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Abstract

Political Polarization and Economic Inequality in the European
Union

Dionysia Rallatou

Abstract

In the last 5 decades political polarization has been constantly rising. After going through
a short period of consensus for a couple of decades after the end of WWII, it seems that politi-
cians have opted for a strategy of hatred in order to increase partisanship and maximize voter
turnout. This has led to a high level of political fractionalization today both in parliaments
as well as among citizens. While this subject has been vastly studied in the USA, little can
be found regarding the European Union, and even more so on a cross country level. In this
thesis, we study the evolution of political polarization in 10 countries in the European Union
for a thirty-years period, namely from 1989 until 2019. In order to do so, we use an index
which takes under account both the heterogeneity between groups as well as the homogeneity
within groups. The procedure of estimating the polarization index in each country is based
on the ideal point estimation of the self-placement perception of voters. Utilizing individual
level survey data on the self-placement of voters as well as their placement of their countries’
parties, we estimate, non-parametrically, with the aid of a Gaussian kernel, and the application
of a probabilistic scaling method, the probability density function of the distribution of public
political opinion. We apply on these results the index of political polarization. The index is
based on the ≪Identification-Alienation≫ framework. According to this, political polarization
increases with the increase of heterogeneity among groups (the further away clusters move from
each other) as well as the increase in homogeneity within groups (the stronger the identification
sentiment between the members of each cluster). Additionally, we test the interrelationship
between political polarization and two economic variables, namely income inequality and eco-
nomic growth. Regressions are performed using the Fixed Effects method as well as the Random
Effects Method. In both methods, individuals effects are also allowed for. As expected, results
indicate that political polarization is positively affected by income inequality and negatively
affected by economic growth.
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Ektetamènh PerÐlhyh

Thn teleutaÐa pentaetÐa h politik  pìlwsh parousi�zei suneq  auxhtik  t�sh. Ustèra apì mia
sÔntomh perÐodo ìpou up rqe di�jesh sunaÐneshc kai sunergasÐac metaxÔ twn politik� antÐjetwn
parat�xewn, faÐnetai ìti plèon pern�me se mia f�sh ìpou kuriarqeÐ h epilog  thc strathgik c kai
rhtorik c mÐsouc prokeimènou na auxhjeÐ h prosèlkush yhfofìrwn kaj¸c kai na megistopoihjeÐ
h prosèleush stic k�lpec. Autì s mera èqei odhg sei se auxhmèno katakermatismì, tìso entìc
twn koinoboulÐwn ìso kai an�mesa ston laì. Par� to gegonìc ìti to z thma autì èqei melethjeÐ
ekten¸c stic Hnwmènec PoliteÐec, den up�rqoun pollèc melètec p�nw sto fainìmeno autì gia tic
q¸rec thc Eur¸paikhc 'Enwshc, poll¸ de m�llon sugkritikèc melètec metaxÔ twn qwr¸n entìc
aut c. Sthn paroÔsa diatrib , melet jhke h exèlixh thc politik c pìlwshc se 10 q¸rec thc Eu-
rwpaðk c 'Enwshc kat� thn di�rkeia tri�nta et¸n, apì to 1989 èwc kai to 2019. Gia thn ulopoÐhsh
thc sugkritik c aut c melèthc qrhsimopoi jhke ènac deÐkthc o opoÐoc lamb�nei upìyh tou thn ete-
rogèneia metaxÔ twn om�dwn kaj¸c kai thn omoiogèneia entìc twn om�dwn. H diadikasÐa ektÐmhshc
tou deÐkth politik c pìlwshc entìc k�je q¸rac èqei basisteÐ ston upologismì thc ektÐmhshc thc
idanik c jèshc (ideal point estimate) twn erwt¸menwn anaforik� me thn autotopojèths  touc
sthn politik  klÐmaka. Gia ton upologismì thc idanik c jèshc qrhsimopoi jhke mia pijanojewrhti-
k  mèjodoc anaprosarmog c megèjouc. Qrhsimopoi¸ntac ta apotelèsmata aut�, se sunduasmì me
tic apant seic gia thn antÐlhyh twn erwthjèntwn perÐ thc jèsewc twn komm�twn twn qwr¸n touc,
ektimoÔme thn sun�rthsh puknìthtac pijanìthtac thc katanom c thc koin c politik c gn¸mhc. H
ektÐmhsh aut  gÐnetai mh parametrik�, me th bo jeia miac sun�rthshc pur na thc kanonik c kata-
nom c Gauss . Qrhsimopoi¸ntac ta apotelèsmata pou prokÔptoune apì thn parap�nw diadikasÐa,
ektimoÔme ton deÐkth thc politik c pìlwshc. O deÐkthc basÐzetai sthn idèa enìc plaisÐou {Ta-
Ôtishc � Apoxènwshc} metaxÔ atìmwn thc Ðdiac om�dac ìso kai twn atìmwn metaxÔ twn om�dwn.
SÔmfwna me to plaÐsio autì, h politik  pìlwsh aux�netai me thn aÔxhsh thc eterogèneiac an�mesa
stic om�dec (dhlad  me thn aÔxhsh thc apoxènwshc metaxÔ twn om�dwn) kaj¸c kai me thn aÔxhsh
thc omoiogèneiac entìc twn om�dwn (dhlad  me thn aÔxhsh tou aisj matoc taÔtishc metaxÔ twn
mel¸n k�je om�dac). Epiplèon, elègqetai h ex�rthsh tou epipèdou thc politik c pìlwshc apì dÔo
anex�rthtec oikonomikèc metablhtèc, kai sugkekrimèna thn eisodhmatik  anisìthta kai thn oiko-
nomik  megèjunsh. Oi palindrom seic pragmatopoioÔntai qrhsimopoi¸ntac th mèjodo Stajer¸n
Epidr�sewn kaj¸c kai th Mèjodo TuqaÐwn Epidr�sewn. Kai ta dÔo montèla ektim¸ntai kai epi-
trèpontac gia atomikèc epidr�seic (Individual effects). 'Opwc  tan anamenìmeno, ta apotelèsmata
deÐqnoun ìti h politik  pìlwsh ephre�zetai jetik� apì thn eisodhmatik  anisìthta kai arnhtik�
apì thn oikonomik  megèjunsh.
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Ektetamènh PerÐlhyh

EISAGWGH

H paroÔsa diatrib  analÔei thn exèlixh thc politik c pìlwshc met� to tèloc tou B' PagkosmÐou

Polèmou, analÔei jèmata sqetik� me th mètrhs  thc kai proteÐnei ènan kat�llhlo deÐkth gia thn

parakoloÔjhs  thc. Tèloc exet�zei th sqèsh thc politik c pìlwshc me thn oikonomik  an�ptuxh

kai thn oikonomik  anisìthta. Sto pr¸to kef�laio prosfèretai mia ekten c bibliografik  ana-

skìphsh, h opoÐa parèqei mia eic b�joc an�lush tou fainomènou ta teleutaÐa ebdom nta qrìnia.

Stìqoc thc anaskìphshc aut c eÐnai h par�jesh kai katanìhsh thc up�rqousac èreunac. Pa-

r�llhla stoqeÔei kai se mia endeleq  an�lush tou jèmatoc apì di�forec optikèc, anafèrontac

di�fora jèmata pou èqoun egerjeÐ apì touc melethtèc tou antikeimènou (ìpwc èlleiyh enìc safo-

Ôc plaisÐou melèthc se sun�rthsh me ènan xek�jaro orismì) . Par�llhla me thn anaskìphsh thc

bibliografÐac, paratÐjentai pragmatik� paradeÐgmata, se mia apìpeira an�deixhc thc shmantikìth-

tac tou fainomènou kai tou �mesou antiktÔpou pou èqei sthn zw  ìlwn. H istorik  anaskìphsh

xekin�ei apì thn l xh tou B' PagkosmÐou Polèmou mèqri kai tic teleutaÐec eklogèc se kr�th-

mèlh thc EE kaj¸c kai stic HPA. AnalÔontai mèqri kai ta pio prìsfata gegonìta sqetik� me

thn antimet¸pish thc ugeionomik c krÐshc pou prokl jhke apì to xèspasma thc pandhmÐac thc

COVID-19. Anaforik� me to z thma autì, analÔetai h antapìkrish twn kubern sewn ènanti sthn

pandhmÐa thc COVID-19, kaj¸c kai h antÐdrash twn ek�stote komm�twn thc antipolÐteushc kai

kat� pìso autèc ephre�zontai apì ideolhyÐec kai yhfojhrÐa. 'Ola ta parap�nw prosfèroun mia

xek�jarh eikìna thc sobarìthtac thc kat�stashc kaj¸c kai thc shmantikìthtac tou probl matoc

sthn shmerin  epoq . Ta probl mata aut� eÐnai apìrroia tou auxhmènou katakermatismoÔ twn o-

m�dwn mèsa sta koinoboÔlia kaj¸c kai thn aÔxhsh tou q�smatoc metaxÔ arister�c kai dexi�c, pou

moi�zei na aux�netai sun tw qrìnw. Par�llhla parousi�zetai, mèsa apì bilbiografikèc anaforèc

kai statistik� dedomèna, h oloèna kai auxanìmenh oikonomik  anisìthta kai tÐjetai to er¸thma

tou kat� pìso up�rqei aiti¸dhc sÔndesh metaxÔ twn dÔo fainomènwn.

To deÔtero kef�laio xekin�ei me thn apìpeira apìdoshc enìc safoÔc kai sugkekrimènou o-

rismoÔ thc politik c pìlwshc. Par� thn prìsfath dhmotikìthta tou jèmatoc, h bibliografÐa

stereÐtai enìc xek�jarou orismoÔ thc politik c pìlwshc kaj¸c kai enìc sugkekrimènou plaisÐou
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22 Ektetamènh PerÐlhyh

gÔrw apì to opoÐo ja mporoÔsan na gÐnoun sugkekrimènec melètec kai sugkrÐseic apotelesm�twn.

Met� thn parousÐash twn epikratèsterwn jewri¸n, parousi�zontai kai analÔontai oi dÔo kÔrioi

par�gontec apì touc opoÐouc exart�tai h politik  pìlwsh. Sunoptik�, oi dÔo par�gontec autoÐ

eÐnai h omoiogèneia entìc twn om�dwn (to sunaÐsjhma taÔtishc metaxÔ twn mel¸n twn Ðdiwn o-

m�dwn) kai h eterogèneia metaxÔ twn om�dwn (to sunaÐsjhma apoxènwshc metaxÔ twn mel¸n twn

diaforetik¸n om�dwn). Sthn sunèqeia gÐnetai analutik  parousÐash tou deÐkth pou efarmìsthke

se aut  th melèth gia thn ektÐmhsh tou epipèdou thc pìlwshc, parajètontac tic genikèc paradoqèc

tou upodeÐgmatoc. GÐnetai epÐshc kai mia analutik  axiwmatik  prosèggish tou deÐkth pou exhgeÐ

thn ektim¸menh sumperifor�, an�loga me tic metabolèc sthn katanom  thc koin c gn¸mhc. Sto

deÔtero kef�laio gÐnetai epÐshc parousÐash twn dedomènwn, se atomikì epÐpedo, pou qrhsimopoi-

 jhkan gia thn diexagwg  thc melèthc aut c. Ta dedomèna aforoÔn 10 kr�th-mèlh thc eurwpaðk c

ènwshc gia mia perÐodo tri�nta et¸n, sugkekrimèna apì to 1989 èwc to 2019. Ta dedomèna pou

qrhsimopoioÔntai aforoÔn apant seic se erwt seic sqetik� me thn antÐlhyh twn yhfofìrwn tìso

gia thn dik  touc topojèthsh sto politikì f�sma ìso kai gia thn topojèthsh twn komm�twn thc

q¸rac touc. Ta dedomèna autoÔ tou tÔpou, pou aforoÔn se jèmata upokeimenik c antÐlhyhc qa-

rakthrÐzontai apì duo eid¸n merolhyÐec. Apì thn mÐa eÐnai h antÐlhyh tou erwt¸menou gia thn

politik  sfaÐra kai pou jewreÐ o Ðdioc ìti an kei kai par�llhla h antÐlhyh tou erwt¸menou gia

thn klÐmaka tou erwthmatologÐou. GÐnetai ekten c an�lush thc mejìdou gia thn antimet¸pish twn

duo aut¸n merolhyi¸n.

Sto trÐto kef�laio gÐnetai arqik� mia jewrhtik  upost rixh thc upìjeshc pou èqei tejeÐ

sto pr¸to kef�laio, dhlad  ìti h pìlwsh ephre�zetai apì oikonomik� megèjh ìpwc h oikonomik 

anisìthta kai h oikonomik  megèjunsh. Apì thn an�lush thc pìlwshc sto deutero kef�laio

èqei prokÔyei èna p�nel dedomènwn gia 10 q¸rec gia 7 pentaetÐec. Me thn bo jeia oikonomik¸n

dedomènwn pou anakt jhkan apì thn b�sh dedomènwn World Inequality Database, kataskeu�zetai

to telikì sÔnolo diamhk¸n diastrwmatik¸n dedomènwn (panel data) to opoÐo qrhsimopoieÐtai gia

tic palindrom seic pou diex�gontai me skopì na apodeiqteÐ empeirik� h susqètish pou èqei upotejeÐ.

H arqik  upìjesh epibebai¸netai apì ta apotelèsmata thc palindrìmhshc, dhlad  h oikonomik 

anisìthta aux�nei thn politik  pìlwsh kai, antÐjeta, h oikonomik  an�ptuxh empodÐzei thn politik 

pìlwsh.

ANALUTIKH DOMH

H paroÔsa diplwmatik  ergasÐa apoteleÐtai apì trÐa xeqwrist� all� allhlèndeta kef�laia. Ta

trÐa kef�laia sunduastik� prosfèroun mia endeleq  katanìhsh thc politik c pìlwshc. Pro-

sfèroun èna xek�jaro trìpo diaqeÐrishc (orismoÔ, mètrhshc kai sÔgkrishc) miac metablht c, ìpwc
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h politik  pìlwsh, h opoÐa eÐnai poiotik , suneq c kai afor� se upokeimenik  antÐlhyh. Q�rh sthn

mejodologÐa pou qrhsimopoieÐtai, ta apotelèsmata mporoÔn na sugkrijoÔn eÐte diaqronik� gia mia

q¸ra eÐte gia mia dedomènh qronik  stigm  gia pollèc q¸rec. EpÐshc epitrèpei thn susqètis 

thc, arnhtik�   jetik�, me �lla oikonomik� megèjh ìpwc h oikonomik  an�ptuxh kai h oikonomik 

anisìthta.

Pio analutik�, to k�je kef�laio eÐnai domhmèno wc akoloÔjwc:

KEFALAIO 1

Sto pr¸to kef�laio prosfèretai mia analutik  bibliografik  anaskìphsh sqetik� me to jèma thc

politik c pìlwshc kai to jèma thc auxanìmenhc oikonomik c anisìthtac kaj¸c kai thn endeqìmenh

metaxÔ touc sqèsh. To kef�laio xekin� me mia istorik  parousÐash twn gegonìtwn pou deÐqnoun

thn allag  sth st�sh twn anjr¸pwn apènanti stouc politikoÔc, apènanti stouc yhfofìrouc �l-

lwn komm�twn, gegonìta pou deÐqnoun ton auxhmèno katakermatismì entìc twn koinoboulÐwn, thn

oloèna kai pio polwmènh rhtorik  apì thn pleur� twn politik¸n pou enÐote èqoun odhg sei akìma

kai se bÐaia xesp�smata. En suntomÐa, parathroÔme mia exèlixh thc politik c pìlwshc pou mporeÐ

na qwristeÐ qondrik� se treic epoqèc. Pr¸ton, lÐgo met� to tèloc tou B' PagkosmÐou Polèmou

(met� to tèloc thc periìdou twn antipoÐnwn, pou di rkese perÐpou dÔo qrìnia) kai se ìlh th deka-

etÐa tou 1950-60. Kat� thn di�rkeia twn et¸n aut¸n parathroÔme ìti up�rqei mia eureÐa t�sh gia

sunaÐnesh metaxÔ twn komm�twn. En¸ up�rqei antipolÐteush, h di�spash metaxÔ twn komm�twn

arister� kai dexi� den eÐnai akìmh tìso baji� kai ta kìmmata den eÐnai akìmh tìso omoiogen , oi

eswterikèc grammèc kai kateujunt riec odhgÐec den eÐnai akìma tìso desmeutikèc. Sthn Eur¸ph,

h epoq  aut  qarakthrÐzetai apì thn dhmiourgÐa thc Eurwpaðk c 'Enwshc 'Anjraka me thn upogra-

f  thc sunj khc tou ParisÐou to 1951, pou argìtera ja odhg sei sthn Eurwpaðk  Oikonomik 

Koinìthta, gia na gÐnei s mera h Eurwpaðk  'Enwsh. 'Allo èna qarakthristikì par�deigma autoÔ

eÐnai h y fish tou Nìmou gia ta Politik� Dikai¸mata stic HPA to 1964. Prìkeitai saf¸c gia èna

jèma èntona diqastikì, gia mia polÔ meg�lh diafor� stic pepoij seic twn anjr¸pwn sqetik� me to

p¸c prèpei na kubern�tai mia q¸ra, ti eÐnai hjik� swstì kai pwc autì prèpei na apotup¸netai sto

SÔntagma kai stouc nìmouc thc q¸rac. Sthn y fish tou en lìgw nìmou ìmwc parathroÔme pwc

to sqèdio autì sthrÐqjhke tìso apì Repoumplik�nouc kai Dhmokr�tec en¸ par�llhla dèqthke

èntonec krhtik  tìso entìc ìso kai ektìc kìmmatoc. Qarakthristik� anafèretai pwc h y foc twn

Dhmokratik¸n tou Nìtou  tan xek�jara pio ephreasmènh apì ton gewgrafikì prosdiorismì twn

gerousiast¸n par� apì thn gramm  tou kìmmatoc. H gramm  tou kìmmatoc tìte den eÐqe akìma

tìso isqurì antÐktupo, ìso mporeÐ na eÐqan �lla qarakthristik� thc tautìthtac ìswn summete-

Ðqan sthn istorik  aut  yhfoforÐa. En suneqeÐa, kaj' ìlh th di�rkeia thc dekaetÐac 1970-80 kai
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mèqri to tèloc thc dekaetÐac tou 1990 parathroÔme mia pio xek�jarh taxinìmhsh metaxÔ dexi�c kai

arister�c. Kat� ènan trìpo, ja mporoÔsame na poÔme ìti eÐnai san h dexi� gÐnetai pio {dexi�} kai

h arister� gÐnetai {arister }. Proc to parìn, autì den eÐnai tìso me thn ènnoia ìti ta kìmmata

apomakrÔnontai kai h apìstash pou ta qwrÐzei gÐnetai megalÔterh, all� sqetÐzetai perissìtero me

thn omoiogèneia entìc twn komm�twn. Oi diaqwristikèc grammèc metaxÔ twn komm�twn arqÐzoun na

gÐnontai oloèna kai pio xek�jarec, qwrÐc plèon na up�rqoun kai poll� koin� shmeÐa tom c. H epoq 

twn meg�lwn sunaspism¸n èqei fÔgei. Kaj¸c badÐzoume proc ton 21o ai¸na, mpaÐnoume sthn trÐth

epoq  thc pìlwshc kai ta pr�gmata gÐnontai pio èntona kai parathreÐtai akìmh kai èna aÐsjhma

eqjrìthtac, metaxÔ twn opad¸n twn komm�twn. Autì faÐnetai akìma kai apì thn allag  p�nw

se sumperiforèc koinwnikopoÐhshc, ìpwc aut  ekfr�zetai mèsa apì fainìmena ìpwc h auxhmènh

politik  sumfwnÐa metaxÔ suzÔgwn kaj¸c kai metaxÔ gonèwn kai paidi¸n {Iyengar et al., 2015). H

politik  pìlwsh anafèretai plèon suqn� stic kajhmerinèc suzht seic, stouc tÐtlouc twn efhme-

rÐdwn, stic eid seic k.lp. Me �lla lìgia, den eÐnai ìti s mera oi diaforèc metaxÔ twn yhfofìrwn

eÐnai pio meg�lec   aforoÔn se pio shmantik� zht mata (�llwste pio z thma ja mporoÔse na eÐnai

pio shmantikì, gia par�deigma, apì ton susthmatikì kai susthmikì fuletikì diaqwrismì twn an-

jr¸pwn se fuletikèc   �llec ejnotikèc om�dec sthn kajhmerin  zw , ìpwc Ðsque stic HPA mèqri

to 1964). To prìblhma eÐnai pwc plèon parathreÐtai mia saf c kai xek�jarh taxinìmhsh twn pe-

poij sewn kai twn apìyewn twn anjr¸pwn gÔrw apì tic grammèc tou ek�stote kìmmatoc. Sta pio

prìsfata gegonìta, autì ègine arket� xek�jaro ìson afor� to z thma diaqeÐrishc thc pandhmÐac

thc COVID-19. EÐdame ekeÐ pwc oi apìyeic twn yhfofìrwn gÔrw apì èna xek�jara ugeionomi-

kì z thma sunt�ssontan me thn gramm  tou kìmmatoc pou upost rizan. Endeiktik� anafèretai

ìti stic HPA h pleionìthta twn anembolÐastwn  tan yhfofìroi tou Trump en¸ h pleionìthta

twn emboliasmènwn  tan DhmokratikoÐ. EpÐshc, to jèma twn emboliasm¸n èdwse p�thma gia nèa

ìxunsh thc politik c rhtorik c, me ton Biden na isqurÐzetai pwc to meÐzon plèon prìblhma eÐnai h

pandhmÐa twn anembolÐastwn. GÔrw apì to jèma thc politik c pìlwshc èqei anaptuqjeÐ mia ekte-

n c bibliografÐa. 'Eqoun anaptuqjeÐ pollèc jewrÐec kai èqoun pragmatopoihjeÐ arketèc melètec,

kurÐwc stic HPA kai lÐgec se eurwpaðkèc q¸rec. H bibliografÐa anaskopeÐtai ekten¸c, par�llhla

me tic empeirikèc melètec kai tic jewrÐec pou qrhsimopoioÔntai gia th dhmiourgÐa di�forwn deikt¸n

pìlwshc. Xekin¸ntac apì thn klasik  ènnoia thc koinwnik c apìstashc apì ton Bogardus (1947)

kai thc koinwnik c tautìthtac apì ton Tajfel (1970) kai apì touc Tajfel and Turner (1979), oi

Iyengar et al. (2012), epishmaÐnoun th shmasÐa, ìqi mìno tou sunaisj matoc tou na an keic se

mia om�da, thc taÔtishc me ta mèlh thc, all� kai sunaisj matoc apoxènwshc proc ta mèlh twn

antÐpalwn om�dwn, ta opoÐa kamÐa for� mporoÔn na ft�soun na qarakthrÐzontai èwc kai eqjrik�.

Oi {Iyengar et al., 2012), basizìmenoi se aut  thn jewrÐa, anaptÔssoun èna nèo ìro, k�ti pou



Ektetamènh PerÐlhyh 25

apokaloÔn {sunaisjhmatik  politik  pìlwsh} (Affective Polarization) kai to opoÐo lamb�nei u-

pìyh kai ta duo aut� sunaisj mata pou noi¸jei k�poioc (ta jetik� proc ta mèlh thc om�dac tou

kai ta arnhtik� proc ta mèlh twn �llwn om�dwn). Ousiastik� isqurÐzontai pwc aut  h dhmiour-

gÐa exairetik� omoiogen¸n komm�twn mac èqei proqwr sei akìmh kai èna b ma parapèra kai ètsi,

sÔmfwna me touc S. Iyengar et al. (2012) prokaleÐtai {sunaisjhmatik  pìlwsh}, ènan ìro pou

katwq rwsan sth jemeli¸dh ergasÐa touc Affect, Not Ideology. A Social Identity Perspective

on Polarization. Se èna parìmoio plaÐsio eÐqan kinhjeÐ nwrÐtera kai oi Esteban and Ray (1994)

sthn prosp�jeia touc na kataskeu�soun ènan deÐkth pou na metr�ei thn oikonomik  pìlwsh. P�li

ekeÐ exet�zetai h shmasÐa ìqi mìno thc apìstashc metaxÔ twn oikonomik¸n om�dwn all� kai h

sunoq  metaxÔ twn atìmwn entìc twn om�dwn aut¸n. Sumfwn� me thn jewrÐa touc, h suspeÐrwsh

metaxÔ twn atìmwn miac om�dac, to aÐsjhma taÔtishc pou anaptÔssetai metaxÔ touc, oxÔnei to

aÐsjhma apoxènwshc pou na noi¸joun ta mèlh twn diafìrwn om�dwn metaxÔ touc. Pat¸ntac p�nw

se autì, kataskeu�zoun èna plaÐsio ergasÐac pou onom�zoun plaÐsio {TaÔtishc � Apoxènwshc}

(Identification – Alienation framework). Autì eÐnai kai to plaÐsio sto opoÐo èqei basisteÐ kai o

deÐkthc pìlwshc sthn paroÔsa didaktorik  diatrib . To sort�risma pou èqei sumbeÐ ta teleuta-

Ða 50 perÐpou qrìnia èqei tautÐsei sqedìn kommatikèc kai ideologikèc tautìthtec, dhmiourg¸ntac

èntona sunaisj mata taÔtishc kai summaqÐac metaxÔ twn mel¸n k�je om�dac, all� tautìqrona

aÔxhse ta epÐpeda kommatik c prokat�lhyhc, org c kai antipalìthtac proc ta mèlh twn �llwn

om�dwn (Mason, 2015). 'Opwc proteÐnei h Mason (2015), ènac yhfofìroc se èna polwmèno peri-

b�llon, leitourgeÐ perissìtero san opadìc, me thn ènnoia ìti endiafèretai gia thn euhmerÐa tou

kìmmatìc tou, protim� na sunanastrèfetai me mèlh tou kìmmatìc tou kai ni¸jei jumwmènoc ( kai

mporeÐ akìmh kai na ekdhlwjeÐ me bÐaio trìpo) ìtan aisj�netai ìti h om�da tou apeileÐtai, parìlo

pou mporeÐ na mhn sumfwneÐ me thn om�da se ìla ta jèmata. H èntash thc sumperifor�c aut c

enìc atìmou exart�tai apì di�forouc par�gontec, ìpwc gia par�deigma thn proswpikìthta enìc

atìmou, tic proswpikèc tou empeirÐec, ta koinwnik� dÐktua k.lp. SÔmfwna me touc Roccas and

Brewer (2002) to epÐpedo poluplokìthtac thc tautìthtac tou atìmou, dhlad  pìsec apì tic koi-

nwnikèc tou tautìthtec sunant¸ntai se mia monadik  om�da   kat� pìso to �tomo autì sundèetai

me di�forec diaforetikèc om�dec, an�loga me èna diaforetikì sundetikì krit rio k�je for�, ephre-

�zei thn èntash tou aisj matoc taÔtishc. Pèran thc an�lushc sqetik� me tic jewrÐec tautìthtac

tou atìmou kai thn epÐdras  thc sta sunaisj mata sunoq c mia om�dac kaj¸c kai antipalìthtac

metaxÔ twn om�dwn, up�rqoun polu�rijmec empeirikèc melètec pou apodeiknÔoun thn aÔxhsh thc

pìlwshc. Endeiktik� anafèretai ìti oi Webster and Abramowitz (2017) brÐskoun ìti aÔxhsh thc

susqètishc metaxÔ ideologÐac kai politik c tautìthtac èqei sqedìn diplasiasteÐ apì to 1972 èwc

to 2008. Oi Boxell et al. (2020) exet�zoun sunolik� 12 q¸rec tou OOSA gia na broun pwc h
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pìlwsh parousi�zei thn dramatikìterh aÔxhsh stic HPA kai epibebai¸noun thn susqètish me thn

oikonomik  anisìthta. To deÔtero misì tou pr¸tou kefalaÐou afor� thn auxanìmenh oikonomik 

anisìthta kaj¸c kai tic koinwnikèc epipt¸seic thc. AnalÔetai tìso apì bibliografik  skopi� ìso

kai apì gegonìta ta opoÐa epibebai¸noun to antÐktupì thc stic koinwnÐec. H oikonomik  anisìthta

akoloÔjhse, lÐgo polÔ, thn Ðdia exèlixh me thn politik  pìlwsh. En¸ lÐgo met� to tèloc tou B'

PagkosmÐou Polèmou h oikonomik  megèjunsh kai an�ptuxh pou shmei¸jhke eÐqe wc apotèlesma,

metaxÔ �llwn, th meÐwsh thc anisìthtac, met� th dekaetÐa tou 1970 h anisìthta (entìc twn qwr¸n,

ìqi metaxÔ twn qwr¸n) parousÐase aÔxhsh. Sth bibliografÐa, h oikonomik  anisìthta èqei epiqei-

rhjeÐ na sundejeÐ empeirik� me thn pìlwsh, all� lìgw thc duskolÐac mètrhshc thc teleutaÐac, oi

anaforèc eÐnai sp�niec kai ta sumper�smata den eÐnai polÔ saf .

KEFALAIO 2

To deÔtero kef�laio xekin� me mia parousÐash basik¸n orism¸n gia na prosdioristoÔn oi metr si-

moi par�gontec apì touc opoÐouc exart�tai h pìlwsh. SÔmfwna me ton DiMaggio (1996) h pìlwsh

ephre�zetai apì tèssera basik� megèjh. DÔo statistik� megèjh, ta opoÐa eÐnai h diaspor� thc ka-

tanom c kai h kÔrtwsh thc katanom c, kaj¸c kai dÔo pio jewrhtikèc (kai pio dÔskola metr simec)

ènnoiec. H pr¸th eÐnai mia jewrÐa tou Converse (1964) pou afor� thn susqètish twn pepoij sewn

enìc atìmou metaxÔ touc kai h deÔterh eÐnai h an�lush thc diaforetikìthtac metaxÔ twn om�dwn.

Sthn sunèqeia parousi�zetai analutik� to plaÐsio {TaÔtishc � Apoxènwshc} twn Esteban and

Ray (2004), kaj¸c kai h proèktas  tou gia thn efarmog  se suneqeÐc metablhtèc, apì touc Duclos,

Esteban and Ray (2004). En katakleÐdi, sumperaÐnei kaneÐc pwc h pìlwsh aux�netai me thn aÔxhsh

thc anomoiogèneiac metaxÔ twn om�dwn kai thc omoiogèneiac entìc twn om�dwn. SÔmfwna me to

montèlo twn Duclos et al. (2004), h omoiogèneia entìc twn om�dwn ekfr�zetai me thn puknìthta

thc katanom c gÔrw apì èna shmeÐo. Me �lla lìgia, exart�tai apì ton arijmì twn atìmwn mèsa se

mia om�da. H anomoiogèneia metaxÔ twn om�dwn ekfr�zetai majhmatik� apì thn apìstash metaxÔ

twn om�dwn. Sthn sunèqeia parousi�zetai h axiwmatik  perigraf  tou jewr matoc. Ta axi¸ma-

ta dÐnoun, jewrhtik�, mia perigraf  gia thn exèlixh thc tim c tou epipèdou pìlwshc an�loga me

k�poiec basikèc metabolèc sthn katanom  thc koin c politik c gn¸mhc. 'Etsi, par�deigma, se mia

koinwnÐa thc opoÐac h katanom  ekfr�zetai apì mia kai monadik  kanonik  katanom , an ta �toma

thc suspeirwjoÔn entonìtera gÔrw apì to mèso thc katanom c, tìte, lìgw tou ìti den up�rqei,

jewrhtik�, deÔterh om�da sthn koinwnÐa (kai ètsi h apoxènwsh den aux�netai), to epÐpedo thc

pìlwshc den gÐnetai na auxhjeÐ (p�ra thn aÔxhsh tou epipèdou taÔtishc twn mel¸n thc om�dac).

Prosoq  ja prèpei na dojeÐ ìmwc sto gegonìc ìti to proanaferjèn axÐwma afor� plhjusmì pou

katanèmetai se mia kai monadik  om�da. SÔmfwna me to deÔtero axÐwma, sthn perÐptwsh kat� thn
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opoÐa ènac plhjusmìc eÐnai qwrismènoc se 3 om�dec, h aÔxhsh thc suspeÐrwshc stic duo akria-

nèc om�dec (odhg¸ntac se aÔxhsh thc taÔtishc kai meÐwsh thc apoxènwshc miac kai h sunolik 

apìstash ja mikrÔnei) den mporeÐ na prokalèsei pt¸sh tou epipèdou thc pìlwshc. Tèloc, sthn

perÐptwsh pou mia koinwnÐa katanèmetai se 4 om�dec kai oi duo (eswterikèc) om�dec apomakrun-

joÔn (sunep¸c parathreÐtai mìno aÔxhsh thc apoxènwshc en¸ ta epÐpedo taÔtishc entìc om�dwn

paramènei stajerì) to epÐpedo thc pìlwshc ja prèpei na auxhjeÐ. Ta parap�nw axi¸mata mporoÔn

na apodojoÔn se èna jewrhtikì montèlo, stou opoÐou thn praktik  efarmog  proqwr same se

aut n ed¸ thn didaktorik  diatrib . Jewrhtik�, ta axi¸mata ekfr�zontai wc ex c:

Pα ≡
∫ ∫

f(x)1+αf(y)|y − x|dydx, (1)

'Opou o deÐkthc α kumaÐnetai sto [0.25, 1]. Mèsw peiramatik c diadikasÐac pou efarmìsame, kata-

l xame pwc to idanikì epÐpedo euaisjhsÐac tou ekjèth α eÐnai 0.25. To montèlo efarmìsthke se

dedomèna èreunac pou pragmatopoioÔntai apì to European Election Studies (EES) k�je pentaetÐa,

par�llhla me thn diexagwg  twn Euroeklog¸n. Sthn èreuna summetèqoun k�je for� perÐpou 1000

erwt¸menoi apì k�je q¸ra. Autì mac dÐnei èna sÔnolo 70000 prwtogen¸n dedomènwn sqetik� me

thn upokeimenik  antÐlhyh tou k�je yhfofìrou gia to pou topojeteÐ, politik�, to eautì tou. Ta

dedomèna aut�, ìpwc anafèrjhke kai pio p�nw, èqoun prìblhma merolhyÐac. Gia na antimetwpisteÐ

to prìblhma autì, sta dedomèna efarmìsthke mia pijanojewrhtik  mèjodoc anaprosarmog c me-

gèjouc, h opoÐa anaptÔqjhke apì touc Aldrich and McKelvey (1977). Sta metasqhmatismèna,

plèon, dedomèna efarmìsthke o deÐkthc PaF, ìpwc parousi�zetai parap�nw. Autì èqei wc a-

potèlesma tic ektim seic politik c pìlwshc twn dèka qwr¸n kat� thn triakontaetÐa. H an�lush

ìmwc den periorÐzetai se autì. O deÐkthc PaF upologÐsthke gia ìlec tic pijanèc timèc tou ekjèth

α, dhlad  [0.25, 1] aux�nontac thn tim  tou kat� 0,01 k�je for�. Autì isoÔtai me 76 timèc tou

α kai aut  h diadikasÐa dhmiourgeÐ èna monadikì p�nel 5320 monadik¸n ektim sewn pìlwshc, oi

opoÐec epitrèpoun mia oloèna pio ektetamènh an�lush thc epÐdrashc thc omoiogèneiac entìc twn

om�dwn kai thc anomoiogèneiac metaxÔ twn om�dwn sthn exèlixh tou deÐkth thc pìlwshc. Se ge-

nikèc grammèc, ta eur mata eÐnai sÔmfwna me th bibliografÐa. 'Oson afor� th diaqronik  an�lush

sthn perÐptwsh tou α = 0.25, ìntwc epibebai¸netai h anodik  t�sh thc politik c pìlwshc. 'Oson

afor� thn epilog  thc tim c gia ekjèth α, ta apotelèsmata gia α = 0, 25 sun�doun me th genik 

parat rhsh ìti sthn EE h pìlwsh eÐnai apotèlesma thc parathrhjeÐsac anìdou twn komm�twn pou

brÐskontai sta �kra tou politikoÔ f�smatoc.
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KEFALAIO 3

Sto trÐto kef�laio parousi�zetai to montèlo gia ton èlegqo thc susqètishc metaxÔ thc oiko-

nomik c an�ptuxhc kai thc oikonomik c anisìthtac me thn politik  pìlwsh. Gia na gÐnei autì,

kataskeu�sthke ènac nèoc kai monadikìc pÐnakac diamhk¸n diastrwmatik¸n dedomènwn me tic e-

ktim seic pìlwshc pou upologÐsthkan sto prohgoÔmeno kef�laio. 'Oson afor� tic oikonomikèc

paramètrouc, ta dedomèna anakt¸ntai apì thn b�sh dedomènwn World Inequality Database. Gia

thn oikonomik  anisìthta qrhsimopoi jhke o suntelest c Gini. Gia th oikonomik  megèjunsh

qrhsimopoi jhkan ta stoiqeÐa tou et siou kat� kefal n AEP kai upologÐsthke o rujmìc oiko-

nomik c megèjunshc gia di�fora qronik� diast mata (1 ètoc, 3 èth, 5 èth, mèsoc ìroc trietÐac).

To montèlo ektim jhke tìso me thn mèjodo twn stajer¸n epidr�sewn (FE) ìso kai me aut  twn

tuqaÐwn epidr�sewn (RE). Kai ta dÔo montèla ektim¸ntai kai epitrèpontac gia atomikèc epidr�seic

(Individual effects). Ta apotelèsmata eÐnai ta anamenìmena. H politik  pìlwsh brèjhke na sqe-

tÐzetai jetik� me thn eisodhmatik  anisìthta kai arnhtik� me thn oikonomik  megèjunsh. Kai oi dÔo

anex�rthtec metablhtèc eÐnai statistik� shmantikèc sthn ex ghsh thc diakÔmanshc thc politik c

pìlwshc. To eÔrhma autì eÐnai sÔmfwno me th bibliografÐa sqetik� me th sqèsh metaxÔ eisodh-

matik c anisìthtac kai politik c pìlwshc sugkekrimèna, all� kai me thn eurÔterh bibliografÐa

gÔrw apì to genikìtero jèma thc politik c ast�jeiac. H katanom  tou eisod matoc ephre�zei

thn apìfash twn yhfofìrwn, ìso pio �nish eÐnai h katanom  tìso pio akraÐa eÐnai h epilog  tou

kìmmatoc sthn k�lph. To aÐsjhma adikÐac, kaj¸c perissìteroc ploÔtoc sugkentr¸netai sthn

koruf  kai h mesaÐa t�xh teÐnei na exafanisteÐ, antanakl�tai apì to isqurìtero aÐsjhma taÔtishc

twn yhfofìrwn me ta akraÐa kìmmata. Apì thn �llh pleur�, h an�ptuxh faÐnetai na leitourgeÐ

proc thn antÐjeth kateÔjunsh. 'Oso uyhlìtero eÐnai to kat� kefal n AEP se mia q¸ra, tìso

perissìtero oi yhfofìroi teÐnoun na topojetoÔntai proc to kèntro kai tìso qamhlìtero eÐnai to

aÐsjhma eqjrìthtac proc touc yhfofìrouc twn antÐpalwn komm�twn.



Extended Summary

Introduction

This thesis analyzes the development of political polarization after the end of WWII, analyzes

issues regarding its measurement and proposes an appropriate index for its monitoring and lastly

examines its interrelation with economic growth and economic inequality.

In the first chapter an extensive literature review is offered, which provides an in-depth

analysis of the phenomenon over the past seventy years, which helps one gain an understanding

of the existing research and debate around the matter. Alongside the literature review, real-

life examples starting from the past-WWII era until the latest elections in the EU as well

as the USA as well as the response of governments and opposition towards the COVID-19

pandemic are presented. This offers a clear view of the gravity of the situation as well as the

severity of the problem nowadays, caused by the increased fragmentation of parliaments and the

constantly deepening cleavage between the left and right. The, at tandem, increasing economic

inequality is analyzed as well and its hypothesized causal linking with the increasing polarization

is theoretically presented.

In the second chapter a clear and concrete definition of political polarization is attempted.

Despite the recent popularity of the subject, the literature lacks a clear definition of political

polarization as well as a concrete framework to work around. After presenting the prevailing

theories, the two main factors on which political polarization depends are presented and ana-

lyzed, namely homogeneity within clusters (the identification sentiment between members of the

same groups) and heterogeneity between clusters (the alienation sentiment between members of

different groups). The index applied in this study in order to retrieve the polarization estima-

tions is presented as well as the individual level survey data on ten EU countries over the period

of thirty years, from 1989 until 2019. The difficulties arising when dealing with perceptual data

are presented as well as how to overcome them with the help of a probabilistic scaling method.

The third chapter presents a regression analysis to uncover the causal relationship between

political polarization and economic factors like economic growth and economic inequality. A

novel data set is constructed with the polarization estimations calculated in the previous chap-
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ter and economic data retrieved for the World Inequality Database. The expected results are

confirmed, i.e. economic inequality increases political polarization and, on the contrary, eco-

nomic growth hinders political polarization.

Structure

This thesis consists of three separate but interrelated chapters. The three chapters combined

offer a thorough understanding of political polarization, how this qualitative, continuous and

perceptual variable can be measured and compared (throughout time for a specific country or

between countries for a given moment in time) as well as its relationship with economic measures

like economic growth and economic inequality. More analytically, each chapter is structured as

follows:

Chapter 1

In the first chapter an analytical literature review is offered regarding the subject of political

polarization and the subject of the rising economic inequality as well as their interrelation.

The chapter begins with a historical presentation of events which show the change in people’s

attitudes towards politics, towards partisans of the opposite party, the increased fragmentation

in parliaments, the increasingly polarized rhetoric by politicians and on some occasions even

violent breakouts. In brief, we observe an evolution of political polarization which can be

roughly divided in three eras. Firstly, shortly after the end of WWII (after the end of the

retaliation period, which roughly lasted a couple of years) and throughout the 1950-60s, we

observe that there is a broad tendency for consensus between parties. While there is opposition,

the cleavage between parties in the left and the right is not yet so deep, and parties are not yet

so homogeneous. Throughout the 1970-80s and until the end of the 1990s we observe a sorting

of a kind, the right is becoming “righter” and the left is becoming “lefter”. This is not so

much in the sense of the parties moving further apart as it is in the homogeneity within parties.

The lines between the parties are beginning to become more and more clear, with no softening

between them. The time of the great coalition-builders is gone. As we walk towards the change

of the century, we enter the third era of polarization and things get more intense and even a

feeling of animosity is observed, among party members. This is evident even from the change

in socialization attitudes, as expressed by the increased inter-marital political agreement and

inter-generational political agreement between parents and off-spring. The increase in political

polarization is often referred to in everyday conversation, in newspapers’ headlines, in the news,

etc. As could be anticipated, it has sparked the interest of political scientists as well and a
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vast literature has developed surrounding the matter. Many theories have been developed and

several studies have been performed, mostly in the USA and few in European countries. The

literature is extensively reviewed, alongside the empirical studies and the measures used for the

creation of polarization indices. In the second half of the first chapter an overview of the growing

economic inequality is attempted, both regarding the literature as well as events that confirm

what the numbers are saying. Economic inequality has followed, more or less, the same progress

as political polarization. While shortly after the end of WWII the economic boom that took

place resulted, among other things, in the decline of inequality, after the 1970s inequality (within

nations, not between nations) has shown an increase. In the literature, economic inequality has

been attempted to be linked with polarization but given the difficulty in measuring the latter

the mentions are scarce, and the conclusions are not very clear.

Chapter 2

The second chapter deals extensively with the measurement of political polarization. First the

ground is laid for a broad definition of political polarization and secondly, based on said defi-

nition, what polarization basically depends on is analyzed, i.e. the homogeneity within groups

as well as the heterogeneity between groups. On this account, the “Identification-Alienation”

framework is utilized, firstly developed by Esteban and Ray (1994) for discrete variables and

further extended to be applied to continuous variables as well (like income and political opin-

ion) by Duclos et al. (2004). The framework is analytically presented alongside its axiomatic

approach. This is the index (PaF index) applied to the individual level preferential data on

voters’ self-placement for 10 countries, members of the European Union (namely Denmark, Ger-

many, Greece, France, Ireland, Italy, Luxembourg, the Netherlands, Spain, and the UK) for a

thirty-year period, spanning from 1989 until 2019 (the most recently held European Parliament

elections). Additionally, the problems arising with the processing of individual level perceptual

data are presented (regarding the voter’s perception of their country’s parties as well as their

own self-placement). The data suffers from two types of biases: the interpretation by the voter

of the scale he can allocate the parties as well as how he conveys this information to the inter-

viewer. This problem is dealt with by applying a probabilistic scaling model to the data. After

this procedure, a vector with the voter’s ideal point estimate is retrieved, which is then used

to non-parametrically (with the help of a Gaussian kernel procedure) estimate the probability

distribution function of the public political opinion for each country for each time interval (the

data is divided in five-years’ intervals, the years during which European Parliament elections

were held). Additionally, the PaF index used, assigns, by way of an α exponent a weight to
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the identification component. The experiments performed so as to determine the optimal level

of the α parameter (which in this case was α = 0.25) are described. After resolving the bias

issue and determining the level of the α parameter, the PaF index is applied on the data on

self-placement. This results in the political polarization estimates of the ten countries over the

thirty-years period. The analysis though, is not limited to this. The PaF index is calculated for

all possible values of the α parameter, i.e. [0.25, 1] by 0.01. This equals 76 values of α and this

procedure creates a unique panel of 5320 unique polarization estimates, which allow for an ever

more extensive analysis of the effect of identification versus the effect of alienation. In general,

the findings are in accordance with the literature. Regarding the longitudinal analysis in the

case of α = 0.25, indeed the upward trend of political polarization is confirmed. Regarding the

choice of the value for the α parameter, the choice of α = 0.25 produces the results in line with

the general observation that in the EU polarization is a result of the rise of parties lying in the

extremes of the “left-right” political axis.

Chapter 3

In the third chapter the model for testing the causal link between economic growth and economic

inequality with political polarization is presented. To do so a novel and unique panel data is

constructed with the polarization estimates calculated in the previous chapter. Regarding the

economic parameters, the data is retrieved from the World Inequality Database. For economic

inequality the Gini coefficient was used and for the growth variable we used the annual GDP

per capita data and calculated the growth rate for various time intervals. The model is run with

both Fixed Effects (FE) as well as Random Effects (RE). In order to account and test for hetero-

geneous effects, both models were run allowing for individual slopes for one of the independent

variables as well as for both. The results are as expected. Political polarization is found to be

positively related with income inequality and negatively related with economic growth. Both

independent variables are statistically significant in explaining the variation of political polariza-

tion. This finding is in accordance with the literature regarding the relationship between income

inequality and political polarization specifically, but also with the vaster literature surrounding

the more general subject of political instability. The distribution of income affects the voters’

decision, the more unequal the distribution the more extreme the choice at time of election. The

injustice sentiment, as more wealth is concentrated in the top and the middle class diminishes,

is reflected by the stronger identification sentiment of voters with extreme parties. On the other

hand, growth seems to work towards the opposite direction. The higher the per person average

GDP in a country, the more towards the centre voters tend to place themselves and the lower
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the animosity sentiment towards partisans of the opposing parties.
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Chapter 1

Political Polarization

1.1 Political Polarization

Human beings are social individuals. Group affiliation is an essential characteristic, and even
a necessity, to our sense of self, to our identity. Thousands of years ago, belonging to a group,
was literally a matter of life or death. Nowadays this may no longer be the case but, with time,
the need of belonging has been hardwired to our DNA. This sense of belonging still feels highly
important, as if our life depends on it. In this context, individuals perceive of themselves as
representing a broad socioeconomic and cultural bundle and not a clear-cut distinctive package
of traits. Political parties form along these lines and try to capture those characteristics exactly
because they understand the importance of this sense of identity (Brewer 1991, Tajfel 1978,
Lipset and Rokkan 1967, Iyengar et al. 2019).

As we evolve over the course of time, so do political parties, partisanship and of course
political polarization. In the past 80 years, after the end of World War II, things, in the political
arena (and not only) have changed dramatically.

The end of World War II, left the world deeply scared. As a result leaders of that time
searched for ways to unite nations and their people in order to avoid such atrocities reoccurring
in the future. This signified the beginning of an era of political consensus and willingness for
collaboration and coalitions.

In Europe this period was marked by the formation of the European Coal and Steel Com-
munity, established with the treaty of Paris in 1951, which later evolved into the European
Economic Community, established by the treaty of Rome in 1957.

The political landscape in the USA is also moving along the same lines during those years.
A clear example of that is the passing of the Civil Rights Act in 1964. This is clearly a matter
of a very large difference in beliefs about how the country should be governed, what needs to be
done and what is the right thing to do. What is remarkable about that moment in American
history, and very different from what is happening today, is that these differences in opinions
are not clearly sorted by party. Observing votes by party and region in the Senate as well as
the House of Representatives, we observe that almost all Southern Democrats voted against the
bill. We observe a truly bipartisan effort to pass the bill as well as a truly bipartisan opposition.

Healthcare also offers a striking example of bipartisan support. The Medicare program was
presented in 1965 by a Democratic president and involved a single-player health-care system for
the elderly, a quite liberal idea. Nonetheless, it received 70 Republican votes in the House and
13 in the Senate.

As we move further along, in the 1980’s we observe that differences and ideologies start
to sort by party. In the 1950s and 60s parties are quite heterogeneous. In the USA, in the
Republican party there is the so-called ≪liberal Rockefeller≫ wing and the Southern Democrats
are more on the conservative side. But in the 1980s and more so in the 1990s, we observe a
slow but steady shift of the political elites from one party to the other, leading to extremely
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homogeneous parties. Diversity within parties starts to vanish.

In Europe, towards the end of the 1980s we witness one of the most major post-war events,
the fall of the Berlin wall. Germany is finally reunited. So, we see the end of the geographical
division (like with the Civil Rights Acts in the USA, where, in a way, we have a North vs South
division instead of Democrats vs Republicans) but slowly but steadily we observe a sorting of a
kind, along political party lines within the country.

Matthew Dowd, Bush’s chief campaign strategist in 2000, came to the same conclusion with
his own research on data regarding undecided voters and what they actually voted for in the end
for the 2000 elections. He then compared it to what had happened in the past five to six elections.
What Dowd found was that, by his own calculations, the percentage of actual independent voters
had fallen sharply from 22% to only 7%. This was a finding of great importance as it changed the
game; it was no longer important to convince the undecided, there were not that many of them
left anyway. What would win the elections was to motivate voters that were going to vote for
you, to actually go and vote (given the fact that in the USA voting is not compulsory). This of
course, had a dramatic effect on how Dowd run the 2004 campaign, which won Bush the election:
instead of trying to win over the undecided median voter they did their best to excite Republican
voters and convince them that Bush was a Republican that Republican voters would appreciate
(in contrast to the 2000 campaign which was focused on convincing undecided Democrats that
Bush was a Republican president that Democrats would appreciate) (Klein, 2020). The findings
of Glaeser et al. (2005) confirm that this tactic had a statistically significant effect on voter
turnout in 2004. The Republican platform in 2004 regarding the divisive subject of abortion
read:

That is why we say the unborn child has a fundamental individual right to life
which cannot be infringed. We support a human life amendment to the Constitu-
tion and we endorse legislation to make it clear that the Fourteenth Amendment’s
protections apply to unborn children. Our purpose is to have legislative and judicial
protection of that right against those who perform abortions. We oppose using public
revenues for abortion and will not fund organizations which advocate it [Republican
Party Platform 2004].

This is a very clearly, very conservative opinion, leaving no doubt for any Republican voter to
assume that Bush might even, in the farthest, deepest corner of his mind, be pro-choice.

Additionally, this sorting, meaning that most of liberals are Democrats and most of the
conservatives are Republicans, also affects people’s opinion on non-political matters, as can be
seen from above excerpt of the Republican platform regarding abortion, or other issues, like for
example gun control. The results of the 2008 ANES confirm this clearly. Regarding abortion,
only 23% of those identifying as conservatives claimed to be pro-choice compared to 70% of those
who identified as liberals. Regarding gun control, only 32% of those identified as conservatives
were in favor of stricter control compared to 60% of those identifying as liberals.

The point being made here is not that the distribution of public opinion on all of these (social,
political, economic, cultural) matters has changed but the consistency of opinions across issues
and the relationship between these issue positions and party affiliation has changed dramatically.
The groups are more and more homogeneous and members of each group have started sharing
opinions on a large variety of matters, creating a stronger identification sentiment amongst group
members.

This point can easily be ascertained by observing the evolution of the candidates’ campaigns,
like we saw in the case of Bush Jr. One can observe how some matters were approached in a
more moderate manner in the past (or sometimes even closer to the opposite side’s ideology).
Another prominent example are the Clintons.

Bill Clinton’s campaign in the 1990’s was much more moderate, in terms of the extremity
of his positions on for example fiscal policy and abortion, than was his wife’s, Hillary Clinton,



1.1. POLITICAL POLARIZATION 37

campaign somewhat 20 years later. Bill Clinton, in his campaign claimed that he would ≪reform
welfare and balance the budget≫ and regarding abortion he stated that it should be ≪legal, safe
and rare≫. When Hilary Clinton run for president, she ran more than Obama than like her
husband, or actually even more to Obama’s left (who was already on B. Clinton’s left) (Klein,
2020). Regarding Obama, we have another striking case of homogeneity in votes in the case of
the Obamacare program. Despite the fact that it relied heavily on Mitt Romney’s reforms in
Massachusetts and was constructed on conservative ideas (like relying on private insurance for
the bulk of its coverage), the program did not receive a single Republic vote in either the Senate
or the House (quite a difference with the, of much more liberal ideology, Medicare program in
1965) (Klein, 2020).

The increase of political polarization is reflected not only by the intense sorting of opinion
on all matters around party lines but also by the increase in the popularity of populist voices.

In a polarized environment politicians tend to propose more hardcore solutions, radical pro-
grams and policies. It could be described as the right getting more right and the left becoming
more left and so the cleavage between them is growing ever bigger. The public seems to move
in the same direction; the division between party supporters seems to be growing deeper and
deeper and this does not seem to be confined only to the most informed (although the phe-
nomenon is even stronger there) but it extends to large segments of the public (Abramowitz
and Saunders, 2008). The latest severe example of the manifestation of feelings of hatred and
hostility is that of former US president, D. Trump, who followed an extremely polarized rhetoric,
particularly exacerbated after the loss of the presidential elections of November 2020. In the
end, his provocative claims of voter fraud and his questioning of the elections’ results led to an
armed riot and invasion of the US Capitol by Trump’s supporters, which cost the lives of five
people, on the day of the Electoral College vote count to formalize Biden’s victory.

Characteristic of the deep divide in the USA today are the results of the University of
Massachusetts Amherst and YouGov national poll, conducted in December 2021. Still, only
58% of Americans believe that Biden was (definitely or probably) legitimately elected with the
remaining 42% still in doubt about the procedure and the legitimacy of the results.

President Biden, on the other hand, in an attempt to recapture political momentum and
support from moderate voters horrified by the harsh partisanship and extremist rhetoric that
crested on Jan. 6, directly blamed former president D. Trump, in his speech on January 7th,
2022, for the insurrection at the U.S. Capitol one year earlier. President Biden is watching
his approval rates sag: according to ongoing Gallup Analytics, J. Biden’s approval is steadily
diminishing since he took office, reaching 43% in the first two weeks of December, from 57%
when he took office. Engaging in this divisive rhetoric is the simplest way to increase those
rates.

Last but not least on the subject of presidential campaigns and how things have shifted in
the last 3 to 4 decades, current USA’s president, Joe Biden, has stated, in respect with the
Republican’s party effort to overturn the decision in Roe vs Wade that ≪It is wrong. It is
pernicious. We have to stop it≫. This is in total line with the Democratic Party’s line on the
subject. But, in 1982, as a US senator, he voted for a constitutional amendment that would do
exactly that. He called it, at the time, ≪the single most difficult vote≫ he had cast as a U.S.
Senator and blamed it on his Catholic upbringing.

This sorting of opinions on various topics across party lines is the major difference between
today and the post-WWII era. Societies are getting more and more polarized and it seems as
if every issue that comes up nowadays only contributes to this phenomenon. The most recent
example of this is the understanding of and reaction towards the current COVID-19 pandemic.
We see, again here, that people’s beliefs around an extremely serious matter are neatly sorted
along party lines. There is growing evidence that, despite calls for political consensus, the public
response to the COVID-19 pandemic has been politicized in Europe as well as the USA.

The Pew Research center published two social attitudes reports, both in 2020 as well as in
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2021. Both reports show that the people’s perception of how their country handled the crisis
as well as their opinion on how strict the restrictions should have been are quite politicized.
Regarding Europe, in 2020 the findings show that, in most countries, people believe that their
country has handled the COVID-19 pandemic well. But a closer look into those numbers shows
a division of the people. In all countries researched, majorities of governing party supporters,
believe their country handled the pandemic well. Regarding Europe, France, Spain and the
UK have the leading difference among countries researched; In France 89% of governing party
supporters find that the government did a good job handling the pandemic as opposed to only
55% of non-governing supporters, in Spain the numbers are 74% and 40% respectively and in
the UK the percentages are 70% and 37% respectively.

In June 2021, two years well in the pandemic, the Pew Research Center report revealed that
the divide got deeper. In most European countries researched, majorities still believed that
the government did a good job in handling the pandemic but in all countries those majorities
have shrunk (in some countries no longer being a majority). Additionally it revealed the trend
that supporters of far-right parties tended to be in favor of fewer restrictions in all countries
researched but one, namely Greece. For example in Germany 37% of those on the right of the
political spectrum are in favor of less restrictions, whereas only 17% of voters on the left favored
less restrictions, a difference of 20 points. Italy, Spain and the Netherlands follow along the
same lines; with the differences being 17%, 15%and 11% points between proportions of voters
on the right being in favor of fewer measures and proportions of those on the left. In Greece
the situation is reversed, with the majority of voters on the left in favor of fewer restrictions,
55%, and only 34% of voters on the right in favor of fewer restrictions. These numbers are
probably driven by the left-populist Syriza party supporters (55% of Syriza’s supporters wish
for fewer restrictions), whose leader, Alexis Tsipras, has accused the center-right government
of taking advantage of the pandemic in order to suppress democratic rights. We observe that
again opinions tend to sort around party lines and that party leaders seize this opportunity to
increase their share of votes.

According the same reports by the Pew Research Center, the divide in the USA is even
larger. In the 2020 report it was found that 76% of Republicans or independents leaning to-
wards the Republican Party believe that Trump’s administration had done a good job dealing
with the corona-virus outbreak, whereas only 25% of Democrats and those leaning towards the
Democratic Party share that opinion. This trend continues in almost the same levels in 2021;
52% of voters on the right part of the political spectrum believe there should have been fewer
restrictions in the course of the pandemic contrary to only 7% of voters on the left.

Momentarily the largest dispute is about the COVID-19 vaccine. Even in this case, societies
seem to be divided and the tension seems to keep rising, as the pandemic does not seem to end.
Of course, even though the matter of the vaccination is not a purely political one, politicians
(of the governing party) are the ones deciding on the measures that are implemented and the
oppositions try to capitalize on the people’s discontent. There seems to be a lack, nowadays, of
coalitions in the name of the common good.

This is exacerbated by politicians’ rhetoric. Biden’s administration’s phrase “pandemic of
the unvaccinated” implies that now the new (political) enemy is no longer COVID-19 but the
unvaccinated. It seems that the battle has shifted; instead of us (all of us) against the virus
it has turned into us versus them, where us in this case in Biden’s voters / Democrats / the
vaccinated and them, the outer group, which is consisted of Trump voters / Republicans /
the unvaccinated. A national tracking poll by Morning Consult and POLITICO, shows that
as of the second week of September 2021, the majority of the vaccinated were Biden’s voters
(55% of those having received at least one dose of the vaccine had voted for Biden in the last
elections contrary to only 28% of the vaccinated Trump voters) and the leading group of the
unvaccinated were Trump’s supporters (42% of the unvaccinated had voted for Trump and only
22% had voted for Biden). These results confirm that unfortunately what Americans vote is,
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at some level, correlated with their decision to be vaccinated or not. A matter of public health
is affected by political affiliation. Again, difference of opinion has always been there, that’s not
something new. But what strikes us nowadays is that difference of opinion surrounding, what
could be characterized as, a non-political issue tends to be sorted according to partisanship or
political affiliation.

To sum up, we observe different cycles of partisanship and political polarization. In the 1st
era, let’s say roughly after the end of WWII and during the 1960’s and 70’s, we see a more
pragmatic partisanship where boundaries would shift and as a result, we would see coalitions
along party lines. Some major examples of this are the Medicare bill, which was passed by
Republicans as well as Democrats and the Civil Rights Act, of which several Republicans were
leaders in passing. The 2nd era, which is a bit more recent, i.e. the 1980s and’90s as well as
perhaps the first decade of the 21st century, we see a sorting of liberals and conservatives into
the Democratic and Republican parties, respectively. This has led to a conflation of parties and
ideologies (Democrat and Republican have nearly become synonyms for the term liberal and
conservative). We start to observe a profound divergence in ideology. Nowadays, we observe
a 3rd evolution in partisan attitudes, where we see animosity (perhaps even hatred on some
occasions) felt towards opponents, outsiders, or simply anybody who does not share our point
of view. There is a sense of fear and loathing across the party divide (Iyengar and Westwood,
2015). Already from the early 1990’s political speeches are characterized by a harsh and critical
sentiment towards opponents. Today studies show that, by some measures, partyism (the devo-
tion to a political party; party spirit) exceeds racism (Iyengar and Westwood, 2015). We observe
that nowadays there is party prejudice, and it has penetrated many aspects of life, personal as
well as professional. Spousal agreement on political affiliation has increased over the past 50
years, as has inter-generational agreement between parents and children (Iyengar et al., 2015).
So we see that this sorting we have been talking about has spread at all aspects of our live, even
the most personal ones.

We do not have bigger ideological differences today than we did in the past. People have
always disagreed on what we should do or what is the right thing for the government to do,
but today those differences are neatly sorted along party lines. For example the difference over
issues like: ≪Is segregation by law okay or even a commendable thing to have?≫ is a much more
dramatic ideological difference than is most of what we are dealing with today. But we observe
a truly bipartisan effort on the passing of the Civil Rights Act as well as a truly bipartisan
opposition. The difference is that today a lot more of our distinctions drop across party lines.
People have always been disagreeing and there have been much more dangerous moments of
societal fracture than the one we are currently living in. The dynamic of political conflict has
changed. It is not that what people fight over today did not exist 50 or 80 years ago but back
then these conflicts existed as cleavages within the parties as well. And when a cleavage exists
within a party, the party will try to compromise it or suppress it. But when it is between parties,
then it is escalated and it can be used, it can be capitalized on, to increase share of votes. It is
as if today all ideological diversity within parties is basically gone.

1.2 Literature Review

Based on the classic concept of social distance by Bogardus (1947) and of social identity by
Tajfel (1970) and by Tajfel and Turner (1979), Iyengar et al. (2012), point out the importance,
not only of the sentiment of belonging to a group, but also of the negative sentiment towards
members of opposing groups and outsiders.

This creation of extremely homogeneous parties has moved us even a step further, in what S.
Iyengar et al. (2012) call ≪affective polarization≫, a term coined in their seminal paper Affect,
Not Ideology. A Social Identity Perspective on Polarization . We observe that today people do
not only feel attracted to their own group and to people similar to them, they seem to feel an



40 CHAPTER 1. POLITICAL POLARIZATION

extreme hostility towards the members of the outer group, the opposition or however we choose
to call it.

This definition, one could perhaps argue, better conceptualizes what McCarty et al., (2016),
imply when they say that there are no longer any skilled coalition builders in politics. The
problem is not just that the right moves more to the right and the left more to the left, it is also
that the members of one party have started to feel hostile towards members at the other end of
the spectrum. This sentiment of hostility, alienation, rivalry, of not wanting to have anything to
do with those on the other side (regardless which side you are on) makes it impossible nowadays
for functional coalitions to emerge and for the sense of obligation towards the common good to
prevail.

In this respect, Iyengar et al. (2012), show that mass polarization has increased steeply
during the last decades in the USA. They question the assertion of some of the scholars of
political polarization that this is a matter that only concerns the political elites. Iyengar et al.
(2012), triggered by the notion of group psychology and the common finding that members of
groups, even when groups are created by trivially assigned characteristics, create a sentiment of
belonging amongst the members and of dislike towards members of opposite groups.

Iyengar et al. (2012), research concludes that affective polarization (in the sense of negative
feeling towards other groups) caused by political affiliation can de as strong as, or even stronger
than, the one created by other prominent social issues like gender, race and religion. The main
source behind this strong negative sentiment towards outsiders seems to be primarily triggered
by the recent trend of negative advertising as well as negative campaigning (i.e. campaigns
focused on a great deal on defaming the opponent and his supporters rather than focusing on
positive traits of the running candidate himself). One potential explanation for the increase of
mass polarization is the increase of exposure to this negative campaigns through news (where
journalists seem to perpetually repeat any provocative, stressing or negative messages), media
and the internet. The results of Iyengar et al. (2012), indicate that while the within party affect
remains somewhat unchanged, the affect towards the outsiders has increased a lot. Iyengar et al.
(2012), also check for the assertion made by Fiorina et al. (2005) that it is only the polarization
within partisans which increases, and while they find that indeed polarization among partisans
increases, so does mass polarization as well (at a slightly lower rate) and at the same time they
find that the number of partisans has increased sharply.

The sorting that has occurred in the last 50 or so years has brought partisan and ideological
identities into alignment, creating strong feelings of identification and alliance among the mem-
bers of each group but at the same time it has increased the levels of partisan bias, of anger
towards members of the out-group (Mason, 2015). As Mason (2015) suggests, a partisan in a po-
larized environment, acts more like a sports fan, in the sense that he cares about the well-being
of his party, he prefers to associate with members of his own party and feels angry (and can
even manifest in a violent way) when he feels his group is being threatened, even though he may
not agree with the group on all matters per ce. The intensity of a person’s partisanship may in-
crease due to various reasons, like for example a person’s own personality, personal experiences,
social networks etc. According to Roccas and Brewer (2002) another factor that intensifies bias
towards in-group members and hostility towards out-group members is the level of identity com-
plexity of the individual, meaning how many of his or hers social identities are met within one
sole group or does the individual connect with various different groups, depending on a different
connecting criterion each time. In the neatly sorted groups, one person’s various social identities
(for example race, religion, economic status etc) overlap. This creates a stronger identification
sentiment among group members. Group members are characterized by low identity complexity
which, according to Roccas and Brewer (2002) results in lower tolerance of outer groups. The
research by Mason (2015) confirms that sorting in homogeneous groups has a substantial effect
on anger and bias. Even more, Mason’s research shows that the intensity of the identification
sentiment with one’s party affects how biased and angry that person is, even (and I believe
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that is the most important point) if that person’s issue positions are moderate. This confirms
what is mentioned above, meaning that it is not that people did not disagree in the past or
that the matter on which the disagreement evolves around are more important today, it is the
homogeneity of the groups that has intensified the us versus them feeling of hostility. As per
Mason (2015) the alignment of ideology and partisanship intensifies the bias, activism and anger
of the individual. So even without change in the issue opinion’s distribution, the electorate can
be more polarized and regard the out-group partisans with increasing prejudice.

This increasing prejudice and bias, described in one word by the term ≪partyism≫, is recent
subject of ongoing research by many scholars of the political science.

Based on the findings of data of various surveys, Iyengar et al. (2012), find that Americans,
increasingly, dislike, even loathe, their opponents. According to their research, the loathing
between members of the various groups does not evolve (focus) only around the policies proposed
by each party. Political campaigns play a very significant role in the shaping of today’s polarized
environment. The polarized political rhetoric helps exacerbate the problem. Hostile messages
towards the outsiders reinforces partisan’s biased opinions. They rely their measure on the level
of dislike between opposing groups’ members. As per the theory of Tajfel (1970) the positive
sentiment for one’s own group alone is not enough, but the negative sentiment for the out-group
must be taken into account as well. According to Iyengar et al. (2012) simply identifying with
a political party suffices for creating negative feelings for the opponent’s followers. Political
campaigns play a significant role in this. Older studies of social psychology have already shown
that any form of group membership instantly creates positive feelings for one’s own group and
negative ones for the outsiders (Tajfel et al. (1971); Billig and Tajfel (1973)).

The study Iyengar et al. (2012) shows an increasing dislike between members of groups
with different political affiliation in the USA, for both activists as well as not activists (with the
former presenting a somewhat stronger trend). As mentioned above, this increase in polarization
has penetrated many aspects of social life. In their study, Iyengar et al. (2012), find an increase
in inter-generational political agreement over the past fifty years for both the USA and the UK.
According to the 1960 Almond-Verba survey shows that in that period only 5% of Republicans
and 4% fo Democrats would feel ≪displeased≫ if their son or daughter married someone of a
different party affiliation. At the same time, the respective percentage for the UK are 12%
for the Conservative party supporters and only 3% for followers of the Labor party. Fifty years
later those number have increased for both countries, with the USA leading the difference. More
specifically, according to the YouGov survey in the USA in 2008, 27% of Republicans and 20% of
Democrats would be ≪very≫ or ≪somewhat upset≫ with the possibility of an out-party marriage
for their child. In the UK the corresponding percentages were 10% and 19% for the supporters
of the Conservative party and the Labor party respectively.

The increase of polarization has also affected family socialization. Iyengar et al. (2018)
find an increased marital agreement as well as inter-generational agreement (between parents
and offspring). In the past 50 years, from 1965 till 2015, Iyengar et al. (2018), using data
from the YouGov survey find that spousal agreement has increased by 8%, from 73.2% to
81.5%, and inter-generational has increased by 6%, from 68.6% to 74.2%. While the increase in
marital partisan agreement might seem relatively low, if we further examine the characteristics
of the interviewees, we will realize that the difference is quite important. In the 1965 sample
couples with lengthy marriages are over-represented (all couples had children in high school).
This is not the case for the 2015 sample, where the higher percentage of agreement is due to
assortative mating. According to a press release published in June 2020 by Dating.com, part
of the Dating.com Group and the company behind numerous online dating sites, an analysis of
their user data revealed that 84% of singles would not even consider dating some with opposite
political views.

Polarization based on political affiliation is momentarily so strong in the USA that Iyengar
and Westwood (2015) assert that partisan animus nowadays exceeds even racial hostility, which
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per general agreement represents the deepest divide in American society, at least up to now
(Pager and Shepherd 2008, Schuman et al. 1997). They design and perform three experiments
which show that partisan affect strongly affects judgment and behavior on non-political issues.
They test the following hypotheses: (1) is partisan affect sufficiently embodied in citizen con-
sciousness so that it is obvious in partisan attitudes, (2) does the size of the partisan affect
exceed the size of affect due to other social characteristics where discrimination is discouraged
by society (like, for example, race or gender), (3) does partisanship and partisan affect create
bias in favor of co-partisans which leads to discrimination and affects judgments and (4) is fa-
voritism towards co-partisans weaker than animosity towards outsiders. For the testing of these
hypotheses they use an Implicit Association Test (IAT) as well as its Brief version (BIAT).

For the first question Iyengar and Westwood (2015) compare the time people require to im-
plicitly respond to pairings of ≪ingroup + good≫, ≪outgroup + good≫, ≪ingroup + bad≫ and
≪outgroup + bad≫. For example it should take a Democrat less time than a Republican to disso-
ciate the democratic mascot with the word ≪good≫. They, afterwards, use the widely accepted
≪D-score≫ (detailed description of its computation at Greenwald et al., 2003) to interpret the
results of the BIAT times. The results show a strong polarization, in the sense that Republi-
cans are strongly positively biased towards other Republicans and Democrats are also positively
biased towards fellow Democrats, yet to a lesser extent than Republicans. The D-scores, when
the same experiment is conducted using pairings of racial in- and out-groups, are surprisingly
lower than the partisan D-score. According to Iyengar and Westwood (2015) the magnitude of
this difference reveals a lot. For the partisan bias to reach, and even surpass, the racial bias
unveils a substantial underlying animosity.

For the second hypothesis Iyengar and Westwood (2015) designed an experiment where
candidates would have to make a non-political choice (offer a scholarship to a student). The
study was designed so that participants had to choose between two candidates of the either the
same academic achievements or varying. This allowed for partisan and racial bias to be measured
both when candidates were equally qualified as well as one candidate was better qualified than
the other. The race was indicated by a stereotypical African/American or European/American
name and a particular membership in an extracurricular group. Partisanship was indicated by
membership in an extracurricular partisan group. According to the results, it was the indicator
that revealed the partisanship that exerted the strongest impact on the selection of candidate.
Almost 80% of the time a Democrat participant or a Repuiblican one, would choose to choose
to grant the scholarship to a candidate of the same partisanship. Even when accounting for
candidate qualification, still every participant would more often than not, choose a candidate of
the same partisanship. Specifically, when the Republican candidate was more qualified there was
only a 30% that the Democrat participant would grant him the scholarship. Similarly, when the
Democrat candidate was more qualified, the probability of the Republican participant choosing
him was only 15%. Regarding bias based on candidates’ race, the results show a lower effect
compared to partisanship! In general most European Americans as well as African Americans
selected the African American candidate during the experiment. In-group preference did not
have as large an effect in this case as it did in respect with the partisanship criterion. An
African-American participant would choose an in-group candidate at 76% and 78% chance in
case the two candidates were equally qualified or in case the in-group candidate was less qualified,
respectively. European Americans would choose an in-group candidate a little less than half of
the time (42%) in case both candidates were equally qualified. When the in-group candidate
was less qualified then the probability fell to 29%.

Regarding the question if the bias created by co-partisanship affects partisans’ judgment,
Iyengar and Westwood (2015) perform a dictator’s game and a trust game on a group of 814
individuals. The results show that in both games co-partisans favor each other. In the dictator’s
game players allocate, on average 24% more money in case they are dealing with a co-partisan
and in the case of the trust game that percentage was a mere 10%.
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In order to check if the animosity towards out-group members exceeds favoritism for the forth
hypothesis, Iyengar and Westwood (2015) repeated the dictator’s game and the trust game,
only this time player 2 could be 1 of following four: Republican, Democrat, Independent or
described without any partisanship. Results indicated that indeed out-group animosity is more
consequential than in-group favoritism. In both games, if player 2 belonged to the opposing
party they were assigned, on average, the lowest amount of all cases and when player 2 was a
co-partisan then he was, on average assigned the largest amount of all cases. Additionally, if
player 2 was an independent or if there was no mention of his partisanship (which served as a
control ID), player 2 was given, on average, the same amount in both cases, an amount lower
than that given to the co-partisan and higher than the amount given to the member of the
opposing party.

According to McCarty(2019) it is around 1977 - 1982 when the intense sorting of the political
elites is starting to become obvious, in the USA, according to their analysis of the roll call votes.
While during the period starting in the 1930s and throughout the 1960s we observe a somewhat
steady trend in polarization, after the 1970s polarization is increasing. McCarty’s (2019) data
on roll call votes show the Republicans having shifted more to the right than the Democrats
having shifted to the left, but this might be caused by the nature of the agenda of congress,
which mainly focuses on issues of economic or regulatory nature. Social and cultural issues tend
to be handled by the courts. This is to say that, if we had data on that too, we might observe a
movement towards the left of perhaps almost similar magnitude of Democrats. In other words,
the cleavage has deepened by an outward shift of both parties.

The widening of the gap and the increase in mass polarization is also supported by the data
provided by the American National Election Study (ANES). As Abramovitz (Abramovitz and
Fiorina, (2013)) points out between 1972 (when a question about ideology was first included
in the ANES) and 2008, the correlation between the party identification scale and the ideology
scale increased from .36 to .66 among all voters. Additionally the cleavage between the average
Democrat and the average Republican widened significantly; on a 7-point ideology scale their
distance increased from 0.9 to 2.2 units. The distance more than doubled, with the score of
the average Republican of 4.7 and the average Democrat’s score of 3.7 in 1972 going to 5.4 and
3.2 respectively in 2008. We observe that the Republicans, who already were well right of the
center moved even more into the right and the democrats, who were slightly left of the center
moved well into the left, in this 36 year period. During this same period the voters’ distribution
has become more clearly bimodal, with the voters in the center diminishing. The percentage
of voters placing themselves in the center fell from 35% to 27% and the percentage of voters
placing themselves distinctively in the left or the right increased from 29% to 46%.

These findings are in accordance with Abramowitz and Saunders (2008), who put Fiorina
and Abrams’ (2008) works to the test. While Fiorina and Abrams (2008) claim that there is no
strong evidence that proves that the mass public is polarized, Abramowitz and Saunders (2008)
knock down their arguments one by one, asserting that the American people have become
increasingly more polarized from the 1970s and onward. This assertion is true for both the
politicians as well as the public, though the phenomenon is more intensely observed among the
most informed, interested and active citizens. Additionally Abramowitz and Saunders (2008)
find that ≪Conservative Democrats≫ as well as ≪Liberal Republicans≫ are becoming more and
more difficult to find, deepening the division between the left and the right. Additionally, the
change of various demographic characteristics, like for example the higher education level of
voters, has perhaps aided to this end.

As the study of Panagopoulos (2016) points out, campaign strategies have shifted from trying
to persuade undecided voters to vote for their party to strategies which aim at mobilizing the base
and increasing turnout. The same point is also being made by Smidt (2017); as was exemplified
by the 2004 and 2012 winning campaigns, it is a better strategy to focus on mobilization of
people that have already made up their mind than to try and persuade the, steadily less and
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less, undecided ≪Floating American≫ voters. This is so, because, as the study showed, between
2000 and 2004 self-proclaimed independent voters were more consistent in which party they
supported than were self-proclaimed partisans from 1972 to 1976!

Closely related to the claim of McCarty et al. (2016), that in the years following WW
II, politicians and vote-maximizing strategies used to move around the center of the political
spectrum, as years go by it seems that politicians are moving in the opposite direction. It
seems that the public today is more intrigued by the ≪edges≫. As per Downs’ (1957) central
hypothesis, parties form their policies with sole purpose to gain votes (and consequently office)
and not vice versa (i.e. try to win so as to implement the, what they they consider to be
right and beneficial, policy). In other words, the policy is the good sold for votes (like a firm
sells products for revenue) and it is the objective of every party to maximize votes. While the
objective remains unchanged, the means have changed; no longer do campaign and policies of
parties (even in a two party system) try to resemble each other. Quite the opposite actually;
candidates spend more and more time and money in the effort to distinguish themselves from
their opponent (Glaeser, 2005).

Glaeser (2005) attempts to develop a model to explain ≪the political economy of hatred≫.
Glaeser (2005) constructs a supply and demand model for hatred animosity is cultivated by
some groups towards out-groups. While hatred towards the out-group is often based on false
news (like stories of false crimes, falsely attributing evil characteristics etc), in reality the re-
lationship between hatred and the criminality of the targeted groups is often minimal. The
model developed by Glaeser (2005) is a supply and demand model of hatred, where politicians
supply hatred through the spread of hate-creating stories and the people are on the demand
side, which increases when the people do not have any incentives in investigating the truth
behind the stories supplied and just take them as granted. For example, depending on which
side of the political spectrum the politician is, he will follow a certain policy to handle economic
inequality. In order to back their case, they supply hatred-filled arguments which voters will
investigate only in the case they have a personal benefit from finding out the truth (Glaeser,
2005). The general prediction of the model is that candidates who are opposed to redistribu-
tion will spread hatred towards poor minorities while pro-redistribution candidates will spread
hate-creating stories towards the rich elites. As the minorities income changes and they become
either more rich or more poor, the incentive of the candidates to spread hatred will increase, as
the effect of redistribution on the resources of the minority gets larger. The demand of hatred
depends on the private incentives of the minority to find out the truth about the out-group.
For example, strong integration on a minority into a society, increases the benefits of knowing
the truth and there for makes its more difficult to spread hate-creating stories. Glaeser (2005)
also examines what happens in case the hated reply with hatred and vicious circle of ≪hating
the haters≫ is created. According to Glaeser (2005) changes in technology can affect the level
of hatred in both directions, as on the one hand it makes it quite easier to spread the hate (as
we clearly witnessed happening during the Trump campaign) but at the same time it makes it
easier and less costly to investigate the truth of the story.

Glaeser et al. (2005) construct a model to predict when it is in the politician’s self-interest to
resort to extreme rhetoric, what Glaeser et al. (2005) call ≪strategic extremism≫. The thinking
behind this is close to Dowd’s conclusion, in 2000. Just as Dowd figured out, there must be a
≪intensive≫ margin, i.e. a respectable number of partisans who know what they would vote for
but are not motivated enough to actually go and cast a vote. Then the extreme rhetoric aims
at motivating them and convincing them that the matters are serious enough so that it is worth
the voter’s trouble to vote. Additionally, there must be enough ≪extensive≫ margin, i.e. the
extreme to which the rhetoric can extend to should be such so that it will cost the politician
as few as possible votes of his median voters. Of course, for this strategy to be profitable,
the cost in median voters cannot exceed the gain in mobilized voters. They key assumption
of Glaeser et al. (2005) ‘s model is that a politician’s campaign and rhetoric reach first of all
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his own supporters. The new, extreme, message may never even reach the out-group member’s
ears. This means that this strategy affects the politician’s own supporters more than the out-
group’s members. The model aims to explain in a formal way the motives for the formation
of a strategy like the one designed by Dowd, which won Bush the elections: is it plausible
that politicians adjust their rhetoric to what voters need to hear in order to motivate them to
vote and increase turnout. If the audience is more sensitive to immigration subjects then the
rhetoric will evolve around that. If the audience, on the other hand is more sensitive regarding
economic matters like rising inequality and low wages, then the rhetoric will evolve around
redistribution policies and protection of minimum wages. Glaeser et al. (2005) focus their study
on the interrelation between extremism of political campaign and political platforms regarding
the subject of abortion and the change in voter turnout.

This point can easily be ascertained by observing the evolution of the candidates’ campaigns.
One can observe how some matters were approached in a more moderate manner (or sometimes
even closer to the opposite side’s ideology). Examples of this were presented in the previous
section.

Language reflects many things. The way people speak, which words are chosen, active or
passive voice for certain actions, they all reveal how a society thinks and feels about many
things. Among other things, language reveals tension, hostility and, of course, polarization.
Gentzkow et al. (2019) analyze speeches of congressmen and how easy it is to correctly predict
their partisanship after hearing only one minute of their speech. To do so they use the text of the
United States Congressional Record starting with the 43rd Congress (which met in Washington
D.C. from 1873 till 1875) to the 114th Congress (which met in Washington D.C. from 2015 till
2017). Performing an analysis using key words representative of each era, they find that around
the early 1990s speeches begin to get more polarized. A characteristic example of that time
is the 1994 Republican campaign, when campaign consultant Frank Lutz helped develop the
≪Contract with America≫ slogan. It was the election than won the Republicans majority in the
House for the first time after more than forty years.

Boxell et al. (2020) study the increase of political affective polarization in 12 OECD coun-
tries, namely the USA, Switzerland, France, Denmark, Canada, New Zealand, Japan, Australia,
Britain, Norway, Sweden and Germany. They examine the evolution of polarization starting
from the 1980’s till now using data from 149 different studies. The fact that all the data does
not come from the same source creates the need for data harmonization with the accompanying
limitations (for example different wording of questions can extract different answers on the same
subject). They use surveys which include questions like how much a person likes a given party,
how they feel toward it or if they sympathize with it and scale the responses (so data analyzed
is homogeneous) with 0 being the minimum response and 100 being the maximum one. They
construct a model using information on the set of parties in given country. Respondents answers
are utilized only when they provide a valid party identification as well as a valid affect towards
at least one more party other than the one the claim to be affiliated to. Boxell et al. (2020)
calculate the partisan affect πi, which expresses respondents’ more favorable attitude towards
their own party than toward the other ones. Following this, Boxell et al. (2020), calculate
affective polarization as the weighted average of respondents’ partisan affect.

Boxell et al. (2020) also study the correlation between affective polarization and a number
of explanatory variables like openness to trade, share of getting news online, fraction of foreign-
born, fraction of non-white and a measure of ethnic fractionalization. For most of these they find
a weak or a negative association. Regarding economic inequality, they use the Gini coefficient
and find that only two countries (namely Switzerland and France) have a negative relationship.
All remaining countries exhibit a positive relationship, as inequality rises so does polarization.
Especially the USA and Australia exhibit a quite strong correlation (the USA with a steeper
slope of 0.09 compared to Australia, where the slope is 0.15).

Among other things, they restrict their sensitivity analysis of their findings on the years
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when the top two parties of a country remain the same. Additionally, responses to questions
about how much a person likes a given party, how they feel toward it or if they sympathize
with it are standardized to a 0-100 scale with 0 being the minimum response and 100 being
the maximum one. They find the largest positive trend in the USA. They also find a positive
trend in 5 other countries, namely Switzerland, France, Denmark, Canada and New Zealand.
Switzerland’s trend is near the USA’s level but the finding is statistically significant only for
Denmark. The remaining six countries (i.e. Japan, Australia, Britain, Norway, Sweden and
Germany) all exhibit a negative trend in affective polarization. The largest effect is found in
Germany and this result statistically significant. It is the only significant negative result together
with that of Sweden.

In their 1994 paper, Esteban and Ray, analyze how a society divided into groups based on
income becomes economically polarized (they use this term to differentiate their index from
the Gini coefficient of economic inequality). The main assumption is that the members of each
group are a lot alike but the various groups are quite dissimilar amongst them. The stronger the
inter-group alikeness(the resemblance of the group’s members, if one prefers, based on a specific
characteristic or trait, like for example, their political self-placement) as well as the intra-group
dissimilarity (how far, for example, politically speaking one group places it self from the others),
the higher the polarization. These feelings of belonging and hostily are translated into a ≪Iden-
tification - Alienation≫ (IA) framework. The density of a group accounts for the Identification
part and the distance between groups represents the Alienation sentiment. The combination
of the two is translated into ≪effective antagonism≫. The sum of all effective antagonisms (so
alienation between all possible pairs of groups and their respective identifications) constitutes
the country’s polarization. Based on this narrative, Esteban and Ray (1994) construct a theo-
retical model, where polarization increases with the higher density within each group as well as
the greater distance among groups. In their subsequent paper Duclos, Esteban and Ray adjust
the model so it can be applied to continuous variables. This index is applied in this study on
data of self-placement of voters in order to assert the level of political polarization.

In this study, we adopt said polarization index which takes into account both the distance
between groups but also the density of each group, as both seem to be playing an important
role. In other words, we calculate a weighted average. We take into account where each voter
places himself and the distance between the average voter in the left and the right respectively,
but this average is weighted by the number of members in each of these clusters.

The importance of homogeneity within groups of same ideological orientation and how it
can affect sentiments towards the outsiders has been extensively discussed and proven in many
studies (for example Iyengar et al., 2012, Iyengar et al., 2019). A more detailed description of
the index, its derivation and the intuition behind our choice of this specific index is presented
in section...

As per Benabou (2008) an ideology can be a mixture of beliefs, a bundle of issue-positions,
which is usually placed somewhere along the left-right political axis. But, in reality, it seems
that people might hold opinions on various matters from both sides of the political spectrum
(Converse 2006, Kinder and Kalmoe 2017). Additionally, the recent surge of populist voices
further complicates the issue, as it is not clear how to handle these in relation to the simple left-
right scale. To this end Draca and Schwarz (2021) use the Latent Dirichlet Allocation (LDA)
topic models (Blei et al.). They apply the model on data from individual-level surveys on a
typical set of socio-economic issues. This allows for a mixture of ideologies to be explored as
topic models, which are usually used in the social science on text data due to their ability to
identify a latent topic structure, which may underpin the data. Draca and Schwarz (2021) apply
the LDA technique to the individual-level responses (instead of using text analysis). The latent
topics are then interpreted as the political ideology which creates individual political beliefs in
the general public, allowing this way for a calculation of mass polarization. The framework
has two main advantages: it provides information on the individual-level ideology mixture (the
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share of each type of ideology in one person) as well as the nature of the ideologies (the type
vectors). With this information it is possible to predict the probability of a person taking a
certain position on an issue, given his ideology mixture. With above methodology, Draca and
Schwarz (2021), aim at answering two main questions. Firstly, can the public’s political beliefs
be summarized in a statistically coherent fashion and does this conform with the typical left-
right axis, so widely used both in popular discussions as well as formal models. Secondly, how
has the public’s ideology evolved over time and among countries. The data used for above-
described analysis is drawn from the World Values Surveys (WVS) and results reveal that
indeed there exists a series of coherent citizen ideologies. The ideologies are consistent with the
traditional left-right axis as well as a for- and anti- establishment classification. The latter aims
at describing the populist voices that have emerged and gained popularity recently and have
been the focus of new studies. The model reveals four types of ideologies: ≪Liberal Centrist≫,
≪ Conservative Centrist≫, ≪Left Anarchist≫, and ≪Right Anarchist≫. Regarding the questions
of their research, Draca and Schwarz (2021), firstly find that over time the ideologies have varied
little and that they are relatively stable. The only change worth mentioning is an increase in
the intensity of socially liberal attitudes across most types. Draca and Schwarz (2021), find for
example such a shift around matters of homosexuality and abortion regarding the Conservative
Centrist group. Secondly, regarding the evolution of the distribution of political opinion within
a country over time, Draca and Schwarz (2021), find that things remain relevantly stable over
time, with exception of the US. They find that northern European countries are more liberal
where as in countries where religious ties are strong, people tend to be more conservative.
Specifically, Draca and Schwarz (2021), find that the aggregate type shares remain relatively
stable within each country but in the USA the Anarchists type’s shares increase from 30% in the
1989-1993 to 50% in 2005-2009 (when the fifth wave of the WVS is conducted). Additionally the
model reveals a high correlation between the types share and the ≪left-right≫ self-positioning
of interviewees. Furthermore, the model predicts that an individual with more than 50% type
share in either one of the Anarchist type is 38% more likely to vote for a populist party. The
above-mentioned results refer to the total share of types in a population. More analytically this
means that, for example, in country A we may find 50% of the ≪Liberal Centrist≫ and 50%
of the ≪ Conservative Centrist≫ types. This can mean that in country A either half of the
population is 100% ≪Liberal Centrist≫ and the other half is 100% ≪ Conservative Centrist≫,
(i.e. a society split into two perfectly homogeneous groups), or the entire population consists of
people who’s type is a vector of 50% of the ≪Liberal Centrist≫ and 50% of the ≪ Conservative
Centrist≫ types (i.e. a perfect homogeneous society were all people are equally as much≪Liberal
Centrist≫ as well as ≪ Conservative Centrist≫) or all possible in between combinations. In other
words, we have no indication of the societal tensions and the vulnerability of country A for
political conflict. In order to clarify these findings, Draca and Schwarz (2021), construct a Gini
based index to measure the within-person concentration in each country. The results of this
analysis indicate two main results. Firstly that within-person concentration is relatively high
in all countries and secondly that between waves 2 and 5 (in years 1989-2003 and 2005-2009
respectively) the changes are not very big. The country which presents the largest change is
Denmark, Finland followed by the USA and Canada at the same level. They also put to work
an analysis based on the ≪identification-alienation≫ framework by Esteban and Ray (1994) and
Duclos et al. (2004) which allows them to develop a multi-polar analysis of ideology, regarding in-
group identification and out-group alienation. They incorporate information regarding the group
size in the information extracted by the application of the LDA model and study cross-country
trends in polarization, which complements the work already existing on affective polarization.
They find that, on aggregate, polarization remains the same with exception of the US once more,
which is in this case better described by the notion of the disappearing center.

Reiljan (2020) introduces the Affective Polarization Index (API) in measuring affective polar-
ization in 22 European Democracies and the USA between 2005 and 2016. The results indicate



48 CHAPTER 1. POLITICAL POLARIZATION

that affective polarization is stronger in Eastern and Southern European countries than in the
USA and least present in the Northwestern European countries. Reiljan (2020) distinguishes the
notion of affective polarization with that of ideological polarization, in the sense that the latter
does not incorporate the notion of hostility towards the members of the out-group. Reiljan
(2020) studies the correlation between the two and finds that there is a significant degree of
correlation but it is conditional. In some cases (like for example in the West European political
systems) ideological polarization does not lead directly to hostility whereas in Central Eastern
European countries a high degree of hostility is present despite having ideologically centrist
party structures.

Reiljan (2020) constructs the API to measure first of all affective polarization and then the
measure is extended for application to multi party systems. Reiljan (2020) starts by defining
affective polarization as the combination of the favorable evaluation towards the in-party mem-
bers and the negative evaluation towards the out-party members. According to Reiljan (2020)
the difference between the two types of polarization is that in the case of affective polariza-
tion the attributes comes from the direct attitude of partisans towards own party members and
outsiders, where as political polarization, as defined by Esteban and Ray (1994) is determined
by the distance between the groups (alienation) and their within homogeneity, whose intensity
increases with the size of the group (identification).

For measuring the API in the USA things are quite simple since there are only two competing
parties. Data can be used from the American National Election Study (ANES), where a question
of how the respondent feels towards the opposite party, based on a ≪thermometer≫ scale, ranging
from 0 to 100 degrees, where 0 indicates most negative attitude and 100 indicates the most
positive one. However, in the multi-party case of Europe, things are not that simple, as data
needs to be collected regarding the sentiment towards one’s own party as well as all other parties
participating in the electoral process. The API measure, in order to be objective and usable for
cross-country comparison, must take into account not only the respondent’s attitude towards
all parties involved but the respective size of the parties in question matters as well (as Esteban
and Ray (1994) mention, all parties are assigned weights relevant to their size so as to make
sure that insignificant outliers don’t alternate the index).

The process of Reiljan’s API is comprised of two steps.
First the relative affective polarization of one party is calculated as follows:

APn =
N∑
m=1
m̸=n

[
(Liken − Likem)×

(
V otesharem

1− V otesharem

)]
, (1.1)

where ≪Like≫ represents the thermometer rating described above, n refers to the in-party
and m refers to the out-party. The 1− voteshare is necessary so as not to avoid calculating the
in-party twice (so that all shares add up to 100 per cent).

The total affective polarization is the weighted sum of all relative affective polarizations
described by above equation:

API =
N∑
n=1

(APn × V otesharen) . (1.2)

Further, Reiljan (2020) wishes to compare the differences between ideological and affective
polarization and their relationship, as it seems that there is a strong correlation. The data
used by Reiljan (2020) in the study are taken from the Comparative Study of Electoral Systems
(CSES). Due to lack of continuity in the questionnaire throughout the waves, Reiljan (2020),
is able to utilize data only from the third and forth wave (covering the period from 2005 until
2016). The sample is consisted out of 22 European countries and the USA.

For the ideological polarization index, Reiljan (2020), uses the index proposed by Dalton
(2008), which is a standard deviation based measure of party positions. The index is applied
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both for the supply side (the voters’ perception of the party position) as well as the demand
side (the voters’ self positioning).

The Ideological Polarization Index (IPI) looks as follows:

IPI =

√∑
(Partyvotesharei)×

(
PartyLRScorei − PartySystemAverageLRScore

5

)2

,

(1.3)

where i, in the supply side equation, represents a party (on the demand side equation i
represents an individual), the PartyLRScore is calculated from the CSES data by using the
responses of the interviewees and their perception of a party’s placement along a left-right axis.
These responses are not corrected for the respondent’s bias or noise in communication between
interviewer and interviewee. According to Dalton (2008) when all answers are aggregated these
effects will be canceled out. The same formula is used to calculate the demand side of polar-
ization, but instead of a PartyLRScore we have an V oterLRScore which is calculated based
on the self-placement responses of the voters. The total ideological polarization is simply the
average of the above two, given as follows:

IPItotal = (IPIsupply + IPIdemand)/2

According to the findings of Reiljan (2020), affective polarization is quite high in many
countries of Europe, exceeding even the USA. Amongst the European countries, the variation
is very high. Countries of central East Europe and South Europe (namely Bulgaria, Portugal,
Czech Republic, Slovakia, Montenegro, Spain ans Greece) all score above 5. The countries on
Northwest Europe have an average score of 4, with not one country exceeding the milestone of 5
points. The USA scores around the average (below the median), at only 4.38. As explained by
the formulas given above, the AP is a weighted average of the ≪like≫ and ≪dislike≫ feeling of
voters. Taking a closer look and examining the ≪like≫ and ≪dislike≫ scores separately reveals
interesting facts. We observe that in southern Europe the animosity feelings are the strongest
of all European regions and the USA. Looking into the southern European countries, we see
how this result comes up. In Greece, after the 2012 elections (a period, as described earlier
with extremely high social unrest in the country, perhaps the highest in years) the ratings for
the out-group were very low, hitting almost bottom (0 represents the highest rate of dislike and
that year in Greece the governing party supporters rated the main competitor with 1.38 and
the opposition’s supporters rated the ruling party with 1.61). In Bulgaria the ratings are even
lower, with the ruling right-wing party’s supporters rating the second and third in row parties
with 1.06 and 0.53 respectively. In the USA in 2012 things look somewhat better regarding the
animosity levels, with Democrats rating Republicans with 3.09 and the Republicans giving the
Democrats a rating of 2.91

Regarding the relationship between ideological and affective polarization, based on the in-
dices used in his study, Reiljan (2020), does find a positive correlation but still the majority of the
cross-national variation remains unexplained. Indeed, in many cases a high level of ideological
polarization does not necessarily lead to a high level of affective polarization.

Harteveld (2021) tests the hypothesis that when a society is sorted along lines that exceed
the strictly political ideology then affective polarization will increase as a result of the division
of people in more homogeneous groups, as has been the case in recent years in the USA. This
increase in homogeneity will increase the hostile feeling towards the out-group. To test this
hypothesis, Harterveld (2021), constructs two models. In the first one he uses data on aggregate
level from CSES on 40 countries during the period 1996 until 2018 and finds that indeed when
social sorting increases, so does affective polarization. Secondly, Harteveld (2021), investigates
if these results are confirmed on an individual level, and therefore uses individual level data
from the Netherlands for the period from 2007 until 2018, which allow for deeper insight into
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the accordance of individuals with the socio-demographic profile of their party. Indeed, results
are once more confirmed as Harteveld (2021) finds that when individuals are sorted along more
dimensions affective polarization is more likely to increase.

For the first model, Harteveld (2021) uses two measures. To measure the levels of affective
polarization he uses the API, as per Reiljan (2020) in above mentioned equation (1.2). To
measure the social sorting he uses Cramer ’s V in the same way as in the work of Selway
(2011) and Knutsen (2010). He uses this Social Sorting Score to calculate the association
between political affiliation and four other socially important variables, namely income, religion,
education and region. These four variables broadly cover the main social issues which tend to
be expressed politically as follows: class (income), affected or not by globalization (education),
center or periphery (region) and religious opposition (religion) which we have seen often is
correlated with conservatism as well. The score is calculated as follows:

C =
CVideology,income + CVideology,education + CVideology,region + CVideology,religion

4
(1.4)

Additionally a couple more control variables are used, namely elite and mass political polar-
ization measures.

The results regarding affective polarization are in accordance with Reiljan (2020) regarding
its level in European countries and the USA. Harteveld (2021) also reaches the same conclusion
regarding the relationship between affective polarization and ideological polarization, i.e. the
latter does not always explain the movement of the first. The same conclusion is reached
regarding the relationship between social sorting and affective polarization; while there seems
to be a positive correlation it does not always explain all the variation in affective polarization.
More specifically, a more detailed look into the regression results reveals that while the social
sorting measure over time correctly predicts the level of affective polarization, the same is not
true for the between-country coefficient. The data on individual level makes it clear that when
citizens start to sort around socio-demographic characteristics as well, then affective polarization
increases. Both studies confirm that hostility between partisans depends on the interplay of non-
political matters.

In another study, Wagner (2021), tries to tackle the issue of measuring affective polarization
in multi-party systems, since in this case things are a little bit more complicated as an individual
might have positive feelings towards more than one parties and similarly have negative feelings
towards more than one parties again. Among other things, Wagner (2021) notes that the size
of the party is an important factor. As in Esteban and Ray (1994) negative or positive feelings
towards a single, small outlier should not significantly affect the levels of polarization (despite
the large distance between the outlier and everybody else). Wagner (2021) proposes a measure
on the individual level, which also includes non-partisans. He also uses the like-dislike questions
of the CSES but suggests to measure the spread of their scores for each respondent, which is
simply the standard deviation of the like-dislike score:

Spreadi =

√∑P
1=p(likeip − likei)2

np
,

where p is each party, i each individual and likeip is the like-dislike score assigned to each
party by each respondent.

Additionally, following the logic of many other measures, Wagner (2021) also uses the
weighted standard deviation, based on each party’s vote share:

WSpreadi =

√√√√ P∑
1=p

vp(likeip − likei)2,
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where vp is the vote share of each party and likei =
∑P

1=p(vp × likeip).

Wagner (2021) proposes another measure as well, where the average distance between one’s
favorite party and all other parties is calculated:

Distancei =

√∑P
1=p(likeip − likemax,i)2

np−1
,

where this time the denominator is the number of parties without the individual’s most
favorable party.

The measure can again be weighted:

WDistancei =

√√√√ P∑
1=p

vp(likeip − likemax,i)2.

Lastly, for calculating ideological polarization Wagner (2021) uses the standard deviation of
the placement of parties on a 0 to 10 scale:

WIdeologyi =

√√√√ P∑
1=p

vp(positionip − positioni)2,

where positioni =
∑P

1=p(vp × positionip).

Results of the regressions show that affective polarization positively affects partisanship.
Specifically an increase of one standard deviation in affective polarization increases probability
for partisanship by 15%. Negative partisanship (this is captured by the answer to the question
for which party the voter would never vote for) is also more likely with higher levels of affective
polarization, although the effect is not as strong as with positive partisanship. A clear positive
relationship is also found between ideological and affective polarization. Last but not least,
Wagner (2021) also examines the relationship between affective polarization and democratic
values and participation. He finds that the higher the polarization in a society the lower the
satisfaction with democracy (perhaps because the disappointment in losing is stronger) and
at the same time people, in highly polarized societies, tend to believe it is important who
they vote for and who is in power. Participation in political activities (like putting up posters
etc) as well as voter turnout (self-reported) are positively related with affective polarization.
Regarding the four measures developed and described, not surprisingly, it does not seem to
make much of a difference which measure of affective polarization is used, the relationship is
always in the same direction. Wagner (2021) concludes that research of affective polarization in
multi party countries (like Europe, contrary to the USA) opens up a large variety or research
topics and questions. Foremost perhaps, what are the drivers behind polarization and what
is the explanation behind the different levels in, otherwise similar, countries. A cross country
longitudinal analysis, like the one performed in this thesis, will shed light in questions like that.

Using evidence for the American National Election Studies (ANES), Webster and Abramowitz
(2017), show the increasingly dislike of partisans towards voters of the opposite party in the USA
as well as towards the respective presidential candidates. Additionally, they show that this dis-
like is caused by widening difference around policy matters, especially regarding matters of
social welfare. Matters regarding the size and the role of the federal government are of highest
importance. This increasing distance in ideological positions has resulted in increasing feeling
of ≪fear and loathing≫ amongst Americans, as described by Iyengar et al., (2012). According
to the findings of Webster and Abramowitz (2017), these feelings are the strongest between lib-
eral Democrats and conservative Republicans. According to Levendusky (2009) the ideological
divergence between the two sides started first among the elites, but as is evident from the data
analyzed, the voters followed. According to Webster and Abramowitz (2017), the data from the
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ANES show that the distance between Democrats and Republicans more than doubled from
1972 till 2012, according to where respondents place themselves. Furthermore, data shows that
while respondents seem to feel more or less the same distance with their own party (despite the
more polarized rhetoric of the elites, another sign that the electorate has shifted as well), their
feeling of remoteness to the opposing party has increased by more than one entire point on a
scale ranging from 1 to 6 (the distance has moved from 2.0 to 3.2 points). Voters’ self placement
and the distance they perceive to have form the opposing party are notions which are highly
correlated. In the USA the distance perceived by liberals and the Republican party increased in
the above mentioned period from 0.85 points to 0.66; on the other side of the aisle the distance
between conservatism and the Democratic party has increased from 0.71 to 0.77. Additionally
the relationship between ideological distance and negative affect towards the opposing party
has grown even stronger; the correlation between the perceived distance and the rating of the
feeling thermometer has risen from -0.34 to -0.48. the shred variance of this relationship has
more than doubled in the aforementioned 34 years period. There seems to be a deeply rooted
belief by voters, that in case the opposing party wins and enacts on its promised policies, then
these will harm the nation and everyone’s overall well-being (Webster and Abramowitz, 2017).
The authors also analyze the specific stance of Republicans towards president Obama, a pres-
ident who was challenged on all levels, even on his religious beliefs and whether or not he was
legally entitled to the presidency (Klein, 2005). They find that former president Obama indeed
evoked intense feelings of fear and especially anger at Republicans. When asked if the feel angry
towards Obama, 49% of Republicans (including those leaning towards the Republican party)
reported feeling angry at least half of the time while 34% reported feeling angry most of the time
or always. Data show that Republicans were not as fearful, as angry, since only 31% reported
feeling fear at least half of the time and 20% reported feeling fear most of the time or always.

The implications of the sorting, of the ideological polarization are severe. As Levendusky
(2009) shows for USA, not only were partisans more sorted in the opinions they held, or perhaps
even better more polarized, but the people who become sorted also follow suit in becoming more
polarized and more adamant in the views they hold. Momentarily office holders in America
express, more often than not, views that can be considered quite more extreme than 30 or 40
years ago and they will continue to do so, as there is not only a lack of fear for electoral defeat,
to the contrary we observe that sometimes this behavior is rewarded, even with the highest of
positions, like in the case of Trump. Klein, in his book ≪Why We’re Polarized≫ says that when
he asked political analyst Bartels what went wrong in 2016 and Hilary Clinton lost the election,
his reply was that actually nothing unusual had happened, and indeed a deeper analysis of the
voting data shows exactly that. Trump’s percentages on the groups of white males, Hispanics,
even with white Christians were pretty close with the percentages of the Bushes, father and son.

The overall conclusion drawn from all above is that polarization is on the rise and has been
for a while now. For the moment, we have no indications of things getting any better. The
increase of polarization is of extreme importance as it seems to be penetrating all aspects of life,
political or not, and has serious consequences, perhaps most importantly the intense societal
fraction and the political gridlock. These are things that shape the quality of our every day life
and it would be in the best interest of everyone to combat this phenomenon.

1.3 Economic Inequality - Events

While income has risen in the past decades almost all over the world since 1980, it has not risen
equally for everybody. According to the World Inequality Report (Alvaredo at al., 2018) in
2016 the top 10% of the world owned 47% of national income, compared to 34% in 1980. This
uneven distribution of income is not equally severe all over the world: in Europe the top 10%
accounts for 37% of total income, in the US and Canada it accounts for 47% of total income
whereas in the Sub-Saharan Africa this percentage is equal to 54% and the Middle East with
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the higher score at 64% (World Inequality Report, Alvaredo at al., 2018). One observes, thus,
that inequality is a world wide problem. This pattern is also noticeable at the top 1% share;
in 1980 their share in Europe corresponded to 10% and in the USA 11% whereas in 2016 those
percentages were 12% and 20% respectively. Over this period, it is estimated that the top 1%
captured 27% of total growth (Alvaredo at al., 2018).

In Europe, as is clear by above numbers, things are a little bit better than in the USA,
but the general pattern is unfortunately the same. Taking a closer look into Europe’s data we
see that in France, from 1983 until 2014, the top 10% captured 42% of total growth whereas
the bottom 50% captured only 21% (Alvaredo at al., 2018). In Germany, in 1980 the top 10%
captured 32% of income which, by 2014, had amounted up to 41%. On the opposite side of the
distribution, the bottom 50% captured 24% of total income in 1980 but only 16% in 2014, being
at an even worse point than France (Alvaredo at al., 2018).

The same pattern, but more intensely, is followed by wealth inequality (Alvaredo at al.,
2018). While data on wealth inequality are more difficult to find, the conclusion remains the
same: wealth is concentrated among the few and that gets more and more so nowadays. In
the USA wealth inequality has almost doubled from 1984 till 2014, from 22% it has risen to
39%. In France and the UK the top 10% owned approximately 50% of total wealth (almost a,
historically, lowest point for the 20th century) but by 2014 this had risen to 55% for France and
52% for the UK (small increase after many fluctuations but in line with the ascending trend of
wealth accumulation of the upper classes).

History has shown that economic inequality offers ground for the rise of such populist voices
(Acemoglu, 2013). Financial crises are every bit as much about politics as they are about
economics (Green, 2018). People search for someone to blame and the government is an easy
target. Additionally financial crises are often perceived to be the fault of the few (i.e. the 1%,
the ≪golden boys≫ of the financial institutions) but are paid by the many (i.e. the remaining
99%). This anger is fueled by an increase of economic inequality which exacerbates the feeling
of injustice. Populist leaders, regardless if they are on the left or the right side, claim to be
fighting against the current injustices and unequal distribution issues their country faces at that
point in time. Such leaders promise to implement macroeconomic policies of deficit financing,
generalized controls with a disregard for basic economic equilibrium having, more often than
not, resulted in major macroeconomic crises that have ended up hurting exactly those they
promise to help (numerous examples are analyzed in ≪Macroeconomics of Populism in Latin
America≫ by Dornbusch and Edwards, 1991).

The financial collapse of the Lehman Brothers in 2008 created a sequence of events which
offered opportunities for left as well as right populists in the USA. Regulators allowed Lehman
Brothers to bankrupt in September of 2008, a decision which, even a few days earlier, was not
anticipated even by the bankruptcy lawyers of the bank itself, as they claim that up to a couple
of days before the failure of the agreement with Barclays, no-one from the Fed was telling them
to file (Sorkin, 2012). Just one day after the bankruptcy of Lehman, the Fed bailed out the AIG
and a few weeks later the USA Congress passed the Troubled Asset Relief Program (“TARP”).
This was a bipartisan bill, signed by G. Bush only a month before the end of his presidency.
This bill (the TARP bill) was presented by the Republican Kentucky senator McConnell as a
highlight in the history of the Senate. But, when the Obama administration took over, senator
McConnell fought hard to make the distribution of the fund as difficult as possible. As he told
journalist Green in 2010, his aim of this was to make it crystal clear to the public that the
proposals were not bipartisan. The goal of this strategy was, which ultimately failed though (for
many and complicated reasons, this effort was not enough), to keep Obama of being re-elected
for a second term (Green, 2012).

The financial turmoil ignited by the collapse of the Lehmann Brothers set the path for
Obama’s administration, together with Timothy Geithner as head of Treasury, to believe that
it was in the American’s people best interest to not allow such a disastrous event to take place
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again. In order to do so, they did their best to make the most out of TARP as well as arrange
mergers, Fed lifelines and bailouts for big corporations like CityGroup, General Motors and
Goldman Sacks, to name a few (Green, 2012). While their moves succeeded in setting the
American economy back on track and send the American stock market on a rising trend, at
the same time those moves created a sentiment of injustice, betrayal and disappointment in the
American people (Green, 2018, Rodrik, 2021). Many Americans had lost their jobs, their homes,
or their pension funds while large banks were being bailed out.

Events like these can work as a driving force behind social fractionalization based on income
classification. Egalitarian politicians, favoring redistribution, will try to built a dislike sentiment
towards the rich elites, whereas opponents of redistribution will turn their rhetoric against poor
minorities (Glaeser, 2005), creating this way a polarized environment.

This gave birth to movements like ≪Occupy Wall Street≫ and created a feeling of resentment
towards the financial sector and a sentiment of distrust towards the government (according to the
polls of the Gallup Institutions “Government” had replaced “economic issues” as a top concern
of Americans in 2013). Events like these gave rise to left wing populist voices in the USA, like
the Democratic candidate Bernie Sanders. This polarization and accumulated political anger
laid the ideal floor for voices like Trump’s to be heard. While his campaign is nowadays mainly
remembered to have been driven by anti-immigrant hostility, Trump also spent an enormous
time attacking the Wall Street Golden Boys in the name of the honest hard-working American
earner.

The ”Occupy Wall Street” movement was characterized by a strong fractionalization senti-
ment. A group of people, describing themselves as the 99% clearly (and perhaps even in a hostile
way one may add) distinguished themselves from the top 1%. The criterion in this case was
not a religious matter (as Glaeser,2005, suggests is often the case), but it was the distribution
of income and wealth. Indeed the rising inequality of the USA has been widely documented by
many. As a matter of fact, Stiglitz (2012) points out that 95% of the gains of income in the
USA after 2009 have gone to the top 1%. Wealth inequality has also risen in the USA over the
past decades: the top 1% owned 7% of total wealth in the late 1970’s but its share increased to
22% by 2012 (Saez and Zucman, 2016). In the following elections of 2016, D. Trump, with his
populist ”Make America Great Again” campaign, was elected.

In the EU, in 2009, ten years after the launch of the Euro, economists and politicians were
celebrating the success story of the common monetary union (Gibson et al., 2014). But, by the
end of that year, the first financial crisis of the EU broke out. By 2012, 8 out of the 28 EU
member states had received some form of financial aid accompanied by strict reform programs.
These austerity programs, which were implemented as a remedy to the financial crisis created
an environment favorable for extremism. The austerity programs applied to the countries in
distress affected both the financial aspect of the EU and its member states (for both those
receiving as well as those providing economic aid) but also the political one, as it created an
environment favorable for extremism and populism.

Greece and Spain were two countries struck especially hard by the economic crisis and
they witnessed harsh consequences. Unemployment returned to post-war levels (Hobolt and
de Vries, 2016) and the anti-EU sentiment grew vastly in that period, as was reflected in the
2014 European parliament elections but also in their respective national elections, with populist
parties gaining groung. A closer look into the events that unfolded in in these two countries
during that period gives a better understanding of the severity of the situation.

In Greece, social unrest unfolded quickly and many events which were meant to form the
country’s recent history took place. It started with 2010’s extremely severe riots, which targeted
anything systemic (the EU, the banking system etc). Athens was on fire. Among the buildings
that were burnt was also a bank, whose employees were still working inside. Four people died
there. Witnesses say that protesters were shouting: ≪Burn the rich!≫, regardless from the fact
that the employees who died, probably weren’t that rich. In 2012 early national elections were
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held twice (since the first time no parties were able to form a coalition), due to raptures and
resignations caused by the austerity programs implemented. In said elections, for the first time
since its founding in 1980, the extremist, right nationalist, neonazi party ”Golden Dawn” enters
the Greek parliament, winning 7% of total votes (today the Golden Dawn party does no longer
exist, as in October 2020 its leadership was convicted as running a criminal organization under
the pretenses of a political party. Its founders and numerous members were imprisoned). Three
years later, in the again early, elections of 2015, SYRIZA (the coalition of the left-wing and
radical left parties) took power with the aid of the right-wing ”Independent Greeks” (ANEL)
party, with whom they formed a coalition government.

Respectively, in Spain, the traditional two-party system was put to an end, after three
decades, by the 2015 general elections (Orriols and Cordero, 2016). Two new parties, ”Podemos”,
a left-wing party founded by political scientist P.I. Turrión in 2014, and ”Ciudadanos” a center
or center-right party, together obtained 34.6% of total votes. It was the first time, after the
re-establishment of democracy in Spain in 1977, that the party which received most votes was
not able to form a government.

Besides left-wing populism, which was more popular in the south of Europe, as mentioned
above, the countries of central of northern Europe, witnessed mainly the surge of right-wing
populism. France witnessed the surge of the right-wing party of Marine Le-Pen, National Rally,
who in the presidential elections of 2017 came in second in the first round with 21.30% and
thus competed with Emmanuel Macron in the second round for the presidency (which she lost
with 33.9%). Likewise, in the Netherlands the Eurosceptic party of Geert Wilders, PVV, gained
support during the years of the crisis, mostly as a result of the economic insecurity felt by Dutch
voters (De Vries, 2016). In the last elections of 2017, PVV, gained 20 (out of a total of 150)
seats in the Dutch House of Representatives. In the UK, UKIP rose in popularity, under the
leadership of Farage.

According to Rodrik (2021), while globalization may have reduced global inequality, it gave
rise at the same time to domestic inequality and it deepened cleavages amongst certain groups,
like for example skilled and unskilled workers, globally mobile professionals and local producers,
industries and regions with comparative advantages and those without. Such domestic inequal-
ities have led to one of the, arguably, most serious example of polarization and Euroskepticism
in the EU during the years of the Great Recession: the BREXIT. In the UK, the UK Indepen-
dence Party (UKIP), a party that always supported the UK’s exit from the EU, was founded
in the late 1990’s but saw its support growing only after 2010. This coincides with the time
when austerity-led welfare reforms (with cuts ranging from46.3% to 6.2% from 2010 till 2015)
took place throughout the UK, striking harder on poorest districts (Innes and Tetlow, 2015, and
Fetzer, 2019). This situation, resulted in the end, in a close-call referendum which revealed a
highly polarized society. A society split in two. “Leave” prevailed with only 51.9%. This result
follows a period of rising income inequality and worsening living conditions for the poorer areas
(due to austerity-led welfare cuts), where the majority of voters of “Leave” come from (Fetzer,
2019). As the study of Colantone and Stanig (2016) points out, globalization seems to have a
direct effect on the results of the ≪Leave≫ vote. The rise in unemployment it created, in the
areas affected the hardest, as well as the low income wages there, seem to be 2 of the strongest
explanatory variables of the ≪Leave≫ vote. Guiso et al. (2017) find economic insecurity driving
the popularity of populist parties, like UKIP, up. All said economic parameters, like unem-
ployment, low wages for certain groups and economic insecurity, are factors increasing economic
inequality. It is this economic inequality which drives the sentiment of unfairness and pushes
people towards punishment of the established elite through a vote towards the populist parties.
In the case of the BREXIT, unfortunately is quite likely though, that in the end the results of
the referendum will only worsen said conditions for the “Leave” supporters. This could lead to
further increase of polarization and so on.

The pandemic was a global shock, to say the least, for everyone on every aspect of our
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lives. Inevitably it affected the global economy enormously. As we all know, around February
or March 2020, all countries started imposing strict lock-downs and most people and businesses
were forced to restrict their activities. This sent the global economy into a brief but damaging
free fall. Offices and stores closed, many factories suspended production and companies laid off
workers in masses. With less money earned, demand was expected to drop. But the opposite
happened, starting first of all with a sudden and steep increase in demand for masks and other
supplies (like disinfectants, protective gear, etc). In other words, demand was shifted from
eating out to medical supplies. This was quickly followed by another trend which had already
been emerging but was accelerated by these unique conditions: online shopping. According
to Amazon.com, their sales increased by 57% from April to June 2020, compared to the same
period the previous year.

This trend was facilitated by government stimulus which were handed out to households to
help them cope with the difficulties created by the pandemic, which took the form of stimulus
checks and from other programs like the expanded child tax credit, extra unemployment benefits,
the Paycheck Protection Program etc. In the graph of the disposable income growth this effect
is represented by the spikes in the disposable income graph, which are especially size-able for
the bottom 50%. But, while we watch spikes in disposable income, the American society still
remains a highly unequal one.

During the pandemic, Blanchet, Saez and Zucman created an online tool, called ≪Realtime
Inequality≫, (available at https://realtimeinequality.org/ ) which provides timely statistics on
how economic growth is distributed across various economic groups in the USA. According to
the data they provide, we observe that income from labor and wealth fell significantly during
the first months of the pandemic. Specifically, we see that in April 2020 income fell by an
average of 14%. The bottom 50% was hit the hardest, as they saw their income plummet by
30.20%, explained perhaps by the job loss of many blue-collar workers, while the upper 10%
saw it decrease by only 10.40%, affected mainly by the fall in profits by many businesses which
is the main source of their income. By August 2021 income in all economic classes had fully
recovered, by an average of 3.4%, but again we witness an unequal distribution of this growth:
the bottom 50%’s income increased by 1% while the top 10% enjoyed an increase of 5.1%. So,
on the one hand we have a quite faster recovery of income in this crisis (compared to the Great
recession of 2008, when the income of the bottom 50% recovered after 11 or so years) but still,
it was unequal.

The same is true for wealth growth. In the first quarter of 2020, wealth plummeted for
everyone. The effect was less strong for the poorer than it was for the rich. Growth in wealth
in the first quarter of 2020 fell by −1.6% for the middle 40%, by −3.5% for the top 10% and by
−8.6% for the top 0.01%. But by the end of the same year, in the fourth quarter of 2020, things
had started recovering and they had returned back to the usual unequal growth. Wealth grew
by 16% for the middle 40%, by 17.4% for the top 10% and by 21.1% for the top .0.01%. By
the end of the next year this trend is exacerbated even more. Wealth for the top 0.01% grows
almost twice as fast than for the middle 40% (i.e. by 39.6% and 25.8% respectively).

The explanation behind this unequal rise in income lies at the fact that the wealthy dispro-
portionately own stocks and thus have gained more by the stock market increase, as can been
seen in figure, whereas wealth of the middle class lies mainly in housing assets (Krugman, 2022).

Capital One recently launched the Capital One Insights Center, and its first release, ≪Capital
One Marketplace Index: The Road to Recovery≫ sheds some more light into the factors thta
might have affected the slower income recovery of the bottom 50% and the low-income class in
general. The survey provides data that explain how the impact of the pandemic has not been
the same for all working individuals. While income and job losses have been widespread across
all income groups, it has not affected all of them equally and the recovery has been significantly
slower for lower earners. According to the “Capital One Marketplace: Road to recovery” survey,
among all Americans, 32% to 36% have seen their incomes disappear decrease at some point
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since the pandemic started. The pandemic has been tougher on the middle and lower class and
it seems that the middle class is getting thinner and thinner: while 13% of the higher income
households still has a lower income, for the middle class this is 19% still. In July 2021, 8% of
the middle class still considered themselves as underemployed versus4% of the higher income
class. Additionally, more than half of the middle and higher class earners managed to save
part or all of the stimulus payments handed out but only 43% of the lower class were able to
do so. Regarding difficulties to cope with change due to at-home work and closed schools, we
see that lower earners had greater difficulties with coping with the new circumstances: 50% of
lower earners and30% of middle earners had to cut on job hours or quit altogether due to lack
of outside child care. For higher earners the percentage is only 18%. Data from the Federal
Reserve also indicate the widening of the gap. Net worth of college graduates has increased by
almost $25trillion were as for those with only a high school degree or not even that their net
worth has increased by only $3.49 trillion, resulting in the latter representing an even smaller
percentage of the US economy today than when the pandemic started.

1.4 Economic Inequality

In their very popular political analysis book, Levitsky and Ziblatt (2018) wonder ≪How Democ-
racies Die≫ and conclude that one of the factors that has a significant impact is economic
inequality. The book evolves around the election of Trump and how this could have happened
and what should be done, and by whom, in order to protect our democracies (not only in the
USA, but in all democratic nations). The authors explain how economic inequality can act
as a divisive factor and how policies aiming to reduce it can be polarizing (or they could be
de-polarizing if presented in an other way). They explain how in the USA welfare has become
a pejorative term, often implying that those who receive it are free-riders, taking advantage of
the rich. Politicians, like Reagan, have helped create this picture, using terms like ≪Welfare
queens≫ and ≪young bucks≫ buying steaks with food stamps. Unfortunately today in the USA
partisan animosities are a mix of racial divide (which is still very much present) together with
slowed economic growth, wages at the bottom which have been stable and the resulting rising
economic inequality. According to Levitsky and Ziblatt (2018) today’s increased polarization
in the USA, which is affected by ethnic diversity, increased during a period of rising inequality
which, negatively, affected those at the bottom of the distribution. In the USA social welfare
policies have heavily relied on means tests, meaning that only those who fall below a certain
threshold are entitled to the benefits. This has created a stigma around the benefits. Policies
like Medicare, which benefit everyone, would be a solution towards depolarization. According to
Levitsky and Ziblatt (2018), regardless of how difficult such a task may be, it is very important
for policies aiming at combating racial as well as economic inequality to be put forward.

In the same spirit, Voorheis et al., (2015), show that in the USA during the last years polar-
ization and inequality have both been rising and that there is a causal relationship between the
two. With the aid of a new data set on polarization and inequality in the USA, they show that
indeed the latter has a large, positive and statistically significant effect on polarization. Inequal-
ity makes Democrats more liberal and Republicans more conservative. Along the same line with
McCarty et al. (2016), they find that it is actually the fact that moderate politicians, or what
one may characterize as skilled coalition builders, have gone scarce. More specifically, Voorheis
et al., (2015) find that within-district income inequality has a stronger effect on Republicans,
moving them more to the right whereas between-district inequality affects Democrats more,
shifting them more to the left. In any case, the cleavage between Republicans and Democrats
is getting bigger.

McCarty et al. (2016) observe the similar pattern followed by political polarization, income
inequality and immigration in the USA in the 20th century. They observe that while these
three factors declined sharply in the beginning and the middle of the 20th century, after the
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1970s they started to increase and have not stopped since. This pattern is also followed by the
pattern of the state’s economic policies regarding progressive taxation of high incomes as well
as minimum wage policy.

While McCarty et al. (2016) begun their research thinking that polarization is elite-driven,
their findings point out otherwise. The preferences of voters might have influenced the surge of
polarization. It seems that the increase of association between demographic characteristics and
the voting behavior of member of the House districts has had a positive effect on polarization.
As the one increases so does the other. Additional findings indicate that there is also a positive
relationship between the stronger association of economic well-being of a district and the rep-
resentative’s voting behavior on roll call votes. District income has become a direct predictor
of the conservatism of the House member, while in 1973 this was a non-factor. McCarty et al.
(2016) also find an increase in importance of identity politics, close to the idea of Iyengar et
al. (2012). Regarding income levels, McCarty et al. (2016), discover a sorting here as well.
High-income Americans have consistently voted for the Republican party whereas low-income
Americans consistently vote for the Democratic party. The statistical importance of the effect
of income on the voting decision remains, even after controlling for other demographic factors.
Results of the regressions show that the increase of average income, in the second half of the 20th
century, has contributed to an increase in the competitiveness between the two parties. Income
has become a lot more important than it was in the 1950s and, even though voting cannot be
characterized as exclusively class-based, there has been an intense political sorting based on in-
come levels. Regarding income inequality and the voter’s incentive for redistribution, McCarty
et al. (2016) show that up to the Great Recession of 2008-09, that had not changed much for
the median income voter. One explanation for this might be that the increase in immigration
shifted the location of voters on the income distribution. Non-voters are significantly poorer
than those eligible to vote. Mobilization levels of poorer citizens, eligible to vote, regarding
voting has not changed dramatically. The disenfranchisement of poorer citizens has increased
mobilization of most voters. But, at the same time, a voter is less pro-redistribution if the results
of this are to be shared with poorer non-citizens. According to McCarty et al. (2016) though
immigration is not an explanatory factor for the commencement of inequality and polarization
in the 1970s. In that time the fraction of non-citizens was very small and their income profile
close to that of citizens’. In the 1990s, with the increase in immigration, the median income
voter’s preferences on redistribution changed. There is evidence of change in voter’s preference
regarding redistribution, again, after the Great Recession in 2008-09.

Gidron et al. (2018) test four hypotheses regarding ideological, economic, and institutional
factors that may affect polarization. Regarding economic factors they test the hypothesis if
economic inequality, when controlling for elite-level polarization, intensifies affective polarization.
This study also uses the CSES data, from waves one to four, for all Western countries for which at
least two election surveys are available. This creates an unbalanced panel of 20 countries over the
period from 1996 until 2015. Again, the question used is that of the ≪feeling thermometer≫ to
measure affective polarization. Due to the assertion that polarization is mainly driven by the
hostile feeling of partisans towards the out-group, in their calculation of the affective polarization
index, Gidron et al. (2018) only include the feelings’ score of the voter towards all parties except
of the positive feelings towards their own. This may create some issues though, as in a multi-
party system a voter might hold positive feelings towards more than one parties (Wagner, 2018,
Weisberg, 1980; Garry, 2007). So, the mean evaluation assigned by voters of party A to all other
parties, in other words a weighted out-party dislike measure, is expressed as follows:

APPa =
K∑
i=B

((thermometerScorePartyi)× (V oteSharePartyi)× (1− V oteSharePartyA)) ,

where the thermometerScorePartyi denotes the thermometer’s rating that voter of party
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A has assigned to parties i = B, ...,K and V oteSharePartyi is party i’s vote share in current
elections.

Total out-party dislike feeling of all partisans (of all parties) towards all out-parties for a
given country, is calculated as follows:

CountryAP =

K∑
i−A

(AffectivePolarizationPartyi × V oteSharePartyi)

According to above measures, as in Reiljan (2020), the USA is close to the median value.
Greece and Spain, two countries struck especially hard by the financial crisis, feature on the
top of the list as the most polarized. On the contrary northern European and Scandinavian
countries seem far less polarized, with the Netherlands being at the bottom of the list.

Gidron et al. (2018) perform various regressions to test their hypotheses. Regarding ideolog-
ical polarization they use the Dalton (2008) standard deviation based measure, as is described
above by equation (1.3). For the economic inequality they use the Gini coefficient (as is the
case in this dissertation), with values from the Standardized World Income Inequality Database.
Unemployment data are retrieved from the World Bank. The highest unemployment rate was
for Greece in 2012 (24.4%). Among other things, the data’s descriptive statistics reveal a high
level of between and within variation for ideological polarization but regarding income inequal-
ity, while there is a high variation between countries, the within country variation is very little,
showing the ≪stickiness≫ of the variable.

The results of the regressions indicate that there is, as expected, a positive relationship be-
tween economic inequality and affective polarization, when controlling for political polarization,
unemployment and majoritarian institutions. The effect is substantial: one standard deviation
change in the Gini inequality (the equivalent of a change from 25.4% to 33.8%) would intensify
partisan’s out-party dislike by 0.5 to 0.6 units, on a 0 − 10 scale, in other words a 5% to 6%
change. When controlling for country Fixed Effects, the income inequality variable loses sta-
tistical significance (and also changes from positive to negative, but since it is not statistically
significant this does not pose a matter of concern).

Duca and Saving (2016) test the hypothesis of the existence of a causal link between rising
income inequality and rising political polarization in the USA. They aim to tackle various issues
that have arisen over time in the study of the matter, like correlations between the multiple
factors driving the two phenomena, measurement issues, potential feedback between inequality
and polarization etc. In doing so, they use a different measure for inequality, namely the inverted
Pareto-Lorenz coefficient (which measures income inequality in the top 1% of families), as they
find that it is statistically more consistently correlated to polarization (as measured by the DW
Nominate scores of Poole and Rosenhtal, 1997 and 2007) in the short and the long run, compared
to another popular measure for inequality, that of the top 1% share of income. Duca and Saving
(2012a) found evidence regarding bi-directional feedback when using the Gini coefficient with
above mentioned polarization index.

In their study, Duca and Saving (2016) run regressions using both measures of inequality (i.e.
the Pareto-Lorenz coefficient and the the top 1% share of income) and the Congressional po-
larization indexes of Poole and Rosenthal. Indeed, they find that long-run relationship between
income inequality and political polarization does not offer statistically significant predictions on
polarization in the House or the Senate in the short run, when income inequality is measured by
the top 1% share of income. When two political realignment variables are included, one for the
New Deal era and one for the, more recent, Tea Party, the results become highly statistically
significant and point to a consistent relationship between inequality and polarization, the latter
as given by the top 1% share of income.

Nevertheless, when the inverted Pareto-Lorenz curve is used to measure inequality then,
regardless if the two political realignment variables are included or not, changes in polarization
in the short-run are better explained.
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Last but not least, the study confirms that in the long-run, the is a bi-directional causal effect
between inequality and polarization, meaning that in the long run the two variables, inequality
and polarization, are endogenous and the one is affected by the other.

The findings of the study imply, that unless we see some structural changes in congress or
in policies combating inequality, a high level of political polarization in congressional voting is
likely to remain.

In a subsequent study, Duca and Saving (2017), investigate the relationship between polar-
ization (as measured by the DW-Nominate index of Poole and Rosenthal for the House and for
the Congress) and inequality (this time represented by the Gini coefficient) as well as increased
fragmentation of American media (the share of households with cable or pay TV is used as a
proxy for this). Additionally a dummy variable for the Tea Party phenomenon is added (taking
the values of 1 for the 2011 and 2012 Congresses and zero otherwise).

They find that the share of people owning cable or pay TV is negatively correlated with
political polarization in both the House and Congress in the long run. They also find statistically
significant evidence for the long-run effect of income inequality on polarization. But when both
explanatory variables are included in the same model, then income inequality, as expressed
by the Gini coefficient, loses its statistical significance and switches signs, compared to other
models.

Pontusson and Reuda (2008) analyze the relationship between income inequality and political
polarization of twelve OECD countries. Seeking to explain why some countries have more
redistributive welfare states than others, they construct a theoretical model driven by the logic
that left and right political parties most probably address constituencies in different segments of
the income distribution, since their distribution policies affect voters differently. The intuition
behind this idea is that voters of left parties usually are in favor of more redistributive politics and
voters of right parties are usually against those policies (like incremental taxation for example)
as inequality rises. To measure political polarization, Pontusson and Reuda (2008), use election
manifestos as measured by the Comparative Manifesto Project (CMP) and study the movement
of those parties on the left-right axis. They utilize data starting from the mid-1940s through
2003. The countries included in their set are Australia, Belgium, Britain, Denmark, Finland,
France, Germany, Italy, Netherlands, Norway, Sweden, USA. An unbalanced data set is created
as data are not available for the same years for all countries. Regarding wage inequality, they
use data from the OECD set on relative wages and from the Luxembourg Income Study. The
index constructed is the ratio of the wage of someone in the bottom of the top 10% percentile
to the earnings of someone on the top of the bottom 10%. They also derive the Gini coefficient
from data from the LIS datacenter on disposable income among working-age households. The
countries studied are Australia

Pontusson and Reuda (2008) proceed under the logical assumption that left-side parties’
voters would most probably earn the largest share of their income from dependent employment
and that the core constituency consists of voters whose income does not come from mainly
from wages. The results of Pontusson and Reuda (2008)’s research shows that wage inequality
mainly creates left-skewed polarization (i.e. all parties tend to move to the left but the leftist
parties will move relatively more to the left) and specifically when low-income workers are
characterized by medium or high levels of mobility. On the other hand, household income
inequality creates right-skewed polarization (i.e. all parties move to the right but the rightist
parties move relatively more to the right) when low-income workers are characterized by low
mobilization. The reasoning behind the results is that the main constituency of left-wing parties
are mainly blue-collar workers who are not that greatly interested in income inequality (which
includes income from assets and dividends as well) as they probably don’t feel that this affects
them as much as wage inequality. The results indicate that an increase in income inequality
does not increase the interest of the left-wing voters for more redistribution. This of course holds
only in the case of high mobility of low income workers. At the same time though right-wing
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parties, when faced with high low-income workers mobility, are less likely to adjust their policies
to their constituency’s preferences.

Grechyna (2016) uses the Bayesian Model Averaging (BMA) on a sample of 66 countries
to determine the underlying factors that affect political polarization. To measure political po-
larization she uses data on voter’s self-reported political preferences, based on their answers
on 3 questions regarding income inequality, government spending and state-ownership from the
World Value Survey (WVS). the period under consideration are five waves of polls in the years
1990 until 2013. Ten variables are used from 3 different categories (economic, socio-historical
and geographic): the real gross domestic product (GDP) per capita, income inequality as ex-
pressed by the Gini coefficient, globalization as expressed by the foreign direct investment share,
government expenditure as percentage of the GDP, media status in the sense of how free the
media is in the specific country, ethnolinguistic fractionalization, trust (which is calculated from
the answers to the relevant questions in the WVS), the level of democracy, population density
and lastly absolute latitude as a geographical factor. The cross section panel estimates show
that the most robust measures are trust and income inequality. High trust in a society and low
inequality reduce polarization. Government expenditure and GDP are also significant factors.
The higher their levels the lower the polarization.

Garand (2010) performs various regressions to prove the relationship between income in-
equality, mass polarization and roll-call voting. Using individual data from the Cumulative
American National Election Study (CANES), for the period 1974-2004, on self-placement and
the feeling thermometer, he constructs the dependent variables of individual ideological identi-
fication and affect towards conservatives and republicans. Regarding the independent variables,
the Gini coefficient on family income inequality is used, as calculated by the data compiled
by Guetzkow et al. (2007) and regarding partisan identification the standard 7-point scale on
the partisanship question (Democrat or Republican) is used. Garand (2010) shows that higher
income inequality increases ideological polarization on the individual level. But, as he proves,
things are a little bit more complicated than that. Inequality seems to work as an amplifier
of the feeling of dislike between partisans. His cross-state’s analysis shows that in states with
higher inequality Republicans are significantly more conservatives than Democrats. The other
finding, of even bigger interest, is the finding that Republicans like conservatives more than
liberals significantly more than Democrats do. We observe here that this is close to the notion
of affective polarization, and we have a linking between the feeling towards people of different
ideology being affected by income inequality. Furthermore, Garand (2010), shows that income
inequality increases the ideological distance between Republican voters and Democrat voters.
Additionally, the research shows that mass polarization affects the position of senators. This
means that in states with high income inequality, where mass polarization has increased, Repub-
lican senators are much more conservative than the non-southern Democrats (a group omitted
for standing out). Additionally, when checking from lowest to highest inequality states, Garand
(2010), observes that as inequality increases, so does ideological distance between Republican
and Democratic senators and so does the effect of Republican partisan ship on roll-call vot-
ing. Finally, regressions indicate that inequality and constituency’s polarization both have an
independent effect on the senator’s party and their roll-call behavior.

While there are many studies examining the increase of polarization in the USA, they are
scarce in the case of the EU. But the matter is of high significance nowadays as Euro-skepticism
is in the rise and we already observed the first exit of a member state. Given the assumption
that after the end of the pandemic we will most probably be faced with a new recession which
will require new measures, the chances of Euroskeptisism rising again a very high.

After the end of the pandemic inequality indices will most probably have risen. The pandemic
stroke unevenly.
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Chapter 2

Political Polarization: Definition and
Measurement

2.1 Defining Polarization and its Measures

The division of a country’s society in groups that are characterized by animosity and its causal
relationship with given country’s economic prosperity was brought to the forefront of attention
by the seminal paper of Easterly and Levine (1997) who examined the underlying reasons of
Africa’s growth tragedy. While Africa is a continent with high potentials, it never reached the
predicted growth rates. According to Easterly and Levine (1997) the main cause behind this is
the high degree of ethnolinguistic fractionalization.

This result is confirmed again in a later study by Alesina et al. (2003), where the number
of countries examined is widely extended and so proves that a divided society hinders growth.

Above mentioned studies show the important consequences of a divided society based on
ethnolinguistic characteristics. As was extensively analyzed in the previous section, nowadays
in the USA as well as in Europe we observe a different type of societal fragmentation, namely
the sorting of people along party lines. In the past forty something years researchers, journalists
as well as people in their everyday lives discuss how political opinion polarization has increased
and the consequences and challenges this brings along, like political conflict and social volatility
(DiMaggio, 1996).

In order to proceed with the analysis of political polarization and to test its correlation with
economic factors such as growth and inequality we first need to define it. A concrete framework
defining polarization is hard to find, despite its recent popularity. We will define below the main
axes around which, based on the previously presented literature, we built our definition and
which we find are important to take under consideration when measuring political polarization.

Perhaps, in order to provide an accurate measure for polarization, we should broadly outline
what it depends on. In a few words, one could argue, polarization (as a special type of societal
fragmentation) depends on the number of clusters in a society (how fragmented a society is),
their density (how many people are sharing the same political opinion) and the distance between
said groups. In other words, polarization depends on the extremity of the views expressed, the
extent of the disagreement as well as the size of each of the groups holding those opinions (this
is to say that a unique outlier does not affect tensions in society as a whole).

According to DiMaggio (1996) polarization is both a state, referring to the extent to which
opinions are opposed to each other, compared to a theoretical maximum, as well as a process,
which refers to the evolution of this phenomenon over time. DiMaggio (1996) describes four main
principles which should be taken under consideration, when measuring polarization. These are:

1. The Dispersion Principle. This refers to the distance between opinions, in other words it
refers to the variance of the distribution. The further away opinions move (the more the
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spread of the distribution increases and the more dispersed it becomes), ceteris paribus,
the more away we move from the position of the median voter and thus the more difficult
it is to reach any kind of consensus or to built a coalition. The increase of variance in the
distribution of political opinions, either in the elites or in the mass public, is what is shown
by the empirical studies of McCarty et al. (2016) and McCarty (2019). The conclusion of
both studies was that the left is getting left-er and the right is getting right-er. The chasm
in the roll-call votes between Republicans and Democrats is getting bigger and according
to Abramowitz and Webster (2016) this is reflected in the the mass public as well. It is a
straightforward assumption that the further people’s opinions move from one another, the
more alienated people will feel with people from outside groups and at the same time more
closely related they will feel with people from their own group. This is confirmed by the
study of Iyengar et al. (2018) which shows an increase in spousal agreement in political
opinions as well as an increase in inter-generational agreement, between parents and their
offspring. Socialization is restricted within the limits of one’s own group.

A natural measure for the dispersion of the distribution is the distribution’s variance.

2. The Bimodality Principle. In addition to the range of the distribution, what also affects the
level of polarization is how the data is distributed within that range. A society where all
people are scattered evenly around the center will be less polarized than a society where
people are distributed around two modes. Two modes create, in a sense, two opposite
poles and reinforce the ≪us versus them≫ feeling. In the most severe form of polarization
a society would be divided between the two ends of the political spectrum. Any additional
in-between modes would soften this effect, as they would work as a mediator of tensions.

3. The Constraint Principle. The term ≪constraint≫ is a notion developed by Converse in
his seminal 1964 paper. By this term the interrelation between the bundle of beliefs and
opinions a persons holds on various topics, seemingly irrelevant, is meant. The more sorted
these bundles become, along party lines, the more possible it is that conflict between groups
may arise. Polarization between groups increases as the bundles of opinions of members of
a group become more homogeneous. To illustrate the ≪constraint principle≫, I will quote
the line of the campaign run by the ≪Club for Growth≫, a conservative club in the USA,
in 2004 against the then candidate for the Democratic nomination, Howard Dean. The ad
shows an elderly white couple who are asked what their opinion is about Dean. The man
starts by saying: ≪I think Howard Dean should take his tax-hiking, government-expanding,
latte-drinking, sushi-eating, Volvo-driving, New York Times–reading - ≫, and his wife con-
tinues: ≪Body-piercing, Hollywood-loving, left-wing freak show back to Vermont, where it
belongs.≫ This example very clearly shows this sorting and how it is perceived by the
public. For example, the older couple essentially asserts that all Democrats, who are in
favor of tax-cutting, drink lattes, drive Volvos, read the New York Times etc. The more
intense this kind of sorting becomes, the more intense the degree of polarization. There is
no common ground to be found between members of the two groups on any matter (not
even what type of coffee one drinks!). As Mason explains in her book ≪Uncivil Agreement:
How Politics became our Identity≫ (2018), momentarily what a person votes for (in the
USA) may reveal his race, religion, ethnicity, gender, neighborhood and even his favorite
grocery store. According to the principle, the higher the association between the social
characteristics, ceteris paribus, the higher the probability of conflict. In other words, the
increase of homogeneity within each of the groups will inevitably result in the increase of
the alienation between groups and this will increase polarization.

4. The Consolidation Principle. The ≪Consolidation Principle≫ examines the extent to
which, all other things being equal, when the differences between various social charac-
teristics increases, so does polarization. The ≪Consolidation Principle≫ essentially refers
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to the heterogeneity between groups. Heterogeneity between groups means that there are
more points to disagree on and the cleavage between the groups becomes deeper.

Essentially it boils down to two things: the degree of homogeneity within groups and the
degree of heterogeneity between groups. What DiMaggio essentially asserts is that polarization
basically depends on these two things and polarization increases when: (a) homogeneity within
groups increases (the dispersion of opinion within a cluster gets smaller) and (b) heterogeneity
between groups increases (the distance between the means of each cluster becomes larger).

2.2 The Identification - Alienation Framework

Esteban and Ray (1994) develop an index regarding economic polarization. According to Este-
ban and Ray (1994), just like politics, income can also work as a characteristic of one’s sense of
identity. As was very evident with movements like the ≪Occupy Wall Street≫ movement, income
can create clear boundaries around which the ≪us vs them≫ rhetoric can be built. Esteban and
Ray (1994) focus on the importance of this identity sentiment by taking under consideration the
number of people in each cluster. In contrast with simple income inequality measures, which
usually only consider distance and perhaps number of clusters, Esteban and Ray (1994) argue
that the frequency of observations in each cluster is very important. To describe this idea, they
construct the ≪Alienation-Identification≫ framework (henceforth AI framework). Alienation
represents distance between clusters and Identification represents the frequency based identity
sentiment developed in each cluster. Their combination results in what Esteban and Ray (1994)
call ≪effective antagonism≫. It is the combination of both the heterogeneity between groups
(Alienation) as well as the homogeneity within groups (Identification) that have to co-exist in
order for polarization to be manifested. The adjective effective distinguishes this index from the
more passive, more static notion of inequality. This index of polarization embodies this feeling
of animosity between clusters.

More formally expressed, Esteban and Ray (1994) present the following three features, basic
to a polarization measure:

1. High Degree of Homogeneity Within Groups. This refers to the the sentiment of Identi-
fication an individual feels with the other members of the same cluster. The higher the
homogeneity, the higher the sense of identification. In the model this is expressed by the
Identification function.

2. High Degree of Heterogeneity Between Groups. The larger the distance between the clus-
ters, the higher the Alienation sentiment between groups. In the model this is expressed
by the Alienation function.

3. Few Insignificant Small Groups (i.e. outliers of the distribution). This ensures that their
weight in the model will be insignificant.

In a subsequent paper, Duclos et al. (2004) adapt the index of Esteban and Ray (1994), so
that it is applicable on continuous data. This is the index we have chosen to use for measur-
ing political polarization in this study. The concept of the index remains the same, as the AI
framework is once again the basis: polarization is related to the degree of heterogeneity between
groups and the alienation felt between their members but this sentiment of alienation is accen-
tuated by the degree of homogeneity within groups. Differences between groups are not enough
on their own, the sentiment of group identity between members of the same group triggers the
sentiment of animosity, i.e. the ≪us versus them≫ feeling of hostility. A tighter scope of opin-
ions or, otherwise put, a smaller range of opinions within a group, creates a clearer and stronger
sense of identity between members of the same group. This is in accordance with much of the
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literature in social psychology and the literature reviewed in the previous section. This is the
concept of ≪collective identity≫, which was extensively studied by Tajfel (1970). When groups
are formed, even on the most trivial and meaningless characteristic then this creates a sense of
≪us≫, a group identity, which automatically puts anybody else on the opposite side, classified
as ≪they≫. Tajfel’s experiments showed that it takes almost nothing to trigger group identity.
Tajfel conducted a series of famous experiments to test two of his most prominent hypotheses.
The first hypothesis was that people are so prone, or even so eager, to classify themselves into
a group, that they will do so even on the most trivial or meaningless characteristic. The second
hypothesis tests that once people have sorted themselves into some group, then they act in favor
of the in-group and they will discriminate towards the out-group, even when there is no actual
reason to do so. To test these hypotheses, they gathered 64 boys from the same school (so they
all knew each other), aged between fourteen and fifteen. First of all the boys were told they
would undergo a visual judgment test: they had to guess how many dots were in each cluster
they saw. Secondly, the boys were told that, since they were there, the researchers would like
to perform a second test (irrelevant of the first one). They would split the boys into groups,
allegedly based on the number of dots they guessed (in reality the boys were allocated randomly)
and they would be given real money to hand out (they could not keep any of the money them-
selves). This second test was just a procedure to set the baseline and Tajfel did not expect it to
generate any results (as the creation of groups was totally random in reality) (Robinson, 1996).
In the previous section, we have already described the experiments of Iyengar and Westwood
(2015), which were already by design more politically oriented. These first experiments by Tajfel
were very simple and, as expected by Tajfel himself, should essentially create no bias between in-
and out-group members. But this was not the case. Despite it not being the optimum strategy,
the boys chose most of the time to allocate more money to their group-mate. Their decision
was biased. When they had to choose between two members of their own group, then they did
allocate the money in such way as to maximize the benefit (indicating that they did understand
the concept, they simply chose to ignore it when having to chose between in- and out-group
members) (Robinson, 1996). And it is this feeling of group identity which is correlated with
social unrest phenomena like strikes, demonstrations, widespread violence etc (Duclos et al.,
2004).

The index constructed by Duclos et al. (2004) for this purpose is one to be applied on
distributions described by densities. In order to do so, they first present an axiomatic definition
of polarization, whose central idea is close to the one of DiMaggio (1996) described above.

2.2.1 General Assumptions for the Index

We assume all continuous density functions in R+, whose integrals equal the corresponding
populations under study. If we assume a density f , then P (f) is defined as the polarization of
the density. This polarization depends on the identification and alienation of each individual in
the density f .

Each individual located at point x feels alienated towards an individual located at y. This
alienation increases monotonically in distance |x− y|.

According to the AI framework presented above, for the said alienation to be translated into
effective voice, the element of identification is required, which refers to the group identity feeling
created amongst the members of the same group. It is assumed that an individual located at x
feels a sense of identification which depends on the density at that point, f(x).

The combination of the identification and alienation felt by an individual at x towards the
one situated at y produces the effective antagonism, defined as

T (i, a),

where i = f(x) and a = |x − y|. We assume that T (i, a) is increasing in a and that T (i, 0) =
T (0, a) = 0. The latter condition implies that people at the same point (zero distance, as implied
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by a = 0) feel no alienation with each other and single, unique outliers (f(x) = 0) have no effect
on the polarization within a society.

Total polarization in a society is the average weighted sum of all effective antagonisms:

P (F ) =

∫ ∫
T (f(x), |x− y|) f(x)f(y) dxdy (2.1)

Above general equation broadly expresses the main assumptions of the AI framework. Here-
under follow the axioms, which help specify this formula and make it applicable to our data
set.

2.2.2 Basic Definitions

For simplicity reasons, the axioms are largely based on the normal or the uniform distribution
due to the fact that the properties we are interested in do not depend on the type of distribution
but on the effects a slide or a squeeze has on the polarization of the distribution.

By the term slide, we mean the movement of the density function to either the left or
the right with no further change in any of its properties (variance, skewness, kurtosis). What
changes is the mean of the distribution as well as its support, as a result of the change of mean
while keeping the same variance. Let’s say, for example, that we have a density function f(x)
with x ∼ N(2, 1), a slide to the right by z, would produce a new density function f1(x), with
x ∼ N(2+ z, 1). Correspondingly, a slide to left by z would create a density function f2(x) with
x ∼ N(2− z, 1).

A squeeze of the density function implies that what changes is only its variance (and range
consequently). So if, for example, we have a density function g(x) with x ∼ N(0, 2), a squeeze
would produce a new function, g1(x) with x ∼ N(0, z2 × 2), where z ∈ (0, 1). In other words
the squeeze is a mean-preserving reduction in the range of g(x).

2.2.3 Statement of Axioms

Axiom 2.2.1. When a distribution is described by a unimodal density function, then a squeeze
of that density function cannot increase polarization.

In a single-party society, a stronger ideological consistency cannot increase polarization (the
key word here being single-party). The intuition behind this is straightforward. In the case
of the squeeze of the unimodal distribution we have a reduction of the alienation sentiment
since the range of the distribution, and thus the distance between individuals, is smaller. At
the same time, a more homogeneous cluster implies a stronger identification sentiment, which
would increase polarization. According to axiom 2.2.1, the effect of the increase in identification,
only in this specific set, cannot exceed the effect of decrease in alienation, so that polarization
cannot increase. This axiom will define the upper bound of the α exponent, which defines the
weight of identification. It is very important to note that we are talking about a population
whose distribution would be described by a single unimodal density function, because this is the
main reason the effect of identification does not exceed that of alienation. Essentially in this
setting, due to the fact that we have only one mode, we are talking about in-group alienation
reduction. As we have explained previously, identification is the key element which essentially
converts alienation into animosity. But in the single mode distribution a global squeeze can be
translated as an increase of people feeling politically closer. The effect of the increase of the
identification sentiment is faded out by the fact that there is no opposite political group. There
are only people not so close to the median voter.

Axiom 2.2.2. We assume a symmetrical distribution, comprised out of two identical unimodal
density functions at the opposite ends of the spectrum and one unimodal distribution in the
center. In case the two outer densities undergo a squeeze, polarization cannot decrease.
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Figure 2.1: Axiom 2.2.1: Squeeze of single unimodal density

This axiom, in a sense, holds the essence of the measure as it involves the comparison between
the effect of identification and alienation. The squeeze of the two outer densities will increase the
identification sentiment in the outer distributions while at the same time it will reduce alienation
sentiment between the two densities. Axiom 2.2.2 ensures that the effect of the heterogeneity
reduction between the two groups cannot outweigh the effect of the increase of homogeneity
within each group. It is axiom 2.2.2 which defines the lower bound of the α parameter, so that
identification has a greater impact than alienation.

It is this axiom, that separates this measure from measures of simple fractionalization of a
society. It also distinguishes our index from other measures of polarization or inequality, because
it takes under consideration the stronger effect of homogeneity (compared to heterogeneity)
within a society. This measure ensures that identification carries a bigger weight in the equation
than does alienation.

This is total line with the theories of group identity and affective polarization analyzed above.
It is not just the fact that the parties are moving further away, which might sometimes not even
be the case, it is the fact that partisans have become neatly sorted along party lines. This is the
trigger of social tensions. As per Converse’s constraint notion, what one votes determines his or
hers point of view on various subjects, not just political matters or issues regarding economic
policy. While voters of different parties used to disagree on most points but still agree on
some, nowadays we observe that agreement is more and more rare. It is this strong feeling of
identification which triggers social tensions, hostility and even animosity and ignites unrest.

Figure 2.2: Axiom 2.2.2: Symmetric squeeze of outer densities
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Figure 2.3: Axiom 2.2.3: Outward swift of inner densities

Axiom 2.2.3. We assume a symmetric distribution comprised out of four unimodal density
functions, as shown in figure 2.3. A slide of the two middle densities outwards must increase
polarization.

Axiom 2.2.3 is straightforward. While we keep identification stable, alienation between
some of the members of society increases with the increase of distance between the two middle
distances. This of course results in an increase of polarization. We must point out of course that
in this set we have a reduction of alienation as well (between the outer density and the middle
density that moves outwards, towards the former) but it is counterbalanced by the respective
increase in alienation between the outer density and the outward move of the middle density
which moves further away. Simply put, the cleavage between all four densities becomes larger,
the chasm dividing the left and the right is bigger. While there were two middle parties (a
center-right party and a center-left party), after the outwards slide of the two middle densities
we are left with parties situated clearly on the left or on the right, resulting in a more polarized
society.

Axiom 2.2.4. If P (F ) ≥ P (G) and p > 0, then P (pF ) ≥ P (pG), where pF and pG represent
identical population scalings of F and G, respectively.

Axiom 2.2.4 implies that the polarization index is population-invariant. Assume a society,
whose distribution is described by density F , is more polarized than a society whose distribution
is described by the density function G. This will remain unchanged if the populations of both
societies are scaled up (or down) by the same factor p and the distributions remain unchanged.

Theorem 2.2.1. A measure of polarization that satisfies above axioms and is in accordance
with the IA framework must to be proportional to:

Pα ≡
∫ ∫

f(x)1+αf(y)|y − x|dydx, (2.2)

where α ∈ [0.25, 1].

The analytical proof of the index, theorem 2.2.1 as well as the bounds of α are presented in
the accompanying appendix (section A).

2.2.4 On The Bounds of α

The exponent α expresses the importance of the identification sentiment, which accentuates the
effect of alienation. Essentially α increases the weight of identification compared to alienation.
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The bounds set make sure that all the requirements posed by the axioms are met. More analyt-
ically, according to axiom 2.2.2, when we have a movement like the one of the double squeeze,
which creates two more strongly identified groups and at the same time we have a reduction in
the total range of the distribution (a decrease in alienation), the polarization cannot decrease.
This implies that the effect of the increase in identification must outweigh the effect of the de-
crease in distance. This is ensured by the lower bound of α. By restricting α not to take any
values below .25 we make sure that identification will have a stronger effect. At the same time,
axiom 2.2.1 states that, in the case of the unimodal distribution, if people’s opinions become
more closely related then polarization cannot go up. This means that the positive effect of the
increase in identification within the cluster must not exceed the reduction of overall alienation.
This is ensured by setting the upper bound of α equal to 1.

2.3 Empirical Application of the PaF index and Statistical In-
ference of Political Polarization in the EU

We proceed with the empirical application of the PaF index and dealing with the associated
issues regarding its statistical inference.

Starting, let’s note that for every cumulative distribution function F which corresponds to
the density f of a continuous random variable, like the distribution of political opinion, and µ
the mean, then we have that:

PαF =

∫
y
f(y)αa(y)dF (y), (2.3)

where α(y) ≡ µ+ y(2F (y)− 1)− 2
∫ y
−∞ xdF (x).

Suppose now that we wish to estimate PαF using a random sample of n i.i.d. observations
on political opinion yi, where i is the random individual interviewed and i = 1, ..., n.

A natural estimator of PαF is:

Pα(F̂ ) = n−1
n∑
i=1

f̂(yi)
αâ(yi), (2.4)

where µ is the sample mean, â(yi) is given as:

â(yi) = µ̂+ yi(n
−1(2i− 1)− 1)− n−1

2
i−1∑
j=1

yj + yi

 , (2.5)

and f̂(yi)
α is estimated non-parametrically using a Gaussian kernel function. This procedure

is based on a symmetric kernel function K(u) such that
∫∞
−∞K(u)du = 1 and K(u) ≥ 0. This

will produce the estimated probability density function of the random variable in question, i.e.
voter’s self placement on the political left-right axis. The estimator f̂(y) is then defined as:

f̂(y) ≡ n−1
n∑
i=1

Kh(y − yi), (2.6)

with Kh(z) ≡ h−1K( zh) and h representing the bandwidth. The proposed bandwidth which
minimizes the mean square error is given by the formula

h∗ ∼= 4.7n0.5σα0.1 (2.7)
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2.3.1 Data

Since 1979 the members of the European Parliament have been elected directly by the citizens
of the EU through universal suffrage. Results of said elections are often believed to closely
reflect citizens’ current political opinion and sentiment regarding their own country’s parties.
Furthermore, these elections represent a unique opportunity for cross country studies as all
European citizens are called to the ballot simultaneously every five years and so results offer an
important insight on the people’s opinion and mindset throughout the EU at that given point
in time.

A main part of the European Election Study (EES) is the Voter Study. Some years include
both pre-election and post-election surveys or are a part of the Euromanifesto Studies. Despite
the fact that the surveys evolved over the years and focused on contemporary matters, they were
always designed along similar principles and included some identical questions, like the questions
of self-placement. This results in data that are completely harmonized/aligned and thus allows
for a in depth and reliable analysis. The wording around the subject of self-identification of
participants as well as their perception of the placement of the political parties of their countries
has remained the same throughout the years. Additionally all countries are surveyed the same
year, i.e. the year of the European Parliament elections. This alignment of the data allows
for a reliable comparison between countries as well as an in depth analysis of the longitudinal
examination of the evolution of polarization within a country.

For our study, we have used the set of questions pertaining to matters of political opinion,
self-placement of voters and their perception of their country’s parties placement. The data
for creating a discrete distribution of political opinion of a country’s people were produced by
the answer to the following question: ≪In political matters people talk of “the left” and “the
right”. How would you place your views on this scale ?≫. The scale ranges from one to ten, with
one representing the left and ten the right. This question was included in all studies. Along
this question, people were also asked to place, on the same scale, the parties of their country,
according to their perception. We collected data on 10 countries, namely Denmark, France,
Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Spain, and the UK for a thirty
years period, from 1989 until 2019, in five-year intervals (the years of European Parliament
Elections).

The answers to these questions create a set of discrete data on political opinion, which must
be handled with caution and care as there are some methodological difficulties inherent in the
collection of individual level perceptual data (in contrast with preferential data). Perceptual
data present two types different challenges: first we have the true error in perception of the
interviewee and secondly there is the distortion in the actual survey situation (Aldrich and
McKelvey, 1977).

Before proceeding with the presentation of the formal formula of the probabilistic model
developed by Aldrich and McKelvey (1977) to tackle this issue, I would like to explain in more
detail the issues that might occur during such surveys. First of all, let’s consider, for example,
a voter on the left of the scale (not the far-left per ce, but not the center left as well). Such a
voter will most probably allocate a center right party more to the right than would a voter who
places himself on the right (let alone a voter in the far-right). Additionally, there is a tendency
of voters to place candidates as well as themselves on the ≪prominent≫, or ≪clear≫ if you prefer,
points of the scale, i.e. the middle point and the two ends. Often the in-between points are
avoided because either voters cannot make such fine distinctions between various candidates
or because respondents do not know how exactly to interpret the in-between points. So for
example, from a scale of one to ten, one is clearly right, ten is clearly left and five represents
the center, but what is the difference between seven and eight or eight and nine?... This might
be a too fine distinction for a random voter to make. In other words, the problem arises due to
the different interpretation each individual might give to the terms ≪left≫ and ≪right≫ and even
more to the relative classification of who is more left/right than whom. Another reason might
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be cognitive bias. People tend to listen to news and stories that confirm what they already
believe. So if a voter, for some reason has a wrong impression of a candidate’s true position,
this will most probably not only hardly change, but often be reinforced (this is what makes fake
news so popular nowadays). This also affects the quality of information one is receptive to. In
any case, whatever the reason, each voter has his own perceptual space, which is a result of the
true space subject to an observation error (by the voter).

So, the data are contaminated by two types of variation: (a) the variation in the placement
of one’s self as well as the candidates and (b) the variation in interpretation of the scale and
how the interviewee communicates his perception to the interviewer. The two types of variation
essentially stem from the same problem, the subjective interpretation of information by the
people who receive it. But the two types of variation which contaminate the data happen at
two different time intervals. The first happens on a daily basis throughout the voter’s life and
the second one is at the time of the interview.

2.3.2 Aldmck Scaling Procedure for Perceptual Data

Below follows the presentation of the formal model, constructed by Aldrich and McKelvey,
(1977), which we applied to the voter study data we retrieved from the EES.

Each candidate, j, is assumed to occupy a true position Y1, Y2, ..., Yj , for 1 ≥ j ≥ J on a
one-dimensional issue continuum, meaning that Yj ∈ R . Additionally, there are n individuals.
Respectively, each individual, i, has his own perception of the candidate’s true position. The ith

individual’s perception of the jth candidate’s true position is denoted as Yij , which is randomly
distributed around the candidate’s true position, Yj . This perception is modeled as the candi-
date’s true position distorted by some randomly distributed variation. This is the first stage of
the analysis and can be expressed as follows:

Yij = Yj + uij (2.8)

for 1 ⩽ i ⩽ n, 1 ⩽ j ⩽ J and uij is a randomly distributed variable, satisfying below
Gauss-Markov assumptions, i.e.

E(uij) = 0 and V (uij) = s2 for all i, j

E(uijukl) = 0 for all i, j, k, l with either i ̸= k or j ̸= l

Afterwards, we deal with the second variation, the one between what the individual truly
believes and what he communicates to the interviewer (for whatever reasons that may be, as
mentioned earlier). It is assumed that what the interviewee tells the interviewer is a linear
transformation of what he actually has in mind and can be expressed as follows:

ci + wiXij = Yij , (2.9)

where ci and wi are scalars.
From equations 2.8 and 2.9 it is obvious that:

ci + wiXij = Yij = Yj + uij (2.10)

Simply put, we have the following: each voter has a true perception of each candidates true
position. Both the candidates true position, Yj distorted by some random noise, uij , as well as
the, again by some random noise distorted but also linearly transformed, reply of the voter to
the questionnaire, must equal the voter’s true perception of the candidate’s position, Yij .

The only data that is observed is Xij , i.e. the individual’s answers to the survey, and from
that the true parameters Yj , ci and wi must be derived.

All the above regards the candidates’ positions.
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Regarding the citizen’s true positions, the same is assumed as with the candidate’s true
position. Of course in this case, only the second ”noise” has to be dealt with (i.e. what the
individual says to be his true position does not accurately reflect what he has in mind). Again,
some linear transformation is assumed to explain the distance between the ith individual’s true
position and what he tells the interviewer.

Thus is Xi0 denotes the ith individual’s true position, then

Ŷi0 = ĉi + ŵiXi0, (2.11)

where Ŷi0 is the estimate of the ith citizen’s ideal point and ĉi, ŵi ∈ R are estimates of the
true parameters.

Aldrich and McKelvey (1977) create a two-fold procedure, which deals first with the scaling
and calculation of the true parameters regarding the true candidates’ positions and secondly
with obtaining the ideal point estimate of the individuals’ true position, which is what is of
concern in this study (although we calculated both stages, as we had available data for both
the individual’s perception of the party’s true position as well as the true self-placement of the
individual).

The ideal point estimate of the individual’s true position is then used in the Gaussian ker-
nel procedure for the non-parametrical estimation of the probability density function of the
distribution of public political opinion.

2.3.3 Data Processing

With the aid of the free statistical software environment and programming language R we
perform a spatial analysis of the self placement and perceptual data we obtained from the EES.
Specifically we apply the Aldrich-McKelvey scaling procedure, analytically described above,
which allows for the interviewees’ true location to be inferred from their biased answers to the
questionnaire (this procedure is also known as the ideal point estimation). In order to do so
the procedure also makes use of the respondents’ replies about the parties’ placements and
with the help of this additional information, the package estimates the perceptual bias of each
respondent. With the application of the Aldrich-McKelvey scaling procedure we obtain the
estimated positions of both the respondents and the parties on one single issue scale dimension
(e.g. left-right).

From the results created by this procedure we extract the ideal point estimators of each
respondent. Herewith we create a new data set of the continuous variable of public political
opinion, which essentially is the yi variable of equation 2.4.

Non-parametrical Estimation of f̂(yi)
α

The ideal point estimate of the individual’s true position is then used in the Gaussian kernel pro-
cedure for the non-parametrical estimation of the probability density function of the distribution
of public political opinion.

Specifically we use below specification:

ĝh(y) =
1

nh

n∑
i=1

K

(
y − yi
h

)
, (2.12)

where K is the normal Gaussian distribution kernel, yi is the ideal point estimation retrieved
with the Aldrich-McKelvey scaling procedure and h is the bandwidth for which we have chosen
the one recommended by Duclos et al. (2004):

h∗ ∼= 4.7n−0.5σα0.1.
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2.3.4 Experiment 1: Selection of appropriate α level

Duclos et al. (2004) propose an acceptable range of values, from which one might chose an
appropriate level for the α exponent. The α parameter, as in detail analyzed above, determines
the significance of the identification sentiment.

In order to chose the level of α which we would deem appropriate for our study, we conducted
below experiment on the predictive power of the index, based on the chosen level of α.

Two sets of randomly normally distributed data were generated. In the beginning, the
means of the two distributions coincided (figure 2.4, the population is almost not polarized).
Afterwards, the means of the populations moved away by 0.5 points every time, until a maximum
distance fo 5 points was created (as shown in figures 2.5 till 2.14).
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Figure 2.4: Difference = 0
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Figure 2.5: Difference = 0.5
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Figure 2.6: Difference = 1
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Figure 2.7: Difference = 1.5

−1 0 1 2 3 4 5 6 7
x

d
en

si
ty

va
lu
es

Figure 2.8: Difference = 2
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Figure 2.9: Difference = 2.5
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Figure 2.10: Difference = 3
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Figure 2.11: Difference = 3.5
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Figure 2.12: Difference = 4
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Figure 2.13: Difference = 4.5
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Figure 2.14: Difference = 5

For the distributions shown in figures 2.4 till 2.14, we calculated the probability that the PaF
estimator, for various values of α, would take a higher value as the means of the distributions
moved away (so theoretically, the distributions could be characterized as more polarized).

This was performed for both proposed bandwidths (i.e. h∗ ∼= 4.7n−0.5σα0.1 as well as h∗alt
∼=

n−0.5IQ (3.76+14.7σln)

(1+1.09×10−4σln)(7268+15323α) ).

Results are presented in tables 2.1 and 2.2 respectively. We observe that for both bandwidths
the estimator has a higher probability in correctly predicting the evolution of polarization cor-
rectly when α = 0.25.
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Table 2.1: Probability of PaF estimator taking higher value as distance grows for h∗

difference between means

alpha 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0.25 0.75 0.95 0.99 1 1 1 1 1 1 1
0.3 0.73 0.95 0.98 1 1 1 1 1 1 1

0.35 0.72 0.95 0.98 1 1 1 1 1 1 1
0.4 0.7 0.95 0.98 1 1 1 1 1 1 1

0.45 0.7 0.95 0.98 1 1 1 1 1 1 1
0.5 0.71 0.96 0.98 1 1 1 1 1 1 1

0.55 0.7 0.96 0.98 1 1 1 1 1 1 1
0.6 0.69 0.96 0.97 1 1 1 1 1 1 1

0.65 0.7 0.96 0.97 1 1 1 1 1 1 1
0.7 0.69 0.96 0.97 1 1 1 1 1 1 1

0.75 0.68 0.95 0.95 0.99 1 1 1 1 1 1
0.8 0.65 0.92 0.94 0.99 1 0.99 1 1 1 0.99

0.85 0.64 0.91 0.91 0.97 1 0.98 1 1 1 0.99
0.9 0.6 0.81 0.88 0.97 0.98 0.98 1 0.99 0.99 0.99

0.95 0.54 0.75 0.81 0.91 0.96 0.98 0.99 0.99 0.99 0.98
1 0.45 0.63 0.66 0.82 0.93 0.95 0.99 0.99 0.98 0.94

Table 2.2: Probability of DER estimator taking higher value as distance grows for h∗alt

difference between means

alpha 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0.25 0.68 0.97 1 1 1 1 1 1 1 1
0.3 0.68 0.97 1 1 1 1 1 1 1 1

0.35 0.68 0.97 1 1 1 1 1 1 1 1
0.4 0.67 0.97 1 1 1 1 1 1 1 1

0.45 0.68 0.98 1 1 1 1 1 1 1 1
0.5 0.68 0.98 1 1 1 1 1 1 1 1

0.55 0.69 0.97 1 1 1 1 1 1 1 1
0.6 0.7 0.97 1 1 1 0.99 1 1 1 1

0.65 0.73 0.95 1 1 1 0.99 1 1 1 1
0.7 0.72 0.94 1 0.99 1 0.99 1 1 1 1

0.75 0.69 0.93 0.99 0.99 1 0.99 1 1 1 1
0.8 0.65 0.91 0.99 0.99 1 0.99 1 1 1 1

0.85 0.64 0.9 0.98 0.99 1 0.99 1 1 1 1
0.9 0.63 0.82 0.94 0.99 1 0.98 1 1 1 1

0.95 0.62 0.8 0.87 0.96 0.99 0.96 1 1 1 1
1 0.58 0.7 0.81 0.9 0.99 0.96 1 1 1 1

2.3.5 Experiment 2: Testing for goodness of fit between one bimodal distri-
bution and a Gaussian Mixture Model

We performed a Bayesian Information Criterion (BIC) analysis to see if a Gaussian Mixture
Model of two normal distributions would give better results than a single normal distribution.

To do that we generated a set of randomly normally distributed data. We followed again
the procedure described above by starting with a uni-modal distribution, as shown in figure 2.4



2.3. EMPIRICAL APPLICATION 77

and afterwards we created a population who’s distribution can either be expressed by a single
bi-modal distribution or two unimodal distributions, with the two means/modes moving away
(again until a maximum distance of 5 points was created (as shown in figures 2.5 till 2.14).

On the above described set of randomly normally distributed data, we run a BIC analysis
to see if the single normal distribution fits the data better than the mixture of two Gaussians.
In the appendix the analytical results of the BIC analysis are presented (tables A.1 and A.2).
Table 2.3 contains the main results of the BIC analysis, i.e. the percentage of times the BIC
of one single normal distribution (BICsgl) is larger than that of the GMM (BICgmm) (i.e.
BICgmm −BICsgl ≤ 0 ) indicating that the BICgmm fits the data better . We see that indeed
the predictions are correct, as for the first sets of data, when the two peaks are quite close to
each other , the BICsgl takes mostly lower values (the proportion of times the BICgmm was
smaller than BICsgl in all, of a total of one hundred iterations, for the first four columns). As
the peaks move further away from each other, we observe the the BICgmm takes more often
lower values than the BICsgl.

Table 2.3: Main Results of BIC Analysis

Proportion of times when BICgmm −BICsgl ≤ 0

difference 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

percentage 0% 0% 0% 0% 20% 94% 100% 100% 100% 100% 100%

2.3.6 Application of PaF Estimator

After having processed the data with the appropriate scaling procedure (the Aldrich-McKelvey
technique described above) and after having determined what the most appropriate level is
for the α exponent, we proceed with the calculation of the polarization index for the said 10
European countries over the period 1989 until 2019. This results in a unique panel data set
with 70 polarization estimates which allows for both longitudinal examination of the evolution
of polarization within a unique country as well as a cross-country comparison on a given point
in time.

In table 2.4 the results of the PaF estimator for α = 0.25 are presented. The same results are
also graphically presented in figure 2.15. A closer look into the results reveals some interesting
things. First of all, we observe that the highest polarization estimator for each country does
not lie in 1989 or 1994, for all countries it is in the period between 1999 till 2019 (in table
2.4 the asterisk next to the estimation indicates which is the highest estimation for the specific
country). This is in accordance with the reviewed literature. It seems that indeed after the
2000,s approximately, we enter the third, and most severe, era of polarization. Even more in
line with this is the fact that for all countries except the UK, polarization went up from 2014 to
2019. If we examine the average fluctuation of the PaF estimator for each country under study,
we observe that for the eight out of ten countries (the exceptions are the United Kingdom and
Spain) polarization has an upwards trend (the average of the increases or decreases observed for
each of the five-years period is positive for said countries), as can be seen in table 2.8. All above
confirms what is already mentioned in the literature on the subject, i.e. polarization is in an
upward trend and that the current situation is the most dire to date.

In addition to the above analysis for α = 0.25, we also run the code for calculating the PaF
estimator on our data for all other values of α in the range [0.25, 1] with a 0.01 interval. In total,
we repeated the procedure for 76 values of the α exponent on all 10 countries for all 5-year interval
in the 30-years period under examination. This created a total of 5320 polarization estimations.
For the sake of brevity we present here the results for the additional three prominent values of
α, namely 0.50, 0.75, 1.00. All analytical results for all 76 values are extensively presented in the
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appendix (section C). What is clear from these additional results is the effect the α exponent
has on the estimator and its evolution over time in the countries under study. In table 2.8
we present the average evolution over the thirty year period of the PaF estimator for the four
main values of α (0.25, 0.50, 0.75, 1.00). What can be seen is that (with the sole exception of
the UK and Spain) on average polarization exhibits the largest increase when α = 0.25. This
result validates what our experiment indicated about the correct choice of α. According to the
literature reviewed in the previous section, the rise of polarization in the EU is mostly due to
the rise of populism, either left or right, like for example Marine Le Pen for France, Wilders
and his Party for Freedom for the Netherlands, Farage’s UKIP for the UK, Tsipras’s SYRIZA
on the left and the Golden Dawn on the right for Greece, Podemos for Spain, etc. The rise of
populism is translated in an increase in distance between the two ends of the political axis. It
can be said that the total range of political opinion (the variance of its distribution) increased.
In other words, we observe an increase in alienation rather than an increase in the identification
within the existing parties. Therefor, it is in accordance with the literature and our experiments
that for the case of the EU, the value of 0.25 regarding the exponent α works best. It would be
an interesting addition to juxtapose this finding with an application of the PaF index on data
regarding the USA, where we have only two parties. It would be of interest, as in the USA
we have both an increase in distance, as the parties and their candidates keep moving further
and further from the political centre but at the same time there is stronger sorting between
partisans, translated in this case as an increase in identification, which could lead to the need
for an increased α.
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Figure 2.15: PaF Estimators for α = 0.25 from 1989 till 2019
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Table 2.4: PaF Values for a=0.25 and Respective Countries Ratings

1989 1994 1999 2004 2009 2014 2019
France (1) 0.330547 4 0.330325 1 0.327083 4 0.353056 1 0.361637 2 0.361877 4 0.418581
Greece (2) 0.335196 1 0.35167 8 0.351693 6 0.391339 3 0.403569 1 0.379853 7 0.421526
Netherlands (3) 0.347373 7 0.354261 7 0.38875 7 0.39149 4 0.411693 3 0.394525 3 0.451671
Luxembourg (4) 0.362748 3 0.372192 3 0.399708 8 0.401194 6 0.419561 4 0.403193 2 0.457684
Ireland (5) 0.363533 6 0.383872 6 0.433526 1 0.404259 7 0.436274* 7 0.414835 3 0.463288
Italy (6) 0.379718 5 0.411739 5 0.485216 9 0.474434 8 0.463745 8 0.428308 10 0.476817
Germany (7) 0.402817 2 0.411829 4 0.496002* 3 0.477092* 2 0.476486 9 0.434669 6 0.483005*
Denmark (8) 0.432683 8 0.415776 2 0.516661* 5 0.506725 9 0.533329 6 0.446981 8 0.496484*
Spain (9) 0.498621 10 0.537357 10 0.61339 2 0.510566 10 0.539173 5 0.469451 1 0.501419*
UK (10) 0.545398 9 0.562493 9 0.643317* 10 0.742483* 5 0.603819* 10 0.609224 5 0.579356
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Table 2.5: PaF Values for a=0.50 and Respective Countries Ratings

1989 1994 1999 2004 2009 2014 2019
France (1) 0.311148 3 0.302447 1 0.308113 3 0.321604 1 0.325324 4 0.324413 3 0.356458
Netherlands (2) 0.318431 7 0.320538 8 0.321441 7 0.342842 2 0.351355 1 0.339094 7 0.360387
Luxembourg (3) 0.322942 1 0.321585 7 0.339378 8 0.352586 3 0.354233 2 0.344981 4 0.380583
Greece (4) 0.328104 2 0.339122 2 0.348778 1 0.353474 7 0.368627 3 0.346952 2 0.385205
Ireland (5) 0.331476 6 0.343793 6 0.373643 6 0.360399 6 0.374501 7 0.353538 9 0.386007
Italy (6) 0.339675 5 0.3554 5 0.393936 9 0.398799 4 0.388599 8 0.366267 10 0.39081
Germany (7) 0.353361 4 0.360812 3 0.398762 2 0.39985 8 0.391834 9 0.372315 6 0.400428
Denmark (8) 0.380014 8 0.36268 4 0.414129 5 0.407158 9 0.417386 6 0.379982 1 0.408169
Spain (9) 0.404837 10 0.421368 10 0.472679 4 0.409769 10 0.421376 5 0.38771 8 0.411539
UK (10) 0.426897 9 0.440994 9 0.482821 10 0.526364 5 0.457793 10 0.45917 5 0.445274
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Table 2.6: PaF Values for a=0.75 and Respective Countries Ratings

1989 1994 1999 2004 2009 2014 2019
Luxembourg (1) 0.296872 1 0.283921 3 0.294745 1 0.300503 3 0.298304 7 0.297869 1 0.313648
Netherlands (2) 0.297175 6 0.297237 9 0.299668 6 0.310403 1 0.311383 3 0.307082 6 0.318942
France (3) 0.298615 3 0.299538 6 0.307656 9 0.314948 2 0.312738 1 0.307611 7 0.325799
Ireland (4) 0.308948 5 0.311992 2 0.310292 3 0.315411 6 0.320477 2 0.308565 2 0.326062
Italy (5) 0.312206 2 0.316364 5 0.327683 5 0.335337 7 0.326408 6 0.310388 10 0.330757
Germany (6) 0.316878 4 0.316921 1 0.328544 4 0.337895 8 0.334545 9 0.319111 8 0.336005
Greece (7) 0.325274 9 0.321633 4 0.332039 7 0.337905 9 0.33564 8 0.324547 5 0.337111
Spain (8) 0.337585 7 0.325404 7 0.33928 2 0.340442 5 0.338367 4 0.327981 3 0.33931
Denmark (9) 0.337841 10 0.341218 8 0.370184 8 0.343681 10 0.344386 5 0.328083 9 0.346573
UK (10) 0.342818 8 0.351197 10 0.380472 10 0.389941 4 0.362105 10 0.356595 4 0.357534
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Table 2.7: PaF Values for a=1.00 and Respective Countries Ratings

1989 1994 1999 2004 2009 2014 2019
Luxembourg (1) 0.279659 1 0.270931 1 0.275486 10 0.283766 4 0.273116 1 0.27857 3 0.28016
UK (2) 0.280428 5 0.28068 3 0.279889 9 0.284542 6 0.277626 5 0.278614 1 0.282184
Netherlands (3) 0.280687 6 0.282694 10 0.281992 6 0.285532 1 0.277942 10 0.278686 10 0.284099
Spain (4) 0.286305 2 0.282913 9 0.283388 1 0.286092 10 0.2801 3 0.28045 2 0.286665
Germany (5) 0.288206 4 0.283247 6 0.284991 7 0.286399 3 0.282728 6 0.281133 8 0.286831
France (6) 0.2906 8 0.28592 5 0.286239 5 0.287708 5 0.284048 9 0.281771 6 0.286855
Ireland (7) 0.292372 7 0.288259 7 0.287176 3 0.293025 9 0.290055 7 0.281974 5 0.288892
Italy (8) 0.292689 9 0.288403 4 0.287808 2 0.297288 2 0.290256 2 0.282982 9 0.294498
Denmark (9) 0.302761 3 0.299826 8 0.290666 4 0.302029 7 0.294924 8 0.286138 7 0.295809
Greece (10) 0.32567 10 0.30009 2 0.314598 8 0.314327 8 0.308067 4 0.286312 4 0.29603
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Table 2.8: Average Evolution of PaF Estimator for the Period 1989 - 2019, depending on the
value of α

0.25 0.5 0.75 1
Denmark 0.010633 0.005254 0.001455 -0.00138
France 0.028479 0.01617 0.006782 -0.00062
Germany 0.003118 0.001171 0.000344 0.000114
Greece 0.020415 0.008747 8.75E-05 -0.00693
Ireland 0.03597 0.018966 0.008098 0.000573
Italy 0.017214 0.010126 0.004151 -0.00098
Luxembourg 0.009306 0.005586 0.002796 0.000421
Netherlands 0.019319 0.011129 0.004815 -8.8E-05
Spain -0.00783 -0.00314 -0.00026 0.001621
UK -0.01143 -0.00601 -0.00201 0.00104



2.3. EMPIRICAL APPLICATION 85

Figure 2.16: Average Evolution of PaF Estimator for the Period 1989 - 2019, depending on the
value of α
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Chapter 3

Political Polarization and Income
Inequality

3.1 Income Inequality

As described in the first chapter, it has been observed that income inequality and political
polarization follow a similar trend in the USA and most Western European countries after the
end of WWII. Both these phenomena have been a concern of people and politicians for a while
now and have entered everyday discussions. As such they have, of course, attracted academic
interest as well and both subjects have, separately, been studied at length. At a lesser frequency
(mainly due to the difficulties that arise in the measurement of political polarization) their causal
relationship has been studied as well.

Economic growth and inequality are two measures highly connected. Growth on its own is
only one side of the story. The other part is how this growth is distributed. The distribution of
income and the groups this creates often leads to societal tension between said groups (like the
Occupy Wall Street movement, mentioned in the first chapter). As is extensively discussed in
the existing literature, inequality is growing, globally but also within countries. Accessing and
analyzing such data provides useful information and can work as a tool to reinforce democracy.
Such kind of socio-economic disparities, like economic inequality and unequal distribution of
wealth, create social unrest and reinforce the social divide.

Just recently, the World Inequality Report of 2022 (Cancel et al., 2022) was released. It
analyzes the growing world inequality, presenting some very interesting statistics on a global
level. For example, worldwide in the past twenty-five years, wealth has grown. But for the
ultra-rich (the 0.001%) it has grown at a quite faster pace. While in 1995, the 0.001% owned
about 3.4% of global wealth, by 2021 they had almost doubled their wealth to 6.5%. The same
is not true for the bottom 50%. While it experienced a small increase from 1.5% to slightly
above 2% (around 2007) it has now stagnated at just 2%. Of course, these statistics reflect the
entire world, and so it includes the vast differences amongst regions like Europe (the most equal
region in the world) and North Africa and the Middle East (the two most unequal regions of
the world).

When examining Europe alone, things are of course better, but they are not good. The WIR
2022 (Cancel et al., 2022) offers a closer insight to some of the European countries included in our
analysis as well. Looking at their inequality statistics, we see that the path followed is once again
along the same lines; it reduces shortly after WWII and around the 1980s it starts rising again.
In France inequality dropped after the WWII with the expansion of the social state and various
pro-labor policies implemented after the 1968 social protests. But inequality started rising again
after 1983, when a wave of deregulatory policies was put forward. In Germany, according to the
WIR (Cancel et al., 2022), income inequality was reduced between the 1960s and 1980s. After
that, and until today, the share of the top 10% income started rising disproportionately, affected
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in part by liberalization policies implemented. The same evolution, but even more intensely, is
found in Italy. The top 10% - bottom 50% ratio fell sharply until the beginning of the 1980s,
when it started rising again. The austerity policies that followed the European financial crisis
exacerbated this phenomenon even further. In Spain again we observe the reduction of the ratio
until the 1980s, after which it follows an unstable trend. The economic growth of the 1995-2005
period negatively influenced inequality but the financial crisis of the Eurozone depressed average
income. Lastly, according to the WIR 2022 (Cancel et al., 2022), income inequality in the UK
also witnessed a sharp decrease until the 1970s. The change towards more liberal policies in the
1980s resulted in an increase of the total income share help by the top 10% by approximately
10%.

The above analysis goes to show that the course of inequality follows a similar path with
that of political polarization. We could again say that, just as with the evolution of political
polarization, the evolution of income inequality is divided in three eras as well. In the first
era, following the end of WWII and roughly until the end of the 1970s, we observe a decline
in economic inequality. Upon entering the 1980s, this changes and inequality starts to rise.
Alongside the beginning of the political divide and the sorting in societies analyzed in the
previous chapter, we observe that inequality increases. One might argue that inequality increased
as a result of policies implemented. It is not too far a stretch to say that it is the resulted, by said
policies, inequality that led to (or at least aided) the sorting procedure. In other words, people
blamed the governments for their impoverishment compared to the increased concentration of
money in the top percentages. In the third, so to speak, era, following the Great Recession,
which was as much of a financial crisis as well as a political one (at least for the most part in
Europe, this was a period when Euroscepticism bloomed), we see a deepening of the cleavage
between the rich and the poor, and what is perhaps more distinct is the narrowing of the middle
class. In this era, politically speaking, we observe an exacerbation of the political polarization
phenomenon.

This has led to the hypothesis we test in this chapter, i.e. if inequality positively affects
political polarization.

3.2 Hypothesis testing

In this chapter we test the hypothesis that economic inequality has a positive effect on the
increase of political polarization and economic growth has a negative impact.

It is often the case, in everyday talk, that people blame the government for the worsening of
their living conditions, for unemployment, for increased inflation levels etc. As such, we want to
test if the increase in the economic divide within a society affects people’s vote. During the Great
Recession, we observed many phenomena that lead to this hypothesis. We have already referred
to the Occupy Wall Street movement, whose slogan was ≪We are the 99%≫, clearly making a
reference to the concentrated wealth in the top 1%. This movement, as indicated by its name,
started in the financial district of Wall str. in New York, but soon expanded over the rest of
the USA. The movement affected, among other things, Obama’s campaign for re-election. In a
speech he gave in December 2013 he characterized rising inequality as the ≪defining challenge
of our time≫, capitalizing on the popularity of the matter. So, we already witness a direct link
between inequality and politics.

Besides the example of the ≪Occupy Wall Street≫ that we have referred to earlier, we can
name many others as well in the EU. In the years of the financial crisis in Greece, when the IMF,
the EU and the Central European Bank imposed austerity measures to solve the sovereign debt
crisis, people blamed the Greek government for the wage cuts, the invoked privileges etc. This
was a very turbulent period for Greek politics as well, as a direct consequence of said measures.
In 2012, two rounds of elections were held, in May and then in June, as no party was able to
form government. It is also the first time for the far-right ultra-nationalist party of the Golden
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Dawn to enter the Greek parliament. In 2015, before the end of term, elections are again held
in Greece, again two times (first in January and then again in September). In both elections
no party managed to obtain the majority of votes, leading to a coalition government (both
times the same) between Tsipras’ Coalition of the Radical Left (SYRIZA) and the right-wing
Independent Greeks (ANEL), not the most expected combination of parties, to say the least.
In 2015 also a referendum was held in Greece, the first one since 1974. As Greece started to
gain again economic stability, so does the political life of the country, as in the next elections of
2019 we have again a one-party government, with the party of New Democracy obtaining the
majority of votes.

Spain, another country hit especially hard by the financial crisis, also faced a politically
unstable period when unemployment sky-rocketed, together with inflation and income inequality.
Spain followed, more or less, a path similar to Greece. It officially entered recession by the first
quarter of 2012 (preceded by contractions in growth in the third quarter of 2008, in 2009 and
in 2010). The main cause behind Spain’s financial crisis was the housing bubble and by 2012
the country had officially entered the bailout program. By 2015, three years later, came the end
of the two party system that prevailed in the country since the transition to democracy in the
1970s.

In the next section, the regressions performed to test our hypothesis are presented.

3.2.1 Regression Specifications

We test four different independent variables to describe the economic growth:

� Rate of economic growth compared to the previous year,

� Rate of economic growth compared to the three years back (for example 1986 to 1989),

� Rate of economic growth compared to five years back (in this case we use the rate of
economic growth during the period between two European Parliament Elections), and
lastly

� Average growth rate for the past three years (for example average of the growth rate of
the years 1987, 1988 and 1989)

We estimate the model using the Fixed and Random Effects methods firstly and then al-
lowing for individual effects, including either one or two independent variables in each separate
regression.

Analytically, we estimate the following specifications:

� Fixed Effects (FE) model:

yit = X1itb1 + a1i + eit,

where yit is the political polarization index (Pα(F̂ ), for a = 0.25), X1it is the 1x2 time-
variant independent variable vector (containing the Gini index and the economic growth
rate variable for 1 year, 3 years, 5 years and the average of 3 years respectively in each
regression performed), b1 is the 2x1 respective parameter matrix, a1i is the unobserved
time-invariant individual effect and eit is the error term

� Random Effects (RE) model:

yit = b0 +X1itb1 + a1i + eit,

where b0 is the random intercept,assuming in this case that the time-invariant unobserved
heterogeneity term a1i is uncorrelated with the independent variables, thus allowing for
random intercepts.
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Additionally, we estimate the FE and RE models where we allow for individual slopes. We
do so by allowing for individual slopes first only for the economic growth variable and secondly
for both independent variables (Gini coefficient and growth rate).

So, the models, as mentioned in the result tables, correspond to the following:

� FEIS I:
yi = X1itb1 +WIia1i + ei,

where WIi is a matrix of slope variables, containing for ModelI only the growth variable

� FEIS II:
yi = X1itb1 +WIia1i + ei,

where WIIi is a matrix of slope variables, containing for ModelII both independent vari-
ables, i.e. the growth rate variable as well as the Gini coefficient

� Model Random Slopes I:

yit = b0 +X1it(b1 + uIij) + a1i + eit,

where uIij represents the random individual effect for the growth rate independent variable,
and

� Model Random Slopes II:

yit = b0 +X1it(b1 + uIIij) + a1i + eit,

where uIIij represents the random individual effect for the growth rate and the gini coef-
ficient independent variables

Table 3.1 summarizes the countries and the years under study.

Table 3.1: Group of Countries and Year Intervals

Group of Countries Years

1 Denmark

5-years’ intervals over a thirty-years period2 France
3 Germany

4 Greece

Years of European Parliament Elections

1989
5 Ireland 1994
6 Italy 1999
7 Luxembourg 2004
8 Netherlands 2009
9 Spain 2014

10 UK 2019

The results of above-described regressions are analytically presented in sets of three tables
per regression. In the first table the main results (coefficients as well as the detailed results
regarding the random effects of each regression) of each regression are presented. In the second
table the individual slopes are presented. In the third and last table the results of the various
test are included. In all cases, the results of the Hausman tests indicate that the appropriate
method of choice are the Random Effects.

In our analysis we have also included a plot of Actual versus Fitted values of the dependent
variable of political polarization. We observe that the regression line neatly follows the real data
indicating the high explanatory power of the models.
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Table 3.2: Estimation of 1 Year Growth Rate and Gini Index on Political Polarization

Dependent Variable: Pα(F̂ )

Panel Linear Models Linear Mixed-Effects Models
FE RE Random Slopes I Random Slopes II FEIS I FEIS II

1 year Growth −0.0136∗ −0.0126∗ −0.0139∗ −0.0117 −0.0244 −0.0222
(0.0074) (0.0073) (0.0073) (0.0073) (0.0242) (0.0259)

Gini 1.2027∗∗∗ 1.1526∗∗∗ 1.1528∗∗∗ 1.0318∗∗∗ 1.3749∗∗∗ 0.7584
(0.3492) (0.2972) (0.2946) (0.3366) (0.3918) (1.2965)

Constant −0.1399 −0.1393 −0.0170
(0.2991) (0.2968) (0.3113)

Random Effects

Number of Groups (Country): 10 10 10 10 10 10
sd(Country) 0.1125 0.1166 0.5869
sd(1 year Growth) 0.0031 0.0065
sd(Gini) 0.6920
Observations 70 70 70 70 70 70
R2 0.198 0.9887 0.9898
Adjusted R2 0.046 0.9839 0.9821
Log Likelihood 37.303 37.377 39.996
Akaike Inf. Crit. −64.605 −60.754 −59.993
Bayesian Inf. Crit. −53.363 −45.015 −37.508
F Statistic (df = 2; 58) 7.171∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 3.3: Individual Slopes

Fixed Effects’ Individual Slopes

Model I Model II
Estimate t value Estimate of growth t value Estimate of gini t value

Denmark -0.02 -1.01 -0.02 -0.86 0.76 0.58
France 0.00 0.11 0.00 0.09 0.02 0.00

Germany 0.03 0.76 0.01 0.28 -0.21 -0.14
Greece 0.00 0.12 0.00 0.06 0.60 0.33
Ireland -0.01 -0.45 -0.02 -0.57 1.62 0.97

Italy 0.02 0.64 0.03 0.62 1.04 0.54
Luxembourg 0.02 0.52 0.02 0.71 -0.77 -0.37
Netherlands 0.03 0.68 0.03 0.70 1.37 0.64

Spain 0.02 0.59 0.02 0.43 1.13 0.53
United Kingdom 0.09 1.66 0.10 1.70 1.67 0.92

Random Effects’ Individual Slopes

Model I Model II
intercepts NA deviation from slopes of growth NA deviation from slopes of gini NA

Denmark -0.00 -0.00 0.25
France 0.00 0.01 -0.83

Germany 0.00 0.01 -0.64
Greece 0.00 0.00 -0.43
Ireland -0.00 -0.01 0.83

Italy 0.00 0.00 -0.05
Luxembourg 0.00 0.01 -0.74
Netherlands -0.00 -0.00 0.18

Spain -0.00 -0.00 0.49
UK -0.01 -0.01 0.93
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Table 3.4: ANOVA and RANOVA test results for choice of model

Statistic FE vs FEIS I FEIS I vs FEIS II FE vs FEIS II RE REIS I REIS II Hausman

P-value 0.708 0.904 0.924

P-value(country) 2.035e-06∗∗∗

P-value(1 year growth) 0.928 0.886
P-value(gini) 0.155

P-value 0.7304



9
4

C
H
A
P
T
E
R

3.
P
O
L
IT

IC
A
L
P
O
L
A
R
IZ
A
T
IO

N
A
N
D

IN
C
O
M
E

IN
E
Q
U
A
L
IT

Y

Figure 3.1: Actual vs Fitted Values for Growth Rate for 1 year
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Table 3.5: Estimation of 3 Years’ Growth Rate and Gini Index on Political Polarization

Dependent Variable: Pα(F̂ )

Panel Linear Models Linear Mixed-Effects Models
FE RE Random Slopes I Random Slopes II FEIS I FEIS II

3 years’ Growth −5.6633∗ −5.6160∗ −5.7620∗ −6.5096∗ −4.6975 −19.1282
(3.2510) (3.1314) (3.4146) (3.7800) (9.9121) (16.2500)

Gini 0.9132∗∗ 0.9279∗∗∗ 0.8824∗∗∗ 0.6656∗ 0.8964∗ −1.3356
(0.3760) (0.3108) (0.3211) (0.3955) (0.5286) (2.0147)

Constant 5.6881∗ 5.8797∗ 6.8313∗

(3.2439) (3.5104) (4.0213)

Random Effects

Number of Groups (Country): 10 10 10 10 10 10
sd(Country) 0.1092 4.5394 7.4880
sd(3 years Growth) 4.6489 6.6738
sd(Gini) 0.9072
Observations 70 70 70 70 70 70
R2 0.194 0.9898 0.9909
Adjusted R2 0.042 0.9854 0.984
Log Likelihood 37.425 38.553 42.398
Akaike Inf. Crit. −64.850 −63.106 −64.795
Bayesian Inf. Crit. −53.608 −47.367 −42.310
F Statistic (df = 2; 58) 6.997∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 3.6: Individual Slopes

Fixed Effects’ Individual Slopes

Model I Model II
Estimate t value Estimate of growth t value Estimate of gini t value

Denmark -4.70 -0.47 -19.13 -1.18 -1.34 -0.66
France -15.07 -1.10 -1.29 -0.07 3.57 0.67

Germany 9.26 0.68 28.68 0.98 2.61 0.99
Greece -4.78 -0.34 8.89 0.47 2.56 1.14
Ireland -16.35 -1.24 -17.77 -0.76 0.28 0.11

Italy -2.51 -0.19 10.53 0.34 2.03 0.51
Luxembourg -6.51 -0.45 8.32 0.42 2.14 0.86
Netherlands -2.23 -0.17 19.88 0.47 3.42 0.55

Spain 15.96 1.09 43.16 1.72 -0.09 -0.02
United Kingdom 12.03 0.91 31.82 1.64 3.79 1.60

Random Effects’ Individual Slopes

Model I Model II
intercepts NA deviation from slopes of growth NA deviation from slopes of gini NA

Denmark 1.31 -1.67 -0.23
France -5.10 -8.49 -1.15

Germany -3.75 -4.99 -0.68
Greece -3.58 -1.97 -0.27
Ireland 2.86 5.57 0.76

Italy -0.29 -0.49 -0.07
Luxembourg -5.17 -5.01 -0.68
Netherlands 0.48 0.06 0.01

Spain 4.55 6.52 0.89
UK 8.70 10.46 1.42
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Table 3.7: ANOVA and RANOVA test results for choice of model

Statistic FE vs FEIS I FEIS I vs FEIS II FE vs FEIS II RE REIS I REIS II Hausman

P-value 0.2404 0.8297 0.5928

P-value(country) 3.471e-06
P-value(3 years’ growth) 0.3237 0.20358
P-value(gini) 0.0528

P-value 0.9978
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Figure 3.2: Actual vs Fitted Values for Growth Rate of 3 years
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Table 3.8: Estimation of 5-Years’ Growth Rate and Gini Index on Political Polarization

Dependent Variable: Pα(F̂ )

Panel Linear Models Linear Mixed-Effects Models
FE RE Random Slopes I Random Slopes II FEIS I FEIS II

5-years’ Growth Rate −5.6575∗ −5.6102∗ −5.7605∗ −6.5026∗ −4.6927 −19.1110
(3.2479) (3.1283) (3.4301) (3.7760) (9.9025) (16.2348)

Gini 0.9132∗∗ 0.9279∗∗∗ 0.8810∗∗∗ 0.6657∗ 0.8964∗ 0.9132
(0.3760) (0.3108) (0.3214) (0.3955) (0.5286) (0.3763)

Constant 5.6823∗ 5.8795∗ 6.8243∗

(3.2408) (3.5251) (4.0173)

Random Effects

Number of Groups (Country): 10 10 10 10 10 10
sd(Country) 0.1092 4.6792 7.4795
sd(5 years Growth) 4.7890 6.6654
sd(Gini) 0.9069
Observations 70 70 70 70 70 70
R2 0.194 0.9898 0.9909
Adjusted R2 0.042 0.9854 0.984
Log Likelihood 37.425 38.554 42.397
Akaike Inf. Crit. −64.850 −63.108 −64.795
Bayesian Inf. Crit. −53.607 −47.368 −42.310
F Statistic (df = 2; 58) 6.997∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 3.9: Individual Slopes

Fixed Effects’ Individual Slopes

Model I Model II
Estimate of growth t value Estimate of growth t value Estimate of gini t value

Denmark -4.69 -0.47 -19.11 -1.18 -1.34 -0.66
France -15.05 -1.10 -1.29 -0.07 3.57 0.67

Germany 9.26 0.68 28.65 0.98 2.61 0.99
Greece -4.77 -0.34 8.88 0.47 2.56 1.14
Ireland -16.34 -1.24 -17.75 -0.76 0.28 0.11

Italy -2.51 -0.19 10.52 0.34 2.04 0.51
Luxembourg -6.50 -0.45 8.31 0.42 2.14 0.86
Netherlands -2.23 -0.17 19.87 0.47 3.42 0.55

Spain 15.95 1.09 43.12 1.72 -0.09 -0.02
United Kingdom 12.02 0.91 31.79 1.64 3.79 1.60

Random Effects’ Individual Slopes

Model I Model II
intercepts NA deviation from slopes of growth NA deviation from slopes of gini NA

Denmark 1.34 -1.67 -0.23
France -5.24 -8.48 -1.15

Germany -3.84 -4.98 -0.68
Greece -3.68 -1.97 -0.27
Ireland 2.92 5.57 0.76

Italy -0.30 -0.49 -0.07
Luxembourg -5.31 -5.00 -0.68
Netherlands 0.48 0.06 0.01

Spain 4.68 6.51 0.89
UK 8.94 10.44 1.42

Note: FE: estimate of coefficient refers to deviation from base country (Denmark)
RE: deviation refers to deviation from mean slope, as mentioned in regression results



3
.2
.

H
Y
P
O
T
H
E
S
IS

T
E
S
T
IN

G
101

Table 3.10: ANOVA and RANOVA test results for choice of model

Statistic FE vs FEIS I FEIS I vs FEIS II FE vs FEIS II RE REIS I REIS II Hausman

P-value 0.24042 0.8297 0.5928

P-value(country) 3.472e-06 ***
P-value(5 years growth) 0.3233 0.20358
P-value(gini) 0.05294

P-value 0.9978
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Figure 3.3: Actual vs Fitted Values for Growth Rate of 5 years
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Table 3.11: Estimation of Average 3 years’ Growth Rate and Gini Index on Political Polarization

Dependent Variable: Pα(F̂ )

Panel Linear Models Linear Mixed-Effects Models
FE RE Random Slopes I Random Slopes II FEIS I FEIS II

Average 3 years’ Growth −0.0027 −0.0008 −0.0015 0.0014 −0.0525 −0.0496
(0.0102) (0.0099) (0.0099) (0.0099) (0.0476) (0.0523)

Gini 1.1670∗∗∗ 1.1066∗∗∗ 1.1384∗∗∗ 1.0145∗∗∗ 1.1852∗∗∗ 0.8984∗∗∗

(0.3603) (0.3029) (0.2996) (0.3424) (0.3814) (1.3505)

Constant −0.1058 −0.1356 −0.0101
(0.3042) (0.3012) (0.3161)

Random Effects

Number of Groups (Country): 10 10 10 10 10 10
sd(Country) 0.1093 0.1175 0.6103
sd(Average 3 years Growth) 0.0062 0.0101
sd(Gini) 0.7162
Observations 70 70 70 70 70 70
R2 0.1533 0.9885 0.9893
Adjusted R2 −0.0073 0.9835 0.9813
Log Likelihood 35.8600 36.0092 38.8592
Akaike Inf. Crit. −61.7199 −58.0185 −57.7184
Bayesian Inf. Crit. −50.4775 −42.2790 −35.2335
F Statistic (df = 2; 58) 5.2499∗∗∗ 5.2499∗∗∗ 5.2499∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 3.12: Individual Slopes

Fixed Effects’ Individual Slopes

Model I Model II
Estimate t value Estimate of growth t value Estimate of gini t value

Denmark -0.05 -1.10 -0.05 -0.95 0.90 0.67
France 0.03 0.42 0.03 0.37 -0.42 -0.07

Germany 0.07 0.74 0.05 0.50 -0.23 -0.15
Greece 0.09 1.70 0.09 1.57 -0.42 -0.24
Ireland 0.02 0.45 0.02 0.35 1.15 0.67

Italy 0.06 0.89 0.06 0.90 1.05 0.51
Luxembourg 0.04 0.78 0.06 0.91 -1.09 -0.48
Netherlands 0.06 0.90 0.06 0.89 1.21 0.57

Spain 0.06 1.03 0.05 0.80 0.91 0.40
United Kingdom 0.13 1.69 0.13 1.55 1.00 0.54

Random Effects’ Individual Slopes

Model I Model II
intercepts NA deviation from slopes of growth NA deviation from slopes of gini NA

intercepts NA slopes of growth slopes of gini NA NA

Denmark -0.00 -0.00 0.27
France 0.01 0.01 -0.85

Germany 0.01 0.01 -0.62
Greece 0.01 0.01 -0.49
Ireland -0.01 -0.01 0.76

Italy -0.00 -0.00 0.05
Luxembourg 0.01 0.01 -0.83
Netherlands -0.00 -0.00 0.25

Spain -0.00 -0.01 0.50
UK -0.01 -0.01 0.96
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Table 3.13: ANOVA and RANOVA test results for choice of model

Statistic FE vs FEIS I FEIS I vs FEIS II FE vs FEIS II RE REIS I REIS II Hausman

P-value 0.5413 0.9503 0.9012

P-value(country) 8.373e-06
P-value(average 3-years’ growth) 0.8613 0.8437
P-value(gini) 0.1272

P-value 0.6564
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Figure 3.4: Actual vs Fitted Values for Growth Rate of the Average of the Past 3 Years



3.2. HYPOTHESIS TESTING 107

As can be seen from the results presented above, the best models are the ones where the
growth variables are calculated as the growth of the past three or five years. This was expected
and is in accordance with the observations of the historic events. Indeed, it seems to usually
take a while for the various financial events to impact voting behavior. For example, in the USA
the financial crisis started with the collapse of the Lehman Brothers and the Occupy Wall Street
phenomenon started in 2011, 3 years later. Greece signed the first bailout memorandum in 2010,
but it is not until 2012 that we start observing multiple rounds of elections and the entrance of
the Golden dawn party in the Greek parliament. Similarly in Spain: the program started in 2012
but the two-party system broke down in 2015, the same year the Podemos entered the Spanish
parliament. In the UK, the political tension culminated in 2016 with the announcement of the
referendum regarding the EU membership. The poubt being made here is obvious. People do
not change their mind about which party to vote overnight. It takes sometime for the various
political developments to sink in and affect voter’s decisions. The same is true, on the positive
side, for economic growth. It takes some time for the effects on economic growth to soften to
political stand of the mass public. Economic growth has a positive effect on people’s lives (for
some more than others, thus the increase in inequality but still the overall effect is positive) and
this is affects voting patterns. As pointed out in a vast number of papers, economic growth is
positively affected by political stability (the most known paper probably being that of Barro,
1996) but as our results indicate, growth negatively impacts political polarization and deepening
of the cleavage between parties and partisans.

Political polarization is entering dire times. Actually, to be more accurate, it has entered
dire times a while now and the situation does not seem to get any better. On the contrary, given
the current situation as it has been shaped by the recent events (the COVID pandemic, which
does not seem to be over quite yet and even more the ongoing war between Russia and Ukraine)
we have dark times ahead of us. Momentarily, regarding the war, major political decisions are
being taken on a daily basis and the effects of these decisions have a harsh and immediate impact
on everyday life of everyone (in Europe but also elsewhere). Growth was dramatically slowed
down on a world wide level due to the pandemic and the war will have its negative impact as
well. Additionally, due to the sharp increase in daily life goods caused by the war, inequality
will be most evident (it might also increase but even if it does not, it will be felt more harshly
due to the upcoming shortages in gas and wheat). In the upcoming winter the phenomenon
will most probably be exacerbated by the mentioned circumstances. These factors indicate that
political polarization will most probably rise a little bit more in the future. It is therefor very
important to thoroughly understand the forces that drive it and what we can do to put a break
on its upward trance. More growth stimulating policies need to be adopted and governments
need to work towards a more equal distribution of said growth.
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Figure 3.5: PaF and Gini

1989 1999 2009 2019

0.35

0.4

0.45

0.5

Y ear

P
a
F

+
G
in
i

PaF
Gini

(a) PaF Estimators and Gini - Denmark
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(b) PaF Estimators and Gini - France
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(c) PaF Estimators and Gini - Germany
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(d) PaF Estimators and Gini - Greece
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(e) PaF Estimators and Gini - Ireland
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(f) PaF Estimators and Gini - Italy
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Figure 3.5: PaF and Gini - Cont’d
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(g) PaF Estimators and Gini - Luxembourg

1989 1999 2009 2019

0.38

0.4

0.42

0.44

0.46

0.48

Y ear

P
a
F

+
G
in
i

PaF
Gini

(h) PaF Estimators and Gini - Netherlands
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(i) PaF Estimators and Gini - Spain
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(j) PaF Estimators and Gini - UK
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Chapter 4

Conclusion

Political polarization has been in the epicenter of political discussions for some time now. Re-
cently it has made the headlines of newspapers and entered everyday discussions. To summarize
the evolution of political polarization after the end of WWII, we could simply put it as follows.
Firstly, in the 1950s and 1960s, the years after the end of the war, there is a wide feeling of
consensus. Perhaps due to the recent memories of the atrocities of war and the immense pain it
had caused worldwide, the numerous loses of human lives and the endless suffering, people were
determined to protect peace (within countries as well as between countries). That’s the period
when we witness events of major political collaborations; in the USA the Medicaid was passed
as well as the Civil Rights Acts. In Europe the European Economic Community was formed.
As we move through time, in the 1970s and 1980s we start to see a decline in both political
concession as well as a slowing down of the exploding growth that followed the end of World
War II. Slowly, but steadily, clearer groups start to form around political lines, and this starts
to spill over into the social aspect of people’s lives. The clusters become more homogeneous and
the distance between them grows bigger.

As we approach the change of the millennium and especially as we move towards the
bankruptcy of Lehman Brothers things take an obvious turn for the worse. Not only are people
neatly sorted along party lines but there seems to be a sentiment of animosity between groups.
The rhetoric of hatred becomes the way to motivate voters. The Great Recession makes sure that
growth is stagnant. At the same time, it becomes very clear that some people still profit on the
expense of others, that the little wealth that is being produced is more and more concentrated
among a the very few.

So, we observe, over this period of 70something years that we have a decline in political
polarization in the beginning, alongside steep economic growth. But, unfortunately, as with all
good things, this does not last forever. Political polarization start to rise, first simply as a more
clear divide between groups and later on as animosity between groups. At the same time growth
slows down until we enter the Great Recession, when we observe that in many countries the
GDP shrinks.

The aim of this thesis is twofold. First, we wish to tackle the difficulties in the measurement
of polarization. We do so by applying an index for economic polarization, which is based on the
≪Identification-Alienation≫ framework. This index captures the essence of polarization, as it is
mainly based on the assumption that as clusters become more homogeneous within and more
heterogeneous between them, polarization increases. We apply this index on individual-level
preferential data regarding voters’ self-placement. The data has to be processed first so as to
extract the ideal point estimator, which is later used to generate non-parametrically, with the
help of a Gaussian kernel, the probability distribution function of public political opinion. With
this procedure we estimate the polarization level of a set of ten European countries over a thirty-
years period. We observe, that, on average, political polarization in said ten European countries
is indeed moving upwards. Secondly, we wish to test the dependence of political polarization
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on income inequality and economic growth. We do so by regressing various models. We try
four different growth variables, the growth level compared to the previous year, the growth level
compared to three years back (the average business cycle), the average growth rate of the past
three years as well as the growth rate of the past five years (the time-interval between European
Parliament elections). We regress the model using both Fixed as well as Random Effects. As
expected, due to the nature of the data, the Hausman test indicates that the Random effects is
the most consistent estimate. Additionally, as intuitively expected and in accordance with the
analyzed literature, we find that political polarization is positively affected by the increase in
income inequality and negatively affected by the increase of GDP levels.
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Appendix

A.1 Section A - Proof of Theorem 2.2.1

Introduction

P (F ) =

∫ ∫
T (f(x), |x− y|) f(x)f(y)dydx (A.1)

Characterization Theorem

Theorem A.1.1 (Polarization Index). A measure P , as described in A.1, satisfies relevant
Axioms, if and only if it is proportional to

Pa(F ) =

∫ ∫
f(x)1+af(y)|y − x|dydx, (A.2)

where a ∈ [0.25, 1].

Proof of Theorem A.1.1

Lemma A.1.2 (Jensen’s Inequality). Let f be an integrable function defined on [a, b] and let ϕ
be a continuous convex function defined at least on the set [m,M ] where m is the inf of f and
M is the sup of f . Then

ϕ

(
1

b− a

∫ b

a
f(x)dx

)
≤ 1

b− a

∫ b

a
ϕ(f(x))dx

Based on this, below lemma holds:

Lemma A.1.3. Let g be a continuous real-valued function defined on IR such that for all xi > 0
and all δ with 0 < δ < xi,

g(xo) ≥
1

2δ

∫ xo+δ

xo−δ
g(y)dy. (A.3)

Then g(x) must be a concave function.

Lemma A.1.4. Function T must be concave in a for every i > 0.

Proof. We assume three basic densities, as in Axiom 2, distributed as shown in figure A.1. The
width of the densities is 2δ and 2ϵ, which of course implies that δ > 0 and ϵ > 0. Further more,
δ ∈ (0, x1) and the inequality δ+ ϵ < x1 must hold so that densities have disjoint supports. The
height of each density is given by the following constant functions:

f1(x) = h
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f2(x) =
h

λ
, where 0 < λ < 1

f3(x) = i

According to Axiom 2, a λ-squeeze of the side densities, which causes them to be less wide
and taller, cannot lower polarization.

political spectrum
−x1 0 x1−x1 − δ −x1 + δ −ϵ ϵ x1 − δ x1 + δ

h/λ

2λδ

h

2δ

i

2ϵ

h/λ

2λδ

h

2δ

Figure A.1: Double Squeeze

We can estimate the polarization of the two distributions before and after the squeeze. Using
measure A.1, total polarization of each distribution can be broken down into five components:

1. The internal polarization in the middle density,Pm, which is not affected by the λ-squeeze,

2. The internal polarization in each of the side densities, Ps,

3. The effective antagonism felt from each of the two side densities towards the middle density,
Psm,

4. The effective antagonism felt from the middle density to each side density, Pms,

5. The effective antagonism felt from one side density to the other, Pss.

Each of above mentioned components, except the first one, is observed twice and affected by
the λ-squeeze.

For Axiom 2 to hold, polarization after the squeeze cannot be lower, meaning that

P (λ) ≥ P (1), where P (λ) is the value of the polarization index after the squeeze and P (1) is
the polarization for the original distribution of the population. For this, we will calculate each
term, beginning with the first one:

P (λ) = Pm + 2Ps(λ) + 2Psm(λ) + 2Pms(λ) + 2Pss(λ) (A.4)

We compute every component of the right hand side of equation A.4, except for the first
term, which remains unchanged after the squeeze and thus adds nothing to the comparison of
the two indices.

The internal polarization of each side density is given by:

Ps(λ) =

∫ x1+λδ

x1−λδ

∫ x1+λδ

x1−λδ
T (f2(x), |y − x|)f2(x)f2(y)dydx⇒
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Ps(λ) =
1

λ2

∫ x1+λδ

x1−λδ

∫ x1+λδ

x1−λδ
T (
h

λ
, |y − x|)h2dydx,

where (here and in all subsequent cases) x will stand for the ≪origin≫ income (to which identi-
fication is applied) and y for the ≪destination≫ income (towards which antagonism is felt).

Note: Theoretically, each variable, x and y, should be on a different axis. We then, hypo-
thetically, have some density function f1(x) whose integral gives us the population up to some
value x1 on the x-axis (F (x1) =

∫ x1
−∞ f1(x)dx) and some other density function,say f2(x) whose

integral gives us the population up to some point y1 of the y-axis. So, in the case of two distinct
groups we would have three axes: one for each variable and one for polarization (which only
depends on these two variables x and y). In figure A.4, and as in most figures presented here,
except figure A.2, both densities seem to be on the same axis, that of political spectrum, and
graphically this may be accepted because of the hypothesis of disjoint supports.

Similarly,

� For the antagonism from side densities to middle:

Psm(λ) =

∫ x1+λδ

x1−λδ

∫ ϵ

−ϵ
T (f2(x), |y − x|)f2(x)f3(y)dydx⇒

Psm(λ) =
1

λ

∫ x1+λδ

x1−λδ

∫ ϵ

−ϵ
T (
h

λ
, |y − x|)hidydx

� For the antagonism felt from the middle to the side densities:

Pms(λ) =

∫ ϵ

−ϵ

∫ x1+λδ

x1−λδ
T (f3(x), |y − x|)f3(x)f2(y)dydx⇒

Pms(λ) =
1

λ

∫ ϵ

−ϵ

∫ x1+λδ

x1−λδ
T (i, |y − x|)ihdydx

� For the antagonism felt from one side density to the other:

Pss(λ) =

∫ x1+λδ

x1−λδ

∫ −x1+λδ

−x1−λδ
T (f2(x), |y − x|)f2(x)f2(y)dydx⇒

Pss(λ) =
1

λ2

∫ x1+λδ

x1−λδ

∫ −x1+λδ

−x1−λδ
T (
h

λ
, |y − x|)h2dydx

Similarly, the polarization before the squeeze is given by:

P (1) = Pm + 2Ps + 2Psm + 2Pms + 2Pss (A.5)

We calculate again each element on the right hand side of the equation:

� For the internal polarization felt inside each side density:

Ps =

∫ x1+δ

x1−δ

∫ x1+δ

x1−δ
T (h, |y − x|)h2dydx

� For the antagonism from side densities to middle:

Psm =

∫ x1+δ

x1−δ

∫ ϵ

−ϵ
T (h, |y − x|)hidydx
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� For the antagonism felt from the middle to the side densities:

Pms =

∫ ϵ

−ϵ

∫ x1+δ

x1−δ
T (i, |y − x|)ihdydx

� For the antagonism felt from one side density to the other:

Pss =

∫ x+δ

x1−δ

∫ −x1+δ

−x1−δ
T (h, |y − x|)h2dydx

As mentioned above, following Axiom 2, the following must hold:

P (λ) ≥ P (1) ⇒

population group II population group I

P

ϵ0−ϵ
x1 − λδ

x1 x1 + λδ

P (λ)

Figure A.2: Proof Lemma 3.3

1

λ2

∫ x1+λδ

x1−λδ

∫ x1+λδ

x1−λδ
T (
h

λ
, |y − x|)h2dydx+

1

λ

∫ x1+λδ

x1−λδ

∫ ϵ

−ϵ
T (
h

λ
, |y − x|)hidydx+

1

λ

∫ ϵ

−ϵ

∫ x1+λδ

x1−λδ
T (i, |y − x|)ihdydx+

1

λ2

∫ x1+λδ

x1−λδ

∫ −x1+λδ

−x1−λδ
T (
h

λ
, |y − x|)h2dydx ≥∫ x1+δ

x1−δ

∫ x1+δ

x1−δ
T (h, |y − x|)h2dydx+

∫ x1+δ

x1−δ

∫ ϵ

−ϵ
T (h, |y − x|)hidydx∫ ϵ

−ϵ

∫ x1+δ

x1−δ
T (i, |y − x|)ihdydx+

∫ x1+δ

−x1−δ

∫ x1+δ

−x1−δ
T (h, |y − x|)h2dydx⇒
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h2

λ2

∫ x1+λδ

x1−λδ

∫ x1+λδ

x1−λδ
T (
h

λ
, |y − x|)dydx+

hi

λ

∫ x1+λδ

x1−λδ

∫ ϵ

−ϵ
T (
h

λ
, |y − x|)dydx+

ih

λ

∫ ϵ

−ϵ

∫ x1+λδ

x1−λδ
T (i, |y − x|)dydx+

h2

λ2

∫ x1+λδ

x1−λδ

∫ −x1+λδ

−x1−λδ
T (
h

λ
, |y − x|)dydx ≥

h2
∫ x1+δ

x1−δ

∫ x1+δ

x1−δ
T (h, |y − x|)dydx+ hi

∫ x1+δ

x1−δ

∫ ϵ

−ϵ
T (h, |y − x|)dydx+

ih

∫ ϵ

−ϵ

∫ x1+δ

x1−δ
T (i, |y − x|)dydx+ h2

∫ x1+δ

x1−δ

∫ −x1+δ

−x1−δ
T (h, |y − x|)dydx⇒

dividing with h on both sides:

h

λ2

∫ x1+λδ

x1−λδ

∫ x1+λδ

x1−λδ
T (
h

λ
, |y − x|)dydx+

i

λ

∫ x1+λδ

x1−λδ

∫ ϵ

−ϵ
T (
h

λ
, |y − x|)dydx+

i

λ

∫ ϵ

−ϵ

∫ x1+λδ

x1−λδ
T (i, |y − x|)dydx+

h

λ2

∫ x1+λδ

x1−λδ

∫ −x1+λδ

−x1−λδ
T (
h

λ
, |y − x|)dydx ≥

h

∫ x+δ

x1−δ

∫ x+δ

x1−δ
T (h, |y − x|)dydx+ i

∫ x1+δ

x1−δ

∫ ϵ

−ϵ
T (h, |y − x|)dydx+

i

∫ ϵ

−ϵ

∫ x1+δ

x1−δ
T (i, |y − x)dydx+ h

∫ x1+δ

x1−δ

∫ −x1+δ

−x1−δ
T (h, |y − x|)dydx⇒

Taking limit of h→ 0 and invoking T (i, 0) = T (0, a) = 0 we are left with:

lim
h→0

h

λ2

∫ x1+λδ

x1−λδ

∫ x1+λδ

x1−λδ
T (
h

λ
, |y − x|)dydx+ lim

h→0

i

λ

∫ x1+λδ

x1−λδ

∫ ϵ

−ϵ
T (
h

λ
, |y − x|)dydx+

lim
h→0

i

λ

∫ ϵ

−ϵ

∫ x1+λδ

x1−λδ
T (i, |y − x|)dydx+ lim

h→0

h

λ2

∫ x1+λδ

x1−λδ

∫ −x1+λδ

−x1−λδ
T (
h

λ
, |y − x|)dydx ≥

lim
h→0

h

∫ x1+δ

x1−δ

∫ x1+δ

x1−δ
T (h, |y − x|)dydx+ lim

h→0
i

∫ x1+δ

x1−δ

∫ ϵ

−ϵ
T (h, |y − x|)dydx+

lim
h→0

i

∫ ϵ

−ϵ

∫ x1+δ

x1−δ
T (i, |y − x|)dydx+ lim

h→0
h

∫ x1+δ

x1−δ

∫ −x1+δ

−x1−δ
T (h, |y − x|)dydx⇒

0×
∫ x1+λδ

x1−λδ

∫ x1+λδ

x1−λδ
T (0, |y − x|)dydx+

i

λ

∫ x1+λδ

x1−λδ

∫ ϵ

−ϵ
T (0, |y − x|)dydx+

i

λ

∫ ϵ

−ϵ

∫ x1+λδ

x1−λδ
T (i, |y − x|)dydx+ 0×

∫ x1+λδ

x1−λδ

∫ −x1+λδ

−x1−λδ
T (
h

λ
, |y − x|)dydx ≥

0×
∫ x1+δ

x1−δ

∫ x1+δ

x1−δ
T (0, |y − x|)dydx+ i

∫ x1+δ

x1−δ

∫ ϵ

−ϵ
T (0, |y − x|)dydx+

i

∫ ϵ

−ϵ

∫ x1+δ

x1−δ
T (i, |y − x|)dydx+ 0×

∫ x1+δ

x1−δ

∫ −x1+δ

−x1−δ
T (h, |y − x|)dydx⇒

i

λ

∫ ϵ

−ϵ

∫ x1+λδ

x1−λδ
T (i, |y − x|)dydx ≥ i

∫ ϵ

−ϵ

∫ x1+δ

x1−δ
T (i, |y − x|)dydx⇒

1

λ

∫ ϵ

−ϵ

∫ x1+λδ

x1−λδ
T (i, |y − x|)dydx ≥

∫ ϵ

−ϵ

∫ x1+δ

x1−δ
T (i, |y − x|)dydx⇒
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∫ ϵ

−ϵ

1

λ

∫ x1+λδ

x1−λδ
T (i, |y − x|)dydx ≥

∫ ϵ

−ϵ

∫ x1+δ

x1−δ
T (i, |y − x|)dydx, (A.6)

which essentially means that we require that Pms(λ) ≥ Pms and this must be true for all
λ ∈ (0, 1) and all ϵ ∈ (0, x− δ).

Due to the fact that the functions f1, f2 and f3 are constants, thus having the same slope
everywhere, if above inequality holds throughout the entire range (x1 − λδ, x1 + λδ) for all
λ ∈ (0, 1) then it must also hold at the center of the density, x1, i.e. when λ tends to 0.

Following the mean value theorem for definite integrals over the interval (x1 − λδ, x1 + λδ)
we have:

T (i, x1 − x) =
1

x1 + λδ − (x1 − λδ)

∫ x1+λδ

x1−λδ
T (i, |y − x|)dy ⇒

T (i, x1 − x) =
1

2δλ

∫ x1+λδ

x1−λδ
T (i, |y − x|)dy

For all δ ≤ 1
2 it holds that:

1

2δλ

∫ x1+λδ

x1−λδ
T (i, |y − x|)dy ≥ 1

λ

∫ x1+λδ

x1−λδ
T (i, |y − x|)dy ⇒

T (i, x1 − x) ≥ 1

λ

∫ x1+λδ

x1−λδ
T (i, |y − x|)dy ⇒

By making the necessary substitutions in A.6 and dividing both sides with 2ϵ, we get:

1

2ϵ

∫ ϵ

−ϵ
T (i, x1 − x)dx ≥ 1

2ϵ

∫ ϵ

−ϵ

∫ x1+δ

x1−δ
T (i, |y − x|)dydx (A.7)

for every ϵ ∈ (0, x− δ).
Again, since above holds for the entire interval (−e, e) then it must also hold at the center

of the density, i.e. at point 0. So, invoking again the mean value theorem for definite integrals,
we get that:

T (i, x1 − 0) =
1

ϵ− (−ϵ)

∫ ϵ

−ϵ
T (i, x1 − x)dx⇒

T (i, x1) =
1

2ϵ

∫ ϵ

−ϵ
T (i, x1 − x)dx

Making the right substitutions in A.7, we have:

T (i, x1) ≥
∫ x1+δ

x1−δ
T (i, y)dy (A.8)

As A.8 must hold for every x > 0 and every δ ∈ (0, x), we may invoke Lemma A.1.3 to
conclude that T is concave in every x for every i > 0.

Lemma A.1.5. Let g be a concave, continuous function on R+, with g(0) = 0. Suppose that
for each a and a′ with a > a′ > 0, there exists ∆̄ > 0 such that

g(a+∆)− g(a) ≥ g(a′)− g(a′ −∆) (A.9)

for all ∆ ∈ (0, ∆̄). Then g must be linear.
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Proof. In the case of a concave function, equation A.9 would hold with reversed inequality:

g(a+∆)− g(a) ≤ g(a′)− g(a′ −∆),

as can be seen in figure A.3.

g(·)

·a′a′ +∆ a−∆ a

g(a′)

g(a′ +∆)

g(a−∆)
g(a)

Figure A.3: Concave Function

For inequality A.9 to hold, the first derivative of function g needs to be monotonically
increasing (i.e. g′′ > 0), implying that function g is convex. We have already proven that
function g is concave. If it is also convex, then g is a linear function.

Lemma A.1.6. There is a continuous function ϕ(i) such that T (i, a) = ϕ(i)a for all i and |a|
in R+.

Proof. Fix a and a′ with a > a′ > 0, i > 0. We consider that population is distributed along
four basic densities, as shown in figure A.4 (based on Axiom 3), centered at −y1, −x1, x1 and
y1 respectively, where x1 ≡ a−a′

2 and y1 ≡ a+a′

2 .
The ≪outer≫ densities are of width 2ϵ and their height is given by a constant function

f1(x) = i.
The ≪inner≫ densities are of width 2δ and their height is given by a constant function:

f2(x) = h.
To ensure disjoint support we assume that ϵ < x1 and δ + ϵ < y1 − x1 − ∆̄ for some ∆̄ > 0.
We assume a symmetric slide outwards of the two center densities by an amount ∆̄.
As in the previous case, the polarization measure can be decomposed in several distinct

components, of which some are affected by the symmetric slide and some are not.

P (x) =
4∑
i=1

Pi(x) +
4∑
i=1

∑
j ̸=i

Aij(x)

Since the width and height of each density remains the same, internal polarization in all
densities remains unchanged. Also, since the symmetric slide only concerns the two middle
densities, 2 and 3, the effective antagonism felt from one side density to the other will remain
unchanged as well. The components of total polarization that are affected by the symmetric
slide are the following:

� The effective antagonism felt from density 1 to 2, A12(x), and from 4 to 3, A43(x), which
should decrease as the distance between them decreases

� The effective antagonism felt from density 1 to 3, A13(x), and from 4 to 2, A42(x), which
should increase since the distance between them gets wider
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Figure A.4: Symmetric Outward Shift

� The effective antagonism felt from density 2 to 1, A21(x), and from 3 to 4, A34(x), which
should decrease as the distance between them decreases

� The effective antagonism felt from density 2 to 3, A23(x) and vise versa, A32(x), which
should rise due to the increase in distance

� The effective antagonism felt from density 2 to 4, A24(x), and from 3 to 1, A31(x), which
should increase as well since the distance between them gets longer

For Axiom 3 to hold, the positive impact of the two former effects needs to outweigh the
negative effect of the latter three, so as polarization after the slide to be higher than before the
slide.

So, we have:

P (x+∆) ≥ P (x), (A.10)

where P (x) is the polarization before the outward shift and P (x + ∆) the polarization
afterwards.

The components mentioned in each bullet above are equal with each other (before and after
the shift respectively). Analytically:

� A12(x) = A43(x) and A12(x+∆) = A43(x+∆),

� A13(x) = A42(x) and A13(x+∆) = A42(x+∆),

� A21(x) = A34(x) and A21(x+∆) = A34(x+∆),

� A23(x) = A32(x) and A23(x+∆) = A32(x+∆),

� A24(x) = A31(x) and A24(x+∆) = A31(x+∆),

where A12(x) is the effective antagonism felt from a person in density 1 towards a person
in density 2 before the shift and A12(x + ∆) is the effective antagonism felt from a person in
density 1 towards a person in density 2 after the symmetric shift and so forth for the rest. So
total polarization, before the outward slide, is:
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A12(x) +A13(x) +A21(x) +A23(x) +A24(x) +A31(x) +A32(x) +A34(x) +A43(x) =

2A12(x) + 2A13(x) + 2A21(x) + 2A23(x) + 2A24(x)

And this should be smaller or equal to the polarization after the outwards shift. Utilizing
above equalities for the components of polarization after the outward shift, we have the following:

2A12(x+∆) + 2A13(x+∆) + 2A23(x+∆) + 2A21(x+∆) + 2A24(x+∆) ≥
2A12(x) + 2A13(x) + 2A23(x) + 2A21(x) + 2A24(x)

Dividing throughout with 2 gives us:

A12(x+∆) +A13(x+∆) +A23(x+∆) +A21(x+∆) +A24(x+∆) ≥
A12(x) +A13(x) +A23(x) +A21(x) +A24(x) ⇒

(A.11)

∫ −y1+ϵ

−y1−ϵ

∫ −x1−∆+δ

−x1−∆−δ
T (f1(x), |y − x|)f1(x)f2(y)dydx+

∫ −y1+ϵ

−y1−ϵ

∫ x1+∆+δ

x1+∆−δ
T (f1(x), |y − x|)f1(x)f2(y)dydx+∫ −x1−∆+δ

−x1−∆−δ

∫ x1+∆+δ

x1+∆−δ
T (f2(x), |y − x|)f2(x)f2(y)dydx+

∫ −x1−∆+δ

−x1−∆−δ

∫ −y1+ϵ

−y1−ϵ
T (f2(x), |y − x|)f2(x)f1(y)dydx+∫ −x1−∆+δ

−x1−∆−δ

∫ y1+ϵ

y1−ϵ
T (f2(x), |y − x|)f2(x)f1(y)dydx ≥∫ −y1+ϵ

−y1−ϵ

∫ −x1+δ

−x1−δ
T (f1(x), |y − x|)f1(x)f2(y)dydx+

∫ −y1+ϵ

−y1−ϵ

∫ x1+δ

x1−δ
T (f1(x), |y − x|)f1(x)f2(y)dydx+∫ −x1+δ

−x1−δ

∫ x1+δ

x1−δ
T (f2(x), |y − x|)f2(x)f2(y)dydx+

∫ −x1+δ

−x1−δ

∫ −y1+ϵ

−y1−ϵ
T (f2(x), |y − x|)f2(x)f1(y)dydx+∫ −x1+δ

−x1−δ

∫ y1+ϵ

y1−ϵ
T (f2(x), |y − x|)f2(x)f1(y)dydx⇒∫ −y1+ϵ

−y1−ϵ

∫ −x1−∆+δ

−x1−∆−δ
T (i, |y − x|)ihdydx+

∫ −y1+ϵ

−y1−ϵ

∫ x1+∆+δ

x1+∆−δ
T (i, |y − x|)ihdydx+∫ −x1−∆+δ

−x1−∆−δ

∫ x1+∆+δ

x1+∆−δ
T (h, |y − x|)h2dydx+

∫ −x1−∆+δ

−x1−∆−δ

∫ −y1+ϵ

−y1−ϵ
T (h, |y − x|)ihdydx+∫ −x1−∆+δ

−x1−∆−δ

∫ y1+ϵ

y1−ϵ
T (h, |y − x|)hidydx ≥∫ −y1+ϵ

−y1−ϵ

∫ −x1+δ

−x1−δ
T (i, |y − x|)ihdydx+

∫ −y1+ϵ

−y1−ϵ

∫ x1+δ

x1−δ
T (i, |y − x|)ihdydx+∫ −x1+δ

−x1−δ

∫ x1+δ

x1−δ
T (h, |y − x|)h2dydx+

∫ −x1+δ

−x1−δ

∫ −y1+ϵ

−y1−ϵ
T (h, |y − x|)ihdydx+∫ −x1+δ

−x1−δ

∫ y1+ϵ

y1−ϵ
T (h, |y − x|)hidydx
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Pulling out the constants from the integrals and dividing everything by h we have:

i

∫ −y1+ϵ

−y1−ϵ

∫ −x1−∆+δ

−x1−∆−δ
T (i, |y − x|)dydx+ i

∫ −y1+ϵ

−y1−ϵ

∫ x1+∆+δ

x1+∆−δ
T (i, |y − x|)dydx+

h

∫ −x1−∆+δ

−x1−∆−δ

∫ x1+∆+δ

x1+∆−δ
T (h, |y − x|)dydx+ i

∫ −x1−∆+δ

−x1−∆−δ

∫ −y1+ϵ

−y1−ϵ
T (h, |y − x|)dydx+

i

∫ −x1−∆+δ

−x1−∆−δ

∫ y1+ϵ

y1−ϵ
T (h, |y − x|)dydx ≥

i

∫ −y1+ϵ

−y1−ϵ

∫ −x1+δ

−x1−δ
T (i, |y − x|)dydx+ i

∫ −y1+ϵ

−y1−ϵ

∫ x1+δ

x1−δ
T (i, |y − x|)dydx+

h

∫ −x1+δ

−x1−δ

∫ x1+δ

x1−δ
T (h, |y − x|)dydx+ i

∫ −x1+δ

−x1−δ

∫ −y1+ϵ

−y1−ϵ
T (h, |y − x|)dydx+

i

∫ −x1+δ

−x1−δ

∫ y1+ϵ

y1−ϵ
T (h, |y − x|)dydx

Taking h→ 0, invoking T (i, 0) = T (0, a) = 0 and dividing by i we are left with:

lim
h→0

i

∫ −y1+ϵ

−y1−ϵ

∫ −x1−∆+δ

−x1−∆−δ
T (i, |y − x|)dydx+ lim

h→0
i

∫ −y1+ϵ

−y1−ϵ

∫ x1+∆+δ

x1+∆−δ
T (i, |y − x|)dydx+

lim
h→0

h

∫ −x1−∆+δ

−x1−∆−δ

∫ x1+∆+δ

x1+∆−δ
T (h, |y − x|)dydx+ lim

h→0
i

∫ −x1−∆+δ

−x1−∆−δ

∫ −y1+ϵ

−y1−ϵ
T (h, |y − x|)dydx+

lim
h→0

i

∫ −x1−∆+δ

−x1−∆−δ

∫ y1+ϵ

y1−ϵ
T (h, |y − x|)dydx ≥

lim
h→0

i

∫ −y1+ϵ

−y1−ϵ

∫ −x+δ

−x1−δ
T (i, |y − x|)dydx+ lim

h→0
i

∫ −y1+ϵ

−y1−ϵ

∫ x1+δ

x1−δ
T (i, |y − x|)dydx+

lim
h→0

h

∫ −x1+δ

−x1−δ

∫ x1+δ

x1−δ
T (h, |y − x|)dydx+ lim

h→0
i

∫ −x1+δ

−x1−δ

∫ −y1+ϵ

−y1−ϵ
T (h, |y − x|)dydx+

lim
h→0

i

∫ −x1+δ

−x1−δ

∫ y1+ϵ

y1−ϵ
T (h, |y − x|)dydx⇒

i

∫ −y1+ϵ

−y1−ϵ

∫ −x1−∆+δ

−x1−∆−δ
T (i, |y − x|)dydx+ i

∫ −y1+ϵ

−y1−ϵ

∫ x1+∆+δ

x1+∆−δ
T (i, |y − x|)dydx+

0×
∫ −x1−∆+δ

−x1−∆−δ

∫ x1+∆+δ

x1+∆−δ
T (0, |y − x|)dydx+ i

∫ −x1−∆+δ

−x1−∆−δ

∫ −y1+ϵ

−y1−ϵ
T (0, |y − x|)dydx+

i

∫ −x1−∆+δ

−x1−∆−δ

∫ y1+ϵ

y1−ϵ
T (0, |y − x|)dydx ≥

i

∫ −y1+ϵ

−y1−ϵ

∫ −x1+δ

−x1−δ
T (i, |y − x|)dydx+ i

∫ −y1+ϵ

−y1−ϵ

∫ x1+δ

x1−δ
T (i, |y − x|)dydx+

0×
∫ −x1+δ

−x1−δ

∫ x1+δ

x1−δ
T (0, |y − x|)dydx+ i

∫ −x1+δ

−x1−δ

∫ −y1+ϵ

−y1−ϵ
T (0, |y − x|)dydx+

i

∫ −x1+δ

−x1−δ

∫ y1+ϵ

y1−ϵ
T (0, |y − x|)dydx⇒

Dividing with i:
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∫ −y1+ϵ

−y1−ϵ

∫ −x1−∆+δ

−x1−∆−δ
T (i, |y − x|)dydx+

∫ −y1+ϵ

−y1−ϵ

∫ x1+∆+δ

x1+∆−δ
T (i, |(y − x|)dydx ≥∫ −y1+ϵ

−y1−ϵ

∫ −x1+δ

−x1−δ
T (i, |y − x|)dydx+

∫ −y1+ϵ

−y1−ϵ

∫ x1+δ

x1−δ
T (i, |y − x|)dydx

(A.12)

We may assume that y > x and afterwards apply the mean value theorem for definite
integrals to the inner integrals of equation A.12. This gives us:

2δ

∫ −y1+ϵ

−y1−ϵ
T (i,−x1 −∆− x)dx+ 2δ

∫ −y1+ϵ

−y1−ϵ
T (i, x1 +∆− x)dx ≥

2δ

∫ −y1+ϵ

−y1−ϵ
T (i,−x1 − x)dx+ 2δ

∫ −y1+ϵ

−y1−ϵ
T (i, x1 − x)dx⇒

Dividing with 2δ:

∫ −y1+ϵ

−y1−ϵ
T (i,−x1 −∆− x)dx+

∫ −y1+ϵ

−y1−ϵ
T (i, x1 +∆− x)dx ≥∫ −y1+ϵ

−y1−ϵ
T (i,−x1 − x)dx+

∫ −y1+ϵ

−y1−ϵ
T (i, x1 − x)dx

(A.13)

Applying again the mean value theorem for definite integrals on the remaining integral in
equation A.13:

2ϵT (i,−x1 −∆+ y1) + 2ϵT (i, x1 +∆+ y1) ≥
2ϵT (i,−x1 + y1) + 2ϵT (i, x1 + y1) ⇒

(A.14)

Dividing with 2ϵ:

T (i,−x1 −∆+ y1) + T (i, x1 +∆+ y1) ≥
T (i,−x1 + y1) + T (i, x1 + y1) ⇒

(A.15)

Using x1 ≡ a−a′
2 and y1 ≡ a+a′

2 , above can be rewritten as:

T (i, a′ −∆) + T (i, a+∆) ≥ T (i, a′) + T (i, a) ⇒
T (i, a+∆)− T (i, a) ≥ T (i, a′)− T (i, a′ −∆)

(A.16)

According to lemma A.1.5 and equation A.16 we conclude T (i, .) is linear for every i > 0,
meaning that there is a function ϕ(i) such that T (i, a) = ϕ(i)a for every a and i. Given that T
is a continuous function, the same must hold for ϕ.

Lemma A.1.7. ϕ(i) must be of the form Kia, for constants K > 0 and a > 0 where K, a ∈ R

Proof. First we observe that

ϕ(i) > 0 ∀ i > 0 (A.17)

We start with proving that ϕ satisfies the fundamental Cauchy equation
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ϕ(p)ϕ(p′) = ϕ(pp′)ϕ(1), (A.18)

for every (p, p′) ≫ 0.

We assume a configuration consisted out of two basic densities, both of width 2ϵ. The first
centered at 0 and the second at 1 and the height is given by a constant function f1(x) = p and
f2(x) = h respectively, as shown in figure A.5.

−ϵ 0 ϵ 1− ϵ 1 1 + ϵ

p

2ϵ

h

2ϵ

Figure A.5

Polarization in this case would be given by:

P (x) =
2∑
j=1

Pj(x) +
∑
j

∑
k ̸=j

Ajk(x) =∫ ϵ

−ϵ

∫ ϵ

−ϵ
T (f1(x), |x− y|)f1(x)f1(y)dydx+

∫ 1+ϵ

1−ϵ

∫ 1+ϵ

1−ϵ
T (f2(x), |x− y|)f2(x)f2(y)dydx+∫ ϵ

−ϵ

∫ 1+ϵ

1−ϵ
T (f1(x), (y − x))f1(x)f2(y)dydx+

∫ 1+ϵ

1−ϵ

∫ ϵ

−ϵ
T (f2(x), (y − x))f1(x)f2(y)dydx =∫ ϵ

−ϵ

∫ ϵ

−ϵ
ϕ(p)|x− y|ppdydx+

∫ 1+ϵ

1−ϵ

∫ 1+ϵ

1−ϵ
ϕ(h)|x− y|hhdydx+∫ ϵ

−ϵ

∫ 1+ϵ

1−ϵ
ϕ(p)(y − x)phdydx+

∫ 1+ϵ

1−ϵ

∫ ϵ

−ϵ
ϕ(h)(y − x)phdydx =

We pull out the constants:

ϕ(p)p2
∫ ϵ

−ϵ

∫ ϵ

−ϵ
|x− y|dydx+ ϕ(h)h2

∫ 1+ϵ

1−ϵ

∫ 1+ϵ

1−ϵ
|x− y|dydx+

ϕ(p)ph

∫ ϵ

−ϵ

∫ 1+ϵ

1−ϵ
(y − x)dydx+ ϕ(h)ph

∫ 1+ϵ

1−ϵ

∫ ϵ

−ϵ
(y − x)dydx

(A.19)

We want to manipulate two of the four terms of the right part of above equation:
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ϕ(h)h2
∫ 1+ϵ

1−ϵ

∫ 1+ϵ

1−ϵ
|x− y|dydx+ ϕ(h)ph

∫ 1+ϵ

1−ϵ

∫ ϵ

−ϵ
(y − x)dydx =

ϕ(h)h2
[∫ −ϵ

1−ϵ

∫ 1+ϵ

1−ϵ
|x− y|dydx+

∫ ϵ

−ϵ

∫ 1+ϵ

1−ϵ
|x− y|dydx+

∫ 1+ϵ

ϵ

∫ 1+ϵ

1−ϵ
|x− y|dydx

]
+

ϕ(h)ph

[∫ −ϵ

1−ϵ

∫ ϵ

−ϵ
(y − x)dydx+

∫ ϵ

−ϵ

∫ ϵ

−ϵ
(y − x)dydx+

∫ 1+ϵ

ϵ

∫ ϵ

−ϵ
(y − x)dydx

]
=

ϕ(h)h2
[∫ −ϵ

1−ϵ

∫ 1+ϵ

1−ϵ
|x− y|dydx+

∫ ϵ

−ϵ

∫ −ϵ

1−ϵ
|x− y|dydx+∫ ϵ

−ϵ

∫ ϵ

−ϵ
|x− y|dydx+

∫ ϵ

−ϵ

∫ 1+ϵ

ϵ
|x− y|dydx+

∫ 1+ϵ

ϵ

∫ 1+ϵ

1−ϵ
|x− y|dydx

]
+

ϕ(h)ph

[∫ −ϵ

1−ϵ

∫ ϵ

−ϵ
(y − x)dydx+

∫ ϵ

−ϵ

∫ 1−ϵ

−ϵ
(y − x)dydx+∫ ϵ

−ϵ

∫ 1+ϵ

1−ϵ
(y − x)dydx+

∫ ϵ

−ϵ

∫ ϵ

1+ϵ
(y − x)dydx+

∫ 1+ϵ

ϵ

∫ ϵ

−ϵ
(y − x)dydx

]
We pull apart the terms we wish to keep unaltered and manipulate the rest:

ϕ(h)h2
[∫ ϵ

−ϵ

∫ ϵ

−ϵ
|x− y|dydx

]
+ ϕ(h)ph

[∫ ϵ

−ϵ

∫ 1+ϵ

1−ϵ
(y − x)dydx

]
+

ϕ(h)h2
[∫ −ϵ

1−ϵ

∫ 1+ϵ

1−ϵ
|x− y|dydx+

∫ ϵ

−ϵ

∫ −ϵ

1−ϵ
|x− y|dydx+∫ ϵ

−ϵ

∫ 1+ϵ

ϵ
|x− y|dydx+

∫ 1+ϵ

ϵ

∫ 1+ϵ

1−ϵ
|x− y|dydx

]
+

ϕ(h)ph

[∫ −ϵ

1−ϵ

∫ ϵ

−ϵ
(y − x)dydx+

∫ ϵ

−ϵ

∫ 1−ϵ

−ϵ
(y − x)dydx+∫ ϵ

−ϵ

∫ ϵ

1+ϵ
(y − x)dydx+

∫ 1+ϵ

ϵ

∫ ϵ

−ϵ
(y − x)dydx

]
=

ϕ(h)h2
[∫ ϵ

−ϵ

∫ ϵ

−ϵ
|x− y|dydx

]
+ ϕ(h)ph

[∫ ϵ

−ϵ

∫ 1+ϵ

1−ϵ
(y − x)dydx

]
+

ϕ(h)h2
[
−
∫ 1−ϵ

−ϵ

∫ 1+ϵ

1−ϵ
|x− y|dydx−

∫ ϵ

−ϵ

∫ 1−ϵ

−ϵ
|x− y|dydx+∫ ϵ

−ϵ

∫ 1+ϵ

ϵ
|x− y|dydx+

∫ 1+ϵ

ϵ

∫ 1+ϵ

1−ϵ
|x− y|dydx

]
+

ϕ(h)ph

[
−
∫ 1−ϵ

−ϵ

∫ ϵ

−ϵ
(y − x)dydx+

∫ ϵ

−ϵ

∫ 1−ϵ

−ϵ
(y − x)dydx−∫ ϵ

−ϵ

∫ 1+ϵ

ϵ
(y − x)dydx+

∫ 1+ϵ

ϵ

∫ ϵ

−ϵ
(y − x)dydx

]
=

ϕ(h)h2
[∫ ϵ

−ϵ

∫ ϵ

−ϵ
|x− y|dydx

]
+ ϕ(h)ph

[∫ ϵ

−ϵ

∫ 1+ϵ

1−ϵ
(y − x)dydx

]
Thus we see that:

ϕ(h)h2
∫ 1+ϵ

1−ϵ

∫ 1+ϵ

1−ϵ
|x− y|dydx+ ϕ(h)ph

∫ 1+ϵ

1−ϵ

∫ ϵ

−ϵ
(y − x)dydx =

ϕ(h)h2
∫ ϵ

−ϵ

∫ ϵ

−ϵ
|x− y|dydx+ ϕ(h)ph

∫ ϵ

−ϵ

∫ 1+ϵ

1−ϵ
(y − x)dydx
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We make the necessary replacement in equation A.19:

[
ϕ(p)p2 + ϕ(h)h2

] ∫ ϵ

−ϵ

∫ ϵ

−ϵ
|x− y|dydx+

[ϕ(p)ph+ ϕ(h)ph]

∫ ϵ

−ϵ

∫ 1+ϵ

1−ϵ
(y − x)dydx =

[
ϕ(p)p2 + ϕ(h)h2

] ∫ ϵ

−ϵ

(∫ x

−ϵ
(x− y)dy +

∫ ϵ

x
(y − x)dy

)
dx+

[ϕ(p)ph+ ϕ(h)ph]

∫ ϵ

−ϵ

[
1

2
y2 − xy

]1+ϵ
1−ϵ

dx =

[
ϕ(p)p2 + ϕ(h)h2

] ∫ ϵ

−ϵ

([
xy − 1

2
y2
]x
−ϵ

+

[
1

2
y2 − xy

]ϵ
x

)
dx+

[ϕ(p)ph+ ϕ(h)ph]

∫ ϵ

−ϵ

(
1

2
(1 + ϵ)2 − x(1 + ϵ)− 1

2
(1− ϵ)2 + x(1− ϵ)

)
dx =

[
ϕ(p)p2 + ϕ(h)h2

] ∫ ϵ

−ϵ
(ϵ2 + x2)dx+ [ϕ(p)ph+ ϕ(h)ph]

∫ ϵ

−ϵ
(2ϵ− 2xϵ)dx =

[
ϕ(p)p2 + ϕ(h)h2

] [
ϵ2x+

1

3
x3
]ϵ
−ϵ

+ [ϕ(p)ph+ ϕ(h)ph]
[
2ϵx− x2ϵ

]ϵ
−ϵ =[

ϕ(p)p2 + ϕ(h)h2
] 8
3
ϵ3 + [ϕ(p)ph+ ϕ(h)ph] 4ϵ2

Dividing by 4ϵ2 we get:[
ϕ(p)p2 + ϕ(h)h2

] 2
3
ϵ+ [ϕ(p)ph+ ϕ(h)ph]

If the first rectangle were to be shorter, for example of height r, where as mentioned above
r ≤ p, then there exists a (unique) height h(e) for the second rectangle so that total polarization
of the two configurations are equated. In other words, there exists height h(ϵ) such that:

ph[ϕ(p) + ϕ(h)] +
2ϵ

3
[p2ϕ(p) + h2ϕ(h)] =

rh(ϵ)[ϕ(r) + ϕ(h(ϵ))] +
2ϵ

3
[r2ϕ(r) + h(e)2ϕ(h(ϵ))]

(A.20)

By Axiom 4, it follows that for all λ > 0,

λ2ph[ϕ(λp) + ϕ(λh)] +
2ϵ

3
[(λp)2ϕ(λp) + (λh)2ϕ(λh)]

= λ2rh(e)[ϕ(λr) + ϕ(λh(e))] +
2ϵ

3
[(λr)2ϕ(λr) + [λh(e)]2ϕ(λh(e))]

(A.21)

As can be noticed, the limit of h(ϵ) as ϵ ↓ 0 cannot take infinite values, thus it lies in some
bounded set. Therefore we may extract a convergent subsequence with limit h′ as ϵ ↓ 0.

Taking thus the limit of ϵ to zero from the right side (since ϵ cannot take negative values
this is the only possible limit in this case), we have:

lim
ϵ→0+

λ2ph[ϕ(λp) + ϕ(λh)] + lim
ϵ→0+

2ϵ

3
[(λp)2ϕ(λp) + (λh)2ϕ(λh)] =

lim
ϵ→0+

λ2rh(e)[ϕ(λr) + ϕ(λh(e))] + lim
ϵ→0+

2ϵ

3
[(λr)2ϕ(λr) + [λh(e)]2ϕ(λh(e))] ⇒

λ2ph[ϕ(λp) + ϕ(λh)] + 0 = λ2rh′[ϕ(λr) + ϕ(λh′)] + 0 ⇒

(A.22)
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λ2ph[ϕ(λp) + ϕ(λh)] = λ2rh′[ϕ(λr) + ϕ(λh′)] (A.23)

and

ph[ϕ(p) + ϕ(h)] = rh′[ϕ(r) + ϕ(h′)], (A.24)

where h′ = lim
ϵ→0+

h(e).

Dividing A.24 with A.23, we get:

ϕ(p) + ϕ(h)

ϕ(λp) + ϕ(λh)
=

ϕ(r) + ϕ(h′)

ϕ(λr) + ϕ(λh′)
(A.25)

We have assumed that T (0, a) = T (i, 0) = 0 and that T (i, a) is of the for ϕ(i)a. Above
implies that for i = 0, ϕ(i)a = 0 and there for we may conclude that ϕ(0) = 0. So, when we
take the limit h→ 0 in equation A.25 we get:

lim
h→0

(
ϕ(p) + ϕ(h)

ϕ(λp) + ϕ(λh)

)
= lim

h→0

(
ϕ(p) + ϕ(h)

ϕ(λp) + ϕ(λh)

)
⇒

ϕ(p) + ϕ(0)

ϕ(λp) + ϕ(λ0)
=

ϕ(p) + ϕ(0)

ϕ(λp) + ϕ(λ0)

ϕ(p)

ϕ(λp)
=

ϕ(r)

ϕ(λr)

(A.26)

Setting λ = 1
p and using the fact that r = pp′, then equation A.26 yields the fundamental

Cauchy equation, as presented in equation A.18.

ϕ(p)

ϕ(1pp)
=

ϕ(pp′)

ϕ(1ppp
′)

⇒

ϕ(p)

ϕ(1)
=
ϕ(pp′)

ϕ(p′)
⇒

ϕ(p)ϕ(p′) = ϕ(pp′)ϕ(1)

(A.27)

Additionally ϕ is a continuous function and A.17 holds. Given all above, the class of solutions
to A.18 is completely described by

ϕ(p) = Kpa,

for constants (K, a) ≫ 0, according to Aczél, 1966, p41, Theorem 3.

Lemmas A.1.6 and A.1.7 together establish necessity but not sufficiency of the index. The
bounds on “a” also remain to be set. These are shown with below lemmas.

Lemma A.1.8. Let f be a basic density with mass p and mean µ on support [a, b]. Let m ≡ µ−a
and let f∗ denote the root of f . Then if fλ denotes some λ-squeeze of f ,

P (F λ) = 4kp2+a(mλ)1−a
∫ 1

0
f∗(x)1+a

(∫ 1

0
f∗(y)(1− y)dy +

∫ 1

x
f∗(y)(y − x)dy

)
dx (A.28)

for some constant k > 0.
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0 m(1− λ) m m(1 + λ) 2m

2λm

2m

Single Squeeze

Figure A.6: Lemma 6

Proof. Given the fact that a distribution can be slided, we may set a = 0 and b = 2m, where m
is now the new mean, as m ≡ µ− a, as is shown in figure A.6.

Given

P (F ) = k

∫ ∫
f(x)1+af(y)|y − x|dydx, (A.29)

for some k > 0, we have:

P (F ) =k

∫ m

0

∫ m

0
f(x′)1+af(y′)|y′ − x′|dy′dx′ + k

∫ m

0

∫ 2m

m
f(x′)1+af(y′)|y′ − x′|dy′dx′+

k

∫ 2m

m

∫ 2m

m
f(x′)1+af(y′)|y′ − x′|dy′dx′ + k

∫ 2m

m

∫ m

0
f(x′)1+af(y′)|y′ − x′|dy′dx′

(A.30)

Due to symmetry:

k

∫ 2m

m

∫ 2m

m
f(x′)1+af(y′)|y′ − x′|dy′dx′ = k

∫ m

0

∫ 2m

m
f(x′)1+af(y′)|y′ − x′|dy′dx′

and

k

∫ 2m

m

∫ m

0
f(x′)1+af(y′)|y′ − x′|dy′dx′ = k

∫ m

0

∫ m

0
f(x′)1+af(y′)|y′ − x′|dy′dx′

So A.30 can be rewritten as:
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P (F ) =k

∫ m

0

∫ m

0
f(x′)1+af(y′)|y′ − x′|dy′dx′ + k

∫ m

0

∫ 2m

m
f(x′)1+af(y′)|y′ − x′|dy′dx′+

k

∫ m

0

∫ 2m

m
f(x′)1+af(y′)|y′ − x′|dy′dx′ + k

∫ m

0

∫ m

0
f(x′)1+af(y′)|y′ − x′|dy′dx′ =

2k

∫ m

0

∫ m

0
f(x′)1+af(y′)|y′ − x′|dy′dx′ + 2k

∫ m

0

∫ 2m

m
f(x′)1+af(y′)|y′ − x′|dy′dx′ =

2k

∫ m

0

∫ 2m

0
f(x′)1+af(y′)|y′ − x′|dy′dx′ =

2k

∫ m

0
f(x′)1+a

(∫ x′

0
f(y′)(x′ − y′)dy′ +

∫ m

x′
f(y′)(y′ − x′) +

∫ 2m

m
f(y′)(y′ − x′)dy′

)
dx′

(A.31)

We can set z ≡ 2m−y′ and replace the last term of above equation. before doing so we have
to adjust the limits of the last integral and find the equivalent of dy′ in terms of dz:

� For y′ = m the lower limit changes to: z = 2m − y = 2m −m = m and for y′ = 2m the
upper limit changes to: z = 2m− 2m = 0.

�

z = 2m− y′

dz = −dy′

−dz = dy′

So, the last integral in equation A.31 becomes:

∫ 2m

m
f(y′)(y′ − x′)dy′ =

∫ 0

m
−f(z)(2m− x′ − z)dz =

∫ m

0
f(z)(2m− x′ − z)dz (A.32)

Substituting A.32 in A.31 and below steps (and taking advantage of the fact that f(y) and
f(z) are symmetric as can be seen in figure A.7), we get:

y m z

f(y) = f(z)

Symmetry of f(y) and f(z)

Figure A.7: Symmetry of f(y) and f(z)
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P (F ) = 2k

∫ m

0
f(x′)1+a×(∫ x′

0
f(y′)(x′ − y′)dy′ +

∫ m

x′
f(y′)(y′ − x′) +

∫ m

0
f(z)(2m− x′ − z)dz

)
dx′ =

= 2k

∫ m

0
f(x′)1+a×(∫ m

0
f(y′)(x′ − y′)dy′ −

∫ m

x′
f(y′)(y′ − x′)dy′ +

∫ m

x′
f(y′)(y′ − x′)dy′ +

∫ m

0
f(y′)(2m− x′ − y′)dy′

)
dx′

= 2k

∫ m

0
f(x′)1+a×(∫ m

0
f(y′)(x′ − y′ + 2m− x′ − y′)dy′ +

∫ m

x′
f(y′)(y′ − x′ + y′ − x′)dy′

)
dx′

= 2k

∫ m

0
f(x′)1+a

(∫ m

0
f(y′)(2m′ − 2y′)dy′ +

∫ m

x′
f(y′)(2y′ − 2x′)dy′

)
dx′

= 2k

∫ m

0
f(x′)1+a

(
2

∫ m

0
f(y′)(m′ − y′)dy′ + 2

∫ m

x′
f(y′)(y′ − x′)dy′

)
dx′

= 4k

∫ m

0
f(x′)1+a

(∫ m

0
f(y′)(m′ − y′)dy′ +

∫ m

x′
f(y′)(y′ − x′)dy′

)
dx′

(A.33)

P (F ) = 4k

∫ m

0
f(x′)1+a

(∫ m

0
f(y′)(m− y′)dy′ +

∫ m

x′
f(y′)(y′ − x′)dy′

)
dx′ (A.34)

We can transform f by a λ-squeeze, which as is previously mentioned is a special sort of
mean-preserving reduction in the spread of f , as can be seen in figure A.6.

So if we assume that above function, f(x′), represents a squeezed distribution, fλ(x
′) , then

the equivalent un-squeezed form would be given by the following expression:

fλ(x
′) ≡ 1

λ
f

(
x′ − [1− λ]µ

λ

)
. (A.35)

We make the necessary replacements and adjust the limits of the integrals as is shown in
figure A.6 and we get:

P (F λ) =4k

∫ m

(1−λ)m

(
1

λ

)1+a

f

(
x′ − (1− λ)m

λ

)1+a

×(∫ m

(1−λ)m

1

λ
f

(
y′ − (1− λ)m

λ

)
(m− y′)dy′ +

∫ m

x′

1

λ
f

(
y′ − (1− λ)m

λ

)
(y′ − x′)dy′

)
dx′ =

4kλ−(2+a)

∫ m

(1−λ)m
f

(
x′ − (1− λ)m

λ

)1+a

×(∫ m

(1−λ)m
f

(
y′ − (1− λ)m

λ

)
(m− y′)dy′ +

∫ m

x′
f

(
y′ − (1− λ)m

λ

)
(y′ − x′)dy′

)
dx′

(A.36)

We substitute x′ by x′′ = x′−(1−λ)m
λ and y′ by y′′ = y′−(1−λ)m

λ . We must adjust limits and
differentials as follows:
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� For the upper limit: when x′ = m:

x′′ =
m− (1− λ)m

λ
= m

� For the lower limit, when x′ = (1− λ)m:

x′′ =
(1− λ)m− (1− λ)m

λ
= 0

� The parenthesis at the second integral:

y′′ =
y′ − (1− λ)m

λ
⇒ y′ = y′′λ+ (1− λ)m

� Similarly to above we see that

x′ = x′′λ+ (1− λ)m

� The (m− y′) term will become:

m− y′ = m− y′′λ+ (1− λ)m = λ(m− y′′)

� The (y′ − x′) will become:

y′ − x′ = λy′′ + (1− λ)m− λx′′ − (1− λ)m = λ(y′′ − x′′)

� The differential:

x′′ =
x′ − (1− λ)m

λ
⇒ dx′′ =

1

λ
dx′ ⇒ dx′ = λdx′′

� Similarly:
dy′ = λdy′′

Replacing all above in A.36:

P (F λ) = 4kλ−(2+a)

∫ m

0
f(x′′)1+a×(∫ m

0
f(y′′)λ(m− y′′)λdy′′ +

∫ m

x′′
f(y′′)λ(y′′ − x′′)λdy′′

)
λdx′′ =

4k
λ3

λ−(2+a)

∫ m

0
f(x′′)1+a×(∫ m

0
f(y′′)(m− y′′)dy′′ +

∫ m

x′′
f(y′′)(y′′ − x′′)dy′′

)
dx′′ =

4kλ1−a
∫ m

0
f(x′′)1+a

(∫ m

0
f(y′′)(m− y′′)dy′′ +

∫ m

x′′
f(y′′)(y′′ − x′′)dy′′

)
dx′′

(A.37)

As a final step, we must substitute f(x′′) and f(y′′) with the root function f∗, which is a
basic density with mean 1 and support [0, 2]. First we population-scale f to h, where h has mass
1, in other words:

f(z) = ph(z) ∀z

So A.37 becomes:
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P (F λ) = 4kλ1−a
∫ m

0
p1+ah(x′′)1+a

(∫ m

0
ph(y′′)(m− y′′)dy′′ +

∫ m

x′′
ph(y′′)(y′′ − x′′)dy′′

)
dx′′

= 4kp2+aλ1−a
∫ m

0
h(x′′)1+a

(∫ m

0
h(y′′)(m− y′′)dy′′ +

∫ m

x′′
h(y′′)(y′′ − x′′)dy′′

)
dx′′

(A.38)

To derive A.28 we will use the following relations: x = x′′

m , y = y′′

m and f∗(x) = mh(mx).

Limits etc for the substitution will become:

� For the differentials:

x =
x′′

m
⇒ xm = x′′ ⇒ mdx = dx′′

� Similarly for y′′

y =
y′′

m
⇒ ym = y′′ ⇒ mdy = dy′′

�

f∗(x′′) = mh(mx′′) = mh(m
x′′

m
) = mh(x′′) ⇒

1

m
f∗(x′′) = h(x′′)

Substituting all above in A.38 we have:

P (F λ) = 4kp2+aλ1−a
∫ 1

0

(
1

m
f∗(x)

)1+a)

(∫ 1

0

1

m
f∗(y)m(1− y)mdy +

∫ 1

x

1

m
f∗(y)m(y − x)mdy

)
mdx =

= 4kp2+aλ1−a
m2

m1−a

∫ 1

0
f∗(x)1+a(∫ 1

0
f∗(y)(1− y)dy +

∫ 1

x
f∗(y)(y − x)dy

)
dx =

= 4kp2+a(mλ)1−a
∫ 1

0
f∗(x)1+a

(∫ 1

0
f∗(y)(1− y)dy +

∫ 1

x
f∗(y)(y − x)dy

)
dx

(A.39)

which is equation A.28 of lemma A.1.8.

Lemma A.1.9. Let f and g be two basic densities with disjoint support, with their means
separated by distance d and with population masses p and q respectively. Let f have mean µ on
support [a, b]. Let m ≡ µ− a and let f∗ denote the root of f . Then for any λ-squeeze fλ of f ,

A(fλ, g) = 2kdp1+aq(mλ)−a
∫ 1

0
f∗(x)1+adx, (A.40)

where A(fλ, g) denotes the total effective antagonism felt by members of fλ towards members
of g.

Proof. We assume a function f with support [0, 2m] (with mean m) and a function g with
support [d, d + 2m] (where d ≥ 2m for disjoint supports). Using A.29 and without loss of
generality, we have:
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A(f, g) =k

∫ 2m

0
f(x)(1+a)

(∫ d+2m

d
g(y)(y − x)dy

)
dx =

k

∫ 2m

0
f(x)(1+a)

(∫ d+m

d
g(y)(y − x)dy +

∫ d+2m

d+m
g(y)(y − x)dy

)
dx

Due to symmetry we know that:∫ d+m

d
g(y)(y − x)dy =

∫ d+2m

d+m
g(y)(y − x)dy

Substituting in above equation, we get:

A(f, g) =k

∫ 2m

0
f(x)(1+a)

(∫ d+m

d
g(y)2(m+ d− x)dy

)
dx =

2k

∫ 2m

0
f(x)(1+a)

(∫ d+m

d
g(y)(m+ d− x)dy

)
dx

We know that: ∫ d+m

d
g(y)(m+ d− x)dy =

q

2

Substituting again in above equation we get:

A(f, g) =2k
q

2

∫ 2m

0
f(x)(1+a)(m+ d− x)dx =

kq2

∫ m

0
f(x)(1+a)(m+ d− x)dx =

2kq

∫ m

0
f(x)(1+a)(m+ d−m)dx =

2kq

∫ m

0
f(x)(1+a)(d)dx =

2kqd

∫ m

0
f(x)(1+a)dx

As mentioned earlier, a distribution may undergo a squeeze with below properties:

fλ(x) ≡
1

λ
f

(
x− [1− λ]µ

λ

)
. (A.41)

Above equation must hold for the case of the squeezed distribution as well:

A(fλ, g) = 2kqd

∫ m

0
fλ(x

′)(1+a)dx′

Or in terms of the f function (after necessary adjustment of limits and differential):

� Upper limit: For x = 0

0 =
x′ − (1− λ)m

λ
⇒ x′ = (1− λ)m

� Lower limit: For x = m:

m =
x′ − (1− λ)m

λ
⇒ x′ = m
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� Differential:

x =
x′ − (1− λ)m

λ
⇒ dx′ = λdx

We have:

A(f, g) =2kqd

∫ m

(1−λ)m

[
1

λ
f

(
x′ − (1− λ)m

m

)](1+a)
dx′ =

2kqd

∫ m

(1−λ)m

1

λ1+a
f

(
x′ − (1− λ)m

m

)(1+a)

dx′ =

2kqdλ−(1+a)

∫ m

(1−λ)m
f

(
x′ − (1− λ)m

m

)(1+a)

dx′

To simplify, we substitute as follows:

x′′ =
x′ − (1− λ)m

λ

and we adjust respective limits and differential:

� Upper limit: For x′ = m

x′′ =
m− (1− λ)m

λ
= m

� Lower limit: For x′ = (1− λ)m:

x′′ =
(1− λ)m− (1− λ)m

λ
= 0

� Differential:

x′′ =
x′ − (1− λ)m

λ
⇒ dx′ = λdx′′

Substituting in above equation we have:

A(f, g) =2kdqλ(1+a)
∫ m

0
f(x′′)1+aλdx′′ =

2kdqλ−a
∫ m

0
f(x′′)(1+a)dx′′

(A.42)

To transform this into the basic root function f∗(x), we use the following analogies:

� x = x′′

m ⇒ x′′ = xm⇒ dx′′ = mdx

� f∗(x) = mh(mx) = mh(mx′′

m ) = mh(x′′), where f(x′′) = ph(x′′)

� Lower limit: x′′ = 0 ⇒ x = 0

� Upper limit: x′′ = m⇒ x = m
m = 1

A(h, g) = 2kdqλ−(1+a)

∫ m

0
(ph(x′′))(1+a)dx′′ ⇒



Proof Theorem 2.2.1 141

A(f∗, g) =2kdqp1+aλ−a
∫ 1

0

(
1

m
f∗(x)

)1+a

mdx =

2kdqλ−a
∫ 1

0
m−af∗(x)1+adx =

2kdqp1+a(mλ)−a
∫ 1

0
f∗(x)1+adx

Lemma A.1.10. Define, for any root f and a > 0,

ψ(f, a) ≡
∫ 1
0 f(x)

1+adx∫ 1
0 f(x)

1+a
(∫ 1

0 f(y)(1− y)dy +
∫ 1
x f(y)(y − x)dy

)
dx
. (A.43)

Then - for any a > 0 - ψ(f, a) attains its minimum value when f is the uniform root, and
this minimum value equals 3.

Proof. We work with the inverse function:

ζ(f, a) ≡ ψ−1(f, a) =

∫ 1
0 f(x)

1+a
(∫ 1

0 f(y)(1− y)dy +
∫ 1
x f(y)(y − x)dy

)
dx∫ 1

0 f(x)
1+adx

(A.44)

Since f is a uniform root, then it is of the form f(x) = c. then A.44 can be rewritten as
follows:

ζ(f, a) =

∫ 1
0 c

1+a
(∫ 1

0 f(y)(1− y)dy +
∫ 1
x f(y)(y − x)dy

)
dx∫ 1

0 f(x)
1+adx

=

c1+a
∫ 1
0

(∫ 1
0 f(y)(1− y)dy +

∫ 1
x f(y)(y − x)dy

)
dx∫ 1

0 f(x)
1+adx

We set L =
∫ 1
0 f(y)(1 − y)dy +

∫ 1
x f(y)(y − x)dy, which is decreasing in x (due to term

(y − x)).

Furthermore, we assume that:

ζ(f, a) ≤
∫ 1

0
L(x)dx,

which is indeed the case, as can be shown as follows:

ζ(f, a) ≤
∫ 1

0
L(x)dx⇒

c1+a
∫ 1
0

(∫ 1
0 f(y)(1− y)dy +

∫ 1
x f(y)(y − x)dy

)
dx∫ 1

0 f(x)
1+adx

≤
∫ 1

0

(∫ 1

0
f(y)(1− y)dy +

∫ 1

x
f(y)(y − x)dy

)
dx

(A.45)

For above to hold, the following must be true:
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1
2

f(x)

x

f(x) = 1
2

1 2

∫ 2
0 f(x)dx = 1

c1+a∫ 1
0 f(x)

1+adx
≤ 1

Utilizing again that f(x) is a constant function, above can be rewritten as follows:

c1+a

c1+a
∫ 1
0 1dx

≤ 1

c1+a

c1+a
1

[x]10
=
c1+a

c1+a
1

1
≤ 1,

which is true.
Further:

L(x) =

∫ 1

0
f(y)(1− y)dy +

∫ 1

x
f(y)(y − x)dy =

=

∫ 1

0
f(y)(1− y)dy +

∫ 0

x
f(y)(y − x)dy +

∫ 1

0
f(y)(y − x)dy =

=

∫ 1

0
f(y)(1− y + y − x)dy +

∫ x

0
f(y)(x− y)dy =

=

∫ 1

0
f(y)(1− x)dy +

∫ x

0
f(y)(x− y)dy =

=

∫ 1

0
f(y)dy −

∫ 1

0
f(y)xdy +

∫ x

0
f(y)(x− y)dy =

[f(y)y]10 − [f(y)yx]10 +

∫ x

0
f(y)(x− y)dy =

= f(y)− f(y)x+

∫ x

0
f(y)(x− y)dy =

1

2
− 1

2
x+

∫ x

0
f(y)(x− y)dy =

1− x

2
+

∫ x

0
f(y)(x− y)dy =

Since f(x) is non-decreasing and integrates to 1
2 on [0,1], then:∫ x

0
f(y)(x− y)dy ≤

∫ x

0

1

2
(x− y)dx ∀x ≤ 1
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So, we have:

ζ(f, a) ≤
∫ 1

0

(
1− x

2
+

∫ x

0

x− y

2
dy

)
dx =

=

∫ 1

0

(
1− x

2
[y]10 +

∫ 1

0

x− y

2
dy +

∫ x

1

x− y

2
dy

)
dx =

=

∫ 1

0

(
1− x

2

∫ 1

0
1dy +

∫ 1

0

x− y

2
dy +

∫ 1

x

x− y

2
dy

)
dx =

=

∫ 1

0

(∫ 1

0

1− x

2
dy +

∫ 1

0

x− y

2
dy +

∫ 1

x

x− y

2
dy

)
dx =

=

∫ 1

0

(∫ 1

0

1− x+ x− y

2
dy +

∫ 1

x

x− y

2
dy

)
dx =

=

∫ 1

0

(∫ 1

0

1− y

2
dy +

∫ 1

x

x− y

2
dy

)
dx =

= ζ(u, a)

Simple integration reveals that ζ(u, a) = 1
3

∫ 1

0

(∫ 1

0

1− y

2
dy +

∫ 1

x

x− y

2
dy

)
dx =

=
1

2

∫ 1

0

(∫ 1

0
(1− y)dy +

∫ 1

x
(x− y)dy

)
dx =

=
1

2

∫ 1

0

([
y − 1

2
y2
]1
0

+

[
1

2
y2 − xy

]1
x

)
dx =

=
1

2

∫ 1

0

(
1

2
+

1

2
− x+

1

2
x2
)
dx =

=
1

2

∫ 1

0

(
1− x+

1

2
x2
)
dx =

=
1

2

[
x− 1

2
x2 +

1

6
x3
]1
0

=

=
1

3
× 2

3
=

1

3

Lemma A.1.11. Given that P (f) is of the form A.29, Axiom 1 is satisfied if and only if a ≤ 1.

Proof. As can be seen from equation A.28:

P (F λ) = 4kp2+a(mλ)1−a
∫ 1

0
f∗(x)1+a

(∫ 1

0
f∗(y)(1− y)dy +

∫ 1

x
f∗(y)(y − x)dy

)
dx

∀a > 1 the power of term (mλ)1−a becomes negative and thus it would be written as a
fraction whose denominator would be (mλ)a−1.

This would imply that a squeeze would decrease polarization, whereas according to Axiom
1 polarization should be equal or larger after a single squeeze.
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Lemma A.1.12. Given that P (f) is of the form A.29, Axiom 2 is satisfied if and only if
a ≥ 0.25.

Proof. We assume again three densities, like described in Axiom 2, of which the two side ones
undergo a squeeze.

Total polarization after the squeeze is given by:

P (λ) = Pm + 2Ps(λ) + 2Psm(λ) + 2Pms(λ) + 2Pss(λ) (A.46)

We set:

ψ1(h, a) ≡
∫ 1

0
h(x)1+a

(∫ 1

0
h(y)(1− y)dy +

∫ 1

x
h(y)(y − x)dy

)
dx

and

ψ2(h, a) ≡
∫ 1

0
h(x)1+adx

Each component, except for Pm which remains unaffected by the squeeze, are computed,
utilizing lemmas A.1.8 and A.1.9, as follows:

Ps(λ) = 4kp2+a(mλ)1−aψ1(f
∗, a)

Ams(λ) = 2kdq1+apn−aψ2(f
∗, a)

Asm(λ) = 2kdp1+aq(mλ)−aψ2(f
∗, a)

Ass(λ) = 4kdp2+a(mλ)−aψ2(f
∗, a)

Above can be summed up to given us polarization after the squeeze:

P (λ) = 4kp2+a(mλ)1−aψ1(f
∗, a) + 2kdq1+apn−aψ2(f

∗, a)+

+ 2kdp1+aq(mλ)−aψ2(f
∗, a) + 4kdp2+a(mλ)−aψ2(f

∗, a) =

= 2kψ1[2p
2+a(mλ)1−a + dq1+apn−aψ + dp1+aq(mλ)−aψ + 2dp2+a(mλ)−aψ] =

= 2kψ1[2p
2+a(mλ)1−a + dψ(q1+apn−a + p1+aq(mλ)−a + 2p2+a(mλ)−a)] =

= 2kψ1

[
2p2+a(mλ)1−a +

d

m
ψλ−a

(
q1+apn−am+ p1+aqm1−aλ−a + 2p2+am1−aλ−a

)]
= 2kψ1

[
2p2+a(mλ)1−a +

d

m
ψ
(
q1+apn−amλa + p1+aqm1−a + 2p2+am1−a)] =

= 2kψ1p
2+a

[
2(mλ)1−a +

d

m
ψλ−a

(
q1+ap−1−an−amλa + p−1qm(1−a) + 2m1−a

)]
=

= 2kψ1p
2+am1−a

[
2(λ)1−a +

d

m
ψλ−a(q1+ap−1−an−amaλa + p−1q + 2)

]
=

= 2kψ1p
2+am1−a

[
2(λ)1−a +

dψ

m
λ−a(q1+ap−1−an−amaλa) +

dψ

m
λ−a(

q

p
+ 2)

]
= 2kψ1p

2+am1−a2(λ)1−a + 2kψ1p
2+am1−adψ

m
λ−a(q1+ap−1−an−amaλa) + 2kψ1p

2+am1−adψ

m
λ−a(

q

p
+ 2) =

= 2kψ2pdq
1+an−a + 2kψ1p

2+am1−a
[
2λ1−a +

dψ

m
λ−a

(
q

p
+ 2

)]
=

= D + c

[
2λ1−a +

dψ

m
λ−a

(
q

p
+ 2

)]
Where D and c and positive constants independent of λ and ψ(f∗, a) = ψ2(f∗,a)

ψ1(f∗,a)
.
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For Axiom 2 to hold, the term in the square brackets, 2λ1−a + dψ
m λ

−a
(
q
p + 2

)
must be non

increasing in λ in (0, 1].
It suffices to show that for every root f∗:

λ1−a + ψ(f∗, a) lambda−(1+a)

is non-increasing in every λ over (0, 1].
By simple differentiation with respect to λ we get:

(1− a)λ−a − aψ(f∗, a)λ−(1+a)

must be non-negative for every λ ∈ (0, 1].
The necessary and sufficient condition for this is:

a ≥ 1

1 + ψ(f∗, a)
=

1

1 + 3
=

1

4
= 0.25

.

Lemma A.1.13. Given that P (f) is of the form A.29, Axiom 3 is satisfied.
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Figure A.8: Symmetric Outward Shift

Proof. As previously mentioned total polarization for a population divided into 4 densities is
given by:

P (x) =

4∑
i=1

Pi(x) +

4∑
i=1

∑
j ̸=i

Aij(x)

where f∗(x) denotes the root of f and dij(0) denotes the distance between the means of each
density.

As can be seen in figure an outwards slide of the inner densities by an amount z, will decrease
distance between denisty 1 and 2 by z and increase distance between densities 1 and 3 by the
same amount.

For Axiom 3 to hold, we must have:

P (z) ≥ P (0),
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where P (z) is the polarization after an outward slide by z of the inner densities and P (0) is the
original polarization of the population.

The internal polarization Pi(x) remains unchanged since there is no squeeze of the densities.
So, for Axiom 3 to hold it suffices to show that:

4∑
i=1

∑
j ̸=i

Aij(z) ≥
4∑
i=1

∑
j ̸=i

Aij(0)

Due to the symmetries mentioned in lemma A.1.6, it is sufficient to show that:

A12(z) +A13(z) +A23(z) +A21(z) +A24(z) ≥
A12(0) +A13(0) +A23(0) +A21(0) +A24(0),

(A.47)

From equation A.40 and following lemma A.1.9 for two basic densities, f , with support
[0, 2m] and g with support [m+ d− n,m+ d+ n], with population masses p and q respectively
we have that the total effective antagonism felt by members of f towards members of g before
the slide equals:

A(f, g) = 2kdij(0)p
1+aq(m)−a

∫ 1

0
f∗(x)1+adx, (A.48)

Using this to calculate each element of equation A.47 we have

A12(0) = 2kd12(0)p
1+aqm−a

∫ 1

0
f∗(x)1+adx

Due to the fact that the part 2kp1+aqm−a ∫ 1
0 f

∗(x)1+adx is constant, above can be rewritten
as follows:

A12(0) = k12d12(0),

where k12 = 2kp1+aqm−a ∫ 1
0 f

∗(x)1+adx.

In the same fashion, we calculate all remaining elements:

A13(0) = 2kd13(0)p
1+aqm−a

∫ 1

0
f∗(x)1+adx⇒

A13(0) = k13d13(0)

A21(0) = 2kd21(0)q
1+apn−a

∫ 1

0
f∗(x)1+adx⇒

A21(0) = k21d21(0)

A23(0) = 2kd23(0)q
2+an−a

∫ 1

0
f∗(x)1+adx⇒

A23(0) = k23d23(0)

A24(0) = 2kd24(0)q
1+apn−a

∫ 1

0
f∗(x)1+adx⇒

A24(0) = k24d24(0)
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A12(z) = 2kd12(z)p
1+aqm−a

∫ 1

0
f∗(x)1+adx⇒

A12(z) = k12d12(z) = k12(d12(0)− z)

A13(z) = 2kd13(z)p
1+aqm−a

∫ 1

0
f∗(x)1+adx⇒

A13(z) = k13d13(z) = k13(d13(0) + z)

A21(z) = 2kd21(z)q
1+apn−a

∫ 1

0
f∗(x)1+adx⇒

A21(z) = k21d21(z) = k21(d21(0)− z)

A23(z) = 2kd23(z)q
2+an−a

∫ 1

0
f∗(x)1+adx⇒

A23(z) = k23d23(z) = k23(d23(0) + 2z)

A24(z) = 2kd24(z)q
1+apn−a

∫ 1

0
f∗(x)1+adx⇒

A24(z) = k24d21(z) = k24(d24(0) + z)

Further more we observe that:
k12 = k13

and
k21 = k24

Substituting all above in equation A.47 we have:

k12d12(0)− k12z + k13d13(0) + k13z + k21d21(0)− k21z + k23d23(0) + 2k23z + k24d24(0) + k24z ≥
k12d12(0) + k13d13(0) + k21d21(0) + k23d23(0) + k24d24(0) ⇒
[A12(0) +A13(0) +A23(0) +A21(0) +A24(0)] + k21z + 2k23z ≥
A12(0) +A13(0) +A23(0) +A21(0) +A24(0),

which is true, since Kij and z are positive numbers.
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A.2 Section B

Table A.1: BICgmm −BICsgl

diff=0 diff=0.5 diff=1.0 diff=1.5 diff=2.0 diff=2.5 diff=3.0 diff=3.5 diff=4.0 diff=4.5 diff=5.0

1 17.0 14.7 17.5 15.3 9.5 -29.8 -17.5 -94.8 -159.4 -209.0 -333.6
2 18.1 18.4 16.0 13.2 13.5 -4.3 -61.7 -91.3 -131.0 -242.4 -296.8
3 16.6 15.4 17.4 17.9 10.2 -8.3 -60.8 -109.5 -146.1 -235.5 -274.5
4 14.8 13.4 16.8 14.6 13.3 -26.4 -60.9 -97.1 -138.6 -219.4 -305.3
5 18.5 18.4 17.5 9.4 -0.7 2.0 -58.1 -79.4 -137.1 -216.6 -300.7
6 18.7 17.4 18.0 16.5 5.2 -18.0 -42.0 -95.1 -122.3 -223.9 -271.4
7 18.7 17.9 18.4 11.7 5.2 4.5 -38.7 -119.6 -195.2 -319.7 -342.8
8 13.5 18.3 17.1 16.7 6.9 -11.0 -38.8 -78.0 -139.3 -210.0 -310.6
9 18.7 17.5 12.8 15.5 0.0 -5.7 -34.7 -83.4 -128.3 -258.6 -331.7
10 16.9 14.3 12.8 14.0 2.8 -8.6 -59.4 -98.1 -165.4 -212.1 -313.8
11 9.9 18.3 18.7 12.1 17.8 -0.4 -59.5 -94.3 -179.7 -252.2 -264.8
12 15.6 17.0 13.4 14.5 0.2 -7.7 -54.5 -122.1 -157.2 -221.2 -243.3
13 18.6 16.3 14.4 14.0 -0.1 -20.7 -32.0 -94.8 -164.0 -255.5 -360.6
14 9.6 16.5 18.2 12.0 3.1 -8.8 -51.7 -66.9 -165.4 -202.0 -293.3
15 17.4 18.1 17.6 14.8 13.3 -28.9 -39.0 -68.7 -194.2 -278.2 -356.4
16 18.5 18.6 18.0 13.4 4.7 -7.1 -39.3 -117.5 -171.6 -219.0 -279.5
17 17.4 12.1 15.6 11.3 5.8 -7.5 -48.7 -87.1 -154.7 -254.8 -224.4
18 18.2 17.2 18.7 11.7 -2.0 -7.8 -47.9 -82.5 -163.0 -242.0 -328.7
19 11.7 17.3 16.1 7.8 15.5 -17.3 -53.3 -82.5 -157.8 -238.7 -283.3
20 16.8 16.1 18.4 17.1 12.5 -18.6 -26.0 -92.9 -164.4 -251.3 -333.0
21 18.0 16.4 14.6 18.7 4.7 -18.1 -66.5 -80.7 -153.5 -208.9 -257.0
22 14.1 13.2 15.3 4.0 -1.7 -29.3 -7.8 -96.4 -172.0 -223.7 -324.4
23 18.7 16.6 12.8 17.9 0.6 -10.5 -34.5 -120.2 -113.8 -225.2 -356.0
24 17.8 17.6 9.3 15.3 13.3 -21.6 -44.3 -110.4 -143.3 -244.9 -278.5
25 18.6 18.7 18.2 5.1 7.5 -28.1 -49.5 -98.6 -143.9 -218.3 -270.9
26 17.6 17.7 18.4 11.3 9.7 -11.8 -41.4 -78.6 -122.8 -240.5 -312.5
27 16.8 15.9 17.5 14.1 2.6 -25.4 -57.3 -101.9 -185.4 -253.3 -291.2
28 18.8 16.8 16.7 10.7 8.9 -19.0 -53.4 -86.3 -126.9 -191.1 -308.8
29 17.7 17.2 16.4 15.1 14.4 -8.8 -29.9 -112.6 -147.4 -211.0 -294.5
30 11.5 12.2 18.6 11.8 -9.8 -13.5 -51.5 -86.2 -167.0 -182.7 -319.1
31 18.6 16.6 18.3 16.4 -3.5 -10.0 -47.6 -80.2 -176.3 -192.0 -269.3
32 14.7 18.7 16.2 18.6 -13.5 -7.2 -27.2 -91.3 -178.7 -265.2 -272.1
33 18.6 18.6 16.7 13.3 -2.0 0.6 -36.4 -107.0 -191.6 -189.6 -265.7
34 14.5 18.6 18.7 9.1 6.7 -8.8 -45.3 -121.5 -138.8 -223.0 -298.5
35 16.4 15.8 11.1 10.9 16.4 2.0 -50.6 -89.0 -178.3 -203.0 -300.1
36 17.9 15.9 16.6 15.1 11.5 -20.8 -65.5 -67.1 -148.8 -246.9 -294.9
37 17.3 16.2 17.9 1.4 10.2 -26.9 -29.6 -95.9 -147.2 -277.3 -271.6
38 17.2 16.2 17.3 11.5 -4.7 -9.4 -47.8 -123.0 -178.3 -234.1 -294.7
39 13.9 13.8 18.6 16.9 3.6 -4.2 -43.4 -114.0 -141.0 -258.8 -276.4
40 14.7 16.5 16.6 18.3 5.4 -35.7 -28.5 -83.6 -138.3 -227.1 -246.7
41 16.2 15.4 18.1 18.5 2.6 -0.2 -41.6 -113.5 -118.8 -228.1 -288.3
42 18.4 18.8 16.2 11.4 -2.7 -3.8 -46.2 -93.0 -198.6 -236.8 -326.9
43 16.4 17.4 18.6 12.2 -2.8 -21.3 -29.0 -72.9 -138.1 -214.4 -303.9
44 18.7 18.4 17.2 11.2 4.3 -24.7 -46.5 -119.3 -168.0 -237.4 -254.2
45 16.5 15.2 16.6 16.1 3.3 -7.9 -47.6 -101.5 -134.6 -248.8 -313.1
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Table A.2: BICgmm −BICsgl - Cont’ed

diff=0 diff=0.5 diff=1.0 diff=1.5 diff=2.0 diff=2.5 diff=3.0 diff=3.5 diff=4.0 diff=4.5 diff=5.0

46 18.2 18.5 17.9 17.9 -8.2 -21.6 -40.4 -48.9 -85.1 -255.4 -315.2
47 17.0 16.8 18.4 13.8 -5.1 -1.2 -25.3 -123.8 -148.8 -216.4 -275.2
48 16.8 16.8 13.0 18.4 11.7 -7.8 -70.2 -117.5 -152.5 -263.4 -259.6
49 18.7 17.6 15.6 2.7 0.0 -4.3 -41.9 -77.2 -129.7 -185.6 -272.8
50 18.5 15.8 16.3 6.5 10.5 -42.0 -35.7 -88.0 -119.0 -229.9 -279.7
51 15.5 18.4 16.8 8.6 7.4 -17.7 -54.2 -83.0 -140.7 -229.7 -308.9
52 18.4 17.1 17.5 16.6 14.3 -0.5 -38.9 -88.0 -154.7 -218.8 -278.2
53 18.2 17.5 17.8 4.6 18.5 -28.8 -75.4 -96.0 -135.0 -235.1 -282.9
54 18.6 17.3 18.4 17.9 15.7 -46.1 -47.0 -108.0 -143.5 -225.2 -317.0
55 18.2 17.8 17.3 16.5 13.4 -3.0 -46.7 -89.4 -166.1 -272.7 -271.3
56 18.5 11.2 13.6 18.4 -1.0 -10.4 -35.8 -108.6 -130.6 -209.9 -302.7
57 17.7 17.7 16.8 13.1 -2.1 -16.1 -59.8 -88.0 -165.0 -249.3 -306.9
58 17.8 17.2 10.9 12.6 8.4 -10.3 -34.8 -90.7 -170.0 -246.6 -328.4
59 17.4 10.2 18.1 12.5 -3.3 -18.3 -21.0 -107.0 -145.3 -233.3 -294.0
60 15.6 18.7 18.0 12.4 3.9 -11.0 -60.9 -100.7 -169.6 -242.3 -295.7
61 18.5 16.9 17.6 16.1 6.4 -9.6 -40.7 -116.7 -150.5 -201.4 -307.0
62 18.0 18.1 9.8 15.3 3.9 -7.6 -86.1 -103.5 -153.2 -237.1 -279.9
63 16.1 17.6 18.0 12.9 16.0 -2.4 -31.0 -113.7 -136.6 -206.8 -339.0
64 15.2 18.0 15.9 9.3 7.1 -23.1 -38.9 -89.1 -153.4 -230.9 -336.4
65 17.5 16.4 16.3 12.4 7.7 -7.0 -50.8 -87.5 -156.3 -244.2 -373.2
66 17.7 17.1 3.8 18.5 14.0 -20.4 -35.4 -71.8 -142.5 -270.2 -325.5
67 16.9 18.7 18.5 14.0 4.1 -16.5 -30.0 -96.4 -173.1 -188.5 -275.7
68 18.1 16.6 17.8 15.9 14.3 -16.8 -69.1 -90.6 -142.0 -276.2 -304.8
69 17.2 16.9 9.0 17.3 8.6 -23.6 -29.9 -69.6 -169.9 -230.8 -300.7
70 15.0 18.7 16.2 17.2 9.0 -25.7 -52.8 -75.6 -186.4 -200.9 -244.1
71 15.1 18.6 18.2 13.2 0.9 -22.4 -51.2 -66.0 -175.4 -211.8 -264.3
72 15.0 18.2 18.4 16.7 9.9 -23.4 -63.8 -71.8 -154.8 -251.6 -311.0
73 18.7 16.9 13.6 18.1 0.3 1.5 -42.1 -94.5 -181.1 -248.5 -322.7
74 17.9 17.0 17.2 17.1 9.4 -5.7 -48.3 -78.0 -135.3 -203.9 -317.1
75 15.5 16.9 18.1 13.8 2.3 -24.4 -37.6 -133.1 -193.1 -186.6 -293.8
76 13.6 17.4 12.0 17.6 16.4 -16.8 -58.9 -71.0 -147.7 -242.2 -263.5
77 17.9 18.8 16.5 11.8 12.2 -0.2 -28.0 -95.3 -144.3 -202.8 -305.3
78 18.4 18.3 13.9 10.7 2.0 2.1 -43.8 -101.2 -130.4 -248.5 -336.0
79 18.2 18.0 9.3 17.8 11.4 -18.1 -55.8 -95.0 -165.1 -200.1 -249.7
80 11.5 17.2 16.7 6.5 3.9 -20.1 -44.9 -91.9 -193.1 -221.0 -249.2
81 15.5 18.1 15.1 13.1 0.2 -41.8 -94.3 -102.8 -154.7 -232.9 -261.1
82 15.9 18.7 14.9 18.6 5.5 -1.4 -55.9 -84.8 -154.2 -228.3 -310.8
83 18.1 18.8 18.1 7.2 1.3 -21.5 -31.1 -122.6 -183.2 -248.4 -251.7
84 16.1 18.6 17.3 17.0 -6.3 -6.4 -41.1 -61.9 -176.4 -249.1 -299.6
85 13.8 15.2 16.6 14.2 8.1 -19.4 -12.9 -126.3 -196.6 -253.6 -334.3
86 18.1 10.1 17.3 18.5 5.3 -15.4 -40.3 -98.0 -149.8 -256.3 -309.7
87 17.7 16.5 16.4 18.2 4.2 -12.0 -40.2 -139.2 -187.4 -236.9 -287.9
88 18.0 13.4 16.6 15.2 -9.1 -22.5 -69.7 -117.3 -158.1 -224.6 -300.9
89 16.6 15.9 18.7 16.3 8.2 -32.4 -62.5 -95.0 -159.0 -227.2 -376.0
90 17.2 17.5 18.6 0.3 -0.7 -16.7 -49.1 -92.3 -171.0 -204.3 -358.9
91 16.6 16.5 17.4 17.2 5.4 -20.1 -34.8 -98.1 -206.9 -235.6 -286.6
92 18.2 14.4 17.9 11.6 1.1 -10.9 -53.5 -123.7 -153.6 -218.9 -319.3
93 14.5 15.3 17.7 14.5 11.9 -20.3 -59.8 -82.9 -111.8 -231.4 -304.8
94 17.8 16.4 18.7 15.6 11.0 -9.2 -9.2 -52.7 -167.6 -249.4 -271.6
95 16.3 18.4 7.7 16.9 14.6 -7.1 -21.6 -72.8 -125.7 -237.2 -309.9
96 17.5 17.1 17.9 15.8 1.6 -23.9 -79.2 -95.5 -146.4 -246.3 -253.0
97 14.4 17.3 10.2 16.7 13.2 -16.2 -42.8 -104.7 -136.7 -193.5 -327.6
98 17.4 17.8 17.5 7.2 3.9 -21.8 -31.9 -78.2 -168.1 -181.2 -362.6
99 12.9 16.4 12.5 14.8 1.4 -24.6 -51.9 -109.8 -159.0 -222.8 -299.8

100 16.5 15.5 18.7 11.8 -5.0 -7.8 -53.3 -97.7 -159.6 -222.0 -323.3
times 0% 0% 0% 0% 20% 94% 100% 100% 100% 100% 100%
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A.3 Section C

Table A.3: Results of PaF estimator for all values of α

— α values —
0.25 0.26 0.27 0.28 0.29 0.3 0.31 0.32 0.33 0.34

Year: 1989

Denmark 0.4327 0.4303 0.4280 0.4256 0.4233 0.4211 0.4188 0.4166 0.4144 0.4122
France 0.3305 0.3296 0.3287 0.3277 0.3268 0.3260 0.3251 0.3242 0.3234 0.3226
Germany 0.4028 0.4005 0.3982 0.3959 0.3937 0.3915 0.3893 0.3872 0.3851 0.3830
Greece 0.3352 0.3348 0.3344 0.3341 0.3337 0.3334 0.3330 0.3327 0.3324 0.3321
Ireland 0.3635 0.3620 0.3605 0.3590 0.3575 0.3561 0.3547 0.3533 0.3519 0.3506
Italy 0.3797 0.3778 0.3759 0.3740 0.3722 0.3704 0.3686 0.3668 0.3651 0.3634
Luxembourg 0.3627 0.3608 0.3589 0.3570 0.3552 0.3534 0.3516 0.3498 0.3481 0.3464
Netherlands 0.3474 0.3460 0.3447 0.3433 0.3420 0.3408 0.3395 0.3382 0.3370 0.3358
Spain 0.4986 0.4941 0.4897 0.4854 0.4811 0.4769 0.4728 0.4687 0.4647 0.4608
UK 0.5454 0.5397 0.5342 0.5287 0.5233 0.5180 0.5128 0.5076 0.5026 0.4976

Year: 1994

Denmark 0.4158 0.4133 0.4109 0.4085 0.4062 0.4039 0.4016 0.3993 0.3971 0.3949
France 0.3517 0.3503 0.3489 0.3475 0.3461 0.3448 0.3435 0.3422 0.3409 0.3397
Germany 0.3543 0.3526 0.3510 0.3495 0.3479 0.3464 0.3449 0.3435 0.3420 0.3406
Greece 0.4118 0.4094 0.4070 0.4046 0.4023 0.4000 0.3977 0.3955 0.3933 0.3911
Ireland 0.4117 0.4090 0.4062 0.4036 0.4009 0.3984 0.3959 0.3934 0.3909 0.3886
Italy 0.3839 0.3821 0.3803 0.3785 0.3767 0.3750 0.3733 0.3716 0.3699 0.3683
Luxembourg 0.3303 0.3290 0.3276 0.3263 0.3250 0.3237 0.3225 0.3212 0.3200 0.3188
Netherlands 0.3722 0.3706 0.3690 0.3675 0.3659 0.3644 0.3630 0.3615 0.3601 0.3587
Spain 0.5625 0.5568 0.5513 0.5458 0.5404 0.5350 0.5297 0.5245 0.5193 0.5143
UK 0.5374 0.5318 0.5262 0.5208 0.5155 0.5103 0.5051 0.5000 0.4951 0.4902

Year: 1999

Denmark 0.3517 0.3503 0.3489 0.3475 0.3461 0.3447 0.3434 0.3421 0.3408 0.3395
France 0.3271 0.3262 0.3253 0.3244 0.3235 0.3227 0.3219 0.3210 0.3202 0.3194
Germany 0.3887 0.3863 0.3839 0.3815 0.3792 0.3769 0.3747 0.3725 0.3703 0.3682
Greece 0.5167 0.5118 0.5071 0.5024 0.4977 0.4932 0.4887 0.4843 0.4799 0.4756
Ireland 0.4852 0.4807 0.4764 0.4720 0.4678 0.4637 0.4596 0.4556 0.4516 0.4478
Italy 0.4335 0.4308 0.4280 0.4253 0.4227 0.4200 0.4175 0.4149 0.4124 0.4099
Luxembourg 0.4960 0.4914 0.4869 0.4824 0.4780 0.4737 0.4694 0.4652 0.4611 0.4570
Netherlands 0.3997 0.3973 0.3950 0.3927 0.3905 0.3882 0.3860 0.3838 0.3817 0.3795
Spain 0.6433 0.6356 0.6281 0.6206 0.6133 0.6061 0.5990 0.5920 0.5851 0.5784
UK 0.6134 0.6063 0.5994 0.5926 0.5860 0.5795 0.5731 0.5669 0.5608 0.5548
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Table A.4: Results of PaF estimator for all values of α - Cont’ed

— α values —
0.25 0.26 0.27 0.28 0.29 0.3 0.31 0.32 0.33 0.34

Year: 2004

Denmark 0.4012 0.3990 0.3968 0.3946 0.3924 0.3903 0.3882 0.3862 0.3841 0.3821
France 0.4043 0.4019 0.3996 0.3973 0.3950 0.3927 0.3905 0.3884 0.3862 0.3841
Germany 0.3915 0.3891 0.3868 0.3845 0.3822 0.3800 0.3778 0.3757 0.3736 0.3715
Greece 0.5106 0.5057 0.5010 0.4963 0.4918 0.4872 0.4828 0.4784 0.4741 0.4699
Ireland 0.5067 0.5019 0.4971 0.4925 0.4879 0.4834 0.4790 0.4746 0.4703 0.4661
Italy 0.3913 0.3900 0.3886 0.3872 0.3859 0.3845 0.3832 0.3819 0.3806 0.3794
Luxembourg 0.3531 0.3515 0.3500 0.3485 0.3471 0.3457 0.3443 0.3429 0.3415 0.3402
Netherlands 0.4771 0.4735 0.4700 0.4666 0.4632 0.4598 0.4565 0.4532 0.4499 0.4467
Spain 0.4744 0.4709 0.4674 0.4639 0.4605 0.4572 0.4539 0.4506 0.4474 0.4442
UK 0.7425 0.7315 0.7208 0.7103 0.7000 0.6899 0.6801 0.6705 0.6610 0.6518

Year: 2009

Denmark 0.4637 0.4605 0.4572 0.4540 0.4509 0.4477 0.4446 0.4416 0.4386 0.4356
France 0.3616 0.3600 0.3583 0.3566 0.3550 0.3534 0.3518 0.3503 0.3488 0.3472
Germany 0.4363 0.4330 0.4298 0.4267 0.4236 0.4206 0.4176 0.4147 0.4118 0.4089
Greece 0.4765 0.4723 0.4681 0.4641 0.4601 0.4561 0.4522 0.4484 0.4447 0.4410
Ireland 0.6038 0.5965 0.5894 0.5824 0.5756 0.5689 0.5623 0.5558 0.5495 0.5433
Italy 0.4196 0.4175 0.4155 0.4135 0.4115 0.4096 0.4077 0.4058 0.4039 0.4020
Luxembourg 0.4117 0.4090 0.4064 0.4038 0.4012 0.3987 0.3961 0.3937 0.3912 0.3888
Netherlands 0.4036 0.4011 0.3987 0.3963 0.3940 0.3917 0.3894 0.3871 0.3849 0.3827
Spain 0.5333 0.5278 0.5224 0.5171 0.5119 0.5067 0.5016 0.4966 0.4916 0.4867
UK 0.5392 0.5333 0.5275 0.5219 0.5164 0.5109 0.5056 0.5004 0.4953 0.4903

Year: 2014

Denmark 0.4283 0.4254 0.4226 0.4198 0.4171 0.4143 0.4117 0.4090 0.4064 0.4038
France 0.3799 0.3780 0.3762 0.3744 0.3726 0.3708 0.3691 0.3673 0.3656 0.3639
Germany 0.4148 0.4119 0.4090 0.4062 0.4034 0.4006 0.3979 0.3953 0.3926 0.3900
Greece 0.3619 0.3601 0.3584 0.3566 0.3549 0.3533 0.3516 0.3500 0.3484 0.3468
Ireland 0.4695 0.4656 0.4618 0.4580 0.4543 0.4507 0.4471 0.4436 0.4401 0.4367
Italy 0.4470 0.4439 0.4409 0.4379 0.4349 0.4320 0.4291 0.4262 0.4234 0.4206
Luxembourg 0.4032 0.4005 0.3978 0.3952 0.3926 0.3901 0.3876 0.3852 0.3828 0.3804
Netherlands 0.3945 0.3922 0.3899 0.3876 0.3854 0.3832 0.3810 0.3789 0.3768 0.3747
Spain 0.4347 0.4318 0.4290 0.4262 0.4234 0.4207 0.4180 0.4153 0.4127 0.4101
UK 0.6092 0.6019 0.5948 0.5877 0.5808 0.5740 0.5674 0.5608 0.5543 0.5480

Year: 2019

Denmark 0.4965 0.4925 0.4887 0.4848 0.4811 0.4773 0.4737 0.4700 0.4664 0.4629
France 0.5014 0.4971 0.4928 0.4885 0.4844 0.4803 0.4762 0.4722 0.4682 0.4643
Germany 0.4215 0.4185 0.4156 0.4127 0.4098 0.4070 0.4043 0.4016 0.3990 0.3964
Greece 0.4577 0.4540 0.4503 0.4467 0.4432 0.4397 0.4363 0.4330 0.4297 0.4264
Ireland 0.5794 0.5727 0.5661 0.5597 0.5534 0.5472 0.5411 0.5352 0.5294 0.5237
Italy 0.4830 0.4792 0.4755 0.4718 0.4681 0.4645 0.4609 0.4574 0.4539 0.4505
Luxembourg 0.4186 0.4156 0.4126 0.4097 0.4068 0.4040 0.4012 0.3985 0.3959 0.3932
Netherlands 0.4633 0.4597 0.4562 0.4527 0.4492 0.4458 0.4424 0.4391 0.4358 0.4325
Spain 0.4517 0.4486 0.4456 0.4427 0.4397 0.4369 0.4340 0.4312 0.4284 0.4257
UK 0.4768 0.4727 0.4686 0.4646 0.4607 0.4568 0.4530 0.4492 0.4455 0.4419
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Table A.5: Results of PaF estimator for all values of α - Cont’ed

— α values —
0.35 0.36 0.37 0.38 0.39 0.4 0.41 0.42 0.43 0.44

Year: 1989

0.35 0.36 0.37 0.38 0.39 0.4 0.41 0.42 0.43 0.44
Denmark 0.4100 0.4079 0.4058 0.4037 0.4016 0.3995 0.3975 0.3955 0.3935 0.3915
France 0.3217 0.3210 0.3202 0.3194 0.3186 0.3179 0.3172 0.3165 0.3157 0.3151
Germany 0.3810 0.3790 0.3770 0.3750 0.3731 0.3712 0.3693 0.3674 0.3656 0.3638
Greece 0.3318 0.3315 0.3312 0.3309 0.3306 0.3304 0.3301 0.3298 0.3296 0.3294
Ireland 0.3492 0.3479 0.3466 0.3454 0.3441 0.3429 0.3417 0.3405 0.3393 0.3381
Italy 0.3618 0.3601 0.3585 0.3569 0.3554 0.3538 0.3523 0.3508 0.3493 0.3479
Luxembourg 0.3447 0.3431 0.3415 0.3399 0.3384 0.3369 0.3354 0.3339 0.3324 0.3310
Netherlands 0.3346 0.3334 0.3322 0.3311 0.3300 0.3288 0.3277 0.3267 0.3256 0.3245
Spain 0.4569 0.4530 0.4493 0.4456 0.4419 0.4383 0.4347 0.4312 0.4278 0.4243
UK 0.4926 0.4878 0.4830 0.4783 0.4737 0.4691 0.4646 0.4602 0.4558 0.4515

Year: 1994

Denmark 0.3927 0.3905 0.3884 0.3863 0.3842 0.3821 0.3801 0.3781 0.3761 0.3741
France 0.3384 0.3372 0.3360 0.3348 0.3336 0.3324 0.3313 0.3301 0.3290 0.3279
Germany 0.3392 0.3378 0.3364 0.3351 0.3338 0.3325 0.3312 0.3300 0.3287 0.3275
Greece 0.3890 0.3869 0.3849 0.3829 0.3809 0.3789 0.3770 0.3751 0.3732 0.3713
Ireland 0.3862 0.3839 0.3816 0.3794 0.3772 0.3751 0.3730 0.3709 0.3688 0.3668
Italy 0.3666 0.3650 0.3634 0.3618 0.3602 0.3586 0.3571 0.3555 0.3540 0.3525
Luxembourg 0.3177 0.3165 0.3154 0.3143 0.3132 0.3122 0.3111 0.3101 0.3091 0.3081
Netherlands 0.3573 0.3560 0.3546 0.3533 0.3520 0.3508 0.3495 0.3483 0.3471 0.3459
Spain 0.5092 0.5043 0.4994 0.4946 0.4898 0.4851 0.4804 0.4758 0.4713 0.4668
UK 0.4853 0.4806 0.4759 0.4713 0.4668 0.4623 0.4580 0.4536 0.4494 0.4452

Year: 1999

Denmark 0.3383 0.3371 0.3358 0.3346 0.3335 0.3323 0.3311 0.3300 0.3289 0.3278
France 0.3186 0.3179 0.3171 0.3163 0.3156 0.3149 0.3142 0.3134 0.3127 0.3121
Germany 0.3662 0.3641 0.3621 0.3602 0.3583 0.3564 0.3546 0.3527 0.3510 0.3492
Greece 0.4714 0.4672 0.4630 0.4590 0.4550 0.4510 0.4471 0.4432 0.4394 0.4357
Ireland 0.4440 0.4402 0.4365 0.4329 0.4294 0.4259 0.4225 0.4191 0.4158 0.4125
Italy 0.4074 0.4050 0.4026 0.4002 0.3978 0.3955 0.3932 0.3909 0.3887 0.3865
Luxembourg 0.4529 0.4490 0.4451 0.4412 0.4374 0.4336 0.4299 0.4263 0.4227 0.4191
Netherlands 0.3774 0.3754 0.3733 0.3713 0.3693 0.3673 0.3654 0.3634 0.3615 0.3596
Spain 0.5717 0.5651 0.5587 0.5523 0.5460 0.5399 0.5338 0.5278 0.5219 0.5160
UK 0.5489 0.5432 0.5375 0.5320 0.5265 0.5212 0.5159 0.5108 0.5057 0.5007

Year: 2004

Denmark 0.3801 0.3781 0.3762 0.3742 0.3723 0.3704 0.3685 0.3667 0.3649 0.3631
France 0.3820 0.3799 0.3779 0.3759 0.3739 0.3719 0.3700 0.3680 0.3661 0.3643
Germany 0.3695 0.3675 0.3655 0.3636 0.3617 0.3598 0.3580 0.3562 0.3544 0.3527
Greece 0.4657 0.4616 0.4575 0.4535 0.4496 0.4457 0.4419 0.4381 0.4344 0.4307
Ireland 0.4620 0.4579 0.4539 0.4500 0.4461 0.4423 0.4385 0.4348 0.4312 0.4276
Italy 0.3781 0.3768 0.3756 0.3744 0.3731 0.3719 0.3707 0.3695 0.3684 0.3672
Luxembourg 0.3389 0.3376 0.3363 0.3351 0.3339 0.3327 0.3315 0.3303 0.3291 0.3280
Netherlands 0.4435 0.4404 0.4373 0.4342 0.4312 0.4282 0.4252 0.4222 0.4193 0.4165
Spain 0.4411 0.4380 0.4350 0.4320 0.4290 0.4261 0.4232 0.4203 0.4175 0.4147
UK 0.6427 0.6339 0.6252 0.6167 0.6083 0.6001 0.5921 0.5842 0.5765 0.5689
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Table A.6: Results of PaF estimator for all values of α - Cont’ed

— α values —
0.35 0.36 0.37 0.38 0.39 0.4 0.41 0.42 0.43 0.44

Year: 2009

Denmark 0.4326 0.4297 0.4268 0.4239 0.4211 0.4183 0.4155 0.4128 0.4101 0.4074
France 0.3457 0.3443 0.3428 0.3413 0.3399 0.3385 0.3371 0.3357 0.3344 0.3330
Germany 0.4061 0.4033 0.4006 0.3979 0.3953 0.3927 0.3901 0.3876 0.3851 0.3827
Greece 0.4373 0.4337 0.4302 0.4267 0.4233 0.4199 0.4165 0.4133 0.4100 0.4068
Ireland 0.5372 0.5312 0.5253 0.5195 0.5139 0.5083 0.5029 0.4975 0.4922 0.4871
Italy 0.4002 0.3983 0.3965 0.3947 0.3930 0.3912 0.3895 0.3877 0.3860 0.3843
Luxembourg 0.3865 0.3841 0.3818 0.3795 0.3773 0.3750 0.3729 0.3707 0.3685 0.3664
Netherlands 0.3806 0.3784 0.3763 0.3743 0.3722 0.3702 0.3682 0.3662 0.3643 0.3624
Spain 0.4819 0.4772 0.4725 0.4679 0.4634 0.4589 0.4545 0.4501 0.4458 0.4416
UK 0.4854 0.4805 0.4758 0.4711 0.4666 0.4621 0.4577 0.4534 0.4491 0.4449

Year: 2014

Denmark 0.4012 0.3987 0.3962 0.3938 0.3913 0.3889 0.3865 0.3842 0.3818 0.3795
France 0.3623 0.3606 0.3590 0.3573 0.3557 0.3541 0.3526 0.3510 0.3495 0.3479
Germany 0.3875 0.3850 0.3825 0.3801 0.3777 0.3753 0.3730 0.3707 0.3685 0.3662
Greece 0.3453 0.3437 0.3422 0.3407 0.3393 0.3378 0.3364 0.3350 0.3336 0.3322
Ireland 0.4333 0.4300 0.4267 0.4234 0.4202 0.4171 0.4140 0.4109 0.4079 0.4049
Italy 0.4179 0.4151 0.4125 0.4098 0.4072 0.4045 0.4020 0.3994 0.3969 0.3944
Luxembourg 0.3781 0.3758 0.3735 0.3713 0.3691 0.3669 0.3648 0.3627 0.3606 0.3586
Netherlands 0.3727 0.3706 0.3687 0.3667 0.3647 0.3628 0.3609 0.3591 0.3572 0.3554
Spain 0.4075 0.4050 0.4025 0.4000 0.3975 0.3951 0.3927 0.3903 0.3880 0.3857
UK 0.5417 0.5356 0.5295 0.5236 0.5178 0.5120 0.5063 0.5008 0.4953 0.4899

Year: 2019

Denmark 0.4594 0.4559 0.4525 0.4491 0.4458 0.4425 0.4393 0.4360 0.4329 0.4297
France 0.4605 0.4567 0.4529 0.4492 0.4455 0.4419 0.4384 0.4348 0.4314 0.4279
Germany 0.3938 0.3913 0.3889 0.3865 0.3841 0.3818 0.3795 0.3772 0.3750 0.3728
Greece 0.4232 0.4201 0.4170 0.4139 0.4109 0.4080 0.4050 0.4022 0.3993 0.3965
Ireland 0.5181 0.5126 0.5072 0.5019 0.4967 0.4916 0.4866 0.4817 0.4768 0.4721
Italy 0.4471 0.4437 0.4404 0.4371 0.4339 0.4307 0.4275 0.4243 0.4212 0.4182
Luxembourg 0.3906 0.3881 0.3856 0.3831 0.3807 0.3783 0.3760 0.3737 0.3714 0.3692
Netherlands 0.4293 0.4261 0.4230 0.4199 0.4168 0.4137 0.4107 0.4078 0.4048 0.4019
Spain 0.4230 0.4203 0.4177 0.4151 0.4125 0.4099 0.4074 0.4049 0.4025 0.4000
UK 0.4383 0.4348 0.4314 0.4280 0.4246 0.4213 0.4180 0.4148 0.4117 0.4086
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Table A.7: Results of PaF estimator for all values of α - Cont’ed

— α values —
0.45 0.46 0.47 0.48 0.49 0.5 0.51 0.52 0.53 0.54

Year: 1989

Denmark 0.3896 0.3876 0.3857 0.3838 0.3819 0.3800 0.3782 0.3763 0.3745 0.3727
France 0.3144 0.3137 0.3131 0.3124 0.3118 0.3111 0.3105 0.3099 0.3093 0.3088
Germany 0.3620 0.3602 0.3585 0.3567 0.3550 0.3534 0.3517 0.3501 0.3484 0.3468
Greece 0.3291 0.3289 0.3287 0.3285 0.3283 0.3281 0.3279 0.3277 0.3276 0.3274
Ireland 0.3370 0.3358 0.3347 0.3336 0.3325 0.3315 0.3304 0.3294 0.3284 0.3274
Italy 0.3465 0.3451 0.3437 0.3423 0.3410 0.3397 0.3384 0.3371 0.3358 0.3346
Luxembourg 0.3296 0.3282 0.3269 0.3255 0.3242 0.3229 0.3217 0.3204 0.3192 0.3180
Netherlands 0.3235 0.3224 0.3214 0.3204 0.3194 0.3184 0.3175 0.3165 0.3156 0.3146
Spain 0.4210 0.4177 0.4144 0.4112 0.4080 0.4048 0.4017 0.3987 0.3956 0.3927
UK 0.4473 0.4431 0.4390 0.4349 0.4309 0.4269 0.4230 0.4191 0.4153 0.4116

Year: 1994

Denmark 0.3721 0.3702 0.3683 0.3664 0.3645 0.3627 0.3608 0.3590 0.3572 0.3554
France 0.3268 0.3258 0.3247 0.3236 0.3226 0.3216 0.3206 0.3196 0.3186 0.3176
Germany 0.3263 0.3251 0.3239 0.3228 0.3217 0.3205 0.3194 0.3184 0.3173 0.3162
Greece 0.3695 0.3677 0.3660 0.3642 0.3625 0.3608 0.3591 0.3575 0.3559 0.3543
Ireland 0.3649 0.3629 0.3610 0.3591 0.3572 0.3554 0.3536 0.3518 0.3501 0.3483
Italy 0.3510 0.3496 0.3481 0.3467 0.3452 0.3438 0.3424 0.3410 0.3396 0.3382
Luxembourg 0.3071 0.3061 0.3052 0.3043 0.3033 0.3024 0.3016 0.3007 0.2998 0.2990
Netherlands 0.3447 0.3436 0.3424 0.3413 0.3402 0.3391 0.3381 0.3370 0.3360 0.3349
Spain 0.4624 0.4580 0.4537 0.4494 0.4452 0.4410 0.4369 0.4328 0.4288 0.4248
UK 0.4411 0.4370 0.4330 0.4291 0.4252 0.4214 0.4176 0.4139 0.4102 0.4066

Year: 1999

Denmark 0.3267 0.3256 0.3245 0.3235 0.3225 0.3214 0.3204 0.3194 0.3185 0.3175
France 0.3114 0.3107 0.3100 0.3094 0.3087 0.3081 0.3075 0.3069 0.3063 0.3057
Germany 0.3475 0.3458 0.3442 0.3425 0.3409 0.3394 0.3378 0.3363 0.3348 0.3334
Greece 0.4320 0.4283 0.4247 0.4211 0.4176 0.4141 0.4107 0.4073 0.4039 0.4006
Ireland 0.4093 0.4061 0.4030 0.3999 0.3969 0.3939 0.3910 0.3881 0.3853 0.3825
Italy 0.3843 0.3821 0.3800 0.3778 0.3757 0.3736 0.3716 0.3695 0.3675 0.3655
Luxembourg 0.4156 0.4122 0.4087 0.4054 0.4020 0.3988 0.3955 0.3923 0.3892 0.3860
Netherlands 0.3578 0.3559 0.3541 0.3523 0.3505 0.3488 0.3470 0.3453 0.3436 0.3419
Spain 0.5103 0.5047 0.4991 0.4936 0.4882 0.4828 0.4776 0.4724 0.4672 0.4622
UK 0.4959 0.4911 0.4864 0.4817 0.4772 0.4727 0.4683 0.4639 0.4597 0.4555

Year: 2004

Denmark 0.3613 0.3595 0.3577 0.3560 0.3543 0.3526 0.3509 0.3492 0.3476 0.3460
France 0.3624 0.3606 0.3588 0.3570 0.3552 0.3535 0.3517 0.3500 0.3484 0.3467
Germany 0.3510 0.3493 0.3476 0.3460 0.3444 0.3428 0.3413 0.3398 0.3383 0.3368
Greece 0.4271 0.4235 0.4200 0.4166 0.4131 0.4098 0.4064 0.4032 0.3999 0.3967
Ireland 0.4241 0.4206 0.4172 0.4138 0.4104 0.4072 0.4039 0.4007 0.3976 0.3945
Italy 0.3660 0.3649 0.3638 0.3626 0.3615 0.3604 0.3593 0.3582 0.3571 0.3561
Luxembourg 0.3269 0.3258 0.3247 0.3237 0.3226 0.3216 0.3206 0.3196 0.3186 0.3177
Netherlands 0.4136 0.4108 0.4080 0.4053 0.4025 0.3998 0.3972 0.3945 0.3919 0.3893
Spain 0.4120 0.4093 0.4066 0.4040 0.4014 0.3988 0.3963 0.3938 0.3913 0.3888
UK 0.5615 0.5542 0.5471 0.5400 0.5331 0.5264 0.5197 0.5132 0.5068 0.5005



A.3. SECTION C 155

Table A.8: Results of PaF estimator for all values of α - Cont’ed

— α values —
0.45 0.46 0.47 0.48 0.49 0.5 0.51 0.52 0.53 0.54

Year: 2009

Denmark 0.4047 0.4021 0.3995 0.3969 0.3944 0.3918 0.3893 0.3868 0.3844 0.3820
France 0.3317 0.3304 0.3291 0.3278 0.3266 0.3253 0.3241 0.3229 0.3217 0.3205
Germany 0.3802 0.3779 0.3755 0.3732 0.3709 0.3686 0.3664 0.3642 0.3620 0.3599
Greece 0.4037 0.4006 0.3975 0.3945 0.3915 0.3886 0.3857 0.3828 0.3800 0.3773
Ireland 0.4820 0.4770 0.4720 0.4672 0.4625 0.4578 0.4532 0.4487 0.4442 0.4399
Italy 0.3827 0.3810 0.3794 0.3777 0.3761 0.3745 0.3729 0.3713 0.3698 0.3682
Luxembourg 0.3643 0.3623 0.3602 0.3582 0.3562 0.3542 0.3523 0.3504 0.3485 0.3466
Netherlands 0.3605 0.3586 0.3568 0.3549 0.3531 0.3514 0.3496 0.3479 0.3461 0.3444
Spain 0.4374 0.4333 0.4292 0.4252 0.4213 0.4174 0.4135 0.4097 0.4060 0.4023
UK 0.4408 0.4368 0.4329 0.4290 0.4251 0.4214 0.4177 0.4140 0.4105 0.4069

Year: 2014

Denmark 0.3773 0.3750 0.3728 0.3706 0.3684 0.3663 0.3641 0.3620 0.3599 0.3579
France 0.3464 0.3449 0.3435 0.3420 0.3405 0.3391 0.3377 0.3363 0.3349 0.3335
Germany 0.3640 0.3619 0.3598 0.3577 0.3556 0.3535 0.3515 0.3495 0.3476 0.3456
Greece 0.3309 0.3296 0.3282 0.3269 0.3257 0.3244 0.3232 0.3219 0.3207 0.3195
Ireland 0.4019 0.3990 0.3961 0.3933 0.3905 0.3877 0.3850 0.3823 0.3796 0.3770
Italy 0.3919 0.3895 0.3871 0.3847 0.3823 0.3800 0.3777 0.3754 0.3731 0.3708
Luxembourg 0.3566 0.3546 0.3526 0.3507 0.3488 0.3470 0.3451 0.3433 0.3415 0.3397
Netherlands 0.3536 0.3519 0.3501 0.3484 0.3467 0.3450 0.3433 0.3417 0.3400 0.3384
Spain 0.3834 0.3811 0.3789 0.3767 0.3745 0.3723 0.3702 0.3680 0.3659 0.3639
UK 0.4846 0.4793 0.4742 0.4691 0.4641 0.4592 0.4543 0.4495 0.4448 0.4402

Year: 2019

Denmark 0.4266 0.4235 0.4205 0.4175 0.4145 0.4115 0.4086 0.4057 0.4029 0.4001
France 0.4245 0.4212 0.4179 0.4146 0.4114 0.4082 0.4050 0.4019 0.3988 0.3958
Germany 0.3706 0.3685 0.3664 0.3644 0.3624 0.3604 0.3584 0.3565 0.3546 0.3527
Greece 0.3938 0.3911 0.3884 0.3858 0.3832 0.3806 0.3780 0.3755 0.3731 0.3706
Ireland 0.4674 0.4628 0.4583 0.4539 0.4496 0.4453 0.4411 0.4369 0.4329 0.4288
Italy 0.4151 0.4121 0.4092 0.4062 0.4033 0.4004 0.3976 0.3948 0.3920 0.3892
Luxembourg 0.3670 0.3648 0.3627 0.3606 0.3585 0.3565 0.3544 0.3525 0.3505 0.3486
Netherlands 0.3991 0.3962 0.3934 0.3907 0.3879 0.3852 0.3825 0.3799 0.3772 0.3747
Spain 0.3976 0.3953 0.3929 0.3906 0.3883 0.3860 0.3838 0.3815 0.3793 0.3771
UK 0.4055 0.4025 0.3995 0.3966 0.3937 0.3908 0.3880 0.3852 0.3825 0.3798
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Table A.9: Results of PaF estimator for all values of α - Cont’ed

— α values —
0.55 0.56 0.57 0.58 0.59 0.6 0.61 0.62 0.63 0.64

Year: 1989

Denmark 0.3709 0.3691 0.3673 0.3656 0.3638 0.3621 0.3604 0.3587 0.3570 0.3554
France 0.3082 0.3076 0.3071 0.3065 0.3060 0.3055 0.3050 0.3045 0.3040 0.3035
Germany 0.3452 0.3437 0.3421 0.3406 0.3391 0.3376 0.3361 0.3346 0.3332 0.3317
Greece 0.3272 0.3271 0.3269 0.3268 0.3267 0.3265 0.3264 0.3263 0.3262 0.3261
Ireland 0.3264 0.3254 0.3244 0.3234 0.3225 0.3216 0.3207 0.3197 0.3189 0.3180
Italy 0.3334 0.3322 0.3310 0.3298 0.3286 0.3275 0.3264 0.3253 0.3242 0.3231
Luxembourg 0.3168 0.3157 0.3145 0.3134 0.3123 0.3112 0.3101 0.3091 0.3080 0.3070
Netherlands 0.3137 0.3128 0.3119 0.3110 0.3101 0.3092 0.3083 0.3075 0.3066 0.3058
Spain 0.3897 0.3868 0.3839 0.3811 0.3783 0.3755 0.3728 0.3701 0.3674 0.3648
UK 0.4079 0.4042 0.4006 0.3970 0.3935 0.3900 0.3866 0.3832 0.3799 0.3766

Year: 1994

Denmark 0.3537 0.3519 0.3502 0.3485 0.3468 0.3451 0.3434 0.3418 0.3402 0.3385
France 0.3166 0.3157 0.3148 0.3138 0.3129 0.3120 0.3111 0.3102 0.3093 0.3085
Germany 0.3152 0.3142 0.3132 0.3122 0.3112 0.3102 0.3093 0.3083 0.3074 0.3065
Greece 0.3527 0.3512 0.3496 0.3481 0.3466 0.3452 0.3437 0.3423 0.3409 0.3395
Ireland 0.3466 0.3449 0.3433 0.3417 0.3400 0.3385 0.3369 0.3353 0.3338 0.3323
Italy 0.3369 0.3355 0.3342 0.3329 0.3316 0.3303 0.3290 0.3277 0.3264 0.3252
Luxembourg 0.2982 0.2973 0.2965 0.2957 0.2950 0.2942 0.2934 0.2927 0.2919 0.2912
Netherlands 0.3339 0.3329 0.3319 0.3310 0.3300 0.3291 0.3281 0.3272 0.3263 0.3254
Spain 0.4209 0.4170 0.4132 0.4094 0.4056 0.4019 0.3983 0.3947 0.3911 0.3875
UK 0.4030 0.3995 0.3961 0.3927 0.3893 0.3860 0.3827 0.3795 0.3763 0.3732

Year: 1999

Denmark 0.3165 0.3156 0.3147 0.3137 0.3128 0.3119 0.3110 0.3102 0.3093 0.3084
France 0.3051 0.3045 0.3039 0.3033 0.3028 0.3022 0.3017 0.3011 0.3006 0.3001
Germany 0.3319 0.3305 0.3291 0.3278 0.3264 0.3251 0.3238 0.3225 0.3213 0.3200
Greece 0.3974 0.3941 0.3909 0.3878 0.3847 0.3816 0.3785 0.3755 0.3725 0.3696
Ireland 0.3797 0.3770 0.3743 0.3717 0.3691 0.3665 0.3640 0.3615 0.3591 0.3566
Italy 0.3635 0.3616 0.3597 0.3577 0.3558 0.3539 0.3521 0.3502 0.3484 0.3466
Luxembourg 0.3830 0.3799 0.3769 0.3739 0.3710 0.3681 0.3653 0.3624 0.3596 0.3569
Netherlands 0.3403 0.3386 0.3370 0.3354 0.3338 0.3322 0.3306 0.3291 0.3275 0.3260
Spain 0.4572 0.4523 0.4474 0.4426 0.4379 0.4333 0.4287 0.4241 0.4196 0.4152
UK 0.4513 0.4473 0.4433 0.4393 0.4354 0.4316 0.4279 0.4242 0.4205 0.4169

Year: 2004

Denmark 0.3443 0.3427 0.3411 0.3396 0.3380 0.3365 0.3349 0.3334 0.3319 0.3304
France 0.3450 0.3434 0.3418 0.3402 0.3386 0.3370 0.3355 0.3340 0.3324 0.3309
Germany 0.3353 0.3339 0.3325 0.3311 0.3297 0.3284 0.3271 0.3257 0.3245 0.3232
Greece 0.3936 0.3904 0.3874 0.3843 0.3813 0.3783 0.3754 0.3725 0.3697 0.3668
Ireland 0.3914 0.3884 0.3854 0.3825 0.3796 0.3767 0.3739 0.3711 0.3684 0.3656
Italy 0.3550 0.3539 0.3529 0.3518 0.3508 0.3498 0.3488 0.3478 0.3468 0.3458
Luxembourg 0.3167 0.3158 0.3149 0.3139 0.3131 0.3122 0.3113 0.3105 0.3096 0.3088
Netherlands 0.3868 0.3842 0.3817 0.3792 0.3768 0.3743 0.3719 0.3695 0.3672 0.3648
Spain 0.3864 0.3840 0.3817 0.3793 0.3770 0.3748 0.3725 0.3703 0.3681 0.3659
UK 0.4943 0.4882 0.4822 0.4763 0.4706 0.4649 0.4593 0.4538 0.4484 0.4431
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Table A.10: Results of PaF estimator for all values of α - Cont’ed

— α values —
0.55 0.56 0.57 0.58 0.59 0.6 0.61 0.62 0.63 0.64

Year: 2009

Denmark 0.3795 0.3772 0.3748 0.3724 0.3701 0.3678 0.3655 0.3633 0.3610 0.3588
France 0.3193 0.3181 0.3170 0.3158 0.3147 0.3136 0.3125 0.3114 0.3103 0.3093
Germany 0.3578 0.3557 0.3536 0.3516 0.3496 0.3476 0.3456 0.3437 0.3418 0.3399
Greece 0.3745 0.3718 0.3691 0.3665 0.3639 0.3613 0.3588 0.3563 0.3538 0.3514
Ireland 0.4356 0.4313 0.4272 0.4231 0.4190 0.4151 0.4111 0.4073 0.4035 0.3998
Italy 0.3667 0.3652 0.3637 0.3622 0.3607 0.3592 0.3577 0.3563 0.3548 0.3534
Luxembourg 0.3447 0.3429 0.3410 0.3392 0.3375 0.3357 0.3340 0.3322 0.3305 0.3288
Netherlands 0.3428 0.3411 0.3394 0.3378 0.3362 0.3346 0.3331 0.3315 0.3300 0.3284
Spain 0.3986 0.3950 0.3915 0.3880 0.3845 0.3811 0.3777 0.3744 0.3711 0.3678
UK 0.4035 0.4001 0.3967 0.3934 0.3902 0.3870 0.3838 0.3807 0.3777 0.3747

Year: 2014

Denmark 0.3558 0.3538 0.3518 0.3499 0.3479 0.3460 0.3441 0.3422 0.3403 0.3384
France 0.3321 0.3307 0.3294 0.3281 0.3267 0.3254 0.3241 0.3228 0.3216 0.3203
Germany 0.3437 0.3419 0.3400 0.3382 0.3364 0.3346 0.3328 0.3311 0.3294 0.3277
Greece 0.3184 0.3172 0.3161 0.3149 0.3138 0.3127 0.3116 0.3106 0.3095 0.3085
Ireland 0.3744 0.3718 0.3692 0.3667 0.3642 0.3618 0.3593 0.3569 0.3546 0.3522
Italy 0.3686 0.3664 0.3642 0.3620 0.3599 0.3578 0.3557 0.3536 0.3515 0.3495
Luxembourg 0.3380 0.3363 0.3346 0.3329 0.3313 0.3296 0.3280 0.3265 0.3249 0.3234
Netherlands 0.3368 0.3353 0.3337 0.3322 0.3307 0.3292 0.3277 0.3262 0.3248 0.3234
Spain 0.3618 0.3598 0.3577 0.3557 0.3538 0.3518 0.3499 0.3479 0.3460 0.3442
UK 0.4356 0.4311 0.4267 0.4223 0.4180 0.4137 0.4096 0.4054 0.4013 0.3973

Year: 2019

Denmark 0.3973 0.3945 0.3917 0.3890 0.3863 0.3837 0.3810 0.3784 0.3758 0.3733
France 0.3928 0.3898 0.3869 0.3840 0.3811 0.3782 0.3754 0.3727 0.3699 0.3672
Germany 0.3509 0.3491 0.3473 0.3455 0.3438 0.3421 0.3404 0.3387 0.3370 0.3354
Greece 0.3682 0.3659 0.3635 0.3612 0.3589 0.3567 0.3544 0.3522 0.3501 0.3479
Ireland 0.4249 0.4210 0.4172 0.4134 0.4097 0.4061 0.4025 0.3990 0.3955 0.3921
Italy 0.3865 0.3838 0.3811 0.3784 0.3758 0.3732 0.3707 0.3681 0.3656 0.3631
Luxembourg 0.3467 0.3448 0.3430 0.3411 0.3394 0.3376 0.3358 0.3341 0.3324 0.3307
Netherlands 0.3721 0.3695 0.3670 0.3645 0.3621 0.3597 0.3572 0.3549 0.3525 0.3502
Spain 0.3750 0.3729 0.3707 0.3686 0.3666 0.3645 0.3625 0.3605 0.3585 0.3565
UK 0.3771 0.3745 0.3719 0.3694 0.3669 0.3644 0.3619 0.3595 0.3571 0.3548
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Table A.11: Results of PaF estimator for all values of α - Cont’ed

— α values —
0.65 0.66 0.67 0.68 0.69 0.7 0.71 0.72 0.73 0.74

Year: 1989

Denmark 0.3537 0.3521 0.3504 0.3488 0.3472 0.3456 0.3440 0.3425 0.3409 0.3394
France 0.3030 0.3025 0.3020 0.3016 0.3011 0.3007 0.3003 0.2998 0.2994 0.2990
Germany 0.3303 0.3289 0.3275 0.3261 0.3248 0.3234 0.3221 0.3208 0.3195 0.3182
Greece 0.3260 0.3259 0.3258 0.3257 0.3256 0.3256 0.3255 0.3254 0.3254 0.3253
Ireland 0.3171 0.3162 0.3154 0.3145 0.3137 0.3129 0.3121 0.3113 0.3105 0.3097
Italy 0.3220 0.3210 0.3200 0.3189 0.3179 0.3170 0.3160 0.3150 0.3141 0.3131
Luxembourg 0.3060 0.3050 0.3041 0.3031 0.3022 0.3013 0.3003 0.2995 0.2986 0.2977
Netherlands 0.3050 0.3042 0.3034 0.3026 0.3018 0.3010 0.3002 0.2994 0.2987 0.2979
Spain 0.3621 0.3596 0.3570 0.3545 0.3520 0.3495 0.3471 0.3447 0.3423 0.3399
UK 0.3733 0.3701 0.3669 0.3638 0.3607 0.3576 0.3546 0.3516 0.3486 0.3457

Year: 1994

Denmark 0.3369 0.3353 0.3338 0.3322 0.3307 0.3291 0.3276 0.3261 0.3246 0.3231
France 0.3076 0.3068 0.3059 0.3051 0.3043 0.3035 0.3027 0.3019 0.3011 0.3003
Germany 0.3056 0.3047 0.3038 0.3030 0.3021 0.3013 0.3004 0.2996 0.2988 0.2980
Greece 0.3381 0.3368 0.3354 0.3341 0.3328 0.3315 0.3303 0.3290 0.3278 0.3266
Ireland 0.3308 0.3294 0.3279 0.3265 0.3251 0.3237 0.3223 0.3209 0.3196 0.3182
Italy 0.3239 0.3227 0.3215 0.3202 0.3190 0.3178 0.3166 0.3155 0.3143 0.3131
Luxembourg 0.2905 0.2898 0.2891 0.2884 0.2878 0.2871 0.2864 0.2858 0.2852 0.2845
Netherlands 0.3246 0.3237 0.3228 0.3220 0.3212 0.3203 0.3195 0.3187 0.3179 0.3171
Spain 0.3840 0.3806 0.3772 0.3738 0.3705 0.3672 0.3639 0.3607 0.3575 0.3543
UK 0.3701 0.3670 0.3640 0.3610 0.3581 0.3552 0.3523 0.3495 0.3467 0.3439

Year: 1999

Denmark 0.3076 0.3068 0.3059 0.3051 0.3043 0.3035 0.3027 0.3019 0.3012 0.3004
France 0.2996 0.2991 0.2986 0.2981 0.2976 0.2971 0.2966 0.2961 0.2957 0.2952
Germany 0.3188 0.3176 0.3164 0.3153 0.3141 0.3130 0.3119 0.3108 0.3097 0.3087
Greece 0.3667 0.3638 0.3610 0.3581 0.3554 0.3526 0.3499 0.3472 0.3445 0.3419
Ireland 0.3542 0.3519 0.3496 0.3473 0.3450 0.3428 0.3406 0.3384 0.3363 0.3341
Italy 0.3448 0.3430 0.3412 0.3395 0.3378 0.3360 0.3343 0.3327 0.3310 0.3293
Luxembourg 0.3542 0.3515 0.3488 0.3462 0.3436 0.3410 0.3384 0.3359 0.3334 0.3310
Netherlands 0.3245 0.3230 0.3216 0.3201 0.3187 0.3172 0.3158 0.3144 0.3130 0.3117
Spain 0.4109 0.4066 0.4023 0.3981 0.3940 0.3899 0.3858 0.3819 0.3779 0.3740
UK 0.4133 0.4098 0.4064 0.4030 0.3996 0.3963 0.3931 0.3899 0.3867 0.3836

Year: 2004

Denmark 0.3290 0.3275 0.3261 0.3246 0.3232 0.3218 0.3204 0.3190 0.3177 0.3163
France 0.3295 0.3280 0.3265 0.3251 0.3237 0.3223 0.3209 0.3195 0.3181 0.3168
Germany 0.3219 0.3207 0.3195 0.3183 0.3171 0.3160 0.3148 0.3137 0.3126 0.3115
Greece 0.3641 0.3613 0.3586 0.3559 0.3532 0.3506 0.3480 0.3454 0.3429 0.3404
Ireland 0.3630 0.3603 0.3577 0.3551 0.3526 0.3500 0.3476 0.3451 0.3427 0.3403
Italy 0.3448 0.3438 0.3429 0.3419 0.3409 0.3400 0.3390 0.3381 0.3372 0.3363
Luxembourg 0.3080 0.3072 0.3064 0.3056 0.3049 0.3041 0.3034 0.3026 0.3019 0.3012
Netherlands 0.3625 0.3602 0.3579 0.3557 0.3534 0.3512 0.3490 0.3469 0.3447 0.3426
Spain 0.3638 0.3617 0.3596 0.3575 0.3555 0.3535 0.3515 0.3495 0.3475 0.3456
UK 0.4379 0.4327 0.4277 0.4227 0.4178 0.4130 0.4082 0.4035 0.3989 0.3944
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Table A.12: Results of PaF estimator for all values of α - Cont’ed

— α values —
0.65 0.66 0.67 0.68 0.69 0.7 0.71 0.72 0.73 0.74

Year: 2009

Denmark 0.3566 0.3544 0.3523 0.3501 0.3480 0.3459 0.3438 0.3417 0.3397 0.3377
France 0.3082 0.3072 0.3061 0.3051 0.3041 0.3031 0.3021 0.3012 0.3002 0.2992
Germany 0.3380 0.3362 0.3343 0.3325 0.3308 0.3290 0.3273 0.3255 0.3238 0.3221
Greece 0.3490 0.3466 0.3442 0.3419 0.3396 0.3373 0.3351 0.3329 0.3307 0.3285
Ireland 0.3961 0.3925 0.3889 0.3854 0.3819 0.3785 0.3751 0.3718 0.3685 0.3653
Italy 0.3520 0.3506 0.3492 0.3478 0.3464 0.3451 0.3437 0.3424 0.3410 0.3397
Luxembourg 0.3272 0.3255 0.3239 0.3223 0.3207 0.3191 0.3175 0.3160 0.3144 0.3129
Netherlands 0.3269 0.3255 0.3240 0.3225 0.3211 0.3197 0.3182 0.3168 0.3155 0.3141
Spain 0.3646 0.3614 0.3583 0.3552 0.3521 0.3491 0.3461 0.3432 0.3403 0.3374
UK 0.3717 0.3688 0.3659 0.3631 0.3603 0.3576 0.3548 0.3522 0.3495 0.3469

Year: 2014

Denmark 0.3366 0.3348 0.3329 0.3312 0.3294 0.3276 0.3259 0.3242 0.3225 0.3208
France 0.3190 0.3178 0.3166 0.3153 0.3141 0.3129 0.3117 0.3106 0.3094 0.3082
Germany 0.3260 0.3243 0.3227 0.3211 0.3195 0.3179 0.3164 0.3149 0.3134 0.3119
Greece 0.3074 0.3064 0.3054 0.3044 0.3035 0.3025 0.3016 0.3006 0.2997 0.2988
Ireland 0.3499 0.3476 0.3453 0.3431 0.3408 0.3386 0.3365 0.3343 0.3322 0.3301
Italy 0.3474 0.3454 0.3434 0.3414 0.3395 0.3375 0.3356 0.3337 0.3318 0.3299
Luxembourg 0.3218 0.3203 0.3188 0.3174 0.3159 0.3145 0.3131 0.3117 0.3103 0.3090
Netherlands 0.3219 0.3205 0.3191 0.3178 0.3164 0.3151 0.3137 0.3124 0.3111 0.3098
Spain 0.3423 0.3404 0.3386 0.3368 0.3350 0.3332 0.3315 0.3297 0.3280 0.3263
UK 0.3934 0.3895 0.3856 0.3818 0.3781 0.3744 0.3707 0.3671 0.3636 0.3601

Year: 2019

Denmark 0.3707 0.3682 0.3657 0.3633 0.3608 0.3584 0.3560 0.3536 0.3512 0.3489
France 0.3645 0.3619 0.3593 0.3567 0.3541 0.3516 0.3491 0.3466 0.3441 0.3417
Germany 0.3338 0.3322 0.3307 0.3292 0.3276 0.3261 0.3247 0.3232 0.3218 0.3203
Greece 0.3458 0.3437 0.3416 0.3395 0.3375 0.3355 0.3335 0.3316 0.3296 0.3277
Ireland 0.3887 0.3854 0.3821 0.3789 0.3757 0.3726 0.3695 0.3664 0.3634 0.3605
Italy 0.3606 0.3582 0.3557 0.3533 0.3509 0.3486 0.3462 0.3439 0.3416 0.3394
Luxembourg 0.3291 0.3274 0.3258 0.3242 0.3227 0.3211 0.3196 0.3181 0.3166 0.3151
Netherlands 0.3479 0.3456 0.3433 0.3411 0.3389 0.3367 0.3345 0.3324 0.3302 0.3281
Spain 0.3546 0.3526 0.3507 0.3488 0.3469 0.3451 0.3432 0.3414 0.3396 0.3378
UK 0.3524 0.3501 0.3479 0.3456 0.3434 0.3413 0.3391 0.3370 0.3349 0.3328



160 Section A

Table A.13: Results of PaF estimator for all values of α - Cont’ed

— α values —
0.75 0.76 0.77 0.78 0.79 0.8 0.81 0.82 0.83 0.84

Year: 1989

Denmark 0.3378 0.3363 0.3348 0.3333 0.3318 0.3303 0.3289 0.3274 0.3260 0.3245
France 0.2986 0.2982 0.2978 0.2974 0.2971 0.2967 0.2963 0.2960 0.2956 0.2953
Germany 0.3169 0.3156 0.3143 0.3131 0.3119 0.3106 0.3094 0.3082 0.3070 0.3058
Greece 0.3253 0.3252 0.3252 0.3252 0.3251 0.3251 0.3251 0.3251 0.3251 0.3251
Ireland 0.3089 0.3082 0.3074 0.3067 0.3060 0.3052 0.3045 0.3038 0.3031 0.3024
Italy 0.3122 0.3113 0.3104 0.3095 0.3086 0.3078 0.3069 0.3061 0.3052 0.3044
Luxembourg 0.2969 0.2960 0.2952 0.2944 0.2936 0.2928 0.2921 0.2913 0.2906 0.2898
Netherlands 0.2972 0.2964 0.2957 0.2950 0.2943 0.2936 0.2929 0.2922 0.2915 0.2908
Spain 0.3376 0.3353 0.3330 0.3307 0.3285 0.3263 0.3241 0.3219 0.3198 0.3176
UK 0.3428 0.3400 0.3371 0.3344 0.3316 0.3289 0.3262 0.3235 0.3209 0.3183

Year: 1994

Denmark 0.3216 0.3202 0.3187 0.3173 0.3159 0.3145 0.3131 0.3117 0.3103 0.3089
France 0.2995 0.2988 0.2980 0.2973 0.2965 0.2958 0.2951 0.2944 0.2937 0.2930
Germany 0.2972 0.2965 0.2957 0.2949 0.2942 0.2935 0.2927 0.2920 0.2913 0.2906
Greece 0.3254 0.3242 0.3231 0.3219 0.3208 0.3197 0.3186 0.3175 0.3164 0.3153
Ireland 0.3169 0.3156 0.3143 0.3131 0.3118 0.3106 0.3093 0.3081 0.3069 0.3057
Italy 0.3120 0.3109 0.3097 0.3086 0.3075 0.3064 0.3053 0.3042 0.3031 0.3020
Luxembourg 0.2839 0.2833 0.2827 0.2821 0.2815 0.2810 0.2804 0.2798 0.2793 0.2787
Netherlands 0.3164 0.3156 0.3148 0.3141 0.3134 0.3126 0.3119 0.3112 0.3105 0.3098
Spain 0.3512 0.3481 0.3451 0.3420 0.3391 0.3361 0.3332 0.3303 0.3274 0.3246
UK 0.3412 0.3385 0.3359 0.3333 0.3307 0.3281 0.3256 0.3231 0.3206 0.3182

Year: 1999

Denmark 0.2997 0.2989 0.2982 0.2975 0.2967 0.2960 0.2953 0.2946 0.2940 0.2933
France 0.2947 0.2943 0.2939 0.2934 0.2930 0.2926 0.2921 0.2917 0.2913 0.2909
Germany 0.3077 0.3066 0.3056 0.3046 0.3037 0.3027 0.3018 0.3008 0.2999 0.2990
Greece 0.3393 0.3367 0.3341 0.3316 0.3291 0.3266 0.3242 0.3218 0.3194 0.3170
Ireland 0.3320 0.3300 0.3279 0.3259 0.3239 0.3220 0.3200 0.3181 0.3162 0.3143
Italy 0.3277 0.3261 0.3244 0.3228 0.3212 0.3197 0.3181 0.3166 0.3150 0.3135
Luxembourg 0.3285 0.3261 0.3238 0.3214 0.3191 0.3168 0.3145 0.3123 0.3100 0.3078
Netherlands 0.3103 0.3089 0.3076 0.3063 0.3050 0.3037 0.3024 0.3011 0.2998 0.2986
Spain 0.3702 0.3664 0.3626 0.3589 0.3553 0.3517 0.3481 0.3446 0.3411 0.3377
UK 0.3805 0.3774 0.3744 0.3714 0.3685 0.3656 0.3628 0.3599 0.3572 0.3544

Year: 2004

Denmark 0.3149 0.3136 0.3123 0.3110 0.3097 0.3084 0.3071 0.3058 0.3046 0.3033
France 0.3154 0.3141 0.3128 0.3115 0.3102 0.3089 0.3076 0.3064 0.3051 0.3039
Germany 0.3104 0.3093 0.3083 0.3073 0.3062 0.3052 0.3042 0.3033 0.3023 0.3013
Greece 0.3379 0.3355 0.3330 0.3306 0.3282 0.3259 0.3236 0.3213 0.3190 0.3168
Ireland 0.3379 0.3355 0.3332 0.3309 0.3287 0.3264 0.3242 0.3220 0.3199 0.3177
Italy 0.3353 0.3344 0.3335 0.3326 0.3317 0.3309 0.3300 0.3291 0.3282 0.3274
Luxembourg 0.3005 0.2998 0.2991 0.2985 0.2978 0.2972 0.2965 0.2959 0.2953 0.2947
Netherlands 0.3404 0.3383 0.3363 0.3342 0.3322 0.3301 0.3281 0.3261 0.3242 0.3222
Spain 0.3437 0.3418 0.3399 0.3381 0.3362 0.3344 0.3327 0.3309 0.3291 0.3274
UK 0.3899 0.3855 0.3812 0.3770 0.3728 0.3686 0.3646 0.3605 0.3566 0.3527
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Table A.14: Results of PaF estimator for all values of α - Cont’ed

— α values —
0.75 0.76 0.77 0.78 0.79 0.8 0.81 0.82 0.83 0.84

Year: 2009

Denmark 0.3356 0.3336 0.3317 0.3297 0.3277 0.3258 0.3239 0.3220 0.3201 0.3182
France 0.2983 0.2974 0.2964 0.2955 0.2946 0.2937 0.2928 0.2920 0.2911 0.2902
Germany 0.3205 0.3188 0.3172 0.3156 0.3140 0.3124 0.3109 0.3093 0.3078 0.3063
Greece 0.3264 0.3243 0.3222 0.3201 0.3181 0.3161 0.3141 0.3121 0.3102 0.3083
Ireland 0.3621 0.3590 0.3559 0.3528 0.3498 0.3468 0.3439 0.3410 0.3382 0.3354
Italy 0.3384 0.3371 0.3358 0.3345 0.3332 0.3319 0.3306 0.3294 0.3281 0.3269
Luxembourg 0.3114 0.3099 0.3084 0.3069 0.3055 0.3041 0.3026 0.3012 0.2998 0.2984
Netherlands 0.3127 0.3114 0.3101 0.3088 0.3074 0.3062 0.3049 0.3036 0.3024 0.3011
Spain 0.3345 0.3317 0.3290 0.3262 0.3235 0.3208 0.3182 0.3155 0.3130 0.3104
UK 0.3444 0.3419 0.3394 0.3369 0.3345 0.3321 0.3297 0.3274 0.3251 0.3229

Year: 2014

Denmark 0.3191 0.3175 0.3158 0.3142 0.3126 0.3110 0.3094 0.3078 0.3063 0.3047
France 0.3071 0.3059 0.3048 0.3037 0.3026 0.3015 0.3004 0.2993 0.2982 0.2971
Germany 0.3104 0.3089 0.3075 0.3061 0.3047 0.3033 0.3019 0.3005 0.2992 0.2979
Greece 0.2979 0.2970 0.2961 0.2952 0.2944 0.2935 0.2927 0.2919 0.2911 0.2902
Ireland 0.3280 0.3259 0.3239 0.3218 0.3198 0.3179 0.3159 0.3140 0.3120 0.3101
Italy 0.3281 0.3262 0.3244 0.3226 0.3208 0.3190 0.3172 0.3155 0.3137 0.3120
Luxembourg 0.3076 0.3063 0.3050 0.3037 0.3024 0.3011 0.2999 0.2986 0.2974 0.2962
Netherlands 0.3086 0.3073 0.3061 0.3048 0.3036 0.3024 0.3012 0.3000 0.2988 0.2977
Spain 0.3245 0.3229 0.3212 0.3195 0.3179 0.3163 0.3146 0.3130 0.3114 0.3099
UK 0.3566 0.3532 0.3498 0.3465 0.3432 0.3400 0.3368 0.3336 0.3305 0.3274

Year: 2019

Denmark 0.3466 0.3443 0.3420 0.3397 0.3375 0.3353 0.3331 0.3309 0.3287 0.3266
France 0.3393 0.3369 0.3346 0.3323 0.3300 0.3277 0.3254 0.3232 0.3210 0.3188
Germany 0.3189 0.3176 0.3162 0.3148 0.3135 0.3122 0.3109 0.3096 0.3083 0.3071
Greece 0.3258 0.3239 0.3221 0.3202 0.3184 0.3166 0.3148 0.3131 0.3113 0.3096
Ireland 0.3575 0.3547 0.3518 0.3490 0.3462 0.3435 0.3408 0.3382 0.3356 0.3330
Italy 0.3371 0.3349 0.3327 0.3305 0.3283 0.3262 0.3240 0.3219 0.3198 0.3177
Luxembourg 0.3136 0.3122 0.3108 0.3094 0.3080 0.3066 0.3053 0.3039 0.3026 0.3013
Netherlands 0.3261 0.3240 0.3220 0.3199 0.3179 0.3160 0.3140 0.3121 0.3101 0.3082
Spain 0.3360 0.3342 0.3325 0.3308 0.3290 0.3273 0.3256 0.3240 0.3223 0.3207
UK 0.3308 0.3287 0.3267 0.3248 0.3228 0.3209 0.3190 0.3171 0.3152 0.3134
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Table A.15: Results of PaF estimator for all values of α - Cont’ed

— α values —
0.85 0.86 0.87 0.88 0.89 0.9 0.91 0.92 0.93 0.94

Year: 1989

Denmark 0.3231 0.3217 0.3203 0.3189 0.3175 0.3161 0.3147 0.3133 0.3120 0.3106
France 0.2950 0.2946 0.2943 0.2940 0.2937 0.2934 0.2931 0.2928 0.2925 0.2922
Germany 0.3047 0.3035 0.3023 0.3012 0.3001 0.2989 0.2978 0.2967 0.2956 0.2945
Greece 0.3251 0.3251 0.3251 0.3251 0.3251 0.3252 0.3252 0.3252 0.3253 0.3253
Ireland 0.3017 0.3011 0.3004 0.2997 0.2991 0.2984 0.2978 0.2972 0.2965 0.2959
Italy 0.3036 0.3028 0.3020 0.3013 0.3005 0.2997 0.2990 0.2983 0.2975 0.2968
Luxembourg 0.2891 0.2884 0.2877 0.2870 0.2864 0.2857 0.2851 0.2844 0.2838 0.2832
Netherlands 0.2901 0.2894 0.2888 0.2881 0.2875 0.2868 0.2862 0.2856 0.2849 0.2843
Spain 0.3155 0.3134 0.3114 0.3093 0.3073 0.3053 0.3033 0.3014 0.2994 0.2975
UK 0.3157 0.3132 0.3107 0.3082 0.3057 0.3033 0.3009 0.2985 0.2962 0.2939

Year: 1994

Denmark 0.3076 0.3062 0.3049 0.3036 0.3022 0.3009 0.2996 0.2984 0.2971 0.2958
France 0.2923 0.2916 0.2909 0.2903 0.2896 0.2889 0.2883 0.2876 0.2870 0.2864
Germany 0.2899 0.2893 0.2886 0.2879 0.2873 0.2867 0.2860 0.2854 0.2848 0.2842
Greece 0.3143 0.3132 0.3122 0.3112 0.3102 0.3092 0.3083 0.3073 0.3064 0.3054
Ireland 0.3045 0.3034 0.3022 0.3011 0.3000 0.2988 0.2977 0.2966 0.2956 0.2945
Italy 0.3010 0.2999 0.2989 0.2978 0.2968 0.2958 0.2948 0.2937 0.2927 0.2917
Luxembourg 0.2782 0.2777 0.2771 0.2766 0.2761 0.2756 0.2751 0.2746 0.2741 0.2737
Netherlands 0.3091 0.3085 0.3078 0.3071 0.3065 0.3059 0.3052 0.3046 0.3040 0.3034
Spain 0.3218 0.3190 0.3163 0.3136 0.3109 0.3083 0.3056 0.3030 0.3005 0.2979
UK 0.3158 0.3134 0.3111 0.3088 0.3065 0.3042 0.3020 0.2997 0.2976 0.2954

Year: 1999

Denmark 0.2926 0.2919 0.2913 0.2906 0.2900 0.2894 0.2887 0.2881 0.2875 0.2869
France 0.2905 0.2901 0.2897 0.2893 0.2889 0.2885 0.2882 0.2878 0.2874 0.2871
Germany 0.2981 0.2972 0.2964 0.2955 0.2947 0.2939 0.2930 0.2922 0.2915 0.2907
Greece 0.3146 0.3123 0.3100 0.3077 0.3055 0.3032 0.3010 0.2988 0.2966 0.2945
Ireland 0.3125 0.3107 0.3089 0.3071 0.3053 0.3036 0.3018 0.3001 0.2985 0.2968
Italy 0.3120 0.3105 0.3090 0.3075 0.3061 0.3046 0.3032 0.3017 0.3003 0.2989
Luxembourg 0.3056 0.3035 0.3013 0.2992 0.2971 0.2951 0.2930 0.2910 0.2890 0.2870
Netherlands 0.2973 0.2961 0.2949 0.2937 0.2925 0.2913 0.2901 0.2889 0.2878 0.2866
Spain 0.3343 0.3309 0.3276 0.3243 0.3211 0.3179 0.3147 0.3116 0.3085 0.3054
UK 0.3517 0.3490 0.3464 0.3437 0.3412 0.3386 0.3361 0.3336 0.3311 0.3287

Year: 2004

Denmark 0.3021 0.3008 0.2996 0.2984 0.2972 0.2960 0.2948 0.2936 0.2925 0.2913
France 0.3026 0.3014 0.3002 0.2990 0.2979 0.2967 0.2955 0.2944 0.2932 0.2921
Germany 0.3004 0.2995 0.2986 0.2976 0.2968 0.2959 0.2950 0.2942 0.2933 0.2925
Greece 0.3145 0.3123 0.3102 0.3080 0.3059 0.3037 0.3017 0.2996 0.2975 0.2955
Ireland 0.3156 0.3135 0.3114 0.3094 0.3074 0.3054 0.3034 0.3014 0.2995 0.2975
Italy 0.3265 0.3257 0.3248 0.3240 0.3231 0.3223 0.3215 0.3207 0.3199 0.3191
Luxembourg 0.2941 0.2935 0.2929 0.2923 0.2918 0.2912 0.2907 0.2901 0.2896 0.2891
Netherlands 0.3203 0.3183 0.3164 0.3145 0.3127 0.3108 0.3090 0.3071 0.3053 0.3035
Spain 0.3257 0.3240 0.3223 0.3207 0.3190 0.3174 0.3158 0.3142 0.3126 0.3111
UK 0.3488 0.3451 0.3413 0.3376 0.3340 0.3304 0.3269 0.3234 0.3200 0.3166
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Table A.16: Results of PaF estimator for all values of α - Cont’ed

— α values —
0.85 0.86 0.87 0.88 0.89 0.9 0.91 0.92 0.93 0.94

Year: 2009

Denmark 0.3163 0.3145 0.3126 0.3108 0.3090 0.3072 0.3055 0.3037 0.3019 0.3002
France 0.2894 0.2885 0.2877 0.2869 0.2861 0.2853 0.2845 0.2837 0.2829 0.2821
Germany 0.3048 0.3033 0.3018 0.3004 0.2989 0.2975 0.2961 0.2947 0.2933 0.2920
Greece 0.3063 0.3045 0.3026 0.3008 0.2989 0.2971 0.2953 0.2936 0.2918 0.2901
Ireland 0.3326 0.3298 0.3271 0.3245 0.3218 0.3192 0.3167 0.3141 0.3116 0.3091
Italy 0.3257 0.3244 0.3232 0.3220 0.3208 0.3196 0.3184 0.3172 0.3161 0.3149
Luxembourg 0.2971 0.2957 0.2944 0.2930 0.2917 0.2904 0.2891 0.2878 0.2866 0.2853
Netherlands 0.2999 0.2987 0.2975 0.2963 0.2951 0.2939 0.2927 0.2916 0.2904 0.2893
Spain 0.3079 0.3054 0.3029 0.3004 0.2980 0.2956 0.2933 0.2909 0.2886 0.2863
UK 0.3206 0.3184 0.3162 0.3141 0.3120 0.3099 0.3078 0.3057 0.3037 0.3017

Year: 2014

Denmark 0.3032 0.3017 0.3002 0.2987 0.2972 0.2958 0.2943 0.2929 0.2914 0.2900
France 0.2961 0.2950 0.2940 0.2930 0.2919 0.2909 0.2899 0.2889 0.2879 0.2869
Germany 0.2966 0.2953 0.2940 0.2927 0.2915 0.2902 0.2890 0.2878 0.2866 0.2854
Greece 0.2895 0.2887 0.2879 0.2871 0.2864 0.2856 0.2849 0.2842 0.2835 0.2827
Ireland 0.3082 0.3064 0.3045 0.3027 0.3009 0.2991 0.2973 0.2955 0.2938 0.2920
Italy 0.3103 0.3086 0.3069 0.3052 0.3036 0.3019 0.3003 0.2987 0.2971 0.2955
Luxembourg 0.2950 0.2938 0.2927 0.2915 0.2904 0.2892 0.2881 0.2870 0.2859 0.2848
Netherlands 0.2965 0.2954 0.2942 0.2931 0.2920 0.2909 0.2898 0.2887 0.2877 0.2866
Spain 0.3083 0.3068 0.3052 0.3037 0.3022 0.3007 0.2992 0.2977 0.2962 0.2948
UK 0.3244 0.3214 0.3184 0.3155 0.3126 0.3097 0.3069 0.3041 0.3014 0.2986

Year: 2019

Denmark 0.3244 0.3223 0.3202 0.3182 0.3161 0.3141 0.3120 0.3100 0.3080 0.3060
France 0.3167 0.3145 0.3124 0.3103 0.3083 0.3062 0.3042 0.3022 0.3002 0.2982
Germany 0.3058 0.3046 0.3034 0.3022 0.3010 0.2999 0.2987 0.2976 0.2964 0.2953
Greece 0.3079 0.3062 0.3045 0.3028 0.3012 0.2996 0.2980 0.2964 0.2948 0.2932
Ireland 0.3304 0.3279 0.3254 0.3230 0.3205 0.3182 0.3158 0.3135 0.3112 0.3089
Italy 0.3157 0.3136 0.3116 0.3096 0.3076 0.3056 0.3037 0.3018 0.2998 0.2979
Luxembourg 0.3000 0.2987 0.2974 0.2962 0.2950 0.2937 0.2925 0.2913 0.2901 0.2890
Netherlands 0.3064 0.3045 0.3026 0.3008 0.2990 0.2972 0.2954 0.2937 0.2919 0.2902
Spain 0.3190 0.3174 0.3158 0.3142 0.3126 0.3110 0.3095 0.3079 0.3064 0.3049
UK 0.3116 0.3098 0.3080 0.3063 0.3045 0.3028 0.3011 0.2994 0.2978 0.2961
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Table A.17: Results of PaF estimator for all values of α - Cont’ed

— α values —
0.95 0.96 0.97 0.98 0.99 1

Year: 1989

Denmark 0.3093 0.3080 0.3067 0.3054 0.3041 0.3028
France 0.2919 0.2916 0.2914 0.2911 0.2909 0.2906
Germany 0.2935 0.2924 0.2913 0.2903 0.2892 0.2882
Greece 0.3254 0.3254 0.3255 0.3255 0.3256 0.3257
Ireland 0.2953 0.2947 0.2941 0.2935 0.2929 0.2924
Italy 0.2961 0.2954 0.2947 0.2940 0.2934 0.2927
Luxembourg 0.2826 0.2820 0.2814 0.2808 0.2802 0.2797
Netherlands 0.2837 0.2831 0.2825 0.2819 0.2813 0.2807
Spain 0.2956 0.2937 0.2918 0.2900 0.2881 0.2863
UK 0.2916 0.2893 0.2870 0.2848 0.2826 0.2804

Year: 1994

Denmark 0.2946 0.2933 0.2921 0.2908 0.2896 0.2884
France 0.2857 0.2851 0.2845 0.2839 0.2833 0.2827
Germany 0.2836 0.2830 0.2824 0.2818 0.2812 0.2807
Greece 0.3045 0.3036 0.3027 0.3018 0.3010 0.3001
Ireland 0.2934 0.2924 0.2913 0.2903 0.2893 0.2883
Italy 0.2908 0.2898 0.2888 0.2878 0.2869 0.2859
Luxembourg 0.2732 0.2727 0.2723 0.2718 0.2714 0.2709
Netherlands 0.3028 0.3022 0.3016 0.3010 0.3004 0.2998
Spain 0.2954 0.2929 0.2905 0.2880 0.2856 0.2832
UK 0.2933 0.2911 0.2890 0.2870 0.2849 0.2829

Year: 1999

Denmark 0.2863 0.2857 0.2851 0.2845 0.2840 0.2834
France 0.2867 0.2864 0.2860 0.2857 0.2853 0.2850
Germany 0.2899 0.2892 0.2884 0.2877 0.2870 0.2862
Greece 0.2923 0.2902 0.2881 0.2861 0.2840 0.2820
Ireland 0.2951 0.2935 0.2919 0.2903 0.2887 0.2872
Italy 0.2975 0.2961 0.2947 0.2934 0.2920 0.2907
Luxembourg 0.2850 0.2831 0.2812 0.2792 0.2774 0.2755
Netherlands 0.2855 0.2843 0.2832 0.2821 0.2810 0.2799
Spain 0.3024 0.2994 0.2965 0.2935 0.2907 0.2878
UK 0.3263 0.3239 0.3215 0.3192 0.3169 0.3146

Year: 2004

Denmark 0.2902 0.2890 0.2879 0.2868 0.2856 0.2845
France 0.2910 0.2899 0.2888 0.2877 0.2866 0.2855
Germany 0.2917 0.2908 0.2900 0.2893 0.2885 0.2877
Greece 0.2935 0.2915 0.2896 0.2876 0.2857 0.2838
Ireland 0.2956 0.2937 0.2919 0.2900 0.2882 0.2864
Italy 0.3183 0.3175 0.3167 0.3159 0.3151 0.3143
Luxembourg 0.2886 0.2880 0.2875 0.2871 0.2866 0.2861
Netherlands 0.3017 0.3000 0.2982 0.2965 0.2947 0.2930
Spain 0.3095 0.3080 0.3065 0.3050 0.3035 0.3020
UK 0.3133 0.3100 0.3068 0.3036 0.3004 0.2973
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Table A.18: Results of PaF estimator for all values of α - Cont’ed

— α values —
0.95 0.96 0.97 0.98 0.99 1

Year: 2009

Denmark 0.2985 0.2968 0.2951 0.2934 0.2917 0.2901
France 0.2814 0.2806 0.2798 0.2791 0.2784 0.2776
Germany 0.2906 0.2893 0.2880 0.2866 0.2853 0.2840
Greece 0.2884 0.2867 0.2850 0.2834 0.2817 0.2801
Ireland 0.3067 0.3043 0.3019 0.2995 0.2972 0.2949
Italy 0.3138 0.3126 0.3115 0.3103 0.3092 0.3081
Luxembourg 0.2840 0.2828 0.2816 0.2803 0.2791 0.2779
Netherlands 0.2882 0.2871 0.2860 0.2849 0.2838 0.2827
Spain 0.2841 0.2818 0.2796 0.2774 0.2753 0.2731
UK 0.2998 0.2978 0.2959 0.2940 0.2921 0.2903

Year: 2014

Denmark 0.2886 0.2872 0.2858 0.2845 0.2831 0.2818
France 0.2859 0.2850 0.2840 0.2830 0.2821 0.2811
Germany 0.2843 0.2831 0.2820 0.2808 0.2797 0.2786
Greece 0.2820 0.2814 0.2807 0.2800 0.2793 0.2787
Ireland 0.2903 0.2886 0.2869 0.2853 0.2836 0.2820
Italy 0.2939 0.2923 0.2908 0.2892 0.2877 0.2861
Luxembourg 0.2838 0.2827 0.2817 0.2806 0.2796 0.2786
Netherlands 0.2856 0.2845 0.2835 0.2825 0.2815 0.2804
Spain 0.2934 0.2919 0.2905 0.2891 0.2877 0.2863
UK 0.2959 0.2933 0.2907 0.2881 0.2855 0.2830

Year: 2019

Denmark 0.3041 0.3021 0.3002 0.2983 0.2964 0.2945
France 0.2963 0.2944 0.2925 0.2906 0.2887 0.2869
Germany 0.2942 0.2931 0.2921 0.2910 0.2899 0.2889
Greece 0.2917 0.2901 0.2886 0.2871 0.2856 0.2841
Ireland 0.3066 0.3044 0.3022 0.3001 0.2979 0.2958
Italy 0.2960 0.2942 0.2923 0.2905 0.2886 0.2868
Luxembourg 0.2878 0.2867 0.2855 0.2844 0.2833 0.2822
Netherlands 0.2885 0.2868 0.2851 0.2834 0.2818 0.2802
Spain 0.3034 0.3019 0.3004 0.2989 0.2975 0.2960
UK 0.2945 0.2929 0.2913 0.2898 0.2882 0.2867


