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ABSTRACT As with many social trans fer schemes, pen sion sys tems around the world 
are often pro gres sive: indi vid u als with lower incomes receive a higher per cent age of 
their income as a sub se quent pen sion. On the other hand, those with lower earn ings 
have higher mor tal ity and thus accu mu late fewer years of pen sion income. Both of these 
opposingfactorsinfluencetheprogressivenessofpensionsystems.Empiricalefforts
to dis en tan gle the effects of mor tal ity inequal ity on life time pen sion inequal ity have 
been scarce. Using Swed ish tax a tion data linked with death reg is ters for 1970–2018, 
we study how edu ca tion and pre re tire ment earn ings relate to life time pen sions from age 
60 onward and how mor tal ity inequalities con trib ute to over all inequalities in life time 
pen sions. The results show that a pro gres sive replace ment struc ture and mor tal ity dif
fer ences con trib ute to the over all dis tri bu tion of pen sion pay ments over the life course. 
Up to one quar ter of life time pen sion inequal ity is attrib ut  able to the greater lon gev ity 
of socially advan taged groups—par tic u larly among men. Hence, mor tal ity inequalities 
are an impor tant deter mi nant of the over all degree of betweengroup income trans fers 
in a pen sion sys tem, but they are not as impor tant as inequalities in prior earn ings.

KEYWORDS Pension pro gres siv ity • Retirement • Mortality inequal ity • Life 
expectancy • Education

Introduction

A large body of lit er a ture has con sid ered the sub stan tial and per sis tent socio eco nomic 
gra di ent in mor tal ity risks and lon gev ity. One impli ca tion of such gra di ents is their 
effects on redis tri bu tion through statereg u lated pro grams, such as health care and 
pen sion sys tems. Demographers inter ested in mor tal ity gra di ents have exam ined 
populationagingdifferencesbysocioeconomicstatus(SES)(KitagawaandHauser
1973; Majer et al. 2011; Pamuk 1985),but the effectsofdifferentialmortalityon
pensionbenefitshavenotreceivedasmuchattention.Thus,whetherindividualswith
lowerSESbenefitlessfrompensionprogramsbecauseoftheirhighermortalityrisks
remains an open ques tion.
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Three fac tors deter mine an indi vid ual’s accu mu lated pen sion over the life course. 
First,giventhemortalitygradient,individualswithhigherSESlivemoreyearsand
accu mu late higher pen sions. Second, pre re tire ment earn ings deter mine con tri bu
tionstothepensionsystem,whichisfurthertranslatedintoflowsofpensionbenefits.
Third, because of the explicit pro gres siv ity of many pen sion pro grams (i.e., redis
tributingtowardlowerearners),proportionalbenefitsbecomeloweratincreasingly
higherlevelsofpreretirementearning.Whereasthefirsttwofactorspredictgreater
benefitstothosewithhigherSES,thethirddoesthesameforthosewithlowerSES.
The rel a tive impor tance of these three fac tors is far from selfevi dent.

Researchers have often stud ied pen sion pro gres siv ity by com par ing mea sures 
such as the replace ment rate across earn ings groups (e.g., Dudel and Schmied 2019; 
Whitehouse 2006).Thereplacement rate is theproportionof laborearnings trans
latedintoretirementpensionincome.Higherreplacementratesmeanmorebenefits
with respect to prior earn ingsbased con tri bu tions. In con trast, a cohortbased life 
course analysis usingmeasures such as the lifetime benefits/tax ratio (e.g., Smith
et al. 2003)maymodifytheassociationbetweenSESandannualbenefitsbecauseit
introducestheadditionalfactorofmortality,whichcounteractsprogressivitydefined
annually.Recent researchhashighlighted thedetrimentaleffectsofSESmortality
differencesusingvariousmethods.ThisresearchhasconcludedthatSESmortality
dif fer ences increase life time pen sion inequalities and impede the pro gres siv ity that is 
usuallyconceptualizedannuallywithoutconsideringSESspecificmortalitypatterns 
(SánchezRomero and Prskawetz 2020).

Understanding life time pen sion inequal ity is rel e vant from a pol icymak ing per
spec tive: the pro gres siv ity of pen sion sys tems is often a pol icy goal. Yet, pro gres sive 
replace ment rates do not afford the same level of pro gres siv ity for the entire cohort 
over the life course if the sys tem con sid ers replace ment only among liv ing retir ees 
comparedwiththeirpreviousincomes.Thus,aninterestingquestionis,whobenefits
(more)frompensionsystemswhenlongevityvaries?Theanswerdependsonboth
replace ment and mor tal ity inequalities between cohort mem bers across such char ac
ter is tics as gen der, income lev els, and edu ca tion.

In this study, we use highqual ity Swed ish national tax a tion records on earn ings 
and pen sion pay ments from 1970 to 2018 to exam ine how life time pen sions are struc
tured across socio eco nomic groups. We dis en tan gle inequalities in life time pen sions 
between social groups based on gen der, edu ca tion, and pre re tire ment earn ings into 
agespecific components attributable to differences in annual pension income and
mor tal ity.

We expand the lit er a ture in sev eral ways. Prior research has not used indi vid ual
level data over the com plete life course, largely because of the unusu ally long span 
of data required for this kind of life time anal y sis. We mea sure val ues of life time pen
sions of real birth cohorts with highqual ity reg is ter data that—unlike sur vey data, 
which often suf fer from miss ing val ues and reporting bias—pro vide an accu rate pic
ture of an entire pop u la tion. Researchers have mainly exam ined the role of mor tal ity 
on life time pen sion inequal ity by using coun ter fac tual anal y sis—that is, by recal
culating life time pen sions based on hypo thet i cal mor tal ity rates (e.g., Organisation 
forEconomicCooperationandDevelopment(OECD)2017; SánchezRomero et al. 
2020)—rather than decomposition techniques that yield additive terms summing
to total life time pen sion inequal ity. Our life table–based decom po si tion is a novel 
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approachthatpresentsnotonlyagespecificmortalityeffectsbutalsoadditiveeffects
of pre re tire ment earn ings and the redis trib u tive role of the pen sion sys tem. We also 
explore the poten tial impacts of pol icy changes, such as rais ing pen sion able ages.

Substantively, our results can inform policymakers attempting to bal ance the goals 
of social equity and (demographic) actuarial fairness.We also shed new light on 
theliteratureonlaterlifeincomestratification.Giventhattheshareofolderadults
in the pop u la tion is ris ing almost world wide and that pen sion income is the main 
source of income for most older peo ple, reduc ing oldage pov erty is becom ing ever 
more impor tant. The share of state bud gets allo cated to pen sions is ris ing through out  
the aging world; mean while, inequalities in pen sion pay ments are becom ing an 
increas ingly impor tant aspect of eco nomic inequal ity over the life course.

Background

What Is the Function of Pension Systems?

Pension sys tems in con tem po rary highincome countries serve many goals, includ ing 
(1)helpingindividualsredistributeresourcesfromworkingtooldages;(2)protecting
individualsfrompovertyinoldage;(3)providinginsuranceandreducingvariancein
monthlyoldageincome,regardlessoflongevity;and(4)transferringmoneyfromhigher
income indi vid u als to lower income indi vid u als as an inte grated part of larger taxfunded 
andmandatorygovernmentwelfaresystems,thushelpingachievethefirstthreegoals.
IntraditionaltypologiesofpensionsystemsinOECDcountries,systemsdescribedas 
“Bismarckian” are oriented toward income replacement (meeting the first and third
goals),whereas“Beveridgean”systemsfocusonpovertyprotection(thesecondgoal)
withlessemphasisonrelatingpensionstopreviousearnings(Ebbinghaus2021).

Allbutthefirstgoaloflifecoursetransfersinvolvevaryingdegreesofredistri
bu tion between indi vid u als. For instance, the third goal, also known as risk pooling 
(Ayuso et al. 2017),maycounteracttheothergoalsofapensionsystemifindividuals
with unusu ally long life spans are con cen trated among highincome indi vid u als.

In the ory, every one at work ing ages could buy pri vate pen sion insur ance that, in 
retire ment, would be trans lated into annu ities from their sav ings through an open 
market,therebyfulfillingthefirstandthirdgoals.Yet,thispracticehasneveroccurred
at the soci e tal level. Instead, lower income countries have relied mostly on fam ily 
care, grad u ally replacing it with pub lic pen sion sys tems as they become richer. For 
pri vately funded pen sion sys tems, cre at ing actu ar i ally fairly funded pen sion insur
ances is chal leng ing because of mor tal ity dif fer ences by gen der and socio eco nomic 
group,difficultiesinforecastingfuturemortality,thegreateffortsrequiredtomaintain
a pen sion scheme over decades, and the risks involved in pro vid ing such insur ances. 
Thus,allOECDcountries(withthepartialexceptionofChile)fundpublicpension
sys tems through taxes on work ingage indi vid u als that are trans ferred to pen sion
ers(thesocalledpayasyougosystem),throughmandated(andoftentaxfavored) 
pen sion sav ings for indi vid u als (Whitehouse 2006),orboth.

Reducing inequal ity at older ages is intrin sic in most pen sion sys tems. Indeed, the 
ini tial moti va tion for all  pen sion sys tems (par tic u larly those of the Beveridgean tra
dition)wastoeliminatepovertyamongolderadultsandensureanadequatestandard
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of liv ing for them. Pension sys tems thus pro tect against socially unac cept able social 
dep ri va tion among the very old who can no lon ger work. With indi vid u als liv ing 
lon ger beyond retire ment ages, how ever, sav ing ade quate resources dur ing work ing 
years to fund retire ment has become less real is tic for some. This point is par tic u larly 
rel e vant for low earn ers, who are more heavily reli ant on pub lic pen sion schemes 
than high earners (U.S.GovernmentAccountabilityOffice2019).Because public
pen sion sys tems are equal iz ers, oldage inequal ity in total income from all  sources is 
smallerincountrieswherepublicpensionbenefitsrepresentalargershareofpension
ers’ total income (Brown and Prus 2004).

Types of Redistributions and Inequalities

Different types of redis tri bu tions are involved in achiev ing each of the afore men
tioned goals of pen sion sys tems. Accordingly, redis tri bu tion and inequal ity can be 
assessed for dif fer ent com par i son groups. In sys tems where work ingage indi vid u
alsfundthecurrentlyretiredpopulation,totalcontributionsandtotalbenefitswithin
any given gen er a tion tend not to be equal. Thus, inter gen er a tional redis tri bu tion is 
inev i ta ble, fur ther stim u lat ing dis cus sions about pen sion fair ness across gen er a tions. 
Many stud ies have focused on this aspect, par tic u larly on whether the over all sys tem 
is sus tain able with an aging pop u la tion fol low ing declin ing fer til ity and mor tal ity 
(Howse 2007; Lee and Mason 2011).Otherresearchhasfocusedonpensionreforms
and dif fer ences between funded and nonfunded sys tems (Sinn 2000).Wedonotelab
o rate on either of these aspects in this study. We focus instead on the redis tri bu tion 
between indi vid u als of the same cohort: within-gen er a tion, inter per sonal redis tri bu
tion and inequal ity. The sources of such inequal ity are prior labor income, the extent 
to which labor income is trans lated into pen sion income, and life span. Life span is 
cru cial because it deter mines the length of pen sion accu mu la tion. Although our focus 
is on inter per sonal redis tri bu tion and inequal ity, under stand ing intra per sonal redis
tribution(i.e.,individualsredistributingtheirincomefromworkingagetooldage)is
also inte gral to our life time anal y sis.

Here, we sum ma rize the three deter mi nants of withingen er a tion inequal ity. First, 
pre re tire ment labor earn ings are closely linked to annual pen sion income. Men tend 
to have higher labor earn ings than women and thus tend to have higher annual pen
sion incomes. Second, the extent to which the sys tem intends to redis trib ute incomes 
from the rich to thepoor is often reflected indifferential replacement rates.Such
redis trib u tive effects of pub lic pen sion pro grams, like other gov ern ment pro grams, 
tend to be mea sured yearly (Nelissen 1998),whichignorebetweenindividualdiffer
ences in mor tal ity risks and thus in the num ber of years they can receive a pen sion. 
Third,thelongerindividualslive,themoreyearstheycanbenefitfromthepension
system.Thisfeaturereflectsthatpensionsystemspoolrisks,protectingindividuals
against uncer tainty regard ing how long they will live. Individuals there fore do not 
risk using up their money long before they die or hav ing unin ten tional prop erty left 
upon their death (Ayuso et al. 2017).Consequently,apensionsystemredistributes
money from the shorterlived to the lon gerlived.

Studieshave found that peoplewithhigherSES tend to live longer than those
withlowerSESevenintoday’slowmortalityregimes(e.g.,BrønnumHansenand 
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Baadsgaard 2012; Mackenbach et al. 2018).TheexactmagnitudeofthisSESgradient 
varies between countries. In the United States in 2001–2014, men in the top 1% of 
the income dis tri bu tion lived an aver age of 14.6 years lon ger than those in the bot tom 
1%(Chettyetal.2016).InmanyOECDcountries,theSESgapinlongevityhasbeen
growing(Kravdal2017; Meara et al. 2008; Östergren 2015; Permanyer et al. 2018).

Research on How Mortality Affects Pension Inequality

Research begin ning with Aaron (1977)hasdemonstratedmortality’sregressiveeffects
on the over all redis tri bu tion of pen sion sys tems in many con texts. Many stud ies have 
focusedontheroleofmortalityinequalitiesby(lifetime)earnings(e.g.,Bishnuetal.
2019;Garrett1995),probablybecausepublicpensionincomeissolelybasedonprior
earn ingsrelated con tri bu tions. Other research ers have exam ined dif fer ences across 
socialfactorssuchasclass,education,gender,andrace/ethnicity(Brown2003, 2007; 
Jijiie et al. 2019;TanandKoedel2019; VidalMeliá et al. 2019).

Most stud ies have focused on the U.S. con text. One such study sim u lated indi vid ual 
lifehistoriesfortwocohorts(1930and1960),findingthatthegapinlifetimeSocial
Securitybenefitsbetweenmeninthetopandbottomincomequintilesincreasedfrom
US$103,000 to US$173,000 across the two cohorts (National Academies of Science, 
Engineering,andMedicine(NASEM)2015).Thisincreasewasattributedtogrow
ing inequal ity in life expec tancy: projected life expec tancy at age 50 increased for 
thetopquintile(from31.7to38.8years)butdecreasedforthebottomquintile(from
26.6to26.1years)acrossthetwocohorts(NASEM2015).Focusingoncohortsborn
in1962–1980,TanandKoedel(2019)foundthattheU.S.retirementsystemisstill
mod estly pro gres sive and that mor tal ity inequalities reduce its pro gres siv ity.

Studiesinothercountrieswithdistinctpensionsystemshaveconfirmedmortality’s
regressiverole.ResearchfoundthatpensionsystemsinGermanyandItaly,unlikeinthe
UnitedStates,areregressive,transferringmoneyfromlowtohighearners(Caselli
et al. 2003; Haan et al. 2020; Mazzaferro et al. 2012).TheOECD (2017) exam
ined life time pen sions across its mem ber countries, assum ing a threeyear dif fer ence 
in life expec tancy between low and high earn ers and an arbi trary ratio of earn ings 
betweenthem(50%and200%ofaverageearnings,respectively).Thestudyfound
that the dif fer ences in life time pen sions between low and high earn ers vary between 
10.6%and16.6%acrossOECDcountries.Thetruemagnitudeoflifeexpectancydif
ferencesbetweentheseincomegroupsmaynotbethreeyears.Nevertheless,fixing
the dif fer ences at three years is use ful to show that the impact of life expec tancy gaps 
is wide spread and sug gests that the mag ni tude of life time pen sion inequal ity depends 
on the con text.

Research has also exam ined the poten tial impact of pen sion reforms, given that 
manycountrieshavemovedfromdefinedbenefitsto(notional)definedcontribution
pen sion sys tems. Using sim u la tion, Lee and SánchezRomero (2019) found that a
notionaldefinedcontribution(NDC)systemusingcohortandincomespecificlife
tables leads to the low est level of life time pen sion inequal ity in the U.S. con text; a 
definedbenefit(DB)systemwithprogressivereplacementoranNDCsystemwith
cohortspecificbutnotincomespecificlifetablesshowsslightlyhigherlifetimepen
sioninequalitylevels;andaDBsystemwithaflatreplacementrateshowsthehighest
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inequality. Thus, the authors concluded that anNDC system should use income 
specific life tables to reduce lifetimepension inequality, and aDB system should
move toward more pro gres sive replace ment rates. A the o ret i cal anal y sis based on 
life cycle hypoth e ses incor po rat ing indi vid ual behav ioral responses (e.g., tim ing of 
retirement)yieldedsimilarconclusions(SánchezRomeroetal.2020).

Some stud ies have used math e mat i cal mod els to under stand the var i a tions of 
life time pen sion inequal ity under dif fer ent pen sion sys tems (Pestieau and Ponthiere 
2016; SánchezRomero et al. 2020).OthershaveanalyticallycalculatedSESspecific
lifetimepensionsbasedonSESspecificlifetablesandpensionformulae(e.g.,OECD
2017; Olivera 2019).Inputsareoftennotfromdatalinkedattheindividuallevelbut
insteadareaggregatedfromdifferentsourcesorarbitrarySESspecificinputs.This
approach is use ful for inter na tional com par i sons in which har mo nized microdata are 
unavail able. Another approach is to use microsimulation to con struct hypo thet i cal 
cohorts,oftenwithdatafromdifferentsourcesandmortalityforecasts(Goldmanand
Orszag 2014; Hurd and Shoven 1985;NASEM2015; Nelissen 1998).Thesimula
tion approach is use ful to parse the effects of dif fer ent pen sion sys tems (Lee and  
SánchezRomero 2019)andchangesinindividuallevelinputs(e.g.,earningstrajec
tory,retirementage,lifespan)onpopulationlevellifetimepensioninequality.Another
advan tage of sim u la tion is that it can help address rightcen sor ing, par tic u larly in ana
ly ses of future trends in pen sion inequal ity. Only a few stud ies (e.g., Haan et al. 2020)
have been  able to directly cal cu late life time pen sion inequal ity from indi vid uallevel 
microdata with rich infor ma tion. We impute pen sions and mor tal ity at very old ages, 
but the imputed per sonyears rep re sent only a triv ial share of the total per sonyears.

Research Gaps and Our Contributions

No study has ana lyzed life time pen sion inequal ity based on birth cohorts’ expe ri ences 
because of data lim i ta tions. The long series of indi vid uallevel linked admin is tra tive 
data are not sub ject to the prob lems typ i cally affect ing sur veys, such as miss ing val
ues and reporting bias, espe cially for income var i ables. Hence, one con tri bu tion of 
this study is to pro vide pre cise, empir i cal evi dence of the regres sive role of the mor
tal ity gra di ent.

Methodologically, our com bi na tion of the life table approach with the decom po
si tion tech nique is a novel addi tion to research on life time pen sion inequal ity. This 
ana lyt i cal frame work can answer research ques tions that have not been thor oughly 
answered. First, we can answer ques tions about the size of the con tri bu tions of mor
tal ity and pre re tire ment earn ings to life time pen sion inequal ity. In most gov ern ment 
pensionsystems,whetherbasedonmandatorysavingsoraDBorNDCsystem,pen
sion income is highly cor re lated with pre re tire ment labor income; there fore, a large 
pro por tion of life time pen sion inequal ity results from inequal ity in pre re tire ment 
labor income. Our decom po si tion method dis en tan gles total life time pen sion inequal
ity into addi tive com po nents due to mor tal ity dif fer ences, pre re tire ment earn ings dif
fer ences, and the intended redis trib u tive effects of the sys tem. We also exam ine how 
(hypothetical)changestotheentirepensionsystem—suchasoverallgenerosity,pen
siontiming,andlifeexpectancychanges—impactSESdifferencesbetweengroups.
Second, we can address ques tions of how mor tal ity dif fer ences at a given age affect 
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life time pen sion inequal ity. Research has shown that mor tal ity inequal ity between 
SESgroupsbecomessmallerwithage(Hoffmann2011; Rehnberg 2020),suggesting
that mor tal ity inequal ity at older ages may con trib ute less to total life time pen sion 
inequal ity than mor tal ity inequal ity at youn ger ages. Whether this is true also depends 
ontheagespecificpensionvariable.Empiricalevidenceoftheagepatternofmortal
ity’s con tri bu tion is lacking: research has shown only the total mor tal ity con tri bu tion, 
partly because of meth od o log i cal con straints.

GiventhatmostoftherelevantresearchreferstotheU.S.context,lessisknown
about countries with contrasting pen sion sys tems, such as Sweden. Our study also 
dif fers con cep tu ally from pre vi ous research in that we cap ture all  sources of pen sions 
(incomerelated gov ern ment pen sions, guaranteed pen sions, col lec tiveagree ment 
pensions,disabilitypensions,andwidowhoodbenefits)andprovideaholisticview
of the entire Swed ish pen sion sys tem, rather than eval u at ing indi vid ual com po nents 
ofa(government)pensionsystem(e.g.,U.S.SocialSecurityoldageinsurance).The
draw back of this fea ture is that our study is not use ful for eval u at ing sub com po nents 
of a given pen sion sys tem; the advan tage is that we can assess the pen sion sys tem’s 
over all soci e tal redis tri bu tion.

The Swed ish Context and Pension System

For most of the twen ti eth cen tury, life expec tancy in Sweden ranked among the 
world’s highest, although data in recent decades indi cate that this is no lon ger the 
case (Drefahl et al. 2014).Malemortalityremains lowfroman internationalper
spective,whereasfemalemortalityisataverageOECDlevels(Drefahletal.2014).
Inequality in life expec tancy by income lev els at age 35 increased over 1970–2007 
for Swed ish men and women (Hederos et al. 2018). In particular, poor and low
edu cated men were the most vul ner a ble to pre ma ture deaths (Hartman and Sjögren 
2018).Anincreasinggapinlifeexpectancyatage65wasalsoobservedover2006–
2015 (Fors et al. 2021).

Sweden is often described as a uni ver sal is tic wel fare state and as an exem plar of 
thesocialdemocraticregimeinEspingAndersen’s(1990)typologyofwelfarestates.
Atthetimeofourstudy,Swedenofferedagenerouspublicpensionsystem(firstpil
lar),butoccupationalpensionsystems(secondpillar)linkedtocollectiveagreements
cov er ing the major ity of the pop u la tion were also impor tant (Palme 2005).Thus,the
Swed ish pen sion sys tem could broadly be described as Bismarckian. An over view 
of the Swed ish pen sion sys tems for our cohorts is pro vided in the online appen dix.

The stat u tory retire ment age was 65 for our cohorts, although indi vid u als could 
(andcommonlydid) accessmanyof their retirementbenefitsbeginningat age60
(Hagen 2013).Our pension variable covers awide selection offirst and second 
pil lar pen sions (Whitehouse 2006), including other pensions targeted at individ
ualswith special needs (e.g., survivor’s pension).However, the variable does not
cover sick ness and dis abil ity pen sion schemes targeted at ages before the stat u tory 
retire ment age. For the cohorts ana lyzed, indi vid u als could save in pri vate annu ities 
(i.e.,“pensioninsurance”)withdifferenttaxrates,dependingonthesaver’scircum
stances.Privatepensions(paidoutasanormalpension)areincludedinourpension
var i able, but they are rare.
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Data and Methods

Data

Our ana ly ses draw on two data sets—tax and death reg is ters—linked with a unique 
per sonal ID num ber. The ini tial sam ple includes 209,491 indi vid u als born in 1920 
(55.6%)or1925 (44.4%).Theuseof twocohortshelps test the robustnessof the
results. No impor tant insti tu tional change occurred between the two cohorts, so dif
ferencesinresultswouldreflectcohortdifferencesinmortalityschedulesandearn
ings inequal ity, with the lat ter partly explained by cohort dif fer ences in labor force 
par tic i pa tion, par tic u larly for women. (See Tables A1 and A2; these and all  tables 
andfiguresdesignatedwithan“A”areavailableintheonlineappendix.)Weexclude
1,628 indi vid u als who had inter na tional migra tion records after age 50; 17,050 indi
vid u als who died before age 60; and 5,027 indi vid u als with miss ing val ues for key 
variables(mainlyeducation).Hence,theanalyticsamplecontains103,712individu
als born in 1920 and 82,074 indi vid u als born in 1925.

Individuals’ yearly labor earn ings and pen sion income are derived from tax a tion 
reg is ters. The main out come var i able life time pen sion income includes state pen
sions, employerfinancedpensions, andprivatepensions (privatepensionsbeinga
verysmallshare;seetheonlineappendix).Wefocusonpensionincomeatages60
and older; life time pen sions are con di tional on sur viv ing to age 60.1

We exam ine two socio eco nomic fac tors: edu ca tion and pre re tire ment labor earn
ings. The edu ca tion var i able is obtained from edu ca tion reg is ters and has three lev
els:primary,secondary,andtertiary(ormore).Wegroupindividualsintoearnings
quintilesbasedon (pretax) laborearningsoverages50–59,separatelybygender.2 
Ideally, we would include earn ings at youn ger ages for group ing, but ear lier data 
arenotavailable.Groupingbasedonlifetimeearnings(i.e.,earningsovertheentire
workhistory)mayleadtodifferentresults.However,themostimportantpartofthe
Swed ish pen sion sys tem for our cohorts, the Allmän Tillägspension, is based on 
incomeduringthehighestearning15years(inpractice,oftenaroundages50–59),
not life time earn ings. The aver age annual earn ings over these 10 years include years 
with zero earn ings, but exclud ing years with zero earn ings when cal cu lat ing aver age 
annualearningsproducesverysimilarresults.Alargeshareofwomenwere(mostly)
out side the labor force because female labor force par tic i pa tion was far from uni
ver sal in Sweden at the time. Therefore, the low est quin tile mostly includes women 
out side the labor mar ket. Women in the sec ond quin tile had some labor force attach
ment.Forthethirdandhigherquintiles,thevariablereflectsdifferentincomelevels
amongworkingwomen(seeTableA2).Earningsandpensionincomeareshownin
1,000Swedishkrona(SEK).TheexchangerateofSEKtoU.S.dollarsvariedover
theperiod,withanaverageofapproximatelySEK8toUS$1.

1 Afterconditioningonsurvivingtoage50,wefindthat5.8%(11,418)didnotreachage60.Men,theless
edu cated, and those with less income were more likely to die before age 60 than women, the more edu
cated,andthosewithmoreincome,respectively(seeTableA3,onlineappendix).
2 The online appen dix shows the pro por tion of indi vid u als with years of zero earn ings over ages 50–59 
(TablesA1andA2)andthemeanandstandarddeviationoftheearningsvariable(TableA4).
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Deathrecordsareavailableuntil2019.Intotal,1,658(1.6%)individualsfromthe
1920cohortsurvivedto2020(age99),and8,387(10.2%)individualsfromthe1925
cohortsurvivedto2020(age94).Forindividualswhosurvivedto2020,weassume
that their pen sion income is con stant with the last three years’ aver age over sub se
quent years and that their mor tal ity fol lows Statistics Sweden’s (2020)forecasts.3

Lifetime Pension Income

Our ana ly ses are based on cohort life tables. For each sub group, we con struct a 
life table from age 60 to age 105+.Then,weaddacolumnofagespecificpension
income, penx , to the life table. Lifetime pen sions con di tional on sur viv ing to age 60, 
LP60, are a func tion of inputs: the total num ber of indi vid u als sur viv ing to age 60 (l60), 
per sonyears lived in the age inter val x,x +1⎡⎣ ), Lx, and penx:

 LP60 = f l60 ,Lx , penx( ) = 1
l60

x=60
ω∑ Lx ×  penx ,  (1)

where ω is the ter mi nal age 105+, and the radix l60 is 1. This equa tion is anal o gous to 
Sullivan’s (1971)methodofhealthylifeexpectancy,awidelyusedtechniqueinpop
u la tion health research. The dif fer ence is that we replace the pro por tion of indi vid u als 
with out mor bid ity with penx .ApplyinglifetableequationsthatChiang(1960, 1972)
suggested, we can write Lxintheformofagespecificmortalityrates(mx)andaverage
per sonyears lived in the age inter val x,x +1⎡⎣ ) for per sons dying in this inter val (ax):

 Lx = Lx  − 1 ×
1− mx  − 1ax  − 1

1+mx −  mxax
.  (2)

We assume ax to be 0.5. This assump tion works well and is widely used for cal cu lat
ing life tables. Hence, LP60 is a func tion of mx  and penx:

 LP60 = f mx , penx( ).  (3)

Forearningsandpensionincome,weadjustforinflation,with2018asthebaseyear.
Some stud ies used a dis count rate when cal cu lat ing life time pen sions because 

theyfocusedontheactuarialsustainabilityofpensionsystems(e.g.,NASEM2015; 
Whitehouse 2006; Whitehouse and Zaidi 2008).Thiscalculationaddslessweightto
pen sions at older ages. We do not include a dis count rate in our main ana ly ses, given 
thatourprimaryinterestisinthereceivedmoneyflowsinthepensionsystem.Also,
accumulatingnondiscountedvalues is standard in researchon social stratification.

3 Thisassumptionisreasonablebecauseinflationadjustedpensionincomeisrelativelyinvariableover
time(seeFiguresA1andA2).WeuseStatisticsSweden’s(2020)mortalityforecastsforagesthatwerenot
observ able (ages 100+ for the 1920 cohort and 95+forthe1925cohort).Withingender,wecalculatemor
talityratesforSESgroupsbyassumingrelativemortalitydifferences(i.e.,mortalityratios)betweenSES
groupsinfutureyearstobethesameasthoseobservedin2015–2019whilematchingtotalgenderspecific
mor tal ity rates to those fore casted by Statistics Sweden. The poten tial bias in our assump tion should be 
minor for our esti ma tes of life time pen sions at age 60, given that only a small pro por tion of indi vid u als 
from the two cohorts sur vived to 2020.
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For com pa ra bil ity with other stud ies focus ing on pen sion sus tain abil ity, we pres ent 
results derived from using a dis count rate of 2% in the online appen dix. This dis count 
rateapproximatestheGDPpercapitagrowthandwagegrowthovertheperiod,and
overallincomegrowthdeterminesthelongtermfinancialsustainabilityofapayas
yougo sys tem (Samuelson 1958).

Using the life table approach, we aggre gate indi vid u als by their life span and then 
cal cu late the aver age life time pen sion. This approach essen tially yields the same 
result as directly aver ag ing indi vid u als’ life time accu mu lated pen sion (i.e., with out 
aggregatingbylifespanfirst).Variationacrossindividualsoftheentirepopulation
cal cu lated from a life table approach (e.g., Olivera 2019)differsfromdirectindivid
ual cal cu la tions because aggre gat ing indi vid u als to the mid point of oneyear age
groups reduces the var i a tion to some extent.

Decomposition

Decomposition tech niques are widely applied to explain the dif fer ence in an aggre
gatemeasurebetween two (sub)populationsbydifferences in its input covariates.
As described ear lier, life time pen sions are a func tion of covariates mx and penx, and 
ouraimistoexplainthedifferenceinlifetimepensionbetweenSESgroupsbydif
fer ences in mx and penx. We apply the Horiuchi et al. (2008)decompositionmethod.
Specifically, LP60 can be seen as a dif fer en tia ble func tion of the covariates mx and 
penx. We assume con tin u ous changes between the two groups of inter est (e.g., low 
andhighSES).LifetimepensionsoflowandhighSESgroupsaredenotedasLP601  
and LP602 , respec tively, and the dif fer ence between them can be writ ten as fol lows:

 LP60
2 − LP60

1 = x  = 60
ω∑ mx1

mx2∫
∂ f mx ,  penx( )

∂mx
dmx + penx1

penx2∫
∂ f mx ,  penx( )

∂penx
dpenx

⎛

⎝
⎜

⎞

⎠
⎟ .  (4)

This way, the total dif fer ence between LP601  and LP602  is split into com po nents attrib
ut  able to dif fer ences in mx and penx. Numeric inte gra tion is used for the esti ma tion 
(Horiuchi et al. 2008).Thisdecompositionmethodhasbeenwidelyusedtodecom
pose health expec tan cies (van Raalte and Nepomuceno 2020).

We apply a sec ond decom po si tion by fur ther split ting the penx into two com po
nents: earn and diffx. Here, earn is the aver age yearly labor earn ings between ages 
50 and 59, and diffx  is the dif fer ence between pen sion income at each age and the 
aver age earn ings at ages 50–590 (i.e., penx = earn+ diffx).4 The covariates are mx,  

4 Alternatively,therelationshipbetweenpriorearningsandyearlypensionincomecanbespecifiedasa
ratio. Our pen sion var i able is the sum of pen sion incomes from var i ous pro grams, and many of them are not 
earn ingsrelated. Thus, the o ret i cally, the rela tion ship between yearly pen sion income and prior earn ings  
isneitheradditivenorrelative.Empirically,therelationshipbetweenearningsandyearlypensionincome
depends on the loca tion of the earn ings dis tri bu tion. Particularly at the lower end of the earn ings dis tri bu
tion, yearly pen sion income is unlikely to be related to earn ings on a ratio basis. For instance, for women 
withzeroearnings(morethan40%ofthelowestincomequintileforthe1920cohort),theratiowouldbe
positiveinfinity.Asmallincreaseinearningsdoesnotleadtoabigincreaseinpensionincomebecause
of the guar an tee pen sion. The ratio between aver age yearly pen sion and aver age earn ings for the low est 
female quin tile in 1920 is 15.14, whereas the usual replace ment rate of occu pa tional pen sion is smaller 
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diffx, and earn. This reformulation is moti vated by the large pro por tion of inequalities 
in yearly pen sion income attrib ut  able to inequalities in pre re tire ment labor earn ings. 
Generally,diffx takes neg a tive val ues because indi vid u als’ pen sion income tends to 
be lower than their pre vi ous labor earn ings. A diffx closer to zero means pen sion 
income more closely matches labor earn ings. Therefore, com par ing diffxacrossSES
indicates the redistributioneffect (measuredyearly). If diffx is smaller in abso lute 
valueamonglowSESgroupsthanamonghighSESgroups,thesystemisprogres
sive. The total con tri bu tions of earn and diffx sum to the total con tri bu tions of penx 
in thefirstdecomposition.Thedecompositionmethodis implementedusingtheR
pack age DemoDecomp (Riffe 2018).

We also ana lyze the impacts of sev eral sce nar ios of pol icy and mor tal ity changes. 
Changesinretirementagesareexaminedbyshiftingpenx  along age x.5Changesin
the pen sion sys tem gen er os ity are assessed by recalculating penx. Mortality sce nar ios 
are eval u ated by mod i fy ing the mx.6

Results

Table 1 shows that life expec tancy at age 60 increases by edu ca tion and earn ings 
quintileforbothmenandwomen(seealsothesurvivalcurvesinFiguresA3andA4).
For the 1920 cohort, men aged 60 in the highest earn ings quin tile were expected to 
live4.5moreyearsthantheirpeersinthelowestquintile(22.0vs.17.5years).Sim
ilarly, for the 1920 cohort, life expec tancy was 2.6 years lower for men with pri mary 
edu ca tion than for men with ter tiary edu ca tion; the cor re spond ing gap for men in the 
1925 cohort was 3.4 years. We found sim i lar pat terns for women, albeit to a lesser 
extent. Overall, mor tal ity dif fer ences by earn ings were smaller for women than for 
men. Interestingly, unlike men, women in the low est earn ings quin tile did not have 
the low est life expec tancy. Table 1 also shows that men and women who were more 
edu cated and who earned higher incomes had higher pen sion incomes at age 70, 
reflectinganincomebasedpensionsystem.Overall,pensionsincreasedrapidlyupto
age66andremainedstableforallgroupsthereafter(seeagespecificpensionincome
inFiguresA3andA4).

We find substantial gaps in lifetime pensions between education and earnings
groups.7 Lifetime pen sion income of men with ter tiary edu ca tion was more than twice 

than1.Thus,thespecificationofusingratiosisempiricallylessmeaningfulthanthespecificationofusing
abso lute dif fer ences.
5 When exam in ing the impact of rais ing the retire ment age by one year, we replace penx   with penx  −  1 for 
ages 61–105 and set pen60 to 0. When exam in ing the impact of low er ing retire ment age by one year, we 
replace penx  with penx  +  1 for ages 60–104 and leave pen105   unchanged. This approach might not per fectly 
reflectrealitybecauseindividuals’retirementpatternsmaychangeasaresultofchangesinstatutoryretire
ment age, but it is a good starting point for the anal y sis of such pol i cies.
6 We exam ine sim ple sce nar ios in which mor tal ity rates across all  ages expe ri ence the same pro por tional 
reduc tion.
7 SeeFiguresA5andA6forboxplotsofobserved (i.e., truncated)accumulatedpensions incomeuntil
theendof2018.Lifetimepensionsaredefinedhereastheexpectedvalueofaccumulatedpensionfrom
age60todeath,buttheycanalsobecalculatedfromage60toaspecificage,analogoustotemporarylife
expectancy(i.e.,expectedyearsoflifewithinthespecifiedageinterval).Theseresultsarepresentedin
Figures A7 and A8.
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thatofmenwithprimaryeducation.TheabsolutedifferencewasaboutSEK3million
(approximatelyUS$375,000)forbothcohorts.Differencesforwomenwithprimary
versus tertiaryeducationwereSEK2.3–2.4millionforbothcohorts.Additionally,
life time pensions increased by earn ings quin tile for men and women, with the larg est 
dif fer ence observed between the fourth and highest quin tiles for both gen ders and 
both cohorts.

Wealsofindlargedifferencesbygender:menhadshorter lifeexpectanciesbut
higher life time pen sions than women. For any given quin tile from the sec ond onward, 
women had life time pen sions that were approx i ma tely sim i lar to those of men of the 
precedingquintile.Additionalanalysis(FigureA9)showsthatwomenhadanadvan
tage because of their lower mor tal ity, but a dis ad van tage in yearly pen sion income 
more than off set the mor tal ity com po nent and led to an over all male advan tage in 
life time pensions.

Educationandearningsdifferencesinlifeexpectancyarelargeramongmenthan
among women. The lit er a ture has long documented gen dered dif fer ences in the asso
ciationbetweenSESandmortality(Pappasetal.1993).Ontheotherhand,differ
encesinyearlypensionincomeweresmaller(inabsoluteterms)betweenwomen’s
SESgroupsthanbetweenmen’sSESgroupsbecauseofamorehomogeneousincome
dis tri bu tion among work ingage women than work ingage men. Both mor tal ity and 
yearly pen sion lev els resulted in larger gaps in life time pen sion income between 
men’sSESgroups.

Decomposition results for the com par i son between pri mary and ter tiary edu ca
tion groups by gen der and cohort are shown in Figure 1, where the sum of all  red 
and black bars in each panel equals the total dif fer ence in life time pen sion. Mortal
ity dif fer ences accounted for an impor tant part of the total dif fer ences in life time 
pen sion. For men born in 1920, dif fer ences in mor tal ity rates of all  ages above 60 
resulted inadifferenceofSEK636,000 in lifetimepension income,constituting
22% of the total difference (SEK 2,945,000); corresponding figures formen in
the1925cohortwereSEK852,000and27%,respectively.However,lifetimepen
sion dif fer ences due to yearly pen sion income showed almost no change across the 
cohorts for men.

As shown in Table 1, women had lower annual and life time pen sions than men. 
Overall,theSESgradientinannualpensionlevelswassimilarformenandwomen.
In absolute terms but not relative terms, we find a larger difference in lifetime 
pensionsacrossSESgroupsformenthanforwomen.WomenhadalessmarkedSES
gra di ent for mor tal ity, par tic u larly for earn ings groups.

Among men, the impor tance of mor tal ity dif fer ences between the two cohorts 
increased slightly, in line with the increas ing gap in remaining life expec tancy (from 
2.6to3.4years).Contributionsofmortalityweresmallerforwomen’seducational
groups thanmen’s(inabsoluteandrelative terms),which is reasonablegiven that
mor tal ity dif fer ences between women’s edu ca tion groups were also smaller. The 
mag ni tude of con tri bu tions of mor tal ity dif fer ences decreased only at advanced ages 
(aroundage85);beforethispoint,agespecificmortalitycontributionswererelatively
stable.ThisfindingcouldbeexplainedbythedeclineinSESdifferencesinmortal
itywithincreasingageandthesteeperslopeaboveage85(FigureA10).Indeed,the
age pat terns of mor tal ity in Figure 1 resem ble the age pat terns of mor tal ity when 
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lifeexpectancydifferencesaredecomposed(FigureA11).Thecontributionsofage 
specificpensionandmortalityweremuchloweratolderagesbecausemanyfewer
peo ple sur vived to these ages.

Meanwhile,agespecificdifferencesinpensionincomecontributedsignificantly
only begin ning at the typ i cal retire ment age of 65 for men and women in both cohorts. 
Before age 65, con tri bu tions to yearly pen sion income were minor and even reversed 
among women because lower edu cated women retired ear lier much more fre quently 
and had higher aver age pen sion income at these ages. Men’s and women’s con tri bu
tions of yearly pen sion dif fer ences were con sis tently high begin ning at age 66 and 
started decreas ing rap idly at approx i ma tely age 80.

Figure 2 shows the decom po si tion results for com par i sons of the low est and high
estearningsquintiles.Formen,welargelyfindthesamepatternsasforeducation.

Total difference =
Mortality difference =
Pension difference =

 2,945
 636 (22%)
 2,308 (78%)

Total difference =
Mortality difference =
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Fig. 1 Decomposition of total lifetime pension differences between primary and tertiary education groups 
intodifferencesexplainedbymortalityandyearlypension.SEK1,000≈US$125.Source: Authors’ calcu
lation based on linked administrative data from Statistics Sweden.
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The dif fer ences in life time pen sion were larger in the 1925 cohort. For women, the 
earningsresultsdifferfromtheeducationfindings:thecontributionsofmortalitydif
fer ences were much smaller, account ing for only 4% and 6% of life time pen sion 
dif fer ences between the low est and highest quin tiles for the 1920 and 1925 cohorts, 
respec tively. As noted ear lier, women’s life expec tancy at age 60 was not the low est 
among the low est earn ings quin tile, and mor tal ity was only slightly higher among 
women in the low est quin tile than among those in the highest quin tile.

Figures 1 and 2 show that most life time pen sion inequalities were explained by 
dif fer ences in yearly pen sion income, which was largely deter mined by pre re tire ment 
labor earn ings. On the other hand, most pen sion sys tems are pro gres sive and aim to 
providehigherreplacementsforlowSESgroups.Thus,thedifferencesinlifetime 
pensions between SES groups explained by average yearly pensions (red bars)
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Fig. 2 Decomposition of total lifetime pension differences between the bottom and the top earnings  quintile 
groupsintodifferencesexplainedbymortalityandyearlypension.SEK1,000≈US$125.Source: Authors’ 
calculation based on linked administrative data from Statistics Sweden.
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observed in Figures 1 and 2 are a func tion of both labor earn ings and the  pen sion 
 sys tem’s redis tri bu tion effect. We fur ther explored this aspect by split ting age 
specific pension income into two components: preretirement labor earnings and
the dif fer ence between pen sion income and labor earn ings. Hence, we esti mated 
the extent to which pre re tire ment labor earn ings and the pen sion sys tem’s redis tri
butionfunction(perceivedyearly)contributed.Beforeshowing these results,we
show how pen sion income is attached to labor earn ings by edu ca tion and earn ings 
group. We cal cu lated the dif fer ence and ratio between indi vid u als’ aver age yearly 
pen sion income at ages 66–75 and aver age yearly earn ings at ages 50–59. This 
calculation,though,doesnotreflectanyformulaforhowearningsweretranslated
into pen sions in the pen sion sys tem, which was not pos si ble because our pen sion 
var i able included diver gent pen sion pro grams.

Table 2 shows that the dif fer ence and the ratio declined with edu ca tion and earn
ings quin tile, indi cat ing pro gres siv ity in the pen sion sys tem. Whereas women in the 
highest earn ings quin tile born in 1920 received approx i ma tely three fourths of their 
labor earn ings, their peers in the low est quin tile received pen sions more than 15 
timestheirlaborearnings.Thelargeratioforwomeninthelowestquintilereflects 
a guarantee pension, which benefits individuals with very low earnings, such as
home mak ers. However, from the sec ond to the fourth quin tiles, the ratio and the dif
fer ence decreased lit tle for men and mod er ately for women. In the 1925 cohort, the 
ratio decreased from 0.78 to 0.74 for men and from 0.94 to 0.77 for women. Thus, the 
pen sion sys tem trans lated earn ings into pen sions at nearly con stant rates for indi vid
u als who had medium earn ings, with only mod est pro gres siv ity. The rel a tively weak 
linkbetweenwomen’searningsandpensionpartly reflects thatwomenreceiveda
com par a tively large share of their income as widowhood pensions (which was inde
pendentoftheirownearnings)becausemanyofthemmarriedolderhusbands(Kolk
2015)andoutlivedtheirhusbands.

Table 3 shows the results of an extended threeway decom po si tion. For sim plic ity, 
we refer to the three com po nents attrib ut  able to mor tal ity, dif fer ences between pen
sion income and pre re tire ment labor earn ings, and labor earn ings as mor tal ity effect, 
redis tri bu tion effect, and earn ings effect, respec tively. The results show that most of 
the total life time pen sion dif fer ence was due to the earn ings effect. Differences in 
life time pen sions would have been con sid er ably larger with out a pro gres sive pen
sion system. If there had been no redistribution between groups, SES differences
would have been approx i ma tely twice as large. It is note wor thy that the decom po
sitionswerebasedoncomparisonsbetweenthelowestandhighestSESgroups.We
expect to see a much smaller redis tri bu tion when com par ing groups in the mid dle of 
theSESdistribution,assuggestedbytheresultsinTable 2. The over all pat terns in 
Table 3 are sim i lar across dif fer ent com par i sons, except for the com par i son between 
women’slowestandhighestearningsquintiles.Comparedwithwomeninthelow
est quin tile, women in the highest quin tile had much higher earn ings, but they (as 
shown in Table 2)receivedonly72%oftheirlaborearningsastheirpension(atage
70)versusmorethan1,500%forwomeninthelowestquintile.Suchsubstantialdif
fer ences resulted in huge earn ings and redis tri bu tion effects, driv ing life time pen sion 
inequal ity in oppo site direc tions. The dif fer ences explained by mor tal ity are of lower 
magnitudethanSESdifferencesinearningsandtheprogressiveredistributionofthe
pen sion sys tem.
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IncomparisonsoflessdivergentSESgroups(e.g.,primaryvs.secondaryedu
cation,lowestvs.thirdearningsquintiles),theabsolutedifferencesinlifetimepen
sion are unsur pris ingly smaller, yet the share explained by mor tal ity dif fer ences is 
more or less con stant across com par i sons (see Tables A5 and A6 and Figures A12–
A16).Ourmainfindingsarerobustinthesecomparisons.Amongthem,thelargest
dif fer ences in life time pen sion are those between sec ond ary and ter tiary edu ca tion 
groups and the third and highest earn ings quin tiles, suggesting that the dif fer ences 
betweenSESgroupswereparticularlylargebetweenthemostadvantagedgroups
and oth ers. To make our results com pa ra ble to pre vi ous stud ies focus ing on actu ar
ialaspectsandfinancingofpensionsystems,wereplicatedourcalculationsusing
a dis count rate of 2%, giv ing more weight to pres ent incomes rather than future 
pensionincomes(seeTableA7andFiguresA17andA18).Inthesecalculations,
money received at youn ger ages is val ued more. Hence, we observe that mor tal ity 
waslessexplanatoryofdifferencesinlifetimepensionbetweenSESgroups,given
thatlowSESgroupsobtainedarelativelyhighershareoftheirpensionsearlier;the
longevityadvantageofhighSESgroupsatolderagesbecomeslessimportantwhen
a dis count rate is used.

In Table 4, we show ratios of yearly earn ings, yearly pen sion, life time pen sion 
income, and life expectancy between low and highSES groups.Yearly pension
income is the most equal among the three mon e tary out comes, and yearly earn ings 
are the most unequal. The inequal ity level of life time pen sion income falls between 
the two. One excep tion is that for women in the low est ver sus highest earn ings quin
tiles,yearlypensionismoreunequalthanlifetimepensionincome.Thisfindingis
likelyduetotheagesusedtocompareyearlypensionincome(ages66–75):yearly

Table 4 Ratios of yearly earn ings, yearly pen sion, life time pen sion, and life expec tancy at age 60 
between edu ca tion and earn ings groups

Men Women

1920Cohort 
Ratio

1925Cohort 
Ratio

1920Cohort 
Ratio

1925Cohort 
Ratio

Primaryvs.TertiaryEducation
 Yearly earn ings  

(averageoverages50–59) 2.28 2.08 2.66 2.13
 Yearly pen sion  

(averageoverages66–75) 1.84 1.84 1.93 1.90
 Lifetime pen sion income (at ages 60+) 2.09 2.05 2.07 2.00
 Life expec tancy at age 60 1.13 1.17 1.12 1.11
Lowestvs.HighestEarningsQuintiles
 Yearly earn ings  

(averageoverages50–59) 4.10 3.69 58.33 13.63
 Yearly pen sion  

(averageoverages66–75) 2.82 2.74 2.86 3.10
 Lifetime pen sion income (at ages 60+) 3.32 3.14 2.73 2.76
 Life expec tancy at age 60 1.25 1.25 1.03 1.05

Source: Authors’ cal cu la tion based on linked admin is tra tive data from Statistics Sweden.
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pen sion income for the highest ver sus low est female earn ings quin tiles is more equal 
atolderagesowingtoincreasesintheminimumpensionovertime(seeFigureA2).
WealsofindthatdifferencesinlifeexpectancybetweenSESgroups(andbetween
menandwomen)aremuchsmallerthandifferencesinlifetimepensions.

Lastly, in addi tion to decom po si tions based on the 1920 and 1925 cohorts’ 
expe ri ences, we exam ined how coun ter fac tual sce nar ios of pol icy changes and 
mor tal ity reduc tion affect life time pen sion dif fer ences to under stand which fac
torsareimportantforlifetimepensionandhowtheyaffectSESdifferencesinlife 
time pensions. Table 5 shows the results for the com par i sons between pri mary and 
ter tiary edu ca tion for the 1920 cohort. Results for other com par i son groups are 
highlyconsistent(TablesA8–A10).Weexaminedhowchangesinretirementtim
ingandpensionsystemgenerositywillaffectSESgradients.Auniformincrease
in retire ment age would have led to a smaller gap in life time pensions in abso lute 
terms because more highly edu cated indi vid u als had higher yearly pen sion income 
and thuswouldhave lostmorepensionbenefits inabsolute terms.Yet,uniform
increases in retire ment age would have enlarged life time pen sion inequal ity in 
rel a tive terms because lower earn ers would have lost a higher pro por tion of life
time pen sion. The mag ni tude of these changes is small, par tic u larly for rel a tive 
inequalities. If the change in retire ment tim ing had dif fered by edu ca tion such that 
the less edu cated were to retire ear lier than they did or the more edu cated were to 
increase their retire ment age, life time pen sion inequal ity would have been reduced 
in both abso lute and rel a tive terms. In the extreme case in which only indi vid u als 
with ter tiary edu ca tion were to post pone their retire ment age by three years, the 
abso lute dif fer ences in life time pen sion would have decreased by 30.2% and 25% 
for men and women, respec tively. However, the abso lute dif fer ences in life time 
pensionwouldhaveremainedhigh,atmorethanSEK2millionformenandSEK
1.7 mil lion for women.

Increasingyearlypensionbythesamefixedamountforallindividualswouldhave
increased life time pen sion inequal ity in abso lute terms because the more edu cated 
would have benefitedmore given their longer life expectancy; however, itwould
have reduced rel a tive inequal ity. Increasing the min i mum pen sion, which would have 
affected mainly those with the least pen sion, would have reduced both abso lute and 
rel a tive inequal ity.

Finally, we con sid ered chang ing mor tal ity rates. If mor tal ity had decreased by 
10% across all  ages for all  groups, abso lute inequal ity in life time pen sion would have 
been larger, but rel a tive inequal ity would have been smaller. If mor tal ity rates had 
been reduced by 10% for the less edu cated but remained sta ble for the more edu cated, 
life time pen sion inequal ity would have decreased in both abso lute and rel a tive terms. 
Stagnation of mor tal ity among the less edu cated and a 10% reduc tion in mor tal ity 
among the more edu cated would have exac er bated life time pen sion inequal ity. The 
mag ni tude of effects of these sce nar ios is even more lim ited than in the retire ment 
agescenarios.Overall,eventhoughthesescenariosreflectquitelargechangesinthe
pensionsystemorbehavior,theimpactonoverallSESdifferencesinlifetimepension
is quite small com pared with empir i cally observed dif fer ences (see Table 1).This
findingunderscorestheimportanceofpriorearningsinequalityingeneratingoldage
inequalities.
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Discussion

This studydocuments largedifferences in lifetimepensionsacrossSESgroups in
Sweden. Three fac tors deter mine total life time pen sion inequal ity. First, higher 
annual earn ings before retire ment trans late to a higher annual pen sion income. Sec
ond,higher life expectancyamonghighSESgroups results inmore lifetimepen
sions. These two fac tors con trib ute to higher inequalities in life time pen sions. Third, 
ahigherreplacementrateamonglowSESgroupsdecreaseslifetimepensioninequal
ities through a redis trib u tive pen sion sys tem. We show that a lon gev ity advan tage 
explainsuptoonequarterofthehigherlifetimepensionsamonghighSESgroups,
particularlyamongmen.Thus,overa lifetime,mortalitydifferencesbetweenSES
groups dampen pen sion sys tem pro gres siv ity. However, the results also indi cate that 
mor tal ity is less impor tant than the under ly ing earn ings inequal ity in work ing years 
that car ries over into retire ment.

Ourfindingsaregenerallyinlinewithpreviousresearchonthetopic,whichhas
used dif fer ent meth od o log i cal approaches. Many stud ies have exam ined the extent 
of redis tri bu tion and how it is affected by mor tal ity dif fer ences. Studies have found 
that mor tal ity can cels out more than 25% of the redis tri bu tion in the French pen
sion sys tem, almost fully off sets the redis tri bu tion in the U.S. oldage Social Secu
ritysystem,andmakestheGermanandItaliansystemsregressive(Bommieretal.
2005; Haan et al. 2020; Mazzaferro et al. 2012; SánchezRomero et al. 2020).Taken
together, these stud ies high light that the role of mor tal ity in a pen sion sys tem varies 
acrosscountries.Pensiondesigns,individualworkhistories,andSESmortalitypat
ternsmayexplaincrosscountrydifferences.Comparativestudiesmightelucidatethe
rel a tive impor tance of these fac tors in future work. Such ana ly ses of redis tri bu tion 
involve life time con tri bu tions. Because of data lim i ta tions, we focus only on inequal
itiesinlifetimebenefitsanddonotdirectlyexamineredistribution.

Socioeconomic inequalities in health and mor tal ity inequalities in Sweden have 
been among the lowest in Europe since the 1980s (Mackenbach et al. 2018). In
2011, the gap in life expec tancy at age 65 between Swed ish men with low ver sus 
higheducationwas2.8years,lowerthantheaverageof3.6yearsamong18OECD
countries;forwomen,thegapwas2.9years,higherthantheOECDaverageof2.6
years (Murtin et al. 2022).Research suggests an increasingSESgap in longevity
globally(BrønnumHansenandBaadsgaard2012;Kravdal2017; Meara et al. 2008;  
Östergren 2015; Permanyer et al. 2018).AnopentopiciswhethertheCOVID19pan
demicwillaffectthesocioeconomicmortalitygradient(Cloustonetal.2021; Drefahl 
et al. 2020)andhowthepandemicwillaffectlifetimepensioninequality.Mortality
inequal ity might con trib ute more to life time pen sion inequal ity in the future. In this 
study, we found only small cohort dif fer ences, but the direc tion of change suggested 
a trend toward larger dif fer ences.

The pen sion sys tem design may help inter pret our results. Mortality’s con tri bu
tiontoSESdifferencesinlifetimepensionsisarguablylargerwithoutoccupational
pen sions, which pro vide more gen er ous replace ment rates above the state income 
pen sion. In the extreme case in which pen sion income is unre lated to pre re tire ment 
earnings,SESdifferencesinlifetimepensionswouldbesolelydeterminedbymor
tal ity. Because of gen er ous replace ment rates in occu pa tional pen sions for higher 
earn ers, the over all net replace ment rate in the man da tory pen sion schemes (i.e., 
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public andoccupational pensions) appears tobeUshaped across earnings,which
isuniqueamongOECDcountries(OECD2021).GiventhatSwedenhasoneofthe
least progressivefirst and secondpillar pension systems amongOECDcountries
(OECD2011),preretirementearningswillbe less importantandmortalitywillbe
more impor tant in other countries. Across cohorts, the share of pub lic pen sions has 
decreased, whereas the share of occu pa tional and pri vate pen sions has increased in 
Sweden (Hagen 2017);thus,preretirementearningswillbemoreimportantingener
atingSESinequalitiesinlifetimepensionsinthefuture.8

LifetimepensionsaremoreunequallydistributedacrossmaleSESgroups than
femaleSESgroups.Therearethreepotentialexplanationsforthisfinding.First,the
SESmortalitygradientisusuallystrongerformenthanforwomen,asfoundinthis
study and con sis tent with prior research (Mackenbach et al. 2018).Amongwomen,
the asso ci a tion between low income and high mor tal ity is even reversed in the low
est two quin tiles—per haps because for our cohorts, women in the low est quin tile 
are often out side the labor mar ket and rely on their hus bands with higher incomes, 
whereas women in the sec ond and third quin tiles are more often in the labor mar ket 
(seeTableA2)andlivealone(seeTableA11)or inhouseholdswithlowincome.9 
Second, the redis trib u tive effect is stron ger for women. Women in the low est earn ings 
quin tile are protected by the min i mum pen sion and, to some extent, by widowhood  
pen sions (given the much higher ratio between pen sion income and earn ings for 
women in the lowest quintile vs. higher quintiles).Third,women display smaller
inequalities in pre re tire ment earn ings than men. Because the major ity of life time 
pen sion inequal ity is explained by pre re tire ment earn ings, gen der dif fer ences in the 
magnitudeoflifetimepensioninequalitybySEScouldalsobeexplainedbythemore
homogeneousearningsdistributionacrosswomen’sSESgroups.

The dif fer ence between yearly pen sion income and pre re tire ment labor earn ings 
is sim i lar from the sec ond to the fourth earn ings quin tiles, suggesting that the redis
trib u tive role of the Swed ish pen sion sys tem is lim ited for most of the pop u la tion 
in the earn ings dis tri bu tion’s mid dle range. In con trast, the pen sion sys tem plays a 
relativelymoresignificantroleinredistributingmoneyfromtheveryrichtothevery
poor, as illus trated by the com par i sons between the highest earn ings group (who had 
alargeshareofearningsthatdidnottranslatetolifetimepensions)andthelowest
earn ings group (who received a guar an tee pen sion, even in the absence of con tri bu
tions),particularlyforwomen.

RecentpolicydiscussionsonpensionreformsoftendonotconsiderSESdiffer
ences in lon gev ity. Because of increas ing over all lon gev ity, many lowmor tal ity 

8 Additionally,therelianceonfirstandsecondpillarpensionsdiffersconsiderablyacrosssubgroupsof
the labor mar ket, which may help clar ify the role of mor tal ity. For instance, the sec ond and fourth quin tiles 
togetherarguablyreliedmoreonthefirstpillarthanthethirdandhighestquintilescombined.Accordingly,
wefindthatforbothgenders,mortalityexplainedanotablylargershareofthegapinlifetimepensions
between the sec ond and fourth quin tiles than between the third and highest quin tiles (see Figures A15  
andA16).
9 Prior research has also shown that the type of incomemeasure (individual vs. household) has large
impacts on the results regard ing mor tal ity inequalities between income groups. Women’s lon gev ity mono
ton i cally increases with house hold income, which is not always found for women’s indi vid ual income  
(Shi et al. 2021).TableA11showsthattheshareofmarriedwomenwasthelargestinthelowestfemale
quin tile and that the pat tern for men was reversed.
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countries(e.g.,Denmark,Greece,Italy,theNetherlands,Portugal)linkthestatutory
retirement age to life expectancy, and Sweden has plans to do so (OECD2021).
Implications of such pol i cies on redis tri bu tion will be par tic u larly rel e vant for  
Bismarckian pen sion sys tems, which explic itly aim to redis trib ute earn ings into pen
sionsinanactuariallyfairway.Hence,usingSESspecificlifetableswouldincrease
pension fairness in definedcontribution andnotional definedcontributionpension
systems.IndividualswithhigherSESandearningslivelonger.Differencesinlongev
itybySESwouldthenbereflectedinassumptionsonlifespan.Thus,individualswith
higherSESandearningsshouldhavelowerpayoutrates,whichentailspracticalchal
lenges,suchashowtomeasureSESandwhichagestoconsiderformeasuringSES.
Further con cerns of rais ing pen sion able ages are about who can sur vive to retire ment 
and inequalities in life span after retire ment (Alvarez et al. 2021; Shi et al. 2022).

Ourdefinitionof“lifetime”isfromage60onward,soprematuremortalitybefore
age60isnotincluded.SESdifferencesinlifetimepensionsmeasuredatage50would
havebeenlargerthanourestimatesbecausetheSES–mortalitygradienttendstobe
higher at ages 40–60 (Rehnberg et al. 2019).Futureresearchmaywishtoexamine
life time pen sions begin ning at a youn ger age to cap ture such effects.

Our study offers sev eral nota ble con tri bu tions. First, we used an excep tion ally 
long series of highqual ity data on observed earn ings, mor tal ity, and all  pen sion 
sources. Prior math e mat i cal mod els illus trated the impor tance of dif fer en tial mor
tal ity to life time pen sion pro gres siv ity (Auerbach et al. 2017; SánchezRomero et al. 
2020),andpreviousempiricalstudieshavemodeledmortalityratesforcohortswhose
com plete mor tal ity sched ules were still unknown (Haan et al. 2020; Olivera 2019).
Unlike pre vi ous stud ies, ours used observed income, mor tal ity, and pen sion data for 
cohorts whose life course has been almost entirely observed. Thus, our approach 
is more datadriven and has the advan tage of intro duc ing many fewer assump tions. 
Second, our decom po si tion approach is novel in reveal ing how much money lower 
SESindividualslosebecauseoftheirmortalitydisadvantagesateachage.Third,we
dis en tan gle three effects: mor tal ity, earn ings, and the pen sion sys tem’s redis trib u
tive effects. Finally, our hypo thet i cal anal y sis is a use ful way to show the impacts of 
poten tial pol icy changes.

A lim i ta tion of our hypo thet i cal sce nar ios is that they assume that these sce nar
ios would not affect indi vid ual behav iors, such as retire ment tim ing (for sce nar ios 
ofpensiongenerosityandmortality),anddonotreflectthatlaterretirementwould
imply higher con tri bu tions. However, the coun ter fac tu als are pri mar ily use ful to con
trast the effects of dif fer ent dimen sions of a pen sion sys tem, such as retire ment age, 
mor tal ity, and pen sion lev els.

Another lim i ta tion is that our earn ings group ing is based on earn ings accrued over 
ages 50–59, ignor ing ear lier earn ings tra jec to ries. Our com par i son of aver age yearly 
earningsoverthese10yearsandaverageyearlypensionpayments(atages66–75)
are only illus tra tive, not strict actu ar ial cal cu la tions of the rate of return on actual 
pen sion pay ments. Our entirely empir i cal approach is both an advan tage and a dis ad
van tage com pared with pre vi ous research. Thus, our study dif fers con cep tu ally from 
pre vi ous research: our pen sion var i able is the sum of pen sions of all  pil lars. Because 
thedistributionofpensiontypesdifferssubstantiallyacrossSES,ourstudyprovides
a broad pic ture of how a national pen sion sys tem works in prac tice and the con se
quences for social stratification (not calculations of the extent of redistributionof
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specificpensionprograms).Inadditiontorepresentingacontributiontotheliterature,
this fea ture makes com par i sons of our results with those of many pre vi ous stud ies 
somewhatdifficult.Futureresearchmaywishtodisentanglehowdifferentpension
pro grams (e.g., guar an tee pen sions, widowhood pen sions, col lec tive agree ment pen
sions, private pensions) explain overall lifetime pension differences betweenSES
groups—a set of dis tinc tions our data did not per mit.

A fur ther impli ca tion of our approach is that the cohorts for whom we could 
observe nearly their entire lives were born in the early twen ti eth cen tury, and we 
there fore stud ied the pen sion sys tem in the 1990s and 2000s. It would be inter est
ing to exam ine whether pen sion reforms in Sweden in 1999 have changed the broad 
patternsweobserved.Thereformin1999introducedanotionaldefinedcontribution
sys tem to the pub lic pen sion with bal ances for inter gen er a tional redis tri bu tion and 
flexible retirementages thatareactuarially fair. It laterbecameamodel formany
otherOECDcountries(Palme2005).Thefirstcohortsthatexperiencedthisnewsys
temwereborninthemid1950s.■
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