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Bevezet ®s

A kutat8§som k°z®ppontj &hainnga)l aPvyeta Rgmazdags8d

kapcsolata 81l I1t. A j- 11 ®t °sszef¢ggg®sei vel

1998, STANTON 2005, STI GLI TZ et al . 20009, OECD
®vtizedekben annak a gazdas§8gi fejlett s®ggel
NEMES NAGY 1998, SEN 1998, UNDP 2016) . A m
elterjedtnek mondhat- ( NEMES NAGY 200RULCBIROOY0CS, CSI
NEMETH 2007, -LBNGMECY 2010, FARKAS 2012, P£N.
KO¢S 2014) , viszont a k®t jelens®g kapcsol at
ki bont 8sr a r®szl etei ben®nyeRk®nNTz°t ®r graegm a si 8
kapcsol -d8sok. (PI . a sokat citslt LENGYEL

megval  -sult ver senyk®pess®get j el zR al ap
foglal koztatotts8g] ®s a "z®f gpgd ®d R®il emeninn Rs A
kut at 8si t ®ma t eh§t a Myrdall, Sen, Hi rschm
k®r d®sre (PATAKI 1998) ker esi a vs8laszt mi |

k¢l onf ®l e 8rujavak ®s ai p®rmazj °evgeyd dfldarme m@iruttt -o
gazdas8gi n®°veked®s a fejl Rd®s v®gsR c®I | a,

A posztdoktor-®skutd&begwnagmin B&lak r a ab otn®@rh&tt - k e |l ¢
ko ze®pr - pai keretek ROokPhdv@nysegB8BmMm@mygekng8§ mve:
rendszerbe szedveazer ed m®nyeket . A wbg kpunygl iplaeir- t° slkszz

A kutat8s fRbb eredm®nyei t°bb magyar ®s egy

ker¢ltek bemutat 8sr a, i olkbahel®sork8latdvEwmg o
me g , vagy ®ppen megjelen®s alatt vannak. (
tal 8l hat-. A dolgozatlikadwg§mBdlka KNu é&tselpip® myerf

t°rt®nt, a tanul m8nyok ennek megfelel Ren | el



A K¥ZE£B KEEEHREPAI RXGNVERGENCI CJCENAK
TER! LEREEILCCI €|

Egri iZArvahytFgenci Szab:- Csaba

Absztrakt: A r ®g i - konvdrgerzidazr Eur - pai Uni - politikai c®l jainak
jel ens®g terg¢l et saj 8toss8gait v @®s s degitre p-ari ¢ StR®OTr & 1@F |
region8lis megk©®zel 2 tk@eelgercin. 81 Abh b Bmets R EsyRdiudnekik e bfie | ¢ I8 $ :
El emz®s¢nk m-dszertan§8vi zazg 8d lms z o)l €t & el d3lagelitgee® 8 1pd Kk K €
(szomsz ®dkk8l)g.i A ek Btcat §8si fR k®r d®se arra irs8nyul, h o
konvergencia, ill. hogy an kj SrowlznS8a a t ®r bel i i it erakci -k ehhez a j

Abstract: Convergence among regions is one of the political objectives of the European Union. In our study we
have studied the territorial features of this phenomenon in the Eastern and Central European macroregion by
regional approach (NUTS2). Our basic goal is to explore the general and spatial relationships of convergence.
The methodology of our analysis is the absolute (unconditional) convergence test complemented by the spatial
features (contiguity relations). The main question of research focuses on whether the convergence is
predominant in the examined region? How do spatial interactions contribute to this process?

Kulcsszavakb-konvergencia, szigma-k onver genci a, region8lis n°veked®s
Keywords:b convergence, 0 convergence, regional gr owt h
1. Bevezet ®s

Dol gozatunkban egy 8ltal uv®es d&«edrenp &, t p@amtsag ¢
EU) konvergenceirgjl ndak saj 8t oss8gait, il es®
konvergencia ® s kiegyenl 2t Rd®s az Eur - pai uni - po
Szer zRd®s 158. cikke (1957) egy®rtel mfen f
el Rmozd?t8sa ®rdek®ben a K°9z°ss®g %gy al ak"
gazdas8gialms k®h®ai - er Rs?2t ®s®t eredm®nyezze
r®gi -k fejletts®qgi szintje k°zotti egyenl Rt
vagy szigetek T a v i d ®K i t ®r sPhpemat ad $s Pred ke ®r 2 Viekent G
K®Rbb az Eur - pai uni - r - | sz- |- szer zRd®s (2
ter¢gletit i s kbneewgenagiatt ®,r bleil @ md lome os s 8g 8t .

A konvergenci a k®t f ®l e ®rtel mez®se a f e
referenciapownal el P? Pe BV ®s k ®nt , m8sr ®s zt egy
egyenl Rt lens®gek BR®sPRk| RVDBBMAOb( B@M&K ).l t Kot o
konvergencia-f ol yamat ok tipiz8l 8§8s8r a h&r om kat e
konvergenci 8k; | hhesaz®lahatcsonyabb fejletts®g"
b8r mi f ®l e egy ®b befoly8sol - t ®nyez Rt RI f égoc
egyens¥l yi 8l lapothoz tartanak. Felt ®t el es |
egy ®br okldmwt8 !l t oz- khoz k°thetR, Viszont az eg
|l ehet nek. A klubkonvergencia pedig-wpt j el e
kl ubspecifikus egyens ¥l yi §-folyaengiokiat &roegyes t ar t ar
csopot ra vonatkoz- kezdeti felt®telek hat8rozz

Akonvergencia-vi zs g8l at ok mind a bevont terg¢leti |

f¢éggR v8ltoz-k tekintet ®ben®li iReyMontoBril®9e z at os
Oblath-Sz ©° r f i 2 0 018,, Goe&kezteentdher2 2016, Kot os z 2016,
munkS8it.

Dol gozatunkban az abszol Yt lao wv ersgge8rl d i at ®tre
Azel m®| ekatiSodloavp ( 1956) dolgozta ki. Az Yn. ne
termely®@ziRtt ®esz figyelembe (m8pkdjgtRBRkapvatfFf
t Rke8I | aesmiSinyRg® A t Rke mennyi s®ge a Nn®pessd

n



amortiz8ci - val cs°kken, m2g a beruh8z8sok e
hozad®k a®r v®nyesg¢l , a fejletlenebb r®gi-kban
hozad®kot reali z§8l1, mi nt egy fejlett r ®gi - b
j °vedel mek konver gen-caiz§ je8 tm®il+ed2Rubiback Bkahg | a ®s 2
kez°s egyens% yi szint. A te-ri8t sz8mos Kkri
1992, Lengyel-lRec hni t zer 2004) , m®gi s el tertjeerdétl evtiiz.
konver ®@®ennoi Bt el e mMoBisug 1099 eOhlatht SR 2008, Vojinovic et al.
2009, Viegas- Antunes 2013, Bucur-Stangaciu 2015, Goecke-H ¢ t her 2016, T-tF
Emellett a konvergencia-v i z s g 8 laa tto&rbbaenl i s®g szerepe is eg)
(Rey-Montouri 1999, Czaller 2016, Benedek-Kocziszky 2017).

Tanul m§8nyunkban az al 8bbi kutat8si k®r d®se

(1) Mi k®n't ®r v ®mMRyse skidu rekK p gridqaaqni oan § lgiasz ¢ & 3 BBnst Ta
t 8rsadal mi? konvergenci a

2 Mi Il yen k¢l °nbs®gek fedezhet Rkonvdrgentia a g az
eset ®ben?

B)Hogyan j8rulnak hozz8raatd®f mel ®si rat egraazkdc
konvergenmci 8 8hoz

2Anyag ®s m-dszer

Vojinovic et al . (2009) al apj 8n a Rereszt
konvergenci g8hiapat @zi a2l gbbs$ regresszi-s egye
ahol logyr ®s ajo alkengprgencia j el ens ®g ®t i ndi ks§1 al amu at

l ogarit musaz i ®E PR s ®gtbelns - gee gk d rypataitateg Tavlh e n ;
megfigyel ®s i dej ®t jelzi.

Az al 8bbi k®pl et seg?ts®g®vel pedig a b ko
sebess®gm@iatameg A k®pl et jobb ol daslzgn sl @gRehl a
sz8rmazi k, ez a f ¢ggpva®naym@uheerredek s®g®t jel zR

[ B T I B (2

Ezen ®rt ®k fseel gz28trsb® z@Wesli d dej e i s meghat 8r c
Vizsgs8lt t®rs®gen bel ¢l it tfedlj®@tse zf erherBmyki- zi8dF
konvergencia ghemeV§lt ¢z 4 f(@te &S f ii , d RZ00M)Y b)

A t el j es 2konva@enciabell @ mz ®s ®t Ri efg®jslzétttj gRQgI \

egyenl Rt l ens®geinek Vvizsg8Hmgy)v&dnvbrgeitima a k2?2 v
(ter¢leti) k¢I°nbs®gek c s ° k k eknaBrsv®evred e n c(ie8krk
stagn8l 8§s8val, vagy ®ppen a n°veked@ssl®Rivel | §
Martin 1990, Oblath-Sz © r f i 2008, T tthh ®2 0 B 6 Yeoravergpasiai n t a
kapcsol at ban S§ldkomygm@esnsaila megh®ttae sz¢ks®g
felt ®t el-komvesgzmgiegoma 8nak. Quah (1993) ugyana
konvergencia megmwvaér ¢gah hAadigndi®t ky ¢r gesnci a ki m
a relat2v sz-r8s mutat- -j8val t°rt®nik.

Mi vel -k anvlergenci a vizsg8l at ok hagyom8nyos
t ®r B3e®Ig et (Kot osz 2016) , e z ®r (OLS:aordinarg dedsti s e b b

squares) r egresszinemetl betrtt oatt bt e®er sbl e®R@(@ML SN dbeak ® b e
maximum likelihood spatial error model), a t ®r bel(ML SKM® smbxenumh et ®s
likelihood spatial lag model) ®s a t ®r bel i S Yal y o(3WLS: tspatidllg g k i s ek
weighted least squares) modelleket alkalmazzuk (Anselin 2005, Kelejiani Prucha 2010,

Chasco 2013).



At ®r bel i f¢gdgRs®g®nek tesztel ®s®re a gl ob
gl ob8lis megk?® zreRlig?it- &s sne®woetkeetdk®B2g Bt | agos mir

fel. Ezta Global Moranl seg2?t s®g®vel ragadjuk meg.

B B

o — _ | @)

ahol n a ter¢le®se,giysv®gzeskg§§z1§mak2v3§nt vVEI T
ter¢l etegys®gekben, a 0 a vizsgsglt mut at - S
sz8magegwnstit hat - ®rt ®kempe@®idgsak, DagTePE®RD 1A

A vizsg8latokhoz sz¢ ks®ges alapadatokat az
mellett ( GDP/ f R-paw B)s 8 btR®Em Ra d al kiemelfrreujt lactedmbesB®g (e g Y
fejl Rd®s ivontdkebg el e MD®9ei nkbe. A regitong®gyg |

mut at - al kot j a: az egy f Rre jut - hg8ztart 8¢
rendel kezRk ar §n , a felasRfzghk®%t R®Epet tvE®dh
(BubblcoDljkstra 20 ) Az i ndexszer k-®ikstrda ®s m
(2011) k02|ld|RbeI| °sszehkasokhileg®sz2¢t@jt glik- | a
al kal mazg8s8vallgb(legsd gBOalalidR@t4 ak 2001t | i d
ve®gezt ¢k el . A megfigyel ®®st &Eewre-tpa |84 Iten tuin,l
Lengyelorsz§gg, Csehorsz8g,SzISeav®wi8&, a,Ro M&amiy
N®met or sz8g ®s AusarttralamaMZ®BaS2 Ut ®dib-ii tk ®tt or
tartottuk fontosnak, mert ezek jelentik az Y%

a TR gazRdsasp8gnz ¢gyi 20bprtner ek ( KRr ©°si

3. Eredm®nyek ®s ®rt®kel ®s ¢ k

El sRk®ktonwerfgenlcatao k\hiozs g8z ¢ ks ®ges adat ok k o
ismertetj Jl®l @ RearseogBeazl ap] Fyyzdhaxadnlkzt §sk ®r
HDI al k otkapcs®eatairies . nek kmEtreil 8ci - az 1. t8bl 8§zat

k¢l °on alkapdeokr &8 ®s k¢l °n a n°veked®si cter
mer t ®k ®t . A statikus korrel 8ci - s koefficier
szignifik8ns Kk solatokr | tan%%skodnak a g
alkot - r ®szei k°z Vagyis a vizsg8lt t8rsads

a
(o]

ki vetell el ( GDP
[

R ®s a k®pzetts®g| i ndex Kk
°sszef ¢gg®sek nya hasonl -, Ztegmokog ®n g
kapcsolatok erR ®ge dlverzebbnek tekinthet|
esetek t°bbs®g®t, viszont a k®pzetts®gi szin
gyenge k°zepes a kapcsol@s.aEmeil et ®skhon °vé&d
n®°veked®se k°z©otti °sszef¢ggg®seket emel j ¢k
eset ®ben erRsebb kapcsolat figyel hetR meg, m

1. t S8AHeBlatidgt | et t s®gi szint ®srael Betveked@picseg

HDI J°vede|(V8rhat - Kepzetf| GDP/
HDI - +0,939** +0,935** +0,880** | +0,895**
Jo°vedel e| +0,876** - +0,947** +0,705** | +0,948**
V8r hat - +0,826** +0,740** - +0,734** | +0,884**
K®pzett s|+0,705** +0,431** +0,587** - +0,691**
GDP/ f R +0,739** +0,895** +0,651** +0,382** -
Megjegyz®s: a korrel8ci-s m8trix fR8§tl . feletti r ®sz

a dinami kus mutat- -k (n°veked®isA* Q,t @&5%n)sszkiognriEfli8kcain-csi 8§kt o
Forr 8s:ksAmjsSzersA®lkeszt ®s e

A k°vetkezR t-8b) 8§ maat oklbhsamo |l 2. konvergenci ¢
k°ozolj¢k. A konvergencia ©°9sszef¢iggg®seit a



regresszi - val kezdj ¢k, majd a hibatag t ®r be
megfelel R specifik8ci-val b2r .- t®rbeli |jegye
Ezt k° vet Ren a konvergencia f Rbbmenatdljst - i t [
felz8rk-2z8s fel ®hez sndka®gte®& °kehem®sr i aiidR
defini8lnunk kell a vizsg8lt t®r smelukt mMmgg| §
r ®gi -skkoarls z®dosak (mMegxrfyel 2O0R7)t.®x Aanleigv 8§ Mad g m8 §
k°vetkezRk®ppen ®rt ¢k el. A f¢g¢ggR v8ltoz:- k (
lefuttattuk t°bbf®l e t&voI®&s8§gmEsodxemnmdlkakima
b8s-tay a4, 5, 6 | e gk valaneint & 1y% 200, 827 kmressz ®td8 vpoh s 8 g a |
sl ym8trixokat alkal maztuk. El emz®seink sor §
szomsz®ds8g ragadja meg a t®rbelis®get a |leg
nN°veked®s eset ®ben ®b,eh3 ®, 6M24g a GDP/ f R eset

A magas Moran | ®rt®kek r8mutatnak a t ®rbe
a hasonl - n®veked®ssel b2r . terek klasztere
el emz®sek sor8n ezzel a s¥l ytm8itxd xalzails dell g«
regresszi - s el emz®seket, ezek azonban ®r de
par am®t er ekben.

A2-3. t 8bl §8zatb- | kiolvashat - eredm®®@g ei nk
kelet-e ur - pai t ®r s®gben ®Ronery@ednlcti aaz AakDnwleYat
regresszi-s b®ta egy¢dtthat - mi ndk Qagyis amaut at -
alacsonyabb fejletts®qgi szinten | ® R r®gi -k
ver sa. Az °sszefng Re@xne kk ¢d PRHLS@Gge&k | ealze OLS r e
90,5 szg§zal ®k) , a HfDJ g gevs@nt y® breenr ecdkeRkespE®oipee,s evbag
j el enfss®igleat agokon | efuttatott glob8lis autol
j el ent Rs m&@rcti ® k Tmairmfdar a model |l ekben. A t¢G
regresszi-k megvs8laszt8sBhbaer m§tiagr angBezewihn
fejletts®g v8§ltoz8§sa eset ®ben az OLS regres
n°vekesee®®ben pedig a f¢g¢ggR v8ltoz- szomsz®d
regresszi - k. Vagyi s el(SEM)b,i (ets-elitbiem8la at ®r @reb
(SLM) model |t al kal mazt uk. A model | ek al ka
regresanfir- kmneSmiz Ré,s atkanem a Log |ikelihood ®s
krit®rium is t8j®koztat. El Rbbi n®lI a nagyob
Eszerint mindk®t f¢ggR v8ltoz:- eset ®ben a sz
magyar§ z - er ej ®t . A I|likelihood ratio teszt a t
s¥%l ym8trixot), eszerint a k®t jelens®g n°ve
r ®gi - kban l ezajl - folyamat ok. A HDI Kor
heteroszkedasz t i Kk us an visel kednek, 2 gy

Ittt a k 0\
alkalmaztunk (SWLS HET, Kelejiani Prucha 2010, Chasco 2013). A t ®r bel i s®g g el k
model |l ek kiegyenl2tettebb k®pet adnak a magy

csak az R ad infor m8ci -t a mé/gpyisek iejl Rl einlt Ihed 7 k &d €

konvergencia nemcsak danckneaz detoims & ®Id aepj ®tg isfzk dia \

tev®kenys®gerk Hatp8ddk) is egy®rtel mfen befol

szubnacion8l i s ter ¢l et egys®gek ko zotti k °©
0

infrastruktur8lis folyamatok t°bb r®gi - -ra ki
t ®r s®gek k©°z°tviSis-8@l nteRReRozg8s8rajekers ®gek
v®l het Ren nemcsak a gazdas&§8gi konvergenci 8t

al akul 8s 8t i s.



2.t 8b1 AzHDIL ablamoyvéummgednci 8 8nak hagyom8nyos

OLS ML SEM SWLS
(HET)
Konstans 0,201*** 0,185*** 0,187***
(35,336) (21,354) (12,831)
-0,044*** | -0,040*** -0,040***
HDI (In, 2004) (-30,447) | (-18,415) | (-11,186)
lambda ) 0,735*** 0,741***
(9,821) (7,986)
R-squared 0,905 0,947 0,906
Log likelihood 370,069 390,575 -
Akaike info criterion -736,137 -777,15 -
Breusch-Pagan test 4,002** 23,837*** -
Likelihood Ratio Test - 41,013*** -
Lagrange Multiplier (error) | 45,151*** - -
Lagrange Multiplier (lag) 23,628*** - -
Moran | (res.) 0,455*** 0,018 -
A konvergeng 5,83 5,08 5,16
Fel eizdegRs i ( ®V ) 11,89 13,64 13,43

Megj egyz®s: *ok o saj ghirfisk§moi 0. BANS®ION ®IBd sed¥YanRtrredrt o T
kir8lzyommRs z®ds 8gon att@&wpsuclor eZ 8®r-tj @kbake Bls §ak amjt8ztke.rszzRer ke s z
(2017)

3. tshl®egbat i |jegyekkel bRv2tett abszol “t ko
OLS ML SLM
konstans 0,206™* | 0,059
(11,503) (3,253)
-0,018*** | -0,005***
GDP/ TR (I, | (9585 | (-2,995)
0,729%***
w - (10,248)
R-squared 0,489 0,704
Log likelihood 313,561 333,163
Akaike info criterion -623,121 -660,326
Breusch-Pagan test 5,073* 6,068
Likelihood Ratio Test - 39,205***
Lagrange Multiplier (lag) 28,108*** -
Lagrange Multiplier (error) | 9,230*** -
Moran | (res.) 0,207*** -0,021
Akonver genci 3 1,95 0,52
Fel ez®si i df 3562 132,79

Megj egyz ®s: *rx sr,igni fskiggsi f0i, 0&8nszO0n@® szAnt @nbel*i
s%l ymgt reil s Rae 83dzfaainks z®ds 8gon at@gstor 8®r | &kobler8ls@t hAat -
szerlkesRaj 8t s Z420lMkeszt ®s e

A 2. ®s a 3. t8blg8zatban a konvergencia ®v
e | kuA8Frtegregsessgi b®t Bt

egyes model | kben ka

el Rjel et vettek feék, della. koamveblgehcisa8mito
mi nt 8kat ny ¥%j tanak. A t8rsadal mi fejlettse
konvergencia-¢ t em 5% f ©° 1 °t ti mi nden esetben, a fele
gazdas8gi t el j e saBbtkan®rgeycia-§ t @ mme la|l aesdalyk ez i k (
t ®r bel i s®g beemel ®s ®v e | viszont a negyed®r e
megfelel Ren emel kedi k. ) A szomsz®ds8gi hat §
eredeti OLS modellt, agazd as § g i fejletts®g eset®nN sz8&motte



| ®v R r ®gi - kban zaj |l -

fol yamat ok. R®szl et e:
konvergenciakl ubok is fel el h

et Rk a vizsgsglt

1. SSazignmkonvergenciea fejl etts®g®benut at - k es

0,550 -
0-500_\
20450 - —
2 0,400 -
§ 0350 -
£ 0300 -
£ 0,250 -
0,200 -
0,150 : : . : : .
‘)007 90% "0% %, "%cp %, "0/0 90,/ "a/‘) 90{)) ‘)0/7
Amegfigyelés évei
—8—HDI —GDP/f6
Forr 8s:ksMmjsS8zerszA®l)keszt ®s e
V®g¢l, de nem utols-sorban terg¢leti kiegye
al apj n, -koagergenanciba a ter ¢l eti k¢l ©°nbs®gek
2014 KkAszghma-konvergencia a GDP/fR eset®ben nac
jell emzRn®la eddyI®rt el mTen alacsonyabb, vagyi
k¢l °nbs®gek kisebb m®ert®kTek. Az-id. e8BT &8I | ¢
cs°kken®s t apajsadt al g@dtr b®k meredeks®ge |jelen
v®l het Ren a gazdas8gi v8ls8gnak tudhat- - be.

4¥sszefogl al §s

Dolgozatunkban a kelet- ® s k-€ z ®pp ai NUTS?2 r ®gi - k gaz.
teljes2km@®nyg®Pte hwcii B§g8l t 2kl dnelg® 20t0t4. ®di nd a
mind a t®rbeli vizsg8latok meger Rs2tik az ab
fejlett t ®r s®gek a fejlmagedkh®z- - tfaeRintp@tadttRR
fecggetlengl . A tRekr@bretl i js8rgulakhdawvz 8 zermePpVv ek edd
mut at - eset ®ben. A gazdas§8gi teljes2t m®ny (

er Rt el jesebbekobweerog eyrécsidBujmB8lkn  d legdih KRayo®abb | nd e x
konvergencia ¢t em erkdl. heFteR h2vj uk a f i gy e-$tasetikai ar r a,
el emz®sek ugyan szignifik38ns ©°ss zoevfeirg ghResteSsea
r®sz|l etes elemz®se javasolt a vizsg8lt jelen
Tovs8bhbi kut at 8si nici @8nyks®na fae |l kzo8mr ke rzg8es | o
[

ki mut at 8s a ndokol t . Tanul m§nyunk wugyan r 8m
mut at - k ( Gl obal Mor an I, t ®r bel i j egyekkel
konvergenci 8t . pbRYdBuli asd&Irgtl et ehestsl yoz 8s ¥
r®gi -k egyedi p8ly8inak kisz8mdgyasm d konzeg
idRszaka viszonylag r°vidnek tekinthetR, c ®I

gazdas8geiz dvesStI®&n8egk kf i gyel embev®t el ®vel.



Kesz°netnyilv8n2t §s

2 Az Ember i ErnRfsozrtr@rsibukmak -DINENAREMEhKi v 81 - s 8§ ¢
Progr amj 8nak t8mogat 8s8val k®szg¢lt.
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Abstract: Convergence among regions is one of the political objectofethe European

Regi

Union. In our study we have studied the territorial features of this phenomenon in the Central
and Eastern European macroregion by regional approach (NUTS2). Our basic goal is to

explore the general and spatialorrelations of social and eonomic convergence. The

methodology of our analysis is the absolute convergence test complemented by the spatial
features (contiguity relations). The main question of research focuses on whether the

convergence is predominant in the examined region? Hospdtial interactions contribute to

the convergenc@rocess?

Key wordsb ¢ o n v dir gceomovexegignal groveth, social and economic inequalities

INTRODUCTION
In our study we describe the territorial features and chances of the convergence in an
abstract space (Central and Eastern Europe, exactly EU) defined by us. The convergence
among regions is one of the main political objectives of the European Union. Article 130a of

the Single European Act clearly stated

development, the Community shall develop and pursue its actions leading to the strengthening
of its economic and social cohesion. In particular the Community shall aim at reducing
disparities between the various regions and the backwardness of the least-f avour e d
[1]. Later the Treaty on European Union [2] involved next to the economical and social
marker the territorial too, highlighting the spatial importance of the convergence.

There are two kinds of interpretations, which can be read above: on the one hand, the
intention to reach a reference point, on the other hand, as the approaching to each other, as the
reducing of the inequalities [3], [4]. Kotosz [5] and Paas et al. [6] applied three categories for
the typing of the convergence-processes. In the absolute convergenclkypothesis, the per
capita incomes of countries or regions converge with one another in the long-term regardless
of the initial conditions. Poorer countries and regions grow faster than richer ones and there is
a negative relationship between average growth rates and initial income levels even if no
other variables are included in the regression models as explanatory factors. It is assumed that
all economies converge to the same unique and globally stable steady-state equilibrium.
According to the conditional convergence hypothesis, the per capita incomes of countries or
regions converge with one another in the long-term provided that their structural
characteristics (e.g. technologies, human capital, institutions, population growth rates, infant
mortality rates, etc.) are identical. In the case of conditional convergence, equilibrium differs
by economy, and each particular economy approaches its own but unique equilibrium. The
club convergence means that, the territorial units belong to group or club-specified balance
condition. The convergence-processes are specified by the initial conditions concerning
certain groups. The club convergence hypothesis allows multiple and only locally stable
steady-state equilibriums.

The convergence analyzes can be considered diverse both the involved territorial
units, the method and the dependent variables, see for example [7], [4], [8], [5], [9].

In our study the absolute convergence was tested in the CEE region, according to the
standard neoclassical growth model of Solow [10]. Convergence occurs because of lower and
diminishing returns to investment in more developed and capital abundant countries and

t hat
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sectors. Capital investment spreads to new, less-capital abundant countries and sectors, where
returns to investment are higher; likewise, labour migrates to the more developed countries
where wages are higher. Nevertheless, capital accumulation merely cannot sustain growth in
the long term, while growth in total factor productivity can. The Solow model does not predict
absolute convergence, but it does predict that per capita income in an economy converges to
its steady-state value. It also predicts convergence in factor prices and the standard of living
[11]. The theory got several critics and modifications [12], [13], still it can be applied as a
spread examination frame in the analyzes of the territorial convergence [7], [8], [11], [14],
[15], [8]. Besides this, the role of the spatiality is clearly appreciating in the convergence
analyzes [7], [16], [17].
In our study we are looking for answers to the following research questions:
A Can we observe economic and social convergence at regional level in
Central and Eastern Europe?
A What kinds of differences can be found in the cases of the economic
and social convergence?
A How can the spatial interactions contribute to the convergences of the
economic and social growth and development?

MATERIALS AND METHODS
According to [ 7] t he € goavengenteahypottesis baged t h e
the cross-section data, we estimate regression equation in the following form:
REESE 11 aedR -
Wp

where logyr and logyy are the natural logarithms of development variables in region i
in the last and the first year of the period under analysis, respectively by coefficient is a

constiaatt hb slope of the regressioniohafne, U
the period. With the help of the following
which shows the speed of convergence. b on

above mentioned r egr es dramater sgmng thd sloperof thet hi s
regression line.
Py = -
f rq lp T 7Y
With the speed of convergence the half-life convergence can be calculat, that is how
much time takes it to reach the half-way to the direction of the full-convergence in the

examined regionwhilet he s peed doelsinféet ccohnavnegreg e(nhcael f= | n 2
T h e-conpergence analysis can be completed with the examinations of the
inequal ities of the devel opment vari abl es.

any other development indicator) differentiation between the regional units decreases over
time [7]. According to [18] and [4] the beta and sigma convergence are in connection with
each other, the existence of beta-convergence is necessary, but it's not sufficient condition of
the sigma-convergence. Sigma-convergence can be realized without beta-convergence as well
[19]. The measurement of the sigma-convergence is calculated with the indicator of the
coefficient of variation. (CV=standard deviation/mean)

Traditiormalnlviergkaecd e xami natonsideration ttko e s n 6t
spatiality [5]. That 6 s why besides the method of the o
we apply in favour of the inconsistent estimation the maximum likelihood spatial error (ML
SEM), maximum likelihood spatial lag (SLM) and the spatially weighted least squares models
(SWLS) [20], [21], [22].



The global spatial autocorrelation test (Moran's 1) is applied for the spatial
dependence. The average spatial pattern of the growth variables is explored by the global
approach. The formula of Moran's I:

¢ B B 1 W
cO B
where n is the number of the spatial units indexed by i and j, y is the variable of
interest, 0O is the mean of vy, A shibeaalusof t he n

Uij coefficient is 1, if the i and j are neighbors, anyway it is 0 [23].

The required database was provided by the Eurostat. In addition to the economic
development (GDP per capita, purchasing power parity) the Human Development Index
(HDI) was also included into our analyzes. The HDI, which express the regional well-being is
created by four indicators: the per capita income of households, the rate of those who
completed less than primary and primary and lower secondary education, the rate of those
who graduated in the tertiary education and the life expectation at birth [24]. The
methodological particularity of the index editing is published by Bubbico-Dijkstra [24], for
the purpose of the temporal comparison we completed it defined the minimum and maximum
values [25]. We made our examinations for the period of 2004-2014. The observation area is
Central and Eastern Europe, which contains the NUTS2 regions of Poland, Czech Republic,
Slovakia, Hungary, Slovenia, Romania, Bulgaria, Germany and Austria. The involvement of
the last two countries was important, because these counties means the gravity centres for the
new member states, they are the main economical and financial partners [26].

RESEARCH RESULTS
First of all, we explored the pairwise correlation relationships of the development
variables using the Pearsonbdés correlation co
the HDI components, too. The table 1 figures the correlation matrix. The matrix shows the
extent of the correlation separated for the initial conditions and separated for the growth rates.
The correlation coefficients of the static (initial) variables (above the diagonal) describe clear,
one-way and significant relations between the economic and the social development and
between its components respectively. So the examined social and economical features
strengthen each other, excepting one (between the GDP per capita and the education index)
there are close correlations. The direction of the dynamic interactions (growth rates) is
similar, (synergisting correlations exist), but regarding the strength of the relationships are
more diverse (below the diagonal).
Table 1.
Correlational relationships (Initial level of development/Growth rates)

HDI | Household income| Life expectation | Education | GDP per cap
HDI - .939** .935%** .880** .895**
Household income| .876** - 947** .705** .948**
Life expectation .826** 740** - 134** .884**
Education .705** A31** 587** - .691**
GDP per cap 139** .895** .651** .382** -

Note: above the diagonal the pairwise correlation coefficients of the static variablesbe seen,
below the diagonal the correlational relationships of growth rates are shown. The ** means significance at .01
level. Source: own editing, 2017

Most of the pairwise correlations are strong, but between the dynamics of educational
level and the income indicators there are only medium weak relation. In addition, we
highlight the connections between the increase of the income indicators and the life
expectancy at birth, in the case of the per capita income of the household there is a stronger
correlation, than in the case of the GDP per capita.



In the following tables (2.,3.)ar e t he r e s u l-torsergente. Intoldetoabs ol u

get the correlations we use the ordinary least square method to run the regression, than after
the test of the spatial dependence of the error terms (Moran 1), the regressions will be
completed by the spatial features having appropriate specification. Than the main indicators
of the convergence will be calculated. (The convergence rate, the half-life convergence.)

We have to definate the spatial structure of the examined space: we have to give,
which are the regions who are neighbors to our region [27]. The choice of the appropriate
spatial weight matrix was achieved as it follows. In the case of the dependent variables
(growth rates) the Moran | index was running more kinds of distance matrices. The first and
second order queen and rook-, the 4, 5, 6 nearest neighbors-, and the 175, 200, 225 km
distance-based weight matrices were applied. During our analyzes we experienced that the
queen weight matrix (with first order of contiguity) seizes the spatiality the best. The Moran's
| value is here the highest: in the case of the HDI growth 0,830, while in the case of the GDP
per capita growth is 0,694.

The high and significant Moran | values show the strong importance of the spatial
autocorrelation, so the regions having similar growth are in the same cluster in CEE. During
the following analyzes we worked with the usage of this weight matrice. We made the
regression analyzes with more other matrices, but they had no meaningful changes in the main
parameters.

Table 2.
Absolute convergence of the HDI by different regression models
OoLS ML SEM SWLS
(HET)
intercept 201%** .185*** A87***
(35.336) (21.354) (12.831)
-.044*** -.040*** -.040***
HDI (In, 2004) (-30.447) | (-18.415) | ({11.186)
lambda ) 135*** JT41F**
(9.821) (7.986)
R-squared .905 .947 0.906
Log likelihood 370.069 390.575 -
Akaike info criterion -736.137 -777.15 -
Breusch-Pagan test 4.002** 23.837*** -
Likelihood Ratio Test - 41.013*** -
Lagrange Multiplier (error) | 45.151*** - -
Lagrange Multiplier (lag) 23.628*** - -
Moran | (res.) 455%** .018 -
Speed of convergence (%) 5.83 5.08 5.16
Half-life convergence (ys) 11.89 13.64 13.43

Note: *** significant at 0.01, ** significant at 0.05, * significant at 0.10. The spatial weightrix is

based orfirst oderqueen contiguity. See tite(OLS) andzscore(ML, SWLS)alues in parentheseSource:

own editing, 2017

According to our results, in the table 2 and 3 we show that in the examined period in
the CEE region the absolute conver gence has p r e v-aoefficient i
indicating the convergence T has negative sign. So the regions with lower development levels
have higher growth rates and vice versa. The strengths of the coefficients of determination are
significant different in the OLS regressions (0.489 and 0.905). In the case of the HDI the
sl ope of t he regression Il i ne i s m onmajer
phenomenon of the convergence. According to the global autocorrelation test run on the error
terms (Moran I), significant information left in the models. The Lagrange multiplier gives the
information to choose the regression completing with spatial characteristics. The regressions

The
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were completed in the case of the change of the HDI withthe OLSre gr essi ono6's
error terms, in the case of the GDP per capita growth with the neighbor values of the
dependent variable. So in the first case we used the spatial error model (SEM), in the other
case the spatial lag model (SLM) was used.

Table 2.
Absolute b-convergence of GDP per capita by OLS and ML regressions
OLS ML SLM
. .206*** .059%**
Intercept (11.503) | (3.253)
*k*k *KkKk
GDP per capita (In, 2004) (?91.286) ('920_895)
729%**
w - (10.248)
R-squared 489 704
Log likelihood 313.561 333.163
Akaike info criterion -623.121 -660.326
Breusch-Pagan test 5.073* 6.068
Likelihood Ratio Test - 39.205***
Lagrange Multiplier (lag) 28.108*** -
Lagrange Multiplier (error) | 9.230*** -
Moran | (res.) 0.207*** -.021
Speed of convergence (%) 1.95 .52
Half-life convergence (ys) 35.62 132.79

Note: *** significant at.01, ** significant at.05, * significant at10. The spatial weight matrix is based

on first oder queen contiguity. See the (OLS) andz-score (ML, SWLS)yalues in parentheseSource own
editing, 2017

About the fit of the models in the maximum likehood regression give information not
only the R-squared values, but also the Log likehood and the Akaike information criterion,
too. In the first case the higher, in the last case the lower value is more favourable. In the case
of both variables, the involvement of the spatially lagged values optimizes the explanatory
power. The spatial dependence is tested by the likehood ratio test (the applied weight matrix),
according to this, the processes taking place in the neighbor regions have a significant
influence on the increase of both HDI and GDP per capita. In the case of the HDI
convergence the residuals has not constant variance (heteroskedasticity can be seen), so here
the robust estimation of covariance matrix was used (SWLS HET, [21], [23]). The models
completed with spatiality, give a more balanced figure about the determination. So it can be
state that the regional convergence depends not only on the initial levels, but also the
activities in the neighbor regions have obviously influence (spill-over effects). Kocziszky [28]
leads back the interactions between the subnational territorial units to the producing-, service-
and infrastructural processes involving more regions, and the movement of the human capital-
, purchasing power- and capital among the different developed regions. These phenomena
touch not only the economic convergence, but also have an influence on the growth of the
social development. The tables 2 and 3 show the yearly rates of the convergence speed and
the half-life convergences calculated by the regression betas. Although the regression betas
have negative signs, but the speed of the convergence and the half-life convergence show
different patterns. In case of HDI the yearly speed of convergence rate is over 5% in all cases,
the half-l i f e
has much lower speed of convergence (about 2 %), taking the spatiality into consideration it
falls back to its quarter level. (It is similar as the half-life convergence increases). In both
cases the spatial effects lower the regression betas of the original OLS models (and the
calculated indicators, too). Examining the economic development the ongoing processes in

conver genc edyehrs @he redgional eeoromie gerdormande e

spat i
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the neighbor regions are more considerable. During a more deeper examination we suppose
that convergence clubs can be found in the examined space.

Last but not least, the territorial income and HDI differentiation between the regions
decreasedoverthee x ami ned 10 -yenaver g & o ccentenyeect bativeane
2004 and 2014. We can see higher variability in case of GDP per capita, while the HDI has
lower regional inequality in the CEE region. On figure a powerful decrease of the coefficient
of variation can be seen until 2008, later the slope of the curves relapse significantly. This
phenomenon is because of the economic recession probably.
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Figure 1. Sigmaconvergence of HDI and GDP per capita
Source:own editing, 2017

CONCLUSIONS

In our study, the convergence of the GDP per capita and the Human Development
Index was examined in the Central and Eastern European NUTS2 regions, from 2004 to
2014. Both traditional and spatial analyzes strengthen the absolute convergence hypothesis,
which means that the less developed regions grow faster than the well developed regions,
independent on any other explanatory factors.

The spatiality contributes as an active factor to the growth in the case of both
development indicators. For the economic performance (growth of GDP per capita) the spatial
effects have more powerful influence on the convergence than the initial level, in case of the
human development index the faster speed of convergence can be highlighted. We have to
draw the attention, though the mathematical-statistical analyzes resulted significant outcomes,
the deeper analysis of the real spill-over effects is suggested in the relation of the examined
phenomenon.

As a further research direction the statement of convergence and of the local features
of the catch-up is justified. Although, our study highlights the role of the spatiality, but
basically the convergence analyzes are evaluated by the global indicators (Global Moran's I,
regressions completed with spatial features). So kind of examination can be for example the
geographically weighted regression or the calculation of the unique paths of the certain
regions (speed of convergence, half-life convergence). Whereas the period of the examination

i's quite short, bthe bbservatioh-period with thedcongdardtion bfahe s har e

beginning of the economic recession.
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The spatial peculiarities of economic andocial convergence in Central and
Eastern Europe

Zol t8n Egr.i

Introduction

Our paper discusses the spatial peculiarities or chances of convergence regarding an abstract
area (Central and Eastern Europe i.e. EU) defined by us. Convergence and equalisation
between regions strongly impacts, and is clearly associated with, the main political goals of
the European Union. Article 158 of the Treaty of Rome (1957) clearly s t a t els orderlioa t
promote its overall harmonious development, the Community shall develop and pursue its
actions leading to the strengthening of its economic and social cohesion. In particular the

Community shall aim at reducing disparities between the wvarious regions and the

backwardness of the least-f avour ed regionso. ThirsnthsSingle e me nt

European Act (1987). Then, in 2012, the Treaty on European Union added a new attribute
(territorial) to the already existing ones (economic and social), highlighting the importance of
territorial convergence.

The different interpretations of convergence are, at least partly, evident from the foregoing: on
one hand, it is considered as a set of efforts to reach a reference point and, on the other hand,
it is perceived as a set of attempts for approximation and for the reduction of inequalities
(Ferkelt-G8 s p 8 r 2 0D AB°, 200 iKbtasztarkd Lengyel (2017) and Paas et al (2007)
used three categories for the characterisation of convergence processes. In the absolte
convergencéaypothesis, less developed regions tend to converge with more developed ones,
regardless of any other influencing factor, and all individual regional units converge to the
same equilibrium. The steady-state equilibrium is a reasonable assumption in the case of a
homogeneous sample of countries or regions (e.g. EU regions, USA states, OECD countries,
etc.) (Mankiw et al. 1992). According to the conditional convergenceypothesis, reaching the
equilibrium may be linked to other control variables (e.g. human capital, institutions,
population growth rates, health status, etc.), although the differences between individual
regions may remain constant. In other words, equilibrium differs by region and each particular
economy approaches its own income level. The club convergencgbased on Baumol 1986)
hypothesis means that the territorial units belong to a particular group- or club-specific
equilibrium. For instance, regions of the European Union converge with the EU average,
while other regions approach other averages, if at all. The convergence processes are

determined by the initial conditions of each individual group.



As far as the relevant territorial units, the applied methods and the indicators are concerned,
convergence studies vary considerably, e.g. Rey-Montouri 1999, Oblath-S z © r f i 2008, Go
H¢ t h e rKot@sp2016, Yang et al. 2016.

The primary focus of our paper is to test the hypothesis of absolute convergence in the study

region. The starting point of neoclassical theories is the paper published by Solow in 1956.

His model expresses output as a function of capital, labour and technology under the
assumption of diminishing returns of capital. According to his theory, equilibrium is defined

on the basis of three components: savings, population growth and technological development

(the latter component became part of his model only later), which were considered exogenous

for modelling purposes. His theory can be used to arrive at the b-parameter, which measures

the catch-up speed of a country. Based on absolute b-convergence, the countries involved in

the study differ only in their initial capital stocks and income levels. In this context,
convergence takes place when poorer countries grow faster than richer ones. The reason for

the assumption of diminishing returns of capital is that poorer countries have less capital and

achieve higher returns than richer ones. Capital movements to underdeveloped regions induce

income convergence and, according to the theory, sooner or later lead to a common level of
equilibrium. Despite its numerous critics and amendments (Romer 1986, Mankiw et al. 1992,
Lengyel-Rechnitzer 2004), but the theory describes an existing phenomenon (and has been

still widely used as a study framework for territorial catch-up and convergence analyses (Rey-

Montouri 1999, Konya-Guisan 2008, Oblath-Sz © r f i 2008, Vojinovic e
Antunes 2013, Bucur-Stangaciu 2015, Goecke-H ¢t her 2016, T-th 2016) .
The role of spatiality has clearly gained importance for the convergence studies (Rey-

Montouri 1999, Baumont et al. 2001, Paas et al 2003, Kocziszky 2013, Czaller 2016,
Benedek-Kocziszky 2017). In other words, authors tend to abandon the theories of an

economy that is closed and independent of its surrounding regions and to account for
interactions taking place between the regional economic actors. The resulting models assume

that the impact of externalities between regions is similar to that of the diffusion of
technology, while the regional transmission of accidental shocks plays only a negligible role

in the long-term growth process (Kocziszky 2013). The notion of external impacts, as referred

to in economics and territorial economics literature, can be clearly attributed to Marshall

(1920). The external economic impacts, caused by agglomeration, result from the division of

input and labour markets and from knowledge spillover (Varga 2005). The new economic
geography provides a framework for the interpretation of spatiality and economic growth;

accordingly, the location of a region plays a major role in its economic activity. In other



words, the economic situation of a region greatly depends on its actual location and
neighbours. Therefore, poorer regions are better positioned to develop when they are located
adjacent to richer regions (Baumont et al. 2001). The theory highlights the role of
agglomeration externalities deriving from the spillover effects and interactions previously
described by Marshall. However, as far as the new economic geography is concerned, there is
a general pessimism with regard to convergence and, in the meantime, the phenomenon of

core-periphery seems to emerge as a result of increasing returns (Paas et al 2007).

Spatial interactions and convergencemostly in the CEE countries

In the CEE region (Czech Republic, Poland and Hungary), Herz and Vogel (2003) could not
find any evidence of absolute convergence at NUTS2 level between 1991 and 2002.
According to their study, economic catch-up was explained only with certain conditions
(unemployment, sectoral employment) at the initial development level. Spatiality is expressed
by country-specific factors (dummy variables) which are responsible for institutional and
political impacts. In the ten new CEE member st at e s, SmMmW kewgki( 2801@
demonstrated unconditional convergence at NUTS3 level between 1998 and 2005. Although
this finding is supported by the observation of catch-up at macro level, there is also a clear
evidence of polarisation within the individual countries. Spatial autocorrelation confirms the
theory of growth poles for this period. It means that city regions and their immediate vicinity
represent growth centres but, at the same time, regional inequalities are also widening. The
poorest regions also show convergence, but at a very low speed, and a clear backwardness is
indicated by the distance of economic catch-up. These two region types form a separate
convergence club in the study period. Hegerty (2016) studied, along the main economic
sectors, the catch-up chances of the eleven new CEE member states at NUTS3 level between
2000 and 2013. Performed with the involvement of industrial, construction, finance, insurance
and real estate sectors as well as gross value added, the absolute beta-convergence analysis
produced significant results only in exceptional cases. Although convergence could be found
in agriculture and construction (Hungary), in construction and industry (Croatia and Slovenia)
and in construction (Baltic states), no overall convergence could be identified in the studied
territory consisting of 233 NUTS3 regions. High growth hot spots, identified with Getis-Ord
local G statistics, were present in the Baltic states, Bulgaria and Romania, while cold spots
could be detected in Poland and Croatia. Using the (-method, Kotosz (2016) studied local
convergence in the V4 countries at NUTS3 level between 2000 and 2013. According to his

conclusion, the areas of permanent divergence occur most frequently, while the areas of



permanent convergence occur most rarely. As evidenced by the analysis of Kotosz and
Lengyel (2017), the V4 countries show no significant beta-convergence at NUTS2/3 level
between 2000 and 2014, while national divergence is present, again, in terms of growth. The
positive impact of agglomeration benefits on economic growth was clearly proved by the
authors and the twin-peaks phenomenon of convergence clubs can observed in the study area.
Benedek and Kocziszky (2017) also studied the convergence trends of the V4 countries at
NUTS level in terms of economic and social well-being performance. According to their
findings, the convergence or divergence trends are strongly linked with regional polarisation
and peripheralisation. Their calculations proved the emergence of convergence clubs. In lack
of sigma- and beta-convergence, local convergence can be shown to exist within the clubs of
the NUTS2 regions. The findings confirm that peripheral regions are stuck in a lower
development phase: they show convergence within the convergence club but their position has

not improved considerably in the long run.

Study questions
It is time to specify our study questions. As the importance of reaching economic and social
cohesion was laid down already in the Treaty of Rome, our study deals with convergence
along the lines of these two dimensions. Apart from the politically declared dual-target
scheme, the separate treatment of economic cohesion and social cohesion is justified also by
the fact that there is no straightforward relationship between economic and social
development (UNDP 2010, Rodrigez-Pose - Tselios 2015). Furthermore, our study abandons
the theory of closed economies and focuses on regional correlations including spatial
interactions.
In view of the foregoing, our study questions are as follows:
1 How do economic convergence and social convergence take place at regional
level in Central and Eastern Europe?
1 How do spatial interactions contribute to the convergence of social and economic
development?
What are the differences between economic convergence and social convergence?

What are the local peculiarities of catch-up for the two dimensions?



Materials and methods

The mathematical-statistical framework of our study relies on the absolute convergence test.
Based on Barro - Sala-i-Martin (1990) and Vojinovic et al. (2009), the study of cross-section
data through the absolute ( ) convergence hypothesis is performed with the following

regression equation:
—aeh 11 aedR -, (1)
where logyr and logyp is the natural logarithm of the convergence index in region i during the
first and last study year; by is the constant, (J is the residual and T is the time of observation.
The following formula is used to produce an estimate of the b coefficient which shows the
speed of convergence. b seen on the right side of the formula comes from the above
regression equation and indicates the steepness of the function curve (by).
T -1ldp 1Y (2

This value can also be used to determine the half-life of convergence i.e. the time required to
cover half the road leading to full convergence within the study region if the speed of

| RS2z/°6r)f i (, Ob210a0t8h) .

The performance convergence test is supplemented with an analysis of the inequalities of

convergence remains unchanged (half-1 i f e

development variables. Our purpose with that is to demonstrate that beta-convergence is

coupled with a decrease (sigma-convergence), stagnation or increase of (territorial)

differences. Certain authors (Barro and Sala-i-Martin 1990, Oblath-S z © r f | 2 thd 8)

beta-convergence and sigma-convergence are interrelated and that beta-convergence is a
necessary but not sufficient condition for sigma-convergence. However, as evidenced by the
findings of Quah (1993), sigma-convergence may emerge even without the presence of beta-
convergence. Sigma-convergence is shown through the population-weighted coefficient of
variation.

As t r ad rconvergenca tests fail td take spatiality into consideration (Kotosz 2016),
our analyses are supplemented with this aspect. We use the global autocorrelation test for the

study of spatial dependence. The global approach is used to reveal the average performance

and growth patterns of the study regions. It is expressed with the help of Global Mo r an 6 s

. B B
o — = ,

where n is the number of spatial units, y; and y; are variables in the individual spatial units, xis

cl

-

C

the arithmetic mean of the relevant variable, Ai s t he number ofjistonti gt

when i and j are neighbours but otherwise itequalsO( T- t h 2014) .



In order to avoid inconsistent estimates, we use the OLS (ordinary least squares) regression as
well as the ML SEM (maximum likelihood spatial error), ML SLM (maximum likelihood
spatial lag) and SWLS (spatially weighted least squares) models for our absolute convergence
tests (Anselin 2005, Kelejiani Prucha 2010, Chasco 2013).

Based on the average convergence of the overall study territory, we also wish to show the
individual routes of the various regions. The speed of convergence can be calculated and
interpreted not only for the overall study territory but also for each region (Oblath-S z ©
2008). First we describe the narrowing of the development gap (i.e. the rate of progress of the
relevant region towards the established target value) for the period of 2004-2014 and then we
determine the individual half-life values. After that we calculate the catch-up time in terms of
economic development and social development. Assuming the regional growth values as
constant, we provide information on how much time would be required for catching up with
the development status of the reference region.

The narrowing of individual development gaps (i.e. the annual speed of convergence) is

measured as follows:

i T ,

where RY: = (TDy;)/(TDy;j). TD (territorial development) is the regional development index,

while i is the given region and j is the reference region. 0 and t stand for the base period and
current period, respectively, while T indicates the number of years (Oblath 2014). The catch-
up time is estimated on the basis of Oblath (2014) with the following formula:
Y oo Q-1 9,

where g is the growth rate. The rest is the same as described for the above formula.

The base data needed for the tests were made available by Eurostat. For our analyses we use
economic development (GDP per capita, PPP) and HDI (human development index)
considered as one of the main indicators of social development. HDI, which is also a tool for
expressing regional well-being, consists of four indices: household income per capita
(expressed as PPCS), mean years of schooling, expected years of schooling and life
expectancy at birth (Bubbico-Dijkstra, 2011). The methodological know-how of index editing
is published by Bubbico-Dijkstra (2011); we supplement this know-how with the use of

extreme values in order to create the possibility of time-based comparisons (see Trabold-

r fi

N¢gbl er 1991) . O byrthe €adt that theeapplied bas¢ dingension$ hawee d



different content and that the minima and maxima applied in global analyses cannot be used

in more developed regions.!

Our tests concern the period of 2004-2014. The observation area is Central and Eastern

Europe (as defined by us) including the NUTS2 regions of Poland, the Czech Republic,

Slovakia, Hungary, Slovenia, Romania, Bulgaria, Germany and Austria. The reason for

involving the last two countries is that they act as the gravity centres and main economic and

financial partners for the new member states ( KRr ° s | 2015) . Further mor
(2004, 2011), Germany has an outstanding role with regard to the interactive processes of

Central and Eastern Europe. Due to its vicinity to the region, Germany has such a compelling

economic weight T perceive d as out st andi ng f rioimthe indiletled CEEOG s
system of spatial interrelations, which rarely concedes its primacy to local actors.

Within the framework of our study, the EU membership represents, at least partly, the
requirememgtnedu$ he prarthernre, thaignoupttreatinent of the study

region is justified by the common history, the resulting current relationships and the spatial

structure links (Gorzelak 2001, 2006, Rechnitzer-S ma h - 20113 tha pint we | |
opportunities for transnational development projects (Strategy for the Danube Region and

Central Europe programmes [Interreg VB]).

Results
First we analysed the economic and well-being interrelations prevailing in the first and last
year of the study period (Figure 1). In both years there is a strong and positive relationship
between the economic and social dimensions, with the coefficients of determination ranging
from 81.1% to 82.5%>. It means that a higher GDP per capita is associated with a similarly
high social development value. As the shrinking range for 2014 is shown at higher levels in
Figure 1, a catch-up can be assumed for both variables. Based on our preliminary results, we
may as well accept the criticism of McGillivray (1991), published among the first ones,
challenging the usefulness of HDI on grounds that it was in close relationship, among others,

with GDP per capita (which was still included in the index back then). The author claims that

! Applied extreme values:
1 household income per capita: 2500-25000 PPCS;
1 population share of only primary education: 2.0-40.0%;
1 population share of tertiary education: 5.0-40.0%;
1 life expectancy at birth: 65-85 years.
HDI calculation was performed with the use of geometric mean based on UNDP (2016).
2 The coefficient of determination of pooled regression was 79.9 %. The regression equation can be written as
follows. ( $) mig x WiOOD ¢hp ;@ @ go vfpp



the well-being index is just another redundant index that is unable to produce a more refined
picture of development than the one obtained with the traditionally applied economic

performance index.

Figure 1
The regression relationships of the economic production and the social well-being in CEE
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Looking for more detailed relationships, we describe the correlation coefficients of the base
data required for b-convergence tests on the basis of Pearson coefficients. We supplement
them with the components of HDI. The matrix shows the extent of joint movements both for
the initial development levels and for the growth rates. The static correlation coefficients
(above the main diagonal) show clearly significant and unidirectional relationships between
economic and social development and the components of the latter. It means that the social
and economic characteristics under review strengthen each other and that there is a strong
relationship between them, except between GDP per capita and schooling index.

The dynamic relationships show similar directions; the growth of one factor moves together
with that of another but the strength of relationships is more diverse and can produce a more
sophisticated picture. There is a strong synergic correlation in most of the cases, although
there is only a weak/average dynamic link between schooling and income indicators. We must
highlight the relationship between income indicators and life expectancy at birth growth.
Also, the household income per capita shows a stronger relationship than GDP per capita.
This confirms the findings of Stiglitz-Sen-Fitoussi (2009) claiming that household income is a

better proxy for quality of life than GDP.



Table 1

The correlational relationships between the initial development levels (2004) and the
growth rates (2014/2004)

HDI | Income per capita | Life expectancy | Schooling | GDP per capita
HDI - .939** .935** .880** .895**
Income per capita | .876** - 947** .705** .948**
Life expectancy | .826** 740** - 734%* .884**
Schooling .705** A431%* .587** - .691**
GDP per capita .739** .895** .651** .382** -

Note: the correlation coefficients of the static indicators (initial level) are shown in the part above the main
diagonal, while those of the dynamic indicators (growth rate) are displayed in the part below the main diagonal
of the correlation matrix. ** stands for a significance level of 0.01.

Now we are going to lay down the foundation for the findings of our absolute convergence
tests. We start to analyse the convergence relationships by running an OLS regression; once
the spati al dependence of random
supplemented with spatial features of the required specification. At the start of our spatial
econometric assessment, we need to define the structure of the CEE territory. In particular, we
mu s t specify the regions and
used to select the appropriate spatial weight matrix. In the case of dependent variables
(growth rates) we run Morands |
apply first- and second-order queen and rook; 4, 5, 6 nearest neighbour; and 175, 200, 225 km
distance spatial weight matrices.

According to our analyses, spatiality is best described by the first-order queen contiguity as
Mor ands | shows the highest value
The high values of Moran6 ¢ confirm the strong nature of spatial autocorrelation, which
means that spaces of similar growth rates form clusters within the territory under review.
Figure 2 and Figure 3 show the spatial growth relationships between HDI and GDP per capita.
Based on the growth indices, the figures indicate the phenomenon of East-West dichotomy.
As to HDI, consistently continuous and significant LL spaces are seen, representing mostly
the German regions. The eastern part of the territory under review displays a similarly
continuous HH cluster consisting of Romania as a whole, Bulgaria excluding Yuzhen
Tsentralen (South-Central Planning Region), the Southern Great Plain of Hungary and the

Mazowieckie (Warsaw region) of Poland.
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Figure 2
The local autocorrelation pattern of the HDI growth in CEE

Legend
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The picture is similar in the case of economic growth as well: the East-West division is
evident . Western spaces are | ess homogeneou
regions are displayed as an independent cluster centre joined by several Austrian spatial units

and two Slovenian regions. The eastern part shows a HH cluster consisting of Romania as a

whole, Severoiztochen and Severen Tsentralen of Bulgaria, Poland excluding Zachodnio-
Pomorskie, Lubuskie, Dolnoslaskie, Podkarpackie and Pomorskie, and St Se d n 2oftMo r a v a
Czech Republic. Having the lowest community GDP per capita (29% of EU average at PPP),
Severozapaden (Northwestern) is a LH spatial outlier i.e. it has low economic growth, while

its direct neighbours show high economic growth. This phenomenon indicates a halt of the

catch-up process in the study period.

A similar st udy by -PdReelsklio$ (@05, zealing with social well-being in the

regions of Western Europe, explains the significant spatial autocorrelation with the
"traditional” social-economic interactions taking place between the regions (knowledge and
information technology spillover, trade, movement of labour and capital, economies of scale,

transfer payments, etc.). According to the same study, the strong congruity may be further

explained by such other factors as the roles played by national cultures, institutions and
macrolevel policies. The spatial characteristics of these roles are evident also in the results of

our spatial analyses regarding the growth of the economy and social development. It means



that, under the conditions of our current analyses, we may also calculate with the
differentiating impacts that national factors have on convergence spatiality.

We continued our analyses with the use of this first-order queen weight matrix. Although we
tried to run our regression analyses with several other matrices, they did not lead to any real
change in the main parameters. According to our results listed in Table 2 and Table 3, the
CEE region shows unconditional convergence during the study period.

Figure 3
The spatial configuration of the

Legend
LISA_CLGDP

Not significant
B 1igh-High (HH)
- Low-Low (LL)
[ | Low-High (LH)

The regression beta coefficient, indicating convergence, is negative in the case of both
indices. It means that the less developed regions show higher growth rates and vice versa. The
strength of the relationships varies greatly for the OLS regressions (48.9% vs. 90.5%). As to
HDI, the slope is steeper and, consequently, the convergence is stronger. According to the
findings of our global autocorrelation test (Morand d) performed on residual errors, the
models still hold a lot of information. The method of Lagrange multipliers is used to provide
information for the regressions supplemented with spatial characteristics. Accordingly, the
regressions were supplemented with the spatial lag errors of the OLS regression for social
development change and with the congruity values of the dependent variable for GDP per
capita. In other words, we used the spatial error model (SEM) for the former and the spatial
lag model (SLM) for the latter.

GDP pe



Table 2

Absolute convergence of HDI by the traditional (OLS) and spatial regressions

OoLS ML SEM SWLS
(HET)
201*** .185*** 187***
constant (35.336) | (21.354) | (12.831)
-.044*** -.040*** -.040***
HDI (In, 2004) (-30.447) | (-18.415) | (-11.186)
735*** T41xx*
lambda - (9.821) (7.986)
R-squared .905 .947 .906
MCN 20.07 - -
Log likelihood 370.069 390.575 -
Akaike info criterion -736.137 -777.15 -
Breusch-Pagan test 4.002** 23.837*** -
Likelihood Ratio Test - 41.013*** -
Lagrange Multiplier (error) | 45.151*** - -
Lagrange Multiplier (lag) 23.628*** - -
Moran® b(res.) ABG*** .018 -
Speed of convergence (%) 5.83 5.08 5.16
Half-life (year) 11.89 13.64 13.43

Note: *** significant at 0.01, ** significant at 0.05, * significant at 0.10. The spatial weight matrix is based
| on first-—order queen contiguity. See the t- (OLS) and z-score (ML, SWLS) values in parentheses.

In the case of maximum likelihood regressions we can obtain information on model suitability
not only from R? but also from the log likelihood (higher values are better) and Akaike info
criterion (lower values are better). Accordingly, the involvement of congruity values improves
the explanatory power of models for both dependent variables. The likelihood ratio test,
which is used for testing spatial dependence (i.e. the applied weight matrix), demonstrates that
the processes taking place in neighbouring regions significantly impact the strengthening of
the two phenomena. Due to the heteroscedasticity of residuals in the case of HDI
convergence, a robust estimation of the covariance matrix is used here (SWLS HET,
Kelejiani Prucha 2010, Chasco 2013). When supplemented with spatiality, the models provide
a more balanced picture in terms of explanatory power. (In the case of SWLS regression only
R? provides information on the best fit.) Therefore it can be concluded that convergence does
not depend only on the initial conditions. In fact, it is also clearly influenced by phenomena
occurring in the neighbouring regions or in the countries encompassing a given region
(spillover effects). These phenomena affect not only economic convergence but have an

obvious impact on social development as well.



Table 3

Absolute convergence completed with spatial features in case of GDP per capita

OLS ML SLM
.206*** .059***
constant (11.503) | (3.253)
*kk *kKk
GDP per capita (In, 2004) ('?91286) ('?20_395)
129%**
w - (10.248)
R-squared 489 .704
MCN 15.55 -
Log likelihood 313.561 333.163
Akaike info criterion -623.121 -660.326
Breusch-Pagan test 5.073* 6.068
Likelihood Ratio Test - 39.205***
Lagrange Multiplier (lag) 28.108*** -
Lagrange Multiplier (error) | 9.230*** -
Mor ands | (r] .207*** -.021
Speed of convergence (%) 1.95 .52
Half-life (year) 35.62 132.79

Note: *** significant at .01, ** significant at .05, * significant at .10. The spatial weight matrix is based on first-
order queen contiguity. See the t- (OLS) and z-score (ML, SWLS) values in parentheses.

Table 2 and Table 3 list the annual speeds of convergence and half-life figures based on the
regression beta values calculated for the individual models. Although the regression beta
values are displayed with negative sign, the speeds of convergence (and the half-life figures
computed from them) show different patterns. The average growth of social development
looks better, the annual speed of convergence always exceeds 5% and the half-life never
exceeds 15 years. Economic performance is coupled with a much lower speed of convergence
(approx. 2%, which is almost the same as the estimate obtained with the same methodology
by Mankiw et al. [1992] for the OECD countries, orthee st i mat e of Ded8&8k and
for the CEE counties) but it drops to one quarter of its original value (while half-life increases
in parallel) when spatiality comes into the picture. The neighbourhood effects lead to a
downward adjustment of the original OLS model in both cases, while in the case of economic
development the phenomena occurring in the direct neighbour regions are more pronounced.
Several former studies highlight the presence of national differentiation in the CEE
convergence process (Herz-Vogel 2003, Hegerty 2016, Kotosz-Lengyel 2017) and, in
particular, the great differences that can be seen both between and within the countries in this
regard. Our study focuses on nine countries. However, the introduction of that many (or, to be
precise, eight) convergence club dummy variables produced severe multicollinearity. That is
why we created two dummy variables (d_2004, d_2007), indicating the accession date, in the

EU accession function, and we used Germany and Austria as references.



Table 4
Institutional club convergence in CEE

HDI GDP per
capita
175%*** .085***
constant (12.609) (2.640)
-.038*** -.006*
D (In, 2004) (-11.626) | (-1.858)
.005** .010***
d_2004 (2.406) (3.162)
.007* .022%**
d_2007 (1.798) (4.655)
R-squared .908 572
MCN 55.250 78.543
Log likelihood 373.005 323.79
Akaike info criterion -738.011 -639.581
Breusch-Pagan test 13.641*** | 47.336***
Lagrange Multiplier (error) | 43.126*** | 23.876***
Lagrange Multiplier (lag) 25.998*** | 27.363***
Mor ands | (1] .445*** 331*F*
Speed of convergence (%) 4.78 .62
Half-life (year) 14.50 111.80

Note: *** significant at 0.01, ** significant at 0.05, * significant at 0.10. See the t-score values in parentheses. A
TD refers to territorial development.

The convergence club approach provides an opportunity also for the testing of institutional

impacts. Zeghni and Fabry (2008) and Zeghni (2011) studied the role of institutions for

human development in the transitional economies of Central and Eastern Europe. The authors

found a significant impact in the case of those countries that joined the Community in 2004

and 2007. They attributed the improvement of human development, achieved through market

(creation and regulation) and political institutions (democracy and state federalism), to the
applicat icguinco mtmu t b actitdienr Teecefore the EU accession date may be

considered as an institutional development variable, the impact of which is also tested. Our

results confirm the existence of convergence, and the dummy variables (i.e. institutional

clubs) have a significant impact on the growth of our development variables. According to the

t-scores, this impact is more stable for HDI and GDP in the regions of countries that joined

the Community in 2004 and 2007, respectively. Regardless of the significant presence of

explanatory variables, the models present several errors. The high level of multicollinearity

should be mentioned first. It actually demonstrates that the dummy variables are
Asuperfluouso because the convergence <c¢clubs
dynamic data. This reinforces the summary st at ement 0262), at®rding to( 201 7,
which nAas all pot ent i a [(instiutioobleqealitys aulturel attdudes, e | o p me



human capital, geographical aspects, etc.) correlate and interact with each other in a complex
manner, it is difficult to identify the individual impacts of each explanatory variable on
development”. Furthermore, the heteroscedasticity of residuals compromises the reliability of
regression estimates. As to social well-being, the regional dummy variables reduce the speed
of convergence and increase half-life. In the case of economic performance the values are
slightly better than those obtained formerly with the spatial lag model.

Figure 4
Sigma convergence and spatial autocorrelation of the development variables
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Note: MI - Moran's |, cv - population-weighted coefficient of variation

Last but not least, the population-weighted coefficients of variation (CV) of the two
development indices indicate territorial leverage i.e. sigma-convergence is coupled with
declining regional differences between 2004 and 2014 (Figure 4). As to GDP per capita,
sigma-convergence shows greater variation and it is clearly lower than in the case of HDI,
leading to smaller regional inequalities and more balanced conditions. It is also evident in
Figure 4 and from the data that there is a considerable decrease until 2008, followed by a
sudden drop in the steepness of the curves, which may be the result of the economic crisis.
Regression trend calculations are used for both variables in order to find out whether the
direction of regional differences can be considered reliable. We apply a logarithmic
estimation for both HDI and GDP per capita to explain the trends that decrease with the

highest speed/certainty. The coefficients of determination amount to 96.4% (HDI) and 91.5%



(GDP per capita), the regression parameters (constant, 1) Bre significant® and the equations
reasonably explain the phenomenon of decreasing variation (leverage). In addition to the
population-weighted CV, the global regional autocorrelation of development variables is also
analysed to see how the effect of leverage may change the average spatial pattern and how the
study area may become separated into regions consisting of several sub-regions with different
characteristics. The values of Morand & move together with the CV values in so far as where
a variable shows a lower coefficient of variation, there is a higher level of clusterisation (HDI)
and vice versa (GDP per capita). In addition, there is another similarity: both CV and
significant regionalisation tend to decrease until the start of the economic crisis but after that
the CV decreases, while the spatial autocorrelation shows stagnation. It is somewhat
contradictory to former findings (Benedek-Kocziszky 2017) claiming that convergence and
divergence are strongly related to regional polarisation. That is why we continue our study

with local convergence analyses.

Local convergence and catclup analyses without the use of spatial parameters

The local analyses are suitable for describing the individual routes of the various regions as
well as for showing the annual speed of convergence (the narrowing of the development gap),
the half-life value and the catch-up time. Prior to such analyses, it is necessary to define a
(reference) region for the catch-up target. Instead of choosing a NUTS2 region, we selected
Austriads nat i onal -uppaeget fo derachiavedc (Austréa $s a katieein
the study region with regard to both dimensions.) (The main results can be seen in the
Appendix.)

Table 5 and Table 6 list, by NUTS2 region, the annual speed of convergence for HDI and
economic performance and the resulting half-life values. The tables contain the extreme
values (maxima and minima) of the various countries, organised according to annual speed of
catch-up. (The tables do not include the regions that have already caught up with the reference
region.) Figure 5 and Figure 6, linked with the calculations, give a better understanding of the

spatial peculiarities.
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At st ri a
GDP per capita; based on the growth realised in 2004-2014, the individual regions can be

The annual catch-up speeds, required to reach

grouped into eithert h e fuiga tccohmp | et ed 0 c autpe gfoariyl eodudt tchaet efg
like in the case of global and spatial convergence analyses, the former indicator displays a
stronger narrowing of the development gap. As to the study region, the Mazowieckie
territorial unit (including Warsaw) of Poland shows the highest annual speed of convergence
(11.6%) and the Jihozapad territorial unit of the Czech Republic displays the lowest value

(0.7%).

Table 5
The maximum and the minimum values of local speed of convergence and the half-life of
convergence (HDI)

Regions Annual speed of Half-life, years
convergence, %
Bulgaria Yugozapaden -4.9 14.06
Yugoiztochen -1.5 45,91
. |Stredn?z C -4.5 15.51
Czech Republic 55—~ 5 b a d -7 103.91
Hungary Southern Great Plain -2.6 26.27 _
Central Hungary - catch-up failed
Poland Ma_zowieckie _ -11.6 6.00
Kujawsko-Pomorskie -3.0 23.25
Romania Bucuresti - Ilfov -9.8 7.10
Sud-Est -2.4 28.42
Slovenia Vzhodna SIoven_i_ja -3.0 22.99 _
Zahodna Slovenija - catch-up failed
Slovakia Vichodn® -3.1 22.36
Z8padn® S -2.0 33.98
Germany Saarland - catch-up failed
Austria Bur_genland -10.2 6.80 _
Steiermark - catch-up failed

Note: the table lists the maxima and minima of the countries in the study region on the basis of their respective
speed of convergence.

With regard to HDI catch-up, a clear East-West dichotomy can be seen. As to Central and
Eastern Europe, the eastern part is basically characterised with convergence, while the
typically
A c a-tt g h f aThel newdmember states, with two exceptions, experience a strong trend of

western part shows
catch-up mostly in the capitals or in the neighbouring regions of the capitals. The Prague
region and the Bratislava region exceeded the average Austrian quality of life in 2011 and

2014, respectively. The annual narrowing of the development gap is fairly strong in the

d euvpe | coogprepdl est peadcoe



Warsaw (11.6%) and Bucharest (9.76%) regions®. With its annual speed of almost 5%, the
Sofia region (Yugozapaden) excels among the other regions, while a Polish region including
three big hubs other than the capital city (Malopolskie, Dolnoslaskie, Podlaskie) shows an
annual speed above 5%. The higher catch-up rate of the more developed urban areas in the

above countries indicates a process of divergence.

The fcmtfchi |l edd category can al so bassligitound

increase, the basic trend is represented by a downward adjustment from the reference value in
Central Hungary and Zahodna Slovenija (Ljubljana). (In 2004 the former stood at 90% of,
while the latter nearly reached the Austrian average but by 2014 the former dropped to 83%
and the latter increased to 98% of the reference value.) A similar but somewhat different
process can be seen in Germany and Austria as well. The German and Austrian regions in the
Acawpehfail ed-0p aadmpk etieeeticeedecctize refergnce value in 2004
but showed a decline in social development in 2014. This phenomenon is typical in some 90%
of the territorial units of the German-speaking countries. The only exceptions are Burgenland,
Ni eder ©° st er rrech cahd, Voradiderg; r tRes tae rthe only regions where

convergence can be seen.

* It is worth examining the delineation of the two regions. The Mazowieckie region represents the classic
example of aggregation information loss: seven NUTS3 units are established in the vicinity of a fairly developed
capital city. Actually, three out of the eight sub-regions exceed the GDP per capita value of the EU28 average
(Miasto Warszawa: 198%; Warszawszki Zachodni: 101%; Plocki: 86%), and the remaining ones vary between
50% and 60%. However, Bucharest forms a NUTS2 region only with the sub-region located in its immediate
vicinity (Bucharest-1lfov). That is why the position of the Mazowieckie region is noteworthy.



Figure 5
Local speed of convergence by the HDI in CEE
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Furthermore, the speed of convergence shows a clear-cut differentiation at national level. This

indicates, again, the importance of country-specific effects and convergence clubs. The

narrowing of the development gap averages 2% in Poland (4.6%), Slovakia (2.5%) and

Romania (4.18%). The Czech Republic, Hungary, Bulgaria and Slovenia show various catch-

up trends. As to the first three, the speed of convergence is low, which strengthens the

divergence process, in the less developed/depressed regions (Northern Hungary, Southern
Transdanubia, Severozapaden [Bgl, Sever en Tsentr al dmephen@enorer 0z 8p
of club formation is obvious also in Germany: most southern provinces (Baden-W¢, r t t e mber g,
Bavaria) show downward adjustment but still keep their pace. The regions of Berlin,

Hamburg, Dresden and Leipzig are in a similar situation. There is a highly performing but

relatively lagging convergence club in the central and northern part of Germany. The

reference region is not uniform either: Bur genl and, a0db orartbeygt ager r e i ¢ h
strongly catching up, while there is a downward adjustment in the Vienna region.

The speed of convergence of GDP per capita also shows both extremes (catch-up completed,

catch-up failed) but their ratio differs from the HDI figures. The catch-up failed category is

particularly small, which is an evident sign of the division between the two dimensions. When

comparing the two figures, this phenomenon becomes especially spectacular in the central and

northern part of Germany.



The local convergence features of GDP per capita in CEE

Regions Annual speed of Half-life, years
convergence, %
Bulgaria Yugozapaden -3.5 19.66
Severozapaden -3 256.29
. |Jihovlchod -2.0 34.39
Czech Republic Severoz§8pa -3 catch-up failed
Hungary Central Hungary -2.1 32.41
Southern Transdanubia -2 450.45
Poland Ma_zowieckie_ -9.9 7.00
Swietokrzyskie -1.0 66.56
Romania Vest -2.1 33.23
Nord-Est -1.0 68.61
Slovenia Vzhodnha Sloven_i_ja - catch-up failed
Zahodna Slovenija - catch-up failed
. Z8padn® S| -2.9 24.11
Slovakia Vichodn® S 12 55.66
Germany Niederbayern -11.1 6.24
Trier - catch-up failed
Austria Steiermark -1.9 36.45
Burgenland -.0 1774.1

Table 6

Note: the table lists the maxima and minima of the countries in the study region on the basis of their respective
speed of convergence.

A Hungarian region (Southern Transdanubia) produces the lowest positive value (0.7%) and,
again, the Polish capital region (Mazowieckie) is the best performer (9.9%) in the CEE area
under review. The two phenomena are synergistic and moving together in both regions. Just
like in the case of human development, Prague and Bratislava exceed the Austrian average
also in terms of economic performance. However, the two dimensions are not balanced in

Bucharest, with the HDI slightly lagging behind.



Figure 6
Unique speeds of convergence by the GDP per capita
Legend
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Central Hungary displays an opposite trend: the speed of convergence is positive for GDP per

capita but negative for HDI. In the latter two cases the issue of efficiency is also raised as the

one-sided process of complex catch-up seems to have favoured only the dimension of GDP

per capita. In view of the growth rates of the 10-year period under review, Zahodna Slovenija

fails to reach the reference region (just like in the case of HDI). In the Yugozapaden region of

Bulgaria economic performance and human development walk hand in hand. In the eastern

territory the main spaces for economic catch-up, in addition to capital cities, are the regions

that include developed cities. In particular, the regions of Poznan, Wroclaw, KatoviceorL - d z
(Wielkopolskie, Dolnoslas k i e, S | a sikRolend, thd_regidnzokai n@jpr Brno sub-

centre (Jihovichod) in the Czech Republic and the region of Z8 pad n® STlrnave,e ns k o
Trencin, Nitra) adjacent to the capital city in Slovakia show high-level convergence with

Austria. Romani aés second | argest growth pole is t
(Ti mi k, arady kaown to have European implications, and the strategically positioned Sud-

Est region that attracts a huge amount of foreign working capital Sud-Est (Allen & Overy

2011). Apart from these regions, the eastern territory displays only low catch-up speeds (0-2%

per year). In terms of economic performance it means the presence of divergence within the

countries. Slovenia is an exception as even Vzhodna Slovenija shows a downward
adjustment. This region is an exception also in that HDI displays a moderate catch-up speed

but GDP is relatively lagging behind the Austrian average. It is, again, a one-sided progress

but this time it is in favour of HDI convergence.



The southern provinces of Germany form, again, a well-performing convergence club

includi ng regi onsp we o mp lietaegdcd st at us, downward
convergence. The Ger man repres-apt daai ve@deo3ckdeswiggofigat
Holstein, Giessen, Kassel) greatly differ from the same categorisation made for HDI.

Although most of the cases are also about downward adjustment (when compared to Austria,

Kasseld6 s posi ti on 2004ss int20148), uslike nmethe case of well-being, these

regions fail to reach the initial value of the reference region in 2004. In Germany, the

behaviour of central and northern regions is similar to that of the majority of eastern regions

where, apart from a few exceptions, the narrowing of the development gap is 0-2% per year,

typically coupled with the relative lagging of social well-being. Austria is still not uniform:

the GDP per capita values of several regions ( Wi e n Ober°sterreich,
Vorarlberg) are higher than the average already in 2004 but, except for Vienna, there is
continuous convergence without any downward adjustment. In the territory under review, the

lowest speed of convergence is present in Burgenland (0.036% per year) located in the

periphery of Austria. When compared to HDI, progress is one-sided here again, the growth of

social development may be attributed to state interventions. Steiermark and K2 r nalse n

show some one-sided catch-up taking place, again, in favour of HDI.



Figure 7
Half-life of convergence (HDI)

Legend
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Resulting from the speed of convergence, half-life shows here i just like for the entire CEE
territory i the number of years that would be required, upon assuming a constant speed of
convergence for the 10-year period under review, to cover half of the way leading to catch-up.
As in the case of HDI the vast majority of the regions show a higher speed of convergence, it

can be detected in half-life values as well. A diverse half-life picture is obtained when the

nn-convergingpocompglagtcqrdd regions are7).dtmitted

takes 6 years for the best-performing Mazowiecki region and as many as 104 years for the
J i h o zr&ipna which has the lowest speed of convergence, to catch up with half of
Austriads aVv ebeing.gAe to theoeasiera tapitalv @tiesl that are not lagging,
Warsaw and Bucharest would catch up (assuming constant growth) with the reference level
within a relatively short time (12-14 years), while the Sofia region would need almost 30
years to do the same. The short half-life of St r e d n 2the @giom hoynd Prague, is
presumably attributable to the positive effects of neighbourhood with the Czech capital city.
When put on the map, half-life values T just like catch-up speeds i positively confirm the
phenomenon of national convergence clubs, completed with the presentation of gradual
progress. Except for one or two regions, Poland and Romania would catch up with half of
Aust r i ad sbeimyaovithin 40+25 years, Iwhile Slovakia would need 25-40 years to do
the same. In Hungary, most regions are also expected to reach the Austrian HDI within 25-40

years, with the relatively developed Western Transdanubia needing 43.5 years and the most



backward Northern Hungary requiring 58 years for it. The situation is similar in the Czecz
Republic, where the catch-up target represents an inconceivably long period for the relatively
developed Jihovychod region located in the western part of the country, while the Ostrava
region (formerly involved in heavy industry) faces the same half-life as Northern Hungary
(which is a not too optimistic perspective for such kind of regions). Except for the above
region and the capital city region, the rest of the country would reach half of the catch-up
target within 25-40 years. The spatial pattern of Bulgaria and Slovenia is in line with the
respective speeds of convergence; only Yugoiztochen and Severen Trentsalen (Bulgaria)
excel with a half-life of 40-55 years.

Figure 8
Half-life of convergence by the GDP per capita

Legend
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When analysing the time requirement for economic catch-up (Figure 8), clusterisation and
club formation can be seen again T although not as clearly as for social development 1 in the
case of a continuous area, excluding the central and western regions of Hungary, having a
half-life above 100 years (Western Transdanubia excels with its 450.5 years); similar features
can be found in the western part of the Czech Republic (Bohemia) and the entire territory of
Slovenia. The one-sided development is striking mostly in St r e d n %ith @ bal-liifeyof
15.5 years for HDI and 226.9 years for GDP per capita. In Poland, the regions including the
already mentioned big hubs are accompanied by regions such as Malopolskie (Krakow) and
Pomor ski e (wher thg reltively shokt inalf-life is the result of the better initial



conditions. Slovakian regions also show divergence and the East-West dichotomy is present
again but, unlike in the case of HDI, the catch-up of western regions is expected to be quicker.
Except for the capital city region, Bulgaria needs an inconceivably long time to catch up with
hal f of Austr i a@eerommden whichrhasrithe lewest @DP gel capita,
would need 256.3 years to do that.) The subtle interrelations between social and economic
development are exemplified by the case of Burgenland and K 2 r n In therformer region the
half-life is 6.8 years for HDI and, upon assuming a constant speed of convergence for the 10-
year period under review, 1774 years for GDP per capita. The latter region shows a downward
adjustment in terms of social development, while its half-life for economic convergence
amounts to 465 years. Half-life varies widely in the northern part of Germany but the
provinces of the former East Germany are not necessarily worse off than the West German
regions. The poorest values belong to Hannover (85.2 years), Dresden (193.1 years) and
L¢e¢nebur6ygears). 4 38

As part of our local convergence tests, we also provide catch-up time estimates. For such
purpose, we assume constant growth rates both for the reference region and for all other
regions (excluding Germany) on the basis of the average values of the 10-year period under
review. As to HDI and GDP per capita, we use 2.8% and 2.7% for Austria and 5.4% and 5.5%
for the other regions, respectively. Catch-up time varies from 0.0 to 32.67 years (Nord Est
[Ro]) for social development and from 0.0 to 54.85 years (Severozapaden [Bg]) for economic
development. When assessing the results, we focus mainly on spatial differences (Figure 9
and Figure 10). Economic catch-up is in line with the East-West division: the fast growing
regions take the spatial structure of a new Central European banana (SIC! 2006) and even the
eastern wall can be identified. In Poland, some traditional historical inequalities can also be
detected (Gorzelak 2001, 2011), although this spatial feature cannot be seen for HDI. Most of
the eastern regions display better growth performance i mostly when examined along non-
income dimensions T than their western counterparts; this finding is confirmed (in static
approach) also by some former studies (Tridico 2007). The regions of the former East
Germany show similar differences: GDP per capita is severely lagging behind, while HDI
presents a more balanced country picture. The poorly developed regions show a similar
spatial image inthesout her n and sout heastern pMordiEgher i es
Sud-Est and Sud-Muntenia represent the highest catch-up values, while Bulgaria without the
capital city region, Nort hern Hurmmgréahbstandand Na

Sud-Vest Oltenia excel in terms of GDP per capita.



Figure 9
Catch-up time for HDI in CEE

Legend
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Figure 10
Catch-up time for GDP per capita in CEE

Legend
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Summary

Our paper discusses the convergence of economic and well-being performance in the Central
and Eastern European NUTS2 regions for the period between 2004 and 2014.We have
abandoned the theory of closed economies and, as a result, used spatial interactions and
spillover effects for our study. We drafted four research questions in connection with this
theme.

The qustion for the existence of convergenceQRBRE has been strengthened, there is a
significant absolute convergence in the case of the econ{@bie / capita) and of the social
development (HDI)between 2004 and 2014 in the study area. Regarding the regional
economic performance, the annual speed of convergence of around 2%, corresponding to the
literature and conditional convergence studies was estimated, while the human development
index was much higher by nearly 6%. So, regardless of any other explanatory factor, less
developed regions tend to converge with more developed ones.

The spatiality, its dependence and the different interactions can be considered as the
phenomena that can be clearly understood in the context of the conveagenibecatchup.
The spatial dependence of growth rates can be considered really strong, and the spatial
divisions are heavily tied to the national boundaries, especially in the case of the HDI. So,
simil ar | y -PoseTseRos study?(2915)alout the western european regions, we can
assume that in the Central and Eastern European regions there is also the effect of national
institutions and impact of culture, not only on the traditional neighborhood relations,
interactions (knowledge, technology, movement of production factors, etc.) can be attributed
to spatial similarity. This is proved and shaded in part, the regression analyzes with the
involvement of variables of institutional development are also tinged, in their case, the role of
multicollinearity is significant. That is why, both static (initial development) and dynamic
data (growth rate) carry the institutional characteristics (convergence clubs). Global
regression models have contributed significantly to the incorporation of neighbourhood
characteristics. There is a significant and positive neighborhood effect, in the case of both
regression of the developmental variables, the growth of the two phenomena has a reliable
impact on the processes in neighboring regions. The spatial regression models explain the
convergence of the area with really good efficiency, the main indices (R2, Log likelihood,
Akaike info criterion) take up more favorable values, than in the case of the OLS regression.
The differences are clear between the economical and social conver@entbe one hand,
in the case of social well-being there are much more balanced relations (spatial

autocorrelation, population-weighted coefficient of variation), than it appears in the case of



the GDP/capita. In addition, there is a closer correlation between initial development and

growth rate, and the annual convergence rate is considerably faster. (It is nearly three times

more of the OLS' result, than it was experienced in the case of GDP). That is why, the time

what we need to achieve the full convergence within the area under investigation, in the case

of the HDI it is on average 11.9 years and 35.6 years in the case of GDP. The neighborhood

effects downplay the main indicators of convergence, the effects of the processes are more

significant in the surrounding region, than the economical performance, the annual

convergence rate falls to the value of its one-quarter, and HDI has only 12-13 percent relapse.

These results highlight the two phenomena, the two development dimensions, which means

thatthered undant nature of the indicators doesnot
The global and spatial regressions provide only an average picture of the phenomenon that is
being studied and therefore the presentation of the individual paths of each feayomving

of the development gap, half-life and the time needed to reach it) was made and as a target

region to be achieved we chose the whole Austria. Local results basically shine the

information provided by global regressions, pointing to a number of unique features. The

indicators described in the regression studies (the annual speed of convergence, so the

narrowing of the development gap and the half-lives) are moving on a much wider scale, the

values of the "catch-up completed” and the "catch-up failed” category are experienced. There

are significant differences in the social and economical development too, similarly to the

regression results, social development provides a more favourable picture of catch-up. At the

same time, which was not indicated by mathematical-statistical methods, downward

adjustment can be referred to as a very characteristic process, especially for HDI. Local
convergence and catch-up analyses without the use of spatial parameters strenghten the

national character of catching up, the club formation (club convergence) and the preferences

of urban spaces.

Based on our result s, it is i mportant to hig
economical and social convergence and catching up are hand in hand. The one-sided
development is experienced in many regions (eg.: K° z-Bla g y a r ,0vVehedaa $lgvenija,
Burgenland, the northern and central-german regions), which deals with the efficiency of
economical performance.

In our study, we also estimated the cath-up - time. The experiments also show a significant
period for the less developed southern and eastern regions by calculating a relatively higher
constant growth rate. That is why, the large-spatial fragmentation will last for a long time in

the case of a longer optimal growth too.



OQur analysis can not be considered as it
time has been investigated, which is also burdened by an economical crisis. At the same time,
this period clearly points to the cynolized relationships between economical and human

development in the examined region.
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Appendix 1. The main results of local HDI catch-up calculations

GEO Speed  of | Half-life of | Catch-up
convergence | convergence time

BG31 - Severozapaden -0,019 -35,563 27,621
BG32 - Severen tsentralen -0,016 -42,752 25,298
BG33 - Severoiztochen -0,031 -22,173 21,161
BG34 - Yugoiztochen -0,015 -45,906 25,989
BGA41 - Yugozapaden -0,049 -14,058 8,179
BG42 - Yuzhen tsentralen -0,030 -23,437 23,640
CZ01 - Praha -0,026 | catch-up completed 0,000
Cz02-Stredn?2 Cechy -0,045 -15,511 6,934
Cz03-Ji hoz8pad -0,007 -103,912 9,522
CZz04-Severoz§8pad -0,018 -37,922 15,947
Cz05-Severovlichod -0,021 -33,638 9,487
Cz06-Ji hovlchod -0,025 -27,947 6,312
Cz07-Stredn?2 Mor av -0,014 -51,098 9,815
CZ08 - Moravskoslezsko -0,012 -58,329 12,641
HU10-K®° z-Blagyar or sz 0,052 | catch-up failed 7,327
HU21-K° z-Bpn 8nt Y -0,018 -38,912 17,502
HU22 - Nyugat-Du n 8§ n t ¥l -0,016 -43,504 14,992
HU23-D®Dun & nt Yl -0,018 -37,721 19,636
HU3l-£ s zM&gyar or sz -0,012 -58,026 22,121
HU32-£ s zAlkf ° | d -0,026 -26,327 20,949
HU33-D®AI f ° I d -0,026 -26,266 18,286
PL11-L dzkie -0,040 -17,540 10,074
PL12 - Mazowieckie -0,116 -5,996 2,104
PL21 - Malopolskie -0,054 -12,856 6,490
PL22 - Slaskie -0,044 -15,674 7,730
PL31 - Lubelskie -0,047 -14,717 9,472
PL32 - Podkarpackie -0,046 -15,081 10,167
PL33 - Swietokrzyskie -0,037 -18,892 9,760
PL34 - Podlaskie -0,053 -12,974 9,066
PL41 - Wielkopolskie -0,044 -15,605 8,173
PL42 - Zachodniopomorskie -0,031 -22,449 10,184
PL43 - Lubuskie -0,030 -23,100 10,913
PL51 - Dolnoslaskie -0,051 -13,497 7,495
PL52 - Opolskie -0,039 -17,714 10,012
PL61 - Kujawsko-Pomorskie -0,030 -23,246 12,216
PL62 - Warminsko-Mazurskie -0,033 -21,148 13,117
PL63 - Pomorskie -0,041 -16,937 8,080
RO11 - Nord-Vest -0,037 -18,854 24,575
RO12 - Centru -0,033 -21,008 23,029
RO21 - Nord-Est -0,034 -20,475 32,674
RO22 - Sud-Est -0,024 -28,423 31,185
RO31 - Sud - Muntenia -0,030 -23,368 30,284




GEO Speed of | Half-life of | Catch-up
convergence | convergence time

RO32 - Bucuresti - llfov -0,098 -7,103 3,998
ROA41 - Sud-Vest Oltenia -0,037 -18,659 25,019
ROA42 - Vest -0,029 -23,553 22,780
SI03 - VVzhodna Slovenija -0,030 -22,987 6,779
S104 - Zahodna Slovenija 0,280 | catch-up failed 0,732
SKO1-Br ati sl avskl # S Z C M| catch-up completed 0,000
SK02-Z8§padn® Sl ove -0,020 -33,977 13,425
SK03-Stredn® Sl ove -0,024 -28,672 13,128
SKO04-VIchodn® Sl ov -0,031 -22,362 13,631
DE11 - Stuttgart -0,115 | catch-up completed 0,000
DE12 - Karlsruhe -0,176 | catch-up completed 0,000
DE13 - Freiburg -0,313 | catch-up completed 0,000
DE14-T¢bingen -0,127 | catch-up completed 0,000
DEZ21 - Oberbayern -0,067 | catch-up completed 0,000
DE22 - Niederbayern # S Z C M| catch-up failed 3,456
DE23 - Oberpfalz # S Z C M| catch-up failed 1,458
DE24 - Oberfranken # S Z CM catch-up failed 1,329
DEZ25 - Mittelfranken -0,404 | catch-up completed 0,000
DE26 - Unterfranken -0,501 | catch-up completed 0,000
DE27 - Schwaben # S Z CM catch-up failed 0,147
DE30 - Berlin -0,197 | catch-up completed 0,000
DEA40 - Brandenburg # S Z CM catch-up failed 0,461
DES0 - Bremen # S Z CM catch-up failed 3,331
DE60 - Hamburg -0,120 | catch-up completed 0,000
DE71 - Darmstadt -0,153 | catch-up completed 0,000
DE72-Gi e Cen # S Z CM catch-up failed 1,507
DE73 - Kassel # S Z CM catch-up failed 2,533
DE80 - Mecklenburg-Vorpommern # S Z CM catch-up failed 2,602
DE91 - Braunschweig # S zZ CM catch-up failed 2,273
DE92 - Hannover # S Z CM catch-up failed 2,073
DE93-L¢nebur g # S Z CM catch-up failed 3,438
DE94 - Weser-Ems # S Z CM catch-up failed 4,365
DEAl1-D¢ ssel dor f # S Z CM catch-up failed 3,707
DEA2-K?° | n # S Z CM catch-up failed 0,928
DEA3-M¢nst er # S Z CM catch-up failed 3,492
DEA4 - Detmold # S Z CM catch-up failed 3,229
DEAS - Arnsberg # S Z CM catch-up failed 5,078
DEBL1 - Koblenz # S Z CM catch-up failed 3,361
DEB?2 - Trier # S Z CM catch-up failed 0,799
DEBS3 - Rheinhessen-Pfalz # S Z CM catch-up failed 0,907
DECO - Saarland 0,229 | catch-up failed 5,813
DED?2 - Dresden -0,187 | catch-up completed 0,000
DED4 - Chemnitz # S Z CM catch-up failed 0,903




GEO Speed of | Half-life of | Catch-up
convergence | convergence time

DEDS - Leipzig -0,389 | catch-up completed 0,000
DEEO - Sachsen-Anhalt # S Z CM catch-up failed 3,011
DEFO - Schleswig-Holstein # S Z CM| catch-up failed 2,109
DEGO-Th¢ringen # S Z C M| catch-up failed 0,717
AT11 - Burgenland (AT) -0,102 -6,799 1,692
AT12-Ni eder °sterre 0,321 | catch-up completed 0,000
AT13 - Wien -0,062 | catch-up completed 0,000
AT21-K2r nt en -0,068 | catch-up completed 0,000
AT22 - Steiermark 0,088 | catch-up failed 0,850
AT31-Ober °sterreic -0,082 -8,449 0,800
AT32 - Salzburg -0,044 | catch-up completed 0,000
AT33 - Tirol # S Z C M catch-up failed 0,258
AT34 - Vorarlberg -0,067 -10,299 0,666




Appendix 2. The main results of local GDP per capita catch-up calculations

GEO/TIME Speed  of | Half-life of | Catch-up time
convergence | convergence

BG31 - Severozapaden -0,003 -256,289 54,849
BG32 - Severen tsentralen -0,006 -107,374 50,169
BG33 - Severoiztochen -0,009 -79,506 44,610
BG34 - Yugoiztochen -0,008 -90,286 44,268
BGA41 - Yugozapaden -0,035 -19,662 20,785
BG42 - Yuzhen tsentralen -0,004 -167,638 52,649
CZ01 - Praha 0,012 | catch-up completed | catch-up completed
Cz02-Stredn?2 Cech -0,003 -226,856 18,499
Cz03-Jhoz 8pad -0,004 -171,077 19,537
CZz04-Severoz§8pad 0,003 | catch-up failed 26,667
Cz05-Severovlichod -0,006 -110,221 22,454
Cz06-Ji hovlchod -0,020 -34,387 17,656
Cz07-Stredn?2 Mor a -0,015 -45,867 22,076
CZ08 - Moravskoslezsko -0,013 -53,966 21,889
HU10-K®° z-®lagyar or s -0,021 -32,412 7,634
HU21-K° z-Bpn &§nt %l -0,003 -222,200 27,964
HU22 - Nyugat-Du n 8§ n t ¥l -0,014 -48,846 21,517
HU23-D®Dun & nt Yl -0,002 -450,453 39,176
HU3l-£ s zM&gyar or s -0,002 -303,372 41,318
HU32-£ s zAlkf ° | d -0,003 -264,771 40,693
HU33-D®AI f °1I d -0,005 -133,739 36,870
PL11-L-dz ki e -0,022 -31,096 26,667
PL12 - Mazowieckie -0,099 -7,003 6,753
PL21 - Malopolskie -0,020 -35,468 28,630
PL22 - Slaskie -0,020 -34,414 22,835
PL31 - Lubelskie -0,012 -56,139 37,718
PL32 - Podkarpackie -0,012 -56,643 37,150
PL33 - Swietokrzyskie -0,010 -66,563 36,040
PL34 - Podlaskie -0,013 -52,858 36,315
PL41 - Wielkopolskie -0,027 -25,303 21,703
PL42 - Zachodniopomorskie -0,013 -53,062 30,940
PL43 - Lubuskie -0,015 -47,054 30,702
PL51 - Dolnoslaskie -0,038 -18,203 20,066
PL52 - Opolskie -0,013 -51,947 32,151
PL61 - Kujawsko-Pomorskie -0,013 -54,480 31,905
PL62 - Warminsko-Mazurskie -0,011 -65,335 36,870
PL63 - Pomorskie -0,020 -34,897 26,035
RO11 - Nord-Vest -0,018 -38,122 36,315
RO12 - Centru -0,019 -36,414 34,698
RO21 - Nord-Est -0,010 -68,606 50,169
RO22 - Sud-Est -0,021 -33,656 35,768
RO31 - Sud - Muntenia -0,019 -36,802 38,294




GEO/TIME Speed of | Half-life of | Catch-up time
convergence | convergence

RO32 - Bucuresti - lIfov #SZCM 0,000 0,266
ROA41 - Sud-Vest Oltenia -0,012 -60,181 44,268
ROA42 - Vest -0,021 -33,230 31,419
SI03 - VVzhodna Slovenija 0,007 | catch-up failed 23,806
S104 - Zahodna Slovenija 0,039 | catch-up failed 10,409
SKO1-Br ati sl avskl 0,220 0,000 0,000
SK02-Z8padn® Sl ov -0,029 -24,110 21,333
SKO3-St r edn® Sl ove -0,018 -39,047 28,185
SKO4-VI chodn® Sl o -0,012 -55,656 33,149
DE11 - Stuttgart 0,013 | catch-up completed | catch-up completed
DE12 - Karlsruhe -0,015 | catch-up completed | catch-up completed
DE13 - Freiburg -0,022 -31,244 2,861
DE14-T¢bingen 0,124 | catch-up completed | catch-up completed
DEZ21 - Oberbayern -0,004 | catch-up completed | catch-up completed
DE22 - Niederbayern -0,111 -6,240 2,195
DE23 - Oberpfalz # S Z C M| catch-up completed | catch-up completed
DE24 - Oberfranken -0,049 -14,107 4,815
DEZ25 - Mittelfranken 0,020 | catch-up completed | catch-up completed
DE26 - Unterfranken -0,111 -6,243 1,649
DE27 - Schwaben -0,108 -6,390 1,758
DE30 - Berlin -0,032 -21,768 3,312
DEA40 - Brandenburg -0,012 -56,713 14,310
DES50 - Bremen -0,022 | catch-up completed | catch-up completed
DE60 - Hamburg -0,021 | catch-up completed | catch-up completed
DE71 - Darmstadt -0,034 | catch-up completed | catch-up completed
DE72-Gi e Cen 0,029 | catch-up failed 7,634
DE73 - Kassel 0,000 | catch-up failed 4,346
DE80 - Mecklenburg-Vorpommern -0,009 -78,213 16,507
DE91 - Braunschweig # S Z CM catch-up completed | catch-up completed
DE92 - Hannover -0,008 -85,237 3,539
DE93-L¢nebur g -0,002 -438,059 15,550
DE94 - Weser-Ems -0,010 -68,290 6,753
DEAl1-D¢ ssel dor f -0,013 | catch-up completed | catch-up completed
DEA2-K?° | n -0,036 | catch-up completed | catch-up completed
DEA3-M¢ nst er -0,009 -78,898 7,128
DEA4 - Detmold -0,075 -9,251 2,638
DEAS - Arnsberg -0,025 -27,220 5,651
DEBL1 - Koblenz -0,008 -88,198 7,634
DEB?2 - Trier 0,002 | catch-up failed 10,822
DEBS3 - Rheinhessen-Pfalz -0,018 -38,556 3,539
DECO - Saarland -0,023 -30,666 3,653
DED?2 - Dresden -0,004 -193,073 12,092
DED4 - Chemnitz -0,012 -59,004 15,080




GEO/TIME Speed  of | Half-life of | Catch-up time
convergence | convergence

DEDS - Leipzig -0,035 -20,019 8,929
DEEO - Sachsen-Anhalt -0,009 -76,624 15,550
DEFO - Schleswig-Holstein 0,023 | catch-up failed 9,061
DEGO-Th¢ringen -0,016 -42,217 14,310
AT11 - Burgenland (AT) 0,000 -1774,140 14,007
AT12-Ni eder ®°sterr 0,006 | catch-up failed 7,507
AT13 - Wien -0,042 | catch-up completed | catch-up completed
AT21-K2r nt en -0,001 -465,342 6,382
AT22 - Steiermark -0,019 -36,446 4,114
AT3l-Ober °sterrei 0,205 | catch-up completed | catch-up completed
AT32 - Salzburg 0,019 | catch-up completed | catch-up completed
AT33 - Tirol 0,033 | catch-up completed | catch-up completed
AT34 - Vorarlberg 0,032 | catch-up completed | catch-up completed
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