

va, = :80 + lglliz + lgkkir te, (5)

where va, is log of value added of a firm i, [ is log of labour input, k, is log of capital. In
order to be able to compare the resulting productivity across industries, the estimation is
done using all domestic firms across individual 2-digit NACE industries.® Value added en-
ters the equation as real value added, computed as real turnover minus real material costs.
The data on operating turnover were deflated by the producer price index for the corre-
sponding 2-digit NACE sector, while material costs were deflated by unweighted average
of total manufacturing producer price index and import price index. Labour input refers
to number of employees. For capital input, the stock of fixed assets was used, deflated by
the average of the deflators for the following NACE sectors: machinery and equipment

7 Most studies on spillovers use fixed effects estimator, both due to economic reasoning (heterogeneity among
firms) and econometric assumptions (possible correlation between regressors and firm effects). A notable
exception is Jarolim (2000) who uses random effects model. The appropriateness of using fixed-effects model
has been tested for individual regressions via Hausman test.

8 Other studies such as Arnold et al. (2006) or Gersl et al. (2007) estimate the total factor productivity sepa-
rately for individual industries, or group of similar industries. However, in such a setting the comparison
across industries should be ideally made in terms of changes over time.
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(29), office machinery and computing (30), electrical machinery and apparatus (31), motor
vehicles, trailers and semi-trailers (34) and other transport equipment (35).°

Ameasure of log of total factor productivity tfp, - a performance variable thatis subsequent-
ly used in the estimation of spillovers - is obtained as the difference between log of value
added and log of capital and log of labour, multiplied by their estimated coefficients:

tp, =va, - Bl - IBkkit[ (6)
Box: The Levinsohn and Petrin (2003) estimator of productivity

The Levinsohn and Petrin (2003) technique assumes a Cobb-Douglas production tech-
nology:'"

v, =B, *Bl, + Bk, *w, +n,

where v, is log of value added, / is log of freely variable labour input, k, is log of the state
variable capital. The error has two components, the transmitted productivity component
w, and an error term n that is uncorrelated with input choice. The key difference between
w, and n,is that the former is a state variable and thus impacts the firm’s choice of inputs.
As w, is not observed by the econometrician but is known to the firm, it leads to the simul-
taneity problem in production function estimation and yields inconsistent results.

Olley and Pakes (1996) developed an estimator that uses investment as a proxy for this
unobservable shock. However, Levinsohn and Petrin (2003) argue that investment is very
lumpy and thus the investment proxy may not smoothly respond to productivity shocks
under substantial adjustment costs. Instead of investment, Levinsohn and Petrin (2003) sug-
gested that intermediate inputs can better serve as a proxy for productivity shocks, as they
are not typically state variables and are easily available from computation of value added
(while investment is often truncated to zero in many datasets and thus not available).

Levinsohn and Petrin (2003) assume that the demand for the (log of) intermediate input,
materials m, depends on the firm’s state variables k.and w:
m, =m,(k,,w,)

Making mild assumptions about the firm's production technology (Levinsohn and Petrin
2003, Appendix A), the demand function is monotonically increasing in w,. This allows inver-
sion of the intermediate demand function, so w, can be written as a function of k. and m;:

w, =w(k,m,)

The unobservable productivity term is now expressed solely as a function of two observed
inputs. Final identification restriction assumes that productivity follows a first-order

9 This approach follows Javorcik (2004). Alternatively, the capital could be deflated using the GDP deflator,
see Damijan et al. (2003), or even capital stock deflator if available, see Arnold et al. (2006).
10 This part draws heavily from Levinsohn et al. (2003) and Gersl et al. (2007).
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Markov process:
w, = Elw, |w,,]*+¢,

where € is an innovation to productivity thatis uncorrelated with k. Thus, the production
function can be rewritten as)

v, =Bl +@k,m)*n,

where

@k, m,) =By + Bk, +w,(k,,m,)

By substituting a third-order polynomial approximation in k_and m, in place of ¢ (k,,m, ),
it is possible to consistently estimate parameters of the production function using OLS as

3 3-i
v, =8+ Bl + D> 8, kim] +1,
i=0 j=0
where B, is separately identified from the intercept of ¢ (k,,m, ). Out of this first stage of
the estimation, an estimate of B, and an estimate of ¢ (up to the intercept) are available.
The second stage of the estimation begins by computing the estimated value for ¢ using

3 3-i
A A PN ST ~
@ =V _ﬁllt - 50 + 26[/’ktmt _ﬂll
i=0 j=0

For any candidate value 8", one can compute (up to a scalar constant) a prediction for w,
for all periods t using

A ~ *

W =9 - lBkkt

Using these values, a consistent (non-parametric) approximation to E[w, | w,_, ]is given by
the predicted values from the regression

A 2 3
w, _yo +y1wr—1 +y2wt-l +)/3CU,_1 +5r

which will be called £[w, | w,_,]. Given B,, B;,and E[w, | w, ], the estimate B, is defined as
the solution to minimization of squared sample residuals of the production function

n}i*’n Z (Vr - ﬁllr - ﬂ;kt - E[wr | a)r—l])z

Standard errors are estimated via bootstrap procedure, but may be also derived analytically.

We estimate the equation (4) via fixed-effects estimator. To capture possible non-linear
impact of all three variables representing foreign presence on productivity of local firms
(Merlevede and Schoors 2005), we in addition include squared horizontal, backward and
forward. As control variables, we use firm and year fixed effects as well as the Herfindahl

11 Levinsohn and Petrin (2003) methodology is available as an ado file for Stata program where a bootstrap
technique is used to derive standard errors, see Levinsohn et al. (2003).

ACTA VSFS, 1/2008, ro¢. 2 029



index as a proxy for the level of concentration and thus competition within the sector.?
Sectoral competition can also push firms to increase their productivity regardless whether
the competitors in the sector are foreign-owned or not."

In order to test the robustness of the estimation results, we also calculated the total factor
productivity alternatively using real depreciation (deflated by the same price indices as
capital stock) instead of stock of capital (Jarolim 2000) and real wage bill (deflated by
consumer price index) instead of number of employees (Arnold et al. 2006). Table 6.6
shows the results:

Table 6.6: Productivity spillovers — estimation results

(1) 2) 3) (4)

horizontal 0.667* 0.667** 0.184 0.43
horizontal? -1.298*** -1.148*** -0.827* -1.135%**
backward 4.907*** 5.055*** 2.790* 3.065**
backward? -12.219** -12.64*** -8.216** -9.201***
forward 2.144* 2.379** 2.548*** 2.704**
forward? -7.164** -6.846** -7.612* -7.440%*
hhi 0.522** 0.390* 0.521* 0.535**
constant 6.617*** 6.212%** 3.825%* 3.592%**
Observations 11386 11325 11910 11848
Firms 3850 3835 3925 3910
R-squared 0.01 0.01 0.01 0.01

Dependent variable: In TFP; * significant at 10%; ** significant at 5%; *** significant at 1%.
Estimated with firm and year fixed effects.

Note: In TFP (dependent variable) computed using (1) capital and labour, (2) depreciation and labour,
(3) capital and wage bill, (4) depreciation and wage bill

Despite the low performance of the model as documented by low R-squared, the results in all
specifications can be interpreted as follows: first, the productivity spillovers tend to be signifi-
cant and positive, at least to some degree of foreign presence (positive sign of coefficients of
horizontal, backward and forward). This has not been always found in the empirical studies on
CEE countries. Gersl et al. (2007) who analyze ten CEE countries show that in many countries the
spillovers are insignificant or even negative." Second, the results suggest that vertical effects
tend to be higher and thus economically much more important than horizontal effects. This is in
line with findings by Gersl et al. (2007), Merlevede and Schoors (2005, 2006) or Javorcik (2004).
Third, both horizontal and vertical spillovers tend to be highly non-linear. The effect is
positive up to a certain level of foreign presence, but turns negative after the foreign
presence exceeds a certain threshold (around 50%). Non-linear effects are reported also
by Merlevede and Schoors (2005) and Gersl et al. (2007), but the latter find that in some

12 Herfindahl index was computed as a sum of squared shares of individual firms in the sectoral output. It thus
ranges from almost 0 (no concentration) to 10 000 (maximum concentration, i.e. one firm produces the
whole sectoral output - 100% squared).

13 The Hausman test showed that the hypothesis of no correlation between regressors and individual effects
can be rejected, thus fixed-effects model is appropriate.

14 Negative or insignificant spillovers have been found by Damijan et al. (2003) or Torlak (2004).

030 ACTA VSFS, 1/2008, ro¢. 2
]



countries, the effect is opposite to the effect found for the Czech Republic (i.e. the spillover
is negative for low foreign presence and turns positive after a certain threshold level is
reached). Our findings thus indicate a potential for the market stealing effect after 2000
and some crowding-out of the domestic firms, but they might also be reflecting continu-
ed FDI inflow in these countries (i.e. purchases of more productive local firms by foreign
companies). The coefficient of concentration as measured by Herfindahl index is signifi-
cant and positive, suggesting that higher concentration (i.e. lower competition) is — a bit
counter-intuitively - beneficial for productivity.

The results also indicate the largest effect on productivity is due to being a sub-supplier to
a foreign company, albeit the effect is positive only for sectors with relatively low foreign
presence. This is in line with some anecdotic evidence about supply networks such as
automotive or ICT industries in Central Europe (European Commission 2003).

7 Estimating market access spillovers

Market access spillover is difficult to estimate precisely given the unavailability of data on
export performance of individual companies. Thus, we construct a proxy for export per-
formance, assigning a share of total exports to EU25 to individual firms in the same pro-
portion as their share in industry (2-digit NACE) output. Clearly, this proxy overestimates
the export performance of local firms, as foreign firms will probably export more of their
output than local firms if they cam out of the relocation of production motive.

We estimate the equation (4), using fixed-effects estimator. As control variables, we used
imports as a share of industry output, turnover and year fixed effects. The results are

shown in Table 7.7.

Table 7.7: Market access spillovers — estimation results

(1) (2)

Imports 0.729*** 0.728***
Turnover 0.131*** 0.131***
horizontal 496.6*** 680.3***
horizontal® -365.9
backward 1235** 1366
backward® -2381

forward 81.69 615.3
forward® 1646
constant -297.0%** -296.4***

Observations 17180 17180

Firms 4976 4976

R-squared 0.7 0.70

Hkk

* significant at 10%; ** significant at 5%; significant at 1%.

Estimated via fixed-effect estimator.
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The results suggest that to the extent our proxy is a reliable estimate of export perfor-
mance, there might be important horizontal and backward market access spillovers. How-
ever, the bias introduced by our proxy should be counterbalanced by the coefficient for
horizontal spillovers that captures the effect of foreign companies on export of the total
sub-industry. Thus, the coefficient of the variables backward and forward should be less
biased, indicating that being a sub-supplier has important foreign market access impli-
cations. The regression using also non-linear effects did not prove to lead to significant
estimates.

8 Estimating financing spillovers

As discussed above, foreign firms may influence the prospects for local firms to get exter-
nal financing. In order to test for this financing spillover, we estimate again the equation
(4) on the panel of domestic companies, using fixed-effect estimator.” As dependent vari-
able, we use three alternative variables for leverage, i.e. the degree to which a company
uses external debt financing: (a) the total debt to total liabilities (total debt), (b) short-
term loans and long-term debt (bank debt)'¢, (c) bank debt. Total debt includes long-term
debt, short-term loans, creditors and other liabilities. As control variables, we use standard
variables that are frequently used in the capital structure literature (Rajan and Zingales
1995; Bauer 2004), such as size of the company (log of total assets and log of total sales),
profitability (return on assets), tangibility (ratio of tangible assets to total assets) and non-
debt tax shield (proxied by depreciation over total assets)."”

Table 8.8: Financing spillovers (access to credit) — estimation results

Total debt Bank debt Long-term debt Liabilities to creditors
Log of turnover 0.00985*** -0.000623 -0.000998 0.00541*
Log of total assets -0.00809 0.0269*** -0.000429 -0.000667
RoA -0.00413*** -0.000936** -0.000472** -0.00110***
Tangibility -0.0905*** 0.0493*** 0.0396*** -0.125***
Non-debt tax shield 1.707*** -0.0437 -0.0669** 0.655***
horizontal -0.0608* -0.0271 -0.0233 -0.0307
backward 0.807*** -0.0739 -0.158 0.482***
forward -0.173* -0.0425 -0.0284 -0.407***
constant 0.480*** -0.145%* 0.107*** 0.125%*
Observations 18009 18009 18009 18009
Firms 4937 4937 4937 4937
R-squared 0.17 0.01 0.01 0.04

ITT]

Estimated via fixed-effect estimator. * significant at 10%; ** significant at 5% *** significant at 1%.

15 The Hausman test indicates that fixed-effect estimator is appropriate.

16 Bank debt can of course include loans and other loan-type instruments (including bonds issued) from non-
bank financial institutions (financial leasing etc.) and non-financial corporations (intra-group loans); we
label the variable bank debt as probably majority of such debt is bank credit.

17 We have also tested for non-linearity of spillovers by including squared variables of foreign presence.
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The results indicate that there is a positive and significant effect on the total debt of being
a sub-supplier to foreign firms (Table 8.9). Thus, the results partly confirm the hypothesis
that local firms involved in interactions with foreign firms along production chain have
easier access to credit.

However, the regressions using other definitions of dependent variable show that there is
no significant effect on bank or long-term debt, i.e. credit that would be suitable for finan-
cing of long-term investments. Thus, the remaining part of the total debt, i.e. current liabi-
lities to creditors, is driving the results. Local companies that sub-supply to foreign firms
do much more use financing from creditors. That could indicate that being a sub-supplier
to foreign firms does not help in obtaining long-term credit from banks, but because sub-
suppliers have to invest in order to be able to stay in the business with foreign clients, they
use to a large extent short-term sources of finance (liabilities to creditors) for financing
their activities. At the same time, the results suggest that horizontal financing spillovers
are negative. Thus, local companies that are exposed to increased competitive pressure
and brain-drain effects can have difficulties with access to credit. Thus, we do not confirm
the hypothesis raised by Gersl and Hlavacek (2007).

Even if the data do not reveal any significant spillovers in the area of the access to long-
term credit, the effect might go via cost of credit. Sub-supplier to foreign firms might get
cheaper financing on loans, benefiting from the fact that being a sub-supplier stabilizes
the demand for local firm’s output and provides the local firm with expert knowledge
and assistance from the foreign firm. Moreover, if there is also an effect on productivity
of the local firms (productivity spillover), banks might be ready to regard such a local firm
as a less risky client.

Table 8.9: Financing spillovers (interest rate charged) — estimation results

Interest rate (total debt) Interest rate (bank debt)
Total debt -0.00549*** 9.194
Tangibility 0.0119** 9.17
Cash flow to assets -0.00561*** -4.59
Debt structure -0.00137 -5.773
horizontal 0.0123** 43.72
backward 0.231** 290.3
forward -0.0355** -59.44
constant -0.00298 -43.87
Observations 10135 8101
Firms 3725 3205
R-squared 0.02 0.00

Estimated via fixed-effect estimator. * significant at 10%; ** significant at 5% *** significant at 1%.

Thus, we estimate again the equation (4), using as a dependent variable the interest rate.
As the data do not include the level of interest rate individual companies are charged, we
use the implicit interest rate computed in two alternative specifications: (a) interest rate
paid over total debt, (b) interest rate paid over bank debt (i.e. short-term loans and long-
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term bonds). As control variables, we use the standard determinants from the corporate
finance literature (Horvath 2006), such as the total debt, liquidity (cash flow over assets),
debt structure (share of long-term debt in total debt) and the available collateral (tangi-
bility). Table 9 shows the results.

The results of the first regression show negative horizontal and backward vertical finan-
cing spillovers, i.e. higher presence of foreign companies increases the interest rate paid
by local firms. For horizontal effect, this might be explained by the increased compe-
titive pressure and brain-drain effects. However, the results for backward spillovers are
a bit counterintuitive. The reason could be that local firms that serve as sub-suppliers run
certain risks that are reflected in the interest rate margin charged by banks, for example
client concentration (supplying only one foreign customer that could, however, change
the sub-supplier in later stages). Anecdotic evidence indeed suggests that supplying only
limited number of firms with specific products can leads to over-specialization that might
become a risky strategy in case the foreign company relocates the production to other
countries, for example.

9 Conclusions

The objective of this study has been to analyze three types of possible indirect effects
from FDI on local companies in the Czech Republic, namely productivity spillovers, market
access spillovers and financing spillovers. The firm-level data on performance and finan-
cing of manufacturing companies from the database Amadeus were analyzed in order
to detect whether foreign presence in the same sector and in the industries along the
production chain has any impact on productivity, export performance, leverage and cost
of finance of local firms. Existing literature offers contradictive results, often finding both
positive and negative effects.

Our results show that there are important positive productivity spillovers to local firms,
both on the horizontal level (in the same industry) as well as on vertical levels (along
production chain), but they have a non-linear shape. After the foreign presence reaches
a certain threshold, the effects turn negative, a sign of brain-drain or too-high-compe-
tition effects. In any case, the vertical spillovers seem to be much more important than
horizontal, suggesting that being a sub-supplier pays off.

As to market access spillovers, taking into account the limited information on exports, the
results indicate that especially backward market access spillovers are significant. Thus,
again, local companies that are engaged in providing supplies and inputs to foreign com-
panies could access new markets via marketing and business networks of their clients.

Finally, we found that foreign presence does not increase the prospects of local companies
to access long-term credit or get cheaper financing. On the contrary - foreign presence in
the same sector as well as in downstream sectors increases the reliance of local companies
on short-term finance (especially liabilities to creditors) and increases the cost of finance.
Thus, we do not confirm the hypothesis of Gersl and Hlavacek (2007) that FDI inflows may
help local firms to get external finance more easily.
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However, all results are of course subject to caution, given the firm-level data limitations as
well as imperfect capture of interaction between local and foreign firms. Thus, the effects of
FDI inflows on the host economies remains a topic to be further researched more in detail
and stays in the agenda of policymakers and economists in today’s globalized world.

Abstract

Foreign direct investment has been one of the main drivers of economic developments
over the past few years in Central and Eastern Europe (CEE). Within the ongoing globa-
lization and international division of labor, a large number of foreign companies have
established production units in CEE countries to benefit from low labor costs and other
advantages. This study looks both in theoretical and empirical terms at whether large
foreign presence has also affected domestic firms. Foreign firms might both intentionally
and unintentionally influence the productivity, financing and export performance of local
firms within the same industry or across industries along the production chain via sub-
supplier and client linkages. Economic theory does not suggest unambiguous answer to
a question whether the influence is positive or negative. For answering the question, both
firm-level and industry-level data on performance, financing and exports and interactions
of firms within production chain in the Czech Republic are analyzed.
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foreign direct investment; productivity; corporate finance; export performance
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Souhrn

P¥imé zahranicni investice jsou jednim z hlavnich faktor( pozitivniho ekonomického vyvo-
je vzemich stfednia vychodni Evropy v poslednich letech.V rdmci postupujici globalizace
a mezinarodni délby prace presunula fada zahrani¢nich firem své produkéni kapacity do
zemi stiedni a vychodni Evropy, aby vyuZila nizsich mzdovych nakladd a dalsich vyhod
tohoto regionu. Tato studie se teoreticky i empiricky zabyvda nepfimymi dopady silné-
ho zahrani¢niho zastoupeni v podnikovém sektoru na domaci podniky. Zahrani¢ni fir-
my mohou zdmérné i nezamérné ovlivnit produktivitu, exportni vykonnost i financovani
domacich firem ve stejném odvétvi i v odvétvich propojenych prostfednictvim dodavatel-
sko-odbératelskych vztahl. Ekonomicka teorie vsak nedava jednoznacnou odpovéd na to,
zdali je vysledny efekt pozitivni ¢i negativni. Pro zodpovézeni této otazky jsou analyzova-
na data na podnikové i odvétvové Urovni zachycujici vykonnost, financovani a vzajemnou
propojenost podnikd v CR.
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The Exchange Rate Adjustment Role in Imperfect
Competition: the Case of the Czech Republic
Prizpusobovaci role ménového kurzu v prostiedi
nedokonalé konkurence: na prikladu
Ceské republiky

Introduction

A flexible exchange rate is perceived by the traditional economic theory to be an inher-
ent market mechanism of the economic adjustment in the case of an external imbalance.
Depreciation of the exchange rate leads to elimination of a trade balance deficit and con-
versely appreciation of the exchange rate is associated with suppression of a trade balance
surplus. The neoclassical theory assumption of perfect competition in international trade
which means that exporting firms are not able to affect prices of their production is in the
background of this mechanism.

Contrary to this assumption, we observe in reality the propagation of imperfect competition
market structures in international trade which enables firms to set prices of their production
above the level of marginal costs. For that reason the theory of intraindustry trade (Krugman,
1980, 1981, 1983) became an important enhancement of existing theories of international
trade at the beginning of 1980's. The contribution of Obstfeld and Rogoff (1995) was another
turning point which enriched traditional models of open economies with microeconomic
assumptions of imperfect competition and nominal rigidities. They have been followed by
many authors whose work is usually classified as new open economy macroeconomics.

Conclusions of new open economy macroeconomics tell mostly against the exchange
rate adjustment mechanism of the goods and services balance because they are skeptical
to the capability of the nominal exchange rate to effectively determine real exports and
imports. Alternatively, exchange rate fluctuations are absorbed in profit margins of mo-
nopolistic firms [Betts & Devereux (2000), Corsetti & Pesenti (2005)]. Furthermore, grow-
ing importance of multinational companies in the world economy which is associated
with the propagation of imperfect competition market structures contributes evidently
to weakening of the exchange rate adjustment mechanism. Imperfect competition thus
becomes the most frequent market structure in the globalized economy.

* The Czech National Bank and the University of Economics in Prague. The opinions in this article are of the
author and are not necessarily endorsed by the above mentioned institutions.
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The Czech Republic has been practising the flexible exchange rate of the Czech crown
since 1997 and at the same time its economy is characterized by a great openness with
significant activities of multinational companies. These are the main reasons why it repre-
sents the appropriate example for an analysis of prevailing role of a flexible exchange rate
in the global economy. Additionally, the Czech Republic is in the process of preparations
for the euro adoption. The analysis of benefits and costs of a flexible exchange rate could
therefore enrich the discussion about timing of the Euro-Area entry.

In this article, | test the hypothesis whether fluctuations of the nominal exchange rate
of the Czech crown are absorbed in profit margins of Czech exporting firms. This would
imply weakening of the exchange rate adjustment mechanism of the goods and services
balance. Simultaneously, | examine possible differences between firms which are pos-
sessed by residents (domestic private firms) and firms which are possessed by non-resi-
dents (firms under foreign control’). Differences in reactions of domestic private firms and
firms under foreign control may reveal the effects of globalization on market adjustment
mechanisms of a small open economy.

The article is divided into five chapters. After the initial definition of the problem, the atten-
tion is in the second chapter devoted to effects of imperfect competition on the exchange
rate adjustment role. The third chapter provides the analysis of the Czech crown nominal
exchange rate fluctuations impacts on the profitability of exporting firms which operate
on the territory of the Czech Republic. Subsequently in connection with realized findings,
the fourth chapter deals with a particular character of international trade which proceeds
within a multinational company. The fifth chapter then summarizes the achieved results.

1 Imperfect competition in international trade

Four possible mechanisms which deal with market balancing of trade balance disequilib-
rium can be found in the economic literature.? These possibilities comprise the price ad-
justment mechanism, the income adjustment mechanism, the exchange rate adjustment
mechanism and the monetary approach to the balance of payments. These mechanisms
mostly complement each other in reality. It is therefore very difficult to explore them in
a pure theoretical form. In the case of an economy with a flexible exchange rate regime,
it is obviously supposed that the exchange rate adjustment mechanism plays a key role.?

The exchange rate adjustment mechanism is based on the assumption that nominal ex-
change rate fluctuations change accordingly relative export and import prices and as
a consequence there is the adjustment of demanded and supplied goods. Consequently,
it leads to the equilibration of a possible external economic imbalance. Depreciation of
the domestic currency leads to a decline of export prices which are denominated in the
foreign currency and conversely to an increase of import prices which are denominated in

A firm under foreign control is a firm where foreign investors control at least 50 % of its equity capital.
Dunn & Mutti (2000), Krugman & Obstfeld (1999), Gandolfo (1995), Baker (1995) and the others.

3 Aflexible exchange rate which effectively equilibrates the external position of an economy enables domestic
monetary policy to be fully concentrated only on conducting the internal price stability.
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the domestic currency. Depending on the elasticity of demand and supply it increases the
real amount of exports and at the same time it decreases the real amount of imports.*

The exchange rate adjustment mechanism is considered to be the important channel
of the external economic imbalance remedy especially in the case of inelastic domestic
prices and wages - ineffectiveness of the price adjustment mechanism. If domestic prices
were as flexible as exchange rates, it would be irrelevant whether the adjustment come
up through exchange rate changes or equivalent changes in internal prices (Friedman,
1953).

Nevertheless similarly to the price adjustment mechanism, the exchange rate adjustment
mechanism has also certain limitations. According to Mundell (1960)° the effectiveness of
the flexible exchange rate adjustment depends on the value of two parameters. Firstly, it
depends on the sensitivity of capital flows on interest rates and secondly it depends on
the sensitivity of trade balance on terms of trade. Considering the balance of goods and
services, the second condition is particularly important.®

The assumption of prevailing imperfect competition in international trade represents the
important restriction for the exchange rate adjustment mechanism of the goods and serv-
ices balance. Krugman (1986) affirms the capability of firms to keep different prices of their
production on different foreign markets (pricing-to-market) in relation to particularities
of individual industrial branches.” Microeconomic assumptions of imperfect competition
therefore gradually became the integral part of new models of open economies (Lane,
2001). Models became more complex but on the other side these models drew near the
observed reality.®

The embedment of the imperfect competition assumption enabled the straight analysis of
firms’ pricing behavior as opposed to the neoclassical assumption of perfect competition in
international trade where all firms are price takers. Monopolistic firms are able to set prices
of their products above the level of marginal costs in these models. They attain a certain
profit margin which enables them, at least partially, to absorb potential nominal exchange
rate fluctuations without changing prices of their products on foreign markets.

4 The exchange rate adjustment mechanism is also denoted as the elasticity approach. The balance of goods
and services is improved only if the sum of demand elasticity in foreign trade - the elasticity of domestic
demand for imports and the elasticity of foreign demand for imports - is higher that one in absolute value
(the Marshall-Lerner condition).

Mundell built up his approach on the basis of the Keynesian IS-LM model.

6 The empirically observed short-term insensitivity of trade balance on nominal exchange rate fluctuations
is so called the J-curve effect which consists in short-term price inelasticity of supply and demand curves in
international trade. The remediation of the balance of goods and services therefore come on mostly after
a certain time lag due to this effect.

7 Amonopolistic firm which has destination markets in different countries can price discriminate among
individual countries by offering its production for lower prices in a low income country and on the contrary
it can offer the same production for higher prices in a high income country.

Co

One of the objectives of new approaches was to provide the decision making analytical system with a better
alternative to the traditional Mundell-Fleming model.
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Let's imagine that an exporting firm attains simultaneously same profit margins on both
a domestic and a foreign market in the period before a nominal exchange rate swing. The
firm then absorbs a potential nominal exchange rate fluctuation in its profit margin with-
out changing prices of exported production which is denominated in the foreign currency.
Thus exchange rate fluctuations do not affect terms of trade between a domestic and
a foreign country and either they do not affect the real amount of export production.

If for instance the domestic country currency appreciates, it will not imply a proportional
growth in prices of exported production which is denominated in the foreign currency
as it is supposed by the neoclassical theory. On the contrary, an exporting monopolistic
firm will react by lowering prices of its export production which is denominated in the do-
mestic currency in order to retain the same price which is denominated in the currency of
a foreign market. In this way, a firm does not loose its current foreign market share. A mo-
nopolistic firm behaves accordingly in spite of it causes a decline in its profitability.°

As a result, the price of same production which is denominated in one currency will be
different on a domestic market and on foreign markets due to the restricted internation-
al arbitrage and the effort of monopolistic firms to differentiate their production from
a similar production of their competitors. We then observe systematic deviations of the
law of one price in tradable goods contrary to the traditional economic theory which as-
sociates sources of nominal exchange rate deviations from the purchasing power parity
only with the existence of a certain group of internationally non-tradable goods (Betts &
Devereux, 2000).

Summarizing the above paragraphs, if firms price their production in the currency of
a destination market (local-currency-pricing), the exchange rate adjustment role is dis-
turbed because foreign prices are not affected by nominal exchange rate fluctuations.
Local-currency-pricing is thus in the direct contrast to the strategy of producer-currency-
pricing which is consistent with a flexible exchange rate regime [Obstfeld (2002), Corsetti
& Pesenti (2005)].

Firms that operate in large economies such as the United States or the Euro-Area can be
characterized by producer-currency-pricing. Firms in small economies like the Czech Re-
public are probably more characterized by local-currency-pricing. It can be assumed the
asymmetric impact of the exchange rate in the case of small open economies which trade
predominantly with one important trade partner. Exchange rate fluctuations are in this
case entirely reflected in domestic import prices while foreign export prices are sticky.

According to Otani (2002), Japanese firms absorb approximately one-half of all exchange
rate fluctuations in their profit margins while in the case of American firms the transmis-
sion of exchange rate fluctuations into foreign prices is complete. In other words, Ameri-
can firms prefer the strategy of producer-currency-pricing.

The exchange rate volatility, together with the relative size of a domestic and a foreign

9  Profit margins will increase if the exchange rate depreciates and vice versa. Changes of the exchange rate
do not cause expenditure switching but the income effect on the reported profitability of exporting firms.
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economy, depends on the ratio of domestic and foreign firms which prefer the pricing-to-
market strategy. The exchange rate between a small and a large economy becomes more
volatile proportionally with the number of firms in a relatively smaller economy which
apply the pricing-to-market strategy. If firms in a relatively smaller economy use the cur-
rency of a relatively larger economy as a unit of account, the volatility of the exchange rate
between these two countries is high.™

The effects of exchange rate appreciation and depreciation can on average compensate
each other. However, firms and even individuals prefer stability of their income before
income fluctuations. The increased exchange rate volatility can thus force exporting firms
to charge higher prices. These prices include a risk premium. Higher prices however cause
a decrease in consumer surplus because less output is produced for higher prices (Obst-
feld, 2001).

2 The impact of exchange rate fluctuations on Czech exporters

Similarly to Otani (2002) in the case of Asian economies | suppose asymmetric effects of
the exchange rate even in the case of the Czech Republic. | proceed from the assump-
tion that exporting firms in the Czech Republic apply the pricing-to-market strategy and
nominal exchange rate fluctuations are therefore not reflected in foreign prices of their
products. In this way, firms stabilize their real exports regardless of nominal exchange rate
fluctuations because exchange rate fluctuations are absorbed in profit margins.

2.1 Tested hypothesis

The indicator of the operational profitability of sales is used to demonstrate immediate
effects of exchange rate fluctuations on the profitability of exporting firms:

=== (M

where 7, is the operational profitability of sales, [, is the operational profit in the nominal
value, S, are sales in the nominal value and t indicates time in quarters.

The operational profit in the absolute value can be expressed as:
I,=5-L-K,-M, 2)

where L is for labor costs, K. represents the amortization of fixed assets and M, indicates
the production consumption. All quantities are in nominal values. The equation 1 can be
therefore broken down in this way:
L K, M
-7z, =—"+—" ) 3)
S

1 1 1

We get three relative indicators on the right side of the equation 3 which determine the

10 This assumption is empirically applicable on the exchange rates between the United States and Asian eco-
nomies or between the Euro-Area and eastern European economies.
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operational profitability of sales (profitability). They are the ratio of labor costs on sales
(L/S), the ratio of the capital consumption (amortization) on sales (K/S) and the ratio of the
production consumption on sales (M/S).

The basic tested hypothesis is a linear dependence of year-on-year changes of the opera-
tional profitability of sales in exporting industries

ex __ ex ex
Aﬂ-r =% T (4)

on year-on-year changes of the nominal effective exchange rate of the Czech crown Az;:
Az =, +BAz, +¢€, (5)

The same equation (5) is then tested by replacing the indicator of the operational profita-
bility Am > with the partial indicators A(L/S) ¥, A(K/S) 2 and A(M/S) . In this way, | examine
the channels through which nominal exchange rate fluctuations affect the operational
profitability.

2.2 Data

A freely available database of selected financial indicators of non-financial enterprises
with more than one hundred employees which is published by the Czech Statistical Office
was used." These financial indicators are available partly according to particular industrial
branches (OKEC/CZ-NACE) and partly according to particular institutional sectors with the
division into firms under foreign control, domestic private firms and public firms. The indi-
cators are expressed in millions of Czech crowns and are published quarterly. They were
available for the period beginning in 1998 until the end of 2006. This period is consistent
with the flexible exchange rate regime of the Czech crown.

Only industrial branches with at least 60 % proportion of direct sales coming from exports
were selected from all industrial branches of non-financial enterprises. They comprise
manufacturing of textiles, textile products and clothing industry (DB), manufacturing
of leather and leather products (DC), manufacturing of wood and wood products out
of furniture (DD), manufacturing of chemicals, chemical products and man-made fibers
and pharmaceuticals (DG), manufacturing and repairs of machinery and equipment (DK),
manufacturing of electrical and optical appliances and equipment (DL), manufacturing
of transport vehicles and equipment (DM) and manufacturing of unclassified products
(DN). The share of value added of exporting industrial branches on total value added of
the manufacturing industry was 55 % in 2006.

2.3 Estimation results

Considering all exporting industrial branches regardless of the property structure of
particular firms, there was not detected any significant dependence between exchange

11 CSO: Economic Results of Non-financial Enterprises.
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rate fluctuations and the indicator of the operational profitability. Similarly, there was
not detected any significant dependence in the case of public firms. It could be however
related to a non-exporting character of public firms’ production. A statistically significant
dependence was detected in the case of domestic private firms and firms under foreign
control.

In the case of exporting domestic private firms, the exchange rate fluctuations are imme-
diately reflected in the reported profitability. It is in accordance with the assumptions

included in chapter two.

Figure 2.1: Development of profitability indicators of private domestic firms in the depen-
dence on the nominal effective exchange rate of the Czech crown

20 1 Texchange rate appreciation -5 20 T5

Az y, % (broken line)
v

Aw ™, p.p. (continuous line)
A Z , % (broken line)

A(L/S) &, p.p. (continuous line)
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Table 2.1: Estimated parameters of linear regression (domestic private firms)

Number of . )
B B, observations Adjusted R
N 1.88™ -0.38™
A (0.32) (0.05) 32 064
N -1.39™ 0.25™
A(L/S) (0.24) (0.04) 32 0.58

Note: Standard errors are given in parentheses. The stars denote significance as follows: ***
1%, ** 5 % and * 10%. The granger causality test confirms the dependence of the operational
profitability and of the partial indicator of labor costs on sales on nominal effective exchange
rate fluctuations of the Czech crown.

Nominal effective exchange rate fluctuations of the Czech crown are in the case of expor-
ting domestic private firms reflected in the operational profitability (). One percent
year-on-year nominal exchange rate appreciation implies the year-on-year decrease in
the operational profitability of sales of about 0.38 percentage points. Domestic private
firms thus absorb a relatively high portion of nominal exchange rate fluctuations in their
profit margins.
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This hypothesis is also supported by a positive (statistically significant) dependence of
the partial indicator of labor costs on sales (L/S)*.'? Because | suppose nominal stickiness
of labor costs | ascribe all fluctuations of the mentioned indicator to changes in sales. In
the short-term, | also do not suppose changes in the real amount of export production.
Consequently, changes in sales are attributed to changes in prices which are denominated
in the Czech currency. Production prices which are denominated in the foreign currency
are stable at the same time. It is a classical example of the local-currency-pricing strategy
which is described in chapter two.

It seems that a great part of the production consumption is imported (imported inputs)
and its price is determined by the exchange rate while the final production (exported out-
put) is priced in the foreign currency and therefore it is not affected by nominal exchange
rate fluctuations.

The statistically significant coefficient B, is probably related to trend nominal exchange
rate appreciation of the Czech currency which is associated with the real convergence of
the Czech economy. According to Podpiera & Rakova (2006), trend appreciation of the
domestic currency increases the degree of competition which is perceived by exporting
firms because it causes diminishing profit margins from export markets.

In the case of firms under foreign control, there is no evidence of immediate impacts of the
Czech crown nominal effective exchange rate fluctuations on the examined indicator of
the operational profitability. A statistically significant dependence is visible only with the
exchange rate lagged for two quarters. But contrary to domestic private firms, exchange
rate fluctuations affect the operational profitability of firms under foreign control in the
opposite direction. The exchange rate appreciation which is lagged for two quarters is
associated with the profitability growth of exporting firms under foreign control. Even if
with the distinctively lesser intensity compared to domestic private firms (see estimated
parameters in the table 2.1 and 2.2).

Figure 2.2: Development of the profitability indicators of firms under foreign control in

the dependence on the nominal effective exchange rate of the Czech crown (the exchan-
ge rate is lagged for two quarters)
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12 The other partial indicators were not statistically significant.
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The exchange rate fluctuations are mostly reflected in the partial indicator of the producti-
on consumption on sales in the case of firms under foreign control. It indicates that firms
under foreign control are able to manage prices of inputs (intermediate products) and
outputs (final products) on international markets much better than domestic private firms.
Due to this fact, we do not observe significant fluctuations of the operational profitability
in relation to exchange rate fluctuations and neither have we observed more significant

effects of exchange rate fluctuations on the partial indicator of labor costs on sales.

Table 2.2: Estimated parameters of linear regression (firms under foreign control)

o e
R
AM/S)e (106313) (gg; 32 0.49
wrorwe .

Note: Standard errors are given in parentheses. The stars denote significance as follows:
1%, " 5 % and " 10%. Based on the granger causality test we can reject the hypothesis that
the Czech crown nominal effective exchange rate fluctuations which are lagged for two quar-
ters do not affect the operational profitability of sales. The same holds for the indicator of the
production consumption on sales.

It seems that firms under foreign control are able to keep prices of their final export pro-
ducts stable in the Czech currency whereas the crown price of imported inputs (VS) is
determined by the exchange rate (asymmetric behavior of the exchange rate).

Table 2.3: Mean values of the quarterly indicators in the observed period (1.Q 1998 - 4.Q
2006)

Mean Standard Deviation

SD PZK SD PZK
Operational Profitability of Sales 5.0 5.8 2.7 1.8
Labor Costs on Sales 20.2 9.1 1.5 0.6
Capital Costs on Sales 4.8 4.9 0.8 0.6
Production Consumption on Sales : 70.0 80.3 2.2 2.0

Note: SD - domestic private firms, PZK - firms under foreign control. The volatility of the indi-
cators is lower in the case of firms under foreign control.
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Subsidiary firms of multinational companies have probably guaranteed their foreign sales
and they can afford to reflect changes of the exchange rate in their foreign prices. Hen-
ce, they can easily adopt the strategy of producer-currency-pricing (see chapter two).
Guaranteed foreign markets in the case of multinational companies imply weakening of
the exchange rate adjustment mechanism. The reason is a non-elastic foreign demand for
products of a subsidiary firm.

It seems that the management of a multinational company controls prices of inputs and
outputs that are exchanged within a multinational company in order to optimize the
global (total) profitability independent of the profitability of particular subsidiary firms
which operate in different host countries. Contrary to a subsidiary firm of a multinational
company, a domestic private firm is forced to absorb exchange rate fluctuations in its
profit margins to sustain its current foreign market share.

3 Theintrafirm trade of multinational companies

Firms under foreign control have a unique position due to their property interconnection
abroad. One of the possible channels through which the management of a multinational
company can affect financial results of particular subsidiary firms is exactly the intrafirm
trade within a multinational company.

Hipple (1990) defines several levels of the intrafirm trade. The widest definition of the
intrafirm trade of a multinational company comprises business transactions when every
home firm of a multination company or subsidiary firms of a multinational company per-
form as importers or exporters. On the other hand the narrowest (clear) intrafirm trade is
considered to comprise business transactions only between a home firm and its subsidiary
firms. It is obvious from the definition of the intrafirm trade that it is affected by different
factors compared to factors which affect foreign trade between mutually independent
business partners.'

If an economy is characterized by a high share of the economic activity which is generated
by foreign direct investment, the analysis of its foreign trade becomes more complex and
some business relations should be interpreted with additional explaining factors (Ben-
vignati, 1990).

Neighbour (2002) and Ernst&Young (2005-2006) confirm a high proportion of the intrafirm
trade on the total world trade. Clausing (2003) estimates the share of the intrafirm trade on
the total foreign trade of the United States to about 40 %. Due to growing importance of
the intrafirm trade, the OECD introduced guidelines which regulate international transfers
of goods and services within a multinational company.'

The simplest solution for the management of a multinational company is to use market prices
when intrafirm transactions are priced. Nevertheless, this solution is effective only if market

13 Rugman (1996) interprets the rise and functioning of multinational companies by the endeavor of firms to
replace external markets by intrafirm transactions.
14 OECD (2001) Transfer Pricing Guidelines for Multinational Enterprises and Tax Administrators.
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prices are determined on perfectly competitive markets. In the case that firms operate on
imperfectly competitive markets or if a relevant market for a given transferred product do
not exist then the optimal intrafirm price should be set at the level of marginal costs of
a subsidiary firm. Such an intrafirm price corresponds to a decentralized or arm’s length'
price (Hirshleifer, 1956).

Nevertheless, intrafirm prices are often different from arm'’s length prices in reality. Tax
optimization and minimization of customs duties represent fundamental motives for mul-
tinational companies to centrally manage prices of intrafirm transactions [Horst (1971),
Copithorne (1971)1.

If tariff barriers or international differences in profit taxation exist, the management of
a multinational company sets the intrafirm price in order to maximize the global net profit
adjusted for effects of customs duties and differences in tax rates irrespective of the pro-
fitability rate of particular subsidiary firms which are located in different countries.

There are generally three basic possibilities of the internal prices determination. The first
possibility is the already mentioned basic example with no customs duties and same ef-
fective taxation home and abroad. In this case, the optimal solution is to set the internal
price of an exchanged product at the level of marginal costs'® of an exporting subsidiary
firm (decentralized arm’s length transaction).

The second possibility is the case when a relative difference in tax rates of the two coun-
tries under consideration is zero or at least it is lower than customs duties. A multinati-
onal company chooses the lowest possible intrafirm price under these conditions and
subsequently it repatriates high dividends. Even if a subsidiary firm of a multinational
company is in a loss, it will be maintained in the operation because of minimization of
customs duties. A multinational company will be importing at the intrafirm price which is
under the level of a market price."”

In the case of no customs duties or in the case when customs duties are lower than a relati-
ve difference in tax rates between the two countries, a multinational company will choose
the strategy of the internal price maximization. Higher internal prices raise paid customs
in the case of positive customs duties but, on the other hand, a multinational company
avoids high taxes.'®

15 Arm’s length transaction is a transaction between two related or affiliated parties that is conducted as if they
were unrelated, so that there is no question of a conflict of interest. Or sometimes, a transaction between
two otherwise unrelated or affiliated parties.

16 Or setting the internal price at the level of market prices in the case of perfect competition.

17 Multinational companies will choose the strategy of transfer price minimization when tax rates converge
across particular countries in order to minimize customs duties.

18 This is a likely situation for the Czech Republic where foreign investors were motivated through the imple-
mentation of tax holidays to set maximum prices of products which are assembled in the Czech Republic
and exported in developed countries. Profits gained in the Czech Republic are then transferred abroad as
dividends or are reinvested.
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The economic policy of high tariffs paradoxically enables price discrimination across coun-
tries and it causes ineffectiveness of the national tax policy. Countries which are characte-
rized by high import tariffs can raise taxation of firms above the level of taxation in other
countries without causing a replacement of local production by intrafirm imports.

Even if profits of a multinational company are taxed on the consolidated basis' in a home
country of a foreign investor, there exists a possibility how to avoid higher taxes in a home
country. A multinational company can simply retain (reinvest) all profits in its subsidiary
firm. That's why foreign activities of multinationals are in a large extent financed by rein-
vested profits. The policy of repatriated dividends taxation leads multinationals to prefer
financing of subsidiary firms by the equity capital before the debt capital. It discourages
multinational companies from the repatriation of foreign profits (Horst, 1977).2°

Figure 3.3: Dependence of the average profitability of foreign direct investment on taxa-
tion in EU countries
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Source: Eurostat and ZEW (author’s calculations)

Note: The profitability of foreign direct investment in selected countries is calculated as a ratio
of the debit size of the foreign direct investment income balance in time t on the stock of
foreign direct investment in time t-1. Selected countries comprise Austria, the Czech Republic,
Denmark, Estonia, Finland, France, Germany, Hungary, Ireland, Italy, Latvia, Lithuania, the
Netherlands, Poland, Portugal, Slovakia, Slovenia, Sweden and the United Kingdom.

19 There are in general two alternative ways of multinational company taxation. The one is known as income
taxation on the consolidated basis and the other one is known as income taxation on the territory basis. The
first alternative is characterized by taxation of all profits of a multinational company irrelevant the country
oftheir origin and afterwards taxes which have been already paid abroad are deducted. The second alterna-
tive is to tax profits which have been generated on the territory of a certain country.

20 Subsidiary firms which operate in high tax countries are financed by the intrafirm loan instead of the equity
capital.
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The linear regression indicates a significant dependence between the profitability of
foreign direct investment (firms under foreign control) and the effective rate of profit
taxation. Both estimated parameters in the equation are statistically significant.”!

Low tax countries are in the upper left corner of the figure 3.3. These countries have a rela-
tively high profitability of foreign direct investment. They comprise Ireland, Slovakia and
Latvia. On the other hand, high tax countries are in the lower right corner of the figure
3.3. These countries are characterized by a relatively lower profitability of foreign direct
investment. They comprise particularly France, Italy and Germany which has the highest
effective taxation (36 %). Firms in the Czech Republic are taxed by the effective tax rate of
22.9 % and they reach the average profitability of 12.8 %.

Except low taxation, some countries apply the economic policy of investment incentives
which also include tax holydays for several years. Multinational companies have thus suff-
icient motives to artificially increase value added and gross profits through internal prices
in these countries.?

The difference between internal prices and common arm’s length prices leads to distorti-
ons on the macroeconomic level in the case of small open economies which are charac-
terized by a significant role of multinational companies. Barry (2005) demonstrates the
effects of price strategies of multinationals in the case of the Irish economy. He argues
that gross value added per employee is higher in Ireland compared with other EU coun-
tries whereas the ratio of labor costs on production attains a substantially lower level in
Ireland. He therefore warns against an excessive reliance on the indicators of value added
in countries which are characterized by a significant role of multinational companies.

Based on the empirical analysis of the foreign trade of the United States, Clausing (2003)
concludes that in the case of low tax countries export prices of the American intrafirm
trade are lower and import prices of the American intrafirm trade are higher compared to
arm’s length prices. Similarly Bartelsman & Beetsma (2003) argue that the tax motivated
manipulation of intrafirm prices affects the reported firm productivity because sales in
low tax countries can be overvalued and the production consumption undervalued. The
manipulation of intrafirm prices can cause growth in the measured productivity in coun-
tries which lower taxation even without a technological change.

The Czech Republic is a typical country where value added can be overvalued by firms
under foreign control due to a relatively lower effective taxation and investment incenti-
ves in the Czech Republic.2 The share of firms under foreign control on total value added

21 If the effective taxation were zero, then the annual profitability of foreign direct investment would reach
nearly 25 %.

22 Multinational companies concentrate their production into countries which have the lowest production
costs and final products are then sold on foreign markets where a multinational company reaches the high-
est price.

23 The manipulation with prices of the internal trade may be the reason of a markedly faster growth in value
added of the manufacturing industry which is export oriented in comparison with the remainder of the
economy.
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of the manufacturing industry is more than 50 % in the Czech Republic. The industrial
branch with the highest contribution of multinational companies to value added is manu-
facturing of transport vehicles and equipment (84 %).2*

Moreover, the production of firms under foreign control is mainly export oriented. With
the knowledge of additional data® | estimate the export share of firms under foreign
control to about one-half of total exports of the Czech Republic while the share of sales
from direct exports of goods and services of firms under foreign control on total sales from
direct exports of industrial firms reached approximately 70.2 % in 2004.

International trade between mutually independent business partners was gradually decre-
asing during the period from 1999 when it was approximately 65 % until 2004 when it was
approximately 50 %. When interpreting the Czech foreign trade, it is therefore necessary
to apply the above mentioned findings of optimization strategies of multinational com-
panies besides the traditional economic theory of international trade.

Conclusion

On the basis of the assumption of prevailing imperfect competition in international trade
which is, apart from other things, intensified by an increasing role of multinational companies,
the effects of nominal effective exchange rate fluctuations of the Czech crown on the profita-
bility indicators of exporting industrial branches in the Czech Republic were analyzed. It seems
that non-financial firms which are possessed by Czech residents apply the strategy of local-
currency-pricing. Therefore, the exchange rate fluctuations are absorbed in profit margins.
Consequently, nominal exchange rate fluctuations do not cause adequate changes in relative
foreign prices. No adjustment of real amount of exports and imports then occurs.

Contrary to domestic private firms, firms under foreign control respond to nominal
exchange rate fluctuations differently. The behavior of firms under foreign control indica-
tes the application of specific pricing strategies which are applied within subsidiary firms
of a multinational company. One of the incentives for a multinational company is the tax
optimization which leads to a purpose-build influencing of financial results of subsidiary
firms. A multinational company maximizes its total (consolidated) net profit regardless of
the profitability rate of particular subsidiary firms. The way which the intrafirm transacti-
ons are priced is thus in a large extent dependent on centralized decision making of the
management of a multinational company. Through the manipulation of intrafirm prices,
multinationals transfer profits from countries with higher taxation to countries with lower
taxation of incomes. There really exists the dependence between the level of effective
taxation of firms and the reported profitability of firms under foreign control on a sample
of EU countries.

Both local-currency-pricing in the case of domestic private firms and optimization stra-
tegies of multinational companies imply weakening of the exchange rate adjustment

24 CSO:Industry in the Czech Republic: Economic Results in 2000-2004.

25 The Czech National Bank publishes the Annual Report on Foreign Direct Investment which includes among
other things selected indicators of firms under foreign control. The Czech Statistical Office publishes the
statistics of industry and construction.
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mechanism of the goods and services balance. In the case of small open economies, argu-
ments in favor of a flexible exchange rate regime are therefore weakening with increasing
globalization and imperfect competition in international trade.

Abstract

One of the approaches to an international trade analysis is the assumption of prevailing
imperfect competition where monopolistic firms determine prices of their production
on segmented foreign markets. Based on aggregate data of quarterly financial indicators
of non-financial enterprises, the hypothesis was tested whether producers based in the
Czech Republic absorb nominal exchange rate fluctuations in their profit margins. Esti-
mated results indicate that domestic private firms absorb a substantial part of exchange
rate fluctuations whereas the impact on firms under foreign control is ambiguous which
implies application of optimization strategies in the case of multinational companies.
These strategies are associated with pricing of intrafirm transactions. Tax optimization of
multinational companies causes the dependence of the profitability of firms under foreign
control on the level of effective taxation in EU countries. Both local-currency-pricing stra-
tegy (domestic private firms) and optimization strategies of multinational companies
(firms under foreign control) lead to weakening of the exchange rate adjustment mecha-
nism. In the case of small open economies, arguments in favor of a flexible exchange rate
regime are therefore weakening with increasing globalization and imperfect competition
in international trade.

Keywords
exchange rate, foreign market, imperfect competition, multinational company, pricing-
to-market, profit margin
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Souhrn

Jednim z pfistupl k analyze mezinarodniho obchodu je predpoklad o pfevazujici nedo-
konalé konkurenci, kde monopolistické firmy ovliviiuji cenu své produkce na segmento-
vanych zahranicnich trzich. Na zakladé agregovanych dat ¢tvrtletnich finan¢nich ukaza-
telt nefinan¢nich podnikd byla testovana hypotéza, zda vyrobci v CR absorbuji pohyby
nominalniho ménového kurzu ve svych ziskovych marzich. K absorpci kurzovych pohybl
dochéazi zejména v pripadé domacich soukromych firem, zatimco v ptipadé firem pod
zahrani¢ni kontrolou je tento dopad nejednoznacny, coz ukazuje na uplathovani opti-
malizacnich strategii nadnarodnich spolec¢nosti pfi ocenovani vnitrofiremnich transakci.
Diky danové optimalizaci nadnarodnich spole¢nosti existuje zavislost mezi vykazovanou
ziskovosti firem pod zahrani¢ni kontrolou a vysi efektivniho zdanéni firem v zemich EU.
Jak strategie ocenovani produkce v méné cilového trhu (domdaci soukromé firmy), tak
optimalizacni strategie nadndarodnich spolec¢nosti (firmy pod zahrani¢ni kontrolou) vedou
k oslabovani kurzového vyrovnavaciho mechanismu. S rostouci globalizaci a nedokona-
lou konkurenci v mezinarodnim obchodé proto oslabuji argumenty ve prospéch rezimu
flexibilnich ménovych kurz v malych otevienych ekonomikach.
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Interaction between Monetary and Fiscal
Policy in a Small Open Economy with Autono-
mous Monetary Policy and Fiscal Policy Rule
Interakce meénové a fiskalni politiky v malée
otevirené ekonomice v systému s autonomni
ménovou politikou a fiskalnim pravidlem*

1 Introduction

Fiscal policy, as well other economic policies, is not in the system of economic policies alo-
ne and doesn 't react quite independently. It is affected and at the same time affects other
policies of the state, whether social policy (interaction in the field of social benefits or ways
of motivation and labour incentives through the tax system), or the environmental poli-
cy, where for example it can determine and control the contamination level, along with
other policies and their tools, way of internalization etc. There is also interaction between
monetary and fiscal policy. These two fundamental “macro-policies” can influence each
other or they can reduce their reciprocal actions, they can be in the position of domi-
nant and inferiority policy. Creating economic policy mix these and surely other reasons
must be well-considered in advance, particularly when the both policies are carried out
by independent institutions. Then it is appropriate to decide, which one will follow the
decisions of the other one or specify a space for its function that doesn’t damage slightly
function of the dominant policy. Fiscal policy rules could play this role.

The European Union (EU) in the Treaty establishing the European Community delegated the
task of monetary policy in the area called Economic and Monetary Union (EMU) to a European
Central Bank (ECB) and monetary-policy strategy to a European System of Central Banks. ECB
controls reference interest rate in the countries with common currency, on the other hand
fiscal policy is provided by each single member state separately. Optimal Currency Area the-
ory considers as important so that in these countries fiscal policy might have the opportunity
to respond to local asymmetric shocks, whereas monetary policy to the shocks affecting the
whole single currency area. However, when economic systems are not sufficiently harmoni-

¥ This paper is part of the GACR research project no. 402/06/0187.
** Department of Public Finance, Faculty of Finance and Accounting, University of Economics, Prague; and
Ministry of Finance of the Czech Republic.
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zed, common monetary policy can rather cause damage than help to the economy and fiscal
policy won't be able to solve these non-synchronous shocks effectively.

On the contrary there are disadvantages of too autonomous fiscal policies. Firstly they can
restrain effects of monetary policy and secondly problem of “free rider” could arise due
to single currency and single reference interest rate. Thus there is an effort to backward
this adverse consequence of non-coordinated “split” fiscal policies through a fiscal policy
rule (an example of this rule in the European Union is known under the label “the Stability
and Growth Pact”).

The Czech Repubilic, as an EU member, is subordinate to the Stability and Growth Pact as
well and some information and other duties against EU institutions results from it. Con-
versely the Czech economy is affected by central bank, which is still national economic-
policy institution, however its primary objective is price stability through the Bank board
agreed regime inflation targeting. The Czech National Bank is perceived as a relatively high
autonomy (especially instrumental one) moreover.

Therefore it is convenient to study reaction functions of both economic-policy authorities
in a small open economy and to monitor how one authority’s decision about intervention
effects the other authority’s decision. Eventually observe when one of the policies “has to”
react to the action and when just “can”. These central bankers and governments “games”
then have of course different impacts on the economy in the terms of output gap or
inflation rate change.

The plan of the study is following. At first a model is developed, which partly follows
other authors studies. Being modified by external influences the model is step by step
transformed through the central banker’s and fiscal authority’s loss functions into the
central bank’s and fiscal authority’s reaction functions. The process of adjustment is
shown in the model of central bank’s and fiscal authority’s reaction functions together
with the conditions under they lead to convergence and steady state and when conver-
sely divergent. There are also discussed the influences of exogenous shocks on indivi-
dual reaction functions. Final analytical chapter solves the question how the monetary
policy reaction function will change, when the Czech Republic enters the Economic and
Monetary Union.

2 A model construction

The basic version of this model comes out from the work of Buti, Roeger, Veld (2001). In
this study we “open” it and consider influences that might be fatal for small open eco-
nomies. Authors like Ball (1998) or Svensson (1998) have dealt in the model applied on
open economies, mainly in the view of monetary authorities. Their pieces of knowledge
are also used.

2.1 Presumptions of the model

The model is based on the following assumptions. Demand side of the economy is charac-
terised by IS curve for the open economy, its functional record is:
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yZﬂBB—ﬂr([—ﬂ'e)+ﬁRR+81 , (1)

where:

y symbolizes output gap, i.e. the difference between real product (Y) and its po-
tentional level (Y*),

B public finance deficit, defined as the difference between government expendi-
tures and revenues (G - T), or as a difference between structural budget deficit
component (CAB)' and its cyclical part: B=CAB—«ay ,wherea denotes the
budget deficit sensitivity to output gap (0 < o < 1)?,

i-rf expression of real interest rate as a difference between nominal and expected

inflation rate (here it is considered traditional simplification , when under the
condition of low nominal interest rates and expected inflation rates values it is
possible to abstract from term 77Z° in expression: { =+ 71° + rrc’,

B, B, B, areappropriate coefficients, and

€ represents other demand factors (especially exogenous shocks)

Modified version of the Phillips curve represents the supply side. Modelling the supply
side we can start from an original Phillips curve designed by Professor Phillips (1958) on
the basis of empirical tests of annual data time series of the Great Britain:

—VV’ _ VV;71 = W[ = a+ﬁ1/l[7£‘ ’ (2)
W,

This expression Samuelson and Solow (1960) adjusted by replacing wage rate growth by
inflation rate. They supposed that the inflation rate grows if the wage growth exceeds
labour productivity growth at the same time:

__B-R, _W-W., 0-0,

12
£ . O, '
where:
m, means inflation rate in time t,
P, price level in time t, and
Q, labour productivity in time t.

Friedman (1968) and Phelps (1967, 1968) Phillips curve enrichment consist in categories
like natural unemployment rate (u*) and expectation 72'1‘

1 In this study the abbreviation “CAB” indicates the structural part of the budget deficit, not budget balance.

2 The values of budgetary sensitivities vary from 0,27 (Lithuania) to 0,65 (Denmark) in EU-25. Unweighted
arithmetical mean is 0,44 in EU-25, the new EU countries (EU-10) reach on average lower budgetary sensiti-
vity (0,36). Budgetary sensitivity of the Czech public finance was estimated as 0,37. (For details see European
Commission (2005)).
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7= =n(u,—u*). (4)

Next we extend the equation No. 4 by supply shocks (¢,), add the difference between real
and natural unemployment rate and from the Okun’s law relationship

(u,—u*) =—¢{Y’;*Y’*]

Y

t

we obtain formula No. 53:
yr:ﬁﬂ(”r_”re)+g2- (5)

By adding the change of exchange rate between two periods we receive extended Phillips
curve for open economy, where B_and y and are coefficients implying influence of the
expected inflation rate on output gap and of the import prices on the inflation rate and
output gap:

yr:ﬁﬂ(ﬂr_ﬂ-re)-i_yARr-’_gz : (6)

For estimation of the fiscal authority reaction function let’s simply modify equation No. 1,
where we input decomposition of budget deficit to its cyclical and structural part:

1 L.
y=——(B,C4AB—B.(i-7°)+ BR+5,). )
1- B,
The reason of this step is a fact that we will study the effect of discretionary component
of the budget deficit on output gap.

For further analysis a “loss” function of fiscal policy authority must be specified. Loss fun-
ctions have been occurred as minimization of the second power of difference between
selected variables and their targeted or claimed values. In this respect it is often used
term “central bankers’ loss function” that will be discussed in the next part of this paper.
Of course, it is possible to develop fiscal authority loss function, e.g. to minimize output
gap and structural deficit:

L(FP)=(CAB~C4B") +0(Y-Y"). ®)

Before deriving own fiscal authority loss function it is convenient, for the purpose of our
study, to analyze the European Union fiscal framework briefly.

2.2 European Union fiscal framework
All EU member countries must fulfil the Stability and Growth Pact (Pact) claiming not to

exceed 3% reference value, in the case of government deficit (ESA 95 methodology), and
60% of government debt to GDP ratio (the same methodology). The numerical values are

3 Equation No. 5 expresses common formula for Lucas supply curve. See e.g. Hallett, Libich (2007).
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determined by Protocol No. 20 on the Excessive Deficit Procedure (annexed to the Treaty
on European Union).

EU countries, especially EMU countries, use fiscal rules for security against “free rider”
behaviour of their neighbour countries. Without fiscal policy restraint (specifically deficits
and debts) in the areas with common monetary policy the “free rider” is able to avoid
higher costs — higher interest rates — or the possibility not to borrow (markets would
expect too high interest rate or nobody would be willing to lend this government). Every
member of the monetary union would fall for an “international moral hazard” - i.e. expec-
tation that other member countries, in case of “free rider” insolvency, would make lend
him owed money in order to maintain monetary union. There is also worth mentioning
different influence on the common interest rate from economically different powerful
member countries. The influence would by higher if the borrower is economically stronger
than of economically “weaker” one. Briefly, fiscal policy rule restrains overflowing of nega-
tive externality effect.

Generally fiscal rule should serve most of all as framework for politicians, that reduces their
behaviour during various phases of the political cycle and thus eliminates theirimpact on
a business cycle. This should result into the public finance and economic stabilisation.

The three and sixty per cent upper limits of the Pact can be considered only as a short
flexibility rule demonstration. In the Resolution of the Amsterdam European Council on
the Stability and growth pact there is another measurement of the fiscal target - “close
to balance or surplus” of the government sector budget. Further since 2005 there has
been statement in the Council Regulation* about country-difference middle-terms goals®
effective for those countries that accepted common currency or for ERM 2 members.
Specific values of middle-term budget targets vary from -1% GDP to balance or surplus
budget (after deduction of temporary and one-off measures).

Another flexibility expression seems to be a duty to take a cyclical position of the econo-
my during excessive deficit procedure into account. In the original Pact statement® there
was a decline in annual GDP considered as an exception only if the annual real GDP de-
crease was at least 2%, eventually if the decrease was lower the cumulated GDP loss or
the intensity of decrease was considered.

In the “new Pact” there is considered every annual real GDP decrease or accumulated loss
during long time period the economy operating under the potentional product as escape
clause.”’

4 Council regulation 1055/2005 amending Regulation (EC) No 1466/97 on the strengthening of the surveil-
lance of budgetary positions and the surveillance and coordination of economic policies.

5 Revision of the medium term fiscal framework is possible only if crucial structural reforms have been taken
place in the observed economy, otherwise once a four years.

6 Article No. 2, Council Regulation (EC) No. 1467/97 on speeding up and clarifying the implementation of the

excessive deficit.

Council Regulation No. 1056/2005, amending Regulation (EC) No 1467/97 of 7 July 1997 on speeding up and

clarifying the implementation of the excessive deficit procedure.

N
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Moreover in both Pact versions there are mentioned following escape clauses®: any unu-
sual event that has negative impact on “government budgets financial situation”and that
wasn't be able to change in any way or which was caused by “serious economic downturn”
or when the European Commission finds breach of the 3% ceiling as temporary.

New version of the pact includes these additional escapes:

e adverse impact on public finance budgets caused by high cofinance of the European
Union structural funds aid,

e whether the excess is temporary and deficit still remains close to 3% value,

e whether the country introduce pension system reform from PAYG scheme to fully fun-
ded (net pension reform costs can be “equivalently dissolved” during 5 years).

2.3 Derivation of the reaction functions

For simplicity we suppose that the 3% reference level value for deficit-to-GDP ratio is fir-
stly the “entrance ticket” into excessive deficit procedure, which is ended by either deficit
decrease back below 3% limit or, otherwise, by imposing the sanction (see box No. 1),
secondly it is a signal towards financial markets, whose possible negative impact gover-
nments would like to avoid, and thirdly it is a short-term fiscal rule that is subject of our
attention.

BOX No. 1 - Mechanism of the sanctions under the Stability and Growth Pact

Sanction mechanism is a part of the excessive deficit procedure (see table No. 1), who-
se basic mechanisms are described in article No. 104 of the Treaty on European Union
establishment (Treaty) and closer developed in Council Regulation (EC) No. 1467/97 of
7 July 1997 on speeding up and clarifying the implementation of the excessive deficit
procedure, amended by Council Regulation (EC) No. 1056/2005.

Table No. 1: Excessive deficit procedure in EU-25 (2002 - 2006)

Country 2002 2003 2004 2005 2006
Austria

Belgium

Cyprus - - X
Czech Republic - - X

Denmark

Estonia - -

Finland

France X X

Germany X X X
Greece X X

8 For various types of escape clauses see e.g. Prusvic (2005).
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Country 2002 2003 2004 2005 2006
Hungary - - X X X
Ireland

Italy X
Latvia - -

Lithuania - -

Luxembourg

Malta - - X

Netherland X X

Poland - - X

Portugal X X
Slovakia - - X

Slovenia - -

Spain

Sweden

United Kingdom X X X
Total 2 1 10 4 6

Note: x denotes country where excessive deficit according to EU Council occurred; - mark for
those countries that were not members of the EU in the observed year.
Source: European Commission (2006). Own adjustments.

In the paragraph No. 11 of the mentioned article No. 104 of the Treaty there are enume-
rated measures that EU Council can use according to its consideration (however till 4mon-
ths since last EU Council call aimed at the member country to take corrective measures):

e “torequire the Member State concerned to publish additional information, to be spe-
cified by the Council, before issuing bonds and securities;

e to invite the European Investment Bank to reconsider its lending policy towards the
Member State concerned;

e to require the Member State concerned to make a non-interest bearing deposit of an
appropriate size with the Community until the excessive deficit has, in the view of the
Council, been corrected;

e to impose fines of an appropriate size.”

The EU Council should generally ask for non-interest bearing deposit in accordance with
Council regulation (ES) No. 1467/97 (article 11).

The height of non-interest bearing deposit is then calculated as percentage of GDP, when no
single sanction can exceed 0,5% GDP. The first imposed sanction equals to the sum of a fixed
part (0,2% GDP) and flexible sanction part, which measures the degree of reference value
exceed (deficit-to-GDP ratio in the last year, when excessive deficit occurred, is taken from 3%
reference value and the difference is multiplied by coefficient 0,1). Algebraically speaking:
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s [0,240,1: 22-0,03 |-100 , Yo

o= - B

Y : pro —=->0,06 )

0,5

Picture No. 1 illustrates a development of the potential sanction (non-interest bearing
deposit or fine) expressed as GDP ratio in relation to deficit-to-GDP ratio. Substituting
maximal possible value of one sanction (0,5% GDP) for S, into equation No. 9 it is obvi-
ous that the sanction corresponds to double deficit value than Stability and Growth
Pact allows.

t-1

Picture No. 1: Relationship between first sanction and deficit

St/Yt “
T .
P | |
0,03 0,06 Bet/Yea

Source: Cabral (2001), p. 150. Own adjustments.

Next year the Council can decide after imposition of the non-interest bearing deposit
sanction to tighten the sanction up as long as the member state donesn’t take adequate
corrective measures according to Council requests. This additional deposit is than equal
only to the flexible part, however the maximum limit is still valid. If the excessive deficit is
not eliminated after two years of this kind of sanction, the Council can convert the deposit
into a fine.

Only the Council can call off all above mentioned measures, if it comes to the conclusion
that all necessary measures to eliminate the excessive deficit were done, however the
deposit converted into the fine is not returnable.

All deposits are invested and interests, as well as fine eventually, are divided among other
member countries without excessive deficit. The key for yields allocation is each member
state share in total GDP of countries without excessive deficit.

There is no record in the Stability and Growth Pact history that a deposit, much less fine,
was applied.

ACTA VSFS, 1/2008, ro¢. 2 063



From the text above follows that governments should try to control public finance defi-
cit (B) under specific reference value (B), i.e. B, < B. Again, by reformulating overall
government deficit by its cyclical and structural component we obtain CAB, —ay, < B,
rearranging this equation we receive coveted fiscal authority loss function:

CAB, SE-FO{yr‘ (10)

Thus governments should make an effort with their structural part of deficit not to exceed
a sum of the reference value and cyclical deficit component.

Substituting equation No. 7 in the loss function equation (No. 10) we receive fiscal autho-
rity reaction function formula:

= o
- < —_ B - | — ¢
(,AB_B+1_ﬂBa[ﬁB(,AB pi-x )+,BRR+£1] (1)
subtracting CAB on the right equation side:

cap< TP, P p OB ;i g, @ (12)
1-28,a  1-2B,00 1-2pB«x 1-28,0
Simplifying the term No. 12:
1 = :
CABSp(——ﬁ3)3+pﬂRR—pﬂr(i—iz‘)+pg , (13)
o

here p=—-o

where p=—7—7-—.

1-24,0

The term No. 13 is basic for fiscal authority reaction function illustration in the diagram of
two instrumental variables of the economic policy: nominal interest rate and structural
government budget deficit. A slope of fiscal authority reaction function is determined by
fraction

1 5 1
—— andis negative if b, <—
B, " 2a

The formula No. 13 shows that increment of the interest rate leads to decrease in structural
budget deficit part (or to increase in structural surplus). Conversely, decline of nominal
interest rate means possible raise (inequality in the term) of structural deficit component
orincrease of “manoeuvre”fiscal policy space. Fiscal authority reaction function also quan-
tifies, how much lower must the structural part be to maintain deficit on its reference value
(line), supposing it has reached this value, after the interest rate climbed up. An increase
in a nominal interest rate by 1 p.p. must be compensated by decrease of CAB by

ap.
1+ 20,

With similar adjustment we derive monetary authority reaction function. Our starting
point is again to find the appropriate monetary policy loss function. According to litera-
ture surveys it is often defined as

units.

L(MP)=@,(z,~7") +@,(E ~E_)
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(see Mandel, Tomsik (2003), or Svensson (1999)), where @. and @ . are weights expres-
sing stress put by central bank on inflation target ( 7" ) or exchange rate, eventually on
its change. In the economy with monetary policy strategy of targeting inflation (e.g. the
Czech National Bank), we simply assume that such bank prefers to minimize gap of the
inflation rate ( 7Z, ) and its targeted value ( ! ):

2
L(MP)=(r,-x") (14)
Having specified the loss central banker function let's start with further equation
adjustments. At first we put to the equation No. 6 equation No. 7:

1

-8,
A follow up adjustment, interest rate subtracting to the right side and after loss function
embody we receive equation No. 16:

1= L (g capse) U BB r(1-fio)R,
B B.

W(Hw(‘—ﬂﬁa)j_l—ﬁga

B. B.

Making term No. 16 easier, where ﬂ
tion function: B,

1 0
i:;(ﬁ”CAB+gI)+(%—}/¢]Rl + R | +7° (1+w(0)—(0((o;z7 +£2) (17)

i

af(zz—zr")+}AR+82 = ([)’BCHB—,B,_(i—ir")+,BRR+gl) . (15)

(0 +¢,)
(16)

= ¢, we gain monetary policy authority reac-

i

A slope of this function is positive, because B, >0A S >0 that’s way

ﬂ>O

Equation No. 17 postulates that increase in structural budget deficit by one unit leads
central bank to increase its interest rate by

By
B,

Central bank’s reaction extent depends on the budgetary sensitivity and real interest rate
sensitivity parameter.

Drawing both functions into one graph (picture No. 2) we can see positively sloped mone-
tary policy reaction function and negatively sloped fiscal policy authority reaction functi-
on. The intersect of the both curves is an equilibrium E, which means there is no need to
change a“policy” of any of the authorities, i.e. nominal interest rate and structural budget
deficit of public finance as tools of the both policies are constant. Fiscal and monetary
policy are in “steady state”.
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Picture No. 2: Fiscal and monetary policy reaction functions in a two instrumental varia-
ble graph (B, < 1/30)
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3 The process of adjustment in the monetary and fiscal policy autho-
rity reaction functions model

Before determination of the own adjustment process it is appropriate to compare slopes
of the both reaction functions, while as we can see in picture No. 3 in this case the process
of adjustment leads to the steady state point, on the other hand picture No. 4 shows the
diverge process. Main difference between these two graphs is miscellaneous absolute
value of the reaction function curve slopes. If the absolute value of the fiscal authority
reaction function slope is higher than the monetary one, then the process converges,
otherwise diverges.

Picture No. 3: Adjustment process in fiscal and monetary policy reaction functions in
a two instrumental variable graph (B, < 1/3a)
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Source: Own.
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Picture No. 4: Adjustment process in fiscal and monetary policy reaction functions in
a two instrumental variable graph (1/30 < 8, < 1/2a)

1A

MP

Source: Own.

Now let’s compare the reaction functions slopes and let ask when the absolute value of
the fiscal authority reaction function is higher than the monetary one:

_1+208, S By
apB, B,

Solving No. 18 term we achieve this result:

By e (— ;ijU(é;wj : (19)

On the basis of empirical studies we can assume that 0 < a < 1, precisely that its value
lies somewhere between one third and one half of this interval (see footnote above). The
fiscal authority reaction function slope is thus higher provided that /Bz; parameter takes
values between minus infinity and 1/3a, while in this interval the curve’s slope is descen-
ding (proof:

1+2¢ , 1
—4'BB< 0, which is ,B/; —
op, 2
whose value exceed the first interval value of the No. 19 term), or values between 1/a and
plus infinity, where the slope is positive (the proof is analogous with opposite inequality
sign).

(18)

. I 1
In the other cases, i.e. ﬂB el{—:—),
3o o
the result is divergent and whatever deflection from the steady state doesn’t lead to this
equilibrium again.

Let’s briefly describe a hypothetical adjustment process in the picture No. 3. If central bank
raises nominal interest rate above the equilibrium ones, for example because of target
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overshooting expectation, government would decline the structural budget component,
if limited (our case) by deficit fiscal policy rule and simultaneously if it lies on the limit
border. The decrease of the structural deficit part provokes cut in nominal interest rate,
which is now higher than equilibrium interest rate. Fiscal policy authority can react (the
word “can” represents inequality sign in the term No. 13) by increasing structural deficit
component (extension of “manoeuvre government space”). Growing structural deficit part
induces in central bank’s “mechanism” a need to increase interest rate being afraid of
inflation rate growth; however the interest rate rise is not as robust as in the first case.
The adjustment process still repeats, while “instrumental variables” values continuously
approximate to i and CAB values of the steady state. There is only one point in the graph
where no variable tends to change - E.

4 Exogenous variables impact

Table No. 2 sums up impacts of various exogenous variables from the model on the fiscal
authority reaction functions.

Table No. 2: Exogenous variables impact on fiscal policy authority decision on structural
deficit change

& R Im*
kP P PB PP,
Note: For an increase in structural deficit component holds 3, < 1/2a.

Source: Own.

There is obvious according to signs at single “shocks” from the table that exchange rate
depreciation, expected inflation rate growth or exogenous positive demand shock influ-
ence public finance positively — they increase manoeuvre space for fiscal policy, eventually
allow the government deficit to growth. But this conclusion is valid only if

/BB<L

200

Otherwise the impact of exogenous variables is inverse.

Next there are shortly described channels, which exogenous variables change causes the
fiscal policy instrumental variable change through. The real exchange rate affect through
the net export — change of the real exchange rate causes multiplied change of the real pro-
duct, i.e. change of the output gap that has an effect on cyclical part of public budgetary
deficit. The same channel is used by demand shocks. Expected inflation rate influences
the structural deficit through the real interest rate and then investments expenditures
and product.

Table No. 3 presents, what level and direction of change of the nominal interest rate is
caused by exogenous factors in central bank reaction function.
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Table No. 3: Exogenous variables impact on monetary policy authority decision on nomi-
nal interest rate

81 82 RT RT—I He
lB IBR
s -9 - W 7P 1 - pw
w B B,

valid ﬁ8<l ﬁﬁ>i _bBe ﬁ3<l ﬁ3>1_ﬂ

for always o 14 o X

S

Note: Positive value means increase in nominal interest rate; negative its decline, however
always under the valid condition in the last row of the table.
Source: Own.

The negative supply shock means nominal interest rate growth as we can see in the table,
identically depreciation of the exchange rate in the last period (influence of imported
goods prices), holding

B, <~

o

But at the current real exchange rate and expected inflation rate there is a complication,
because of too many unknown parameters that don’t allow precisely to determine the
direction of change. A real impact is not obvious. Appreciation of the current real exchan-
ge rate would reduce nominal interest rate, if

ﬁ3>i 1_&
o v

Similarly smaller inflation expectation would have the same direction of change if

B

wc

ﬁ3>1_

On the other hand the demand shock seems to be least problematic, because
B,>0AB >0  then

&>0
B.

Negative demand shock would press central bank to decline nominal interest rate, where-
as positive one to raise it.
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Picture No. 5: Negative supply shock in fiscal and monetary policy reaction functions in
a two instrumental variable graph (B, < 1/3a)
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Source: Own.

It is possible to summarize that all exogenous variables affecting fiscal reaction function
and supply shock and real exchange rate from previous period affecting monetary policy
authority reaction function have the direction of variable change indicated by correspon-
ding sign always, when the fiscal policy reaction function curve is negatively sloped.

5 Interaction between common monetary and national fiscal policy

After the entrance into the Economic and monetary union the economy obtains except
common currency common monetary as well. Article No. 2 of the Treaty on European
Union establishment among others defines that “The Community shall have as its task
... to promote ... sustainable and non-inflationary growth...". Monetary policy is then
closer specified in the Head VII. of the Treaty (“Economic and monetary policy”), chapter
Il. (“Monetary policy”), article No. 105, paragraph 1 says that “the primary objective of
the ESCB shall be to maintain price stability. Without prejudice to the objective of price
stability, the ESCB shall support the general economic policies in the Community...". The
Governing Council of the European Central Bank approved price stability criteria: “Price
stability shall be defined as a year-on-year increase in the Harmonised Index of Consumer
Prices (HICP) for the euro area of below 2%" (ECB (1998)). In 2003 Governing Council mone-
tary policy strategy reconfirmed and added a request to “maintain inflation rates close to
2% over the medium term” (ECB (2003)).

Putting aside main pillars of the ECB monetary-policy strategy and its tools let’s discuss
targeted aggregate HICP. Harmonised index of consumer prices is a Laspeyer’s kind which
compares prices of constant consumer basket in time. Harmonisation of various national
consumer price indices has unified internationally different product groups or representative
products and their weights. HICP for the whole euro zone is then calculated as a sum of the
weighted HICP, where weights are member country’s final monetary expenditures of hou-
seholds to total euro zone final monetary households’ expenditures ratios:
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n C
7 pur :z " —7, ,
=1 ZCi (20)

i=l

where:

LI is harmonised consumer prices index in the euro zone,

m, harmonised consumer prices index in the i-th euro zone’s economy,

G final monetary households’ expenditures of the i-th euro zone’s economy,
n number of countries in the euro zone.

Next two pictures display the European Union weights in HICP calculated for the whole
EU-27 and for EU-13 plus the Czech Republic (note: weights relates to 2006). The Czech
Republic participates in total EU-27 HICP with only 1,31% (see picture No. 6). The highest
shares belongs to German economy (20,1%), then the United Kingdom (16,7%), France
(14,2%) and Italy (13,3%); lowest shares to Estonia, Lithuania, Latvia and “island states” Cy-
prus and Malta. This picture also shows that EU-27 can be separated into 2 groups - those
that affect total HICP noticeably and those that have only insignificant influence. Realizing
high correlation between final consumption expenditure ratio and shares in total EU-27
GDP (coefficient of correlation: 0,99), final partitions are not surprise.

Second picture (No. 7) shows the hypothetical Czech Republic share in euro zone HICP, if
the Czech Republic had already participated in the common currency project in 2006. Nor
in this case the influence of the Czech inflation rate measured by HICP is high (1,8%). This
short analysis can be finalized by partial conclusion about Czech inflation rate taken into
account by the European central bank'’s reference interest rate. The Czech Republic can’t ex-
pect considerable ECB reaction on domestic inflation development after enter the Economic
and monetary union. Instead, reference interest rate will be conformed to inflationary and
economic development in the largest and economically strongest euro zone economies.

Picture No. 6: The EU member countries HICP shares in the EU-27 total (2006)
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Source: European Commission (2007). Own calculations and adjustments.
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Picture No. 7: The EU-13 euro zone member countries” and the Czech Republic’s HICP
shares in the euro area plus (2006)
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Source: European Commission (2007). Own calculations and adjustments.
Now we can come to derive the European Central Bank loss function formula:

_ r)?
L(ECB)—(”EUR -7 ) ) 1)
substituting mm_ . for decomposition of the Harmonised index of consumer prices and spe-
cial expression of inflation rate in the Czech Republic:

2

n—l1
L(ECB)=|| . € g+l Ty | =2

n

3y | ic, : (22)
i=l

i=1

Thanks to the first derivation of the ECB loss function (equation No. 22) we find out mini-
mum of this function and by expressing the Czech inflation rate we receive No. 23 term:

nl O Z Ci

Ty =|2= —Lr, | 2—

1

=¥ [Co 23)
i=1

This is again the initial expression for the construction of common monetary authority
reaction function. Progress is similar to No. 16 term derivation. But in the first place we

072 ACTA VSFS, 1/2008, ro¢. 2



have to distinguish national effects from other euro zone member countries effects (g)
on the European reference interest rate:

Y. 1 Y. X X
z’EUR:&H(—ZCAB(,Z+—n(—Zgl+ &—740 —R +yp—“R_ +
:Br Y/ ﬂ, ZY[ ﬂr ZXi ZX/

i=1 i=1 i=1 i=1

C, n—1 i ZC’ Y (24)
+(1+ wp)—L7, —pw| 2= Y —7, | "—+9p—L ¢, +¢,

We suppose in the ECB’s reaction function equation from the ,Czech economy view” that
its reaction on government sector deficit/surplus is given by the size of the economy,
the same assumption we have introduced at demand and supply shocks (¢1 and €2). The
exchange rate of each economy is weighted by its share in the euro zone total export to
non-euro zone member countries. And the inflation rate, as well as the expected inflation
rate, is according to mechanism of the HICP calculation weighted by their final monetary
household consumption expenditure shares in the euro zone total. For simplicity we have
concentrated the influences of the other euro area member countries variables including
their weights into one summary variable €3, because they are not a primary subject of
our interest.

5.1 Interaction of current monetary policy and national fiscal policy in a two
instrumental variables model

Drawing derived ECB’s reaction function, converted into a relationship of euro zone refer-
ence interest value and the Czech national macroeconomic aggregates, together with
the Czech national fiscal policy authority into two instrumental variables graph we obtain
a similar picture to the interaction between national fiscal and national monetary policy
one. At the first sight there is significant difference in the European monetary authority
reaction function slope, which is much flatter than in the picture No. 2, because

Y, <Y,
i=1

i.e.the Czech GDP to euro zone GDP ratio is lower than 1. Generally the higher the country’s
share in euro zone GDP total, the more intensive European Central Bank reaction on the
changes in public finance balance of the specific economy will be. If for example this share
of the Czech economy equals to less than 1% (in EU-27) or 1,3% (in EU-13 plus Czech Repub-
lic), it can't be expected more powerful reaction from the ECB. That's way common monetary
authority reaction curve is drawn as nearly parallel to x axis in the picture No. 8.
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Picture No. 8: National fiscal and common monetary policy reaction functions in a two
instrumental variable graph in a small economy (B, < 1/30)
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If the central bank doesn't follow conditions in the small economies, it is necessary either
their business cycle to be sufficiently harmonised with the largest economies or the fis-
cal policy must have sufficient space for business cycle corrections. Even though loosen
“leading-reins” of the national fiscal policy is twofold. Let’s imagine small open economy
as a part of a monetary union. Common monetary policy authority decides on the basis
of large economies fiscal positions assessment to decrease reference interest rate. This in
our graph of one national and the second supranational reaction function causes a shift
of common monetary authority reaction function curve down. Next suppose that mone-
tary policy is effective and that reference interest rate decrease leads to the drop of the
market interest rate in the monetary union. Under the “ordinal” circumstances, when the
monetary policy is just national not supranational and would target only the domestic
inflation rate, the interest rate wouldn’t decline. New (lower) interest rate thus enables
governments to increase their deficit due to reduction of the debt service costs. In the
former graph the central bank would raise interest rate till i” as a reaction on the higher
deficit (CAB’) and gradually, through the adjustment process described above, the instru-
mental variables values would tend into the original steady state E. But in the case of
supranational common monetary authority the new equilibrium point is E, which allows,
thanks to i} all governments to increase their deficits just because they are part of the
monetary union. Our case, illustrated in picture No. 9, has the advantage that this possible
“free rider” problem of the small economies is reduced by introduced fiscal policy rule and
supposing governments strictly keep in line it the risk of inappropriate deficit behaviour
of the fiscal authorities is limited.
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Picture No. 9: Impact of large economies” government deficits decrease in monetary uni-
on in a graph of two instrumental variables of national fiscal authority reaction function
and common monetary policy authority reaction function (B, < 1/3a)
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Also it is possible to illustrate the situation without fiscal rule. The last picture (No. 10)
indicates possible development of the fiscal authority reaction function, if the authority
reacts on the output gap deviation (this case in detail analyses the already mentioned
study of Buti, Roeger, Veld (2001)) and is not restricted by a fiscal policy rule (FP,,p). For
the comparison purpose we let drawn the original fiscal policy reaction function (note:
the development of the curves is only illustrative). We would like to demonstrate the fact
that without a rule restraint fiscal policy in a small economy can reach by the nearly con-
stant (or independent on the domestic market economy development) interest rates the
sizeable deficit volumes without credit sources becoming more expensive.
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Picture No. 10: Graph of the national fiscal authority output gap reaction function, the
national fiscal authority reaction function with a fiscal rule and the common monetary
authority reaction function in a small economy
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6 Conclusion

This study was a view of the world of interaction between two “non-crown economic poli-
cy queens” - fiscal and monetary policy. For study of their interaction we developed model
for open economies, because we wanted to describe the Czech economy features better,
and that illustrates reactions of each authority based on their loss functions. In the case
of monetary authority there is an effort of the central banker to minimize the difference
between the true inflation rate and the targeted one (loss function was chosen according
to monetary policy regime of the Czech National Bank). The government, on the other
hand, must in our model follow the rules of the Stability and Growth Pact. Taking into
account especially the short-run, its loss function can be determined as an attempt not to
exceed maximal 3% reference value given by the Stability and Growth Pact. We suppose
that government uses structural deficit component as a tool.

Derived curves of the fiscal and monetary policy reaction functions were illustrated in
the graph of the instrumental variables (i.e. structural deficit and nominal interest rate),
where was shown under what condition the adjustment process will converge or diverge.
It was demonstrated that the explanation lays in the comparison of the authority reaction
functions slopes - if the absolute value of the fiscal authority reaction function is higher
than the monetary one, the process will converge, in all other case diverge. Thanks to reac-
tion functions coefficients we could calculate intervals giving answers where the absolute
value of fiscal reaction function slope is higher or lower.

Also exogenous variables from the reaction functions have an important impact. In the
graph of the two instrumental variables we could demonstrate their impact as a shift
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of the curve. The fiscal reaction function exogenous variables impact specified by the
concrete sign is valid when the fiscal reaction function curve is negatively sloped. Similar
conclusion is drawn on the supply shocks and the previous period exchange rate, which
both affect monetary authority reaction function. Negative demand shock cuts down the
nominal interest rate and on the contrary. The direction of other exogenous factors impact
can't be simply identified without knowledge of all parameters.

After enter the Economic and monetary union the Czech Republic will have to accept,
except the common currency, the common monetary policy as well, which means to take
over the reference interest rate determinated for the whole zone. Even if the monetary
policy strategy of the common monetary policy performed by the European Central Bank
is also based on inflation targeting, closely specified as maintaining of the year-to-year
harmonised index of consumer prices below but close to 2%, it can't be expected that the
intensity of ECB reaction on any another development taking place only in the Czech eco-
nomy will have the same intensity as nowadays. The common monetary policy reaction
function curve thus becomes nearly horizontal in the graph of two instrumental variables,
i.e. nearly insensitive to changes in the Czech public finance. Next this kind of economy
can profit by the interest rate decline in such an union. These two arguments are justifi-
cation for a fiscal policy rule introduction that partly reduces the problems of “free rider”
and moral hazardous of the economies.

However, the interaction between fiscal and monetary policy is effective just at that time,
when authorities’ reaction functions or authorities’loss functions are effectively followed.
Without the rules observation, reaction function changes itself and equilibrium variable
values including the process of adjustment become different.

Abstract
The study discusses central bank’s and government’s behaviour in a small open economy
with a strong autonomous monetary policy and fiscal policy restricted by fiscal policy rule.

Composed model thus fully corresponds to the Czech reality, where the Czech National
Bank’s independency is evaluated as a very strong one, its monetary-policy regime is
inflation targeting and Czech public finance, or the General Government Sector’s finance
(according to the system of national accounts ESA 95), must follow fiscal policy rules of the
Stability and Growth Pact. It simply claims deficits not to exceed the 3% level of GDP and
public debt should remain below the 60% of GDP limit. Because the Czech economy is not
confronted with the “excessive debt” problem and it seems it won't be for a few years, the
analysis focuses an attention especially on deficit limit criteria. The last part of the study is
denoted to the common monetary policy and individual fiscal policy problematic, again
from the small open economy point of view.

The study could contribute to solution of the question, what fiscal policy should be prac-
ticed before and after the Economic and Monetary Union entrance.

Keywords

Fiscal Policy, Monetary Policy, Fiscal Policy Rule, Monetary Policy Rule, Interaction, Open
Economy, Inflation Targeting
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Souhrn

Studie se zabyva chovanim centrdlni banky a vlady v malé oteviené ekonomice s vyrazné
autonomni ménovou politikou a fiskalni politikou omezenou fiskalnim pravidlem. Sesta-
veny model tak pIné koresponduje s ¢eskou realitou, kdy nezavislost Ceské narodni banky
je hodnocena jako pomérné vysoka, jejim ménové-politickym reZzimem je cilovani inflace,
a Ceské verejné rozpocty, respektive finance sektoru vladnich instituci, v terminologii systé-
mu narodnich uctd, podléhaji fiskalnim pravidliim Paktu stability a rdstu, jenz ve zjednodu-
sené formé pozaduje vyvarovat se nadmérnym deficitdm stanovenym na Urovni 3 % HDP
a neprekrocit hodnotu dluhové kvéty ve vysi 60 %. Protoze ¢eska soustava verejnych financi
neni v soucasné dobé konfrontovana problémem prekroceni referen¢ni hodnoty podilu dlu-
hu na HDP a ziejmé nékolik let nebude, soustieduje se analyza zejména na kritérium deficitni.
Posledni ¢ast je vénovana problematice interakce spole¢né ménové politiky Hospodarské
a ménové unie a individualni politiky fiskalni, opét z pohledu malé ekonomiky.

Vystup studie maze prispét k feseni otazky, jakou fiskalni politiku provadét pred a po vstu-
pu do Hospodarské a ménové unie, ve které Evropska centrdini banka plni pro viechny
¢lenské staty shodnou ménové-politickou ulohu.

Kli¢ova slova
Fiskalni politika, ménova politika, fiskalni pravidlo, monetarni pravidlo, koordinace, ote-
viena ekonomika, cilovani inflace
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Monetary Policy Stance and Future Inflation:
The Case of Czech Republic
Meénova politika a budouci inflace: Evidence pro
Ceskou republiku

ROMAN HORVATH*

1 Introduction

Inflation targeting regimes are increasingly popular around the world. For example, regar-
ding the Central and Eastern Europe while the first two countries adopted explicit inflation
targeting regime in 1998, there are already seven countries conducting inflation targe-
ting in 2006 and others are contemplating to do so (International Monetary Fund, 2006).!
A characteristic feature of inflation targeting is that central banks set short-term nominal
interest rate in the way to get inflation and output at their targeted levels. The level of
interest rates that is associated with this objective is often labeled as policy neutral rate.

In this regard, Woodford (2003) notes that central banks should on average track policy
neutral rate to stabilize the economy. In a similar fashion, Taylor (1999) emphasizes that
the measurement of policy neutral rate is one of key issues for countries targeting infla-
tion. In this respect, it is of great importance for central banks to identify as precisely as
possible the policy neutral rate. This is quite intricate exercise, as the policy neutral rate is
unobservable; however its mis-measurement is high-priced, as it likely results in over- or
undershooting the inflation target.

In this light, it is quite striking that remarkably little evidence is available for Central and
Eastern European Countries (CEECs) on the estimation of policy neutral rate. While there
are dozens of studies on equilibrium exchange rates in the EU new members, there is surpri-
singly very little evidence on equilibrium interest rates (Brzoza-Brzezina, 2006, seem to the
only exception with evidence on Poland). This imbalance is rather paradoxical, as half of EU
new members target inflation (Czech Republic, Hungary, Poland, Romania and Slovakia), for
which the concept as well as measurement of policy neutral rate is of primary importance
for the conduct of monetary policy.2 Consequently, this paper tries to bridge this gap.

* Czech National Bank and Institute of Economic Studies, Charles University (Prague). All remaining errors are
entirely my own. The views expressed in this paper are not necessarily those of the Czech National Bank.

1 Czech Republic and Poland adopted inflation targeting in 1998, followed by Hungary in 2001, Romania and
Slovakia in 2005 and Armenia and Serbia in 2006 (note this is an updated list of Table 1 in IMF, 2006). Ukraine
is likely to adopt inflation targeting in near future (IMF, 2006).
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See Coats et al. (2003) and Kotlan and Navratil (2003) on Czech monetary policy.
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This paper addresses the issue of policy neutral rate estimation in one of EU new member
states, the Czech Republic, based on various specifications of simple Taylor-type moneta-
ry policy rules. Former transition country provides an interesting case to evaluate policy
neutral interest rate, as one can expect certain pattern in the path of nominal and real
equilibrium interest rates over longer time horizon (note that policy neutral rate is in fact
short-term nominal equilibrium interest rate, more on definitions below).

Lipschitz et al. (2006) points out that at the outset of transition the capital/labor ratios
were much lower than those in Western Europe and therefore the marginal product of
capital and for that reason real equilibrium interest rate was rather high. Given the capital
accumulation over the course of transition, there should be tendency for the real equili-
brium interest rate to decrease. From open economy perspective, EU new members exhi-
bited a fall of exchange rate risk premium during their transition process to market econo-
my (Bene$ and N'Diaye, 2004), which also puts a downward pressure on real equilibrium
interest rates (Archibald and Hunter, 2001). Analogously, it is a well-documented empirical
regularity that these countries exhibit real equilibrium exchange rate appreciation (see
Egert et al., 2006 for a comprehensive survey of the sources of appreciation). A decrease
in foreign equilibrium interest rate, which is reported by several authors for the euro area
(e.g. Wintr et al., 2005), may, especially in small open economy, reduce the level of domes-
tic equilibrium interest rate as well. Additionally, the path of nominal equilibrium interest
rates should reflect not only the decrease of real equilibrium rates, but also successful
disinflation in transition countries (see Korhonen and Wachtel, 2006). All in all, aforemen-
tioned arguments provide rationale to model policy neutral rate as time-varying.

In this paper we provide first the estimation of monetary policy rules with time-varying
intercept to assess the fluctuations of policy neutral interest rate over time. The novelty of
our approach lies in estimation of policy neutral rate by the time-varying parameter model
with endogenous regressors (Kim, 2006).2 Unlike ‘conventional’ time-varying parameter
model, this approach is robust to endogeneity of explanatory variables, which is indeed
relevant when estimating the monetary policy rules. Additional feature of this paper is
that we utilize ex-post as well as real-time based data (see e.g. Orphanides, 2001, on real-
time data analysis within monetary policy rules framework), specifically the real-time out-
put gap and real-time inflation forecast of Czech National Bank’s (CNB) to estimate the
monetary policy rules.

One of our primary policy applications, except for measuring policy neutral rate by the
novel technique, is also proposing a measure of monetary policy stance based on a devi-
ation of actual interest rate from policy neutral rate. Anticipating our results, we find this
measure of monetary policy stance quite useful in predicting both the level as well as
change of future inflation rate.

The paper is organized as follows. Section 2 discusses the related literature. Section 3
describes our data and empirical methodology. Section 4 gives the results on the estimati-
on of time-varying estimates of policy neutral rate as well as analysis of ability of monetary

3 Note that in working paper version of Kim (2006), this procedure is also labeled as augmented Kalman
filter.
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policy stance to predict future inflation developments. Section 5 concludes. Appendix
with additional results follows.

2 Related Literature
2.1 Methodological Background

It has been acknowledged in monetary economics for a long time that there exists some
unobservable real interest rate that equilibrates aggregate demand and aggregate supply
(Woodford, 2003). When actual real interest rate is equal to the unobservable, price sta-
bility is achieved. This unobservable rate is often labeled as natural rate of interest or
equilibrium interest rate. Equivalently, it has been noted that equilibrium interest rate is
the real interest rate that prevails, when prices are fully flexible in all markets (Neiss and
Nelson, 2003; Woodford, 2003).

Consequently, equilibrium interest rate or natural rate of interest is fairly general concept
and in principle, it may be well associated both with short-term, medium-term or long-
term interest rates. In this context, it is worth pointing out that the determinants of equili-
brium interest rate are likely to differ according to time horizon (different frequency move-
ments). In the long-term, the level of equilibrium interest rate is influenced by supply-side
structural characteristics of economy such as long-run growth potential, which in turn
depends on technological progress, population growth and inter-temporal substitution
of consumption (Crespo-Cuaresma et al., 2005). In the medium-term, equilibrium interest
rate is associated with business cycle. In the short-term, equilibrium interest rate is linked
merely to demand factors related to monetary policy and its targeting horizon (Archibald
and Hunter, 2001). Here monetary policy may systematically effect inflation expectations
and in turn the level of short-term nominal equilibrium rate.

For the purposes of monetary policy conduct, it is vital to know which level of interest rate
monetary authority should set in order to achieve price stability (i.e. neutral policy stance).
As the primary monetary policy instrument is the level of short-term interest rate, equilib-
rium interest rate in this context is rather short-term concept and is often labeled as policy
neutral rate (Coats et al., 2003; Lam and Tkacz, 2004; Benes et al., 2005). Policy neutral rate
thus represents nominal equilibrium interest rate and is defined as real equilibrium inte-
rest rate plus expected inflation (Coats et al., 2003). In other words, policy neutral rate is
linked to short-term nominal interest rate over which central bank has substantial control
and thus, policy neutral rate may be understood as a bit narrower concept in comparison
to equilibrium interest rate and natural rate of interest.*

Shall interest rate policy of monetary authority strictly follow the neutral rate, when tar-
geting inflation? Not necessarily. First point is that obviously there is uncertainty in policy
neutral rate measurement. Second, more importantly, there are shocks to which is sub-
optimal for the authority to react. More specifically, central banks deliberately do not react

4 For convenience, we use policy neutral rate, natural rate of interest and equilibrium interest rate in the fol-
lowing text interchangeably to a certain extent. However, when we want to emphasize the short-run concept
of it, we always use the term policy neutral rate.
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to the first-round effects of cost-push shocks, as this can be destabilizing the economy in
the short run. This may however alter inflation expectation of economic agents, if some
fraction of them is myopic, and as a result, induce a change in policy neutral rate. In such
case, central bank interest rate policy may temporarily deviate from policy neutral rate.

2.2 Methods for Natural Rate of Interest Estimation

Generally, there are several main methods to estimate the natural rate of interest (see e.g.
Giammarioli and Valla, 2004, for survey).® The simplest is to assume that the equilibrium is
captured reasonably well by some univariate trend such as HP filter. Nevertheless, a num-
ber of papers document that the estimates based on these filters is often misleading (Clark
and Kozicki, 2005). In general, the limitations of the univariate methods have been pointed
out by many authors (e.g. Canova, 1998).

Another method to derive equilibrium interest rates is based on the estimation of sim-
ple monetary policy rule of central bank (Taylor, 1993). The reaction function typically
associates short-term interest rates to its lagged value, a difference between inflation
(forecast) and its target, and output gap. The intercept of the estimated reaction function
can be interpreted as the nominal equilibrium interest rate (this is, the interest rate that
would prevail when inflation and output are at their targeted values). This method has
been applied to estimate the equilibrium interest rates by e.g. Clarida et al. (1998, 2000)
and Orphanides (2001) for the United States and Germany, Adam et al. (2005) for the
United Kingdom and Gerdesmeier and Roffia (2004, 2005) for the euro area. Nevertheless,
the assumption of constant equilibrium interest rates is often found too restrictive over
the longer-term horizon (for example, when there is a change in monetary policy strate-
gy). Consequently, it is possible to model the equilibrium interest rate, or more generally
monetary policy rule as time-varying (see Plantier and Scrimgeour, 2002, Elkhoury, 2006
and Kim and Nelson, 2006). Typically, these studies find rationale to model the rule as
time-varying, given that the equilibrium interest rate sometimes fluctuates considerably
over longer time horizons (as well as other parameters in policy rule). Generally, the mone-
tary policy rules approach measures the behavior of central bank and assumes that central
bank estimates equilibrium interest rates correctly. In case of central bank’s systematic
mis-measurement of equilibrium rates, it is likely that equilibrium rates retrieved from the
estimation of reaction function are mis-measured as well.

Structural time series models represent another common method to measure equilibrium
interest rates as well. The primary contribution in this area is Laubach and Williams (2003),
who formulate a simple empirical model containing IS curve, Phillips curve and an equation
linking equilibrium interest rate to trend growth, and model equilibrium interest rates and
potential output as unobserved components. Their method has gained popularity recently
and has been applied by Manrique and Marques (2004) for the U.S. and Germany, Mesonnier

5 Note that we do not present the exhaustive list of methods for equilibrium interest rate estimation, e.g.
Brzoza-Brzezina (2006) proposes structural vector autoregression model in this regard. In general, the role
of equilibrium interest rate for monetary policy conduct is discussed extensively by Taylor (1993), Woodford
(2003) or Amato (2005).
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and Renne (2007) for the euro area and Wintr, Guarda and Rouabah (2005) for the euro area®
and Luxembourg as well. In principle, the joint estimation of equilibrium interest rates and
output gap is an advantage of this approach; however it also reduces the degrees of free-
dom, which may be an issue for transition countries with rather short time series.

Equilibrium interest rates can also be estimated within stochastic dynamic general equi-
librium models. The advantage of this type of literature is that it specifies the structure
of economy and thus in principle allows an identification of variety of shocks hitting the
economy. On the other hand, Levin et al. (1999) find that more complex models seem to
be less robust to model uncertainty (see also Giammarioli and Valla, 2004). Consequently,
these model outcomes may be quite sensitive to model assumptions. The recent exam-
ples of this approach to estimate equilibrium interest rates include Giammarioli and Valla
(2003), Neiss and Nelson (2003) and Smets and Wouters (2003).

The last major stream of literature estimates equilibrium interest rates from the yield curve
and asset pricing models. Bomfim (2001) uses inflation linked bonds in order to eliminate
the distortions from inflation expectations and retrieves equilibrium interest rates from
the realized yields on U.S. Treasury inflation-indexed securities. In this regard, Giamma-
rioli and Valla (2004) discuss equilibrium interest rate estimates in relation to consump-
tion capital asset pricing models. In general, this stream of literature hinges on a notion
of liquid financial markets and thus this approach is viable especially for countries with
developed financial markets.

3 Data and Empirical Methodology

In this part, we discuss the methodology and dataset we employ to evaluate the policy
neutral rate fluctuations in the Czech Republic. Concretely, we estimate a variety of bac-
kward or forward looking monetary policy rules with time-varying policy neutral rate.

3.1 Monetary Policy Rules

A starting point for a formal derivation of monetary policy rule is a reasonable assumption
that central bank targets to set nominal interest rate in line with the state of economy (see
Clarida et al., 1998, 2000), as postulated in Eq. (1):

l"* :}:+a(E{”1+iQl}_”;i)*—ﬂE{xllQl} W

t

7, denotes the targeted interest rate, ris the policy neutral rate, 7, stands for the cent-
ral bank forecast of yearly inflation rate i periods ahead, 7,1 is the central bank’s inflation
target. X, represents a measure of output gap. £(.)is the expectation operator and Q,
is the information set available at the time when interest rates are set. Hereinafter, we set
i either equal to 12 months to reflect the CNB’s actual targeting horizon? or alternatively

6 See Crespo-Cuaresma et al. (2004) on related estimates on Euro area using somewhat different methodology.

N

This in line with the CNB main forecasting model — Quarterly Prediction Model; see Coats et al., 2003. The
actual targeting horizon is 12-18 months, but due to data limitations we prefer to work with 12 months. In
general, see Batini and Nelson, 1999, for contributions on optimal targeting horizon. Note also that policy
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to 0, i.e. using the current inflation for sensitivity analysis. Therefore, Eq. (1) links targeted
nominal interest rates to a constant (i.e. interest rate — policy neutral rate — that would
prevail, when expected inflation is at the target and output gap is null), the deviation of
expected inflation from the target and output gap.

Nevertheless, Eq. (1) is often argued to be too restrictive, as it does not account for interest
rate smoothing of central banks. Clarida et al. (1998) assume that central bank adjusts
the interest rate sluggishly to the targeted value. This is so for a number of reasons. For
example, Goodfriend (1991) puts forward the concerns over the stability of financial mar-
kets. Sack (1997) highlights uncertainty about the effects of interest rate changes on the
economy.? Instead of explicit listing of various factors behind the interest rate smoothing,
Clarida et al. (1998) assume for simplicity that actual policy interest rate is a combination
of its lagged value and the targeted policy rate as in Eq. (2).

r=pro+0-pk +v, 2)?

where p e [0,1] .In line with Clarida et al. (1998), substituting Eq. (2) into Eq. (1) and eli-
minating unobserved forecast variables results in Eq. (3):

r= (1 _,0)|:’_"+ a(ﬂ[+i _7[1*+i)+ ﬂxli| +pr. tE (3)

Note that disturbance term &, is a combination of forecast errors and is thus orthogonal
to all information available in time t ( Q,).

Next, in order to estimate time-varying neutral policy rate we apply structural time-varying
coefficient model with endogenous regressors. Kim (2006) shows that conventional time-
varying parameter model delivers inconsistent estimates, when explanatory variables are
correlated with the disturbance term, which is indeed relevant, when estimating policy
rules. It is interesting to note that the correlation of 7,,; and X, with & in Eq. (3) is
almost always taken into account in empirical work on time-invariant rules (as typically
estimated by the GMM), while it is almost never considered in literature on time-varying
monetary policy rules (Kim and Nelson, 2006, seem to be the exemption). So, Kim (2006)
derives a consistent estimator of time-varying parameter model, when regressors are
endogenous. In line with Kim (2006), we estimate the following empirical model:

neutral rate is defined as the real rate plus the expected inflation in period t+k, where k is given by the matu-
rity of interbank rate (in our case k=3). k is thus different from forecasting horizon i. As argued by Clarida et
al. (2000), this is not very relevant in practice, as the short-term interbank interest rates at various maturities
are strongly linked together. Indeed, the correlation of 3M PRIBOR and 12M PRIBOR - to reflect that i=12
- stands at 0.991 in our sample.

8 Nevertheless, Rudebusch (2006) recently questioned the extent of monetary policy inertia and argued that
the inertia is rather low.

9 We have estimated the monetary policy rules including higher lags of interest rates, but failed to find it
significant.
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he measurement equation (4) is Taylor rule with policy neutral rate, . , as outlined above.
However, we relax here the assumption of constant policy neutral rate and let it vary over
time, 7. , as specified in the transition equation (5). We assume that 7. follows random
walk without drift.”® Given the data limitations and the fact that our sample is characteri-
zed by relatively stable institutional structure and actual conduct of monetary policy, we
do notallow @, B and £ being time-varying. The ‘first-stage’ equations (6) and (7) lay
out the relationship between endogenous regressors ( 7,,; and X, ) and its instruments,
z, . The list of instruments, z,_,, is as follows: 7, 7,5, X4, X, 1, and 1" (foreign
interest rate — 1TYEURIBOR). We assume that the parameters in the Egs. (6) and (7) are
time-invariant. Next, the correlation between the standardized residuals @ and Vv, with
£ is K,, and K, . , respectively (note that o, and o, are standard errors of ¢ and
v, , respectively). The consistent estimates of coefficients in the equation (4) are then
obtained in two steps. In the first step, we estimate the equations (6) and (7) and save
the standardized residuals ¢ and V,.In the second step, we estimate Eq. (8) along with
Eq. (5) using maximum likelihood via the Kalman filter. Note that (8) now includes bias
correction terms, (standardized) residuals from Eqgs. (6) and (7), to address the aforemen-
tioned endogeneity of regressors. Consequently, the estimated parameters in Eq. (8) are
consistent, as ¢, is uncorrelated with the regressors.

I", = (1 - p)|:7'1+ a(”H—i - 71':;_,- )+ ﬂxt:| + prt—] + Kv,so-a,tvr + Kgo,so-a,t¢t + lt s

L~ N0,(-%2, —&2,)02,) ®)

Several authors (see for example Gerdesmeier and Roffia, 2004) include additional eco-
nomic variables such as (real) exchange rate or money growth in Eq. (3) trying to capture
the state of economy in a fuller manner. Nevertheless, this is typically done in an ad hoc
manner. On the other hand, when literature assumes that interest rates depend only on
inflation and output, obviously it does not mean that there the other variables are com-
pletely neglected. As Taylor (2001, p. 266) puts it for exchange rate: “Although the policy
rule... may not appear to involve interest rate reaction to exchange rate, it implies such a reac-
tion. What might appear to be a closed economy policy rule is actually just as much as open

10 We also experimented with AR(1) structure in the equation (5), but it just marginally reduced the likelihood
and the estimated AR parameter has been very close to one, anyway.
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economy rule as if the exchange rate appeared directly.” In other words, additional variables
that do not enter Taylor rule directly, may influence inflation and output and therefore the
interest rate setting indirectly. It is also important to emphasize that CPl inflation targeting,
as opposed to domestic inflation targeting, has an implicit concern for foreign shocks
given the composition of consumer basket (Svensson, 2000). Therefore, in our paper we
do not introduce foreign disturbances explicitly in the monetary policy rule, but we will
employ them as the instruments in our empirical specification.

Additionally, in a book describing the current forecasting and policy analysis process in
the CNB, Coats et al. (2003) report that no other variables than inflation and output gap en-
ter into the monetary policy rule in the CNB Quarterly Projection Model (QPM hereinafter).
In particular as regards exchange rate fluctuations the CNB has stated several times that
it does not directly react to them. It acknowledged that exchange rate plays important
role for inflation developments in small open economies and that it might react indi-
rectly to exchange rate fluctuations, if they jeopardize the inflation developments (Kotlan
and Navratil, 2005). Regarding money aggregates, one can expect that inflation targeting
central bank in general views it as only supplementary information about the degree of
economic activity and/or inflationary pressures, and also does not directly react to it.

Originally, the design of Taylor rule lacked forward-looking element characteristic for the
modern monetary policy conduct. Additional way to assess the sensitivity of our results
is estimation of both backward- and forward-looking Taylor-type rules. Therefore, we for-
mulate the monetary policy rule in the Eq. (3) in case of backward-looking policy rule such
that we set 7 = (), i.e. we use current inflation rate instead of its forecasted value (which
is utilized for the forward-looking policy rule). Another important point has been raised
about timeliness of information in the monetary policy conduct (Orphanides, 2001). Out-
put data are typically revised at later stage, but monetary policy is conducted based on
information available at the time. Therefore, we collect real-time based CNB output gap
estimates (note that inflation is not revised at later stage by the Czech Statistical Office)
and re-estimate the monetary policy rule with real-time output gap. Analogously, we use
one year ahead CNB's real-time inflation forecast in estimating monetary policy rule.

There are further modeling issues stemming from the fact that policy interest rate is not
changed in a continuous fashion. For instance, the CNB Bank Board meets on a monthly
basis to discuss the policy interest rate settings. Besides, the policy rate change itself is
not continuous. Typically, if the rates are changed, the respective magnitude is 0.25 per-
centage points (or eventually multiple of 0.25), despite the change maximizing economic
stability according to model-based forecast might be of (slightly) different magnitude.
In consequence, policy rate is not only discrete, but also censored. Given the inherent
censoring of policy interest rates, majority of authors such as Clarida et al. (1998, 2000)
or Adam et al. (2005) rely on using 3 months interbank rate as the approximation of the
censored policy rate.

On the other hand, Choi (1999) and Carstensen (2006) put forward modeling censoring in
policy rate directly by employing e.g. modified Tobit model and an ordered probit model,
respectively. The advantage of this approach is that it models interest rate setting more rea-
listically and does not have to make a rather simplifying assumption by utilizing the short-
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term interbank rate. On the other hand, this stream of literature so far models only censoring
in the policy rate, but there it has been stressed that there is also censoring in the policy
rate change (Podpiera, 2006). In addition, censored models are known to be less efficient
and the results based on them do not seem to stand in sharp contrast to those using short-
term interbank rate (for example, consider the extent of interest rate smoothing). Additional
drawback of this approach in our case is that our main estimation technique is time-varying
parameter model with endogenous regressors (Kim, 2006) and to our knowledge; this tech-
nique is simply not available with censored dependent variable. Besides, the CNB’s QPM
also uses 3 months interbank rate instead of 2 weeks policy rate. Having all pros and cons
of these two approaches -short-term interbank rate vs. policy interest rate — in mind, we opt
for using short-term interbank rate in estimation of the monetary policy rules.

3.2 Data

Our sample contains monthly data over the period 2001:1-2006:09 on yearly CPl inflation
(7, =p,—Pp,.» ,Where p, is the log of price level at time t), yearly net inflation (price
indexes of regulated goods excluded from the price index; thus 7 = p/“ — p/i, , where
P is the log of net price level at time t), output gap (X, a difference between actual
and potential GDP growth, defined as below), ;, short-term interbank rate (3M PRIBOR),
real effective exchange rate, (reer;), and rh- foreign interest rate - TYEURIBOR. We also use
the real-time CNB internal forecasts of CPI (z/,,) and net inflation (7:,’;"1"2’) and output gap.
Three different estimates of output gap are employed: a) estimate using HP filter', b) ex-
post revised output gap from CNB’s QPM as of their October 2006 forecast round and c)
real-time based output gap collected from CNB’s QPM. The source of our data is the CNB
public database system ARAD (except inflation forecasts and two aforementioned output

gap measures - b) and ¢), which are not available publicly).

All our variables are available on the monthly basis, except the output gap. Following
Adam et al. (2005), we linearly interpolate quarterly estimates of output gap to monthly
values.’? We use the mid-points of CNB inflation target. The choice of 2001-2006 period is
motivated to have as long sample period as possible, while not rejecting stationarity of
all variables at 5% significance level (using KPSS test). More importantly, real-time output
gap and inflation forecast are not available before 2001. As a robustness check, we also
estimate the monetary policy rules with net inflation (based on price indexes excluding
regulated goods from the consumer basket) instead of CPl inflation.

11 Standard smoothing parameter of 14440 has been used. Different smoothing parameter, as the one sug-
gested by Ravn and Uhlig (2002), had very little impact on the resulting estimates of policy neutral rate.
Output gap derived from HP filter estimates of potential output differs considerably from those used by the
CNB - see Chart B.2 in the Appendix. Note that output gap from CNB’s QPM is constructed using multivariate
Kalman filter. Generally, output gap estimates based on HP filter can be viewed as less reliable, but we keep
them in our empirical work, as this gap is replicable based on publicly available data, which is not the case
of two other output gap measures derived from CNB’s QPM. Note also that HP filter is known to suffer from
end-point bias, making it difficult for real-time analysis.

12 We also used quadratic match procedure for interpolation. This yields only little differences on resulting
output gap estimates.
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4 Results
4.1 Time-varying equilibrium interest rates

Generally, we find that the policy neutral rate decreases over time, as depicted in Chart 1.
This is in line with our conjecture laid out in the introduction. We report all specifications,
from backward-looking policy rule with the output gap estimated by HP filter to the for-
ward looking rule with the real-time output gap.

The results in Chart 1 unambiguously indicate that policy neutral rate gradually decrea-
sed from some 5% to the values around 2% at the end of 2005 and subsequently slightly
increased to some 2.5% over the course of 2006." This confirms substantial interest rate
convergence to the levels comparable to the euro area countries. For example, Messonier
and Renne (2007) estimate euro area real equilibrium interest rate around 1% at the end
of their sample (i.e. year 2002) and Wintr et al. (2005) find it a bit below 1% in 2004. If we
add to these estimates 2% for the expected inflation - to reflect the European Central Bank
definition of price stability —, we receive the estimate of policy neutral rate of about 3% for
the euro area. The results actually suggest that the estimated policy neutral rate seem to
be a bit below the euro area level. This should not come as surprise, as also actual short-
term interest rates were often below those in the euro area (except several months in
2004, Czech rates appear to be below the euro area rates from some mid-2002 onwards).

Detailed parameter estimates of monetary policy rules are presented in the Appendix
—Table A.2. It is interesting to note that the degree of interest rate smoothing falls consi-
derably, when allowing for time-varying parameter specification. Compared to the case
of constant policy neutral assumption, which is estimated by the GMM', the value of
interest rate smoothing parameter falls from some 0.9 to 0.4. Time-invariant rules thus
overestimate substantially the degree of interest rate smoothing in our case. Other studies
in this stream of literature often employ quarterly data; to compare our monthly estima-
tes, taking the cube of 0.4 (this is 0.06) one can get approximately the smoothing term on
the quarterly frequency. This complies with the results of Rudebusch (2006), who stresses
that once accounting for expectations about future monetary policy the actual policy rate
inertia is in fact quite low. The standard errors of the estimates are in some cases large
probably reflecting smaller sample size. The coefficient on inflation is around 0.3 in case
of backward-looking specifications (interestingly, it is significant only when we introduce
bias correction terms, ¢, and V,,and insignificant for the forward-looking specifications.
The coefficient on output gap ranges from 0.2 to 0.7 according to specification.

13 Theincrease at the end of sample period is likely to reflect higher inflation expectations of economic agents.
The CNB conducts regularly a survey on inflation expectations of financial markets, households and non-
financial firms (actual numbers are easily available from CNB website within their public database ARAD).
Inflation expectations of financial markets for the 1 year horizon have risen from some 2.5% in mid 2005 to
3% over the course of 2006. Similar pattern is visible also for household’s and firm’s expectations.

14 The GMM results are available upon request.
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Additionally, the results support the usefulness of applying time-varying parameter model
with endogenous regressors. The bias correction terms, ¢, and V,,in Eq. (8), are typically
significant and the log likelihood improves after their inclusion. Comparing the estimated
policy neutral rate with those implied by conventional time-varying parameter model (not
accounting for endogeneity of regressors), we find that the resulting difference between
these two varies according to the specification of policy rule as well as over time. While
the median difference is only 0.05 p.p. in the absolute terms, the maximum difference, that
the inclusion of bias correction terms amounts to, is 1.8 p.p.

Chart 3 in the Appendix presents a comparison of policy neutral rate based on identical
specification of policy rule, but estimated either by the time-varying parameter model
with endogenous regressors or by the conventional time-varying parameter model (i.e. not
accounting for endogenous regressors). Denoting the policy neutral rate estimated by the
former method, 7. ,and, r.., by the latter, the Chart A.3 report a difference between the-
se two. Obviously, if r.. —r.. =0, the bias correction terms do not matter at all.’”> However,
we can see from the results that albeit the two methods yield in general rather similar esti-
mates of policy neutral rate path, there are periods, when the bias correction terms matter
considerably, i.e. when the policy neutral rate estimates by the conventional time-varying
parameter model do not even lie inside the confidence interval of the policy neutral rate
estimated by the time-varying parameter model with endogenous regressors.

4.2 Monetary policy stance and inflation developments

There is a discussion in literature to what extent the monetary policy rules provide a useful
framework to evaluate the monetary policy tightness and its impact on subsequent infla-
tion. This is typically done by comparing actual interest rate setting with the one implied
by the rule and inflation outcomes. For example, Taylor (1999, p. 340) labels the difference
as the policy mistakes (i.e. a residual from the policy rule) and shows that they are well
associated with high inflation or low capacity utilization with the U.S. data. On the other
hand, Reynard (2007) analyzing the U.S. and Swiss data questions the reliability of the
so-called policy mistakes, as he observes rather weak link between the so-called policy
mistakes and inflation relative to inflation target. Here we propose a little bit different
framework to evaluate the policy rule. Instead of focusing on the residual from the policy
rule, we analyze the deviation of actual interest rates from policy neutral rate (“equilibrium
rate”) and its impact on subsequent inflation. We leave examination of the link between
policy mistakes and inflation outcomes for further research, as we do not concentrate in
this paper, whether the estimated monetary policy rule provides accurate description of
CNB policy, but rather on the estimation and evolution of policy neutral rate.

So our simple test here is to examine, whether our estimated policy neutral rate is helpful in
predicting future inflation developments. If policy neutral rate is too uncertain measure, then
it is likely it does not provide information for subsequent inflation. Our supposition is thus
that when actual interest rate is above policy neutral rate, future inflation rate is then likely

15 Obviously, it might be the case that both bias correction terms are statistically significant, but they just
,cancel out” theirimpact on estimated policy neutral rate. The probability of ,canceling out” for each month
is virtually zero.
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to fall, as monetary policy can be considered restrictive and vice versa. We label a difference
between actual interest rate and policy neutral rate as monetary policy stance hereinafter.

The generic monetary policy stance is plotted in Chart 2.'® As we also have confidence
intervals for the policy neutral rate, it is possible to evaluate if the stance was statistically
different from zero. The results indicate that monetary policy during the sample period
can be regarded as relatively easy, especially around the years 2002-2003. This should
not come as surprise since the inflation was well below the target and even got into the
negative numbers for several months in 2003 and the output gap was negative, with the
bottom in mid 2003 according to the CNB output gap estimates (see Chart B.1).

Chart 2 — Monetary Policy Stance
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Note: Positive values refer to monetary policy tightening, while negative values point to policy
easing.

As there are transmission lags between monetary policy action and the response in the
economy, we assume that current monetary policy stance affects inflation after from 12 to
24 months. This coincides well with the CNB monetary policy horizon, as the bank acknow-
ledges that “..interest rate changes have their greatest impact on inflation some 12 to 18 mon-
ths...” (CNB). It is also supported by the empirical findings of Borys-Morgese and Horvath
(2007). Within their factor augmented VAR framework, they find that the peak response of
inflation to interest rate shocks is around year or so (note the maximum reaction of non-
tradable inflation is close to two years). Based on this evidence, it seems to be fruitful to
analyze the horizon between about one and two years. Here we broadly follow the empiri-
cal specification by Moser et al. (2007), which is a variant of Stock and Watson (1999). While
these two studies examine the role of factor models for inflation forecasting, we analyze

16 Monetary policy stance presented in Chart 2 is based on monetary policy rule specification with inflation
forecast and ex-post GDP gap. Different specification play rather minor role in overall assessment of mone-
tary policy stance. In addition, it is interesting to note that the significance of monetary policy stance has
not been affected by the fact, whether we employed backward or forward looking policy rule.

ACTA VSFS, 1/2008, ro¢. 2 093



our monetary policy stance instead. More specifically, we test the significance of monetary
policy stance including it in autoregressive-type model for the inflation process.

Our estimation framework begins with the following regression:

7[I+i:¢0+¢l [7‘,—1"{)/7’1 +v,, 9)

where 7,.; is yearly inflation i months ahead, where i=12,....,24.

Next, we control for the lagged inflation terms:

7[1+i :¢0+¢l((}ft—r’)/’/’j+z¢h+l”r—h +vt+i (10)
h=l1

where for simplicity we set n=4.""

Using Egs. (9) and (10), we investigate the information content of monetary policy stance
on the future level of inflation. We also re-specify the above equations to address the
future change in the inflation rate as follows:

nrﬂ’_n-/=¢0+¢1[(7}_;‘1j/;‘/j+1)r+i (11)

T — 7, =¢0 +¢l[(rl _r’j/V’J+z¢h+lﬂ:/h U, (12)

h=1

The results from Eq. (9) are given in Table A.3 in the Appendix. Our definition of monetary
policy stance seems to be informative for future inflation, explaining typically about 1/3 of
its variance. These results are largely confirmed, when controlling for the lagged inflation
terms, as suggested the estimation of Eq. (10) presented in Table A.4. The results suggest
that when actual interest rate is 10% above the policy neutral rate, inflation is likely to fall
by about 1 p.p. at the monetary policy horizon. Similarly, policy neutral rate seems to be
relatively good predictor of the future change of inflation rate, as presented in Table A.5.
This result is largely robust to inclusion of lagged inflation as well (see Table A.6). All in
all, the results suggest usefulness of policy neutral rate in understanding future behavior
of inflation.®

5 Conclusions

This paper analyzes the policy neutral rate in the Czech Republic. In order to do so, we
estimate various specifications of simple Taylor-type monetary policy rules at the monthly

17 We also included higher lags, but with little impact on the results.

18 We also tested the robustness of our results by including other macroeconomic variables to Egs. (10) and (12)
such as real effective exchange rate, credit and monetary aggregates. The results remain largely unchanged
and are available upon request.
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frequency from 2001:1 to 2006:9. To address the sensitivity of results, the specifications
differ based on whether we include real-time or ex-post revised data, employ backward
or forward-looking monetary policy rules or vary the measure of output gap.

To estimate time-varying policy neutral rate, we use time-varying parameter model with
endogenous regressors (Kim, 2006). This approach is especially appealing, when estima-
ting monetary policy rules, as it addresses the endogeneity of inflation (forecast) and
output gap. Indeed, the results support the usefulness of applying time-varying para-
meter model with endogenous regressors. The bias correction terms, accounting for the
endogeneity of regressors, are typically significant, the log likelihood improves after their
inclusion and the estimated path of policy neutral rate is for certain periods considerably
different.

The results indicate that policy neutral rate decreases gradually over the course of sample
period from some 5% in 2001 to about 2.5% in 2006 showing a substantial interest rate
convergence to the levels comparable to the euro area. Over the longer time horizon, the
decrease may be supported a number of factors such as capital accumulation, the decre-
ase in risk premium, real equilibrium exchange rate appreciation as well as successful
disinflation of Czech economy and well-anchored inflation expectations.

One of our primary policy applications, except for measuring policy neutral rate by
the novel technique, is also proposing a measure of monetary policy stance based on
a deviation of actual interest rate from policy neutral rate. Our results indicate that this
measure is quite useful in predicting future inflation developments. More specifically,
monetary policy stance affects both the level as well as change of future inflation rate. In
terms of future research, it would be interesting to see more evidence on other inflation
targeting countries to uncover, whether our proposed monetary policy stance measu-
re remains useful predictor of future inflation developments, as we find in the case of
Czech Republic.

Abstract

This paper examines time-varying policy neutral interest rate in real time for the Czech
Republicin 2001:1-2006:09 estimating various specifications of simple Taylor-type mone-
tary policy rules. For this reason, we apply a structural time-varying parameter model with
endogenous regressors. The results indicate that policy neutral rate gradually decreased
over sample period to the levels comparable to those of in the euro area. Next, we propose
a measure of monetary policy stance based on a difference between the actual interest
rate and estimated policy neutral rate and find it a useful predictor of the level as well as
change of future inflation rate.

Keywords
policy neutral rate, Taylor rule, time-varying parameter model with endogenous regressors

JEL classification / JEL klasifikace
E43, E52, E58

ACTA VSFS, 1/2008, ro¢. 2 m
.



Souhrn

Tento ¢lanek analyzuje politicky neutralni (,rovnovaznou”) urokovou miru s tzv. daty
v redlném ¢ase v Ceské republice od 2001:1 do 2006:09 na zakladé odhadd réiznych speci-
fikaci Taylorova pravidla. Aplikujeme strukturdlni model s ¢asové proménlivymi parame-
try a s endogennimi regresory, abychom vyhodnotili fluktuace politicky neutrdIni sazby
v Case. Nalézame, Ze politicky neutrdlni sazba v ¢ase klesd na uroven srovnatelnou se
zemémi eurozény. Déle navrhujeme zplsob méfeni nastaveni ménové politiky zalozeném
na rozdilu mezi skute¢nou urokovou mirou a nami odhadnutou politicky neutralni sazbou
a nalézame, Ze timto zplsobem jsme schopni dobre predikovat budouci inflaci i budouci
zménu inflace.

Klicova slova
politicky neutrdIni trokova mira, Taylorovo pravidlo, model s ¢asové proménlivymi para-
metry a endogennimi regresory
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APPENDIX

Table A.1 — KPSS Test

Series . Test statistic
g S
T o
CPI Inflation forecast (t+12) """"""""" e
O S

The null hypothesis is that the series is level stationary. Critical values for the null hypothesis:
10% - 0.347, 5% - 0.463, 1% - 0.739. Sample period: 2001:1-2006:09. *, **, *** denotes signifi-
cance at the 10, 5 and 1 percent level, respectively.
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Chart A.1 - Interest Rate, Output Gap and Inflation
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Note: This chart presents current inflation, short-term interbank interest rate (3M PRIBOR) and
CNB output gap as of October 2006 forecast round.

Chart A.2 - Comparison of Output Gap Estimates

2001 2002 2003 2004 2005 2006

——— Gap - ex post —*— Gap - real-time Gap - HP filter

Note: This chart presents three measures of output gap used in the paper: Output gap esti-
mated by the CNB as of their October 2006 forecast round (Gap - ex post), Real-time based
output gap estimated by the CNB (Gap - real-time) and the output gap calculated using HP
filter (Gap — HP filter) as the estimate of potential output.
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Table A.2 - Monetary Policy Rules Estimation
r, = (l_p)[r’-'_a(ﬂ-mi _7[[+i)+ﬂxt:|+prf—l +&,

ri=ro+d, 9 ~iid.N0,02)

gt = Kv,ao-s,tvt + K(p,eo-g,f¢t + Zf P P N(O, (1 - ’(\2.5 - Kz )0-2 )

Parameters 1 2 3 4

p H wex

(0.06) (0.06) (0.07) (0.09) (0.11) (0.10) (0.10)

102871 006 {02871 0.07 {005 015 -0.18 i -0.

(0.08) (0.06) (0.07) (0.06)  (0.12) (0.11) ©.11)

©0.06 {0577 2006 i -0.06 ¢ 0.12 | 0.14 { 0.66"

(0.28) (0.29) (0.22) (0.23) 0.27) (0.25) (0.28)

L 001 ¢ f002

(0.01) (0.01)

L 001 ! L0010

(0.01) (0.02)

AIC L1100 095 | -0.94 091 | -094 | -0.94 | -

Note: Robust standard errors in brackets. ***, ** and *indicates the significance at 1,5 and 10%,
respectively. Models differ according to whether bias correction terms are included and the
specificationof 7,.; and X,. 7%,.; is either CNB inflation forecast one year ahead (abbrevi-
ated as IF below) or current inflation rate (IC). X, is a measure of output gap: 1. as estimated
by HP filtering (HP), 2. CNB ex-post output gap measure based on multivariate Kalman filter
procedure (EX), 3. CNB real-time output gap measure based on multivariate Kalman filter pro-
cedure (REAL). Model 1 and 2 = IC, HP; Model 3 and 4 = IC, EX; Model 5 and 6 = IC, REAL; Model
7 and 8 = IF, HP; Model 9 and 10 = IF, EX and Model 11 and 12 = IF, REAL;
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Note chart A3: The difference between the policy neutral rates estimated from the time-varying
parameter model with endogenous regressors, r.. with its confidence intervals, and from
the conventional time-varying parameter model, r.. . The measure of output gap and infla-
tion is used for estimation of policy neutral rate is reported below each chart. Consequently,
if the confidence intervals are different from zero, it means that ric does not lie within the
confidence intervals of 7re .

Table A.3 - Monetary Stance and Future Level of Inflation

Note: Robust standard errors. ***, ** and *indicates the significance at 1,5 and 10%, respectively.
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Table A.4 - Monetary Stance and Future Level of Inflation, Controlling for Lagged Inflation
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Note: Robust standard errors. ***, ** and *indicates the significance at 1,5 and 10%, respectively.
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Table A.5 - Monetary Stance and Future Change of Inflation
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Note: Robust standard errors. ***, ** and *indicates the significance at 1,5 and 10%, respectively.
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Table A.6 — Monetary Stance and Future Change of Inflation, Controlling for Lagged Inflation

n
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Note: Robust standard errors. ***, ** and *indicates the significance at 1,5 and 10%, respectively.
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5t Place - Profesor Frantisek Vencovsky Award
5. misto - Cena profesora Franti$ka Vencovského

Credit Risk and Stress Testing of the Czech
Banking Sector
Kreditni riziko a stresové testovani ceského
bankovniho sektoru

1 Introduction

In the globalization world the financial crises can spread easily between countries. Cross-
border contagion can threaten countries with the week banking sector. From this point
of view, the stress test exercise should be regularly processed in order to detect financial
system fragility. The important part of such exercise is the evaluation of the credit risk
under certain macroeconomic scenario. For this reason it is very important to know the
link between credit risk and macroeconomic environment. Using these tools for monito-
ring purpose, reformative measures can be adopted by regulator to prevent the potential
financial crises in the country in advance. Due to these facts, macroeconomic credit risk
modeling is the new challenge for the economic research.

Our recent experience with the effects of economic downturn on banks’ loan portfolios
in the Czech economy in the late 1990s provides an opportunity to investigate the link
between macroeconomic development and credit portfolio quality. These findings can
help to improve the stress test calculation employed by the Czech National Bank for the
purpose of financial stability. Despite a very good shape of the Czech economy at this mo-
ment, the central bank needs to have reliable tools to detect potential instability within
the economy.

From financial stability point of view, credit risk of the banking sector portfolio should be
investigated. Rapid credit growth in the Czech Republic creates pressure for the improve-
ment in credit risk management at the present time. Loans to households’ growth rate
reach 30% on average during last years. After deep recession in the end of the nineties and
consequential credit crunch period, credit growth to corporate sector was recover since
2002. Despite of significant growth, level of the private credit in the economy is still far to
EU-15 average. The estimation of the sectoral credit risk models together with stress test
can be useful tool for the central bank. These models can provide better knowledge about

* Czech National Bank and the Institute of Economic Studies of Charles University in Prague. The findings,
interpretations and conclusions expressed in this paper are entirely those of the author and do not represent
the views of any of the above institutions.
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potential instability of the banking sector. Different unfavorable, but plausible scenario
can be tested in this manner. Although sectoral models can better explain credit risk in the
economy, sectoral data is difficult to obtain. Especially in the case of Central and Eastern
European transitional economies, time series are still short with a lot of structural breaks.
It makes empirical analyses hard.

This paper follows methodology used by Jakubik (2006a). It extends the study of Jaku-
bik (2007), who estimated macoreconomic credit risk model for the Czech aggregate
economy. Besides the credit risk modeling, the paper focuses on difficulties with data of
sectoral default rate. It shows how to deal with incomplete data in order to distinguish
credit risk for the household and corporate sector. It is structured as follows. Section 2 in-
troduces related studies. Section 3 describe available data, one-factor model as a selected
approaches to credit risk modeling and its estimation for the corporate and households
sectors. Section 4 presents using of the estimated models for the stress test purpose. The
last section concludes and discusses possible further research topics.

2 Related Study

In the context of the New Basel Capital Accord, there are studies investigating cyclical
effects in credit risk models on the bank capital requirement. Catarineu-Rabell, Jackson,
Tsomocos (2003) investigate the impact of different forms of implementation of the rating
system on the bank capital requirement. Verdnica Vallés (2006) discuss difficulties with the
implementation of Basel Il. She focus on the through the cycle rating system and its con-
struction for the emerging economies with financial information affected by macroeco-
nomic crisis. A survey of the literature on cyclical effects on default probability, loss given
default and exposure at default can be found in (Allen, Saunders 2003). There are studies
investigated which factors drive the corporate credit risk in the economy. Elizalde (2005)
studies the importance of credit risk correlation in bond market prices. By decomposing
the firms’ credit spreads on different credit risk factors is able to compute the importance
of each credit risk factor on the evolution of the firms’ credit risk, identifying their credit
risk correlation. The other studies use the idea of decomposition of the credit risk on the
common observable factors for all firms in the economy and firms’ specific unobservable
factor. This is also assumption of the popular one-factor model belonging to class of latent
factor models. The firms’ specific factor is unobservable, but the assumption about its dis-
tribution is made. This model is employed for example by Rdsch (2005), Hamerle, Liebig,
Scheule (2004) or Jakubik (2006a).

From the regulators point of view credit risk on the aggregate level isimportant. The most
of the central bank employ some kind of sensitivity analyses or stress test exercise for the
financial sector. They try to estimate sectoral credit risk in the economy. Sorge, Virolainen
(2006) illustrate the main analytical approaches to macro stress test in the literature and
estimate macroeconomic credit risk models for stress test purposes using data for Finland.
In order to model corporate credit risk they use bankruptcy data as well as loan loss provi-
sions. Wagner, Marsh (2006) study credit risk transfer in the economy with endogenous
financing. They find the transfer of credit risk from banks to non-banks to be more benefi-
cial than credit risk transfer within bank sector. The results of the economic research on the
issue credit risk and stress testing is highly demanded by central banks. Boss, Krenn, Puhr,
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Summer (2006) gives an overview of the general ideas used by Austrian central bank for
the monitoring of systematic risk in the economy. They integrated credit risk into the stress
test exercise. They used bankruptcy data as a proxy for default rate for 13 industry sectors.
Time series of default frequencies is explained by macroeconomic risk factor changes.
The estimated equation enable them translate macroeconomic risk factor changes into
probabilities of default for each industry sector. Bario, Furfine, Lowe (2001) covered the
relationship between credit risk, financial cycles and financial stability. They found limited
number of macroeconomic variables to predict episode of financial turbulence. Danmarks
Nationalbank analyzed the financial vulnerability of the Danish household sector (Dan-
marks Nationalbank (2007)). Macro stress test of Danish households simulates the effect
of higher unemployment and interest-rate increases on the households’ ability to service
their debt. Macroeeconomic credit risk model is also employ in stress test exercise of
Bank of England. Pain (2003) found the empirically relationship between banks’ provision
and macroeconomic indicators as a GDP growth rate, real interest rates, credit growth or
concentration of the domestic loan portfolio.

Further related studies to the issues of credit risk and stress testing can be found e.g. in
Jakubik (2007).

3 Credit Risk in the Czech Economy

From the central bank point of view it is necessary to assess the change in the credit risk of
a loan portfolio in relation to change in the macroeconomic environment within a stress
test exercise. To this end, a macroeconomic credit risk model for the Czech aggregate loan
portfolio was developed by Jakubik (2006b).

One disadvantage of the aggregate model is that it cannot capture the different sensitivi-
ties of corporate and households sectors to change in the macroeconomic environment.
The structure of the loan portfolio has changed considerably over the past five years in the
Czech economy. The share of loans to households in banks’ total loan portfolio increased
from 10% in 2001 to almost 40% at the end of 2006. It is thus apparent that the household
sector is becoming increasingly significant in the total loan portfolio. For this reason, it
would be appropriate to estimate the macroeconomic credit risk model separately for the
corporate and household sectors. The main obstacle to the estimation of such models is
the non-availability of data on the dependent variable.

The aggregate risk model for the Czech economy was estimated on quarterly data on
inflow of non-performing loans (NPLs).! However, such data is only available on an aggre-
gate basis and cannot be obtained separately for the household and corporate sectors.
The sectoral breakdown shows NPL stocks, not flows. To obtain flows, one has to estimate
the decrease in NPLs as a result of write-offs, sales or enforcement of such classified li-
abilities of banks. The following relationship applies to the stock of NPLs, the default rate
and the rate of gross NPLs decrease.

NPL, = NPL, —u NPL, +df (Loans, — NPL,) )

1 NPLs are loans with a classification of three or higher, i.e. substandard, loss and doubtful.
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where NPL is the stock of NPLs in the relevant period, u the rate of gross NPLs decrease,
df the default rate and Loans, volume of outstanding loans at the beginning of the
period under review. This enables us to derive the following relationship (2) for the
default rate.

_ ANPL +u NPL )
Loans, — NPL,

af

Depending on the frequencies monitored, equation (2) can be used to compute the qu-
arterly or annual default rate.? Except for the rate of gross decrease, all the variables in
relationship (2) are usually known. Volumes of total loans and NPLs are available for the
Czech economy broken down by sector. The rate of decrease was only available for aggre-
gate loans. This figure is highly volatile, mainly due to non-recurring massive write-offs at
the end of the 1990s and at the beginning of the new millennium as a result of clean-ups
of large banks’ balance sheets. It can be assumed that most of the problem loans related
to corporations rather than households and that the rate of decrease for the household
sector is relatively stable over time. The period of write-off, sale or enforcement of NPLs to
households was chosen to be two years as an expert estimate. If we work with the annual
default rate, the corresponding rate of decrease is 0.5.2 Based on this assumption, the
default rate of households in the economy can be derived using relationship (2).

The question is how to deal with the corporate sector. Using of the equation (2) is not
appropriate for the corporate sector due to unstable behaviour of the rate of gross NPLs
decrease. However having an aggregate data on the gross inflow of NPLs and default rate
for the households sector we can derive gross inflow of NPLs for the corporate sector.
Nevertheless the time series of the sectoral loans are available, we can estimate corporate
default rate as a ratio of the gross NPLs inflow and outstanding loans at the given time.*
For the better figure of the corporate sector credit risk, we can use credit register to com-
pare our estimation and real figure. However the central credit register contains data only
since November 2002. We use this data only for the latest values. However we checked
that our estimate well fit to credit register data.

3.1 One-factor Model

The one-factor model is the popular version of the latent factor model which belongs to
the class of the Merton structural model. This model appear in many papers, for exam-
ple in (R6sch 2005), (Lucas, Klassen, Spreij, Straetmans 1999) (Cipollini, Missaglia 2005),
(Jakubik 2006a), (Jakubik 2006b), (Jakubik 2007). The model is able to good explain credit

2 Analternative approach to approximating annual default rate is to use bankruptcy data. This approach was
used for example by Virolainen (2004) or Bos, Krenn, Puhr, Summer (2006).

3 Parameter u in the equation (1) may not in fact be constant over time. Nonetheless, we believe that the level
of 0.5 is relatively realistic and consistent with anecdotal evidence.

4 Data on the gross inflow on NPLs for the corporate sector were calculated as a difference between this vari-
able for the aggregate economy and households sector. This number was finally adjusted, because there are
still others sector in the economy as a government, entrepreneurs and financial sector. We used the share of
the corporate sector on the total NPLs for the adjustment.

110 ACTA VSFS, 1/2008, ro¢. 2
]



risk in the economy due to its nonlinearity. This section briefly describes the model and
way how to use this concept for the macroeconomic credit risk modeling.

A random process with a standard normal distribution is assumed for the standardised
logarithmic return on assets of a firm. The discrete normal logarithmic return satisfies the
following equation for each firm in the economy.

R, =-[pF, +.1-pU, (3)

R denotes the logarithmic return on assets for each firm i at time t. F corresponds to the
logarithmic return in the economy independent of firm j at time t, which is assumed to be
a random variable with a standard normal distribution. This variable represents the part
of the return which is not specific to the firm and can thus satisfy the general conditions
for profitability of firms in the economy. U denotes the return specific to the firm, which
is again assumed to be random with a standard normal distribution. The two random
variables are also assumed to be serially independent. Given these assumptions, the loga-
rithmic return on assets of each firm j at time t also has a standard normal distribution. The
model is based on the Merton approach, according to which a default event occurs if the
return on a firm'’s assets falls below a certain threshold. Formally,

PY,=1)=P(R, <T), 4)

where Y denotes a random variable with the two potential state (1/0 - borrower i defaults/
non-defaults at time t). Different macroeconomic indicators can be considered if the ap-
plied variant of the model assumes that the value of this threshold changes depending
on changes in the macroeconomic environment. The value can be modelled as a linear
combination of macroeconomic variables (ij)- The final version of the model is described
by the equation (5) in the case that macroeconomicindicators are included into the model
(W denotes the distribution function of the standard normal distribution).

K K
p, =P(R, <T)=P(|pF, +\/1_pUiz < B, +Z:B,'x_,'z):lp(ﬂo +Zﬂ/x_/z) (5)
Jj=1 j=1

The conditional default probability on realization f, of random unobservable factor at time
t corresponding to the default probability (5) is given by formula (6).

ﬂ()+2ﬂjxj/_\/pﬁ ﬂ0+2ﬂjxj[—\’/pﬁ

_ j=! _ -
! A (6)

If we furthermore assume a homogenous portfolio of firms in the economy whose re-
turns on assets correspond to process (3), the average default rate in the economy is then
- based on the law of large numbers — equivalent to the probability of default of a firm.
Given the assumption of homogeneity of firms in the economy, it is more appropriate to
estimate the model on the basis of sectoral data.
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In order to estimate the model (5), a relationship with a conditional number of defaults
of firms depending on the realisation of the random variable F representing the latent
factor was used. The conditional number of defaults depending on the realisation of the
random factor is a random variable which, under the given assumptions, has a binomial
distribution, with the parameters of conditional probability p (f) given by equation (6) and
the number of firms N..

D(f,) = Bi(N,, p(1,)) (7)

The model can be estimated by maximising a likelihood function containing a random
latent factor, which was assumed to have a standard normal distribution. Full description
of the one-factor model and way how to estimate it can be found for example in Jakubik
(2007). We employed this concept in this paper. ®

3.2 Macroeconomic Credit Risk model for the Corporate Sector

As was described at the beginning of the chapter Credit Risk in the Czech Economy, the
proxy for the credit risk in the corporate sector can be calculated. The credit register, which
is operated by the Czech National Bank and contains credit data of the corporate sector,
can be used for the more precise calculation of the corporate credit risk in the economy.®
However this register is operated only since October 2002. We used data from the credit
register since 2003 to check our proxy credit risk time series. This data confirmed good
construction of the proxy variable.

Key macroeconomic determinants for the development of the corporate sector are interest
rates, exchange rates, price of the inputs, and growth rate of the domestic economy and the
economy of the key business partners.” These indicators also affect default rate in the cor-
porate sector. 90% of the newly granted loans to the Czech corporate sector are with short
fixation less then one year. It means that increase of the interest rate cause raise the price
of firms’ financial sources at the one year horizon ceteris paribus. More expensive sources
decline the ability of the firms to meet their financial obligations. Consequently, corporate
default rate increase. Appreciation of the exchange rate can also affect positively default
rate of the corporate sector.? Stronger exchange rate raises price of the goods in foreign cur-
rency. Firms are becoming les competitive. In general the price of goods in foreign currency
at the world market is given. Hence the ratio between cost and sales is changed and profit
of firms decline. It can lead in the higher default rate in the corporate sector. The increase
of the price of firms'inputs can also affects companies in the negative way. On the contrary,

5 Although this model was originally derived for the bankruptcy data, it can be applied for the loans data as
well - see Jakubik (2007).

6 Theregister contains data on legal entities and individual entrepreneurs and can be used to obtain informa-
tion on the payment discipline of banks’ clients.

7 Key macroeconomic determinants of the profitability of the non-financial corporations are discussed for
example in CNB (2007).

8 The relationship between profitability and real effective exchange rate was empirically confirmed e.g. by
CNB (2007).
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growth of the market price of firms’ outputs can affects firms in the opposite way. From the
debtor point of view, the increase of the price level in the economy means decrease of the
real value of the obligation. Although permanent inflation leads to the additional cost and
harms the economy, in the short run the inflation improves the financial situation of the
debtors and decrease probability of the companies’ default. The period of the economic
boom has positive effect on the corporate sector. Demand for the goods and services pro-
duced by the non-financial firms increases. Consequently the profit of companies increases
and corporate default rate decreases. The same effect on the corporate credit risk has the
growth of the economies of the key business partner. How strongly corporate sector is
influenced by foreigner economies depends on the openness of the domestic economy.
Vulnerability of the corporate sector also depends on its indebtedness. Higher debt of the
company corresponds to the higher financial leverage and higher potential profit or lost.
Such a company is more vulnerable to the unexpected macroeconomic shock and its de-
fault probability is higher.

In order to estimate credit risk model for the corporate sector we took into account all
macroeconomic indicators mentioned above. We were looking for the model which would
be able to explain corporate sector credit risk and capture the effect of the key macroeco-
nomic determinant changes. Such a model could be used for the stress test scenario of
the Czech banking sector. We used credit data to derive a proxy variable for the credit risk
modelling. This variable was derived from the gross inflow of the NPLs for the aggregate
economy and households default rate calculated according the equation (2). Such derived
time series of the corporate default rate was available from 1997 Q1 to 2007 Q1. However
due to the others considered macroeconomic indicators, the final model was estimated
for the time period from 1998 3Q.

We employed one-factor model in all analyses. The best performance was obtained for
the model where GDP, exchange rate, inflation and indebtedness of the corporate sector
were included as macroeconomic indicators. The model was estimated for quarterly time
series from 1998 Q3 to 2006 Q4. Resulting estimated model corresponds to equation (8).
The estimate of the coefficients is shown in Table 1.

df, =y (c+ B,gdp, + B,e,_, + Bz, + B,debt, ) (8)

Table 1 - Default rate model for the corporate sector

Description of variable Notation | Estimate |Standard error Pr>|t|
corresponding to estimated
coefficient
Constant c -2.822 0.484 <.0001
Gross domestic product (B,) gdp -7.765 1.247 <.0001
Real exchange rate (3,) €2 0.983 0.441 0.0327
Inflation (B3) Tty -6.389 0.788 <.0001
Loans-to-GDP ratio (3,) debt, 3.497 0.314 <.0001
Latent factor 0 0.007 0.002 0.0004
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All the estimates were significant at least at the 5% confidence level. According the estimated
model, corporate default rate in the Czech economy depends negatively on the non-lagged
growth rate of the annual real gross domestic product. The growth rate of the Czech economy
improves the situation of the firms and their default probability decrease. Our empirical analy-
sis demonstrates the influence of the exchange rate on the credit risk. We used real effective
exchange rate of the Czech koruna deflated by consumer price index lagged by two quarters.
Stronger real exchange rate of the domestic currency affects corporate credit risk positively.
Impact of the inflation on the firms’ default rate was confirmed. In the case of inflation, the
annual rate of growth of the average quarterly price consumer index lagged by one quarter
was the most significant. A positive effect of the inflation on the situation of debtor was em-
pirically shown. A real value of outstanding debt decreases with the inflation. We consider the
debt indicator as a ratio of loans to GDP lagged by four quarters. As the loans we used total
outstanding banking loans to the non-financial corporate sector. Latent factor which is the
part of the estimation was still significant. However its coefficient is not part of the final model
expressed by equation (8). Obtained result implies that corporate default rate in the economy
is also affected by other factors then the macroeconomic indicators included.

However only the macroeconomic indicators mentioned above were included into the
final model, also the others were considered. We employed for example real and nominal
interest rates, real gross domestic product growth rate in the EU-15, EU-25, EA-12 and
Germany or unemployment rate. Although some of them had significant prediction power
for the corporate defaults rate, due to the correlation with the included indicators they did
not contribute to the prediction power of the whole model.

Figure 1 demonstrates the performance of the estimated one-factor model for the Czech corpo-
rate sector. It confirms ability of the model to explain corporate default rate in the economy.

Figure 1 - Performance of the Estimated Model for the Czech Corporate Sector
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Due to nonlinearity of the model, standard methodology for quality measurement of es-
timate can not be applied. Nevertheless a number of the less common indicator can be
used. One of the tests of model quality is a test of the hypothesis that all the coefficients
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except the constant term are zero (H; B,= 3,= 8,= ,=0). This hypothesis can be tested by
likelihood ratio -2/Ink = -2In(L /L ), where L _denotes likelihood function of the constrained
model and L likelihood function of the unconstrained model. This ratio is an asymptotic
chi-squared distributed variable with 4 degrees of freedom due to four macroeconomic
indicators included into the estimated one-factor model. The test rejected null hypothesis
at the confidence level less then 1%. Instead of the standard coefficient of determination
which can not be used due to nonlinearity, the pseudo-coefficients of determination were
employed. All these coefficients are based on the likelihood functions of the restricted and
unrestricted model. They should be in the interval [0;1]. Our results close to 1 pointed out
the good quality of the estimated model.

—zlnl‘
InL no Estrella (1998) (9)
REZ ZI_(HUJ =0.97
InL.)
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R('Uzz _ U /- 0.96 Cragg-Uhler (1970) (11)
1- L(, "

_ 2(InL;-InL.) 2InL.-n 0381
Za 2(nL, —-InL.)+n 2InL, e Veall-Zimmermann (1992) (12)

The residuals of the model (8) were tested for autocorrelation using the Q-statistics. These
values demonstrate absence of the autocorrelation in the residuals at the 5% confidence
level (see figure 2).

Figure 2 - Autocorrelation function of the residuals
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Furthermore the heteroskedasticity was investigated by Breusch-Pagan test. We ran the
following regression.

2
g =c+pfgdp, + fe ,+ pim,  + f,debt, , +v, (13)

We tested following null hypothesis H, against alternative hypothesis H,. H, means that
square residuals do not vary with any of the original regressors.

Hy:p=p,=5=3,=0
H, :,Bj #0 je{l,2,3,4}

We were not able to reject the null hypotheses. The present of the heteroskedasticity was
not proved. It seems that estimated standard errors of the coefficients are not biased.
Overall the estimation of the model (8) is not probably biased due to the properties of
the residuals.

3.3 Macroeconomic Credit Risk Model for the Household Sector

In order to estimate credit risk model for the household sector in the Czech economy we
follow one-factor model methodology. The same approach as for the corporate sector was
applied. The resulting model was estimated for the annual default rate time series from
1997 Q3 to 2006 Q3.°

The ability of the households meet their financial obligation depends mainly on the in-
come to instalment ratio. The households usually have a regular income as a salary, pen-
sion or some kind of rent. Besides that, they can own financial assets, real or personal
estates. If their disposable income decreases under the certain threshold, they have to
sell owned assets. If they already have nothing to sell they fall to the default. From the
point of banks, it is easier to assess payment ability of the households then firms. One of
the key macroeconomic determinants for the households default is unemployment rate
which significantly affects the households’income. In the case that the key breadwinner
of the heavy indebtedness household is fired from the job the household is usually not
able to compensate his income and fall to the default under the condition that all owned
assets are already sold. Gross domestic product is usually correlated with the households’
income and therefore can be used as a proxy for it. Instalment of the debt depends on
the interest rates in the economy. Default probability of the indebted household increases
with increase of the interest rate under the consideration that interest rate for the loan is
not fixed. Besides the indicators influencing the income to instalment ratio, principal of
the debt can be also affected. Increase in the price level declines the real value of the debt.
Hence, the inflation decreases the default probability of the households.

9 The quarterly time series of the annual default rate was generated from the monthly series of the annual
default rate calculated using relationship (2) by averaging the three monthly figures corresponding to the
relevant quarter. Although the default rate obtained using equation (2) was available from 1994, the time
series on which the model was estimated had to be shortened as a result of some lags in the model and due
to the shorter series of the other macroeconomic indicators included in the model.
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A whole range of macroeconomic indicators were considered for the estimate. The model
chosen as the statistically best model, in line with the economic theory, was one con-
taining the unemployment rate and the real interest rate.” The unemployment rate was
lagged by four quarters, which corresponds to the lagged impact on payment discipline
in the event of loss of employment.' The statistically best results were achieved with a lag
in the real interest rate of three quarters. This result expresses the lagged impact of an
interest rate change on debtors resulting from interest rate fixation. The real interest rate
was calculated by deflating the annual PRIBOR by the CPI. Latent factor which is the part
of the estimation was still significant as well as in the case of the model for the corporate
sector (8). Obtained results imply that default rate of the households sector in the econ-
omy is also affected by other factors then the considered macroeconomic indicators. The
resulting estimated model corresponds to equation (14). The estimate of the coefficients
is shown in Table 3."?

df, =y(c+ ﬂ|”1—4 +:Bzr1—3) (14)

Table 2- Default rate model for the household sector

Description of variable Notation | Estimate | Standard error Pr>|t|
corresponding to estimated
coefficient
Constant c -2.224 0.071 <.0001
Unemployment (B,) Uiy 3.695 0.846 <.0001
Real interest rate (3;) res 1.808 0.596 0.0043
Latent Factor 0 0.004 0.001 0.0004

The hypothesis that all the coefficients except the constant term are zero (H,: B,= 3,=0)
was tested by the likelihood ratio -2/n\ =-2In(L /L ). This ratio is an asymptotic chi-squared
distributed variable with 2 degrees of freedom. The test rejected null hypothesis at the
confidence level less then 1%. However pseudo coefficients of determination show worse
performance of the model compare the corporate sector. It could be caused by the lower
prediction power of the macroeconomic indicators to explain households default. Anoth-
er reason could be instability of the parameter u in the equation (2) which was assumed
to be constant.

10 Also considered for the estimation of the model were nominal interest rates, inflation, the interest rate gap,
the real GDP growth rate, the output gap, the ratio of interest paid to income or disposable income, etc.
Disposable income was modelled using average wages and household consumption, while interest paid
was modelled as the product of the credit volume and the annual PRIBOR increased by a certain interest
rate spread.

1

-

The loan is initially repaid from savings or the redundancy payment; payment discipline is affected only
after that.

12 Danmarks Nationalbank employs unemployment and interest-rate within the macro stress test of Danish
households (Danmarks Nationalbank (2007)).
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Figure 3 - Performance of the Estimated Model for the Czech Household Sector
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The residuals of the model (14) were tested for autocorrelation using the Q-statistics.
These values demonstrate absence of the autocorrelation in the residuals at the 5% sig-

nificance level (see figure 4).

Furthermore the heteroskedasticity was investigated in the same way as in the case of the
corporate credit risk model (8). In contrast to model (8), the estimated model (14) records
the heteroskedasticity of the residuals. Due to this result the standard errors of the esti-

mated coefficients can be biased.
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Figure 4 - Autocorrelation function of the residuals
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4 Use of Models in Stress Testing

The Czech National Bank (CNB) employs the stress test exercise of the Czech banking sector
for the purpose of financial stability. This methodology was gradually elaborated since 2004
by Cihak (2004), Cihak Hefmanek (2005), Cihak, Hefmanek a Hlavacek (2007). The basic stress
tests based on extreme value from the past were complemented by interbank contagion
test. These tests were followed by model scenarios within in-built estimated macroeco-
nomic factors from the CNB's quarterly forecast and estimated growth in non-performing
loans from the macroeconomic credit risk model for the aggregate economy developed by
Jakubik (2007). This model enables to link development of the non-performing loans and
macroeconomic environment. However different sensitivity of the households and corpo-
rate sectors was not able to capture. Although the aggregate model records good quality
of the estimation, the forecast can be biased due to rapid growth of the loans to household
and increasing share on the total banks’portfolio in the present time. The estimated sectoral
credit risk models can better capture the real credit risk in the economy. We can test affect
of the macroeconomic changes separately for the households and corporate sector. Both
of these models can be incorporated into the current stress test methodology of the Czech
National Bank. The models can evaluate the effect of the macroeconomic scenario on total
non-performing loans to the corporate and households sector.

In order to forecast credit risk for the corporate sector, we have to set the inputs of the model
(8). These include the non-lagged real GDP growth rate, real effective exchange rate lagged by
two quarters, annual inflation lagged by one quarter and aggregate corporate loans to GDP
ratio lagged by four quarters. These values can be set either expertly or as a percentage devia-
tion from the CNB’s quarterly macroeconomic forecast (see CNB (2003)). All these indicators
are the part of the CNB's forecast except loans to the corporate sector. In the case that stress
test exercise assume one-year horizon, we do not need to predict this variable due to four lags
in the model. For longer horizon some kind of the credit growth model could be applied. The
models based on the panel regression are used most frequently for the loan portfolio growth
rate. This sort of models was also applied to the countries of Central and Eastern Europe, for ex-
ample by Cottarelli, Dell’Ariccia, Vladkova - Hollar (2003) or Duenwald, Gueorguiev, Schaechter
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(2005). The vector error correction model (VEC) is generally used for estimates for individual
country as well as for aggregate data for several countries — e.g. Hofman (2001) or Schadler,
Murgasova, Elkan (2005). In many studies the volume of loans in the economy is expressed
as a ratio of loans to the private sector to GDP and is often estimated on the basis of a set of
macroeconomic variables. Other studies try to model directly the rate of growth of the abso-
lute volume of loans in the economy as for instance Fabrizio, Igan, Mody, Tamirisa (2006) who
modeling credit growth for the countries of Central and Eastern Europe.

Table 3 - Sensitivity Analysis of the Credit Risk Model for the Corporate Sector
(annual default rate in response to the value of exogenous variables)”

GDP Growth Rate (in %)
Real Loans
Inflation | Effective |to GDP
(in %) ER (in %) 1 2 3 4 5 6
15 6.01 5.14 4.37 3.70 3.1 2.61
0.9 35 19.64 17.56 15.63 13.84 12.20 10.70
50 37.07 34.18 31.37 28.68 26.09 23.63
15 7.28 6.26 5.36 457 3.87 3.26
1 1.0 35 22.48 20.22 18.10 16.13 14.30 12.62
50 40.84 37.85 34.94 32.11 29.38 26.77
15 8.73 7.57 6.52 5.59 4.77 4.04
1.1 35 25.53 23.10 20.81 18.65 16.64 14.77
50 4470 41.64 38.64 35.71 32.85 30.10
15 4.63 3.93 3.31 2.78 2.32 1.92
0.9 35 16.30 14.46 12.76 11.21 9.80 8.53
50 32.36 29.62 26.99 24.49 22.11 19.88
15 5.67 4.84 410 3.47 2.91 2.43
3 1.0 35 18.84 16.81 14.93 13.20 11.61 10.16
50 35.96 33.10 30.34 27.68 25.14 22.73
15 6.88 5.91 5.05 4.29 3.63 3.05
1.1 35 21.60 19.40 17.34 15.42 13.65 12.02
50 39.70 36.74 33.86 31.06 28.38 25.80
15 3.52 2.96 2.47 2.06 1.70 1.40
0.9 35 13.35 11.75 10.29 8.96 7.77 6.70
50 27.91 25.36 22.94 20.65 18.51 16.51
15 4.35 3.68 3.10 2.59 2.16 1.79
5 1.0 35 15.58 13.80 12.16 10.66 9.30 8.08
50 31.31 28.61 26.03 23.57 21.25 19.07
15 5.34 4.55 3.85 3.25 2.72 2.27
1.1 35 18.05 16.08 14.26 12.58 11.05 9.65
50 34 .87 32.04 29.32 26.70 24.21 21.85

Note:" The sensitivity analysis uses non-lagged real GDP growth, CPI inflation lagged by one
quatrter, real effective exchange rate lagged by two quarters and corporate loan-to-GDP ratio
lagged by four quarters.

Table 3 shows the sensitivity of the corporate credit risk to the change in real GDP growth
rate, real effective exchange rate, inflation and corporate loans to GDP ratio. The coefficients
of the equation (8) cannot be interpreted as the commonly used elasticities of impacts of
the relevant macroeconomic factors on credit risk, due to recalculation by the cumulative
distribution function of a normal distribution. For this reason the effect of the change in one
macroeconomic indicator depends on the value of the others indicators. This fact points out
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the table 3. For example the effect of slow down in GDP growth from 5% to 3% depends on
the actual corporate loans to GDP ratio, real effective exchange rate and inflation.

The CNB’s quarterly macroeconomic forecast for unemployment rate, 12-month PRIBOR and
CPI can be used to predict credit risk in the household sector according to the equation (14).
However the model (14) does not record so good statistical performance as the model (8) for
the corporate sector.

Table 4 shows the sensitivity of households’ credit risk to the change in the unemployment
rate and real interest rate in the economy. We observe low sensitivity of the model to the exog-
enous macroeconomic shocks. It can be caused by lower sensitivity of the households sector
to the macroeconomic environment as well as inaccurate estimation of the proxy variable for
the households’ credit risk in the economy according to equation (2).

Table 4 - Sensitivity Analysis of the Credit Risk Model for the Households Sector
(annual default rate in response to the value of exogenous variables)*

Unemployment Rate (in %)

Real IR

(in%) 5 7 10 15
0 2.07 2.47 3.18 4,75
1 2.16 2.57 3.31 493
2 2.26 2.68 3.45 5.11
4 2.46 2.92 3.73 5.50
6 2.67 3.16 4.04 592
8 2.91 3.43 4.36 6.36

Note: " The sensitivity analysis uses unemployment rate lagged by four quarters and real inte-
rest rate lagged by tree quarters.

5 Conclusions

Credit risk modelling is an important part of the stress test exercise. We investigated different
sensitivity of the corporate and households sector credit risk to the change of macroeco-
nomic environment in the Czech economy. In order to improve banking sector stress test,
sectoral macroeconomic credit risk models can be incorporated into the exercise. While the
performance of the estimated model for the corporate sector records very good quality, the
performance of the model for the households sector was worse. Further work in this area
could be done. Data from the credit register for individuals would be possible to use in the
future for the credit risk modelling for the households sector. Nevertheless this research
study is important step to capture different impact of the macroeconomic change on the sec-
toral credit risk. One-factor model was employed in all analyses. This methodology enables
to capture nonlinearities of the credit risk determinants. All these results can contribute to
detect potential fragility of the banking sector and prevent the financial crises.

Abstract

This paper deals with sectoral credit risk in the Czech economy. It follows structural Mer-
ton’s approach. Latent factor models are employed within this framework. The credit risk

ACTA VSFS, 1/2008, ro¢. 2 121



models for the corporate and household sectors in the Czech Republic were estimated in
this manner. They are able to capture the effects of macroeconomic changes on the sec-
toral credit risk in the economy. The results of this study can be used for the improvement
of the Czech banking sector stress test. The models enable the stress tests to be linked to
the Czech National Bank’s official quarterly macroeconomic forecast.

JEL Classification / JEL klasifikace
G21,G28, G33

Souhrn

Tato préce se zabyva sektorovym kreditnim rizikem v ¢eské ekonomice a vychdazi z mertonov-
ského strukturalniho pfistupu. Pro modelovani kreditniho rizika jsou pouzity latentni faktorové
modely. Na datech ceské ekonomiky byly odhadnuty makroekonomické modely kreditniho
rizika pro sektor podnikl a domacnosti. Tyto modely jsou schopny zachytit dopad zmén makro-
ekonomického prostredi na sektoralni kreditni riziko v ekonomice. Vysledky této studie mohou
byt pouzity k zpfesnéni stresového testovani ceského bankovniho sektoru. Modely umoziuji
navazani stresového testovani na oficialni ¢tvrtletni prognézu Ceské narodni banky.
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Nash Equilibrium in Redistribution Systems
(Calculation, Weight, Application)
Nashova rovnovaha v redistribucnich systémech
(vypocet, vyznam, vyuziti)

PETR BUDINSKY, RADIM VALENCIK

The more the company is able to appreciate performance of its employees the higher
its output. This applies in general to other social systems as well - public administrati-
ve institutions, organizations, political competitors, public associations, regional self-
governing bodies on different levels, the private and the public sector etc. The above
principle also works in the opposite direction: The bigger the collision between cash
distribution inside the social system and appreciation of performance of those creating
the system, the lower the overall performance of the system as a whole. A typical case
of redistribution inside such systems is formation of a certain coalition using its domi-
nant influence for redistribution of the means acquired by the company for the benefit
of the members of the coalition. This also applies to administered organizations where
the person deciding about distribution of gains is appointed for the position and enjoys
unlimited or at least significant powers. Here also various informal coalitions are formed
with the abovementioned goal.

The theory of redistribution systems may be applied to resolution of this issue as one of the
cases of the general theory of game. The theory represents an original approach developed
by a team of the College of Finance and Administration and applicable in many different
areas. For the purpose of analysis of standard situations occurring in the redistribution
systems there is a formalized model of elementary redistribution system with three players
(A, B, C) whose performance is distributed in the ratio of 6:4:2. Each of the players possesses
the same power to affect the result (influence equal to 1).! One of the first steps of the
redistribution system analyses was definition of the redistribution equation describing all
options of payment distribution in the elementary redistribution system. For the purpose
of the elementary redistribution system the equation can be defined as follows:

x+y+z=12-n.R(x-6,y-4,z-2)

where:

X +y + z is the sum of real pay-offs of individual players,

12 is maximum pay-off which could be divided, if output of the redistribution system

was maximal, which means that no distribution would be taking place and dividing of
pay-offs would be according to performance, n is coefficient of lowering performance,

1 For details see Wawrosz (2007).
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R(x-6,y-4,z-2)
is function of length of division of real pay-offs according to performance.

The redistribution equation may be interpreted as follows: the amount to be distri-
buted among the players equals the maximum amount that the players might distribu-
te among themselves reduced by the value of their deviation from performance-based
distribution. The function of distance R can be defined in various ways. The best way
seems to be the definition based on the usual metrics defining the distance as square
root of the sum of squares of the difference between the optimum payment and the
actual payment (only positive values being taken into account):

JX-6)24(y-4)2(z - 4)

A professional mathematical analysis of the elementary redistribution system is extre-
mely important for two reasons. One is its relevance for analyses of various types of the
elementary redistribution system applications and the other its relevance for analyses
of how the simple elementary systems are chained into more complex ones. Every equi-
librium within a simple redistribution system is unstable and that leads to chaining of
simple systems into hierarchical and network structures.

This analysis shows that what might appear to be an external influence (such as personal
sympathies etc.) often is determined by the very parameters of the system.? Further to this
issue there is a very interesting recently developed apparatus based on a computer model,
used for simulation of a number of situations opening the way to analyses of the more
hidden layers of the issue. The model allows for descriptions of various types of negotiati-
ons and their results, which display as negotiation trajectories in the redistribution area.

Diagram 1 shows an example of computer plotted redistribution area for the value of
the coefficient of performance decrease n equal to 0.5 and R defined as square root of
the squares of the difference between redistribution and performance-based remune-
ration. The bottom cross sign marks a point with coordinates (6; 4; 2), i.e. the point of
payment distribution based on performance, and the top cross sign marks the point
of equal payments to all players, which in the given case is about 3.51, i.e. a point with
coordinates (3.51; 3.51; 3.51). Every redistribution plane must intersect both points. In
the point with coordinates (6; 4; 2) the sum of payments to all players is the highest. The
farther from this point the lower the sum of the payments.?

2 M. Manas, in the context of solution of a similar task (collusive oligopoly consisting of five players) after
presenting all equilibrium situations states: “Contract negotiation is usually long and if in general fatigue
resulting form the protracted negotiations a contract is signed in the end, it is mostly under the effect of
personal sympathies rather than on the basis of a logical consideration. “ (Marias 2002, p. 61) In the area of
redistribution systems, however, we can go even further and look at the hidden causes of what appears to
be personal sympathy etc.

3 The model works with the step equal to 0, 1. Compiled by computer science student Mr. Vdvra (from IFA)
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Diagram 1 Computer-based simulation of redistribution surface

Let us look at one particular and very practical conclusion that can be drawn on the
basis of the analysis of what happens in the redistribution area. With regard to coalition
forming the redistribution area looks very symmetrical at first sight. The player with the
top performance (A) can form a coalition with the average player (B) and both of them
can improve their earnings at the cost of the weakest player (C). Similarly player B can
form a coalition with player C and improve its earnings at the expense of player A. And
then there is the third option of a coalition between players A and C against player B. In
the case of a coalition between players B and C and improvement of their earnings at
the cost of the top performance player will be the highest (for they can get most of the
player with the top performance). At the same time this will result in the largest decre-
ase of the overall performance of the system. The conclusion drawn from the above is
very important. Under very general assumptions actual systems will tend to “drop” to
a situation when the mediocre ally with the weakest and control the system (institution,
organization etc.) including distribution of earnings within the system.

The strongest player, however, is not completely helpless and can do something against
this development of the situation. He can offer more to the weakest player than what the
weakest player would achieve by alliance with the mediocre. Or instead of the promises
to the weakest player the strongest player may ally with the mediocre player and they
can improve their situations in comparison to the situation under agreement with the
weakest player. In the logic of the case the agreement of a player with the player other
than the member of the original coalition and the resulting redistribution of payments
represents sacrificed opportunity. In he case of the offers described above a equilibrium
can be calculated.

126 ACTA VSFS, 1/2008, ro¢. 2



Diagram 2: Equilibrium in negotiations by using pandering method:
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The key to finding a equilibrium in the case of negotiation with offer is represented by
the following consideration:

e If an agreement has been made between the weakest and the mediocre player and
the parameters of the agreement are (1;yyz;zyz), then with regard to payment to the
weakest player there is a equilibrium between this agreement and the agreement
between the strongest and the weakest payer with the parameters (x_;1;z ).

e In this case the following must be true: z,=z, = def: z, (the value must be the same
whether resulting from negotiation between the weakest and the mediocre player or
from negotiation between the weakest and the strongest player and therefore may
be z, in both cases, with the p index derived from the word promise (offer).

e The same obviously applies in the case of the other agreements, i.e.:

X

Y=Yy = def: Y,

x =x_=def:x
y xz P

This relation implies following equation system:

1+y+z=12-n.R(5;y-4;z-2)
x+1+z2=12-n.R(x-6;3;z-2)
Xx+y+1=12-n.R(x-6;y-4;1)

There are three independent equations with three variables whose solutions represent

the sought for values. What is the purpose of this solution? The solution points out three
equilibrium points with coordinates:
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(1; Yz ) with player A outside the coalition and discriminated
(x ; o 1;z ) with player B outside the coalition and discriminated

(xp, Yy ) with player C outside the coalition and discriminated

Let us call equilibriums of this type discrimination equilibriums. They can already be
used for calculation of the Nash equilibrium. The ratio of mean payments to the players
(the sum of value 1 and the two values corresponding to the victorious coalition, all
divided by three) is to be entered in the redistribution equation. The solution to this
equation is the Nash equilibrium.

The definition of Nash equilibrium is not simple and some monographs of textbook type
even include certain inaccuracies. A detailed account is presented by Carmichael (2005)4.
Her detailed definition reads: “In Nash equilibrium the players in the game select strate-
gies to each other that are the best for themselves. But not every Nash strategy applied
by the individual player is the best answer to every other strategy applied by the other
players. Nevertheless, if al players in the game play Nash strategies, none of them is inc-
lined to do anything else.”

If any player wants to improve its pay — whether by requirement for a higher pay or by
a promise to and a coalition with another player with discrimination of the third player

e he will achieve the very opposite, his situation will get worse.’

Itis clear that if players B and C manage to exclude player A from the possibility to nego-
tiate, their reward will be higher than in the case of the above calculated Nash equilib-
rium. This leads to a conclusion important for the practice, which is that in real systems
you can come across cases when the top performance player is in advance deprived
form the possibility to negotiate who will assert himself in the given system.

The principles of calculation of Nash equilibrium can be transferred to situations repre-
senting an extension of ERS, for example if:

e There is some pressure from competitors exerted on the system.

e The system develops (grows) in time and compares to other systems.

e There is a back effect of the income on the negotiation positions of the players (their
ability to affect the redistribution).

e There is inter-organisation migration.

e FEtc.

In all these cases it is possible to express the effect of the extended assumptions on the
negotiation positions of the players and in which directions the discrimination equilibri-
ums and the Nash equilibrium will be shifted. Discrimination equilibriums of a similar type
and Nash equilibrium even exist in more complex systems with relationships between are-
as with effective competition pressures, and areas with limited competition pressures and

4 Carmichael. (2005, p. 36).
5 For details see Valen¢ik et al. (2007).
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with the option of inter-organisation migration. Generally speaking the proof of existence
and demonstration of the possibility of calculation of Nash equilibrium in an elementary
redistribution system in the key to identification, description and possibly calculation (if
you quantify the system parameters) of Nash equilibrium for more complex redistribution
systems. It is possible to provide a general methodology of analysis of effects of various
factors on the shifts of the individual types of the equilibrium.

Identification, description and possible calculation of Nash equilibrium in redistributi-
on systems are crucial. As the discrimination equilibriums and the Nash equilibrium are
statuses with very close probability, but significantly different positions of the individual
players, important rules can be derived for combinations or mergers of simpler redistribu-
tion systems to more complex wholes and rules of development of social networks acting
between various redistribution systems. Research into this is quite intense. The results of
the research are continuously published on www.vsfs.cz/vyzkum-a-projekty/seminar/.

The theory of redistribution systems offers broad possibilities for international coopera-
tion, among other things in areas such as doctoral study. The solutions of the individu-
al issues may focus on achievement of original results with regard to development and
application of a mathematical apparatus specific for the given area (including one not yet
applicable in economic disciplines) as well as with regard to a number of important and
socially relevant practical applications.

Abstract

A redistribution system is any social system as organization, company or institution is
where the redistribution of payments of players in comparison with their performance
happens. The very important role is played by constitutions of alliances created in this
system. Modeling of essential three players redistribution system as well as identifying
and calculating the forms of equilibrium (discriminatory or Nash) provide the key for
analysis of a real individual or group behavior including problems of its stability and
chaining of other social systems. The theory of redistribution systems, as an original
extension, comes out of the “game theory” and it has numerous practical applications.

Keywords
Game Theory, Theory of Redistribution Systems, Redistribution Equation, Coalition, Bar-
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Souhrn

Redistribucni systém je jakykoli socialni systém typu organizace, firmy ¢i instituce, ve
kterém dochazi k prerozdéleni vyplat hracl oproti jejich vykonnosti. Podstatnou roli
pfitom hraji koalice, které se v takovém systému vytvareji. Modelovani elementarniho
redistribu¢niho systému, ktery se sestava ze tii hracd, identifikovani a vypocet rovnova-
hy diskriminaéniho typu a Nashovy rovnovahy poskytuje kli¢ k analyze redlného chovani
jednotlivcl i jejich skupin véetné problematiky stability a spojovani riznych socialnich
systému. Teorie redistribuc¢nich systému jako plvodni rozsifeni a aplikace teorie her ma
Cetné praktické aplikace.
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Stat doc. Ing. Mojmira Heliska, CSc. k problematice zavedeni eura v CR
Stat bude vénovana problematice zavedeni eura v CR, a to potencialnimu konfliktu mezi
infla¢cnim a Kurzovym konvergencnim kritériem. Teoretickym vychodiskem je koncepce
imposible trinity (neslucitelnost tif cili hospodaiské politiky), empirickym vychodiskem
pak zkuSenosti zemi, které jiz euro zavedly nebo které v souc¢asnosti setrvavaji v mecha-
nismu ERM 1.
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