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Abstract

This study investigates spatial pattern of excewtidongevity in Germany by place of
birth and place of death. We used a large datasetring all recorded individuals who
reached the age of 105 in Germany in the period 262002 (N: 1,339). Two main
research questions are addressed. First we arested in whether the life-time net-
migration pattern of the long-lived individuals nseged in distance between place of
birth and place of death is rather localised opelised. Our results show that the pattern
is highly localised. This lends support to the viglat our second research aim to in-
vestigate regional variation in exceptional longeian produce meaningful results, as
most semi-supercentenarians lived at least in eantlylate live in the same geographic
context. In our analysis of regional variation ixceptional longevity we are able to
detect consistent hot spots in Berlin and northter@esGermany. These findings are
remarkable, as the areas of highest life expectahdyrth are currently located in the
south of Germany. The spatial pattern of exceptitoraevity instead reflects the life
expectancy pattern in the early™€entury, which suggests that early life conditians
very relevant in understanding the pattern. Thimitine with earlier findings on the
birth month influencing the chance to reach exosati longevity. As a next step we
will study German pension fund data allowing uslédermine, to what degree the spa-

tial pattern results from variation in socio-econostatus.



Introduction

In recent decades, the numbers of people who leaehed the ages of 105 and above
have increased dramatically. In their contributicmshe debate on exceptional longevi-
ty, several scholars have noted the existence atfadmot spots,or areas with a high
concentration of individuals who have survived grwhigh ages. This includes, for
example, men in Sardinia (Pes et al. 2011) andlpdiying in Okinawa (Cockerham
and Yamori 2001, Willcox et al. 2008). The existet suchongevity island$ias been
linked to social conditions, such as variation ietg] as well as to genetic differences.
However, the evidence cited in these studies iallysbased on a small number of cas-
es. Moreover, some scholars have pointed out thatsome of these supposed hot
spots, the evidence might be an artefact attritbeitedonot validating the data correctly
(e.g. Poulain 2011 on Okinawa). There are alsocypied arguments against such re-
search, especially when contextual conditions aem &s important influencing factors,
because researchers often do not have informaticheo migration histories of the ob-
served individuals with exceptional longevity. Thitleey do not know in which differ-
ent spatial contexts these individuals lived idatént periods of their lives.

This paper uses a unique dataset of exceptiongklisty, created as part of an
age validation study of Germany, which covers mdlividuals who reached the age of
105 in Germany between 1991 and 2002. Our datasegios information on 1,339
personS We address two main research questions. Theldioks at what kind of pat-
tern related to the distance between an individualtice of birth and the place of déath
can be observed. A very localised pattern would/igeo support for the application of
spatial analysis techniques in investigating exoept longevity, as it suggests that
substantial portions of the population lived—atstem their final years—in the same
geographic area as the one in which they were M/enare able to calculate the dis-

tance between place of birth and place of deatheaimunicipality level. The second

! This includes 961 persons born in present-day Geymand 378 individuals born outside of present-day
Germany. For the second group, the complete vadidgirocedure could not be carried out. See tha dat
section for details.

2 The place of birth refers to the place of resigeatthe mother at the time the child was born evtfie
place of death refers to the place of residencthefindividual at the time of death. For those semi

supercentenarians who were still alive in 2002 uae the place of residence at that time.



aim is to investigate to what extent we can datestble spatial pattern in the variation
in reaching exceptional longevity in Germany. As ave dealing at the regional level
with a small number of observations, we apply sppdayesian smoothing techniques
(Marshall 1991). We are able to calculate the rafeexceptional longevity, both by
place of death as well as by place of birth, whatflows us to compare the resulting
spatial pattern for consistency. We further ingegté the consistency of our findings by
repeating the analysis while varying both the defins of exceptional longevity, as
well as the definitions of the base population. &&o consider different levels of spa-
tial aggregation to investigate to what extent fndings are geographic-scale depend-
ent.

Our study uses one of the biggest datasets wortdei/ering validated semi-
supercentenarians, for whom information on placbkih and place of death are avail-
able. To our knowledge, it is also one of the fatstdies that looks at the distances be-
tween the place of birth and the place of deatihdifiduals with exceptional longevity
at the municipality level. Another innovative elem®f this study is that it links data
with historical GIS files, which allow us to relaévents of exceptional longevity by
place of birth with the number of births in a regiat the time when the semi-
supercentenarians were born, while controllingdieanges in the regional administra-

tive boundaries within Germany.

Resear ch on Exceptional L ongevity
Exceptional human longevity has long been of irgete the general public, as well as
to scientists. An early work using validated indival-level data on exceptional longev-
ity in Germany was carried out by Geissler (18348. looked at the socio-economic
status of individuals with exceptional longevity $axony. After validating cases of
exceptional longevity in the census of 1880, hewmeined that, at that time, no individ-
ual older than 99 years of age was living in Saxemich was, in the late f9centu-
ry, one of the most developed regions in Europs.déffinition of exceptional longevity
was from today’s point of view very low, as it inded all people aged 80 and above.
Existing research results on the longevity revolutsuggest that contextual
conditions are very important for our understanddighe improvements in life expec-

tancy in recent decades and centuries. While teekipectancies of European popula-



tions in the 18 century differed very little from those of huntgatherer populations,
longevity has changed radically since then (Busgeal. 2012). The context-related ex-
planations for exceptional longevity include gequipiaal differences in diet (Willcox et
al. 2006), as well as differences in occupatiomtivdies (Pes et al. 2011). In addition,
there is also evidence that early life contextwaiditions have an impact on chances to
reach exceptional longevity. For Germany it hasnbd®wn by Scholz et al. (2005) that
children born in winter have a higher likelihood reach exceptional longevity. This
research used the same dataset that we are agalygiich covers cohorts born in the
late 19" century.

However, although changes in contextual conditiareslikely to explain most
of the changes in average life expectancy, it cabeoruled out that genetic variation
plays a role in exceptional longevity. It is im@ott to note that reaching exceptional
longevity is, by definition, a highly selective ew& In order to reach such an age, a
person might need to have a specific level of gemebustness that is not shared by the
majority of the population (see, e.g., Hjelmbor@k006; Sebastiani et al. 2012).

In this research project, we are not able to exarttiese issues in detail, as our
dataset of individuals with exceptional longevityed not contain information on genet-
ic or socio-economic characteristics. However, we compare spatial variation in ex-
ceptional longevity with historic and present sglapiatterns in aggregate demographic
characteristics, such as life expectancy or wdrymth at birth. This will allow us to

shed some light on general aspects of spatialti@mian exceptional longevity.

Data

For our research project, we used a dataset obperaho reached ages of 105 and
above in the period 1989-2002 while living in GenygMaier and Scholz 2003 and

2004; Scholz and Maier 2005). The dataset wasexlead part of the International Da-
tabase on Longevity (IDL) (Maier and Scholz 201@pbhammer et al. 2005). This was

done in a three-stage process. In a first stepQOfffiee of the President of the Federal
Republic of GermanyBundespréasidialamitprovided a list of all individuals aged 105

and above who received a congratulatory letterhenadccasion of their birthday from

% The definition of which ages represent exceptitmadjevity can vary over time.



the Federal President in the period from 1989 1©22(N=1,487J. Second, the local
Residence Registry OfficeMeldebehordewas asked for the vital status of the person
and the person's place of birth. Third, the OffafeVital Records $tandesantat the
person's place of birth was asked to confirm thte dad place of birth An individual
was considered age-validated if the Residence Redfice provided a late-life doc-
ument showing that the person had reached ageah@bthe Office of Vital Records
provided an early-life document that confirmed pleeson's place and date of birth. The
completeness of the database was checked by comgythe information in the database
to the death counts in the German data of the Hukhanality Database (HMD). The
comparison showed that the database of indivicagdsl 105+ covered over 90% of all
HMD death counts in this age group in Germany andbservation period (Scholz and
Maier 2005).

After finishing the age validation process, the lghdataset of German semi-
supercentenarians was anonymised in order to comvjily German data protection
regulations. Different anonymised datasets werelyzed for the analyses and valida-
tion procedures. One of these datasets is the ammng data file used for this study,
which provides information on place of birth andqe of death at the municipality level
(Scholz 2003). For our analysis, we excluded aitpes in the dataset who died before
31 December 1990. This was necessary because,thmtieunification of Germany,
only citizens living in West Germany were includadhe dataset, which would create a
bias in the analysis of spatial patterns. Thisuseftvith 1,339 persons aged 105 or above
who lived during the period of observation in GenypaThere are clear differences by
sex, as 1,184 of the individuals are female (88.494)the 1,339 persons, 961 were
born within the borders of present-day GermanyG%d), while another 276 were born
in territories that were part of the German Empiréhe time of birth (20.6%). Less than
8% (102) were born outside of the German Empirestnod them in Eastern Europe.
The latter two groups have to be treated with cawtas their dates of birth have not

been validated by contacting the Office of VitalcBels at the place of birth. They are

* This list is based on information provided by theal Residence Registry Offices, who report inhabi
ants who reach, or who are about to reach, th@ag@5 to the Office of the German President.
® This third step was only carried out for thoseivialals who were born in places located within the

borders of present-day Germany.



excluded from our analyses of exceptional longebityplace of birth, but are consid-
ered in the analyses by place of déath

Unfortunately, the nature of our dataset implies thie did not have information
on individuals who were born in Germany and whocheal the age of 105 abroad.
However, we benefited from the fact that levelsoatmigration from Germany have
been low over the last 100 years. The last majaeved outmigration in the 19centu-
ry ended in the 1880s, around the time when thesbldemi-supercentenarians in our
dataset were born (German Empire Statistical Offi@ritmigration would be of con-
cern for our analysis if it were concentrated irtaiea regions of Germany.

Information on the location of the place of birtideplace of death was derived
at the municipality level from the VG 250 GIS-fitd the Federal Agency of Cartog-
raphy and Geodesy (BKG 2007), which displays adstrimiive boundaries at a scale of
1:250,000. For the municipalities of birth whichrerdater dissolved or incorporated in
other municipalities, we took the code of the mipdtty to which the area of the mu-
nicipality of birth belongs today. From the GlSefilwe derived for each municipality
the north and east value of the areal cenfrdiu addition, we used shapefiles of the
MPIDR Population History GIS Collection, which wetteveloped in part based on the
VG 2500 (scale 1:2,500,000; BKG 2009). From thibection we made use of district-
level maps of 2000 and 2004 and a district-levgbh miathe German Empire for the year
1894 (see Klisener et al. 2012, for details).

In order to analyse spatial variation in exceptidoagevity, we had to define a
population at risk. When looking at the place oattie we did not consider it adequate
to use the total population in an area as the pdipul at risk, as this would have created
biases dependent on whether a region had expedeutestantial immigration or out-
migration in recent decades. Bavaria, for examipdes, registered substantial immigra-

tion since the 1960s, but because most of thesmnigwere of working age, immigra-

® We included them in the analysis by place of déattause we were not able to distinguish war refsige
from former German territories and naturalisedifgmers from the population at risk.

" These are just approximations of the place ohkirid the place of residence at age 105+/deathieas
lack exact information. This might create smallskis in our analysis of distances. This bias migfd a
vary spatially, as the average area of municigslitiffers between the federal states of GermaauxL
2001).



tion affected the total population number, but ¢tgerly population who could poten-
tially reach the age of 105 in our period of obaéinn were affected to only a small
extent. We therefore decided to use only age grofiise elderly to define the popula-
tion at risk, as they are less affected by seleativgration processes. In attempting to
do this, we were faced with the limitation thatic#l statistical publications do not
provide detailed information on the elderly popigatby age group. All individuals
aged 75 and above are placed in a single cate@eytherefore had to use an alterna-
tive source to derive more detailed information. Wéeided to generate this data from
the German pension insurance system dataset (FD2®8), which contains infor-
mation on all individuals who have ever made contions to the German pension
fund, or who have gained rights to pension paymemtsther reasons (e.g. widows or
mothers for the births of children). This dataseters approximately 95% of the total
population living in Germany. From these data wevee for the year 2065regional
population data by the following age groups: 75-88.94 and 95+. We compared ag-
gregates of these data at the district level wifitial statistics for the population aged
75+ for the year 2005, with the correlation coedfit being 0.99. This gave us confi-
dence that the German pension fund data are saifabldefining populations at risk.
We generated the age group information for thd fmpulation, as well as for the male
and female populations.

For our analyses based on place of birth, we ustdat-level data on the aver-
age number of births in the period 1894-1896 (Gerfmpire Statistical Office 1901).
These three years were chosen for two reasonsvasealata availability, and the other
was that these birth years were highly represantedr dataset. Approximately 30% of
our individuals were born in these three years, amather 20% were born in the years
1893 and 1897. This suggests that the birth ye294-1896 are a good representation
of the population at risk for the analysis by pladebirth. Information on the spatial
variation in birth weight and birth length, which used as a crude indicator to explore
whether genetic factors might play a role in shgphe spatial variation in exceptional
longevity, was generated from German Birth RegiBata (FDZ 2012).

8 This would have been even more precise if we lagted the information on the population at risk
retrospectively for the time when the individualghvexceptional longevity were in these age groups.

However, data availability constraints did not @llos to do so.



M ethods

Our analysis is divided into two parts: the firsiripis an investigation of the distances
between place of birth and place of death, whike dbcond part is an investigation of
the spatial variation in exceptional longevity bythb place of birth and place of death.
The distance calculation between a person’s pladerin and place of death is based
on great circle distancésFrom this data we derived density curves andriges® sta-
tistics.

In the second part of our analysis, we studiediaipaattern of exceptional lon-
gevity by both place of birth and place of deathe ¥jgregated the individual data at
the regional level, partly in order to comply wiBflerman data protection regulatiths
In our analysis, we used different definitions loé tevent of interest, as well as of the
population at risk, in order to test to what degre=emerging spatial patterns of excep-
tional longevity were stable across different difins. This included looking at excep-
tional longevity by sex (total, male, female) omggsdifferent age categories as popula-
tion at risk (75+, 85+, 95+). We also replicated analyses at different geographic
scales, as the choice of the geographic scale aam $ubstantial implications for out-
comes and interpretations. This issue is commagfigrred to as thenodifiable areal
unit problem(Openshaw 1983). We based our analysis on thewioly administrative
divisions: German federal states (N=1Bggierungsbezirk@N=40) and regional plan-
ning regions (N=973! However, at all three levels we encountered thablpm that
some metropolitan areas constitute their own regi@erlin, Hamburg), while others
are incorporated into bigger regions. We theretlmeided for all three divisions to also
carve out the other two big cities in Germany witbre than one million inhabitants:
Munich in southern Germany and Cologne in westeem@ny.

In comparing the events of exceptional longevityplace of birth with the num-
ber of births that occurred at the time the serpescentenarians were born, we were

faced with the challenge that Germany has undergohbstantial reforms of administra-

° Great circle distance is the shortest distancevdsst two points on the surface of a sphere (incase,
the Earth). For additional details, see Banerj@9%2.

9 German Data Protection regulations require thatdrer to calculate regional rates based on indalid
level information, one needs to have in each regideast three individuals.

1 We use the administrative division as of 31 Decen2®02.



tive boundaries at all of the levels consideredrier to get an estimate of the number
of births that occurred within the regions currgmkisting, we used aareal interpola-
tion procedure based on areal weightthgyhich was suggested by Goodchild and Lam
(1980).

In mapping the spatial pattern of exceptional laitye we were faced with the
problem that we were dealing with a rare event,cWhinplies that our analysis might
be distorted by random noise. We therefore used.dital Empirical Bayes Smoother
(Marshall 1991; Bailey and Gatrell 1995, 307 fishich allowed us to derive a more
stable pattern by adjusting the raw rates in eagion based on Bayesian principles
using information from neighbouring regions. ThechbEmpirical Bayes Smoother is
related to the Global Empirical Bayes Smootherthia latter prior mean and variance
are assumed to be constant across a sample. Lothé Empirical Bayes Smoother, the
prior is derived for each region i from a subsampleich only includes regions j in the
neighbourhood of each region i (for neighbourho@dinitions, see below). This is
based on the assumption that nearby regions jraterms of structures and processes,
more similar to a region i than more distant regiorhis is also referred to as the First
Law of Geography (Tobler 1970).

We illustrate our Bayesian smoothing technique &igimple example. Imagine

a country with 10 regions and a total populatiorisit of reaching exceptional longevi-

2 The areal interpolation method is based on theragtion that births by place of residence are itlistr
uted homogenously across space withingberce regionsfor which we have data. This is a strong as-
sumption, as it is unlikely that the populatiorhsmogenously distributed across space, nor canxwe e
pect the occurrence of birth events to be constariss each source region. However, the potentiat e
emerging from the estimation is largely dependati lon the geographic detail of the source regiass,
well as on the geographic detail of tiaeget regionsfor which the estimations are produced. The highe
the geographic detail of the source regions in aomapn to the target regions, the smaller is themgal
error emerging from the estimation procedure. Ashad very detailed source data at the level of 947
districts for the births that occurred 1894-1896jlevthe number of our target regions varied betwt@

(16 federal states and two cities) and 99 (97 raiplanning regions and two cities), we decidettao
use more complex estimation methods, such as,xEmmple, the EM algorithm (see Gregory 2002). In
order to derive the estimates, we applied a spataisection, in which we intersected a GIS polyfje

with border and area information on the sourceargiwith the file of the target regions (Goodclald
Lam 1980). We thereby obtained a GIS dataset wughstnallest common polygons (also called zones of

intersections), which enabled us to reconstrucvétiees for the target regions.
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ty of 10,000 individuals (in average 1,000 per oayi In our example, one sub-region i
has just a population at risk of 100 persons androed two persons reaching excep-
tional longevity. As the population at risk and thember of events are very small, it is
likely that this outcome is highly influenced byndomness. Now imagine, this region i
has just one neighbouring region j, which has aufain at risk of 1,000 individuals
and recorded 40 events of exceptional longevitysellaon Bayesian principles this in-
formation is much more reliable as it is based dmgaer number of individuals at risk.
This information from neighbouring region j is takmto account in the smoothing of
the rate of region i, following the assumption lzhea the First Law of Geography that
nearby regions are more similar in the process#éaemcing exceptional longevity
compared to more distant regions. In our example,algorithm would determine the
number of events recorded in region i to be with twt of 100 rather small in compari-
son to 40 out of 1,000 in region j and would adbptrate of region i in the direction of
the rate of region j, taken the population at fiskhe two regions into account as a
measure for the reliability of the information.
The prior mean for the raw rate at region i is\ctiby:

)
where Jrepresents a set of neighbours j to a region ludieg i itself, based on a cho-
sen neighbourhood definition (Anselin et al. 20@)enotes the observed events and P
the population at risk. The local estimator for gner of the variance is derived as fol-

lows:

)
where 71 denotes the estimated rate for region i &ds the local average population

at risk, which is derived as follows:

3)
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For the definition of the neighbourhood, differesttategies are feasible. One
approach is to define it based on contiguity, defirall regions that border each other
in at least one common point as neighbours (alforex to as the first-order queen’s
definition). Other strategies are based on k-néamegjhbours or distances between
centroids of regions. In our analysis, we replidatiee analysis using different neigh-
bourhood definitions as another consistency check.

We should note that, because our dataset contatrepolitan areas that are de-
fined as regions, using the Local Empirical Bayeso8ther could be problematic.
While for most regions it can be assumed that rmghing regions have many similari-
ties in terms of socio-economic and ecological doors, this might not be the case for
metropolitan areas and the surrounding regionss Trhplies that we should interpret
the resulting pattern of smoothed rates around apelitan areas such as Berlin or

Hamburg with special care.

Results

We will first look at the results of our analysi tbe distance between place of birth
and place of death. Interestingly, for most of itidividuals in our dataset, the analysis
shows a highly localised pattern. Of the 961 pesssho were born within the present-
day borders of Germany and who had reached thefag@5 while living in Germany,
301 were, at the age of 105+, still/again livingtiveir place of birth (approximately
31%). The median distance between place of birth@ace of death was 25 km (see
upper graph in Fig. 1). The pattern for individulatgn in western Germany, where the
median distance was just around 15 km, was evere foocalised. For those born in
eastern Germany, on the other hand, the mediaandistwas, at 104.6 km, much high-
er, which probably reflects in part the impact loé tivision of Germany on the east-

west migration pattern (see middle graph in Fig. 1)
[Figure 1 about here]
However, as big cities in particular are likelydtbract people from more distant

locations, there might be a substantial degreenation within Germany. We therefore

did another analysis in which we identified alltbé individuals who were living in one
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of the four biggest cities of Germany (Berlin, Hamdp Cologne, Munich) at the time
of death (see lowest graph in Fig. 1). The patteas indeed less localised for those
individuals than for semi-supercentenarians livehgewhere in Germany. However, this
was only true for distances of between zero anknd0as many semi-supercentenarians
living in the four biggest cities were not borntire city itself, but in its immediate sur-
roundings. If we look at the median distance betwglace of birth and place of death,
we can see that it was, at around 31 km, also tpitdor this group®

Overall, our results suggest that, even in Germaity, its troubled 2B-century
past, the distance between place of birth and p¥ackeath was very small for most of
the individuals observed in the dataset. This vascase even if they lived in big met-
ropolitan areas, which had substantial rates ofigration over the past 100 years. Our
finding that the distances between place of birtt place of death were highly local-
ised for a large number of individuals in the datdends support to the argument that
an analysis of spatial patterns of exceptional émity would produce meaningful out-
comes. But beyond this, it also raises the questiogther this result could be expected
or whether it is a rather unusual finding, whichghtipotentially stem from differential
mortality betweerstayersandmoversat high age.

Theoretically, one might argue that individualshijh age who still reside in
their birth region might have competitive advangagempared to persons of the same
age who life outside their birth region. These adages might stem from selection ef-
fects as result of life course decisions takeniaxairh life. The likeliness to stay in the
home region might e.g. be particularly high forgaavho marry early to a local partner.
Thus, the stayers who reach high ages might bé&eatsgroup that already very early in
life profited from the protective effect of marrea@nd who were throughout their adult
life closely embedded in local community and kirustures. This might also be of ben-
efit when they reach higher ages, as they mighe leiter access to social capital in the
form of a higher number of nearby living family meens able to assist the person in
daily activities, long-standing friendships withgpde living in the same place, or better

contacts in the neighbourhood.

3 We also looked at differences by sex, but becaweselid not find substantial differences, we do not

present the results here.
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An alternative explanation might be that the obsdrpattern of small distances
between place of birth and place of death simpprasents the net lifetime migration
pattern typical for this cohort of Germans. It & 30 easy to derive an answer for this
guestion, as with increasing age persons are likelyecome frailer. This elevates the
risk that they leave their old place of residercenbve to their children or in a retire-
ment home, which might be situated in another igcalherefore, an ideal research
design would require longitudinal information or thbserved persons at least from age
90 on with regularly updated information on thesalth status and migration histories.
We do not have such longitudinal information auaia Unfortunately, there is also no
recent German census data available, which wolddvals to derive information on
lifetime net migration for age groups below 105@rour observed cohorts at an earlier
point in time.

But we are at least to some degree able to answeguestion by analysing indi-
vidual-level data from the Swiss censuses of 12880, 1990 and 2000, which contain
information on lifetime net migration. These araitable as 5%-sample IPUMS-files
(Minnesota Data Center 2011). Switzerland and Geynae neighbouring countries,
which share cultural links as two third of the Ssympulation speak German as mother
tongue. Thus, we believe that the two countrieshingdso share similarities in lifetime
net migration patterns. The Swiss dataset doeslim# us to calculate distances be-
tween place of birth and place of death, but costaformation whether a person still
lives in the municipality in which the birth wasgistered. In addition we have infor-
mation on the age of a person. However, a limitatothat the sample has been top-
coded at the age of 95+ years, so that we cannktdbthe highest ages separately. As
we have data of four cross-sections spanning ageifi 30 years we can analyse it both
from an age as well as a cohort perspective.

In 1970, around 30% of the Swiss population ingbe categories above 90 was
still living in their place of birth, while in théater censuses the level was a little bit
lower (20-30%). The numbers correspond to our figdhat around 31% of our semi-
supercentenarians lived/died at age 105+ in tHaaepof birth. This might be interpret-
ed as support for the argument that the pattermetected is typical for the birth co-
horts under observation. Also the cohort perspedtiwes not provide evidence for the

argument that people reaching high ages in theiceplof birth have a longevity ad-
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vantage over persons that live outside of thethlmmunicipality. For the Swiss cohorts
born between 1885 and 1897 that approximately spared to the cohorts covered by
our semi-supercentenarian dataset, we have ddifetome migration in 1970 and 1980
available. The youngest birth years are also reptes in the 1990 data. In 1970, these
cohorts were 73 to 85 years old, in 1980 83-951980 93-95. But none of these 13
birth cohorts experienced between the censusescagaise in the share of persons re-
siding in their place of birth, which could be irgeeted as hinting in the direction that
this group has a longevity advantage. Overall,ahalysis of the Swiss data suggests
that our lifetime migration pattern derived for lBerman semi-supercentenarians is not
unusual for these birth cohorts in a central Euaopeontext. It also provides no indica-
tion for mortality differentials betweestayersand moversat high ages. However, in
order to answer the latter question in a conclusmamner, a longitudinal research de-
sign would be required. Another limitation of theiSs data is that the age categories
above 95 are top-coded, as the mortality diffeegsmtmight only emerge at ages above
100 or 105, when most of the surviving personsdmgendent on assistance in daily
activities.

We will now turn to the second part of our inveatign, which looked at spatial
variation in exceptional longevity across Germanythis section, we will only present
the results at th&egierungsbezirkevel, while omitting the results from the othaot
geographic scales at which we replicated the aisa{@erman states, regional planning
regions). This is because the resulting spatidgkpaturned out to be quite similar for
all three of the geographical scales. Thereforede®ded to focus on the results at the
Regierungsbezirkevel, as doing so provides a good balance betwlemumber of
events of exceptional longevity within a region &hd need for a certain level of re-
gional detalil.

In Fig. 2 we present the spatial pattern of exoeyati longevity at théregier-
ungsbezirkevel, with the upper map showing the spatialgratby place of birth, and
the lower map displaying the pattern by place @tldeFor the latter we used the popu-
lation 95+ as a base population. It is importanhate that the rates we obtained from
our calculations cannot be interpreted as survigeds, as, for example, tinember of
years in which the semi-supercentenarians were isobigger than the number of birth years

from which we derived the number of births. As sute the emphasis is on relative differences,

while the absolute rates do not have a specifimmgaTherefore, in order to make it easier for
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the reader to compare the spatial variation irileemaps, we decided to standardise both maps
in Fig. 2 by the mean value obtained from the negioates. Both maps use a standard deviation
categorization centred on the mean with each ceteguvering an interval of 0.5 standard de-

viations.

Overall, the patterns of the two maps do not diffabstantially. This was ex-
pected given the results of the first part of thalgsis, which showed that most of the
individuals with exceptional longevity died in thegion in which they were born. The
results do not differ substantially if we repea¢ #malysis for different populations at

risk (e.g. people aged 85+ or women only).

[Figure 2 about here]

In both maps, Berlin stands out as a local hot speixceptional longevity. It is
the only area in eastern Germany with high ratesxoéptional longevity. However, our
data do not allow us to differentiate the data bgstvand East Berlin. This is unfortu-
nate, as we would expect to find a particular cotregion of semi-supercentenarians in
the western part of the city, which belonged to W&srmany during 1945-1990. As a
result, the population of this part of the city béted from innovations such as the car-
diovascular revolution (Meslé and Vallin 2002) dies earlier than the population in
East Berlin. However, as the former capital of EGsrmany, East Berlin was also
privileged in terms of access to medical servi@dative to other parts of the German
Democratic Republic. Therefore, it might at leastabrelative hot spot compared to the
other eastern German regions.

Hamburg also displays high rates of exceptionafjémity, though it forms part
of a larger cluster in north-western Germany thso @overs Schleswig-Holstein, Bre-
men and parts of Lower Saxony and Westphalia (Ejg.The cities of Cologne and
Munich, on the other hand, cannot be characteasdubt spots of exceptional longevity
in a German-wide comparison, although Munich seenise a local hot spot relative to
its surrounding areas.

The spatial pattern of exceptional longevity is s@rhat surprising, as Germany
is currently characterised by a south-north gradiefife expectancy at birth, with the
areas of highest life expectancy being predomigdotated in the south (see Fig. 3,

bottom). The observed pattern of exceptional loitgamstead reflects spatial variation
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in life expectancy at birth that prevailed in Genyan the early 26 century, when the
regions of northern Germany reported the highestl$e(see Fig. 3, top). However, the
current spatial pattern of variation in life expeaty might vary dependent on which
age is considered. It might look very different i@ expectancy at age 60 and age 80,
as e.g. access to emergency care and quality efleldare might vary across regions.
Therefore, we also contrasted our findings todkpectancy data at ages 60 and 80 (SB
2012 and own calculatiol$. This data we were only able to obtain at thel®f the
federal states and only from the 1970s on. Vanasiod trends in life expectancy at age
60 data show no strong divergence from the lifecetgncy at birth data. One important
point, however is that the north German states affleéSwig-Holstein, Hamburg and
Bremen managed to report life expectancies at himthage 60 above the German aver-
age up until the 1990s, which might partly explainy they constitute hot spots of ex-
ceptional longevity for the period of our study $192002). Berlin, on the other hand,
neither reported above average life expectancidsrt nor at age 60 throughout the
last 40 years. But the picture looks different lffer expectancy at age 80, where Berlin
consistently reports levels above the German aeefagthe period for which we have
data for all German states available (2002-2019)2002/2004, only three of the 16
German states had higher values than Berlin. Tinese the other two German city
states Hamburg and Bremen as well as Baden-Wiréegmib the Southwest.

One reason why Berlin and the other two city st@@gorm so well at higher
ages might be better access to improvements ithheale e.g. in the area of emergency
care and medical technologies. We already mentitmetdEast Berlin was privileged as
capital of the German Democratic Republic whenaine to health care investments.
But also West Berlin was to some degree privileigeithe Cold War period, as it served
as a shop window to Communist Europe. Evidenceliiggier cities had better access to
new medical technology is e.g. presented by Kiroipae(1994, 187). Another explana-
tion for the high concentration of semi-superceatims in Berlin might also be related
to the unique history of the town in the%ﬂentury. Most big cities in Germany experi-
enced substantial suburbanisation processes itdb@s and 1960s, in which parts of

the socio-economically advantaged population maweglaces outside the city (e.qg.

14 Based on data provided by the state statistidimlast.
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Lake Starnberg region South of Munich or the Huakniegion north of Frankfurt). In
West Berlin these suburbanisation processes caulld start after 1990, which might
also have contributed to the high concentratiorsehi-supercentenarians in the city

itself.
[Figure 3 about here]

However, in additional to contextual conditionseiarly and late life, alternative
explanations cannot be ruled out, especially fertibt spot of exceptional longevity in
north-western Germany. Another aspect in which maréstern Germany stands out
from the rest of Germany is in the variation of thean weight and length at birth. Un-
fortunately, we have regional information on thessicators for the last 20 years only.
However, over this time period, the spatial vaoiatof these indicators remained rather
stable. Therefore, we assume that these differemigist already have existed in the
19" century. Fig. 4 shows the spatial variation inrage birth weight and length in
Germany in 2009. The pattern suggests that theebighirth weights and birth lengths
can be observed in north-western Germany. Birthghteand length are again influ-
enced by many indicators, which can be relatedotioseconomic (Koupilova 1998;
Koupilova 2000) or genetic characteristics (Clanssb al. 2005). But if this gap had
already existed in the late tf[@entury, children born in north-western Germangmi
have been more robust than children born in othetisf the country. This may also be
one explanation for why life expectancy was higimenorth-western Germany at that
time (see Fig. 3). However, further research isdedeto look into this alternative ex-

planation.
[Figure 4 about here]

Conclusion and Outlook

Overall, our findings show that, even in Germanithvits troubled 28 century past,
the distance between place of birth and place athdes very small for most of the
semi-supercentenarians observed in the dataset.l@iils support to the argument that

an analysis of spatial patterns of exceptional émity can provide meaningful results,
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even if we only know the place of birth and plaé¢eleath of a person. Our analysis of
the geographic variation in exceptional longevégulted in a clear spatial pattern. Con-
sistency checks, in which we varied definitionstloé event of exceptional longevity
and the population at risk, did not alter our ontes substantially. Hot spots of excep-
tional longevity could be identified in Berlin amdrth-western Germany, which is re-
markable because the areas with the highest ljpea®ncy at birth are currently locat-
ed in southern Germany. The pattern resemblespiigat variation in life expectancy
during the period when the semi-supercentenariane worn, as well as to some degree
current spatial variation in life expectancy at 8fe These findings might be interpret-
ed as support for the argument that €arnd late life contextual conditions are very
relevant in explaining spatial variation of exceptl longevity in Germany. However,
our findings on spatial variation in contextual diions are less conclusive compared
to findings on the influence of temporal variation contextual conditions (Scholz
2005). Also alternative explanations, such as gewatiations, cannot be ruled out.

Developments over the coming decades might prouslevith additional in-
sights into the question of to what extent contaktur genetic differences are relevant
for understanding spatial variation in exceptioleaigevity in Germany. If the contex-
tual effects of early life conditions are very infamt for reaching exceptional longevi-
ty, we would expect to find that the spatial hobtsip north-western Germany and Ber-
lin will disappear over time, as spatial variatimninfant mortality substantially de-
creased in Germany for the cohorts born after &5 man Empire Statistical Office).
In this case, we would expect the hot spots of etxaeal longevity to move to the
south, where the highest life expectancy levelscareently recorded. If spatial varia-
tion in genetic factors has an impact on the praipalf surviving to high ages, we
might expect the hot spot in north-western Germ@npersist over time. However, if
the longevity revolution continues over the comuogrades, reaching age 105 might
lose its status as a highly selective rare evehigtwmight make it necessary to look at
even higher ages (107+/110+) in order to detecttm.

15 According to official statistics Sardinia was atbe Italian region with the lowest levels of infanor-
tality in the late 19th century (ISTAT 1975).
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Fig 1: Distance between Place of Birth and Place of Death
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Fig 2: Hot Spots of Exceptional Longevity i
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Fig. 3 Female Life Expectancy at Birth 1891-1900 vs. 2000
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Fig. 4 Spatial Variation in Birth Weight and Birth Length
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