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Abstract  

This study investigates spatial pattern of exceptional longevity in Germany by place of 

birth and place of death. We used a large dataset covering all recorded individuals who 

reached the age of 105 in Germany in the period 1991 to 2002 (N: 1,339). Two main 

research questions are addressed. First we are interested in whether the life-time net-

migration pattern of the long-lived individuals measured in distance between place of 

birth and place of death is rather localised or dispersed. Our results show that the pattern 

is highly localised. This lends support to the view, that our second research aim to in-

vestigate regional variation in exceptional longevity can produce meaningful results, as 

most semi-supercentenarians lived at least in early and late live in the same geographic 

context. In our analysis of regional variation in exceptional longevity we are able to 

detect consistent hot spots in Berlin and north-western Germany. These findings are 

remarkable, as the areas of highest life expectancy at birth are currently located in the 

south of Germany. The spatial pattern of exceptional longevity instead reflects the life 

expectancy pattern in the early 20th century, which suggests that early life conditions are 

very relevant in understanding the pattern. This is in line with earlier findings on the 

birth month influencing the chance to reach exceptional longevity. As a next step we 

will study German pension fund data allowing us to determine, to what degree the spa-

tial pattern results from variation in socio-economic status. 
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Introduction 

In recent decades, the numbers of people who have reached the ages of 105 and above 

have increased dramatically. In their contributions to the debate on exceptional longevi-

ty, several scholars have noted the existence of spatial hot spots, or areas with a high 

concentration of individuals who have survived to very high ages. This includes, for 

example, men in Sardinia (Pes et al. 2011) and people living in Okinawa (Cockerham 

and Yamori 2001, Willcox et al. 2008). The existence of such longevity islands has been 

linked to social conditions, such as variation in diets, as well as to genetic differences. 

However, the evidence cited in these studies is usually based on a small number of cas-

es. Moreover, some scholars have pointed out that, for some of these supposed hot 

spots, the evidence might be an artefact attributable to not validating the data correctly 

(e.g. Poulain 2011 on Okinawa). There are also principled arguments against such re-

search, especially when contextual conditions are seen as important influencing factors, 

because researchers often do not have information on the migration histories of the ob-

served individuals with exceptional longevity. Thus, they do not know in which differ-

ent spatial contexts these individuals lived in different periods of their lives. 

This paper uses a unique dataset of exceptional longevity, created as part of an 

age validation study of Germany, which covers all individuals who reached the age of 

105 in Germany between 1991 and 2002. Our dataset contains information on 1,339 

persons1. We address two main research questions. The first looks at what kind of pat-

tern related to the distance between an individual’s place of birth and the place of death2 

can be observed. A very localised pattern would provide support for the application of 

spatial analysis techniques in investigating exceptional longevity, as it suggests that 

substantial portions of the population lived—at least in their final years—in the same 

geographic area as the one in which they were born. We are able to calculate the dis-

tance between place of birth and place of death at the municipality level. The second 

                                                             

1 This includes 961 persons born in present-day Germany and 378 individuals born outside of present-day 

Germany. For the second group, the complete validation procedure could not be carried out. See the data 

section for details. 
2 The place of birth refers to the place of residence of the mother at the time the child was born, while the 

place of death refers to the place of residence of the individual at the time of death. For those semi-

supercentenarians who were still alive in 2002, we use the place of residence at that time. 
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aim is to investigate to what extent we can detect a stable spatial pattern in the variation 

in reaching exceptional longevity in Germany. As we are dealing at the regional level 

with a small number of observations, we apply spatial Bayesian smoothing techniques 

(Marshall 1991). We are able to calculate the rates of exceptional longevity, both by 

place of death as well as by place of birth, which allows us to compare the resulting 

spatial pattern for consistency. We further investigate the consistency of our findings by 

repeating the analysis while varying both the definitions of exceptional longevity, as 

well as the definitions of the base population. We also consider different levels of spa-

tial aggregation to investigate to what extent our findings are geographic-scale depend-

ent. 

Our study uses one of the biggest datasets worldwide covering validated semi-

supercentenarians, for whom information on place of birth and place of death are avail-

able. To our knowledge, it is also one of the first studies that looks at the distances be-

tween the place of birth and the place of death of individuals with exceptional longevity 

at the municipality level. Another innovative element of this study is that it links data 

with historical GIS files, which allow us to relate events of exceptional longevity by 

place of birth with the number of births in a region at the time when the semi-

supercentenarians were born, while controlling for changes in the regional administra-

tive boundaries within Germany. 

 

Research on Exceptional Longevity 

Exceptional human longevity has long been of interest to the general public, as well as 

to scientists. An early work using validated individual-level data on exceptional longev-

ity in Germany was carried out by Geissler (1884). He looked at the socio-economic 

status of individuals with exceptional longevity in Saxony. After validating cases of 

exceptional longevity in the census of 1880, he determined that, at that time, no individ-

ual older than 99 years of age was living in Saxony—which was, in the late 19th centu-

ry, one of the most developed regions in Europe. His definition of exceptional longevity 

was from today’s point of view very low, as it included all people aged 80 and above. 

Existing research results on the longevity revolution suggest that contextual 

conditions are very important for our understanding of the improvements in life expec-

tancy in recent decades and centuries. While the life expectancies of European popula-
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tions in the 18th century differed very little from those of hunter-gatherer populations, 

longevity has changed radically since then (Burger et al. 2012). The context-related ex-

planations for exceptional longevity include geographical differences in diet (Willcox et 

al. 2006), as well as differences in occupational activities (Pes et al. 2011). In addition, 

there is also evidence that early life contextual conditions have an impact on chances to 

reach exceptional longevity. For Germany it has been shown by Scholz et al. (2005) that 

children born in winter have a higher likelihood to reach exceptional longevity. This 

research used the same dataset that we are analysing, which covers cohorts born in the 

late 19th century.  

However, although changes in contextual conditions are likely to explain most 

of the changes in average life expectancy, it cannot be ruled out that genetic variation 

plays a role in exceptional longevity. It is important to note that reaching exceptional 

longevity is, by definition, a highly selective event3. In order to reach such an age, a 

person might need to have a specific level of genetic robustness that is not shared by the 

majority of the population (see, e.g., Hjelmborg et al. 2006; Sebastiani et al. 2012). 

In this research project, we are not able to examine these issues in detail, as our 

dataset of individuals with exceptional longevity does not contain information on genet-

ic or socio-economic characteristics. However, we can compare spatial variation in ex-

ceptional longevity with historic and present spatial patterns in aggregate demographic 

characteristics, such as life expectancy or weight/length at birth. This will allow us to 

shed some light on general aspects of spatial variation in exceptional longevity. 

 

Data 

For our research project, we used a dataset of persons who reached ages of 105 and 

above in the period 1989-2002 while living in Germany (Maier and Scholz 2003 and 

2004; Scholz and Maier 2005). The dataset was created as part of the International Da-

tabase on Longevity (IDL) (Maier and Scholz 2010; Doblhammer et al. 2005). This was 

done in a three-stage process. In a first step, the Office of the President of the Federal 

Republic of Germany (Bundespräsidialamt) provided a list of all individuals aged 105 

and above who received a congratulatory letter on the occasion of their birthday from 

                                                             

3 The definition of which ages represent exceptional longevity can vary over time. 
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the Federal President in the period from 1989 to 2002 (N=1,487)4. Second, the local 

Residence Registry Office (Meldebehörde) was asked for the vital status of the person 

and the person's place of birth. Third, the Office of Vital Records (Standesamt) at the 

person's place of birth was asked to confirm the date and place of birth5. An individual 

was considered age-validated if the Residence Registry Office provided a late-life doc-

ument showing that the person had reached age 105, and the Office of Vital Records 

provided an early-life document that confirmed the person's place and date of birth. The 

completeness of the database was checked by comparing the information in the database 

to the death counts in the German data of the Human Mortality Database (HMD). The 

comparison showed that the database of individuals aged 105+ covered over 90% of all 

HMD death counts in this age group in Germany in the observation period (Scholz and 

Maier 2005). 

After finishing the age validation process, the whole dataset of German semi-

supercentenarians was anonymised in order to comply with German data protection 

regulations. Different anonymised datasets were produced for the analyses and valida-

tion procedures. One of these datasets is the anonymous data file used for this study, 

which provides information on place of birth and place of death at the municipality level 

(Scholz 2003). For our analysis, we excluded all persons in the dataset who died before 

31 December 1990. This was necessary because, until the reunification of Germany, 

only citizens living in West Germany were included in the dataset, which would create a 

bias in the analysis of spatial patterns. This left us with 1,339 persons aged 105 or above 

who lived during the period of observation in Germany. There are clear differences by 

sex, as 1,184 of the individuals are female (88.4%). Of the 1,339 persons, 961 were 

born within the borders of present-day Germany (71.6%), while another 276 were born 

in territories that were part of the German Empire at the time of birth (20.6%). Less than 

8% (102) were born outside of the German Empire, most of them in Eastern Europe. 

The latter two groups have to be treated with caution, as their dates of birth have not 

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

                                                             

4 This list is based on information provided by the local Residence Registry Offices, who report inhabit-

ants who reach, or who are about to reach, the age of 105 to the Office of the German President. 
5 This third step was only carried out for those individuals who were born in places located within the 

borders of present-day Germany. 
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excluded from our analyses of exceptional longevity by place of birth, but are consid-

ered in the analyses by place of death6.  

Unfortunately, the nature of our dataset implies that we did not have information 

on individuals who were born in Germany and who reached the age of 105 abroad. 

However, we benefited from the fact that levels of outmigration from Germany have 

been low over the last 100 years. The last major wave of outmigration in the 19th centu-

ry ended in the 1880s, around the time when the oldest semi-supercentenarians in our 

dataset were born (German Empire Statistical Office). Outmigration would be of con-

cern for our analysis if it were concentrated in certain regions of Germany. 

Information on the location of the place of birth and place of death was derived 

at the municipality level from the VG 250 GIS-file of the Federal Agency of Cartog-

raphy and Geodesy (BKG 2007), which displays administrative boundaries at a scale of 

1:250,000. For the municipalities of birth which were later dissolved or incorporated in 

other municipalities, we took the code of the municipality to which the area of the mu-

nicipality of birth belongs today. From the GIS file, we derived for each municipality 

the north and east value of the areal centroid7. In addition, we used shapefiles of the 

MPIDR Population History GIS Collection, which were developed in part based on the 

VG 2500 (scale 1:2,500,000; BKG 2009). From this collection we made use of district-

level maps of 2000 and 2004 and a district-level map of the German Empire for the year 

1894 (see Klüsener et al. 2012, for details). 

In order to analyse spatial variation in exceptional longevity, we had to define a 

population at risk. When looking at the place of death, we did not consider it adequate 

to use the total population in an area as the population at risk, as this would have created 

biases dependent on whether a region had experienced substantial immigration or out-

migration in recent decades. Bavaria, for example, has registered substantial immigra-

tion since the 1960s, but because most of these migrants were of working age, immigra-

                                                             

6 We included them in the analysis by place of death because we were not able to distinguish war refugees 

from former German territories and naturalised foreigners from the population at risk. 
7 These are just approximations of the place of birth and the place of residence at age 105+/death, as we 

lack exact information. This might create small biases in our analysis of distances. This bias might also 

vary spatially, as the average area of municipalities differs between the federal states of Germany (Laux 

2001). 
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tion affected the total population number, but the elderly population who could poten-

tially reach the age of 105 in our period of observation were affected to only a small 

extent. We therefore decided to use only age groups of the elderly to define the popula-

tion at risk, as they are less affected by selective migration processes. In attempting to 

do this, we were faced with the limitation that official statistical publications do not 

provide detailed information on the elderly population by age group. All individuals 

aged 75 and above are placed in a single category. We therefore had to use an alterna-

tive source to derive more detailed information. We decided to generate this data from 

the German pension insurance system dataset (FDZ RV 2008), which contains infor-

mation on all individuals who have ever made contributions to the German pension 

fund, or who have gained rights to pension payments for other reasons (e.g. widows or 

mothers for the births of children). This dataset covers approximately 95% of the total 

population living in Germany. From these data we derived for the year 20058 regional 

population data by the following age groups: 75-84, 85-94 and 95+. We compared ag-

gregates of these data at the district level with official statistics for the population aged 

75+ for the year 2005, with the correlation coefficient being 0.99. This gave us confi-

dence that the German pension fund data are suitable for defining populations at risk. 

We generated the age group information for the total population, as well as for the male 

and female populations. 

For our analyses based on place of birth, we used district-level data on the aver-

age number of births in the period 1894-1896 (German Empire Statistical Office 1901). 

These three years were chosen for two reasons: one was data availability, and the other 

was that these birth years were highly represented in our dataset. Approximately 30% of 

our individuals were born in these three years, and another 20% were born in the years 

1893 and 1897. This suggests that the birth years 1894-1896 are a good representation 

of the population at risk for the analysis by place of birth. Information on the spatial 

variation in birth weight and birth length, which is used as a crude indicator to explore 

whether genetic factors might play a role in shaping the spatial variation in exceptional 

longevity, was generated from German Birth Register Data (FDZ 2012). 
                                                             

8 This would have been even more precise if we had generated the information on the population at risk 

retrospectively for the time when the individuals with exceptional longevity were in these age groups. 

However, data availability constraints did not allow us to do so. 
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Methods 

Our analysis is divided into two parts: the first part is an investigation of the distances 

between place of birth and place of death, while the second part is an investigation of 

the spatial variation in exceptional longevity by both place of birth and place of death. 

The distance calculation between a person’s place of birth and place of death is based 

on great circle distances9. From this data we derived density curves and descriptive sta-

tistics. 

In the second part of our analysis, we studied spatial pattern of exceptional lon-

gevity by both place of birth and place of death. We aggregated the individual data at 

the regional level, partly in order to comply with German data protection regulations10. 

In our analysis, we used different definitions of the event of interest, as well as of the 

population at risk, in order to test to what degree the emerging spatial patterns of excep-

tional longevity were stable across different definitions. This included looking at excep-

tional longevity by sex (total, male, female) or using different age categories as popula-

tion at risk (75+, 85+, 95+). We also replicated our analyses at different geographic 

scales, as the choice of the geographic scale can have substantial implications for out-

comes and interpretations. This issue is commonly referred to as the modifiable areal 

unit problem (Openshaw 1983). We based our analysis on the following administrative 

divisions: German federal states (N=16), Regierungsbezirke (N=40) and regional plan-

ning regions (N=97).11 However, at all three levels we encountered the problem that 

some metropolitan areas constitute their own regions (Berlin, Hamburg), while others 

are incorporated into bigger regions. We therefore decided for all three divisions to also 

carve out the other two big cities in Germany with more than one million inhabitants: 

Munich in southern Germany and Cologne in western Germany. 

In comparing the events of exceptional longevity by place of birth with the num-

ber of births that occurred at the time the semi-supercentenarians were born, we were 

faced with the challenge that Germany has undergone substantial reforms of administra-

                                                             

9 Great circle distance is the shortest distance between two points on the surface of a sphere (in our case, 

the Earth). For additional details, see Banerjee (2005). 
10 German Data Protection regulations require that in order to calculate regional rates based on individual-

level information, one needs to have in each region at least three individuals. 
11 We use the administrative division as of 31 December 2002. 
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tive boundaries at all of the levels considered. In order to get an estimate of the number 

of births that occurred within the regions currently existing, we used an areal interpola-

tion procedure based on areal weighting,12 which was suggested by Goodchild and Lam 

(1980). 

In mapping the spatial pattern of exceptional longevity, we were faced with the 

problem that we were dealing with a rare event, which implies that our analysis might 

be distorted by random noise. We therefore used the Local Empirical Bayes Smoother 

(Marshall 1991; Bailey and Gatrell 1995, 307 ff.), which allowed us to derive a more 

stable pattern by adjusting the raw rates in each region based on Bayesian principles 

using information from neighbouring regions. The Local Empirical Bayes Smoother is 

related to the Global Empirical Bayes Smoother. In the latter prior mean and variance 

are assumed to be constant across a sample. In the Local Empirical Bayes Smoother, the 

prior is derived for each region i from a subsample, which only includes regions j in the 

neighbourhood of each region i (for neighbourhood definitions, see below). This is 

based on the assumption that nearby regions j are, in terms of structures and processes, 

more similar to a region i than more distant regions. This is also referred to as the First 

Law of Geography (Tobler 1970). 

We illustrate our Bayesian smoothing technique with a simple example. Imagine 

a country with 10 regions and a total population at risk of reaching exceptional longevi-
                                                             

12 The areal interpolation method is based on the assumption that births by place of residence are distrib-

uted homogenously across space within the source regions, for which we have data. This is a strong as-

sumption, as it is unlikely that the population is homogenously distributed across space, nor can we ex-

pect the occurrence of birth events to be constant across each source region. However, the potential error 

emerging from the estimation is largely dependent both on the geographic detail of the source regions, as 

well as on the geographic detail of the target regions, for which the estimations are produced. The higher 

the geographic detail of the source regions in comparison to the target regions, the smaller is the potential 

error emerging from the estimation procedure. As we had very detailed source data at the level of 947 

districts for the births that occurred 1894-1896, while the number of our target regions varied between 18 

(16 federal states and two cities) and 99 (97 regional planning regions and two cities), we decided not to 

use more complex estimation methods, such as, for example, the EM algorithm (see Gregory 2002). In 

order to derive the estimates, we applied a spatial intersection, in which we intersected a GIS polygon file 

with border and area information on the source regions with the file of the target regions (Goodchild and 

Lam 1980). We thereby obtained a GIS dataset with the smallest common polygons (also called zones of 

intersections), which enabled us to reconstruct the values for the target regions.  
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ty of 10,000 individuals (in average 1,000 per region). In our example, one sub-region i 

has just a population at risk of 100 persons and recorded two persons reaching excep-

tional longevity. As the population at risk and the number of events are very small, it is 

likely that this outcome is highly influenced by randomness. Now imagine, this region i 

has just one neighbouring region j, which has a population at risk of 1,000 individuals 

and recorded 40 events of exceptional longevity. Based on Bayesian principles this in-

formation is much more reliable as it is based on a higher number of individuals at risk. 

This information from neighbouring region j is taken into account in the smoothing of 

the rate of region i, following the assumption based on the First Law of Geography that 

nearby regions are more similar in the processes influencing exceptional longevity 

compared to more distant regions. In our example, the algorithm would determine the 

number of events recorded in region i to be with two out of 100 rather small in compari-

son to 40 out of 1,000 in region j and would adopt the rate of region i in the direction of 

the rate of region j, taken the population at risk in the two regions into account as a 

measure for the reliability of the information. 

The prior mean for the raw rate at region i is derived by: 
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For the definition of the neighbourhood, different strategies are feasible. One 

approach is to define it based on contiguity, defining all regions that border each other 

in at least one common point as neighbours (also referred to as the first-order queen’s 

definition). Other strategies are based on k-nearest neighbours or distances between 

centroids of regions. In our analysis, we replicated the analysis using different neigh-

bourhood definitions as another consistency check. 

We should note that, because our dataset contains metropolitan areas that are de-

fined as regions, using the Local Empirical Bayes Smoother could be problematic. 

While for most regions it can be assumed that neighbouring regions have many similari-

ties in terms of socio-economic and ecological conditions, this might not be the case for 

metropolitan areas and the surrounding regions. This implies that we should interpret 

the resulting pattern of smoothed rates around metropolitan areas such as Berlin or 

Hamburg with special care. 

 

Results 

We will first look at the results of our analysis of the distance between place of birth 

and place of death. Interestingly, for most of the individuals in our dataset, the analysis 

shows a highly localised pattern. Of the 961 persons who were born within the present-

day borders of Germany and who had reached the age of 105 while living in Germany, 

301 were, at the age of 105+, still/again living in their place of birth (approximately 

31%). The median distance between place of birth and place of death was 25 km (see 

upper graph in Fig. 1). The pattern for individuals born in western Germany, where the 

median distance was just around 15 km, was even more localised. For those born in 

eastern Germany, on the other hand, the median distance was, at 104.6 km, much high-

er, which probably reflects in part the impact of the division 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 likely to attract people from more distant 

locations, there might be a substantial degree of variation within Germany. We therefore 

did another analysis in which we identified all of the individuals who were living in one 
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of the four biggest cities of Germany (Berlin, Hamburg, Cologne, Munich) at the time 

of death (see lowest graph in Fig. 1). The pattern was indeed less localised for those 

individuals than for semi-supercentenarians living elsewhere in Germany. However, this 

was only true for distances of between zero and 50 km, as many semi-supercentenarians 

living in the four biggest cities were not born in the city itself, but in its immediate sur-

roundings. If we look at the median distance between place of birth and place of death, 

we can see that it was, at around 31 km, also quite low for this group13.  

Overall, our results suggest that, even in Germany, with its troubled 20th-century 

past, the distance between place of birth and place of death was very small for most of 

the individuals observed in the dataset. This was the case even if they lived in big met-

ropolitan areas, which had substantial rates of immigration over the past 100 years. Our 

finding that the distances between place of birth and place of death were highly local-

ised for a large number of individuals in the dataset lends support to the argument that 

an analysis of spatial patterns of exceptional longevity would produce meaningful out-

comes. But beyond this, it also raises the question whether this result could be expected 

or whether it is a rather unusual finding, which might potentially stem from differential 

mortality between stayers and movers at high age.  

Theoretically, one might argue that individuals of high age who still reside in 

their birth region might have competitive advantages compared to persons of the same 

age who life outside their birth region. These advantages might stem from selection ef-

fects as result of life course decisions taken earlier in life. The likeliness to stay in the 

home region might e.g. be particularly high for those who marry early to a local partner. 

Thus, the stayers who reach high ages might be a select group that already very early in 

life profited from the protective effect of marriage and who were throughout their adult 

life closely embedded in local community and kin structures. This might also be of ben-

efit when they reach higher ages, as they might have better access to social capital in the 

form of a higher number of nearby living family members able to assist the person in 

daily activities, long-standing friendships with people living in the same place, or better 

contacts in the neighbourhood.  

                                                             

13 We also looked at differences by sex, but because we did not find substantial differences, we do not 

present the results here.  
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An alternative explanation might be that the observed pattern of small distances 

between place of birth and place of death simply represents the net lifetime migration 

pattern typical for this cohort of Germans. It is not so easy to derive an answer for this 

question, as with increasing age persons are likely to become frailer. This elevates the 

risk that they leave their old place of residence to move to their children or in a retire-

ment home, which might be situated in another locality. Therefore, an ideal research 

design would require longitudinal information on the observed persons at least from age 

90 on with regularly updated information on their health status and migration histories. 

We do not have such longitudinal information available. Unfortunately, there is also no 

recent German census data available, which would allow us to derive information on 

lifetime net migration for age groups below 105 or for our observed cohorts at an earlier 

point in time.   

But we are at least to some degree able to answer the question by analysing indi-

vidual-level data from the Swiss censuses of 1970, 1980, 1990 and 2000, which contain 

information on lifetime net migration. These are available as 5%-sample IPUMS-files 

(Minnesota Data Center 2011). Switzerland and Germany are neighbouring countries, 

which share cultural links as two third of the Swiss population speak German as mother 

tongue. Thus, we believe that the two countries might also share similarities in lifetime 

net migration patterns. The Swiss dataset does not allow us to calculate distances be-

tween place of birth and place of death, but contains information whether a person still 

lives in the municipality in which the birth was registered. In addition we have infor-

mation on the age of a person. However, a limitation is that the sample has been top-

coded at the age of 95+ years, so that we cannot look at the highest ages separately. As 

we have data of four cross-sections spanning a period of 30 years we can analyse it both 

from an age as well as a cohort perspective.  

In 1970, around 30% of the Swiss population in the age categories above 90 was 

still living in their place of birth, while in the later censuses the level was a little bit 

lower (20-30%). The numbers correspond to our finding that around 31% of our semi-

supercentenarians lived/died at age 105+ in their place of birth. This might be interpret-

ed as support for the argument that the pattern we detected is typical for the birth co-

horts under observation. Also the cohort perspective does not provide evidence for the 

argument that people reaching high ages in their place of birth have a longevity ad-
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vantage over persons that live outside of their birth municipality. For the Swiss cohorts 

born between 1885 and 1897 that approximately correspond to the cohorts covered by 

our semi-supercentenarian dataset, we have data on lifetime migration in 1970 and 1980 

available. The youngest birth years are also represented in the 1990 data. In 1970, these 

cohorts were 73 to 85 years old, in 1980 83-95, in 1990 93-95. But none of these 13 

birth cohorts experienced between the censuses an increase in the share of persons re-

siding in their place of birth, which could be interpreted as hinting in the direction that 

this group has a longevity advantage. Overall, the analysis of the Swiss data suggests 

that our lifetime migration pattern derived for the German semi-supercentenarians is not 

unusual for these birth cohorts in a central European context. It also provides no indica-

tion for mortality differentials between stayers and movers at high ages. However, in 

order to answer the latter question in a conclusive manner, a longitudinal research de-

sign would be required. Another limitation of the Swiss data is that the age categories 

above 95 are top-coded, as the mortality differentials might only emerge at ages above 

100 or 105, when most of the surviving persons are dependent on assistance in daily 

activities.  

We will now turn to the second part of our investigation, which looked at spatial 

variation in exceptional longevity across Germany. In this section, we will only present 

the results at the Regierungsbezirk level, while omitting the results from the other two 

geographic scales at which we replicated the analysis (German states, regional planning 

regions). This is because the resulting spatial pattern turned out to be quite similar for 

all three of the geographical scales. Therefore, we decided to focus on the results at the 

Regierungsbezirk level, as doing so provides a good balance between the number of 

events of exceptional longevity within a region and the need for a certain level of re-

gional detail. 

In Fig. 2 we present the spatial pattern of exceptional longevity at the Regier-

ungsbezirk level, with the upper map showing the spatial pattern by place of birth, and 

the lower map displaying the pattern by place of death. For the latter we used the popu-

lation 95+ as a base population. It is important to note that the rates we obtained from 

our calculations cannot be interpreted as survival rates, as, for example, the number of 

years in which the semi-supercentenarians were born is bigger than the number of birth years 

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

while the absolute rates do not have a specific meaning. Therefore, in order to make it easier for 



 16

the reader to compare the spatial variation in the two maps, we decided to standardise both maps 

in Fig. 2 by the mean value obtained from the regional rates. Both maps use a standard deviation 

categorization centred on the mean with each category covering an interval of 0.5 standard de-

viations. 

Overall, the patterns of the two maps do not differ substantially. This was ex-

pected given the results of the first part of the analysis, which showed that most of the 

individuals with exceptional longevity died in the region in which they were born. The 

results do not differ substantially if we repeat the analysis 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 spot of exceptional longevity. It is 

the only area in eastern Germany with high rates of exceptional longevity. However, our 

data do not allow us to differentiate the data by West and East Berlin. This is unfortu-

nate, as we would expect to find a particular concentration of semi-supercentenarians in 

the western part of the city, which belonged to West Germany during 1945-1990. As a 

result, the population of this part of the city benefited from innovations such as the car-

diovascular revolution (Meslé and Vallin 2002) decades earlier than the population in 

East Berlin. However, as the former capital of East Germany, East Berlin was also 

privileged in terms of access to medical services relative to other parts of the German 

Democratic Republic. Therefore, it might at least be a relative hot spot compared to the 

other eastern German regions.  

Hamburg also displays high rates of exceptional longevity, though it forms part 

of a larger cluster in north-western Germany that also covers Schleswig-Holstein, Bre-

men and parts of Lower Saxony and Westphalia (Fig. 2). The cities of Cologne and 

Munich, on the other hand, cannot be characterised as hot spots of exceptional longevity 

in a German-wide comparison, although Munich seems to be a local hot spot relative to 

its surrounding areas.  

The spatial pattern of exceptional longevity is somewhat surprising, as Germany 

is currently characterised by a south-north gradient in life expectancy at birth, with the 

areas of highest life expectancy being predominantly located in the south (see Fig. 3, 

bottom). The observed pattern of exceptional longevity instead reflects spatial variation 
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in life expectancy at birth that prevailed in Germany in the early 20th century, when the 

regions of northern Germany reported the highest levels (see Fig. 3, top). However, the 

current spatial pattern of variation in life expectancy might vary dependent on which 

age is considered. It might look very different for life expectancy at age 60 and age 80, 

as e.g. access to emergency care and quality of elderly care might vary across regions. 

Therefore, we also contrasted our findings to life expectancy data at ages 60 and 80 (SB 

2012 and own calculations14). This data we were only able to obtain at the level of the 

federal states and only from the 1970s on. Variation and trends in life expectancy at age 

60 data show no strong divergence from the life expectancy at birth data. One important 

point, however is that the north German states of Schleswig-Holstein, Hamburg and 

Bremen managed to report life expectancies at birth and age 60 above the German aver-

age up until the 1990s, which might partly explain why they constitute hot spots of ex-

ceptional longevity for the period of our study (1991-2002). Berlin, on the other hand, 

neither reported above average life expectancies at birth nor at age 60 throughout the 

last 40 years. But the picture looks different for life expectancy at age 80, where Berlin 

consistently reports levels above the German average for the period for which we have 

data for all German states available (2002-2010). In 2002/2004, only three of the 16 

German states had higher values than Berlin. These were the other two German city 

states Hamburg and Bremen as well as Baden-Württemberg in the Southwest.  

One reason why Berlin and the other two city states perform so well at higher 

ages might be better access to improvements in health care e.g. in the area of emergency 

care and medical technologies. We already mentioned that East Berlin was privileged as 

capital of the German Democratic Republic when it came to health care investments. 

But also West Berlin was to some degree privileged in the Cold War period, as it served 

as a shop window to Communist Europe. Evidence that bigger cities had better access to 

new medical technology is e.g. presented by Kirchberger (1994, 187). Another explana-

tion for the high concentration of semi-supercentenarians in Berlin might also be related 

to the unique history of the town in the 20th century. Most big cities in Germany experi-

enced substantial suburbanisation processes in the 1950s and 1960s, in which parts of 

the socio-economically advantaged population moved to places outside the city (e.g. 

                                                             

14 Based on data provided by the state statistical offices. 
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Lake Starnberg region South of Munich or the Hunsrück region north of Frankfurt). In 

West Berlin these suburbanisation processes could only start after 1990, which might 

also have contributed to the high concentration of semi-supercentenarians in the city 

itself.  

 

 [Figure 3 about here] 

 

However, in additional to contextual conditions in early and late life, alternative 

explanations cannot be ruled out, especially for the hot spot of exceptional longevity in 

north-western Germany. Another aspect in which north-western Germany stands out 

from the rest of Germany is in the variation of the mean weight and length at birth. Un-

fortunately, we have regional information on these indicators for the last 20 years only. 

However, over this time period, the spatial variation of these indicators remained rather 

stable. Therefore, we assume that these differences might already have existed in the 

19th century. Fig. 4 shows the spatial variation in average birth weight and length in 

Germany in 2009. The pattern suggests that the highest birth weights and birth lengths 

can be observed in north-western Germany. Birth weight and length are again influ-

enced by many indicators, which can be related to socio-economic (Koupilová 1998; 

Koupilová 2000) or genetic characteristics (Clausson et al. 2005). But if this gap had 

already existed in the late 19th century, children born in north-western Germany might 

have been more robust than children born in other parts of the country. This may also be 

one explanation for why life expectancy was higher in north-western Germany at that 

time (see Fig. 3). However, further research is needed to look into this alternative ex-

planation. 

 

[Figure 4 about here] 

 

Conclusion and Outlook 

Overall, our findings show that, even in Germany, with its troubled 20th century past, 

the distance between place of birth and place of death is very small for most of the 

semi-supercentenarians observed in the dataset. This lends support to the argument that 

an analysis of spatial patterns of exceptional longevity can provide meaningful results, 
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even if we only know the place of birth and place of death of a person. Our analysis of 

the geographic variation in exceptional longevity resulted in a clear spatial pattern. Con-

sistency checks, in which we varied definitions of the event of exceptional longevity 

and the population at risk, did not alter our outcomes substantially. Hot spots of excep-

tional longevity could be identified in Berlin and north-western Germany, which is re-

markable because the areas with the highest life expectancy at birth are currently locat-

ed in southern Germany. The pattern resembles the spatial variation in life expectancy 

during the period when the semi-supercentenarians were born, as well as to some degree 

current spatial variation in life expectancy at age 80. These findings might be interpret-

ed as support for the argument that early15 and late life contextual conditions are very 

relevant in explaining spatial variation of exceptional longevity in Germany. However, 

our findings on spatial variation in contextual conditions are less conclusive compared 

to findings on the influence of temporal variation in contextual conditions (Scholz 

2005). Also alternative explanations, such as genetic variations, cannot be ruled out. 

Developments over the coming decades might provide us with additional in-

sights into the question of to what extent contextual or genetic differences are relevant 

for understanding spatial variation in exceptional longevity in Germany. If the contex-

tual effects of early life conditions are very important for reaching exceptional longevi-

ty, we would expect to find that the spatial hot spot in north-western Germany and Ber-

lin will disappear over time, as spatial variation in infant mortality substantially de-

creased in Germany for the cohorts born after 1925 (German Empire Statistical Office). 

In this case, we would expect the hot spots of exceptional longevity to move to the 

south, where the highest life expectancy levels are currently recorded. If spatial varia-

tion in genetic factors has an impact on the probability of surviving to high ages, we 

might expect the hot spot in north-western Germany to persist over time. However, if 

the longevity revolution continues over the coming decades, reaching age 105 might 

lose its status as a highly selective rare event, which might make it necessary to look at 

even higher ages (107+/110+) in order to detect a pattern. 

 

                                                             

15 According to official statistics Sardinia was also the Italian region with the lowest levels of infant mor-

tality in the late 19th century (ISTAT 1975). 
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Fig 1: Distance between Place of Birth and Place of Death 

 
Source: Age validation study 105 +Germany; FACG (2007); Own calculations 
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Fig 2: Hot Spots of Exceptional Longevity in Germany by Place of Birth and Place of Death 

 

 
Source: Age validation study 105 +Germany; German Empire Statistical Office (1901);  

FDZ RV (2008); Own calculations 

Base Map: MPIDR Population History Collection (partly based on BKG 2009) 
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Fig. 3 Female Life Expectancy at Birth 1891-1900 vs. 2000 

 

 
Source: German Empire Statistical Office; INKAR Database; Own Calculations 

Base Map: MPIDR Population History Collection (partly based on BKG 2009) 
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Fig. 4 Spatial Variation in Birth Weight and Birth Length 

 

 
Source: FDZ 2012; Own calculations 

Base Map: BKG 2009 


